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Corporate Message 

Catalyst Semiconductor, Inc. is a technology leader in CMOS nonvolatile memories and is dedicated 
to the development of next generation memory products and their applications. 

The Catalyst Corporate Mission Statement is: 

- Use state of the art nonvolatile memory technology to produce innovative leading edge products and 
obtain a leadership position in all reprogrammable product markets. 

- Adopt a global manufacturing strategy by using strategic partners to produce cost-effective, 
high quality products. 

- Provide excellent service to customers worldwide and enter into mutually beneficial, long-term 
partnership agreements. 

Catalyst Semiconductor is in the business of providing integrated circuits which enhance your 
electronic systems' performance, thereby giving you a competitive edge in your marketplace. In our 
view, you, our customer, have not simply purchased ICs; you've secured our commitment .to your 
company and your business. Since our inception in 1985, we have found that relationships based on 
this commitment result in the development of trust, support and mutual prosperity. Such is the 
foundation of long-term corporate partnerships, and these are what the future of Catalyst is being 
designed to secure. 

Thank you for considering Catalyst memory products. 

David W. Sear 

President & C.0.0. 
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B.K. Marya 

Chairman of the Board & C.E.O. 



Catalyst Semiconductor is licensed by Philips Corporation to carry the 12C Bus Protocol. 
Intelligent Programming, Quick-Erase Programming and Quick-Pulse Programming are trade
marks of Intel Corporation. 
Power Miser™, ZERO Power™ and DACpot™ are trademarks of Catalyst Semiconductor, Inc. 

LIMITED WARRANTY 

Devices sold by Catalyst Semiconductor, Inc. are covered by the warranty and patent indemnification provisions appearing in its 
Terms of Sale only. Catalyst Semiconductor makes no warranty, express, statutory, implied, or by description regarding the 
information set forth herein or regarding the freedom of the described devices from patent infringement. Catalyst Semiconductor 
makes no warranty of merchantability or fitness for any purpose. Catalyst Semiconductor reserves the right to discontinue 
production and change specifications and prices at any time and without notice. 

Catalyst Semiconductor, Inc. assumes no responsibility for the use of any circuitry other than circuitry embodied in a Catalyst 
Semiconductor product. No other circuits, patents, licenses are implied. 

LIFE RELATED POLICY 

In situations where semiconductor component failure may endanger life, system designers using this product should design the 
system with appropriate error detection and correction, redundancy and back-up features to prevent such an occurence. 

Catalyst Semiconductor's products are not authorized for use as critical components in life support devices or systems. 

1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support 
or sustain life, and whose failure to perform, when properly used in accordance with instructions for use provided in the 
labelling, can be reasonably expected to result in a significant injury to the user. 

2. A critical component is any component of a life support device or system whose failure to perform can be reasonably expected 
to cause the failure of the life support device or system, or to affect its safety or effectiveness. 
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Product Selection Guide 

SERIAL E2PROMs 
2-Wire Bus Structure (Data Book Section 2) 

Ice 
Temp. Size {Max/ 

Device Range Compatibility (Organization) Standby) 

CAT24C02 C, I Xicor 
2K Bit 

3mA/4µA 
(256 x B) 

CAT24LC02 C,I Xicor 
2K Bit 

3mA/4µA 
(256 x B) 

CAT24C02A C, I Xie or 
2K Bit 

3mA/4µA 
(256 x B) 

CAT24LC02A C, I Xie or 
2K Bit 

3mA/4µA 
(256 x B) 

CAT24C04 C, I Xie or 
4K Bit 

3mA/4µA 
(512 x B) 

CAT24LC04 C,I Xicor 
4K Bit 

3mA/4µA 
(512 x B) 

CAT24COB C, I Xicor 
BK Bit 

3mA/4µA 
(1024x B) 

CAT24LCOB C, I Xicor 
BK Bit 

3mA/4µA (1024x B) 

CAT24C16 C, I Xicor 
16K Bit 

3mA/4µA 
(204B x B) 

CAT24LC16 C, I Xie or 
16K Bit 

3mA/4µA 
(204B x B) 

CAT24C32 C, I 
Xie or 32K Bit 

3mA/4µA 24C16 UPGRADE (4096 x 8) 

Note: 
(1) AJl 12C devices offered in ZERO Power™ (lssz = OµA) version. 
(2) Catalyst Semiconductor is licenced by Philips Corporation to carry the 12c Bus Protocol. 
(3) All Serial E2PR0Ms offered in High Endurance Version ("H"). 
(4) For information on military temperature devices, please contact the factory. 

1-5 
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Max 
Clock # Pkg 
Freq. Pins Types Voltage 

100kHz 
B P, J 

5V 
14 J 

100kHz 
B P, J 

3-6 v 
14 J 

100kHz 
B P, J 

5V 
14 J 

100kHz 
B P, J 

3-6 v 14 J 

100kHz 
B P, J 

5V 
14 J 

100kHz 
B P, J 

3-6 v 
14 J 

1 OOkHz 
8 P, J 

5V 
14 J 

1 OOkHz 
8 P, J 

3-6 v 
14 J 

1 OOkHz 
B P, J 

5V 
14 J 

100kHz 
B P, J 

3-6 v 
14 J 

100kHz 
B p 

5V 
14 J 
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Product Selection Guide 

SERIAL E2PROMs 
3-Wire Bus Structure (Data Book Section 3) 

Temp. Size 
Device Range Compatibility (Organization) 

CAT93C46A C, I National 93C46 
1 K Bit 

(64x16) 

CAT93C46B C, I National 93C46 
1K Bit 

(xS or x16) 

CAT93C46 C, I National 93C46 
1K Bit 

(xS or x16) 

CAT33C101 C, I 
National 93C46 1 K Bit 

UPGRADE (xS or x16) 

CAT32C101 c National 93C46 1K Bit 
UPGRADE (xS or x16) 

CAT93C56 C, I National 93C56 
2K Bit 

(xS or x16) 

CAT93LC56 C, I 
National 93C56 2K Bit 

UPGRADE (xS or x16) 

CAT35C102 C, I 
National 93C46 2K Bit 

UPGRADE (xS or x16) 

CAT33C104 C, I 
National 93C66 4K Bit 

UPGRADE (xS or x16) 

CAT35C104 C, I National 93C66 
4K Bit 

(xS or x16) 

CAT33C10S 
c National 93C66 SK Bit 
I UPGRADE (xS or x16) 

CAT35C10S 
c National 93C66 SK Bit 
I UPGRADE (xS or x16) 

CAT33C116 
c National 93C66 16K Bit 
I UPGRADE (xS or x16) 

CAT35C116 
c National 93C66 16K Bit 
I UPGRADE (xS or x16) 

SERIAL E2PROMs 
SPI Bus Structure (Data Book Section 4) 

Temp. Size 
Device Range Compatibility (Organization) 

CAT64LC10 C, I Asahi 
1K Bit 

(64 x 16) 

CAT64LC20 C, I Asahi 
2K Bit 

(12Sx 16) 

CAT64LC40 C, I Asahi 
4K Bit 

(256 x 16) 

Note: 
(1) All SPI devices offered in ZERO Power™ (lssz = OµA) Version. 
(2) All Serial E2PR0Ms offered in High Endurance Version ("H"). 

Ice 
(Max/ 

Standby) 

3mA/100µA 

3mA/100µA 

3mA/100µA 

2mA/50µA 

2mA/2µA 

3mA/100µA 

2mA/50µA 

3mA/100µA 

2mA/50µA 

3mA/100µA 

2mA/10µA 
3mA/10µA 

3mA/10µA 
4mA/10µA 

2mA/10µA 
3mA/10µA 

3mA/10µA 
4mA/10µA 

Ice 
(Max/ 

Standby) 

1mA/3µA 

1mA/3µA 

1mA/3µA 

(3) For information on military temperature devices, please contact the factory. 
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Max 
Clock # Pkg 
Freq. Pins Types Voltage 

1MHz s P, K, J, S 5V 

1MHz s P, K,J,S 5V 

1MHz s P,K,J, S 5V 

250kHz s P, K, J, S 3V 

250kHz s P, K, J 2.2 v 

1MHz s P,K,S 5V 

250kHz s P,K,S 3V 

1MHz s P,K,S 5V 

250kHz s P,K,S 3V 

1MHz s P,K,S 5V 

1MHz s P,K,S 3V 

3M Hz s P,K,S 5V 

1MHz s P,K,S 3V 

3M Hz s P,K,S 5V 

Max 
Clock # Pkg 
Freq. Pins Types Voltage 

1MHz s P,J,S 2.5-5.5 v 

1MHz s P, J, S 2.5-5.5 v 

1MHz s P, J, S 2.5-5.5 v 



Product Selection Guide 

SERIAL E2PROMs 
4-Wire Bus Structure (Data Book Section 5) 

Ice Max 
Temp. Size (Maxi Clock # Pkg 

Device Range Compatibility (Organization) Standby) Freq. Pins Types Voltage 

CAT59C11 C, I Microchip 5911 
1KBit 

5mA/100µA 1MHz s P, K 5V (XS or x16} 

CAT35C202 
c Microchip 5911 2K Bit 3mA/100µA 

1MHz s P,K 5V I UPGRADE (xS or x16} 4mA/100µA • 
SECURE ACCESS SERIAL E2PROMs (Data Book Section 6) 

Ice Max 
Temp. Size (Max/ Clock # Pkg 

Device Range Protocol (Organization) Standby) Freq. Pins Types Voltage 

CAT33C704 C, I 3mA/250µA 1MHz 3V 

CAT35C704 C, I 
Synchronous 

3mA/250µA 3M Hz s p 5V 4K Bit 

CAT33CS04A-B C, I ljART 
(xs or x16} 3mA/250µA 5MHz 16 J 3V 

CAT35CS04A-B C, I Corhpatible 3mA/250µA 5MHz 5V 

PARALLEL E2PROMs (Data Book Section 7) 

Ice 
Temp. Size Access (Max/ # Pkg 

Device Range (Organization) Time (ns) Standby) Pins Types Voltage 

CAT2SC16A C, I 16K Bit (2KxS} 200 25mA/100µA 
24 p 

5V 
24 K, J 

CAT2SC16V3 c 16K Bit {2KxS} 700 10mA/50µA 32 N 3V 

CAT2SC17A C, I 16K Bit {2KxS) 200 25mA/100µA 
2S P, K, J 5V 
32 N 

CAT28C64A C, I 64K Bit (SKxB} 150/200/250 30mA/100µA 2S P, J, K 5V 

CAT28C65A C, I 64K Bit {SKxS} 1 50/200/250 30mA/100µA 32 N 5V 

CAT2SC64B c 
64K Bit {SKxS} 

120/1 50/200 
25mA/100µA 2S P, J, K 5V 

I 150/200 

CAT2SC65B c 
64K Bit {SKxS} 

120/1 50/200 
25mA/100µA 32 N, T 5V 

I 150/200 

CAT2SC256 C, I 256K Bit {32KxS} 200/250/300 30mA/150µA 2S p 
5V 

32 N 

Note: 
(1) All Serial E2PR0Ms offered in High Endurance version ("H"). 
(2) For information on military temperature devices, please contact the factory. 
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FLASH MEMORIES (Data Book Section B) 

Ice 
Temp. Size Access (Max/ # Pkg 

Device Range (Organization) Time (ns) Standby) Pins Types Voltage 

CAT28F512 C, I 512K Bit (64Kx8) 120/150/200 30mA/100µA 32 P,N,T 1'2V 

CAT28F512V5 C, I 512K Bit (64Kx8) 120/150/200 120mA/1 OOµA 32 P,N,T 5V 

CAT28F010 C, I 1 M Bit (128Kx8) 120/150/200 30mA/100µA 32 P,N,T 12 v 
CAT28F01 OV5 C, I 1M Bit (128Kx8) 120/150/200 120mA/1 OOµA 32 P,N,T 5V 

CAT28F020 C, I 2M Bit (256Kx8) 120/150/200 30mA/100µA 32 P,N,T 12 v 

EPROMs (Data Book Section 9) 

Ice 
Temp. Size Access (Max/ # Pkg Programming 

Device Range (Organization) Time (ns) Standby) Pins Types Voltage 

CAT27HC256L 
c 

256K Bit (32Kx8) 
55no1901120 50mA/100µA 28 D, P (OTP) 

12.5 v I 70/90/120 60mA/100µA 32 E, N (OTP) 

CAT27C210 c 
1 M Bit (64Kx16) 150/170/200/250 50mA/100µA 40 0, P (OTP) 

12.5 v I 170/200/250 60mA/100µA 44 N (OTP) 

NVRAMs (Data Book Section 10) 

Ice 
Temp. Size (Maxi Access # Pkg 

Device Range Compatibility (Organization) Standby Time(ns) Pins Types 

CAT22C10 C,1 Xie or 256 Bit (64x4) 40mA/30µA 200/300 
18 p 
20 J 

CAT22C12 C, I Xie or 1 K Bit (256x4) 50mA/30µA 200/300 18 p 

CAT24C44 C, I Xie or 
256 Bit (16x16) 

20mA/30µA 1MHz 
8 p 

Serial 8 J 

Note: 
(1) For information on military temperature devices, please contact the factory. 
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ANALOG PRODUCTS (Data Book Section 11) 

DA Cs 

Temp. Bits Settling 
Device Range Resolution Time (ns) 

CAT104A c 12 40 

CAT104B c 12 40 

CAT105A c 12 40 

CAT105B c 12 40 

CAT504 C, I 8 10 (µs) 

CAT505 C, I 8 10 (µs) 

CAT506A c 12 25 

CAT506B c 12 25 

VOLTAGE REFERENCES 

Temp. Output Output 
Device Range Voltage Error (mV) 

CAT507 C, I +5 15 

CAT508 C, I -5 15 

CAT2700 C, I +10 2.5 

CAT2701 C, I -10 2.5 

Note: 

Linearity 
Error (LSB) 

0.5 

1.0 

0.5 

1.0 

1.0 

1.0 

0.5 

1.0 

Adjustment 
Range(%) 

6 

6 

0.2 

0.2 

(1) For information on military temperature devices, please contact the factory. 
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Data NV #DACs Pkg 
Latch Mem. /Pkg Types 

No No 1 c 
No No 1 c 

Yes No 1 c • Yes No 1 c 
Yes Yes 4 P, J 

Yes Yes 4 P,J 

Yes No 1 c 
Yes No 1 c 

Drift with Pkg 
Temp. (ppm/°C) Types 

3 P,D 

3 P, D 

3 P, D 

3 P,D 
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Ordering Tree (Part Number Description) 

Explanation of Catalyst's Part Number Code 

Prefix Device # 

CAT 

Device Part Number may be followed by: 
A =Advanced Device or Special Assembly 
B =Advanced Device 
H = High Endurance 
L = Low Power Device 
V = Special Voltage 
Z =Zero Power 

Note: 

Package 
C = Sidebraze 
D=CERDIP 
E=LCC 
J = SO (JEDEC) 
K=SO(EIAJ) 
N=PLCC 
P = Plastic DIP 
S = SO (JEDEC) 

Non-Rotated 
T=TSOP 

Suffix 
p -20 

Temperature Range 
Blank= Commercial (0°C to 70°C) 
I = Industrial (-40°C to 85°C) 
M =Military (-55°C to 125°C) 

(t) Refer to Section 15 for a detailed listing of Catalyst part numbers by product type. 

Speed or Program Number 
(if applicable) 

5010 FHO ORDERING INFORMATION 

(2) The device used in the above example is a CAT28C64APl-20 (Plastic DIP, Industrial temperature, 200ns Access Time). 

TD 5010 
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Preliminary 

CAT24C02/CAT24C021 
2K-Bit SERIAL E2PROM 

FEATURES 

• 12C Bus Compatible• 

• Low Power CMOS Technology 

• Hardware Write Protect 

• 8 Byte Page Write Buffer 

• Self-Timed Write Cycle with Auto-Clear 

DESCRIPTION 

The CAT24C02/CAT24C021 is a 2K bit Serial CMOS 
E2PROM internally organized as 256 x 8 bits. Catalyst's 
advanced CMOS technology substantially reduces de
vice power requirements. The CAT24C02/CAT24C021 

PIN CONFIGURATION 
DIP Package SO Package 

Ao Vee NC 14 NC 
A1 WP Ao 2 13 Vee 
A2 SCL A1 3 12 WP 

Vss SDA NC 4 11 NC 

A2 5 10 SCL 

Vss 6 9 SDA 

SO Package NC 7 8 NC 

Ao •1 8 
5027 FHD F01 

Vee 
A1 2 7 WP 
A2 3 6 SCL 

Vss 4 5 SDA 

5020 FHD F01 

PIN FUNCTIONS 

Pin Name Function 

AO, A1, A2 Device Address Inputs 

SDA Serial Data/Address 

SCL Serial Clock 

WP Write Protect 

Vee +5V Power Supply 

Vss Ground 

• 100,000 Program/Erase Cycles 

• 100 Year Data Retention 

• 8 pin DIP, 8 pin SO or 14 pin SO Package 

• ZERO Power™ Version (CAT24C02Z) Available 

• Optional High Endurance Device Available 

features an 8-byte page write buffer and a special write 
protection feature. The device operates via the 12C bus 
serial interface and is available in 8 pin DIP, 8 pin SO or 
14 pin SO packages. 

BLOCK DIAGRAM 
EXTERNAL LOAD 

VccD 

VssD 

DouT I-
ACK 

CONTROL 
LOGIC 

SENSE AMPS 
SHIFT REGISTERS 

XDEC 32 

COLUMN 
DECODERS 

64 

E2PROM 
32X64 

~-T--1--;-----..i DATA IN STORAGE 

HIGH VOLTAGE/ 
~-----TIMING CONTROL 

Ao SLAVE 
A1 ADDRESS 
A2 COMPARATORS 

5020 FHD F02 

• Catalyst Semiconductor is licensed by Philips Corporation to carry the 12c Bus Protocol. TD5020 

© 1992 by Catalyst Semiconductor, Inc. 
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CAT24C02/CAT24C021 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to + 125°C 

Storage Temperature ......................... -65°C to + 150°C 

Voltage on Any Pin with 
Respect to Ground<1> ..•.•......... -2.0V to +Vee+ 2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 

Package Power Dissipation 
Capability (Ta= 25°C) .................................... 1.ow 

Lead Soldering Temperature (10 secs) ............... 300°C 

Output Short Circuit Current<2> •••••••••••••••••••••••••• 100mA 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NEND(3) Endurance 100,000 

ToR<3> Data Retention 100 

VZAp(3) ESD Susceptibility 2000 

ILTH(3)(4J Latch-up 100 

D.C. OPERATING CHARACTERISTICS 

Preliminary 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings'' may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliabillty. 

Units Reference Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

CAT24C02 TA= 0°C to +70°C, Vee = +5V ±10%, unless otherwise specified. 
CAT24C021 TA =-40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units Test Conditions 

Ice Power Supply Current 3 mA fscL = 100 KHz 

lss Standby Current Vee = 5.5V 4 µA V1N = GND or Vee 

lssz<5> Standby Current Vee = 5.5V 0 µA V1N = GND or Vee 

lu Input Leakage Current 10 µA V1N = GND to Vee 

ILO Output Leakage Current 10 µA VoUT = GND to Vee 

V1L Input Low Voltage -1.0 Vccx0.3 v 
V1H Input High Voltage Vccx0.7 Vee +0.5 v 
VoL Output Low Voltage 0.4 v loL=3mA 

CAPACITANCE TA= 25°C, f = 1.0 MHz, Vee= 5V 

Symbol Test Max. Units Conditions 

Cvo<3> Input/Output Capacitance (SDA) 8 pF Vvo=OV 

C1N<3> Input Capacitance (AO, A 1, A2, SCL) 6 pF V1N=OV 

Note: 
(1) The minimum DC input voltage is --0.SV. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +O.SV, which may overshoot to Vee+ 2.0V for periods of less than 20ns. 
(2)-.0utput shorted for no more than one second. No more than one output shorted at a time. 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vee +1V. 
(5) Standby Current (lsezl • oµA (<900nA) for the CAT24C02Z. 
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Preliminary CAT24C02/CAT24C021 

A.C. CHARACTERISTICS 

CAT24C02 TA= 0°C to +70°C, Vee= +5V ±10%, unless otherwise specified. 
CAT24C021 TA= -40°C to +85°C, Vee = +5V ±10%, unless otherwise specified. 

Read & Write Cycle Limits 

Symbol Parameter 

FscL Clock Frequency 

T1<3) Noise Suppression Time 
Constant at SCL, SDA Inputs 

tAA SCL Low to SDA Data Out 
and ACK Out 

tsuF<3) Time the Bus Must be Free Before 
a New Transmission Can Start 

tHD:STA Start Condition Hold Time 

tLOw Clock Low Period 

tHIGH Clock High Period 

tsu:STA Start Condition Setup Time 
(for a Repeated Start Condition) 

tHD:DAT Data In Hold Time 

tsu:DAT Data In Setup Time 

tR(3) SDA and SCL Rise Time 

tF(3) SDA and SCL Fall Time 

tsu:STO Stop Condition Setup Time 

toH Data Out Hold Time 

Power-Up Timing(3)(6) 

Symbol Parameter 

tPUR Power-up to Read Operation 

tpuw Power-up to Write Operation 

Write Cycle Limits 

Symbol Parameter Min. 

twR Write Cycle Time 

The write cycle time is the time from a valid stop 
condition of a write sequence to the end of the internal 
program/erase cycle. During the write cycle, the bus 

Note: 

Min. Max Units 

100 KHz 

100 ns 

3.5 µs 

4.7 µs 

4.0 µs 

4.7 µs 

4.0 µs 

4.7 µs 

0 ns 

250 ns 

1 µs 

300 ns 

4.7 µs 

300 ns 

Max. Units 

1 ms 

1 ms 

Typ. Max Units 

10 ms 

interface circuits are disabled, SDA is allowed to remain 
high, and the device does not respond to its slave 
address. 

(3) -This parameter is tested initially and after a design or process change that affects the parameter. 
(6) tpuR and tpuw are the delays required from the time Vee is stable until the specified operation can be initiated. 
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CAT24C02/CAT24C021 

FUNCTIONAL DESCRIPTION 

The CAT24C02/CAT24C021 supports the 12C Bus data 
transmission protocol. This Inter-Integrated Circuit Bus 
protocol defines any device that sends data to the bus to 
be a transmitter and any device receiving data to be a 
receiver. The transfer is controlled by the Master device 
which generates the serial clock and all START and 
STOP conditions for bus access. The CAT24C02/ 
CAT24C021 operates as a Slave device. Both the Mas
ter device and Slave device can operate as either 
transmitter or receiver, but the Master device controls 
which mode is activated. A maximum of 8 devices may 
be connected to the bus as determined by the device 
address inputs AO, A 1, and A2. 

Figure 1. Bus Timing tF 1HIGH 

SCL 

SDAIN 

SDAOUT 

Figure 2. Write Cycle Timing 

SCL 

SDA 

STOP 

Preliminary 

PIN DESCRIPTIONS 

SCL: Serial Clock 
The serial clock input clocks all data transferred into or 
out of the device. 

SDA: Serial Data/Address 
The bidirectional serial data/address pin is used to 
transfer all data into and out of the device. The SDA pin 
is an open drain output and can be wire-ORed with other 
open drain or open collector outputs. 

AO, A1, A2: Device Address Inputs 
These inputs set the device address within the slave 
address. They must be connected to either Vss or Vee. 

WP: Write Protect 
If the WP pin is tied to Vee the entire memory array 
becomes READ only. If the WP pin is· tied to Vss normal 
read/write operations are allowed to the device. This 
feature protects the device from inadvertent program
ming. 

•su,DAT \ ....... j jr"'"'STO 

fl,BuFJ~---
5020 FHD F03 

START ADDRESS 
CONDITION CONDITION 

5020 FHO F04 

Figure 3. StarUStop Timing I I 
I I I I 

SDA \' I I I \ '/ I I 
I I I I 
I I 

!\ 
I I 

SCL I 1\ /1 I 
I I I I 

START BIT STOP BIT 5020 FHD F05 
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Preliminary 

12C BUS PROTOCOL 

The following defines the features of the 12C bus proto
col: 

(1) Data transfer may be initiated only when the bus is 
not busy. 

(2) During a data transfer, the data line must remain 
stable whenever the clock line is high. Any changes in 
the data line while the clock line is high will be interpreted 
as a ST ART or STOP condition. 

ST ART Condition 

The START Condition precedes all commands to the 
device, and is defined as a HIGH to LOW transition of 
SDA when SCL is HIGH. The CAT24C02/CAT24C021 
monitors the SDA and SCL lines and will not respond 
until this condition is met. 

STOP Condition 

A LOW to HIGH transition of SDA when SCL is HIGH 
determines the STOP condition. All operations must end 
with a STOP condition. 

DEVICE ADDRESSING 

The bus Master begins a transmission by sending a 
START condition. The Master then sends the address 
of the particular slave device it is requesting. The ~our 
most significant bits of the 8-bit slave address are fixed 
as 1010 for the CAT24C02/CAT24C021 (see Fig. 5). 
The nextthree significant bits (A2, A 1, AO) are the device 
address bits and define which device the Master is 

Figure 4. Acknowledge Timing 

CAT24C02/CAT24C021 

accessing. Up to eight CAT24C02/CAT24C021 devices 
m!'ly be individually addressed by the system. The last 
bit of the slave address specifies whether a Read or 
Write operation is to be performed. When this bit is set 
to 1, a Read operation is selected, and when set to 0, a 
Write operation is selected. 

After the Master sends a START condition, the 
CAT24C02/CAT24C021 monitors the bus and responds 
with an acknowledge (on the SDA line) when its address 
matchesthetransmittedslaveaddress. TheCAT24C02/. 
CA T24C021 then performs a Read or Write operation 
depending on the state of the R!W bit. 

Acknowledge 

After a successful data transfer, each receiving device is 
required to generate an acknowledge. The Acknowledg
ing device pulls down the SDA line during the ninth clock 
cycle, signaling that it received the eight bits of data. 

The CAT24C02/CAT24C021 responds with an acknowl
edge after receiving a START condition and its slave 
address. If the device has been selected along with a 
write operation, it responds with an acknowledge after 
receiving each eight bit byte. 

When the CAT24C02/CAT24C021 begins a READ mode 
it transmits eight bits of data, releases the SDA line, and 
monitors the line for an acknowledge. Once it receives 
this acknowledge, the CAT24C02/CAT24C021 will con
tinue to transmit data. If no acknowledge is sent by the 
Master, the device terminates data transmission and 
waits for a STOP condition. 

SCL FROM ~ r-:j""\. r( 
MASTER ~ \...._/ ' \...._/ ) . 

DATA OUTPUT 
FROM TRANSMITTER 

DATA OUTPUT 
FROM RECEIVER 

i-L=x=~ p.________.; 

~~--vr-
START ACKNOWLEDGE 

5020 FHO Foe 

Figure 5. Slave Address Bits 

DEVICE ADDRESS 
5022 FHD F07 

2-5 



CAT24C02/CAT24C021 

WRITE OPERATIONS 

Byte Write 

In the Byte Write mode, the Master device sends the 
START condition and the slave address information 
(with the RJW bit set to zero) to the Slave device. After 
the Slave generates an acknowledge, the Master sends 
the byte address that is to be written into the address 
pointer of the CAT24C02/CAT24C021. After receiving 
another acknowledge from the Slave, the Master device 
transmits the data byte to be written into the addressed 
memory location. The CAT24C02/CAT24C021 acknowl
edges once more and the Master generates the STOP 
condition, at which time the device begins its internal 
programming cycle to nonvolatile memory. While this 
internal cycle is in progress, the device will not respond 
to any request from the Master device. 

Page Write 

The CAT24C02/CAT24C021 writes up to 8 bytes of data, 
in a single write cycle, using the Page Write operation. 
The page write operation is initiated in the same manner 
as the byte write operation, however instead of terminat
ing after the initial word is transmitted, the Master is 
allowed to send up to 7 additional bytes. After each byte 
has been transmitted the CA T24C02/CAT24C021 will 

Figure 6. Byte Write Timing 

s 
T 

BUSACTIVITY: A SLAVE . 
MASTER ~ ADDRESS 

Preliminary 

respond with an acknowledge, and internally increment 
the three low order address bits by one. The high order 
bits remain unchanged. 

If the Master transmits more than 8 bytes prior to sending 
the STOP condition, the addresscounter'wraps around', 
and previously transmitted data will be overwritten. 

Once all eight bytes are received and the STOP condi
tion has been sent by the Master, the internal program
ming cycle begins. At this point all received data is 
written to the CAT24C02/CAT24C021 in a single write 
cycle. 

Acknowledge Polling 

The disabling of the inputs can be used to take advan
tage of the typical write ·cycle time. Once the stop 
condition is issued to indicate the end of the host's write 
operation, the CAT24C02/CAT24C021 initiates the in
ternal write cycle. ACK polling can be initiated immedi
ately. This involves issuing the start condition followed 
by the slave address for a write operation. If the 
CAT24C02/CAT24C021 is still busy with the write opera
tion, no ACK will be returned. If the CAT24C02/ 
CAT24C021 has completed the write operation, an ACK 
will be returned and the host can then proceed with the 
next read or write operation. 

BYTE 
ADDRESS DATA 

s 
T 
0 
p 

SDA LINE lrul 0 I : : : : : : : 11 : : : : : : : I Ef 

Figure 7. Page Write Timing 

BUS ACTIVITY: 
MASTER 

SDALINE 

s 
T 
A SLAVE 
~ ADDRESS 

A 
c 
K 

A 
c 
K 

A 
c 
K 

5020 FHD FOB 

s 
BYTE T 

ADDRESS (n) DATA n DATA n+1 DATAn+7 ~ 

I : : : : : : : I I : : : : : : : .11 : : : : : : : I Q ~: : : : : : I Fl 
A A A A A 
c c c c c 
K K K K K 

NOTE: IN THIS EXAMPLE n = XXXX 0000(8); X = 1 or 0 

5020 FHO FOO 
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Preliminary 

WRITE PROTECTION 

The Write Protection feature allows the user to protect 
against inadvertent programming of the memory array. 
If the WP pin is tied to Vee, the entire memory array is 
protected and becomes read only. The CAT24C02/ 
CAT24C021 will accept both slave and byte addresses, 
but the memory location accessed is protected from 
programming by the device's failure to send an acknowl
edge after the first byte of data is received. 

READ OPERATIONS 

The READ operation forthe CAT24C02/CAT24C021 is 
initiated in the same manner as the write operation with 
the one exception that the R!W bit is set to a one. Three 
different READ operations are possible: Immediate Ad
dress READ, Selective READ and Sequential READ. 

Immediate Address Read 

The CA T24C02/CAT24C021's address counter contains 
the address of the last byte accessed, incremented by 
one. In other words, if the last READ or WRITE access 
was to address N, the READ immediately following 
would access data from address N+ 1. If N=255, then the 
counter will 'wrap around' to address O and continue to 
clock out data. After the CAT24C02/CAT24C021 re
ceives its slave address information (with the R/W bit set 
to one), it issues an acknowledge, then transmits the 
eight bit byte requested. The master device does not 
send an acknowledge but will generate a STOP condi
tion. 

Figure 8. Immediate Address Read Timing 
s 
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Selective Read 

Selective READ operations allow the Master device to 
select at random any memory location for a READ 
operation. The Master device first performs a 'dummy' 
write operation by sending the START condition, slave 
address and byte address of the location it wishes to 
read. After the CAT24C02/CAT24C021 acknowledges 
the word address, the Master device resends the START 
condition and the slave address, this time with the R/W 
bit set to one. The CAT24C02/CAT24C021 then re- • 
sponds with its acknowledge and sends the eight bit byte 
requested. The master device does not send an ac
knowledge but will generate a STOP condition. 

Sequential Read 

The Sequential READ operation can be initiated by 
eitherthe Immediate Address READ or Selective READ 
operations. After the CAT24C02/CA T24C021 sends the 
initial eight bit byte requested, the Master will respond 
with an acknowledge which tells the device it requires 
more data. The CA T24C02/CAT24C021 will continue to 
output an eight bit byte for each acknowledge sent by the 
Master. The operation will terminate operation when the 
Master fails to respond with an acknowledge, thus 
sending the STOP condition. 

The data being transmitted from the CAT24C02/ 
CAT24C021 is outputted sequentially with data from 
address N followed by data from address N+ 1. The 
READ operation address counter increments all of the 
CAT24C02/CAT24C021 address bits so that the entire 
memory array can be read during one operation. If more 
than the 256 bytes are read out, the counter will "wrap 
around" and continue to clock out data bytes. 
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Figure 9. Selective Read Timing 
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Preliminary 

CAT24LC02/CAT24LC021 
2K-Bit SERIAL E2PROM 

FEATURES 

• 12C Bus Compatible* 

• Low Power CMOS Technology 

• Hardware Write Protect 

• 8 Byte Page Write Buffer 

• Self-Timed Write Cycle with Auto-Clear 

DESCRIPTION 

The CA T24LC02/CAT24LC021 is a 2K bit Serial CMOS 
E2PROM internally organized as 256 x 8 bits. Catalyst's 
advanced CMOS technology substantially reduces de
vice power requirements. The CAT24LC02/CAT24LC021 

PIN CONFIGURATION 
DIP Package SO Package 

Ao Vee NC •1 14 NC 

A1 WP Ao 2 13 Vee 
A2 SCL A1 3 12 WP 

Vss SDA NC 4 11 NC 

A2 5 10 SCL 

Vss 6 9 SDA 

SO Package NC 7 8 NC 

Ao 8 Vee 

A1 2 7 WP 

A2 3 6 SCL 

Vss 4 5 SDA 
5021 FHD F01 

PIN FUNCTIONS 

Pin Name Function 

AO, A1, A2 Device Address Inputs 

SDA Serial Data/Address 

SCL Serial Clock 

WP Write Protect 

Vee +3V to +6V Power Supply 

Vss Ground 

• 100,000 Program/Erase Cycles 

• 100 Year Data Retention 

• 8 pin DIP, 8 pin SO or 14 pin SO Package 

• 3 to 6 Volt Operation 

• ZERO Power'" Version (CAT24LC02Z) Available 

• Optional High Endurance Device Available 

features an 8-byte page write buffer and a special write 
protection feature. The device operates via the 12C bus 
serial interface and is available in 8 pin DIP, 8 pin SO or 
14 pin SO packages. 

BLOCK DIAGRAM 
EXTERNAL LOAD 

VccD 

VssD 

Dour f-
ACK 

CONTROL 
LOGIC 

SENSE AMPS 
SHIFT REGISTERS 

XDEC 32 

COLUMN 
DECODERS 

64 

E2PROM 
32 x 64 

'---+--+--+-----__.,DATA IN STORAGE 

SCL 
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A2 

HIGH VOLTAGE/ 
.__ ____ __., TIMING CONTROL 

STATE COUNTERS 

SLAVE 
ADDRESS 
COMPARATORS 
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• Catalyst Semiconductor is licensed by Philips Corporation to carry the 12C Bus Protocol. TD 5021 

© 1992 by Catalyst Semiconductor, Inc. 
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CAT24LC02/CAT24LC021 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to +125°C 

Storage Temperature ......................... -65°C to +150°C 

Voltage on Any Pin with 
Respect to Ground<1> .............. -2.0V to +Vee+ 2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 

Package Power Dissipation 
Capability (Ta= 25°C) .................................... 1.0W 

Lead Soldering Temperature (1 O secs) ............... 300°C 

Output Short Circuit Current<2) .......................... 1 OOmA 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NEND(3) Endurance 100,000 

ToR(3) Data Retention 100 

VZAp(3) ESD Susceptibility 2000 

ILTH(3)(4) Latch-up 100 

D.C. OPERATING CHARACTERISTICS 

Preliminary 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Units Reference Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

CAT24LC02 TA= 0°c to +70°C, Vee= +3V to +6V, unless otherwise specified. 
CAT24LC021 TA= -40°C to +85°C, Vee= +3V to +6V, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units Test Conditions 

Ice Power Supply Current 3 mA fscL = 1 00 KHz 

lss Standby Current Vee = 6V 4 µA V1N = GND or Vee 

lssz<5> Standby Current Vee = 6V 0 µA V1N = GND or Vee 

lu Input Leakage Current 10 µA V1N = GND to Vee 

ILO Output Leakage Current 10 µA VouT = GND to Vee 

V1L Input Low Voltage -1.0 Vee x 0.3 v 
V1H Input High Voltage Vee x 0.7 Vee+ 0.5 v 
VoL Output Low Voltage 0.4 v loL=3mA 

CAPACITANCE TA= 25°C, f = 1.0 MHz, Vee= 5V 

Symbol Test Max. Units Conditions 

C11o<3> lnpuVOutput Capacitance (SDA) 8 pF V11o=OV 

C1N(3) Input Capacitance (AO, A1, A2, SCL) 6 pF V1N = ov 

Note: 
(1) The minimum DC input voltage is --0.SV. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +O.SV, which may overshoot to Vee+ 2.0V for periods of less than 20ns. 
(2) Output shorted for no more than one second. No more than one output shorted at a time. 
{3) This parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vee +1V. 
(5) Standby Current (lssz) = oµA {<900nA) for the CAT24LC02Z. 

2-10 



Preliminary CAT24LC02/CAT24LC021 

A.C. CHARACTERISTICS 

CAT24LC02 TA= 0°C to +70°C, Vee= +3V to +6V, unless otnerwise specified. 
CAT24LC021 TA =-40°C to +85°C, Vee= +3V to +6V, unless otherwise specified. 

Read & Write Cycle Limits 

Symbol Parameter 

FscL Clock Frequency 

T1<3l Noise Suppression Time 
Constant at SCL, SDA Inputs 

tAA SCL Low to SDA Data Out 
and ACK Out 

tsuF<3l Time the Bus Must be Free Before 
a New Transmission Can Start 

tHO:STA Start Condition Hold Time 

1Low Clock Low Period 

tHIGH Clock High Period 

tsu:STA Start Condition Setup Time 
(for a Repeated Start Condition) 

tHO:DAT Data In Hold Time 

tsu:DAT Data In Setup Time 

tR(J) SDA and SCL Rise Time 

tF(3) SDA and SCL Fall Time 

tsu:STO Stop Condition Setup Time 

toH Data Out Hold Time 

Power-Up Timing(3)(&) 

Symbol Pa~ameter 

tPUR Power-up to Read Operation 

tpuw Power-up to Write Operation 

Write Cycle Limits 

Symbol Parameter Min. 

twR Write Cycle Time 

The write cycle time is the time from a valid stop 
condition of a write sequence to the end of the internal 
program/erase cycle. During the write cycle, the bus 

Note: 

Min. Max Units 

100 KHz 

100 ns 

3.5 µs 

4.7 µs 

4.0 µs 

4.7 µs 

4.0 µs 

4.7 µs 

0 ns 

250 ns 
--· -· -··· 

1 ~LS 
·--·-

300 ns 
--·--------

4.7 µs 

300 ns 

Max. Units 

1 ms 

1 ms 

Typ. Max Units 

10 ms 

interface circuits are disabled, SDA is allowed to remain 
high, and the device does not respond to its slave 
address. 

(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(6) lpuR and lpuw are the delays required from the time Vee is stable until the specified operation can be initiated. 

2-11 
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CAT24LC02/CAT24LC021 

FUNCTIONAL DESCRIPTION 

The CAT24LC02/CAT24LC021 supports the 12C Bus 
data transmission protocol. This Inter-Integrated Circuit 
Bus protocol defines any device that sends data to the 
bus to be a transmitter and any device receiving data to 
be a receiver. The transfer is controlled by the Master 
device which generates the serial clock and all ST ART 
and STOP conditions for bus access. The CAT24LC02/ 
CAT24LC021 operates as a Slave device. Both the 
Master device and Slave device can operate as either 
transmitter or receiver, but the Master device controls 
which mode is activated. A maximum of 8 devices may 
be connected to the bus as determined by the device 
address inputs AO, A1, and A2. 

Figure 1. Bus Timing 

SCL 

SDAIN 

SDAOUT 

Figure 2. Write Cycle Timing 
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Figure 3. Start/Stop Timing I 
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Preliminary 

PIN DESCRIPTIONS 

SCL: Serial Clock 
The serial clock input clocks all data transferred into or 
out of the device. 

SDA: Serial Data/Address 
The bidirectional serial data/address pin is used to 
transfer all data into and out of the device. The SDA pin 
is an open drain output and can be wire-ORed with other 
open drain or open collector outputs. 

AO, A1, A2: Device Address Inputs 
These inputs set the device address within the slave 
address. They must be connected to either Vss or Vee. 

WP: Write Protect 
If the WP pin is tied to Vee the entire memory array 
becomes READ only. If the WP pin is tied to Vss normal 
read/write operations are allowed to the device. This 
feature protects the device from inadvertent program
ming. 

""WAT \ ....... j J;::'sU'8TO 

fll1BuFJ----
5020 FHD FOO 

STOP START ADDRESS 
CONDITION CONDITION 5020 FHD F04 

I 
I I 

\ 'I' I I 
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Preliminary 

12C BUS PROTOCOL 

The following defines the features of the 12C bus proto
col: 

(1) Data transfer may be initiated only when the bus is 
not busy. 

(2) During a data transfer, the data line must remain 
stable whenever the clock line is high. Any changes m 
the data line while the clock line is high will be interpreted 
as a START or STOP condition. 

ST ART Condition 

The START Condition precedes all commands to the 
device, and is defined as a HIGH to LOW transition of 
SDA when SCL is HIGH. The CAT24LC02/CAT24LC021 
monitors the SDA and SCL lines and will not respond 
until this condition is met. 

STOP Condition 

A LOW to HIGH transition of SDA when SCL is HIGH 
determines the STOP condition. All operations must end 
with a STOP condition. 

DEVICE ADDRESSING 

The bus Master begins a transmission by sending a 
START condition. The Master then sends the address 
of the particular slave device it is requesting. The four 
most significant bits of the 8-bit slave address are fixed 
as 1010 for the CAT24LC02/CAT24LC021 (see Fig. 5). 
The next three significant bits (A2, A 1, AO) are the device 
address bits and define which device the Master is 

CAT24LC02/CAT24LC021 

accessing. Up to eight CAT24LC02/CAT24LC021 de
vices may be individuallY, addressed by the system. The 
last bit of the slave address specifies whether a Read or 
Write operation is to be performed. When this bit is set 
to 1, a Read operation is selected, and when set to 0, a 
Write operation is selected. 

After the Master sends a START condition, the 
CAT24LC02/CAT24LC021 monitors the bus and re
sponds with an acknowledge (on the SDA line) when its 
address matches the transmitted slave address. The • 
CAT24LC02/CAT24LC021 then performs a Read or 
Write operation depending on the state of the R/W bit. 

Acknowledge 

After a successful data transfer, each receiving device is 
required to generate an acknowledge. The Acknowledg
ing device pulls down the SDA line during the ninth clock 
cycle, signaling that it received the eight bits of data. 

The CAT24LC02/CAT24LC021 responds with an ac
knowledge after receiving a START condition and its 
slave address. If the device has been selected along 
with a write operation, it responds with an acknowledge 
after receiving each eight bit byte. 

When the CAT24LC02/CAT24LC021 begins a READ 
mode it transmits eight bits of data, releases the SDA 
line, and monitors the line for an acknowledge. Once it 
receives this acknowledge, the CAT24LC02/ 
CAT24LC021 will continue to transmit data. If no ac
knowledge is sent by the Master, the device terminates 
data transmission and waits for a STOP condition. 

Figure 4. Acknowledge Timing 
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CAT24LC02/CAT24LC021 

WRITE OPERATIONS 

Byte Write 

In the Byte Write mode, the Master device sends the 
START condition and the slave address information 
(with the R/W bit set to zero) to the Slave device. After 
the Slave generates an acknowledge, the Master sends 
the byte address that is to be written into the address 
pointer of the CAT24LC02/CA T24LC021. After receiving 
another acknowledge from the Slave, the Master device 
transmits the data byte to be written into the addressed 
memory location. The CAT24LC02/CAT24LC021 ac
knowledges once more and the Master generates the 
STOP condition, at which time the device begins its 
internal programming cycle to nonvolatile memory. While 
this internal cycle is in progress, the device will · not 
respond to any request from the Master device. 

Page Write 

The CAT24LC02/CAT24LC021 writes up to 8 bytes of 
data, in a single write cycle, using the Page Write 
operation. The page write operation is initiated in the 
same manner as the byte write operation, however 
instead of terminating afterthe initial word is transmitted, 
the Master is allowed to send up to 7 additional bytes. 
After each byte has been transmitted the CA T24LC02/ 

Figure 6. Byte Write Timing 
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Preliminary 

CAT24LC021 will respond with an acknowledge, and 
·internally increment the three low order address bits by 
one. The high order bits remain unchanged. 

If the Master transmits more than 8 bytes prior to sending 
the STOP condition, the address counter 'wraps around', 
and previously transmitted data will be overwritten. 

Once all eight bytes are received and the STOP condi
tion has been sent by the Master, the internal program
ming cycle begins. At this point all received data is 
written to the CAT24LC02/CAT24LC021 in a single write 
cycle. 

Acknowledge Polling 

The disabling of the inputs can be used to take advan
tage of the typical write cycle time. Once the stop 
condition is issued to indicate the end of the host's write 
operation, the CAT24LC02/CAT24LC021 initiates the 
internal write cycle. ACK polling can be initiated imme
diately. This involves issuing the start condition followed 
by the ·slave address for a write operation. If the 
CAT24LC02/CAT24LC021 is still busy with the write 
operation, no ACK will be returned. If the CAT24LC02/ 
CAT24LC021 has completed the write operation, an 
ACK will be returned and the host can then proceed with 
the next read or write operation. 
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Figure 7. Page Write Timing 
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WRITE PROTECTION 

The Write Protection feature allows the user to protect 
against inadvertent programming of the memory array. 
If the WP pin is tied to Vee, the entire memory array is 
protected and becomes read only. The CAT24LC02/ 
CAT24LC021 will accept both slave and byte addresses, 
but the memory location accessed is protected from 
programming by the device's failure to send an acknowl
edge after the first byte of data is received. 

READ OPERATIONS 

The READ operation forthe CAT24LC02/CAT24LC021 
is initiated in the same manner as the write operation 
with the one exception that the RiW bit is set to a one. 
Three different READ operations are possible: Immedi
ate Address READ, Selective READ and Sequential 
READ. 

Immediate Address Read 

The CAT24LC02/CAT24LC021's address counter con
tains the address of.the last byte accessed, incremented 
by one. In other words, if the last READ or WRITE 
access was to address N, the READ immediately follow
ing would access data from address N+ 1. If N=255, then 
the counter will 'wrap around' to address O and continue 
to clock out data. After the CAT24LC02/CAT24LC021 
receives its slave address information (with the R/W bit 
set to one), it issues an acknowledge, then transmits the 
eight bit byte requested. The master device does not 
send an acknowledge but will generate a STOP condi
tion. 

Figure 8. Immediate Address Read Timing 
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Selective Read 

Selective READ operations allow the Master device to 
select at random any memory location for a READ 
operation. The Master device first performs a 'dummy' 
write operation by sending the START condition, slave 
address and byte address of the location it wishes to 
read. Afterthe CAT24LC02/CAT24LC021 acknowledges 
the word address, the Master device resends the START 
condition and the slave address, this time with the R/W 
bit set to one. The CAT24LC02/CAT24LC021 then re
sponds with its acknowledge and sends the eight bit byte 
requested. The master device does not send an ac
knowledge but will generate a STOP condition. 

Sequential Read 

The Sequential READ operation can be initiated by 
eitherthe Immediate Address READ or Selective READ 
operations. After the CAT24LC02/CAT24LC021 sends 
the initial eight bit byte requested, the Master will re
spond with an acknowledge which tells the device it 
requires more data. The CAT24LC02/CAT24LC021 will 
continue to output an eight bit byte for each acknowl
edge sent by the Master. The operation will terminate 
operation when the Master fails to respond with an 
acknowledge, thus sending the STOP condition. 

The data being transmitted from the CAT24LC02/ 
CAT24LC021 is outputted sequentially with data from 
address N followed by data from address N+ 1. The 
READ operation address counter increments all of the 
CAT24LC02/CAT24LC021 address bits so that the en
tire memory array can be read during one operation. If 
more than the 256 bytes are read out, the counter will 
"wrap around" and continue to clock out data bytes. 
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CAT24LC02/CAT24LC021 Preliminary 

Figure 9. Selective Read Timing 
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Figure 10. Sequential Read Timing 
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Preliminary 

CAT24C02A/CAT24C02AI 
2K-Bit SERIAL E2PROM 

FEATURES 

• 12C Bus Compatible* 

• Low Power CMOS Technology 

• 8 Byte Page Write Buffer 

• Self-Timed Write Cycle with Auto-Clear 

DESCRIPTION 

The CAT24C02A/CAT24C02AI is a 2K bit Serial CMOS 
E2PROM internally organized as 256 x 8 bits. Catalyst's 
advanced CMOS technology substantially reduces de
vice power requirements. The CAT24C02A/CAT24C02AI 

PIN CONFiGURATION 
DIP Package SO Package 

Ao Vee NC 14 NC 
A1 NC Ao 2 13 Vee 
A2 SCL A1 3 12 NC 

Vss SDA NC 4 11 NC 
A2 5 10 SCL 

Vss 6 9 SDA 
NC 7 8 NC SO Package 

Ao 8 Vee 
A1 2 7 NC 
A2 3 6 SCL 

Vss 4 5 SDA 

5029 FHO F01 

PIN FUNCTIONS 

Pin Name Function 

AO, A1, A2 Device Address Inputs 

SDA Serial Data/Address 

SCL Serial Clock 

NC No Connect 

Vee +5V Power Supply 

Vss Ground 

• 100,000 Program/Erase Cycles 

• 100 Year Data Retention 

• 8 pin DIP, 8 pin SO or 14 pin SO Package 

• ZERO Power'" Version (CAT24C02AZ) Available 

• Optional High Endurance Device Available 

features an 8-byte page write buffer. The device oper
ates via the 12C bus serial interface and is available in 8 
pin DIP, 8 pin SO or 14 pin SO packages. 

BLOCK DIAGRAM 
EXTERNAL LOAD 

Dour SENSE AMPS 
I- SHIFT REGISTERS ACK 
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64 

E2PROM 
XDEC 32 32 X64 

CONTROL 
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~-+---+---1----~ DATA IN STORAGE 

HIGH VOLTAGE/ 
~-------.. TIMING CONTROL 

Ao SLAVE 
A1 ADDRESS 
A2 COMPARATORS 

5020 FHD F02 

* Catalyst Semiconductor is licensed by Philips Corporation to carry the 12C Bus Protocol. TD 5029 

© 1992 by Catalyst Semiconductor, Inc. 
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CAT24C02A/CAT24C02AI 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to + 125°C 

Storage Temperature ......................... -65°C to + 150°C 

Voltage on Any Pin with 
Respect to Ground<1l .............. -2.0V to +Vee+ 2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 

Package Power Dissipation 
Capability (Ta= 25°C) .................................... 1.0W 

Lead Soldering Temperature (10 secs) ............... 300°C 

Output Short Circuit Current<2l .......................... 100mA 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NEN0(3) Endurance 100,000 

ToR<3l Data Retention 100 

V?.AP(3) ESD Susceptibility 2000 

ILTH(3)(4) Latch-up 100 

D.C. OPERATING CHARACTERISTICS 

Preliminary 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Units Reference Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

CAT24C02A TA= 0°c to +70°C, Vee= +5V ±10%, unless otherwise specified. 
CAT24C02AI TA= -40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units Test Conditions 

Ice Power Supply Current 3 mA fscL = 1 00 KHz 

Isa Standby Current Vee= 5.5V 4 µA V1N = GND or Vee 

lssz(5l Standby Current Vee= 5.5V 0 µA V1N = GND or Vee 

lu Input Leakage Current 10 µA V1N = GND to Vee 

ILO Output Leakage Current 10 µA VouT = GND to Vee 

V1L Input Low Voltage -1.0 Vccx 0.3 v 
V1H Input High Voltage Vee x 0.7 Vee+ 0.5 v 
VoL Output Low Voltage 0.4 v loL =3 mA 

CAPACITANCE TA= 25°C, f = 1.0 MHz, Vee= 5V 

Symbol Test Max. Units Conditions 

C110(3l Input/Output Capacitance (SDA) 8 pF V110 = OV 

C1N(3) Input Capacitance (AO, A 1, A2, SCL) 6 pF V1N = OV 

Note: 
(1) The minimum DC input voltage is -0.5V. During transitions, inputs may understoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +0.5V, which may overshoot to V cc + 2.0V for periods of less than 20ns. 
(2) Output shorted for no more than one second. No more than one output shorted at a time. 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vee +1V. 
(5) Standby Current Ossz) = OµA {<900nA) for the CAT24C02AZ. 
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Preliminary CAT24C02A/CAT24C02AI 

A.C. CHARACTERISTICS 

CAT24C02A TA= 0°C to +70°C, Vee = +5V ±10%, unless otherwise specified. 
CAT24C02AI TA= -40°C to +85°C, Vee = +5V ±10%, unless otherwise specified. 

Read & Write Cycle Limits 

Symbol Parameter 

FscL Clock Frequency 

T1(3) Noise Suppression Time 
Constant at SCL, SDA Inputs 

tAA SCL Low to SDA Data Out 
and ACK Out 

tsuF(3) Time the Bus Must be Free Before 
a New Transmission Can Start 

tHD:STA Start Condition Hold Time 

tww Clock Low Period 

tHIGH Clock High Period 

tsu:STA Start Condition Setup Time 
(for a Repeated Start Condition) 

tHD:DAT Data In Hold Time 

tsu:DAT Data In Setup Time 

tR(3) SDA and SCL Rise Time 

tF(3) SDA and SCL Fall Time 

tsu:STO Stop Condition Setup Time 

toH Data Out Hold Time 

Power-Up Timing(3)(6) 

Symbol Parameter 

tPUR Power-up to Read Operation 

tpuw Power-up to Write Operation 

Write Cycle Limits 

Symbol Parameter Min. 

twR Write Cycle Time 

The write cycle time is the time from a valid stop 
condition of a write sequence to the end of the internal 
program/erase cycle. During the write cycle, the bus 

Note: 

Min. Max Units 

100 KHz 

100 ns 

3.5 µs 

4.7 µs 

4.0 µs 

4.7 µs 

4.0 µs 

4.7 µs 

0 ns 

250 ns 

1 µs 

300 ns 

4.7 µs 

300 ns 

Max. Units 

1 ms 

1 ms 

Typ. Max Units 

10 ms 

interface circuits are disabled, SDA is allowed to remain 
high, and the device does not respond to its slave 
address. 

(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(6) tpuR and tpuw are the delays required from the time Vee is stable until the specified operation can be initiated. 
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CAT24C02A/CAT24C02AI 

FUNCTIONAL DESCRIPTION 

The CAT24C02A/CAT24C02AI supports the 12C Bus 
data transmission protocol. This Inter-Integrated Circuit 
Bus protocol defines any device that sends data to the 
bus to be a transmitter and any device receiving data to 
be a receiver. The transfer is controlled by the Master 
device which generates the serial clock and all START 
and STOP conditions for bus access. The CAT24C02A/ 
CAT24C02AI operates as a Slave device. Both the 
Master device and Slave device can operate as either 
transmitter or receiver, but the Master device controls 
which mode is activated. A maximum of 8 devices may 
be connected to the bus as determined by the device 
address inputs AO, A 1, and A2. 

Figure 1. Bus Timing 

SCL 

SDAIN 

SDAOUT 

Figure 2. Write Cycle Timing 

SCL 

SDA 

Preliminary 

PIN DESCRIPTIONS 

SCL: Serial Clock 
The serial clock input clocks all data transferred into or 
out of the device. 

SDA: Serial Data/Address 
The bidirectional serial data/address pin is used to 
transfer all data into and out of the device. The SDA pin 
is an open drain output and can be wire-ORed with other 
open drain or open collector outputs. 

AO, A1, A2: Device Address Inputs 
These inputs set the device address within the slave 
address. They must be connected to either Vss or Vee. 

5020 FHD F03 

STOP START ADDRESS 
CONDITION CONDITION 
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Figure 3. Start/Stop Timing I I I 
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Preliminary 

12C BUS PROTOCOL 

The following defines the features of the 12C bus proto
col: 

(1) Data transfer may be initiated only when the bus is 
not busy. 

(2) During a data transfer, the data line must rema~n 
stable whenever the clock line is high. Any changes 1n 
the data line while the clock line is high will be interpreted 
as a START or STOP condition. 

START Condition 

The START Condition precedes all commands to the 
device, and is defined as a HIGH to LOW transition of 
SDA when SCL is HIGH. The CAT24C02A/CAT24C02AI 
monitors the SDA and SCL lines and will not respond 
until this condition is met. 

STOP Condition 

A LOW to HIGH transition of SDA when SCL is HIGH 
determines the STOP condition. All operations must end 
with a STOP condition. 

DEVICE ADDRESSING 

The bus Master begins a transmission by sending a 
START condition. The Master then sends the address 
of the particular slave device it is requesting. The four 
most significant bits of the 8-bit slave address are fixed 
as 1010fortheCAT24C02A/CAT24C02AI (see Fig. 5). 
The nextthree significant bits (A2, A 1, AO) are the device 
address bits and define which device the Master is 

Figure 4. Acknowledge Timing 

SCLFROM 
MASTER 

CAT24C02A/CAT24C02AI 

accessing. Up to eight CAT24C02A/CAT24C02AI de
vices may be individually addressed by the system. The 
last bit of the slave address specifies whether a Read or 
Write operation is to be performed. When this bit is set 
to 1, a Read operation is selected, and when set to 0, a 
Write operation is selected. 

After the Master sends a START condition, the 
CAT24C02A/CAT24C02AI monitors the bus and re
spondswith an acknowledge (on the SDA line) when its 
address matches the transmitted slave address. The 2 
CAT24C02A/CAT24C02AI then performs a Read or 
Write operation depending on the state of the R/W bit. 

Acknowledge 

After a successful data transfer, each receiving device is 
required to generate an acknowledge. The Acknowledg
ing device pulls down the SDA line during the ninth clock 
cycle, signaling that it received the eight bits of data. 

The CAT24C02A/CAT24C02AI responds with an ac
knowledge after receiving a START condition and its 
slave address. If the device has been selected along 
with a write operation, it responds with an acknowledge 
after receiving each eight bit byte. 

When the CAT24C02A/CAT24C02AI begins a READ 
mode it transmits eight bits of data, releases the SDA 
line, and monitors the line for an acknowledge. Once it 
receives this acknowledge, the CAT24C02A/ 
CAT24C02AI will continue to transmit data. If no ac
knowledge is sent by the Master, the device terminates 
data transmission and waits for a STOP condition. 

DATA OUTPUT 
FROM TRANSMITTER i-L==x=~ P~? 

DATA OUTPUT 
FROM RECEIVER 

Figure 5. Slave Address Bits 
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CAT24C02A/CAT24C02AI 

WRITE OPERATIONS 

Byte Write 

In the Byte Write mode, the Master device sends the 
ST ART condition and the slave address information 
(with the R/W bit set to zero) to the Slave device. After 
the Slave generates an acknowledge, the Master sends 
the byte address that is to be written into the address 
pointer of the CAT24C02A/CAT24C02AI. After receiv
ing another acknowledge from the Slave, the Master 
device transmits the data byte to be written into the 
addressed memory location. The CAT24C02A/ 
CAT24C02AI acknowledges once more and the Master 
generates the STOP condition, at which time the device 
begins its internal programming cycle to nonvolatile 
memory. While this internal cycle is in progress, the 
device will not respond to any request from the Master 
device. 

Page Write 

The CAT24C02A/CAT24C02AI writes up to 8 bytes of 
data, in a single write cycle, using the Page Write 
operation. The page write operation is initiated in the 
same manner as the byte write operation, however 
instead of terminating afterthe initial word is transmitted, 
the Master is allowed to send up to 7 additional bytes. 
After each byte has been transmitted the CAT24C02A/ 

Figure 6. Byte Write Timing 
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Preliminary 

CAT24C02AI will respond with an acknowledge, and 
'internally increment the three low order address bits by 
one. The high order bits remain unchanged. 

If the Mastertransmits more than 8 bytes prior to sending 
the STOP condition, the address counter 'wraps around', 
and previously transmitted data will be overwritten. 

Once all eight bytes are received and the STOP condi: 
lion has been sent by the Master, the internal program
ming cycle begins. At this point all received data is 
written to the CAT24C02A/CAT24C02AI in a single write 
cycle. 

Acknowledge Polling 

The disabling of the inputs can be used to take advan
tage of the typical write cycle time. Once the stop 
condition is issued to indicate the end of the host's write 
operation, the CAT24C02A/CAT24C02AI initiates the 
internal write cycle. ACK polling can be initiated imme
diately. This involves issuing the start condition followed 
by the ·slave address for a write operation. If the 
CAT24C02A/CAT24C02AI is still busy with the write 
operation, no ACK will be returned. If the CAT24C02A/ 
CAT24C02AI has completed the write operation, an 
ACK will be returned and the host can then proceed with 
the next read or write operation. 
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Figure 7. Page Write Timing 
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Preliminary 

READ OPERATIONS 

The READ operation forthe CAT24C02A/CAT24C02AI 
is initiated in the same manner as the write operation 
with the one exception that the R/W bit is set to a one. 
Three different READ operations are possible: Immedi
ate Address READ, Selective READ and Sequential 
READ. 

Immediate Address Read 

The CAT24C02A/CAT24C02Al's address counter con
tains the address of the last byte accessed, incremented 
by one. In other words, if the last READ or WRITE 
access was to address N, the READ immediately follow
ing would access data from address N+ 1. If N=255, then 
the counter will 'wrap around' to address O and continue 
to clock out data. After the CAT24C02A/CAT24C02AI 
receives its slave address information (with the R/W bit 
set to one), it issues an acknowledge, then transmits the 
eight bit byte requested. The master device does not 
send an acknowledge but will generate a STOP condi
tion. 

Selective Read 

Selective READ operations allow the Master device to 
select at random any memory location for a READ 
operation. The Master device first performs a 'dummy' 
write operation by sending the START condition, slave 
address and byte address of the location it wishes to 

Figure 8. Immediate Address Read Timing 
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read. After the CAT24C02A/CAT24C02AI acknowledges 
the word address, the Master device resends the START 
condition and the slave address, this time with the R/W 
bit set to one. The CAT24C02A/CA T24C02AI then re
sponds with its acknowledge and sends the eight bit byte 
requested. The master device does not send an ac
knowledge but will generate a STOP condition. 

Sequential Read 

The Sequential READ operation can be initiated by 
either the Immediate Address READ or Selective READ 
operations. After the CAT24C02A/CAT24C02AI sends 
the initial eight bit byte requested, the Master will re
spond with an acknowledge which tells the device it 
requires more data. The CAT24C02A/CAT24C02AI will 
continue to output an eight bit byte for each acknowl
edge sent by the Master. The operation will terminate 
operation when the Master fails to respond with an 
acknowledge, thus sending the STOP condition. 

The data being transmitted from the CA T24C02A/ 
CAT24Cb2AI is outputted sequentially with data from 
address N followed by data from address N+ 1. The 
READ operation address counter increments all of the 
CAT24C02A/CAT24C02AI address bits so that the en
tire memory array can be read during one operation. If 
more than the 256 bytes are read out, the counter will 
"wrap around" and continue to clock out data bytes. 
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CAT24C02A/CAT24C02AI Preliminary 

Figure 9, Selective Read Timing 
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Preliminary 

CAT24LC02A/CAT24LC02AI 
2K-Bit SERIAL E2PROM 

FEATURES 

• 12C Bus Compatible* 

• Low Power CMOS Technology 

• B Byte Page Write Buffer 

• Self-Timed Write Cycle with Auto-Clear 

• 100,000 Program/Erase Cycles 

DESCRIPTION 

The CAT24LC02A/CAT24LC02AI is a 2K bit Serial 
CMOS E2PROM internally organized as 256 x 8 bits. 
Catalyst's advanced CMOS technology substantially 
reduces device power requirements. The CAT24LC02A/ 

PIN CONFIGURATION 
DIP Package SO Package 

Ao Vee NC i4 NC 
Ai NC Ao 2 i3 Vee 
A2 SCL Ai 3 i2 NC 

Vss SDA NC 4 ii NC 
A2 5 io SCL 

Vss 6 9 SDA 
NC 7 8 NC SO Package 

Ao •1 8 Vee 
Ai 2 7 NC 
A2 3 6 SCL 

Vss 4 5 SDA 

5029 FHD F01 

PIN FUNCTIONS 

Pin Name Function 

AO,A1,A2 Device Address Inputs 

SDA Serial Data/Address 

SCL Serial Clock 

NC No Connect 

Vee +3V to +6V Power Supply 

Vss Ground 

• 100 Year Data Retention 

• B pin DIP, 8 pin SO or 14 pin SO Package 

• 3 to 6 Volt Operation 

• ZEROPower™Version (CAT24LC02AZ) Available 

• Optional High Endurance Device Available 

CAT24LC02AI features an 8-byte page write buffer. The 
device operates via the 12C bus serial interface and is 
available in 8 pin DIP, 8 pin SO or 14 pin SO packages. 

BLOCK DIAGRAM 
EXTERNAL LOAD 

Dour SENSE AMPS 
f- SHIFT REGISTERS ACK 

COLUMN 
DECODERS 

64 

XDEC 32 
E2PROM 
32 X64 

CONTROL 
LOGIC 

--..----r--r------. DATA IN STORAGE 

HIGH VOLTAGE/ 
~----- TIMING CONTROL 

Ao SLAVE 
A1 ADDRESS 
A2 COMPARATORS 

5029 FHD F02 

• Catalyst Semiconductor is licensed by Philips Corporation to carry the 12C Bus Protocol. TD 5030 

© 1992 by Catalyst Semiconductor, Jnc. 
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CAT24LC02A/CAT24LC02AI 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to + 125°C 

Storage Temperature ......................... -65°C to +150°C 

Voltage on Any Pin with 
Respect to Ground(1l .............. -2.0V to +Vee+ 2.0V 

Vee with Respect to Ground ................. -2.0V to+ 7.0V 

Package Power Dissipation 
Capability (Ta= 25°C) .................................... 1.0W 

Lead Soldering Temperature (10 secs) ............... 300°C 

Output Short Circuit Current(2l .......................... 1 OOmA 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NENo(3) Endurance 100,000 

ToR(3) Data Retention 100 

VZAP(3) ESD Susceptibility 2000 

ILTH(3)(4) Latch-up 100 

D.C. OPERATING CHARACTERISTICS 

Preliminary 

*COMMENT 

Stresses above those risted under "Absolute Maximum 
Ratings'' may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Units Reference Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

CAT24LC02A TA= 0°C to +70°C, Vee= +3V to +6V, unless otherwise specified. 
CAT24LC02AI TA= -40°C to +85°C, Vee= +3V to +6V, unless otherwise specified . 

.Limits 

Symbol Parameter Min. Typ. Max. Units Test Conditions 

Ice Power Supply Current 3 mA fseL = 1 00 KHz 

lss Standby Current Vee= 6V 4 µA V1N = GND or Vee 

lssz(5l Standby Current Vee= 6V 0 µA V1N = GND or Vee 

lu Input Leakage Current 10 µA V1N = GND to Vee 

ILO Output Leakage Current 10 µA VouT = GND to Vee 

V1L Input Low Voltage -1.0 Vccx 0.3 v 
V1H Input High Voltage Vee x0.7 Vee+ 0.5 v 
VoL Output Low Voltage 0.4 v loL=3mA 

CAPACITANCE TA= 25°C, f = 1.0 MHz, Vee= 5V 

Symbol Test Max. Units Conditions 

Cvd3l Input/Output Capacitance (SDA) 8 pF Vvo = OV 

C1N(3l Input Capacitance (AO, A 1 , A2, SCL) 6 pF V1N = OV 

Note: 
(1) The minimum DC input voltage is --0.5V. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +0.5V, which may overshoot to Vee+ 2.0V for periods of less than 20ns. 
(2) Output shorted for no more than one second. No more than one output shorted at a time. 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from-1V to Vee +1V. 
(5) Standby Current (lsBz) = OµA (<900nA) for the CAT24LC02AZ. 
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Preliminary CAT24LC02A/CAT24LC02AI 

A.C. CHARACTERISTICS 

CAT24LC02A TA= 0°C to +70°C, Vee= +3V to +6V, unless otherwise specified. 
CAT24LC02AI TA= -40°C to +85°C, Vee= +3V to +6V, unless otherwise specified. 

Read & Write Cycle Limits 

Symbol Parameter 

FscL Clock Frequency 

T1(3l Noise Suppression Time 
Constant at SCL, SDA Inputs 

tAA SCL Low to SDA Data Out 
and ACK Out 

tBUF(3) Time the Bus Must be Free Before 
a New Transmission Can Start 

tHD:STA Start Condition Hold Time 

tLOW Clock Low Period 

tHIGH Clock High Period 

tsu:STA Start Condition Setup Time 
(for a Repeated Start Condition) 

tHD:DAT Data In Hold Time 

tsu:DAT Data In Setup Time 

tR(3) SDA and SCL Rise Time 

tF(3) SDA and SCL Fall Time 

tsu:STO Stop Condition Setup Time 

toH Data Out Hold Time 

Power-Up Timing(3}(6) 

Symbol Parameter 

tPUR Power-up to Read Operation 

truw Power-up to Write Operation 

Write Cycle Limits 

Symbol Parameter Min. 

twR Write Cycle Time 

The write cycle time is the time from a valid stop 
condition of a write sequence to the end of the internal 
program/erase cycle. During the write cycle, the bus 

Note: 

Min. Max Units 

100 KHz 

100 ns 

3.5 µs 

4.7 µs 

4.0 µs 

4.7 µs 

4.0 µs 

4.7 µs 

0 ns 

250 ns 

1 µs 

300 ns 

4.7 µs 

300 ns 

Max. Units 

1 ms 

1 ms 

Typ. Max Units 

10 ms 

interface circuits are disabled, SDA is allowed to remain 
high, and the device does not respond to its slave 
address. 

(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(€i) tpuR and tpuw are the delays required from the time Vee is stable until the specified operation can be initiated. 
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CAT24LC02A/CAT24LC02AI 

FUNCTIONAL DESCRIPTION 

The CAT24LC02A/CAT24LC02AI supports the 12C Bus 
data transmission protocol. This Inter-Integrated Circuit 
Bus protocol defines any device that sends data to the 
bus to be a transmitter and any device receiving data to 
be a receiver. The transfer is controlled by the Master 
device which generates the serial clock and all ST ART 
and STOP conditions for bus access. The CAT24LC02A/ 
CAT24LC02AI operates as a Slave device. Both the 
Master device and Slave device can operate as either 
transmitter or receiver, but the Master device controls 
which mode is activated. A maximum of 8 devices may 
be connected to the bus as determined by the device 
address inputs AO, A 1, and A2. 

Figure 1. Bus Timing 

SCL 

SDAIN 

SDAOUT 

Figure 2. Write Cycle Timing 
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Preliminary 

PIN DESCRIPTIONS 

SCL: Serial Clock 
The serial clock input clocks all data transferred into or 
out of the device. 

SDA: Serial Data/Address 
The bidirectional serial data/address pin is used to 
transfer all data into and out of the device. The SDA pin 
is an open drain output and can be wire-ORed with other 
open drain or open collector outputs. 

AO, A1, A2: Device Address Inputs 
These inputs set the device address within the slave 
address. They must be connected to either Vss or Vee. 

5020 FHD F03 

START ADDRESS 
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Preliminary 

12C BUS PROTOCOL 

The following defines the features of the 12C bus proto
col: 

(1) Data transfer may be initiated only when the bus is 
not busy. 

(2) During a data transfer, the data line must remain 
stable whenever the clock line is high. Any changes in 
the data line while the clock line is high will be interpreted 
as a ST ART or STOP condition. 

ST ART Condition 

The START Condition precedes all commands to the 
device, and is defined as a HIGH to LOW transition of 
SDA when SCL is HIGH. The CAT24LC02A/ 
CAT24LC02AI monitors the SDA and SCL lines and will 
not respond until this condition is met. 

STOP Condition 

A LOW to HIGH transition of SDA when SCL is HIGH 
determines the STOP condition. All operations must end 
with a STOP condition. 

DEVICE ADDRESSING 

The bus Master begins a transmission by sending a 
START condition. The Master then sends the address 
of the particular slave device it is requesting. The four 
most significant bits of the 8-bit slave address are fixed 
as 1010 for the CAT24LC02A/CAT24LC02AI (see Fig. 
5). The next three significant bits (A2, A 1, AO) are the 
device address bits and define which device the Master 

CAT24LC02A/CAT24LC02AI 

is accessing. Up to eight CAT24LC02A/CAT24LC02AI 
devices may be individually ad<;Jressed by the system. 
The last bit of the slave address specifies whether a 
Read or Write operation is to be performed. When this 
bit is set to 1, a Read operation is selected, and when set 
to 0, a Write operation is selected. 

After the Master sends a START condition, the 
CAT24LC02A/CAT24LC02AI monitors the bus and re
sponds with an acknowledge (on the SDA line) when its 
address matches the transmitted slave address. The 2 CAT24LC02A/CAT24LC02AI then performs a Read or 
Write operation depending on the state of the R/W bit. 

Acknowledge 

After a successful data transfer, each receiving device is 
required to generatean acknowledge. The Acknowledg
ing device pulls down the SDA line during the ninth clock 
cycle, signaling that it received the eight bits of data. 

The CAT24LC02A/CAT24LC02AI responds with an ac
knowledge after receiving a START condition and its 
slave address. If the device has been selected along 
with a write oper<:1tion, it responds with an acknowledge 
after receiving each eight bit byte. 

When the CAT24LC02A/CAT24LC02AI begins a READ 
mode it transmits eight bits of data, releases the SDA 
line, and monitors the line for an acknowledge. Once it 
receives this acknowledge, the CAT24LC02A/ 
CAT24LC02AI will continue to transmit data. If no ac
knowledge is sent by the Master, the device terminates 
data transmission and waits for a STOP condition. 

Figure 4. Acknowledge Timing 
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Figure 5. Slave Address Bits 
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CAT24LC02A/CA T24LC02AI 

WRITE OPERATIONS 

Byte Write 

In the Byte Write mode, the Master device sends the 
START condition and the slave address information 
(with the R/W bit set to zero) to the Slave device. After 
the Slave generates an acknowledge, the Master sends 
the byte address that is to be written into the address 
pointer of the CAT24LC02A/CAT24LC02AI. After re
ceiving another acknowledge from the Slave, the Master 
device transmits the data byte to be written into the 
addressed memory location. The CAT24LC02A/ 
CAT24LC02AI acknowledges once more and the Mas
ter generates the STOP condition, at which time the 
device begins its internal programming cycle to nonvola
tile memory. While this internal cycle is in progress, the 
device will not respond to any request from the Master 
device. 

Page Write 

The CAT24LC02A/CAT24LC02AI writes up to 8 bytes of 
data, in a single write cycle, using the Page Write 
operation. The page write operation is initiated in the 
same manner as the byte write operation, however 
instead of terminating afterthe initial word is transmitted, 
the Master is allowed to send up to 7 additional bytes. 
After each byte has been transmitted the CAT24LC02A/ 

Figure 6. Byte Write Timing 
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CAT24LC02AI will respond with an acknowledge, and 
internally increment the three low order address bits by 
one. The high order bits remain unchanged. 

If the Master transmits more than 8 bytes prior to sending 
the STOP condition, the address counter 'wraps around', 
and previously transmitted data will be overwritten. 

Once all eight bytes are received and the STOP condi
tion has been sent by the Master, the internal program
ming cycle begins. At this point all received data is 
written to the CAT24LC02A/CAT24LC02AI in a single 
write cycle. 

Acknowledge Polling 

The disabling of the inputs can be used to take advan
tage of the typical write cycle time. Once the stop 
condition is issued to indicate the end of the host's write 
operation, the CAT24LC02A/CAT24LC02AI initiates the 
internal write cycle. ACK polling can be initiated imme
diately. This involves issuing the start condition followed 
by the slave address for a write operation. If the 
CAT24LC02A/CAT24LC02AI is still busy with the write 
operation, no ACK will be returned. If the CAT24LC02A/ 
CAT24LC02AI has completed the write operation, an 
ACK will be returned and the host can then proceed with 
the next read or write operation. 
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READ OPERATIONS 

The READ operation for the CAT24LC02A/ 
CAT24LC02AI is initiated in the same manner as the 
write operation with the one exception that the R/W bit is 
set to a one. Three different READ operations are 
possible: Immediate Address READ, Selective READ 
and Sequential READ. 

Immediate Address Read 

The CAT24LC02A/CAT24LC02Al's address counter 
contains the address of the last byte accessed, 
incremented by one. In other words, if the last READ or 
WRITE access was to address N, the READ immedi
ately following would access data from address N+ 1. If 
N=255, then the counter will 'wrap around' to address O 
and continue to clock out data. After the CAT24LC02A/ 
CAT24LC02AI receives its slave address information 
(with the R/W bit set to one), it issues an acknowledge, 
then transmits the eight bit byte requested. The master 
device does not send an acknowledge but will generate 
a STOP condition. 

Selective Read 

Selective READ operations allow the Master device to 
select at random any memory location for a READ 
operation. The Master device first performs a 'dummy' 
write operation by sending the ST ART condition, slave 
address and byte address of the location it wishes to 

Figure 8. Immediate Address Read Timing 
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read. After the CAT24LC02A/CAT24LC02AI acknowl
edges the word address, the Master device resends the 
START condition and the slave address, this time with 
the R/W bitsetto one. The CAT24LC02A/CAT24LC02AI 
then responds with its acknowledge and sends the eight 
bit byte requested. The master device does not send an 
acknowledge but will generate a STOP condition. 

Sequential Read 

The Sequential READ operation can be initiated by 
either the Immediate Address READ or Selective READ 
operations. Afterthe CAT24LC02A/CAT24LC02AI sends 
the initial eight bit byte requested, the Master will re
spond with an acknowledge which tells the device it 
requires more data. The CAT24LC02A/CAT24LC02AI 
will continue to output an eight bit byte for each acknowl
edge sent by the Master. The operation will terminate 
operation when the Master fails to respond with an 
acknowledge, thus sending the STOP condition. 

The data being transmitted from the CAT24LC02A/ 
CA T24LC02AI is outputted sequentially with data from 
address N followed by data from address N+ 1. The 
READ operation address counter increments all of the 
CAT24LC02A/CAT24LC02AI address bits so that the 
entire memory array can be read during one operation. 
If more than the 256 bytes are read out, the counter will 
"wrap around" and continue to clock out data bytes. 
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CAT24LC02A/CAT24LC02AI Preliminary 

Figure 9. Selective Read Timing 
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Preliminary 

CAT24C04/CAT24C041 
4K-Bit SERIAL E2PROM 

FEATURES 

• 12C Bus Compatible* 

• Low Power CMOS Technology 

• 16 Byte Page Write Buffer 

• Self-Timed Write Cycle with Auto-Clear 

DESCRIPTION 

The CAT24C04/CA T24C041 is a 4K bit Serial CMOS 
E2PROM internally organized as 512 x 8 bits. Catalyst's 
advanced CMOS technology substantially reduces de
vice power requirements. The CAT24C04/CAT24C041 

PIN CONFIGURATION 

DIP Package SO Package 

Ao Vee NC 14 NC 
A1 TEST Ao 2 13 Vee 
A2 SCL A1 3 12 TEST 

Vss SDA NC 4 11 NC 
A2 5 10 SCL 

Vss 6 9 SDA 
NC 7 8 NC. 

SO Package 

Ao 8 Vee 
A1 2 7 TEST 
A2 3 6 SCL 

Vss 4 5 SDA 
5022 FHD F01 

PIN FUNCTIONS 

Pin Name Function 

AO, A1, A2 Device Address Inputs 

SDA Serial Data/Address 

SCL Serial Clock 

TEST Connect to Vss 

Vee +5V Power Supply 

Vss Ground 

• 100,000 Program/Erase Cycles 

• 100 Year Data Retention 

• 8 pin DIP, 8 pin SO or 14 pin SO Package 

• ZERO Power™ Version (CAT24C04Z) Available 

• Optional High Endurance Device Available 

features a 16 byte page write buffer. The device operates 
via the l2C bus serial interface and is available in 8 pin 
DIP, 8 pin SO and 14 pin SO packages. 

BLOCK DIAGRAM 

EXTERNAL LOAD 

I- DouT SENSE AMPS 

ACK SHIFT REGISTERS 

COLUMN 
DECODERS 

128 

XDEC 32 
E2PROM 
32 x 128 
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CONTROL 
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~-+-----+--+------ DATA IN STORAGE 

HIGH VOLTAGE/ 
'------- TIMING CONTROL 

Ao SLAVE 
A1 ADDRESS 
A2 COMPARATORS 
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• Catalyst Semiconductor is licensed by Philips Corporation to carry the 12c Bus Protocol. TD 5022 

© 1992 by Catalyst Semiconductor, Inc. 
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CAT24C04/CAT24C041 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to + 125°C 

Storage Temperature ......................... -65°C to + 150°C 

Voltage on Any Pin with 
Respect to Ground(1l .............. -2.0V to +Vee+ 2.0V 

Vee with Respectto Ground .................. -2.0V to +7.0V 

Package Power Dissipation 
Capability (Ta= 25°C) ..................................... 1.0W 

Lead Soldering Temperature (10 secs) ............... 300°C 

Output Short Circuit Current<2l .......................... 1 OOmA 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NEND(3) Endurance 100,000 

ToR(3l Data Retention 100 

VZAp(3l ESD Susceptibility 2000 

ILTH(3)(4) Latch-up 100 

D.C. OPERATING CHARACTERISTICS 

Preliminary 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Units Reference Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

CAT24C04 TA= 0°c to +70°C, Vee= +5V ±10%, unless otherwise specified. 
CAT24C041 TA= -40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units Test Conditions 

Ice Power Supply Current 3 mA fscL = 1 00 KHz 

lsB Standby Current Vee = 5.5V 4 µA V1N = GND or Vee 

lssz(5l Standby Current Vee = 5.5V 0 µA V1N = GND or Vee 

lu Input Leakage Current 10 µA V1N = GND to Vee 

ILO Output Leakage Current 10 µA VouT = GND to Vee 

V1L Input Low Voltage -1.0 Vee x 0.3 v 
V1H Input High Voltage Vccx 0.7 Vee+ 0.5 v 
VoL Output Low Voltage 0.4 v loL=3 mA 

CAPACITANCE TA= 25°C, f = 1.0 MHz, Vee= 5V 

Symbol Test Max. Units Conditions 

Cvo(3l Input/Output Capacitance (SDA) 8 pF Vvo = ov 
C1N(3l Input Capacitance (AO, A1, A2, SCL) 6 pF V1N=OV 

Note: 
(1) The minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +O.SV, which may overshoot to Vee+ 2.0V for periods of less than 20ns. 
(2) Dutput shorted for no more than one second. No more than one output shorted at a time. 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from .-1V to Vee +1V. 
(5) Standby Current (lssz) = OµA (<900nA) for the CAT24C04Z. 
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Preliminary CAT24C04/CAT24C041 

A.C. CHARACTERISTICS 

CAT24C04 TA= 0°C to +70°C, Vee= +5V ±10%, unless otherwise specified. 
CAT24C041 TA= -40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

Read & Write Cycle Limits 

Symbol Parameter 

FscL Clock Frequency 

T1(3> Noise Suppression Time 
Constant at SCL, SDA Inputs 

tAA SCL Low to SDA Data Out 
and ACK Out 

tsuF(3) Time the Bus Must be Free Before 
a New Transmission Can Start 

tHD:STA Start Condition Hold Time 

tLQW Clock Low Period 

tHIGH Clock High Period 

tsu:STA Start Condition Setup Time 
(for a Repeated Start Condition) 

tHD:DAT Data In Hold Time 

tsu:DAT Data In Setup Time 

tR(3) SDA and SCL Rise Time 

tF(3) SDA and SCL Fall Time 

tsu:STO Stop Condition Setup Time 

toH Data Out Hold Time 

Power-Up Timing(3)(6) 

Symbol Parameter 

tPUR Power-up to Read Operation 

tpuw Power-up to Write Operation 

Write Cycle Limits 

Symbol Parameter Min. 

lwR Write Cycle Time 

The write cycle time is the time from a valid stop 
condition of a write sequence to the end of the internal 
program/erase cycle. During the write cycle, the bus 

Note: 

Min. Max Units 

100 KHz 

100 ns 

3.5 µs 

4.7 µs 

4.0 µs 

4.7 µs 

4.0 µs 

4.7 µs 

0 ns 

250 ns 

1 µs 

300 ns 

4.7 µs 

300 ns 

Max. Units 

1 ms 

1 ms 

Typ. Max Units 

10 ms 

interface circuits are disabled, SDA is allowed to remain 
high, and the device does not respond to its slave 
address. 

(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(6) tpuR and tpuw are the delays required from the time Vee is stable until the specified operation can be initiated. 
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CAT24C04/CAT24C041 

FUNCTIONAL DESCRIPTION 

The CAT24C04/CAT24C041 supports the 12C Bus data 
transmission protocol. This Inter-Integrated Circuit Bus 
protocol defines any device that sends data to the bus to 
be a transmitter and any device receiving data to be a 
receiver. The transfer is controlled by the Master device 
which generates the serial clock and all START and 
STOP conditions for bus access. The CAT24C04/ 
CAT24C041 operates as a Slave device. Both the Mas
ter device and Slave device can operate as either 
transmitter or receiver, but the Master device controls 
which mode is activated. A maximum number of four 
devices may be connected to the bus as determined by 
the device address inputs A2, A 1. 

PIN DESCRIPTIONS 

SCL: Serial Clock 
The serial clock input clocks all data transferred into or 
out of the device. 

Figure 1. Bus Timing 1HIGH 

SCL 

SDAIN 

SDAOUT 

Figure 2. Write Cycle Timing 
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Figure 3. Start/Stop Timing I I 
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Preliminary 

SDA: Serial Data/Address 
The bidirectional serial data/address pin is used to 
transfer all data into and out of the device. The SDA pin 
is an open drain output and can be wire-ORed with other 
open drain or open collector outputs. 

AO: 
Ao is unused by the CAT24C04/CAT24C041 but must be 
connected to Vss to insure proper operation of the 
device. 

A1,A2: 
The inputs set the device address within the slave 
address bits. They must be connected to either Vss or 
Vee. 

TEST: 
The test pin is for Catalyst internal use only. The cus
tomer should connect this pin to Vss during normal 
operations. 
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STOP- START ADDRESS 
CONDITION CONDITION 
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Preliminary 

12C BUS PROTOCOL 

The following defines the features of the 12C bus protocol: 

(1) Data transfer may be initiated only when the bus is 
not busy. 

(2) During a data transfer, the data line must remain 
stable whenever the clock line is high. Any changes in 
thedata line while the clock line is high will be interpreted 
as a START or STOP condition. 

ST ART Condition 

The START Condition precedes all commands to the 
device, and is defined as a HIGH to LOW transition of 
SDA when SCL is HIGH. The CAT24C04/CAT24C041 
monitors the SDA and SCL lines and will not respond 
until this condition is met. 

STOP Condition 

A LOW to HIGH transition of SDA when SCL is HIGH 
determines the STOP condition. All operations must end 
with a STOP condition. 

DEVICE ADDRESSING 

The bus Master begins a transmission by sending a 
START condition. The Master then sends the address of 
the particular slave device it is requesting. The four most 
significant bits of the 8-bit slave address are fixed as 
101 O for the CAT24C04/CAT24C041 (see Fig. 5). The 
next two significant bits (A2, A 1) are the device address 
bits and define which device the Master is accessing. Up 
to four CAT24C04/CAT24C041 devices may be individu-

Figure 4. Acknowledge Timing 

CAT24C04/CAT24C041 

ally addressed by the system. The AO bit of the slave 
address selects which 2K array of memory is being 
addressed. The last bit of the slave address specifies 
whether a Read or Write operation is to be performed. 
When this bit is set to 1, a Read operation is selected, 
and when set to 0 a Write operation is selected. 

After the Master sends a START condition, the 
CAT24C04/CAT24C041 monitors the bus and responds 
with an acknowledge (on the SDA line) when its address 
matches the transmitted slave address. The CAT24C04/ 
CAT24C041 then performs a Read or Write operation 
depending on the state of the R/W bit. 

Acknowledge 

After a successful data transfer, each receiving device is 
required to generate an acknowledge. The Acknowledg
ing device pulls down the SDA line during the ninth clock 
cycle, signaling that it received the eight bits of data. 

The CAT24C04/CAT24C041 responds with an acknowl
edge after receiving a START condition and its slave 
address. If the device has been selected along with a 
write operation, it responds with an acknowledge after 
receiving each eight bit byte. 

When the CAT24C04/CAT24C041 begins a READ mode 
it transmits eight bits of data, releases the SDA line, and 
monitors the line for an acknowledge. Once it receives 
this acknowledge, the CAT24C04/CAT24C041 will con
tinue to transmit data. If no acknowledge is sent by the 
Master, the device terminates data transmission and 
waits for a STOP condition. 

SCLFROM 
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' ' 
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Figure 5. Slave Address Bits 
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CAT24C04/CAT24C041 

WRITE OPERATIONS 

Byte Write 

In the Byte Write mode, the Master device sends the 
START condition and the slave address information 
(with the R!W bit set to zero) to the Slave device. After 
the Slave generates an acknowledge, the Master sends 
the byte address that is to be written into the address 
pointer of the CAT24C04/CAT24C041. After receiving 
another acknowledge from the Slave, the Master device 
transmits the data to be written into the addressed 
memory location. The CAT24C04/CAT24C041 acknowl
edges once more and the Master generates the STOP 
condition, at which time the device begins its internal 
programming cycle to nonvolatile memory. While this 
internal cycle is in progress, the device will not respond 
to any request from the Master device. 

Page Write 

The CAT24C04/CAT24C041 writes up to 16 bytes of 
data, in a single write cycle, using the Page Write 
operation. The page write operation is initiated in the 
same manner as the byte write operation, however 
instead of terminating afterthe initial byte is transmitted, 
the Master is allowed to send up to 15 additional bytes. 
After each byte has been transmitted the CAT24C04/ 

Figure 6. Byte Write Timing 
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CAT24C041 will respond with an acknowledge, and 
internally increment the four low order address bits by 
one. The high order bits remain unchanged. 

If the Mastertransmits more than 16 bytes prior to sending 
the STOP condition, the address counter 'wraps around', 
and previously transmitted data will be overwritten. 

Once all 16 bytes are received and the STOP condition 
has been sent by the Master, the internal programming 
cycle begins. At this point all received data is written to 
the CAT24C04/CAT24C041 in a single write cycle. 

Acknowledge Polling 

The disabling of the inputs can be used to take advan
tage of the typical write cycle time. Once the stop 
condition is issued to indicate the end of the host's write 
operation, the CAT24C04/CAT24C041 initiates the in
ternal write cycle. ACK polling can be initiated immedi
ately. This involves issuing the start condition followed 
by the slave address for a write operation. If the 
CA T24C04/CA T24C041 is still busy with the write opera
tion, no ACK will be returned. If the CAT24C04/ 
CAT24C041 has completed the write operation, an ACK 
will be returned and the host can then proceed with the 
next read or write operation. 
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Preliminary 

READ OPERATIONS 

The READ operation for the CAT24C04/CAT24C041 is 
initiated in the same manner as the write operation with 
the one exception that the R/W bit is set to a one. Three 
different READ operations are possible: Immediate Ad
dress READ, Selective READ and Sequential READ. 

Immediate Address Read 

The CAT24C04/CAT24C041's address count er contains 
the address of the last byte accessed, incremented by 
one. In other words, if the last READ or WRITE access 
was to address N, the READ immediately following 
would access data from address N+ 1. If N=511, then the 
counter will 'wrap around' to address O and continue to 
clock out data. After the CAT24C04/CAT24C041 re
ceives its slave address information (with the R/W bit set 
to one), it issues an acknowledge, then transmits the 
eight bit byte requested. The master device does not 
send an acknowledge but will generate a STOP condi
tion. 

Selective Read 

Selective READ operations allow the Master device to 
select at random any memory location for a READ 
operation. The Master device first performs a 'dummy' 
write operation by sending the START condition, slave 
address and byte address of the location it wishes to 

Figure 8. Immediate Address Read Timing 

BUS ACTIVITY: 
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CAT24C04/CAT24C041 

read. After the CAT24C04/CAT24C041 acknowledges 
the byte address, the Master device resends the START 
condition and the slave address, this time with the R/W 
bit set to one. The CAT24C04/CA T24C041 then re
sponds with its acknowledge and sends the eight bit byte 
requested. The master device does not send an ac
knowledge but will generate a STOP condition. 

Sequential Read 

The Sequential READ operation can be initiated by 
eitherthe Immediate Address READ or Selective READ 
operations. After the CAT24C04/CA T24C041 sends the 
initial eight bit byte requested, the Master will respond 
with an acknowledge which tells the device it requires 
more data. The CAT24C04/CAT24C041 will continue to 
output an eight bit byte for each acknowledge sent by the 
Master. The operation will terminate when the Master 
fails to respond with an acknowledge thus sending the 
STOP condition. 

The data being transmitted from the CAT24C04/ 
CAT24C041 is outputted sequentially with data from 
address N followed by data from address N+ 1. The 
READ operation address counter increments all of the 
CAT24C04/CAT24C041 address bits so that the entire 
memory array can be read during one operation. If more 
than the 512 bytes are read out, the counter will 'wrap 
around' and continue to clock out data bytes. 
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CAT24C04/CAT24C041 Preliminary 

Figure 9. Selective Read Timing 
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Preliminary 

CAT24LC04/CAT24LC041 
4K-Bit SERIAL E2PROM 

FEATURES 

• 12C Bus Compatible* 

• Low Power CMOS Technology 

• 16 Byte Page Write Buffer 

• Self-Timed Write Cycle with Auto-Clear 

• 100,000 Program/Erase Cycles 

DESCRIPTION 

The CAT24LC04/CAT24LC041 is a 4K bit Serial CMOS 
E2 PROM internally organized as 512 x 8 bits. Catalyst's 
advanced CMOS technology substantially reduces de
vice power requirements. The CAT24LC04/CAT24LC041 

PIN CONFIGURATION 
DIP Package SO Package 

Ao Vee NC •1 14 NC 
A1 TEST Ao 2 13 Vee 
A2 SCL A1 3 12 TEST 

Vss SDA NC 4 11 NC 
A2 5 10 SCL 

SO Package 
Vss 6 9 SDA 

NC 7 8 NC 

Ao 8 Vee 
5027 FHD F01 

A1 2 7 TEST 
A2 3 6 SCL 

Vss 4 5 SDA 

5020 FHD F01 

PIN FUNCTIONS 

Pin Name Function 

AO, A1, A2 Device Address Inputs 

SDA Serial Data/Address 

SCL Serial Clock 

TEST Connect to Vss 

Vee +3V to +6V Power Supply 

Vss Ground 

• 100 Year Data Retention 

• 8 pin DIP, 8 pin SO or 14 pin SO Package 

• 3 to 6 Volt Operation 

• ZERO Power™ Version (CAT24LC04Z) Available 

• Optional High Endurance Device Available 

features a 16 byte page write buffer. The device operates 
via the l2C bus serial interface and is available in 8 pin 
DIP, 8 pin SO and 14 pin SO packages. 

BLOCK DIAGRAM 

EXTERNAL LOAD 
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A2 COMPARATORS 
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CAT24LC04/CAT24LC041 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to + 125°C 

Storage Temperature ......................... -65°C to+ 150°C 

Voltage on any Pin with 
Respect to Ground(1) .............. -2.0V to +Vee +2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 

Package Power Dissipation 
Capability (Ta= 25°C) .................................... 1.0W 

Lead Soldering Temperature (1 o secs) ............... 300°C 

Output Short Circuit Current(2) .......................... 100 mA 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NENo(3) Endurance 100,000 

ToR(3l Data Retention 100 

VZAP(3) ESD Susceptibility 2000 

ILTH(3)(4) Latch-Up 100 

D.C. OPERATING CHARACTERISTICS 

Preliminary 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Units Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

CAT24LC04 TA= 0°C to +70°C, Vee= +3V to +6V, unless otherwise specified. 
CAT24LC041 TA= -40°C to +85°C, Vee= +3V to +6V, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units Test Conditions 

Ice Power Supply Current 3 mA fscL = 1 00 KHz 

lss Standby Current Vee= 6V 4 µA V1N = GND or Vee 

lssz(S) Standby Current Vee = 6V 0 µA V1N = GND or Vee 

lu Input Leakage Current 10 µA V1N = GND to Vee 

ILO Output Leakage Current 10 µA VouT = GND to Vee 

V1L Input Low Voltage -1.0 Vee x 0.3 v 
V1H Input High Voltage Vccx 0.7 Vee+ 0.5 v 
VoL Output Low Voltage 0.4 v loL =3 mA 

CAPACITANCE TA= 25°C, f = 1.0 MHz, Vee= 5V 

Symbol Test Max. Units Conditions 

C11d3> Input/Output Capacitance (SDA) 8 pF V11o=OV 

C1N(3) Input Capacitance (AO, A 1 , A2, SCL) 6 pF V1N = OV 

Note: 
(1) The minimum DC input voltage is-0.5V. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +0,5V, which may overshoot to Vee +2.0V for periods of less than 20 ns. 
(2) Output shorted for no more than one second. To more than one output shorted at a time. 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vee +1V. 
(5) Standby Current {lssz) = OµA (<900nA) for the CAT24LC04Z. 
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Preliminary CAT24LC04/CAT24LC041 

A.C. CHARACTERISTICS 

CAT24LC04 TA= 0°C to +70°C, Vee= +3V to +6V, unless otlierwise specified. 
CAT24LC041 TA= -40°C to +85°C, Vee= +3V to +6V, unless otherwise specified. 

Read & Write Cycle Limits 

Symbol Parameter 

FscL Clock Frequency 

Tt(3) Noise Suppression Time 
Constant at SCL, SDA Inputs 

tAA SCL Low to SDA Data Out 
and ACK Out 

tsuF(3) Time the Bus Must be Free Before 
a New Transmission Can Start 

tHD:STA Start Condition Hold Time 

tLQW Clock Low Period 

tHtGH Clock High Period 

tsu:STA Start Condition Setup Time 
(for a Repeated Start Condition) 

tHD:DAT Data In Hold Time 

tsu:DAT Data In Setup Time 

tR(3) SDA and SCL Rise Time 

tF(3) SDA and SCL Fall Time 

tsu:STO Stop Condition Setup Time 

toH Data Out Hold Time 

Power-Up Timing(3)(6) 

Symbol Parameter 

tPUR Power-up to Read Operation 

tpuw Power-up to Write Operation 

Write Cycle Limits 

Symbol Parameter Min. 

twR Write Cycle Time 

The write cycle time is the time from a valid stop 
condition of a write sequence to the end of the internal 
program/erase cycle. During the write cycle, the bus 

Notes: 

Min. Max Units 

100 KHz 

100 ns 

3.5 µs 

4.7 µs 

4.0 µs 

4.7 µs 

4.0 µs 

4.7 µs 

0 ns 

250 ns 

1 µs 

300 ns 

4.7 µs 

300 ns 

Max. Units 

1 ms 

1 ms 

Typ. Max Units 

10 ms 

interface circuits are disabled, SDA is allowed to remain 
high, and the device does not respond to its slave 
address. 

(3) This parameter is tested initially and after a design or process change that affects the parameter. 
{6) tpuR and tpuw are the delays required from the time Vee is stable until the specified operation can be initiated. 

2-43 

• 



CAT24LC04/CAT24LC041 

FUNCTIONAL DESCRIPTION 

The CAT24LC04/CAT24LC041 supports the 12C Bus data 
transmission protocol. This Inter-Integrated Circuit Bus 
protocol defines any device that sends data to the bus to 
be a transmitter and any device receiving data to be a 
receiver. The transfer is controlled by the Master device 
which generates the serial clock and all START and 
STOP conditions for bus access. The CAT24LC04/ 
CAT24LC041 operates as a Slave device. Both the 
Master device and Slave device can operate as either 
transmitter or receiver, but the Master device controls 
which mode is activated. 

PIN DESCRIPTIONS 

SCL: Serial Clock 
The serial clock input clocks all data transferred into or 
out of the device. 

Figure 1. Bus Timing 

SCL 

SDAIN 

SDAOUT 

Figure 2. Write Cycle Timing 

SCL 

SDA 

Preliminary 

SDA: Serial Data/Address 
The bidirectional serial data/address pin is used to 
transfer all data into and out of the device. The SDA pin 
is an open drain output and can be wire-ORed with other 
open drain or open collector outputs. 

AO: 
AO is unused by the CA T24LC04/CAT24LC041 but must 
be connected to Vss to insure proper operation of the 
device. 

A1,A2: 
The inputs set the device address within the slave 
address bits. They must be connected to either Vss or 
Vee. 

TEST: 
The test pin is for Catalyst internal use only. The cus
tomer should connect this pin to Vss during normal 
operations. 

~ODAT \ ....... j ~~"''TO 
¥l tBuF ;...__ __ _ 

STOP 
CONDITION 

START 
CONDITION 

5020 FHD F03 

ADDRESS 
5020 FHD F04 

Figure 3. Start/Stop Timing I I 
I I I I 

SDA 1\1 I \ I/I 1 __ 1 __ ~ -----1. I 
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___ _._l__.,I rl_.I __ _ 
I 1\ (\ fl I I I ,___ ___ __, '------~ I I SCL 

START BIT STOP BIT 
5020 FHD FOS 
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Preliminary 

12C BUS PROTOCOL 

The following defines the features of the 12C bus protocol: 

(1) Data transfer may be initiated only when the bus is 
not busy. 

(2) During a data transfer, the data line must remain 
stable whenever the clock line is high. Any changes in 
the data line while the clock line is high will be interpreted 
as a ST ART or STOP condition. 

ST ART Condition 

The START Condition precedes all commands to the 
device, and is defined as a HIGH to LOW transition of 
SDA when SCL is HIGH. The CAT24LC04/CAT24LC041 
monitors the SDA and SCL lines and will not respond 
until this condition is met. 

STOP Condition 

A LOW to HIGH transition of SDA when SCL is HIGH 
determines the STOP condition. All operations must end 
with a STOP condition. 

DEVICE ADDRESSING 

The bus Master begins a transmission by sending a 
START condition. The Master then sends the address 
of the particular slave device it is requesting. The four 
most significant bits of the 8-bit slave address are fixed 
as 1010 for the CAT24LC04/CAT24LC041 (see Fig. 5). 
The next two significant bits (A2, A 1) are the device 
address bits and define which device the Master is 
accessing. Up to four CAT24LC04/CAT24LC041 de-

Figure 4. Acknowledge Timing 

CAT24LC04/CAT24LC041 

vices may be individually addressed by the system. The 
AO bit of the slave address selects which 2K array of 
memory is being addressed. The last bit of the slave 
address specifies whether a Read or Write operation is 
to be performed. When this bit is set to 1, a Read 
operation is selected, and when set to O a Write opera
tion is selected. 

After the Master sends a START condition, the 
CAT24LC04/CAT24LC041 monitors the bus and re-
sponds with an acknowledge (on the SDA line) when its • 
address matches the transmitted slave address. The 
CAT24LC04/CAT24LC041 then performs a Read or 
Write operation depending on the state of the R/W bit. 

Acknowledge 

After a successful data transfer, each receiving device is 
required to generate an acknowledge. The Acknowledg
ing device pulls down the SDA line during the ninth clock 
cycle, signaling that it received the eight bits of data. 

The CAT24LC04/CAT24LC041 responds with an ac
knowledge after receiving a START condition and its 
slave address. If the device has been selected along 
with a write operation, it responds with an acknowledge 
after receiving each eight bit byte. 

When the CAT24LC04/CAT24LC041 begins a READ 
mode it transmits eight bits of data, releases the SDA 
line, and monitors the line for an acknowledge. Once it 
receives this acknowledge, the CAT24LC04/ 
CAT24LC041 will continue to transmit data. If no ac
knowledge is sent by the Master, the device terminates 
data transmission and waits for a STOP condition. 

SCLFROM 
MASTER 1\_/1\_J)~ 

' ' 

DATA OUTPUT 
FROM TRANSMITTER 

DATA OUTPUT 
FROM RECEIVER 

Figure 5. Slave Address Bits 

' ' ' ' ' ' 

i-c=x=}b t 
' 

))~ 
START ACKNOWLEDGE 

5020 FHD FOO 

0 I A2 A1 AO I R/W I 
DEVICE ADDRESS 

5022 FHD FOB 
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CAT24LC04/CAT24LC041 

WRITE OPERATIONS 

Byte Write 

In the Byte Write mode, the Master device sends the 
START condition and the slave address information 
(with the R/W bit set to zero) to the Slave device. After 
the Slave generates an acknowledge, the Master sends 
the byte address that is to be written into the address 
pointer of the CAT24LC04/CAT24LC041. After receiving 
another acknowledge from the Slave, the Master device 
transmits the data to be written into the addressed 
memory location. The CAT24LC04/CAT24LC041 ac
knowledges once more and the Master generates the 
STOP condition, at which time the device begins its 
internal programming cycle to nonvolatile memory. While 
this internal cycle is in progress, the device will not 
respond to any request from the Master device. 

Page Write 

The CAT24LC04/CAT24LC041 writes up to 16 bytes of 
data, in a single write cycle, using the Page Write 
operation. The page write operation is initiated in the 
same manner as the byte write operation, however 
instead of terminating after the initial byte is transmitted, 
the Master is allowed to send up to 15 additional bytes. 
After each byte has been transmitted the CAT24LC04/ 

Figure 6. Byte Write Timing 

s 
T 

Preliminary 

CAT24LC041 will respond with an acknowledge, and 
internally increment the four low order address bits by 
one. The high order bits remain unchanged. 

If the Mastertransmits more than 16 bytes priorto sending 
the STOP condition, the address counter 'wraps around', 
and previously transmitted data will be overwritten. 

Once all 16 bytes are received and the STOP condition 
has been sent by the Master, the internal programming 
cycle begins. At this point all received data is written to 
the CAT24LC04/CAT24LC041 in a single write cycle. 

Acknowledge Polling 

The disabling of the inputs can be used to take advan
tage of the typical write cycle time. Once the stop 
condition is issued to indicate the end ofthe host's write 
operation, the CAT24LC04/CAT24LC041 initiates the 
internal write cycle. ACK polling can be initiated imme
diately. This involves issuing the start condition followed 
by the slave address for a write operation. If the 
CAT24LC04/CAT24LC041 is still busy with the write 
operation, no ACK will be returned. If the CAT24LC04/ 
CAT24LC041 has completed the write operation, an 
ACK will be returned and the host can then proceed with 
the next read or write operation. 
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Figure 7. Page Write Timing 
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Preliminary 

READ OPERATIONS 

The READ operation forthe CAT24LC04/CAT24LC041 
is initiated in the same manner as the write operation 
with the one exception that the R/W bit is set to a one. 
Three different READ operations are possible: Immediate 
Address READ, Selective READ and Sequential READ. 

Immediate Address Read 

The CAT24LC04/CAT24LC041's address counter con
tains the address of the last byte accessed, incremented 
by one. In other words, if the last READ or WRITE 
access was to address N, the READ immediately fol
lowing would access data from address N+ 1 . If N=511 , 
then the counter will 'wrap around' to address O and 
continue to clock out data. After the CAT24LC04/ 
CAT24LC041 receives its slave address information 
(with the R/W bit set to one), it issues an acknowledge, 
then transmits the eight bit byte requested. The master 
device does not send an acknowledge but will generate 
a STOP condition. 

Selective Read 

Selective READ operations allow the Master device to 
select at random any memory location for a READ 
operation. The Master device first performs a 'dummy' 
write operation by sending the ST ART condition, slave 
address and byte address of the location it wishes to 

Figure 8. Immediate Address Read Timing 

BUS ACTIVITY: 
MASTER 

SDA LINE 

SLAVE 
ADDRESS 

CAT24LC04/CAT24LC041 

read. After the CA T24LC04/CAT24LC041 acknowledges 
the byte address, the Master device resends the ST ART 
condition and the slave address, this time with the R/W 
bit set to one. The CAT24LC04/CAT24LC041 then re
sponds with its acknowledge and sends the eight bit byte 
requested. The master device does not send an ac
knowledge but will generate a STOP condition. 

Sequential Read 

The Sequential READ operation can be initiated by 
either the Immediate Address READ or Selective READ 
operations. After the CAT24LC04/CAT24LC041 sends 
the initial eight bit byte requested, the Master will re
spond with an acknowledge which tells the device it 
requires more data. The CAT24LC04/CAT24LC041 will 
continue to output an eight bit byte for each acknowl
edge sent by the Master. The operation will terminate 
when the Master fails to respond with an acknowledge 
thus sending the STOP condition. 

The data being transmitted from the CAT24LC04/ 
CAT24LC041 is outputted sequentially with data from 
address N followed by data from .address N+ 1. The 
READ operation address counter increments all of the 
CAT24LC04/CAT24LC041 address bits so that the en
tire memory array can be read during one operation. If 
more than the 512 bytes are read out, the counter will 
'wrap around' and continue to clock out data bytes. 
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CAT24LC04/CAT24LC041 Preliminary 

Figure 9. Selective Read Timing 
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Figure 10. Sequential Read Timing 
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Preliminary 

CAT24C08/CAT24C081 
SK-Bit SERIAL E2PROM 

FEATURES 

• 12C Bus Compatible* 

• Low Power CMOS Technology 

• 16 Byte Page Write Buffer 

• Self-Timed Write Cycle with Auto-Clear 

DESCRIPTION 

The CAT24C08/CAT24COBI is a BK bit Serial CMOS 
E2PROM internally organized as 1024 x 8 bits. Catalyst's 
advanced CMOS technology substantially reduces de
vice power requirements. The CAT24C08/CAT24COBI 

PIN CONFIGURATION 

DIP Package SO Package 

Ao Vee NC 14 NC 
A1 TEST Ao 2 13 Vee 
A2 SCL A1 3 12 TEST 

Vss SDA NC 4 11 NC 
A2 5 10 SCL 

Vss 6 9 SDA 

SO Package NC 7 8 NC 

Ao •1 8 Vee 
A1 2 7 TEST 
A2 3 6 SCL 

Vss 4 5 SDA 

5022 FHD F01 

PIN FUNCTIONS 

Pin Name Function 

AO,A1,A2 Device Address Inputs 

SDA Serial Data/Address 

SCL Serial Clock 

TEST Connect to Vss 

Vee +5V Power Supply 

Vss Ground 

• 100,000 Program/Erase Cycles 

• 100 Year Data Retention 

• 8 pin DIP, 8 pin SO or 14 pin SO Package 

• ZERO Power™ Version {CAT24COBZ) Available 

• Optional High Endurance Device Available 

features a 16 byte page write buffer. The device operates 
via the l2C bus serial interface and is available in 8 pin 
DIP, 8 pin SO and 14 pin SO packages. 

BLOCK DIAGRAM 

EXTERNAL LOAD 

VccD 

VssD 

SCL 

Ao 
A1 
A2 

f- Dour 
ACK 

CONTROL 
LOGIC 

SENSE AMPS 
SHIFT REGISTERS 

XDEC 64 

COLUMN 
DECODERS 

128 

E2PROM 
64x128 

~-t----+--+-----<~ DATA IN STORAGE 

HIGH VOLTAGE/ 
~------ TIMING CONTROL 

STATE COUNTERS 

SLAVE 
ADDRESS 
COMPARATORS 

5024 FHD F02 

• Catalyst Semiconductor is licensed by Philips Corporation to carry the 12c Bus Protocol. TD 5024 

© 1992 by Catalyst Semiconductor, Inc. 
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CAT24C08/CAT24C081 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to +125°C 

Storage Temperature ......................... -65°C to +150°C 

Voltage on Any Pin with 
Respect to Ground(1l .............. -2.0Vto +Vee+ 2.0V 

Vee wtth Respect to Ground .................. -2.0V to +7.0V 

Package PowerDissipation 
Capabiltty (Ta= 25°C) ..................................... 1.0W 

Lead Soldering Temperature (10 secs) ............... 300°C 

Output Short Circuit Current<2> .......................... 1 OOmA 

RELIABILITY CHARACTERISTICS 

. Symbol Parameter Min. Max. 

NEND(3) Endurance 100,000 

ToR<3> Data Retention 100 

VZAp(3) ESD Susceptibilfy 2000 

IL11-P><4> Latch-up 100 

D.C. OPERATING CHARACTERISTICS 

Preliminary 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other condttions outside of those 
listed in the operational sections of this specification is n9t 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliabilfy. 

Units Reference Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

CAT24C08 TA= 0°C to +70°C, Vee= +5V to +10%, unless otherwise specified. 
CAT24C081 TA= -40°C to +85°C, Vee= +5V to+ 10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units Test Conditions 

Ice Power Supply Current 3 mA fscL = 100 KHz 

lss Standby Current Vee= 5.5V 4 µA V1N = GND or Vee 

lssz<5J Standby Current Vee= 5.5V 0 µA V1N = GND or Vee 

lu Input Leakage Current 10 µA V1N = GND to Vee 

ILO Output Leakage Current 10 µA VouT = GND to Vee 

V1L Input Low Voltage -1.0 Vccx0.3 v 
V1H Input High Voltage Vccx 0.7 Vee +0.5 v 
VoL Output Low Voltage 0.4 v loL=3mA 

CAPACITANCE TA= 25°C, f = 1.0 MHz, Vee= 5V 

Symbol Test Max. Units Conditions 

Cvo<3> Input/Output Capacttance (SDA) 8 pF Vvo=OV 

C1N<3> Input Capacttance (AO, A 1, A2, SCL) 6 pF V1N =OV 

Note: 
( 1) The minimum DC input voltage is -0.5V. During transitions, inputs may understoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +0.5V, which may overshoot to Vee+ 2.0V for periods of less than 20ns. 
(2) Output shorted for no more than one second. No more than one output shorted at a time. 
(3) This parameter is tested initieilly and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vee +1V. 
(5) Standby Current (lsezl = OµA (<900nA) for the CAT24COBZ. 
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Preliminary CAT24C08/CAT24C081 

A.C. CHARACTERISTICS 

CAT24C08 TA= 0°C to +70°C, Vee= +5V ±10%, unless otherwise specified. 
CAT24C081 TA =-40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

Read & Write Cycle Limits 

Symbol Parameter 

FscL Clock Frequency 

T1(3) Noise Suppression Time 
Constant at SCL, SDA Inputs 

IAA SCL Low to SDA Data Out 
and ACK Out 

tsuF(3l Time the Bus Must be Free Before 
a New Transmission Can Start 

IHD:STA Start Condition Hold Time 

!LOW Clock Low Period 

!HIGH Clock High Period 

tsu:STA Start Condition Setup Time 
(for a Repeated Start Condition) 

IHD:DAT Data In Hold Time 

tsu:DAT Data In Setup Time 

tR(3) SDA and SCL Rise Time 

IF(3) SDA and SCL Fall Time 

tsu:STO Stop Condition Setup Time 

loH Data Out Hold Time 

Power-Up Timing(3}(6} 

Symbol Parameter 

tPUR Power-up to Read Operation 

tpuw Power-up to Write Operation 

Write Cycle Limits 

Symbol Parameter Min. 

twR Write Cycle Time 

The write cycle time is the time from a valid stop 
conditiun of a write sequence to the end of the internal 
program/erase cycle. During the write cycle, the bus 

Notes: 

Min. Max Units 

100 KHz 

100 ns 

3.5 µs 

4.7 µs 

4.0 µs 

4.7 µs 

4.0 µs 

4.7 µs 

0 ns 

250 ns 

1 µs 

300 ns 

4.7 µs 

300 ns 

Max. Units 

1 ms 

1 ms 

Typ. Max Units 

10 ms 

interface circuits are disabled, SDA is allowed to remain 
high, and the device does not respond to its slave 
address. 

(3) This parameter is tested initially and after a design or process change that affects the parameter. 
{6) tpuR and tpuw are the delays required from the time Vee is stable until the specified operation can be initiated. 
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CAT24C08/CAT24C081 

FUNCTIONAL DESCRIPTION 

The CAT24C08/CAT24C081 supports the 12C Bus data 
transmission protocol. This Inter-Integrated Circuit Bus 
protocol defines any device that sends data to the bus to 
be a transmitter and any device receiving data to be a 
receiver. The transfer is controlled by the Master device 
which generates the serial clock and all START and 
STOP conditions for bus access. The CAT24C08/ 
CAT24C081 operates as a Slave device. Both the Mas
ter device and Slave device can operate as either 
transmitter or receiver, but the Master device controls 
which mode is activated. A maximum number of two 
devices may be connected to the bus as determined by 
the device address input A2. 

PIN DESCRIPTIONS 

SCL: Serial Clock 
The serial clock input clocks all data transferred into or 
out of the device. 

Figure 1. Bus Timing 

SCL 

SDAIN 

SDAOUT 

Figure 2. Write Cycle Timing 

SCL 

SDA 

Figure 3. StarUStop Timing I 
I I 

SDA \I 
I I I 
I I 
I I 

SCL I 1\ 
I I 

START BIT 
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Preliminary 

SDA: Serial Data/Address 
·The bidirectional serial data/address pin is used to 
transfer all data into and out of the device. The SDA pin 
is an open drain output and can be wire-ORed with other 
open drain or open collector outputs. 

AO,A1: 
These pins are unused by the CAT24C08/CAT24C081 
but must be connected to V ss to insure proper operation 
of the device. 

A2: 
This input sets the device address within the slave 
address bits. It must be connected to either V ss or V cc. 

TEST: 
The test pin is for Catalyst internal use· only. The cus
tomer should connect this pin to Vss during normal 
operations. 

5020 FHD FOO 

STOP START ADDRESS 
CONDITION CONDITION 5020 FHD F04 

I 
I I 

\ I/ 
I I 
I I 

I\ 
I I 

/1 I 
I I 

STOP BIT 5020 FHD FOS 
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Preliminary 

12C BUS PROTOCOL 

The following defines the features of the 12C bus proto
col: 

(1) Data transfer may be initiated only when the bus is 
not busy. 

(2) During a data transfer, the data line must remain 
stable whenever the clock line is high. Any changes in 
the data line while the clock line is high will be interpreted 
as a START or STOP condition. 

START Condition 

The START Condition precedes all commands to the 
device, and is defined as a HIGH to LOW transition of 
SDA when SCL is HIGH. The CAT24C08/CAT24C081 
monitors the SDA and SCL lines and will not respond 
until this condition is met. 

STOP Condition 

A LOW to HIGH transition of SDA when SCL is HIGH 
determines the STOP condition. All operations must end 
with a STOP condition. 

DEVICE ADDRESSING 

The bus Master begins a transmission by sending a 
START condition. The Master then sends the address 
of the particular slave device it is requesting. The four 
most significant bits of the 8-bit slave address are fixed 
as 1010 for the CAT24C08/CAT24C081 (see Fig. 5). 
The next significant bit (A2) is the device address bit and 
defines which device the Master is accessing. Two 

Figure 4. Acknowledge Timing 
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Figure 5. Slave Address Bits 
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CAT24C08/CAT24C081 devices may be individually 
addressed by the system. The next two bits of the slave 
address (A 1, AO) selects which 2K array of memory is 
being addressed. The last bit of the slave address 
specifies whether a Read or Write operation is to be 
performed. When this bit is set to 1 , a Read operation is 
selected, and when setto 0 a Write operation is selected. 

After the Master sends a START condition, the 
CAT24C08/CAT24C081 monitors the bus and responds 
with an acknowledge (on the SDA line) when its address • 
matches the transmitted slave address. The CAT24C08/ 
CAT24C081 then performs a Read or Write operation 
depending on the state of the R/W bit. 

Acknowledge 

After a successful data transfer, each receiving device is 
required to generate an acknowledge. The Acknowledg
ing device pulls down the SDA line during the ninth clock 
cycle, signaling that it received the eight bits of data. 

The CAT24C08/CAT24C081 responds with an acknowl
edge after receiving a START condition and its slave 
address. If the device has been selected along with a 
write operation, it responds with an acknowledge after 
receiving each eight bit byte. 

When the CAT24C08/CAT24C081 begins a READ mode 
it transmits eight bits of data, releases the SDA line, and 
monitors the line for an acknowledge. Once it receives 
this acknowledge, the CAT24C08/CAT24C081 will con
tinue to transmit data. If no acknowledge is sent by the 
Master, the device terminates data transmission and 
waits for a STOP condition. 

ACKNOWLEDGE 

5020 FHD FOO 

0 I A2 A1 AO I R/W I 
~ 

DEVICE ADDRESS 
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WRITE OPERATIONS 

Byte Write 

In the Byte Write mode, the Master device sends the 
START condition and the slave address information 
(with the R/W bit set to zero) to the Slave device. After 
the Slave generates an acknowledge, the Master sends 
the byte address that is to be written into the address 
pointer of the CAT24C08/CAT24C081. After receiving 
another acknowledge from the Slave, the Master device 
transmits the data to be written into the addressed 
memory location. The CAT24C08/CAT24C081 acknowl
edges once more and the Master generates the STOP 
condition, at which time the device begins its internal 
programming cycle to nonvolatile memory. While this 
internal cycle is in progress, the device will not respond 
to any request from the Master device. 

Page Write 

The CAT24C08/CAT24C081 writes up to 16 bytes of 
data, in a single write cycle, using the Page Write 
operation. The page write operation is initiated in the 
same manner as the byte write operation, however 
instead of terminating after the initial byte is transmitted, 
the Master is allowed to send up to 15 additional bytes. 
After each byte has been transmitted the CAT24C08/ 

Figure 6. Byte Write Timing 
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CAT24C081 will respond with an acknowledge, and 
internally increment the four low order address bits by 
one. The high order bits remain unchanged. 

If the Mastertransmits more than 16 bytes prior to sending 
the STOP condition, the address counter 'wraps around', 
and previously transmitted data will be overwritten. 

Once all 16 bytes are received and the STOP condition 
has been sent by the Master, the internal programming 
cycle begins. At this point all received data is written to 
the CAT24C08/CAT24C081 in a single write cycle. 

Acknowledge Polling 

The disabling of the inputs can be used to take advan
tage of the typical write cycle time. Once the stop 
condition is issued to indicate the end oft he host's write 
operation, the CAT24C08/CAT24C081 initiates the in
ternal write cycle. ACK polling can be initiated immedi
ately. This involves issuing the start condition followed 
by the slave address for a write operation. If the 
CAT24C08/CAT24C081 is still busy with the write opera
tion, no ACK will be returned. If the CAT24C08/ 
CAT24C081 has completed the write operation, an ACK 
will be returned and the host can then proceed with the 
oext read or write operation. 
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Figure 7. Page Write Timing 
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READ OPERATIONS 

The READ operation for the CAT24C08/CAT24C081 is 
initiated in the same manner as the write operation with 
the one exception that the R/W bit is set to a one. Three 
different READ operations are possible: Immediate Ad
dress READ, Selective READ and Sequential READ. 

Immediate Address Read 

The CAT24C08/CAT24C081's address counter contains 
the address of the last byte accessed, incremented by 
one. In other words, if the last READ or WRITE access 
was to address N, the READ immediately following 
would access data from address N+ 1. If N=1023, then 
the counter will 'wrap around' to address O and continue 
to clock out data. After the CAT24C08/CAT24C081 
receives its slave address information (with the R/W bit 
set to one), it issues an acknowledge, then transmits the 
eight bit byte requested. The master device does not 
send an acknowledge but will generate a STOP condi
tion. 

Selective Read 

Selective READ operations allow the Master device to 
select at random any memory location for a READ 
operation. The Master device first performs a 'dummy' 
write operation by sending the START condition, slave 
address and byte address of the location it wishes to 

Figure 8. Immediate Address Read Timing 
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read. After the CAT24C08/CAT24C081 acknowledges 
the byte address, the Master device resends the START 
condition and the slave address, this time with the R/W 
bit set to one. The CAT24C08/CAT24C081 then re
sponds with its acknowledge and sends the eight bit byte 
requested. The master device does not send an ac
knowledge but will generate a STOP condition. 

Sequential Read 

The Sequential READ operation can be initiated by 
eitherthe Immediate Address READ or Selective READ 
operations. After the CAT24C08/CAT24C081 sends the 
initial eight bit byte requested, the Master will respond 
with an acknowledge which tells the device it requires 
more data. The CAT24C08/CAT24C081 will continue to 
output an eight bit byte for each acknowledge sent by the 
Master. The operation will terminate when the Master 
fails to respond with an acknowledge thus sending the 
STOP condition. 

The data being transmitted from the CAT24C08/ 
CAT24C081 is outputted sequentially with data from 
address N followed by data from .address N+ 1. The 
READ operation address counter increments all of the 
CAT24C08/CAT24C081 address bits so that the entire 
memory array can be read during one operation. If more 
than the 1024 bytes are read out, the counter will 'wrap 
around' and continue to clock out data bytes. 
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Figure 9. Selective Read Timing 
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CAT24LC08/CAT24LC081 
SK-Bit SERIAL E2PROM 

FEATURES 

• 12C Bus Compatible* 

• Low Power CMOS Technology 

• 16 Byte Page Write Buffer 

• Self-Timed Write Cycle with Auto-Clear 

• 100,000 Program/Erase Cycles 

DESCRIPTION 

The CAT24LC08/CAT24LC081 is a 8K bit Serial CMOS 
E2PROM internally organized as 1024x 8 bits. Catalyst's 
advanced CMOS technology substantially reduces de
vice power requirements. The CAT24LC08/CAT24LC081 

PIN CONFIGURATION 

DIP Package SO Package 

Ao Vee NC 14 NC 
A1 TEST Ao 2 13 Vee 
A2 SCL A1 3 12 TEST 

Vss SDA NC 4 11 NC 

A2 5 10 SCL 

Vss 6 9 SDA 
SO Package NC 7 8 NC 

Ao 8 Vee 5023 FHD F02 

A1 2 7 TEST 
A2 3 6 SCL 

Vss 4 5 SDA 

5023 FHD F01 

PIN FUNCTIONS 

Pin Name Function 

AO,A1,A2 Device Address Inputs 

SDA Serial Data/Address 

SCL Serial Clock 

TEST Connect to Vss 

Vee +3V to +6V Power Supply 

Vss Ground 

• 100 Year Data Retention 

• 8 pin DIP, 8 pin SO or 14 pin SO Package 

• 3 to 6 Volt Operation 

• ZERO Power™ Version (CAT24LCOSZ) Available 

• Optional High Endurance Device Available 

features a 16 byte page write buffer. The device operates 
via the l2C bus serial interface and is available in 8 pin 
DIP, 8 pin SO and 14 pin SO packages. 

BLOCK DIAGRAM 

EXTERNAL LOAD 

f- DouT 
SENSE AMPS 

SHIFT REGISTERS 
ACK 

VccD 
COLUMN 

VssD DECODERS 

128 

XDEC 64 
E2PROM 
64 x 128 

CONTROL 
LOGIC 

~-+----+---+----.., DATA JN STORAGE 

HIGH VOLTAGE/ 
~----.i TIMING CONTROL 

SCL STATE COUNTERS 

Ao SLAVE 
A1 ADDRESS 
A2 COMPARATORS 

5025 FHD F03 

• Catalyst Semiconductor is licensed by Philips Corporation to carry the J2C Bus Protocol. T05025 

@1992 by Catalyst Semiconductor, Inc. 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to + 125°C 

Storage Temperature ......................... -65°C to + 150°C 

Voltage on any Pin with 
Respect to Ground<1l .............. -2.0V to +Vee +2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 

Package Power Dissipation 
Capability (Ta= 25°C) .................................... 1.0W 

Lead Soldering Temperature (10 secs) ............... 300°C 

Output Short Circuit Current<2l .......................... 100 mA 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NENo<3l Endurance 100,000 

ToR(3) Data Retention 100 

VZAp(3) ESD Susceptibility 2000 

ILTH(3)(4) Latch-Up 100 

D.C. OPERATING CHARACTERISTICS 

Preliminary 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Units Reference Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

CAT24LC08 TA= 0°C to +70°C, Vee= +3V to +6V, unless otherwise specified. 
CAT24LC081 TA= -40°C to +85°C, Vee= +3V to +6V, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units Test Conditions 

Ice Power Supply Current 3 mA fscL = 100 KHz 

lss Standby Current Vee = 6V 4 µA V1N = GND or Vee 

lssz(5) Standby Current Vee = 6V 0 µA V1N = GND or Vee 

lu Input Leakage Current 10 µA V1N = GND to Vee 

I Lo Output Leakage Current 10 µA VouT = GND to Vee 

V1L Input Low Voltage -1.0 Vee x 0.3 v 
V1H Input High Voltage Vee x 0.7 Vee+ 0.5 v 
VoL Output Low Voltage 0.4 v loL=3 mA 

CAPACITANCE TA= 25°C, f = 1.0 MHz, Vee= 5V 

Symbol Test Max. Units Conditions 

C110(3l Input/Output Capacitance (SDA) 8 pF V110 = OV 

C1N(3) Input Capacitance (AO, A1, A2, SCL) 6 pF V1N = OV 

Note: 
(1) The minimum DC input voltage is -0.SV. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +O.SV, which may overshoot to Vee +2.0V for periods of less than 20 ns. 
(2) Output shorted for no more than one second. To more than one output shorted at a time. 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1 V to Vee +1V. 
(5) Standby Current (lssz) = OµA (<900nA) for the CAT24LCOBZ. 
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A.C. CHARACTERISTICS 

CAT24LC08 TA= 0°C to +70°C, Vee= +3V to +6V, unless otherwise specified. 
CAT24LC081 TA= -40°C to +85°C, Vee= +3V to +6V, unless otherwise specified. 

Read & Write Cycle Limits 

Symbol Parameter 

FscL Clock Frequency 

T1(3) Noise Suppression Time 
Constant at SCL, SDA Inputs 

IAA SCL Low to SDA Data Out 
and ACK Out 

tsuF(3l Time the Bus Must be Free Before 
a New Transmission Can Start 

tHO:STA Start Condition Hold Time 

tLOw Clock Low Period 

tHIGH Clock High Period 

tsu:STA Start Condition Setup Time 
(for a Repeated Start Condition) 

tHO:DAT Data In Hold Time 

tsu:DAT Data In Setup Time 

tR(3) SDA and SCL Rise Time 

tF(3) SDA and SCL Fall Time 

tsu:STO Stop Condition Setup Time 

toH Data Out Hold Time 

Power-Up Timing(3)(6) 

Symbol Parameter 

tPUR Power-up to Read Operation 

tpuw Power-up to Write Operation 

Write Cycle Limits 

Symbol Parameter Min. 

twR Write Cycle Time 

The write cycle time is the time from a valid stop 
condition of a write sequence to the end of the internal 
program/erase cycle. During the write cycle, the bus 

Notes: 

Min. Max Units 

100 KHz 

100 ns 

3.5 µs 

4.7 µs 

4.0 µs 

4.7 µs 

4.0 µs 

4.7 µs 

0 ns 

250 ns 

1 µs 

300 ns 

4.7 µs 

300 ns 

Max. Units 

1 ms 

1 ms 

Typ. Max Units 

10 ms 

interface circuits are disabled, SDA is allowed to remain 
high, and the device does not respond to its slave 
address. 

(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(6) tpuR and tpuw are the delays required from the time Vee is stable until the specified operation can be initiated. 
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FUNCTIONAL DESCRIPTION 

The CAT24LC08/CAT24LC081 supports the 12C Bus data 
transmission protocol. This Inter-Integrated Circuit Bus 
protocol defines any device that sends data to the bus to 
be a transmitter and any device receiving data to be a 
receiver. The transfer is controlled by the Master device 
which generates the serial clock and all START and 
STOP conditions for bus access. The CAT24LC08/ 
CAT24LC081 operates as a Slave device. Both the 
Master device and Slave device can operate as either 
transmitter or receiver, but the Master device controls 
which mode is activated. A maximum number of two 
devices may be connected to the bus as determined by 
the device address input A2. 

PIN DESCRIPTIONS 

SCL: Serial Clock 
The serial clock input clocks all data transferred into or 
out of the device. 

Figure 1. Bus Timing 1HIGH 

SCL 

SDAIN 

SDAOUT 

Figure 2. Write Cycle Timing 

SCL 

SDA 

Preliminary 

SDA: Serial Data/Address 
The bidirectional serial data/address pin is used to 
transfer all data into and out of the device. The SDA pin 
is an open drain output and can be wire-ORed with other 
open drain or open collector outputs. 

AO,A1: 
These pins are unused by the CAT24LC08/CAT24LC081 
but must be connected to V ss to insure proper operation 
of the device. 

A2: 
This input sets the device address within the slave 
address bits. It must be connected to either V ss or V CC· 

TEST: 
The test pin is for Catalyst internal use only. The cus
tomer should connect this pin to Vss during normal 
operations. 
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12C BUS PROTOCOL 

The following defines the features of the 12C bus proto
col: 

(1) Data transfer may be initiated only when the bus is 
not busy. 

(2) During a data transfer, the data line must remain 
stable whenever the clock line is high. Any changes in 
the data line while the clock line is high will be interpreted 
as a ST ART or STOP condition. 

START Condition 

The START Condition precedes all commands to the 
device, and is defined as a HIGH to LOW transition of 
SDA when SCL is HIGH. The CAT24LC08/CAT24LC081 
monitors the SDA and SCL lines and will not respond 
until this condition is met. 

STOP Condition 

A LOW to HIGH transition of SDA when SCL is HIGH 
determines the STOP condition. All operations must end 
with a STOP condition. 

DEVICE ADDRESSING 

The bus Master begins a transmission by sending a 
ST ART condition. The Master then sends the address of 
the particular slave device it is requesting. The four most 
significant bits of the 8-bit slave address are fixed as 
101 O forthe CAT24LC08/CAT24LC081 (see Fig. 5). The 
next significant bit (A2) is the device address bit and 
defines which device the Master is accessing. Two 

Figure 4. Acknowledge Timing 

CAT24LC08/CAT24LC081 

CAT24LC08/CAT24LC081 devices may be individually 
addressed by the system. The next two bits of the slave 
address (A 1, AO) selects which 2K array of memory is 
being addressed. The last bit of the slave address 
specifies whether a Read or Write operation is to be 
performed. When this bit is set to 1, a Read operation is 
selected, and when set to 0 a Write operation is selected. 

After the Master sends a START condition, the 
CAT24LC08/CAT24LC081 monitors the bus and re-
sponds with an acknowledge (on the SDA line) when its • 
address matches the transmitted slave address. The 
CAT24LC08/CAT24LC081 then performs a Read or 
Write operation depending on the state of the RiW bit. 

Acknowledge 

After a successful data transfer, each receiving device is 
required to generate an acknowledge. The Acknowledg
ing device pulls down the SDA line during the ninth clock 
cycle, signaling that it received the eight bits of data. 

The CAT24LC08/CAT24LC081 responds with an ac
knowledge after receiving a START condition and its 
slave address. If.the device has been selected along 
with a write operation, it responds with an acknowledge 
after receiving each eight bit byte. 

When the CAT24LC08/CAT24LC081 begins a READ 
mode it transmits eight bits of data, releases the SDA 
line, and monitors the line for an acknowledge. Once it 
receives this acknowledge, the CAT24LC08/ 
CAT24LC081 will continue to transmit data. If no ac
knowledge is sent by the Master, the device terminates 
data transmission and waits for a STOP condition. 
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WRITE OPERATIONS 

Byte Write 

In the Byte Write mode, the Master device sends the 
START condition and the slave address information 
(with the R/W bit set to zero) to the Slave device. After 
the Slave generates an acknowledge, the Master sends 
the byte address that is to be written into the address 
pointer of the CAT24LC08/CAT24LC081. After receiving 
another acknowledge from the Slave, the Master device 
transmits the data to be written into the addressed 
memory location. The CAT24LC08/CAT24LC081 ac
knowledges once more and the Master generates the 
STOP condition, at which time the device begins its 
internal programming cycle to nonvolatile memory. While 
this internal cycle is in progress, the device will not 
respond to any request from the Master device. 

Page Write 

The CAT24LC08/CAT24LC081 writes up to 16 bytes of 
data, in a single write cycle, using the Page Write 
operation. The page write operation is initiated in the 
same manner as the byte write operation, however 
instead of terminating after the initial byte is transmitted, 
the Master is allowed to send up to 15 additional bytes. 
After each byte has been transmitted the CA T24LC08/ 

Figure 6. Byte Write Timing 
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CAT24LC08l will respond with an acknowledge, and 
internally increment the four low order address bits by 
one. The high order bits remain unchanged. 

If the Master transmits more than 16 bytes prior to sending 
the STOP condition, the address counter 'wraps around', 
and previously transmitted data will be overwrttten. 

Once all 16 bytes are received and the STOP condition 
has been sent by the Master, the internal programming 
cycle begins. At this point all received data is written to 
the CAT24LC08/CAT24LC081 in a single write cycle. 

Acknowledge Polling 

The disabling of the inputs can be used to take advan
tage of the typical write cycle time. Once the stop 
condition is issued to indicate the end of the host's write 
operation, the CAT24LC08/CAT24LC081 initiates the 
internal write cycle. ACK polling can be initiated imme
diately. This involves issuing the start condition followed 
by the slave address for a write operation. If the 
CA T24LC08/CAT24LC081 is still busy with the write 
operation, no ACK will be returned. If the CAT24LC08/ 
CAT24LC081 has completed the write operation, an 
ACK will be returned and the host can then proceed with 
the next read or write operation. 
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READ OPERATIONS 

The READ operation for the CAT24LC08/CAT24LC081 
is initiated in the same manner as the write operation 
with the one exception that the R/W bit is set to a one. 
Three different READ operations are possible: Immediate 
Address READ, Selective READ and Sequential READ. 

Immediate Address Read 

The CAT24LC08/CAT24LC08l's address counter con
tains the address of the last byte accessed, incremented 
by one. In other words, if the last READ or WRITE 
access was to address N, the READ immediately fol
lowing would access data from address N+ 1. If N=1023, 
then the counter will 'wrap around' to address O and 
continue to clock out data. After the CAT24LC08/ 
CAT24LC081 receives its slave address information 
(with the R/W bit set to one), it issues an acknowledge, 
then transmits the eight bit byte requested. The master 
device does not send an acknowledge but will generate 
a STOP condition. 

Selective Read 

Selective READ operations allow the Master device to 
select at random any memory location for a READ 
operation. The Master device first performs a 'dummy' 
write operation by sending the START condition, slave 
address and byte address of the location it wishes to 

Figure 8. Immediate Address Read Timing 
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read. Afterthe CAT24LC08/CAT24LC081 acknowledges 
the byte address, the Master device resends the ST ART 
condition and the slave address, this time with the R/W 
bit set to one. The CAT24LC08/CAT24LC081 then re
sponds with its acknowledge and sends the eight bit byte 
requested. The master device does not send an ac
knowledge but will generate a STOP condition. 

Sequential Read 

The Sequential READ operation can be initiated by 
eitherthe Immediate Address READ or Selective READ 
operations. After the CAT24LC08/CAT24LC081 sends 
the initial eight bit byte requested, the Master will re
spond with an acknowledge which tells the device it 
requires more data. The CAT24LC08/CAT24LC081 will 
continue to output an eight bit byte for each acknowl
edge sent by the Master. The operation will terminate 
when the Master fails to respond with an acknowledge 
thus sending the STOP condition. 

The data being transmitted from the CAT24LC08/ 
CAT24LC081 is outputted sequentially with data from 
address N followed by data from address N+ 1. The 
READ operation address counter increments all of the 
CAT24LC08/CAT24LC081 address bits so that the en
tire memory array can be read during one operation. If 
more than the 1024 bytes are read out, the counter will 
'wrap around' and continue to clock out data bytes. 
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CAT24LC08/CAT24LC081 Preliminary 

Figure 9. Selective Read Timing 
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Figure 10. Sequential Read Timing 
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Preliminary 

CAT24C16/CAT24C161 
1 GK-Bit SERIAL E2PROM 

FEATURES 

• 12C Bus Compatible* 

• Low Power CMOS Technology 

• 16 Byte Page Write Buffer 

• Self-Timed Write Cycle with Auto-Clear 

DESCRIPTION 

The CAT24C16/CAT24C161isa16K bit Serial CMOS 
E2PROM internally organized as 2048 x 8 bits. Catalyst's 
advanced CMOS technology substantially reduces de
vice power requirements. The CAT24C16/CAT24C161 

PIN CONFIGURATION 

DIP Package SO Package 

Ao Vee NC 14 NC 
A1 TEST Ao 2 13 Vee 
A2 SCL A1 3 12 TEST 

Vss SDA NC 4 11 NC 

A2 5 10 SCL 
Vss 6 9 SDA 

SO Package NC 7 8 NC· 

Ao 8 Vee 5023 FHD F02 

Ai 2 7 TEST 
A2 3 6 SCL 

Vss 4 5 SDA 

5023 FHD F01 

PIN FUNCTIONS 

Pin Name Function 

AO,A1,A2 Device Address Inputs 

SDA Serial Data/Address 

SCL Serial Clock 

TEST Connect to Vss 

Vee +5V Power Supply 

Vss Ground 

• 100,000 Program/Erase Cycles 

• 100 Year Data Retention 

• 8 pin DIP, 8 pin SO or 14 pin SO Package 

• ZERO Power™ Version (CAT24C16Z) Available 

• Optional High Endurance Device Available 

features a 16 byte page write buffer. The device oper
ates via the 12C bus serial interface and is available in 8 
pin DIP, 8 pin SO and 14 pin SO packages. 

BLOCK DIAGRAM 

EXTERNAL LOAD 

VccD 

VssD 

SCL 

Ao 
A1 
A2 

f- Dour 
SENSE AMPS 

SHIFT REGISTERS ACK 

COLUMN 
DECODERS 

128 

E2PROM 
XDEC 128 128 x 128 

CONTROL 
LOGIC 

'----+-----+--+----__.,. DATA IN STORAGE 

HIGH VOLTAGE/ 
'--------TIMING CONTROL 

STATE COUNTERS 

SLAVE 
ADDRESS 
COMPARATORS 5027 FHD F03 

* Catalyst Semiconductor is licensed by Philips Corporation to carry the 12c Bus Protocol. TD 5027 

© 1992 by Catalyst Semiconductor, Inc. 
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CAT24C16/CAT24C161 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to + 125°C 

Storage Temperature ......................... -65°C to +150°C 

Voltage on any Pin with 
Respect to Ground<1> ••••••..•••••• -2.0V to +Vee +2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 

Package Power Dissipation 
Capability (Ta = 25°C) .................................... 1.ow 

Lead Soldering Temperature (10 secs) ............... 300°C 

Output Short Circuit Current<2> •••••••••••••.•••.•••....• 100 mA 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NEND(a) Endurance 100,000 

ToR<3> Data Retention 100 

VZApC3l ESD Susceptibility 2000 

ILTH(J)(4) Latch-Up 100 

D.C. OPERATING CHARACTERISTICS 

Preliminary 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings'' may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Units Reference Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

CAT24C16 TA= 0°C to +70°C, Vee= +5V ±10%, unless otherwise specified. 
CAT24C161 TA =-40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units Test Conditions 

Ice Power Supply Current 3 mA fscL = 100 KHz 

lss Standby Current Vee = 5.5V 4 µA V1N = GND or Vee 

lssz<5l Standby Current Vee = 5.5V 0 µA V1N = GND or Vee 

lu Input Leakage Current 10 µA V1N = GND to Vee 

ILO Output Leakage Current 10 µA VoUT = GND to Vee 

V1L Input Low Voltage -1.0 Vccx 0.3 v 
V1H Input High Voltage Vccx0.7 Vee +0.5 v 
VoL Output Low Voltage 0.4 v loL=3mA 

CAPACITANCE TA= 25°C, f = 1.0 MHz, Vee= 5V 

Symbol Test Max. Units Conditions 

Cvo<3l lnpuVOutput Capacitance (SDA) 8 pF Vvo = OV 

C1N<3l Input Capacitance (AO, A 1, A2, SCL) 6 pF V1N=OV 

Note: 
(1) The minimum DC input voltage is -o.SV. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +O.SV,-Which may overshoot to Vee +2.0V for periods of less than 20 ns. 
(2) Output shorted for no more than one second. To more than one output shorted at a time. 
(3LThis parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1 V to Vee +1V. 
(5) Standby Current (lsezl z OµA (<900nA) for the CAT24C16Z. 
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Preliminary CAT24C16/CAT24C161 

A.C. CHARACTERISTICS 

CAT24C16 TA= 0°C to +70°C, Vee= +5V ±10%, unless otherwise specified. 
CAT24C161 TA= -40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

Read & Write Cycle Limits 

Symbol Parameter 

FscL Clock Frequency 

T1(3l Noise Suppression Time 
Constant at SCL, SDA Inputs 

tAA SCL Low to SDA Data Out 
and ACK Out 

tsuF(3) Time the Bus Must be Free Before 
a New Transmission Can Start 

tHD:STA Start Condition Hold Time 

tLOW Clock Low Period 

tHIGH Clock High Period 

tsu:STA Start Condition Setup Time 
(for a Repeated Start Condition) 

tHD:DAT Data In Hold Time 

tsu:DAT Data In Setup Time 

tR(3) SDA and SCL Rise Time 

tF(3) SDA and SCL Fall Time 

tsu:STO Stop Condition Setup Time 

toH Data Out Hold Time 

Power-Up Timing(3)(6) 

Symbol Parameter 

tPUR Power-up to Read Operation 

tpuw Power-up to Write Operation 

Write Cycle Limits 

[ 
Symbol Parameter Min. 

twR Write Cycle Time 

The write cycle time is the time from a valid stop 
condition of a write sequence to the end of the internal 
program/erase cycle. During the write cycle, the bus 

Notes: 

Min. Max Units 

100 KHz 

100 ns 

3.5 µs 

4.7 µs 

4.0 µs 

4.7 µs 

4.0 µs 

4.7 µs 

0 ns 

250 ns 

1 µs 

300 ns 

4.7 µs 

300 ns 

Max. Units 

1 ms 

1 ms 

i Typ. Max Units 

10 ms 

interface circuits are disabled, SDA is allowed to remain 
high, and the device does not respond to its slave 
address. 

(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(6) tpuR and tpuw are the delays required from the time Vee is stable until the specified operation can be initiated. 
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CAT24C16/CAT24C161 

FUNCTIONAL DESCRIPTION 

The CAT24C16/CAT24C161 supports the 12C Bus data 
transmission protocol. This Inter-Integrated Circuit Bus 
protocol defines any device that sends data to the bus to 
be a transmitter and any device receiving data to be a 
receiver. The transfer is controlled by the Master device 
which generates the serial clock and all START and 
STOP conditions for bus access. The CAT24C16/ 
CA T24C161 operates as a Slave device. Both the Mas
ter device and Slave device can operate as either 
transmitter or receiver, but the Master device controls 
which mode is activated. 

Figure 1. Bus Timing 
IF 1HIGH 

SCL 

SDAIN 

SDAOUT 

Figure 2. Write Cycle Timing 

SCL ................................... 

............................. 
SDA .......................... 

Figure 3. Start/Stop Timing I 
I I 

SDA '\' I I I 
I I 
I I 

SCL I 1\ 
I I 

START BIT 

Preliminary 

PIN DESCRIPTIONS 

SCL: Serial Clock 
The serial clock input clocks all data transferred into or 
out of the device. 

SDA: Serial Data/Address 
The bidirectional serial data/address pin is used to 
transfer all data into and out of the device. The SDA pin 
is an open drain output and can be wire-ORed with other 
open drain or open collector outputs. 

AO, A 1, A2: Device Address Inputs 
These pins are unused by the CAT24C16/CAT24C161, 
but must be connected to Vss to insure proper operation 
of the device. 

TEST: The test pin is for Catalyst internal use only. The 
customer should connect this pin to Vss during normal 
operations. 

IR 

1LOW 

\ .. ·--·-j ('su STO 1su:DAT 

1BuFJ 

5023 FHO F04 

STOP START ADDRESS 
CONDITION CONDITION 5023 FHD FOS 

I 
I I 

\ 'I' I I 
I I 

(\ 
I I 

/1 I 
I I 

5020 FHD FOS 

STOP BIT 
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Preliminary 

12c BUS PROTOCOL 

The following defines the features of the 12C bus proto
col: 

(1) Data transfer may be initiated only when the bus is 
not busy. 

(2) During a data transfer, the data line must rema~n 
stable whenever the clock line is high. Any changes m 
the data line while the clock line is high will be interpreted 
as a START or STOP condition. 

START Condition 

The START Condition precedes all commands to the 
device, and is defined as a HIGH to LOW transition of 
SDA when SCL is HIGH. The CAT24C16/CAT24C161 
monitors the SDA and SCL lines and will not respond 
until this condition is met. 

STOP Condition 

A LOW to HIGH transition of SDA when SCL is HIGH 
determines the STOP condition. All operations must end 
with a STOP condition. 

DEVICE ADDRESSING 

The bus Master begins a transmission by sending a 
START condition. The Master then sends the address 
of the particular slave device it is requesting. The four 
most significant bits of the 8-bit slave address are fixed 
as 1010 for the CAT24C16/CAT24C161 (see Fig. 5). 
The next three bits of the slave address (A2, A 1, AO) 

Figure 4. Acknowledge Timing 

CAT24C16/CAT24C161 

selects which 2K array of memory is being addressed. 
Only one CAT24C16/CAT24C161 may be accessed by 
the system. The last bit of the slave address specifies 
whether a Read or Write operation is to be performed. 
When this bit is set to 1 , a Read operation is selected, 
and when set to O a Write operation is selected. 

After the Master sends a START condition, the 
CAT24C16/CAT24C16 monitors the bus and responds 
with an acknowledge (on the SDA line) when its address 
matches the transmitted slave address. The CAT24C16/ 
CAT24C161 then performs a Read or Write operation 
depending on the state of the R/W bit. 

Acknowledge 

After a successful data transfer, each receiving device is 
required to generate an acknowledge. The Acknowledg
ing device pulls down the SDA line during the ninth clock 
cycle, signaling that it received the eight bits of data. 

The CAT24C 16/CAT24C161 responds with an acknowl
edge after receiving a START condition and its slave 
address. If the device has been selected along with a 
write operation, it responds with an acknowledge after 
receiving each eight bit byte. 

When the CAT24C16/CAT24C161 begins a READ mode 
it transmits eight bits of data, releases the SDA line, and 
monitors the line for an acknowledge. Once it receives 
this acknowledge, the CAT24C16/CAT24C161 will con
tinue to transmit data. If no acknowledge is sent by the 
Master, the device terminates data transmission and 
waits for a STOP condition. 

SCL FROM --f\ f1\. r( 
MASTER : \__/ ' \__J j , . . . . . . . . . . 

DATAOUTPUT ""'\.':: ~ ( h ?.::' 
FROM TRANSMITTER :\..__L___A_j J--1\'-----'' 

DATA OUTPUT 
FROM RECEIVER 

Figure 5. Slave Address Bits 

START 
~ 

ACKNOWLEDGE 
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CAT24C16/CAT24C161 

WRITE OPERATIONS 

Byte Write 

In the Byte Write mode, the Master device sends the 
ST ART condition and the slave address information 
(with the R/W bit set to zero) to the Slave device. After 
the Slave generates an acknowledge, the Master sends 
the byte address that is to be written into the address 
pointer of the CAT24C16/CAT24C161. After receiving 
another acknowledge from the Slave, the Master device 
transmits the data to be written into the addressed 
memory location. The CAT24C16/CAT24C161 acknowl
edges once more and the Master generates the STOP 
condition, at which time the device begins its internal 
programming cycle to nonvolatile memory. While this 
internal cycle is in progress, the device will not respond 
to any request from the Master device. 

Page Write 

The CAT24C16/CAT24C161 writes up to 16 bytes of 
data, in a single write cycle, using the Page Write 
operation. The page write operation is initiated in the 
same -manner as the byte write operation, however 
instead of terminating afterthe initial byte is transmitted, 
the Master is allowed to send up to 15 additional bytes. 
After each byte has been transmitted the CAT24C16/ 

Figure 6. Byte Write Timing 

BUS ACTIVITY: 
MASTER 

s 
T 
A SLAVE 
~ ADDRESS 

Preliminary 

CAT24C161 will respond with an acknowledge, and 
internally increment the four low order address bits by 
one. The high order bits remain unchanged. 

If the Mastertransmits more than 16 bytes priortosending 
the STOP condition, the address counter 'wraps around', 
and previously transmitted data will be overwritten. 

Once all 16 bytes are received and the STOP condition 
has been sent by the Master, the internal programming 
cycle begins. At this point all received data is written to 
the CAT24C16/CAT24C161 in a single write cycle. 

Acknowledge Polling 

The disabling of the inputs can be used to take advan
tage of the typical write cycle time. Once the stop 
condition is issued to indicate the end of the host's write 
operation, the CAT24C16/CAT24C161 initiates the in
ternal write cycle. ACK polling can be initiated immedi
ately. This involves issuing the start condition followed 
by the slave address for a write operation. If the 
CAT24C16/CAT24C161 is still busy with the write opera
tion, no ACK will be returned. If the CAT24C16/ 
CAT24C161 has completed the write operation, an ACK 
will be returned and the host can then proceed with the 
next read or write operation. 
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Figure 7. Page Write Timing 
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Preliminary 

READ OPERATIONS 

The READ operation forthe CAT24C16/CAT24C161 is 
initiated in the same manner as the write operation with 
the one exception that the R/W bit is set to a one. Three 
different READ operations are possible: Immediate Ad
dress READ, Selective READ and Sequential READ. 

Immediate Address Read 

The CAT24C16/CAT24C16l's address count er contains 
the address of the last byte accessed, incremented by 
one. In other words, if the last READ or WRITE access 
was to address N, the READ immediately following 
would access data from address N+ 1. If N=2047, then 
the counter will 'wrap around' to address 0 and continue 
to clock out data. After the CAT24C16/CAT24C161 
receives its slave address information (with the R/W bit 
set to one), it issues an acknowledge, then transmits the 
eight bit byte requested. The master device does not 
send an acknowledge but will generate a STOP condi
tion. 

Selective Read 

Selective READ operations allow the Master device to 
select at random any memory location for a READ 
operation. The Master device first performs a 'dummy' 
write operation by sending the ST ART condition, slave 
address and byte address of the location it wishes to 

Figure 8. Immediate Address Read Timing 
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DATA OUT 
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read. After the CAT24C16/CAT24C161 acknowledges 
the byte address, the Master device resends the START 
condition and the slave address, this time with the R/W 
bit set to one. The CAT24C16/CAT24C161 then re
sponds with its acknowledge and sends the eight bit byte 
requested. The master device does not send an ac
knowledge but will generate a STOP condition. 

Sequential Read 

The Sequential READ operation can be initiated by 
eitherthe Immediate Address READ or Selective READ 
operations. After the CAT24C16/CAT24C161 sends the 
initial eight bit byte requested, the Master will respond 
with an acknowledge which tells the device it requires 
more data. The CAT24C16/CAT24C161 will continue to 
output an eight bit byte for each acknowledge sent by the 
Master. The operation will terminate when the Master 
fails to respond with an acknowledge thus sending the 
STOP condition. 

The data being transmitted from the CAT24C161 
CAT24C161 is outputted sequentially with data from 
address N followed by data from address N+ 1. The 
READ operation address counter increments all of the 
CAT24C16/CAT24C161 address bits so that the entire 
memory array can be read during one operation. If more 
than the 2048 bytes are read out, the counter will 'wrap 
around' and continue to clock out data bytes. 
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CAT24C16/CAT24C161 Preliminary 

Figure 9. Selective Read Timing 
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Figure 10. Sequential Read Timing 

BYTE 
ADDRESS(n) 

SLAVE 
ADDRESS 

DATAn 

A 
c 
K 

s 
BUS ACTIVITY: SLAVE T 

MASTER ADDRESS DATA n DATA n+1 DATA n+2 DATA n+x ~ 

5020 FHD F11 

~ 

SDA LINE _-_-_-.-n 1 : : : : : : : 1 1 : : : : : : : 1 1 : : : : : : : 1 C1 ~1 : : : : : : : 1 EJ 
A A A A N 
c c c c 0 
K K K K 

2·72 

A 
c 
K 

5020 FHO F12 



Preliminary 

CAT24LC16/CAT24LC161 
16K-Bit SERIAL E2PROM 

FEATURES 

• 12c Bus Compatible* 

• Low Power CMOS Technology 

• 16 Byte Page Write Buffer 

• Self-Timed Write Cycle with Auto-Clear 

• 100,000 Program/Erase Cycles 

DESCRIPTION 

The CAT24LC16/CAT24LC161isa16K bit Serial CMOS 
E2 PROM internally organized as2048x8 bits. Catalyst's 
advanced CMOS technology substantially reduces de
vice power requirements. The CAT24LC16/CAT24LC161 

PIN CONFIGURATION 
DIP Package SO Package 

Ao Vee NC 14 NC 
A1 TEST Ao 2 13 Vee 
A2 SCL A1 3 12 TEST 

Vss SDA NC 4 11 NC 

A2 5 10 SCL 

Vss 6 9 SDA 

NC 7 8 NC 
SO Package 

Ao 8 Vee 

A1 2 7 TEST 

A2 3 6 SCL 

Vss 4 5 SDA 

5022 FHD F01 

PIN FUNCTIONS 

Pin Name Function 

AO, A1, A2 Device Address Inputs 

SDA Serial Data/Address 

SCL Serial Clock 

TEST Connect to Vss 

Vee +3V to +6V Power Supply 

Vss Ground 

• 100 Year Data Retention 

• 8 pin DIP, 8 pin SO or 14 pin SO Package 

• 3 to 6 Volt Operation 

• ZERO Power™ Version (CAT24LC16Z) Available 

• Optional High Endurance Device Available 

features a 16 byte page write buffer. The device operates 
via the l2C bus serial interface and is available in 8 pin 
DIP, 8 pin SO and 14 pin SO packages. 

BLOCK DIAGRAM 

EXTERNAL LOAD 

VccD 

VssD 

TEST 

f- DouT 
ACK 

CONTROL 
LOGIC 

SENSE AMPS 
SHIFT REGISTERS 

XDEC 128 

COLUMN 
DECODERS 

128 

E2PROM 
128 x 128 

~-+----+--+-------DATA IN STORAGE 

HIGH VOLTAGE/ 
'--------+!TIMING CONTROL 

Ao SLAVE 
A1 ADDRESS 
A2 COMPARATORS 

5027 FHD F03 

• Catalyst Semiconductor is licensed by Philips Corporation to carry the 12c Bus Protocol. TD 5026 

© 1992 by Catalyst Semiconductor, Inc. 
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CAT24LC16/CAT24LC161 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to + 125°C 

Storage Temperature ......................... -65°C to + 150°C 

Voltage on Any Pin with 
Respect to Ground<1> ....•••••....• -2.0V to +Vee+ 2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 

Package Power Dissipation 
Capability (Ta= 25°C) .................................... 1.0W 

Lead Soldering Temperature (10 secs) ............... 300°C 

Output Short Circuit Current<2> ......•...•...........•... 100mA 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NEN0<3> Endurance 100,000 

ToR<3> Data Retention 100 

VZAp(3) ESD Susceptibility 2000 

ILTH(3)(4) Latch-up 100 

D.C. OPERATING CHARACTERISTICS 

Preliminary 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Units Reference Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

CAT24LC16 TA= 0°C to +70°C, Vee= +3V to +6V, unless otherwise specified. 
CAT24LC161 TA= -40°C to +85°C, Vee= +3V to +6V, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units Test Conditions 

Ice Power Supply Current 3 mA fscL = 100 KHz 

lss Standby Current Vee= 6V 4 µA V1N = GND or Vee 

lssz<5> Standby Current Vee = 6V 0 µA V1N = GND or Vee 

lu Input Leakage Current 10 µA V1N = GND to Vee 

ILO Output Leakage Current 10 µA VouT = GND to Vee 

V1L Input Low Voltage -1.0 Vccx 0.3 v 
V1H Input High Voltage Vccx 0.7 Vee+ 0.5 v 
VoL Output Low Voltage 0.4 v loL=3mA 

CAPACITANCE TA= 25°C, f = 1.0 MHz, Vee= 5V 

Symbol Test Max. Units Conditions 

C11o<3> Input/Output Capacitance (SDA) 8 pF V11o=OV 

C1N<3l Input Capacitance (AO, A 1, A2, SCL) 6 pF V1N = ov 

Note: 
(1) The minimum DC input voltage is --0.5V. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +0.5V, which may overshoot to Vee+ 2.0V for periods of less than 20ns. 
(2) Output shorted for no more than one second. No more than one output shorted at a time. 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vee +1V. 
(5) Standby Current (lsez) = OµA (<900nA) for the CAT24LC16Z. 
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Preliminary CAT24LC1 6/CAT24LC161 

A.C. CHARACTERISTICS 

CAT24LC16 TA= 0°c to +70°C, Vee= +3V to +6V, unless otherwise specified. 
CAT24LC161 TA= -40°C to +85°C, Vee= +3V to +6V, unless otherwise specified. 

Read & Write Cycle Limits 

Symbol Parameter 

FscL Clock Frequency 

T1(3l Noise Suppression Time 
Constant at SCL, SDA Inputs 

tAA SCL Low to SDA Data Out 
and ACK Out 

tBUF(3) Time the Bus Must be Free Before 
a New Transmission Can Start 

tHD:STA Start Condition Hold Time 

tLQW Clock Low Period 

tHIGH Clock High Period 

tsu:STA Start Condition Setup Time 
(for a Repeated Start Condition) 

tHD:DAT Data In Hold Time 

tsu:DAT Data In Setup Time 

tR(3) SDA and SCL Rise Time 

tF(3) SDA and SCL Fall Time 

tsu:STO Stop Condition Setup Time 

toH Data Out Hold Time 

Power-Up Timing(3)(6) 

Symbol Parameter 

tPUR Power-up to Read Operation 

tpuw Power-up to Write Operation 

Write Cycle Limits 

Symbol Parameter Min. 

twR Write Cycle Time 

The write cycle time is the time from a valid stop 
condition of a write sequence to the end of the internal 
program/erase cycle. During the write cycle, the bus 

Note: 

Min. Max Units 

100 KHz 

100 ns 

3.5 µs 

4.7 µs 

4.0 µs 

4.7 µs 

4.0 µs 

4.7 µs 

0 ns 

250 ns 

1 µs 

300 ns 

4.7 µs 

300 ns 

Max. Units 

1 ms 

1 ms 

Typ. Max Units 

10 ms 

interface circuits are disabled, SDA is allowed to remain 
high, and the device does not respond to its slave 
address. 

(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(6) tpuR and tpuw are the delays required from the time Vee is stable until the specified operation can be initiated. 
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CAT24LC16/CAT24LC161 

FUNCTIONAL DESCRIPTION 

The CAT24LC16/CAT24LC161 supports the 12C Bus data 
transmission protocol. This Inter-Integrated Circuit Bus 
protocol defines any device that sends data to the bus to 
be a transmitter and any device receiving data to be a 
receiver. The transfer is controlled by the Master device 
which generates the serial clock and all START and 
STOP conditions for bus access. The CAT24LC16/ 
CAT24LC161 operates as a Slave device. Both the 
Master device and Slave device can operate as either 
transmitter or receiver, but the Master device controls 
which mode is activated. 

Figure 1. Bus Timing 

SCL 

SDAIN 

SDAOUT 

Figure 2. Write Cycle Timing 

SCL 

SDA 

Preliminary 

PIN DESCRIPTIONS 

SCL: Serial Clock 
The serial clock input clocks all data transferred into or 
out of the device. 

SDA: Serial Data/Address 
The bidirectional serial data/address pin is used to 
transfer all data into and out of the device. The SDA pin 
is an open drain output and can be wire-ORed with other 
open drain or open collector outputs. 

AO, A1, A2: Device Address Inputs 
ThesepinsareunusedbytheCAT24LC16/CAT24LC161, 
but must be connected to Vss to insure proper operation 
of the device. 

TEST: The test pin is for Catalyst internal use only. The 
customer should connect this pin to Vss during normal 
operations. 

5020 FHD F03 

STOP START ADDRESS 
CONDITION CONDITION 5020 FHD F04 

Figure 3. Start/Stop Timing I I I 
I I I I 

SDA \I I I I \ I/ I I 
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Preliminary 

12C BUS PROTOCOL 

The following defines the features of the 12C bus proto
col: 

(1) Data transfer may be initiated only when the bus is 
not busy. 

(2) During a data transfer, the data line must remain 
stable whenever the clock line is high. Any changes in 
the data line while the clock line is high will be interpreted 
as a ST ART or STOP condition. 

ST ART Condition 

The ST ART Condition precedes all commands to the 
device, and is defined as a HIGH to LOW transition of 
SDA when SCL is HIGH. The CAT24LC16/CAT24LC161 
monitors the SDA and SCL lines and will not respond 
until this condition is met. 

STOP Condition 

A LOW to HIGH transition of SDA when SCL is HIGH 
determines the STOP condition. All operations must end 
with a STOP condition. 

DEVICE ADDRESSING 

The bus Master begins a transmission by sending a 
START condition. The Master then sends the address 
of the particular slave device it is requesting. The four 
most significant bits of the 8-bit slave address are fixed 
as 1010 for the CAT24LC16/CAT24LC161 (see Fig. 5). 
The next three bits of the slave address (A2, A 1, AO) 

Figure 4. Acknowledge Timing 

CAT24LC16/CAT24LC161 

selects which 2K array of memory is being addressed. 
Only one CAT24LC16/CAT24LC161 may be accessed 
by the system. The last bit of the slave address specifies 
whether a Read or Write operation is to be performed. 
When this bit is set to 1, a Read operation is selected, 
and when set to O a Write operation is selected. 

After the Master sends a START condition, the 
CA T24LC16/CA T24LC 16 monitors the bus and responds 
with an acknowledge (on the SDA line) when its address 
matches the transmitted slave address. The • 
CAT24LC16/CAT24LC161 then performs a Read or 
Write operation depending on the state of the R/W bit. 

Acknowledge 

After a successful data transfer, each receiving device is 
required to generate an acknowledge. The Acknowledg
ing device pulls down the SDA line during the ninth clock 
cycle, signaling that it received the eight bits of data. 

The CAT24LC16/CAT24LC161 responds with an ac
knowledge after receiving a START condition and its 
slave address. If the device has been selected along 
with a write operation, it responds with an acknowledge 
after receiving each eight bit byte. 

When the CAT24LC16/CAT24LC161 begins a READ 
mode it transmits eight bits of data, releases the SDA 
line, and monitors the line for an acknowledge. Once it 
receives this acknowledge, the CAT24LC16/ 
CAT24LC161 will continue to transmit data. If no ac
knowledge is sent by the Master, the device terminates 
data transmission and waits for a STOP condition. 

SCLFROM 
MASTER 

DATA OUTPUT 
FROM TRANSMITTER 

DATA OUTPUT 
FROM RECEIVER 

~}}~ 

i-c=x=~b 7 
}~ 

START ACKNOWLEDGE 
5020 FHO F06 

Figure 5. Slave Address Bits 
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CAT24LC16/CAT24LC161 

WRITE OPERATIONS 

Byte Write 

In the Byte Write mode, the Master device sends the 
START condition and the slave address information 
(with the R/W bit set to zero) to the Slave device. After 
the Slave generates an acknowledge, the Master sends 
the byte address that is to be written into the address 
pointer of the CAT24LC16/CAT24LC161. After receiving 
another acknowledge from the Slave, the Master device 
transmits the data to be written into the addressed 
memory location. The CAT24LC16/CAT24LC161 ac
knowledges once more and the Master generates the 
STOP condition, at which time the device begins its 
internal programming cycle to nonvolatile memory. While 
this internal cycle is in progress, the device will not 
respond to any request from the Master device. 

Page Write 

The CAT24LC16/CAT24LC161 writes up to 16 bytes of 
data, in a single write cycle, using the Page Write 
operation. The page write operation is initiated in the 
same manner as the byte write operation, however 
instead of terminating afterthe initial byte is transmitted, 
the Master is allowed to send up to 15 additional bytes. 
After each byte has been transmitted the CAT24LC16/ 

Figure 6. Byte Write Timing 
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T 
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MASTER ~ ADDRESS 

Preliminary 

CAT24LC161 will respond with an acknowledge, and 
·internally increment the four low order address bits by 
one. The high order bits remain unchanged. 

If the Mastertransmits more than 16 bytes priorto sending 
the STOP condition, the address counter 'wraps around', 
and previously transmitted data will be overwritten. 

Once all 16 bytes are received and the STOP condition 
has been sent by the Master, the internal programming 
cycle begins. At this point all received data is written to 
the CAT24LC16/CAT24LC161 in a single write cycle. 

Acknowledge Polling 

The disabling of the inputs can be used to take advan
tage of the typical write cycle time. Once the stop 
condition is issued to indicate the end ofthe host's write 
operation, the CAT24LC16/CAT24LC161 initiates the 
internal write cycle. ACK polling can be initiated imme
diately. This involves issuing the start condition followed 
by the slave address for a write operation. If the 
CAT24LC16/CAT24LC161 is still busy with the write 
operation, no ACK will be returned. If the CAT24LC16/ 
CAT24LC161 has completed the write operation, an 
ACK will be returned and the host can then proceed with 
the next read or write operation. 
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Figure 7. Page Write Timing 
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Preliminary 

READ OPERATIONS 

The READ operation for the CAT24LC16/CAT24LC161 
is initiated in the same manner as the write operation 
with the one exception that the R/W bit is set to a one. 
Three different READ operations are possible: Immediate 
Address READ, Selective READ and Sequential READ. 

Immediate Address Read 

The CAT24LC16/CAT24LC16l's address counter con
tains the address of the last byte accessed, incremented 
by one. In other words, if the last READ or WRITE 
access was to address N, the READ immediately fol
lowing would access data from address N+ 1. If N=204 7, 
then the counter will 'wrap around' to address O and 
continue to clock out data. After the CAT24LC16/ 
CAT24LC161 receives its slave address information 
(with the R/W bit set to one), it issues an acknowledge, 
then transmits the eight bit byte requested. The master 
device does not send an acknowledge but will generate 
a STOP condition. 

Selective Read 

Selective READ operations allow the Master device to 
select at random any memory location for a READ 
operation. The Master device first performs a 'dummy' 
write operation by sending the START condition, slave 
address and byte address of the location it wishes to 

Figure 8. Immediate Address Read Timing 

SLAVE 
ADDRESS 

CAT24LC16/CAT24LC161 

read. Afterthe CAT24LC16/CAT24LC161 acknowledges 
the byte address, the Mast et device resends the ST ART 
condition and the slave address, this time with the R/W 
bit set to one. The CAT24LC16/CAT24LC161 then re
sponds with its acknowledge and sends the eight bit byte 
requested. The master device does not send an ac
knowledge but will generate a STOP condition. 

Sequential Read 

The Sequential READ operation can be initiated by 
either the Immediate Address READ or Selective READ 
operations. After the CAT24LC16/CAT24LC161 sends 
the initial eight bit byte requested, the Master will re
spond with an acknowledge which tells the device it 
requires more data. The CAT24LC16/CAT24LC161 will 
continue to output an eight bit byte for each acknowl
edge sent by the Master. The operation will terminate 
when the Master fails to respond with an acknowledge 
thus sending the STOP condition. 

The data being transmitted from the CAT24LC16/ 
CAT24LC161 is outputted sequentially with data from 
address N followed by data from address N+ 1. The 
READ operation address counter increments all of the 
CAT24LC16/CAT24LC161 address bits so that the en
tire memory array can be read during one operation. If 
more than the 2048 bytes are read out, the counter will 
'wrap around' and continue to clock out data bytes. 
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CAT24LC16/CAT24LC161 Preliminary 

Figure 9. Selective Read Timing 
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Fact 

CAT24C32/CAT24C321 
32K-Bit SERIAL E2PROM 

FEATURES 

• 12C Bus Compatible* 

• Low Power CMOS Technology 

• 32 Byte Page Write Buffer 

• Self-Timed Write Cycle with Auto-Clear 

• Hardware Block Write Protect 

DESCRIPTION 

The CAT24C32/CAT24C321 is a 32K bit Serial CMOS 
E2PROM internally organized as 4096 x 8 bits. Catalyst's 
advanced CMOS technology substantially reduces de
vice power requirements. The CAT24C32/CAT24C321 

PIN CONFIGURATION 

DIP Package SO Package 

Ao Vee NC 14 NC 
A1 WP Ao 2 13 Vee 
A2 SCL A1 3 12 WP 

Vss SDA NC 4 11 NC 

A2 5 10 SCL 

Vss 6 9 SDA 

NC 7 8 NC 

5031 FHD F02 

PIN FUNCTIONS 

Pin Name Function 

AO, A1, A2 Device Address Inputs 

SDA Serial Data/Address 

SCL Serial Clock 

WP Write Protect 

Vee +5V Power Supply 

Vss Ground 

• 100,000 Program/Erase Cycles 

• 100 Vear Data Retention 

• 8 pin DIP or 14 pin SO Package 

• ZERO Power™ Version (CAT24C32Z) Available 

• Optional High Endurance Device Available 

features a 32 byte page write buffer. The device oper
ates via the 12C bus serial interface and is available in 8 
pin DIP and 14 pin SO packages. 

BLOCK DIAGRAM 

EXTERNAL LOAD 

VccD 

VssD 

SCL 

Ao 
A1 
A2 

Dour f-
ACK 

CONTROL 
LOGIC 

SENSE AMPS 
SHIFT REGISTERS 

XDEC 128 

COLUMN 
DECODERS 

256 

E2PROM 
128 x 256 

'---+--+---+-----.i DATA IN STORAGE 

HIGH VOLTAGE/ 
~-----TIMING CONTROL 

STATE COUNTERS 

SLAVE 
ADDRESS 
COMPARATORS 5031 FHD F03 

• Catalyst Semiconductor is licensed by Philips Corporation to carry the 12c Bus Protocol. TD 5031 

© 1992 by Catalyst Semiconductor, Inc. 
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CAT24C32/CAT24C321 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to + 125°C 

Storage Temperature ......................... -65°C to +150°C 

Voltage on any Pin with 
Respect to Ground<1> .............. -2.0V to +Vee +2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 

Package Power Dissipation 
Capability (Ta= 25°C) .................................... 1.0W 

Lead Soldering Temperature (1 O secs) ............... 300°C 

Output Short Circuit Current<2> .......................... 100 mA 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NEND(3) Endurance 100,000 

TDR(3) Data Retention 100 

V"ZAP(3) ESD Susceptibility 2000 

bH(3)(4) Latch-Up 100 

D.C. OPERATING CHARACTERISTICS 

Fact 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Units Reference Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

CAT24C32 TA= 0°c to +70°C, Vee= +5V ±10%, unless otherwise specified. 
CAT24C321 TA= -40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units Test Conditions 

Ice Power Supply Current 3 mA fscL = 1 00 KHz 

lss Standby Current Vee= 5.5V 4 µA V1N = GND or Vee 

lssz(S) Standby Current Vee = 5.5V 0 µA V1N = GND or Vee 

lu Input Leakage Current 10 µA V1N = GND to Vee 

ILO Output Leakage Current 10 µA VouT = GND to Vee 

V1L Input Low Voltage -1.0 Vecx 0.3 v 
V1H Input High Voltage Vecx 0.7 Vee+ 0.5 v 
VoL Output Low Voltage 0.4 v loL =3 mA 

CAPACITANCE TA= 25°C, f = 1.0 MHz, Vee= 5V 

Symbol Test Max. Units Conditions 

C110(3l Input/Output Capacitance (SDA) 8 pF vl/O = ov 
C1N(3) Input Capacitance (AO, A 1, A2, SCL) 6 pF V1N= ov 

Note: 
{1) The minimum DC input voltage is -0.SV. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +0.5V, which may overshoot to Vee +2.0V for periods of less than 20 ns. 
{2) Output shorted for no more than one second. To more than one output shorted at a time. 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vee +1V. 
(5) Standby Current (lssz) = OµA {<900nA) for the CAT24C32Z. 
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Fact CAT24C32/CAT24C321 

A.C. CHARACTERISTICS 

CAT24C32 TA= 0°C to +70°C, Vee= +5V ±10%, unless otherwise specified. 
CAT24C321 TA= -40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

Read & Write Cycle Limits 

Symbol Parameter 

FscL Clock Frequency 

T1(3) Noise Suppression Time 
Constant at SCL, SDA Inputs 

lAA SCL Low to SDA Data Out 
and ACK Out 

lBUF(3) Time the Bus Must be Free Before 
a New Transmission Can Start 

tHD:STA Start Condition Hold Time 

tLOW Clock Low Period 

lHIGH Clock High Period 

tsu:STA Start Condition Setup Time 
(for a Repeated Start Condition) 

lHD:DAT Data In Hold Time 

tsu:DAT Data In Setup Time 

lR(3) SDA and SCL Rise Time 

tF(3) SDA and SCL Fall Time 

tsu:STO Stop Condition Setup Time 

toH Data Out Hold Time 

Power-Up Timing(3)(6) 

Symbol Parameter 

lPUR Power-up to Read Operation 

tpuw Power-up to Write Operation 

Write Cycle Limits 

Symbol Parameter Min. 

lwR Write Cycle Time 

The write cycle time is the time from a valid stop 
condition of a write sequence to the end of the internal 
program/erase cycle. During the write cycle, the bus 

Notes: 

Min. Max Units 

100 kHz 

100 ns 

3.5 µs 

4.7 µs 

4.0 µs 

4.7 µs 

4.0 µs 

4.7 µs 

0 ns 

250 ns 

1 µs 

300 ns 

4.7 µs 

300 ns 

Max. Units 

1 ms 

1 ms 

Typ. Max Units 

10 ms 

interface circuits are disabled, SDA is allowed to remain 
high, and the device does not respond to its slave 
address. 

(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(6) tpuR and tpuw are the delays required from the time Vee is stable until the specified operation can be initiated. 

2-83 

I 
I 

• 



CAT24C32/CAT24C321 

FUNCTIONAL DESCRIPTION 

The CAT24C32/CAT24C321 supports the 12C Bus data 
transmission protocol. This Inter-Integrated Circuit Bus 
protocol defines any device that sends data to the bus to 
be a transmitter and any device receiving data to be a 
receiver. The transfer is controlled by the Master device 
which generates the serial clock and all START and 
STOP conditions for bus access. The CAT24C32/ 
CAT24C321 operates as a Slave device. Both the Mas
ter device and Slave device can operate as either 
transmitter or receiver, but the Master device controls 
which mode is activated. 

PIN DESCRIPTIONS 

SCL: Serial Clock 
The serial clock input clocks all data transferred into or 
out of the device. 

Figure 1. Bus Timing 

SCL 

SDAIN 

SDAOUT 

Figure 2. Write Cycle Timing 
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Figure 3. Start/Stop Timing I 
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Fact 

SDA: Serial Data/Address 
The bidirectional serial data/address pin is used to 
transfer all data into and out of the device. The SDA pin 
is an open drain output and can be wire-ORed with other 
open drain or open collector outputs. 

AO, A 1, A2: Device Address Inputs 
These pins define the address of 1 out of 8 slave devices. 
In the Block Write Protect version, they define the block 
or blocks of memory to be protected. 

WP: Write Protect 
If the WP pin is tied to Vee, the entire memory array 
becomes READ only. If the WP pin is tied to Vss normal 
read/write operations are allowed to the device. 
This feature protects the device from inadvertant 
programming. 

~UoDAT \ ....... j j;:.~USTO 
¥k tBuF ;...._ __ _ 

5023 FHD F04 

STOP START ADDRESS 
CONDITION CONDITION 5023 FHD FOS 

I 
I I 
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STOP BIT 
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Fact 

12C BUS PROTOCOL 

The following defines the features of the 12C bus proto
col: 

(1) Data transfer may be initiated only when the bus is 
not busy. 

(2) During a data transfer, the data line must remain 
stable whenever the clock line is high. Any changes in 
the data line while the clock line is high will be interpreted 
as a START or STOP condition. 

ST ART Condition 

The START Condition precedes all commands to the 
device, and is defined as a HIGH to LOW transition of 
SDA when SCL is HIGH. The CAT24C32/CAT24C321 
monitors the SDA and SCL lines and will not respond 
until this condition is met. 

STOP Condition 

A LOW to HIGH transition of SDA when SCL is HIGH 
determines the STOP condition. All operations must end 
with a STOP condition. 

DEVICE ADDRESSING 

The bus Master begins a transmission by sending a 
START condition. The Master then sends the address 
of the particular slave device it is requesting. The four 
most significant bits of the 8-bit slave address are fixed 
as 1011 for the CAT24C32/CAT24C321 (see Fig. 5). 
The nextthree significant bits (A2, A 1 , AO) arethe device 

Figure 4. Acknowledge Timing 

CAT24C32/CAT24C321 

address bits and define which device the Master is 
accessing. Up to eight CAT24C32/CAT24C321 devices 
may be individually addressed by the system. The last 
bit of the slave address specifies whether a Read or 
Write operation is to be performed. When this bit is set 
to 1, a Read operation is selected, and when set to 0 a 
Write operation is selected. 

After the Master sends a START condition, the 
CAT24C32/CAT24C321 monitors the bus and responds 
with an acknowledge (on the SDA line) when its address • 
matches the transmitted slave address. The CAT24C32/ 
CAT24C321 then performs a Read or Write operation 
depending on the state of the R/W bit. 

Acknowledge 

After a successful data transfer, each receiving device is 
required to generate an acknowledge. The Acknowledg
ing device pulls down the SDA line during the ninth clock 
cycle, signaling that it received the eight bits of data. 

The CAT24C32/CAT24C321 responds with an acknowl
edge after receiving a START condition and its slave 
address. If the device has been selected along with a 
write operation, it responds with an acknowledge after 
receiving each eight bit byte. 

When the CAT24C32/CAT24C321 begins a READ mode 
it transmits eight bits of data, releases the SDA line, and 
monitors the line for an acknowledge. Once it receives 
this acknowl~?ge, the CAT24C32/CAT24C321 will con
tinue to transmit data. If no.acknowledge is sent by the 
Master, the device terminates data transmission and 
waits for a STOP condition. 
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Figure 5. Slave Address Bits 
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CAT24C32/CAT24C321 

WRITE OPERATIONS 

Byte Write 

In the Byte Write mode, the Master device sends the 
START condition and the slave address information 
(with the R/W bit set to zero) to the Slave device. After 
the Slave generates an acknowledge, the Master sends 
the byte address that is to be written into the address 
pointer of the CAT24C32/CAT24C321. After receiving 
another acknowledge from the Slave, the Master device 
transmits the data to be written into the addressed 
memory location. The CAT24C32/CAT24C321 acknowl
edges once more and the Master generates the STOP 
condition, at which time the device begins its internal 
programming cycle to nonvolatile memory. While this 
internal cycle is in progress, the device will not respond 
to any request from the Master device. 

Page Write 

The CAT24C32/CAT24C321 writes up to 32 bytes of 
data, in a single write cycle, using the Page Write 
operation. The page write operation is initiated in the 
same manner as the byte write operation, however 
instead of terminating after the initial byte is transmitted, 
the Master is allowed to send up to 31 additional bytes. 
After each byte has been transmitted the CAT24C32/ 

Figure 6. Byte Write Timing 
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Fact 

CAT24C321 will respond with an acknowledge, and 
internally increment the five low order address bits by 
one. The high order bits remain unchanged. 

If the Mastertransmits more than 32 bytes prior to sending 
the STOP condition, the address counter 'wraps around', 
and previously transmitted data will be overwritten. 

Once all 32 bytes are received and the STOP condition 
has been sent by the Master, the internal programming 
cycle begins. At this point all received data is written to 
the CAT24C32/CAT24C321 in a single write cycle. 

Acknowledge Polling 

The disabling of the inputs can be used to take advan
tage of the typical write cycle time. Once the stop 
condition is issued to indicate the end of the host's write 
operation, the CAT24C32/CAT24C321 initiates the in
ternal write cycle. ACK polling can be initiated immedi
ately. This involves issuing the start condition followed 
by the slave address for a write operation. If the 
CAT24C32/CAT24C321 is still busy with the write opera
tion, no ACK will be returned. If the CAT24C32/ 
CAT24C321 has completed the write operation, an ACK 
will be returned and the host can then proceed with the 
r:iext read or write operation. 
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Fact 

READ OPERATIONS 

The READ operation for the CAT24C32/CAT24C321 is 
initiated in the same manner as the write operation with 
the one exception that the R/W bit is set to a one. Three 
different READ operations are possible: Immediate Ad
dress READ, Selective READ and Sequential READ. 

Immediate Address Read 

The CAT24C32/CAT24C321's address counter contains 
the address of the last byte accessed, incremented by 
one. In other words, ifthe last READ or WRITE access was 
to address N, the READ immediately following would 
access data from address N+ 1. If N=4095, then the 
counter will 'wrap around' to address O and continue to 
clock out data. After the CAT24C32/CAT24C32 I receives 
its slave address information (with the R/W bit set to one), 
it issues an acknowledge, then transmits the eight bit byte 
requested. The master device does not send an acknowl
edge but will generate a STOP condition. 

Selective Read 

Selective READ operations allow the Master device to 
select at random any memory location for a READ 
operation. The Master device first performs a 'dummy' 
write operation by sending the ST ART condition, slave 
address and byte address of the location it wishes to 
read. After the CAT24C32/CAT24C321 acknowledges 

Figure 8. Immediate Address Read Timing 
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the byte address, the Master device resends the START 
condition and the slave address, this time with the R/W 
bit set to one. The CAT24C32/CAT24C321 then re
sponds with its acknowledge and sends the eight bit byte 
requested. The master device does not send an ac
knowledge but will generate a STOP condition. 

Sequential Read 

The Sequential READ operation can be initiated by 
eitherthe Immediate Address READ or Selective READ 
operations. After the CAT24C32/CAT24C321 sends the 
initial eight bit byte requested, the Master will respond 
with an acknowledge which tells the device it requires 
more data. The CAT24C32/CAT24C321 will continue to 
output an eight bit byte for each acknowledge sent by the 
Master. The operation will terminate when the Master 
fails to respond with an acknowledge thus sending the 
STOP condition. 

The data being transmitted from the CAT24C32/ 
CAT24C321 is outputted sequentially with data from 
address N followed by data from address N+ 1. The 
READ operation address counter increments all of the 
CAT24C32/CAT24C321 address bits so that the entire 
memory array can be read during one operation. If more 
than the 4096 bytes are read out, the counter will 'wrap 
around' and continue to clock out data bytes. 
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CAT24C32/CAT24C321 

Figure 9. Selective Read Timing 
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Figure 10. Sequential Read Timing 
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CAT93C46/CAT93C461 
1 K-Bit SERIAL E2PROM 

FEATURES 

• High Speed Operation: 1MHz 

• Low Power CMOS Technology 

• Single 5V Supply 

• 64x16 or 128 x 8 Selectable Serial Memory 

• Self-Timed Write Cycle with Auto-Clear 

DESCRIPTION 

The CAT93C46 and CAT93C461 are 1 K bit Serial 
E2PROM memory devices which can be configured as 
either 64 registers by 16 bits (ORG pin at Vcq or 128 
registers by 8 bits (ORG pin at GND). Each register can 
be written (or read) serially by using the DI (or DO) pin. 
The CAT93C46/CAT93C461 is manufactured using 

PIN CONFIGURATION 

DIP Package SO Package J 

cs Vee NC 8 

SK NC Vee 2 7 

DI ORG cs 3 6 

DO GND SK 4 5 

PIN FUNCTIONS 

Pin Name Function 

cs Chip Select 

SK Clock Input 

DI Serial Data Input 

DO Serial Data Output 

Vee +5V Power Supply 

GND Ground 

NC No Connection 

ORG Memory Organization 

ORG 

GND 
DO 
DI 

Note: When theORG pin is connected to Vee. the64x 16organization 
is selected. When it is connected to ground, the 128 x 8 organization 
is selected. If the ORG pin is left unconnected, then an internal pullup 
device will select the 64 x 16 organization. 

@ 1992 by Catalyst Semiconductor, Inc. 

cs 
SK 
DI 

DO 
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• Hardware and Software Write Protection 

• Power-Up lnadvertant Write Protection 

• 100,000 Program/Erase Cycles 

• 100 Year Data Retention 

• Optional High Endurance Device Available 

Catalyst's advanced CMOS E2PROM floating gate tech
nology. It is designed to endure 100,000 program/erase 
cycles and has a data retention of 100 years. The device 
is available in 8 pin DIP or SO packages. 

SO Package S SO Package K 

8 Vee cs 8 Vee 
2 7 NC SK 2 7 NC 
3 6 ORG DI 3 6 ORG 
4 5 GND DO 4 5 GND 

5041 FHD F01 

BLOCK DIAGRAM 
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OUTPUT 
BUFFER 

DO 
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CAT93C46/CAT93C461 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to + 125°C 

Storage Temperature ......................... -65°C to + 150°C 

Voltage on any Pin with 
Respect to Ground<1) .............. -2.0V to +Vee +2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 

Package Power Dissipation 
Capability (Ta= 25°C) .................................... 1.0W 

Lead Soldering Temperature (1 O secs) ............... 300°C 

Output Short Circuit Current(2) ......•...........•....... 100 mA 

RELIABILITY CHARACTERISTICS 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Symbol Parameter Min. Max. Units Reference Test Method 

NEND(3) Endurance 100,000 Cycles/Byte MIL-STD-883, Test Method 1033 

ToR(3) Data Retention 100 Years MIL-STD-883, Test Method 1008 

VZAp(3) ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015 

ILTH(3)(4) Latch-Up 100 mA JEDEC Standard 17 

D.C. OPERATING CHARACTERISTICS 

CAT93C46 TA= 0°C to +70°C, Vee= +5V±10%, unless otherwise specified. 
CAT93C461 TA= -40°C to +85°C, Vee= +5V±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. 

lcc1 Power Supply Current 3 
(Operating) 

lcc2 Power Supply Current 100 
(Standby) 

lu Input Leakage Current 2 

ILO Output Leakage Current 10 
(Including ORG Pin) 

V1H High Level Input Voltage 2.0 Vee+ 1 

V1L Low Level Input Voltage -0.1 0.8 

VoH High Level Output Voltage 2.4 

VoL Low Level Output Voltage 0.4 

Note: 

Units Test Conditions 

mA DI = O.OV, SK= 5.0V 
Vee= 5.0V, CS= 5.0V, 
Output Open 

µA Vee= 5.5V, CS= OV 
DI= OV SK =OV 

µA V1N = OV to 5.5V 

µA VouT = OV to 5.SV, 
CS=OV 

v 
v 
v loH =-400µA 

v IOL = 2.1mA 

(1) The minimum DC input voltage is --0.5V. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Vee +0.5V, which may overshoot to Vee +2.0V for periods of less than 20 ns. 

(2) Output shorted for no more than one second. No more than one output shorted at a time. 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vee +1V. 
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INSTRUCTION SET 

Address Data 

Instruction Start Bit Opcode 128 x 8 64x16 128 x 8 64x16 

READ 1 1 0 A6-AO A5-AO 

ERASE 1 1 1 A6-AO A5-AO 

WRITE 1 0 1 A6-AO A5-AO D7-DO D15-DO 

EWEN 1 0 0 11XXXXX 11XXXX 

EWDS 1 0 0 ooxxxxx ooxxxx 
ERAL 1 0 0 10XXXXX 10XXXX 

WRAL 1 0 0 01XXXXX 01XXXX D7-DO D15-DO 

A.C. CHARACTERISTICS 

CAT93C46 TA= 0°C to +70°C, Vee= +5V±10%, unless otherwise specified. 
CAT93C461 TA= -40°C to +85°C, Vee = +5V±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. 

tcss CS Setup Time 50 

le SH CS Hold Time 0 

trns DI Setup Time 100 

to1H DI Hold Time 100 

1PD1 Output Delay to 1 500 

tpoo Output Delay to O 500 

tHz(3l Output Delay to High-Z 100 

tEW Program/Erase Pulse Width 10 

tcSMIN Minimum CS Low Time 250 

tsKHI Minimum SK High Time 100 

tsKLOW Minimum SK Low time 660 

tsv Output Delay to Status Valid 500 

SKMAX Maximum Clock Frequency DC 1 

Note: 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
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CAT93C46/CAT93C461 

Comments 

Read Address AN-AO 

Clear Address AN-AO 

Write Address AN-AO 

Write Enable 

Write Disable 

Clear All Addresses 

Write All Addresses • 
Units Test Conditions 

ns 

ns 

ns CL= 100pF 

ns VoL = 0.8V, VoH = 2.0V 

ns V1L = 0.45V, V1H = 2.4V 

ns 

ns 

ms 

ns 

ns 

ns 

ns CL= 100pF 

MHz 



CAT93C46/CAT93C461 

DEVICE OPERATION 

The CAT93C46/CAT93C461 is a 1024 bit nonvolatile 
memory intended for use with industry standard micro
processors. The CAT93C46/CAT93C461 can be orga
nized as either64 registers by 16bits, or as 128 registers 
by 8 bits. Seven 9 bit instructions (1 Obit inst~ction in 128 
by 8 organization) control the reading, writing and erase 
operations of the device. The CAT93C46/CAT93C461 
operates on a single5V supply and will generate on chip, 
the high voltage required during any write operation. 

Instructions, addresses, and write data are clocked into 
the DI pin on the rising edge of the clock (SK). The DO 
pin is normally in a high impedance state except when 
reading data from the device, or when checking the 
ready/busy status after a write operation. 

The ready/busy status can be determined after a write 

Figure 1. Sychronous Data Timing (5) 

operation by selecting the device (CS high) and polling 
the DO pin; DO low indicates that the write operation is 
not completed, while DO high indicates that the device 
is ready for the next instruction. If necessary, the DO pin 
may be placed back into a high impedance state during 
chip select by shifting a dummy "1" into the DI pin. The 
DO pin will enter the high impedance state on the falling 
edge of the clock (SK). Placing the DO pin into the high 
impedance state is recommended in applications where 
the DI pin and the DO pin are to be tied together to form 
a common Dl/O pin. 

The format for all instructions sent to the CAT93C46/ 
CAT93C461 is a logical "1" start bit, a 2 bit (or 4 bit) op 
code, a 6 bit address (7 bit address when organized as 
128 x 8), and for write operations a 1 E! bit data field (8 bit 
data field when organized as 128 x 8). 

• 1 ~ tsKLOW _, 
r--~~~~__, r--~~~~---j 

SK 

DI VALID 

cs 

DO 

5041 FHD FOO 

Figure 2. Read Instruction Timing (5) 

SK 

cs 
STANDBY 

DI 

DO 
~~t: __ ~~ HIGH-Z 

D1 Do 
5041 FHO F04 

Note: 
(5) The ORG pin is used to configure the device forxB orx16 operation. When xB organization is selected, AN= AG and DN = D7. 

When x16 organization is selected, AN= AS and DN = D15. 
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At power-down, when Vee falls below a threshold of 
approximately 3.5V, the data protection circuitry inhibits 
the erase and write instructions and a write disable 
(EWDS) is executed internally. 

NOTE: This device will accept a start bit that is gener
ated when both SK and DI are high with respect to a low 
to high transition of CS. 

Read 

Upon receiving a READ command and an address 
(clocked into the DI pin), the DO pin of the CAT93C46/ 
CAT93C461 will come out of the high impedance state 
and, after sending an initial dummy zero bit, will begin 
shifting out the data addressed. The output data bits will 
toggle on the rising edge of the SK clock and are stable 
after the specified time delay (tpoo or tp01). 

Write 

After receiving a WRITE command, address and the 

Figure 3. Write Instruction Timing (5) 

CAT93C46/CAT93C461 

data, the CS (chip select) pin must be deselected for a 
minimum of 250ns (tcsM1N). The falling edge of CS will 
start the self clocking clear and data store cycle of the 
memory location specified in the instruction. The clock
ing of the SK pin is not necessary after the device has 
entered the selfclocking mode. The ready/busy status of 
the CAT93C46/CAT93C461 can be determined by se
lecting the device and polling the DO pin. Since this 
device features Auto-Clear before write, it is NOT nec
essary to erase a memory location before the WRITE 
command is sent. 

Erase 

Upon receiving an ERASE command and address, the • 
CS (chip select) pin must be deselected for a minimum 
of 250ns (tcsMIN). The falling edge of CS will start the self 
clocking clear cycle of the memory location specified in 
the instruction. The clocking of the SK pin is not neces-
sary after the device has entered the self clocking mode. 
The ready/busy status of the CAT93C46/CAT93C461 

SK 1JulJU @<XXXXXXXXXXXXXXXXXXX 

cs 

DI 

HIGH-Z 
DO 

Figure 4. Erase Instruction Timing (5) 

SK 

cs 

DI 

HIGH-Z 
DO 

Note: 

STATUS 
VERIFY 

STANDBY 

5041 FHO F05 

u rnxxxxxxxxxxxxxxxxxxxxxx 

tsv 

STATUS VERIFY 

tcs 

STANDBY 

5041 FHO F07 

(5) The ORG pin is used to configure the device for xB or x16 operation. When xa organization is selected, AN = A6 and DN = 07. 
When x16 organization is selected, AN= AS and ON= 015. 
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CAT93C46/CAT93C461 

can be determined by selecting the device and polling 
the DO pin. Once cleared, the content of a cleared 
location returns to a logical "1" state. 

Erase/Write Enable and Disable 

The CAT93C46/CAT93C461 powers up in the write 
disable state. Any writing after power-up or after an 
EWDS (write disable) instruction must first be preceded 
by the EWEN (write enable) instruction. Once the write 
instruction is enabled, it will remain enabled until power 
to the device is removed, or the EWDS instruction is 
sent. The EWOS instruction can be used to disable all 
CAT93C46/CAT93C461 write and clear instructions, and 
will prevent any accidental writing or clearing of the 
device. Data can be read normally from the device 
regardless of the write enable/disable status. 

Erase All 

Upon receiving an ERAL command, the CS (chip select) 
pin must be deselected for a minimum of 250ns (tcsM1N). 

Figure 5. EWEN/EWDS Instruction Timing (5) 

SK 

cs J 

DI 0 0 

The falling edge of CS will start the self clocking clear 
cycle of all memory locations in the device. The clocking 
of the SK pin is not necessary after the device has 
entered the self clocking mode. The ready/busy status of 
the CAT93C46/CAT93C461 can be determined by se
lecting the device and polling the DO pin. Once cleared, 
the contents of all memory bits return to a logical "1" 
state. 

Write All 

Upon receiving a WRAL command and data, the CS 
(chip select) pin must be deselected for a minimum of 
250ns (tcsMIN). The falling edge of CS will start the self 
clocking data write to all memory locations in the device. 
The clocking of the SK pin is not necessary after the 
device has entered the self clocking mode. The ready/ 
busy status of the CAT93C46/CAT93C461 can be deter· 
mined by selecting the device and polling the DO pin. It 
IS necessary for all memory locations to be cleared 
before the WRAL command is executed. 

\ ________ s_TA_N_D_Bv ______ _ 

* ENABLE• 11 64 x 16 • 4 DON'T CARE BITS 
DISABLE. 00 128 x 8 .. 5°DON'T CARE BITS 

5041 FHO Foe 

Figure 6. ERAL Instruction Timing (5) 

SK UlJ D<XXXXXXxxxxxxxxxxxxxxxxxxxxx 
cs 

DI 0 0 

DO 
HIGH·Z 

5041 FHO FOB 

Note: 
(5) The ORG pin is used to configure the device forxe or x16 operation. When xe organization is selected, AN= A6 and ON= 07. 

When x16 organization is selected, AN .. AS and ON• 015. 
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Start Bit Timing 

The CAT93C46/CAT93C461 features an alternate start 
bit timing where the device will accept a start bit that is 
generated when both SK and DI are high with respect to 
a low to high transition of CS (see Figure 8). This allows 

Figure 7. WRAL Instruction Timing (5) 

CAT93C46/CAT93C461 

the user to send instructions from microprocessors that 
transmit and receive data using a sequence of 8 clock 
cycles only. Once this start bit is generated all subse
quent data is clocked into the device on the positive 
clock edge of SK. 

SK U-U-Vu ~xxxxxxxxxxxxxxxxxxx 
cs 

DI 0 0 0 

DO 

5041 FHD Fo9 

Figure 8. Alternate Start Bit Timing Example: Read Instruction (x 16) (5) 

t START BIT GENERATED 

SK 

cs 

DI 

DO 

5041 FHD F10 

Note: 
(5) The ORG pin is used to configure the device for xB or x16 operation. When xB organization is selected, AN = A6 and DN = D7. 

When x16 organization is selected, AN =AS and DN = 015. 
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CAT93C46A/CAT93C46AI 
1 K-Bit SERIAL E2PROM 

FEATURES 

• High Speed Operation: 1MHz 

• Low Power CMOS Technology 

• Single 5V Supply 

• 64x16 Serial Memory 

• Self-Timed Write Cycle with Auto-Clear 

DESCRIPTION 

The CAT93C46A and CAT93C46AI are 1 K bit Serial 
E2PROM memory devices which are configured as 64 
registers by 16 bits. Each register can be written (or 
read) serially by using the DI (or DO) pin. The 
CAT93C46A/CA T93C46AI is manufactured using 

PIN CONFIGURATION 

DIP Package SO Package J 

cs Vee NC 8 

SK NC Vee 2 7 

DI NC cs 3 6 

DO GND SK 4 5 

PIN FUNCTIONS 

Pin Name Function 

cs Chip Select 

SK Clock Input 

DI Serial Data Input 

DO Serial Data Output 

Vee +5V Power Supply 

GND Ground 

NC No Connection 

© 1992 by Catalyst Semiconductor, Inc. 

NC 
GND 
DO 
DI 

cs 
SK 
DI 

DO 
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• Hardware and Software Write Protection 

• Power-Up lnadvertant Write Protection 

• 100,000 Program/Erase Cycles 

• 100 Year Data Retention 

• Optional High Endurance Device Available 

Catalyst's advanced CMOS E2PROM floating gate tech
nology. It is designed to endure 100,000 program/erase 
cycles and has a data retention of 100 years. The device 
is available in 8 pin DIP or SO packages. 

SO Package S SO Package K 

8 Vee cs 
2 7 NC SK 
3 6 NC DI 
4 5 GND DO 

BLOCK DIAGRAM 

DI 

cs 

SK 

Vee GND 

MEMORY ARRAY 
64 x16 

DATA 
REGISTER 

MODE DECODE 
LOGIC 

CLOCK 
GENERATOR 

2 
3 

4 

8 Vee 
7 NC 
6 NC 
5 GND 

5040 FHD F01 

ADDRESS 
DECODER 

OUTPUT 
BUFFER 

DO 
5040 FHD F02 

TD 5040 
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CAT93C46A/CAT93C46AI 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to +125°C 

Storage Temperature ......................... -65°C to + 150°C 

Voltage on any Pin with 
Respect to Ground<1l .............. -2.0V to +Vee +2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 

Package Power Dissipation 
Capability (Ta= 25°C) .................................... 1.0W 

Lead Soldering Temperature (10 secs) ............... 300°C 

Output Short Circuit Current<2J ..•••.•••••.••.........•.. 100 mA 

RELIABILITY CHARACTERISTICS 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Symbol Parameter Min. Max. Units Reference Test Method 

NEND(3) Endurance 100,000 Cycles/Byte MIL-STD-883, Test Method 1033 

ToR<3l Data Retention 100 Years MIL-STD-883, Test Method 1008 

VZAp(3) ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015 

ILTH(3)(4) Latch-Up 100 mA JEDEC Standard 17 

D.C. OPERATING CHARACTERISTICS 

CAT93C46A TA= 0°C to +70°C, Vee= +5V±10%, unless otherwise specified. 
CAT93C46AI TA=-40°C to +85°C, Vee= +5V±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. 

lee1 Power Supply Current 3 
(Operating) 

lee2 Power Supply Current 100 
(Standby) 

lu Input Leakage Current 2 

ILO Output Leakage Current 10 

V1H High Level Input Voltage 2.0 Vee+ 1 

V1L Low Level Input Voltage -0.1 0.8 

VoH High Level Output Voltage 2.4 

VoL Low Level Output Voltage 0.4 

Note: 

Units Test Conditions 

mA DI= O.OV, SK= 5.0V 
Vee= 5.0V, CS= 5.0V, 
Output Open 

µA Vee= 5.5V, CS= OV 
DI= OV SK= OV 

µA V1N = OV to 5.5V 

µA VouT = OV to 5.5V, 
CS=OV 

v 
v 
v loH =-400µA 

v loL = 2.1rnA 

(1) The minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Vee +0.5V, which may overshoot to Vee +2.0V for periods of less than 20 ns. 

(2) Output shorted for no more than one second. No more than one output shorted at a time. 
(3) This parameter is tasted initially and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vee + 1 V. 
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INSTRUCTION SET 

Instruction Start Bit Opcode Address Data 

READ 1 1 0 A5-AO 

ERASE 1 1 1 A5-AO 

WRITE 1 0 1 A5-AO D15-DO 

EWEN 1 0 0 11XXXX 

EWDS 1 0 0 ooxxxx 
ERAL 1 0 0 10XXXX 

WRAL 1 0 0 01XXXX D15-DO 

A.C. CHARACTERISTICS 

CAT93C46A TA= 0°C to +70°C, Vee= +5V±10%, unless otherwise specified. 
CAT93C46AI TA=-40°C to +85°C, Vee= +5V±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. 

tcss CS Setup Time 50 

tcsH CS Hold Time 0 

to1s DI Setup Time 100 

to1H DI Hold Time 100 

tpo1 Output Delay to 1 500 

tpoo Output Delay to 0 500 

tHz(3l Output Delay to High-Z 100 

tEW Program/Erase Pulse Width 10 

tcsMIN Minimum CS Low Time 250 

tsKHI Minimum SK High Time 100 

tsKLOW Minimum SK Low time 660 

tsv Output Delay to Status Valid 500 

SKMAX Maximum Clock Frequency DC 1 

Note: 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
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CAT93C46A/CAT93C46AI 

Comments 

Read Address AN-AO 

Clear Address AN-AO 

Write Address AN-AO 

Write Enable 

Write Disable 

Clear All Addresses 

Write All Addresses • 
Units Test Conditions 

ns 

ns 

ns CL= 100pF 

ns VoL = 0.8V, VoH = 2.0V 

ns V1L = 0.45V, V1H = 2.4V 

ns 

ns 

ms 

ns 

ns 

ns 

ns CL= 100pF 

MHz 



CAT93C46A/CAT93C46AI 

DEVICE OPERATION 

The CAT93C46A/CAT93C46AI is a 1024 bit nonvolatile 
memory intended for use with industry standard micro
processors. The CAT93C46A/CA T93C46AI is organized 
as 64 registers by 16 bits. Seven 9 bit instructions control 
the reading, writing and erase operations of the device. 
The CAT93C46A/CAT93C46AI operates on a single 5V 
supply and will generate on chip, the high voltage 
required during any write operation. 

Instructions, addresses, and write data are clocked into 
the DI pin on the rising edge of the clock (SK). The DO 
pin is normally in a high impedance state except when 
reading data from the device, or when checking the 
ready/busy status after a write operation. 

The ready/busy status can be determined after a write 

Figure 1. Sychronous Data Timing 

operation by selecting the device (CS high) and polling 
the DO pin; DO low indicates that the write operation is 
not completed, while DO high indicates that the device 
is ready forthe next instruction. If necessary, the DO pin 
may be placed back into a high impedance state during 
chip select by shifting a dummy "1" into the DI pin. The 
DO pin will enterthe high impedance state on the falling 
edge of the clock (SK). Placing the DO pin into the high 
impedance state is recommended in applications where 
the DI pin and the DO pin are to be tied together to form 
a common Dl/O pin. 

The format for all instructions sent to the CAT93C46A/ 
CAT93C46AI is a logical "1" start bit, a 2 bit (or 4 bit) op 
code, a 6 bit address, and for write operations, a 16 bit 
data field. 

• , ,. lsKLOW _, 
r-----~ ~------; 

tcsH 

SK 

DI 

cs 

DO 

Figure 2. Read Instruction Timing 

SK 

cs 

DI 

DO 

VALID 

tD1s 1<1---.--+1 tpDo,tPD1 

.DATA VALID 

D1 Do 
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At power-down, when Vee falls below a threshold of 
approximately 3.5V, the data protection circuitry inhibits 
the erase and write instructions and a write disable 
(EWDS) is executed internally. 

NOTE: This device will accept a start bit that is gener
ated when both SK and DI are high with respect to a low 
to high transition of CS. 

Read 

Upon receiving a READ command and an address 
(clocked into the DI pin), the DO pin of the CAT93C46A/ 
CAT93C46AI will come out of the high impedance state 
and, after sending an initial dummy zero bit, will begin 
shifting out the data addressed. The output data bits will 
toggle on the rising edge of the SK clock and are stable 
after the specified time delay (tpoo or tpo1). 

Write 

After receiving a WRITE command, address and the 

Figure 3. Write Instruction Timing 

CAT93C46A/CAT93C46AI 

data, the CS (chip select) pin must be deselected for a 
minimum of 250ns (tcsM1N). The falling edge of CS will 
start the self clocking clear and data store cycle of the 
memory location specified in the instruction. The clock
ing of the SK pin is not necessary after the device has 
entered the self clocking mode. The ready/busy status of 
the CAT93C46A/CAT93C46AI can be determined by 
selecting the device and polling the DO pin. Since this 
device features Auto-Clear before write, it is NOT nec
essary to erase a memory location before the WRITE 
command is sent. 

Erase 

Upon receiving an ERASE command and address, the • 
CS (chip select) pin must be deselected for a minimum 
of 250ns (tcsMIN). The falling edge of CS will start the self 
clocking clear cycle of the memory location specified in 
the instruction. The clocking of the SK pin is not neces-
sary afterthe device has entered the self clocking mode. 
The ready/busy status of the CAT93C46A/CAT93C46AI 

SK lrulJU @<XXXXXXXXXXXxxxxxxxx 

cs 

DI 

HIGH-Z 
DO 

5040 FHD F05 

Figure 4. Erase Instruction Timing 

SK 1J [)()()()()()(xxxxxxxxxxxxxxxxxxxxx 

cs STANDBY 

1cs 

DI 

1sv 
HIGH-Z 

DO 

5040 FHD F07 
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CAT93C46A/CAT93C46AI 

can be determined by selecting the device and polling 
the DO pin. Once cleared, the content of a cleared 
location returns to a logical "1" state. 

Erase/Write Enable and Disable 

The CAT93C46A/CAT93C46AI powers up in the write 
disable state. Any writing after power-up or after an 
EWDS (write disable) instruction must first be preceded 
by the EWEN (write enable) instruction. Once the write 
instruction is enabled, it will remain enabled until power 
to the device is removed, or the EWDS instruction is 
sent. The EWDS instruction can be used to disable all 
CAT93C46A/CAT93C46AI write and clear instructions, 
and will prevent any accidental writing or clearing of the 
device. Data can be read normally from the device 
regardless of the write enable/disable status. 

Erase All 

Upon receiving an ERAL command, the CS (chip select) 
pin must be deselected for a minimum of 250ns (tcsMIN). 

Figure 5. EWEN/EWDS Instruction Timing 

SK 

cs _/ 

DI 0 0 

The falling edge of CS will start the self clocking clear 
cycle of all memory locations in the device. The clocking 
of the SK pin is not necessary after the device has 
entered the self clocking mode. The ready/busy status of 
the CAT93C46A/CAT93C46AI can be determined by 
selecting the device and polling the DO pin. Once 
cleared, the contents of all memory bits return to a logical 
"1" state. 

Write All 

Upon receiving a WRAL command and data, the CS 
(chip select) pin must be deselected for a minimum of 
250ns (tcsM1N). The falling edge of CS will start the self 
clocking data write to all memory locations in the device. 
The clocking of the SK pin is not necessary after the 
device has entered the self clocking mode. The ready/ 
busy status of the CAT93C46A/CAT93C46AI can be 
determined by selecting the device and polling the DO 
pin. It IS necessary for all memory locations to be 
cleared before the WRAL command is executed. 

\ STANDBY ..._ ______ _ 

* ENABLE= 11 
DISABLE=OO 

4 DON'T CARE BITS 

5040 FHD FOO 

Figure 6. ERAL Instruction Timing 

SK UlJ &<xxxxxxxxxxxxxxxxxxxxxx 
cs 

DI 0 0 0 

HIGH-Z 
DO 

5040 FHO FOS 
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Start Bit Timing 

The CAT93C46A/CAT93C46AI features an alternate 
start bit timing where the device will accept a start bit that 
is generated when both SK and DI are high with respect 
to a low to high transition of CS (see Figure 8). This 

Figure 7. WRAL Instruction Timing 

SK 

cs 

DI 

DO 

CAT93C46A/CAT93C46AI 

allows the user to send instructions from microproces
sors that transmit and receive data using a sequence of 
8 clock cycles only. Once this start bit is generated all 
subsequent data is clocked into the device on the 
positive clock edge of SK. 

5040 FHD F09 

Figure 8. Alternate Start Bit Timing Example: Read Instruction 

+ START BIT GENERATED 

SK 

cs 

DI 

DO 
HIGH-Z 

~~~~~~~~~~~~-=-~~~~~~~~~-..o 

5040 FHD F10 
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CAT93C46B/CAT93C46BI 
1 K-Bit SERIAL E2PROM 

FEATURES 

• High Speed Operation: 1 MHz 

• Low Power CMOS Technology 

• Single SV Supply 

• 64 x 16 or 128 x 8 Selectable Serial Memory 

• Self· Timed Write Cycle with Auto-Clear 

DESCRIPTION 

The CAT93C46B and CAT93C46BI are 1K bit Serial 
E2PROM memory devices which can be configured as 
either 64 registers by 16 bits (ORG pin at VcC) or 128 
registers by 8 bits (ORG pin at GND). Each register can 
be written (or read) serially by using the DI (or DO) pin. 
The CAT93C46B/CAT93C46BI is manufactured using 

PIN CONFIGURATION 

DIP Package 

cs Vee NC 

SO PackageJ 

8 ORG cs 

• Hardware and Software Write Protection 

• Power-Up lnadvertant Write Protection 

• 100,000 Program/Erase Cycles 

• 100 Year Data Retention 

• Optional High Endurance Device Available 

Catalyst's advanced CMOS E2PROM floating gate tech
nology. It is designed to endure 100,000 program/erase 
cycles and has a data retention of 100 years. The device 
is available in 8 pin DIP or SO packages. 

so Packages SO Package K 

8 Vee cs 8 Vee 
SK NC Vee 2 7 GND SK 2 7 NC SK 2 7 NC 

DI ORG cs 3 6 DO 
DO GND SK 4 5 DI 

PIN FUNCTIONS 

Pin Name Function 

cs Chip Select 

SK Clock Input 

DI Serial Data Input 

DO Serial Data Output 

Vee +5V Power Supply 

GND Ground 

NC No Connection 

ORG Memory Organization 

Note: When the ORG pin is connected to Vee, the 64 x 16 organization 
is selected. When it is connected to ground, the 128 x 8 organization 
is selected. II the ORG pin is left unconnected, then an internal pullup 
device will select the 64 x 16 organization. 

@ 1992 by Catalyst Semiconductor, Inc. 

DI 
DO 

3-17 

3 6 ORG DI 
4 5 GND DO 

BLOCK DIAGRAM 

ORG 

DI 

cs 

SK 

Vee GND 

MEMORY ARRAY 
128x8 

OR 
64x16 

DATA 
REGISTER 

MODE DECODE 
LOGIC 

CLOCK 
GENERATOR 

3 

4 
6 ORG 
5 GND 

5041 FHD F01 

ADDRESS 
DECODER 

OUTPUT 
BUFFER 

DO 

5041 FHD F02 

TO 5051 
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CAT93C46B/CAT93C46BI 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to + 125°C 

Storage Temperature ......................... -65°C to + 150°C 

Voltage on any Pin with 
Respect to Ground<1> .............. -2.0V to +Vee +2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 

Package Power Dissipation 
Capability (Ta= 25°C) .................................... 1.0W 

Lead Soldering Temperature (10 secs) ............... 300°C 

Output Short Circuit Current<2> .......................... 100 mA 

RELIABILITY CHARACTERISTICS 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings'' may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Symbol Parameter Min. Max. Units Reference Test Method 

NEND(3) Endurance 100,000 Cycles/Byte MIL-STD-883, Test Method 1033 

TDR(3l Data Retention 100 Years MIL-STD-883, Test Method 1008 

VZAP(3) ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015 

ILTH(3l(4l Latch-Up 100 mA JEDEC Standard 17 

D.C. OPERATING CHARACTERISTICS 

CAT93C46B TA= 0°C to +70°C, Vee= +5V±10%, unless otherwise specified. 
CAT93C46BI TA= -40°C to +85°C, Vee= +5V±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. 

lee1 Power Supply Current 3 
(Operating) 

lee2 Power Supply Current 100 
(Standby) 

lu Input Leakage Current 2 

ILO Output Leakage Current 10 
(Including ORG Pin) 

V1H High Level Input Voltage 2.0 Vee+ 1 

V1L Low Level Input Voltage -0.1 0.8 

VoH High Level Output Voltage 2.4 

VoL Low Level Output Voltage 0.4 

Note: 

Units Test Conditions 

mA DI = O.OV, SK= 5.0V 
Vee = 5.0V, CS = 5.0V, 
Output Open 

µA Vee= 5.5V, CS= OV 
DI =OV SK=OV 

µA V1N = OV to 5.5V 

µA VouT = OV to 5.5V, 
CS=OV 

v 
v 
v loH =-400µA 

v loL = 2.1mA 

(1) The minimum DC input voltage is --0.SV. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Vee +O.SV, which may overshoot to Vee +2.0V for periods of less than 20 ns. 

(2) Output shorted for no more than one second. No more than one output shorted at a time. 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1 V to Vee +1V. 
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INSTRUCTION SET 

Address Data 

Instruction Start Bit Opcode 128 XS 64x 16 128x8 64x 16 

READ 1 1 0 A6-AO A5-AO 

ERASE 1 1 1 A6-AO A5-AO 

WRITE 1 0 1 A6-AO A5-AO D7-DO D15-DO 

EWEN 1 0 0 11XXXXX 11XXXX 

EWDS 1 0 0 ooxxxxx ooxxxx 

ERAL 1 0 0 10XXXXX 10XXXX 

WRAL 1 0 0 01XXXXX 01XXXX D7-DO D15-DO 

A.C. CHARACTERISTICS 

CAT93C468 TA= 0°C to +70°C, Vee= +5V±10%, unless otherwise specified. 
CAT93C4681 TA= -40°C to +85°C, Vee = +5V±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. 

tcss CS Setup Time 50 

tcsH CS Hold Time 0 

trns DI Setup Time 100 

to1H DI Hold Time 100 

tpo1 Output Delay to 1 500 

tpoo Output Delay to 0 500 

tHz(3) Output Delay to High-Z 100 

tEW Program/Erase Pulse Width 10 

tcsMIN Minimum CS Low Time 250 

tsKHI Minimum SK High Time. 100 

ts KL OW Minimum SK Low time 660 

tsv Output Delay to Status Valid 500 

SKMAX Maximum Clock Frequency DC 1 

Note: 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
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CAT93C46B/CAT93C46BI 

Comments 

Read Address AN-AO 

Clear Address AN-AO 

Write Address AN-AO 

Write Enable 

Write Disable 

Clear All Addresses 

Write All Addresses • 
Units Test Conditions 

ns 

ns 

ns CL= 100pF 

ns VoL = o.av, VoH = 2.ov 

ns V1L = 0.45V, V1H = 2.4V 

ns 

ns 

ms 

ns 

ns 

ns 

ns CL= 10QpF 

MHz 



CAT93C468/CAT93C46BI 

DEVICE OPERATION 

The CAT93C468/CAT93C46BI is a 1024 bit nonvolatile 
memory intended for use with industry standard micro
processors. The CAT93C468/CAT93C46BI can be or
ganized as either 64 registers by 16 bits, or as 128 
registers by 8 bits. Seven 9 bit instructions (10 bit 
instruction in 128 by 8 organization) control the reading, 
writing and erase operations of the device. The 
CAT93C468/CAT93C4681 operates on a single 5V sup
ply and will generate on chip, the high voltage required 
during any write operation. 

Instructions, addresses, and write data are clocked into 
the DI pin on the rising edge of the clock (SK). The DO 
pin is normally iri a high impedance state except when 
reading data from the device, or when checking the 
ready/busy status after a write operation. 

Figure 1. Sychronous Data Timing (5) 

SK 

--.-.1D1s 

DI VALID 

cs 

DO 

Figure 2. Read Instruction Timing (5) 

SK 

cs 

DI 

DO 

Note: 

The ready/busy status can be determined after a write 
operation by selecting the device (CS high) and polling 
the DO pin; DO low indicates that the write operation is 
not completed, while DO high indicates that the device 
is ready forthe next instruction. If necessary, the DO pin 
may be placed back into a high impedance state during 
chip select by shifting a dummy "1" into the DI pin. The 
DO pin will enter the high impedance state on the falling 
edge of the clock (SK). Placing the DO pin into the high 
impedance state is recommended in applications where 
the DI pin and the DO pin are to be tied together to form 
a common Dl/O pin. 

The format for all instructions sent to the CAT93C468/ 
CAT93C46BI is a logical "1" start bit, a 2 bit (or4 bit) op 
code, a 6 bit address (7 bit address when organized as 
128x 8), and for write operations a 16 bit data field (8 bit 
data field when organized as 128 x 8). 

5041 FHD F03 

STANDBY 

1HZ~ HIGH-Z -----
D1 Do 

5041 FHD F04 

(5) The ORG pin is used to configure the device forxB orx16 operation. When xa organization is selected, AN= A6 and DN = D7. 
When x16 organization is selected, AN =A5 and DN = D15. 
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At power-down, when Vee falls below a threshold of 
approximately 3.5V, the data protection circuitry inhibits 
the erase and write instructions and a write disable 
(EWDS) is executed internally. 

Read 

Upon receiving a READ command and an address 
(clocked into the DI pin), the DO pin of the CAT93C46B/ 
CAT93C46BI will come out of the high impedance state 
and, after sending an initial dummy zero bit, will begin 
shifting out the data addressed. The output data bits will 
toggle on the rising edge of the SK clock and are stable 
after the specified time delay (tpoo or tpo1). 

Write 

After receiving a WRITE command, address and the 
data, the CS (chip select) pin must be deselected for a 

Figure 3. Write Instruction Timing (5) 

CAT93C46B/CAT93C46BI 

minimum of 250ns (tesM1N). The falling edge of CS will 
start the self clocking clear and data store cycle of the 
memory location specified in the instruction. The clock
ing of the SK pin is not necessary after the device has 
enteredthe self clocking mode. The ready/busy status of 
the CAT93C46B/CAT93C46BI can be determined by 
selecting the device and polling the DO pin. Since this 
device features Auto-Clear before write, it is NOT nec
essary to erase a memory location before the WRITE 
command is sent. 

Erase 

Upon receiving an ERASE command and address, the 
CS (chip select) pin must be deselected for a minimum • 
of 250ns (tcsMIN). The falling edge of CS will start the self 
clocking clear cycle of the memory location specified in 
the instruction. The clocking of the SK pin is not neces-

SK UlJlJU ©<XXXXXXXXXXXXXXXXXXXX 

cs 

DI 

DO 
HIGH-Z 

5041 FHD F05 

Figure 4. Erase Instruction Timing (5) 

SK u ooxxxxxxxxxxxxxxxxxxxxxx 
cs STANDBY 

tcs 

DI 

tsv 
HIGH-Z 

DO 

5041 FHD F07 

Note: 
(5) The ORG pin is used to configure the device for xs or x16 operation. When xs organization is selected, AN = A6 and DN = 07. 

When x16 organization is selected, AN= A5 and DN = D15. 
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CAT93C46B/CAT93C46BI 

sary after the device has entered the self clocking mode. 
The ready/busy status of the CAT93C468/CAT93C4681 
can be determined by selecting the device and polling 
the DO pin. Once cleared, the content of a cleared 
location returns to a logical "1" state. 

Erase/Write Enable and Disable 

The CAT93C468/CAT93C46BI powers up in the write 
disable state. Any writing after power-up or after an 
EWDS (write disable) instruction must first be preceded 
by the EWEN (write enable) instruction. Once the write 
instruction is enabled, it will remain enabled until power 
to the device is removed, or the EWOS instruction is 
sent. The EWDS instruction can be used to disable all 
CAT93C46B/CAT93C46BI write and clear instructions, 

Figure 5. EWEN/EWDS Instruction Timing (5) 

SK 

cs _) 

DI 0 0 

and will prevent any accidental writing or clearing of the 
device. Data can be read normally from the device 
regardless of the write enable/disable status. 

Erase All 

Upon receiving an ERAL command, the CS (chip select) 
pin must be deselected for a minimum of 250ns (tcsM1N). 
The falling edge of CS will start the self clocking clear 
cycle of all memory locations in the device. The clocking 
of the SK pin is not necessary after the device has 
entered the self clocking mode. The ready/busy status of 
the CAT93C468/CAT93C46BI can be determined by 
selecting the device and polling the DO pin. Once 
cleared, the contents of all memory bits return to a logical 
"1" state. 

\--~~~-ST._A_N_D_BY~~~~ 

* ENABLE= 11 64 x 16 = 4 DON'T CARE BITS 
DISABLE= 00 128 x 8 = 5 DON'T CARE BITS 

5041 FHD FOO 

Figure 6. ERAL Instruction Timing (5) 

SK lnJ ©<XXXXXXXXXXXXXXXXXX 
cs 

DI 0 0 

HIGH-Z 
DO 

5041 FHO FOB 

Note: 
(5) The ORG pin is used to configure the device forx8 or x16 operation. When xs organization is selected, AN= A6 and DN = D7. 

When x16 organization is selected, AN= A5 and DN = D15. 
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Write All 

Upon receiving a WRAL command and data, the CS 
(chip select) pin must be deselected for a minimum of 
250ns (tcsMIN). The falling edge of CS will start the self 
clocking data write to all memory locations in the device. 
The clocking of the SK pin is not necessary after the 

Figure 7. WRAL Instruction Timing (5) 

SK 

cs 

DI 0 0 0 

DO 

Note: 

CAT93C46B/CAT93C46BI 

device has entered the self clocking mode. The ready/ 
busy status of the CAT93C46B/CAT93C46BI can be 
determined by selecting the device and polling the DO 
pin. It IS necessary for all memory locations to be 
cleared before the WRAL command is executed. 

STANDBY. 

HIGH-Z 

5041 FHD F09 

(5) The ORG pin is used to configure the device forxB orx16 operation. When xB organization is selected, AN= A6 and DN = 07. 
When x16 organization is selected, AN= A5 and ON= 015. 
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CAT33C101/CAT33C1011 
1 K-Bit SERIAL E2PROM 

FEATURES 

• Low Power CMOS Technology 

• Single 3V Supply 

• 64 x 16 or 128 x 8 Selectable Serial Memory 

• Self-Timed Write Cycle with Auto-Clear 

• Hardware and Software Write Protection 

DESCRIPTION 

The CAT33C101 and CAT33C1011are1K bit Serial 
E2PROM memory devices which can be configured as 
either 64 registers by 16 bits (ORG pin at VeC) or 128 
registers by 8 bits (ORG pin at GND). Each register can 
be written (or read) serially by using the DI (or DO) pin. 
The CAT33C101/CAT33C101 I is manufactured using 

PIN CONFIGURATION 

DIP Package SO Package J 

cs Vee NC 8 

SK NC Vee 2 7 

DI ORG cs 3 6 

DO GND SK 4 5 

PIN FUNCTIONS 

Pin Name Function 

cs Chip Select 

SK Clock Input 

DI Serial Data Input 

DO Serial Data Output 

Vee +3V Power Supply 

GND Ground 

NC No Connection 

ORG Memory Organization 

ORG 

GND 

DO 

DI 

Note: When the ORG pin is connected to V cc, the 64 x 16 organization 
is selected. When it is connected to ground, the 128 x 8 organization 
is selected. If the ORG pin is left unconnected, then an internal pullup 
device will select the 64 x 16 organization. 

© 1992 by Catalyst Semiconductor, Inc. 

cs 

• Power-Up lnadvertant Write Protection 

• 100,000 Program/Erase Cycles 

• 100 Year Data Retention 

• Optional High Endurance Device Available 

Catalyst's advanced CMOS E2PROM floating gate tech
nology. It is designed to endure 100,000 program/erase 
cycles and has a data retention of 100 years. The device 
is available in 8 pin DIP or SO packages. 

SO Package S SO Package K 

8 Vee cs 8 Vee 
SK 2 7 NC SK 2 7 NC 

DI 

DO 
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3 6 ORG DI 

4 5 GND DO 
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CAT33C101/CAT33C1011 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to + 125°C 

Storage Temperature ......................... -65°C to + 150°C 

Voltage on any Pin with 
Respect to Ground(1l .............. -2.0V to +Vee +2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 

Package Power Dissipation 
Capability (Ta= 25°C) .................................... 1.0W 

Lead Soldering Temperature (1 O secs) ............... 300°C 

Output Short Circuit Current(2l .......................... 100 mA 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NENo(3) Endurance 100,000 

ToR(3) Data Retention 100 

VZAp(3) ESD Susceptibility 2000 

ILTH(3)(4) Latch-Up 100 

D.C. OPERATING CHARACTERISTICS 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Units Reference Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

CAT33C101TA=0°c to +70°C, Vee= +3V±10%, unless otherwise specified. 
CAT33C101 I TA= -40°C to +85°C, Vee= +3V±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units Test Conditions 

lee1 Power Supply Current 2 mA DI = O.OV, SK= 3.3V 
(Operating) Vee= 3.3V, CS= 3.3V, 

Output Open 

lce2 Power Supply Current 50 µA Vee= 3.3V, CS= OV 
(Standby) DI= OV SK =OV 

lu Input Leakage Current 2 µA V1N = OV to 3.3V 

ILO Output Leakage Current 10 µA VouT = ov to 3.3V, 
(Including ORG Pin) CS=OV 

V1H High Level Input Voltage Vee- 0.3 Vee+ 1 v 
V1L Low Level Input Voltage -0.1 0.3 v 
VoH High Level Output Voltage Vee- 0.3 v loH = -10µs 

VoL Low Level Output Voltage 0.3 v loL = 10µs 

Note: 
(1) The minimum DC input voltage is --0.5V. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +0.5V, which may overshoot to Vee +2.0V for periods of less than 20 ns. 
(2) Output shorted for no more than one second. No more than one output shorted at a time. 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from-1V to Vee +1V. 
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INSTRUCTION SET 

Address Data 

Instruction Start Bit Opcode 128 x8 64x16 128 x 8 64x16 

READ 1 1 0 A6-AO AS-AO 

ERASE 1 1 1 A6-AO AS-AO 

WRITE 1 0 1 A6-AO AS-AO D7-DO D1S-DO 

EWEN 1 0 0 11XXXXX 11XXXX 

EWDS 1 0 0 ooxxxxx ooxxxx 
ERAL 1 0 0 10XXXXX 10XXXX 

WRAL 1 0 0 01XXXXX 01XXXX D7-DO D1S-DO 

A.C. CHARACTERISTICS 

CAT33C101TA=0°C to +70°C, Vee= +3V±10%, unless otherwise specified. 
CAT33C1011 TA= -40°C to +8S°C, Vee = +3V±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. 

tcss CS Setup Time 200 

tcsH CS Hold Time 0 

to1s DI Setup Time 400 

to1H DI Hold Time 400 

tpo1 Output Delay to 1 2 

tpoo Output Delay to 0 2 

tHz{3) Output Delay to High-Z 400 

tEW Program/Erase Pulse Width 20 

tcSMIN Minimum CS Low Time 1 

tsKHI Minimum SK High Time 1 

ts KL OW Minimum SK Low time 1 

tsv Output Delay to Status Valid 1 

SKMAX Maximum Clock Frequency DC 2SO 

Note: 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
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CAT33C101/CAT33C1011 

Comments 

Read Address AN-AO 

Clear Address AN-AO 

Write Address AN-AO 

Write Enable 

Write Disable 

Clear All Addresses 

Write All Addresses • 
Units Test Conditions 

ns 

ns 

ns CL= 100pF 

ns VoL = 0.8V, VoH = 2.0V 

µs V1L = 0.4SV, V1H = 2.4V 

µs 

ns 

ms 

µs 

µs 

µs 

µs CL= 100pF 

kHz 



CAT33C101/CAT33C1011 

DEVICE OPERATION 

The CAT33C101/CAT33C1011 is a 1024 bit nonvolatile 
memory intended for use with industry standard micro
processors. The CAT33C101/CAT33C1011 can be or
ganized as either 64 registers by 16 bits, or as 128 
registers by 8 bits. Seven 9 bit instructions (10 bit 
instruction in 128 by 8 organization) control the reading, 
writing and erase operations of the device. The 
CAT33C101 /CA T33C1011 operates on a single 3V sup
ply and will generate on chip, the high voltage required 
during any write operation. 

Instructions, addresses, and write data are clocked into 
the DI pin on the rising edge of the clock (SK). The DO 
pin is normally in a high impedance state except when 
reading data from the device, or when checking the 
ready/busy status after a write operation. 

Figure 1. Sychronous Data Timing (5) 

SK 

--~tD1s 
....,...,...,....,...,"""..,...,...,.1 

DI VALID 

cs 

DO 

Figure 2. Read Instruction Timing (5) 

SK 

cs 

DI 

DO 

Note: 

The ready/busy status can be determined after a write 
operation by selecting the device (CS high) and polling 
the DO pin; DO low indicates that the write operation is 
not completed, while DO high indicates that the device 
is ready for the next instruction. If necessary, the DO pin 
may be placed back into a high impedance state during 
chip select by shifting a dummy "1" into the DI pin. The 
DO pin will enter the high impedance state on the falling 
edge of the clock (SK). Placing the DO pin into the high 
impedance state is recommended in applications where 
the DI pin and the DO pin are to be tied together to form 
a common Dl/O pin. 

The format for all instructions sent to the CAT33C101/ 
CAT33C1011 is a logical "1" start bit, a 2 bit (or 4 bit) op 
code, a 6 bit address (7 bit address when organized as 
128x 8), and for write operations a 16 bit data field (8 bit 
data field when organized as 128 x 8). 

VALID 

5041 FHO F03 

STANDBY 

~~r: __ ~~ HIGH-Z 

D1 Do 
5041 FHO F04 

(5) The ORG pin is used to configure the device forx8 or x16 operation. When x8 organization is selected, AN= A6 and DN = D7. 
When x16 organization is selected, AN= AS and DN = D15. 
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At power-down, when Vee falls below a threshold of 
approximately 2.4V, the data protection circuitry inhibits 
the erase and write instructions and a write disable 
(EWDS) is executed internally. 

NOTE: This device will accept a start bit that is gener
ated when both SK and DI are high with respect to a low 
to high transition of CS. 

Read 

Upon receiving a READ command and an address 
(clocked into the DI pin), the DO pin of the CAT33C101/ 
CAT33C1011 will come out of the high impedance state 
and, after sending an initii~.I dummy zero bit, will begin 
shifting out the data addressed. The output data bits will 
toggle on the rising edge of the SK clock and are stable 
after the specified time delay (tpoo or tpo1). 

Write 

After receiving a WRITE command, address and the 

Figure 3. Write Instruction Timing (5) 

CAT33C101/CAT33C1011 

data, the CS (chip select) pin must be deselected for a 
minimum of 1 µs (tcsM1N). The falling edge of CS will start 
the self clocking clear and data store cycle of the 
memory location specified in the instruction. The clock
ing of the SK pin is not necessary after the device has 
entered the self clocking mode. The ready/busy status of 
the CAT33C101/CAT33C1011 can be determined by 
selecting the device and polling the DO pin. Since this 
device features Auto-Clear before write, it is NOT nec
essary to erase a memory location before the WRITE 
command is sent. 

Erase 

Upon receiving an ERASE command and address, the • 
CS (chip select) pin must be deselected for a minimum 
of 1 µs (tesM1N). The falling edge of CS will start the self 
clocking clear cycle of the memory location specified in 
the instruction. The clocking of the SK pin is not neces-
sary after the device has entered the self clocking mode. 
The ready/busy status of the CAT33C101/CAT33C1011 

SK u-uuu Rxxxxxxxxxxxxxxxxxxxxx 
cs STANDBY 

DI 

tsv 
HIGH-Z 

DO 

Figure 4. Erase Instruction Timing (5) 

SK 1J RXXXXXXXXXXXXXXXXXXXXXXXXXX 

cs 

DI 

HIGH-Z 
DO 

5041 FHD F07 

Note: 
(5) The ORG pin is used to configure the device forx8 orx16 operation. When x8 organization is selected, AN= AS and ON= 07. 

When x16 organization is selected, AN= AS and ON= 015. 
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CAT33C101/CAT33C1011 

can be determined by selecting the device and polling 
the DO pin. Once cleared, the content of a cleared 
location returns to a logical "1" state. 

Erase/Write Enable and Disable 

The CAT33C101/CAT33C1011 powers up in the write 
disable state. Any writing after power-up or after an 
EWDS (write disable) instruction must first be preceded 
by the EWEN (write enable) instruction. Once the write 
instruction is enabled, it will remain enabled until power 
to the device is removed, or the EWDS instruction is 
sent. The EWDS instruction can be used to disable all 
CAT33C101/CAT33C1011 write and clear instructions, 
and will prevent any accidental writing or clearing of the 
device. Data can be read normally from the device 
regardless of the write enable/disable status. 

Erase All 

Upon receiving an ERALcommand, the CS (chip select) 
pin must be deselected for a minimum of 1µs (tcsMIN). 

Figure 5. EWEN/EWDS Instruction Timing (5) 

SK 

cs _/ 

DI 0 0 

The falling edge of CS will start the self clocking clear 
cycle of all memory locations in the device. The clocking 
of the SK pin is not necessary after the device has 
entered the self clocking mode. The ready/busy status of 
the CAT33C101/CAT33C101 I can be determined by 
selecting the device and polling the DO pin. Once 
cleared, the contents ofall memory bits return to a logical 
"1" state. 

Write All 

Upon receiving a WRAL command and data, the CS 
(chip select) pin must be deselected for a minimum of 
1µs (tcsM1N). The falling edge of CS will start the self 
clocking data write to all memory locations in the device. 
The clocking of the SK pin is not necessary after the 
device has entered the self clocking mode. The ready/ 
busy status of the CAT33C101/CAT33C101 I can be 
determined by selecting the device and polling the DO 
pin. It IS necessary for all memory locations to be 
cleared before the WRAL command is executed. 

\ STANDBY --------

* ENABLE= 11 64 x 16 = 4 DON'T CARE BITS 
DISABLE= 00 128 x 8 = 5 DON'T CARE BITS 

5041 FHD F06 

Figure 6. ERAL Instruction Timing (5) 

SK 1JlJ ~xxxxxxxxxxxxxxxxxxxxxxxxxxx 
cs 

DI 0 0 

HIGH-Z 
DO 

5041 FHD FOB 

Note: 
(5) The ORG pin is used to configure the device for xB or x16 operation. When xB organization is selected, AN= A6 and DN = D7. 

When x16 organization is selected, AN= AS and DN = D15. 
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Start Bit Timing 

The CAT33C101/CAT33C101 I features an alternate 
start bit timing where the device will accept a start bit that 
is generated when both SK and DI are high with respect 
to a low to high transition of CS (see Figure 8). This 

Figure 7. WRAL Instruction Timing (5) 

CAT33C101/CAT33C1011 

allows the user to send instructions from microproces
sors that transmit and receive data using a sequence of 
8 clock cycles only. Once this start bit is generated all 
subsequent data is clocked into the device on the 
positive clock edge of SK. 

SK Ul__fU1-J t><xxxxxxxxxxxxxxxxxxxx 
cs STANDBY. 

DI 0 0 0 

DO 

5041 FHD F09 

Figure 8. Alternate Start Bit Timing Example: Read Instruction (x 16) (5) 

+ START BIT GENERATED 

SK 

cs 

DI 

DO 

5041 FHD F10 

Note: 
(5) The ORG pin is used to configure the device forxB orx16 operation. When xB organization is selected, AN= A6 and DN = D7. 

When x16 organization is selected, AN= AS and DN = D15. 
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CAT32C101 
1 K-Bit SERIAL E2PROM 

FEATURES 

• Low Power CMOS Technology 

• 2.2 to 3.5V Operation 

• 64x16 or 128 x 8 Selectable Serial Memory 

• Self-Timed Write Cycle with Auto-Clear 

• 1.9V Read Operation 

DESCRIPTION 

The CAT32C101 is a 1 K bit Serial E2PROM memory 
device which can be configured as either 64 registers by 
16 bits (ORG pin at Veq or 128 registers by 8 bits (ORG 
pin at GND). Each register can be written (or read) 
serially by using the DI (or DO) pin. The CAT32C1 01 is 

PIN CONFIGURATION 

DIP Package SO Package J 

cs 
SK 

DI 

DO 

Vee 
NC 

ORG 

GND 

PIN FUNCTIONS 

Pin Name Function 

cs Chip Select 

SK Clock Input 

DI Serial Data Input 

DO Serial Data Output 

8 

7 
6 

5 

ORG 

GND 

DO 

DI 

Vee +2.2V to +3.5V Power Supply 

GND Ground 

NC No Connection 

ORG Memory Organization 

Note: When the ORG pin is connected to Vee. the 64x 16 organization 
is selected. When it is connected to ground, the 128 x 8 organization 
is selected. If the ORG pin is left unconnected, then an internal pullup 
device will select the 64 x 16 organization. 

© 1992 by Catalyst Semiconductor, Inc. 

• Hardware and Software Write Protection 

• Power-Up lnadvertant Write Protection 

• 100,000 Program/Erase Cycles 

• 100 Year Data Retention 

• Optional High Endurance Device Available 

manufactured using Catalyst's advanced CMOS 
E2PROM floating gate technology. It is designed to 
endure 100,000 program/erase cycles and has a data 
retention of 100 years. The device is available in 8 pin 
DIP or SO packages. 

SO Package K 

cs 
SK 

DI 

DO 
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8 Vee 
2 7 NC 
3 6 ORG 

4 5 GND 
5041 FHD F01 

BLOCK DIAGRAM 

ORG 

DI 

cs 

SK 

Vee GND 

MEMORY ARRAY 
128 x 8 

OR 
64x16 

DATA 
REGISTER 

MODE DECODE 
LOGIC 

CLOCK 
GENERATOR 

ADDRESS 
DECODER 

OUTPUT 
BUFFER 

DO 

5041 FHD F02 

TD 5043 

Characteristics subject to change without notice 
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CAT32C101 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to + 125°C 

Storage Temperature ......................... -65°C to +150°C 

Voltage on any Pin with 
Respect to Ground<1> .............. -2.0V to +Vee +2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 

Package Power Dissipation 
Capability (Ta= 25°C) .................................... 1.0W 

Lead Soldering Temperature (10 secs) ............... 300°C 

Output Short Circuit Current<2> .......................... 100 mA 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NEND(3) Endurance 100,000 

ToR<3> Data Retention 100 

VZAp(3) ESD Susceptibility 2000 

ILTH<3><4l Latch-Up 100 

D.C. OPERATING CHARACTERISTICS 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliabiltty. 

Units Reference Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

CAT32C101 TA= 0°C to +70°C, Vee= +2.2V to +3.5V, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units Test Conditions 

lcc1 Power Supply Current 2 mA DI = O.OV, SK= 3.5V 
(Operating) Vee= 3.5V, CS = 3.5V, 

Output Open 

lcc2 Power Supply Current 2 µA Vee= 3.5V, CS= OV 
(Standby) DI =OV SK =OV 

ORG =3.5V 

lu Input Leakage Current 2 µA V1N = OV to 3.5V 

ILO Output Leakage Current 10 µA VouT = ov to 3.5V, 
(Including ORG Pin) CS=OV 

V1H High Level Input Voltage Vcc-0.3 Vee+ 1 v 
V1L Low Level Input Voltage -0.1 0.3 v 
VoH High Level Output Voltage Vcc-0.3 v loH =...;.10µA 

VoL Low Level Output Voltage 0.3 v loL = 10µA 

Note: 
( 1) The minimum DC input voltage is -0.SV. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +0.5V, which may overshoot to Vee +2.0V for periods of less than 20 ns. 
(2) Output shorted for no more than one second. No more than one output shorted at a time. 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1 V to Vee +1V. 
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CAT32C101 

INSTRUCTION SET 

Address Data 

Instruction Start Bit Opcode 128x8 64x16 128 x 8 64x16 Comments 

READ 1 1 0 A6-AO AS-AO Read Address AN-AO 

ERASE 1 1 1 A6-AO AS-AO Clear Address AN-AO 

WRITE 1 0 1 A6-AO AS-AO D7-DO D1S-DO Write Address AN-AO 

EWEN 1 0 0 11XXXXX 11XXXX Write Enable 

EWDS 1 0 0 ooxxxxx ooxxxx Write Disable 

ERAL 1 0 0 10XXXXX 10XXXX Clear All Addresses 

WRAL 1 0 0 01XXXXX 01XXXX D7-DO D15-DO Write All Addresses • A.C. CHARACTERISTICS 

CAT32C101 TA= 0°C to +70°C, Vee= +2.2V to +3.SV, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units Test Conditions 

tess CS Setup Time 200 ns 

tcsH CS Hold Time 0 ns CL= 100pF 

trns DI Setup Time 400 ns VoL= 0.3V 

to1H DI Hold Time 400 ns VoH =Vee - 0.3 

tpo1 Output Delay to 1 2 µs V1L= 0.3V 

tpoo Output Delay to 0 2 µs V1H = Vee - 0.3 

tHz(3) Output Delay to High-Z 400 ns 

tEW Program/Erase Pulse Width 20 ms 

teSMIN Minimum CS Low Time 1 µs 

tsKHI Minimum SK High Time 1 µs 

tsKLOW Minimum SK Low time 1 µs 

tsv Output Delay to Status Valid 1 µs CL= 100pF 

SKMAX Maximum Clock Frequency DC 2SO kHz 

Note: 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
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CAT32C101 

DEVICE OPERATION 

The CAT32C101 is a 1024 bit nonvolatile memory 
intended for use with industry standard microproces
sors. The CAT32C101 can be organized as either 64 
registers by 16 bits, or as 128 registers by 8 bits. Seven 
9 bit instructions (1 0 bit instruction in 128 by 8 organiza
tion) control the reading, writing and erase operations of 
the device. The CAT32C101 operates on a single 2.2-
3.5V supply and will generate on chip, the high voltage 
required during any write operation. 

Instructions, addresses, and write data are clocked into 
the DI pin on the rising edge of the clock (SK). The DO 
pin is normally in a high impedance state except when 
reading data from the device, or when checking the 
ready/busy status after a write operation. 

The ready/busy status can be determined after a write 

Figure 1. Sychronous Data Timing (5) 

SK 

i.---trns 

DI VALID 

cs 

operation by selecting the device (CS high) and polling 
the DO pin; DO low indicates that the write operation is 
not completed, while DO high indicates that the device 
is ready for the next instruction. If necessary, the DO pin 
may be placed back into a high impedance state during 
chip select by shifting a dummy "1" into the DI pin. The 
DO pin will enterthe high impedance state on the falling 
edge of the clock (SK). Placing the DO pin into the high 
impedance state is recommended in applications where 
the DI pin and the DO pin are to be tied together to form 
a common Dl/O pin. 

The format for all instructions sent to the CAT32C101 is 
a logical "1" start bit, a 2 bit (or 4 bit) op code, a 6 bit 
address (7 bit address when organized as 128 x 8), and 
for write operations a 16 bit data field (8 bit data field 
when organized as 128 x 8). 

tcsH 

VALID 

DO 

trns i.-------..-itpDo,tPD 1 

DATA VALID 

5041 FHD F03 

Figure 2. Read Instruction Timing (5) 

SK 

cs 

STANDBY 

DI 

DO 
~~r-__ ~~ HIGH-Z 

D1 Do 
5041 FHO F04 

Note: 
(5) The ORG pin is used to configure the device forx8 or x16 operation. When xs organization is selected, AN= A6 and DN = D7. 

When x16 organization is selected, AN =AS and DN = D 15. 
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At power-down, when Vee falls below a threshold of 
approximately 1.7V, the data protection circuitry inhibits 
the erase and write instructions and a write disable 
(EWDS) is executed internally. 

NOTE: This device will accept a start bit that is gener
ated when both SK and DI are high with respect to a low 
to high transition of CS. 

Read 

Upon receiving a READ command and an address 
(clocked into the DI pin), the DO pin of the CAT32C101 
will come out of the high impedance state and, after 
sending an initial dummy zero bit, will begin shifting out 
the data addressed. The output data bits will toggle on 
the rising edge of the SK clock and are stable after the 
specified time delay (tpoo or tpo1). 

Write 

After receiving a WRITE command, address and the 

Figure 3. Write Instruction Timing (5) 

CAT32C101 

data, the CS (chip select) pin must be deselected for a 
minimum of 1 µs (tcsM1N). The falling edge of CS will start 
the self clocking clear and data store cycle of the 
memory location specified in the instruction. The clock
ing of the SK pin is not necessary after the device has 
entered the self clocking mode. The ready/busy status of 
the CAT32C101 can be determined by selecting the 
device and polling the DO pin. Since this device features 
Auto-Clear before write, it is NOT necessary to erase a 
memory location before the WRITE command is sent. 

Erase 

Upon receiving an ERASE command and address, the • 
CS (chip select) pin must be deselected for a minimum 
of 1 µs (tcsMIN). The falling edge of CS will start the self 
clocking clear cycle of the memory location specified in 
the instruction. The clocking of the SK pin is not neces-
sary afterthe device has entered the self clocking mode. 
The ready/busy status of the CAT32C101 can be deter-
mined by selecting the device and polling the DO pin. 

SK 1-rLJ111J C<XXxxxxxxxxxxxxxxxxxxx 

cs 

DI 

HIGH-Z 
DO 

5043 FHO FOS 

Figure 4. Erase Instruction Timing (5) 

SK u ~xxxxxxxxxxxxxxxxxxxxxx 
cs 

DI 

HIGH-Z 
DO 

5041 FHD FD7 

Note: 
(5) The ORG pin is used to configure the device forx8 orx16 operation. When x8 organization is selected, AN= A6 and DN = D7. 

When x16 organization is selected, AN= A5 and DN = D15. 
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CAT32C101 

Once cleared, the content of a cleared location returns 
toa logical "1" state. 

Erase/Write Enable and Disable 

The CAT32C101 powers up in the write disable state. 
Any writing after power-up or after an EWDS (write 
disable) instruction must first be preceded by the EWEN 
(write enable) instruction. Once the write instruction is 
enabled, it will remain enabled until power to the device 
is removed, or the EWDS instruction is sent. The EWDS 
instruction can be used to disable all CAT32C101 write 
and clear instructions, and will prevent any accidental 
writing or clearing of the device. Data can be read 
normally from the device regardless of the write enable/ 
disable status. 

Erase All 

Upon receiving an ERAL command, the CS (chip select) 
pin must be deselected for a minimum of 1µs (tcsMJN). 

Figure 5. EWEN/EWDS Instruction Timing (5) 

SK 

cs _/ 

DI 0 0 

The falling edge of CS will start the self clocking clear 
cycle of all memory locations in the device. The clocking 
of the SK pin is not necessary after the device has 
entered the self clocking mode. The ready/busy status of 
the CAT32C101 can be determined by selecting the 
device and polling the DO pin. Once cleared, the con
tents of all memory bits return to a logical "1" state. 

Write All 

Upon receiving a WRAL command and data, the CS 
(chip select) pin must be deselected for a minimum of 
1µs (tcsMJN). The falling edge of CS will start the self 
clocking data write to all memory locations in the device. 
The clocking of the SK pin is not necessary after the 
device has entered the self clocking mode. The ready/ 
busy status of the CAT32C101 can be determined by 
selecting the device and polling the DO pin. It IS neces
sary for all memory locations to be cleared before the 
WRAL command is executed. 

\ STANDBY ---------

• ENABLE= 11 64 x 16 = 4 DON'T CARE BITS 
DISABLE= 00 128 x B = 5 DON'T CARE BITS 

5041 FHD F06 

Figure 6. ERAL Instruction Timing (5) 

SK uu rnxxxxxxxxxxxxxxxxxxxxxxx 
cs 

DI 0 0 

HIGH-Z 
DO 

5041 FHD FOB 

Nole: 
(5) The ORG pin is used to configure the device for xe or x16 operation. When xB organization is selected, AN = A6 and DN = 07. 

When x16 organization is selected, AN = AS and ON = D 15. 
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Start Bit Timing 

The CAT32C101 features an alternate start bit timing 
where the device will accept a start bit that is generated 
when both SK and DI are high with respectto a low to high 
transition of CS (see Figure 8). This allows the user to 

Figure 7. WRAL Instruction Timing (5) 

CAT32C101 

send instructions from microprocessors that transmit and 
receive data using a sequence of 8 clock cycles only. 
Once this start bit is generated all subsequent data is 
clocked into the device on the positive clock edge of SK. 

SK U-U-Vu txXXXxxxxxxxxxxxxxxxxx 
cs STANDBY 

DI 0 0 0 

DO 
HIGH-Z 

5041 FHD F09 

Figure 8. Alternate Start Bit Timing Example: Read Instruction (x 16) (5) 

• START BIT GENERATED 

SK 

_.,------------------------- - - -- - -- - - - - - - - -- - . 
cs 

DI 

HIGH·Z 
DO ---------------------------..0 

5041 FHD F10 

Note: 
(5) The ORG pin is used to configure the device forxs orx16 operation. When x8 organization is selected, AN= AS and DN = D7. 

When x16 organization is selected, AN =AS and DN = D15. 
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CAT93C56/CAT93C561 
2K-Bit SERIAL E2PROM 

FEATURES 

• High Speed Operation: 1 MHz 

• Low Power CMOS Technology 

• Single 5V Supply 

• 128 x 16 or 256 x 8 Selectable Serial Memory 

• Self-Timed Write Cycle with Auto-Clear 

DESCRIPTION 

The CAT93C56 and CAT93C561 are 2K bit Serial 
E2PROM memory devices which can be configured as 
either 128 registers by 16 bits (ORG pin at Vcq or 256 
registers by 8 bits (ORG pin at GND). Each register can 
be written (or read) serially by using the DI (or DO) pin. 
The CAT93C56/CAT93C561 is manufactured using 

PIN CONFIGURATION 

DIP Package SO Package S 

cs 
SK 
DI 

DO 

Vee 
NC 
ORG 

GND 

PIN FUNCTIONS 

Pin Name 

cs 
SK 

DI 

DO 

Vee 

GND 

NC 

ORG 

Function 

Chip Select 

Clock Input 

Serial Data Input 

8 

7 

6 

5 

Serial Data Output 

+5V Power Supply 

Ground 

No Connection 

Memory Organization 

Vee 
NC 
ORG 

GND 

Note: When the ORG pin is connected to Vee, the 12Bx 16 organiza
tion is selected. When it is connected to ground, the 256 x B organiza
tion is selected. If the ORG pin is left unconnected, then an internal 
pullup device will select the 128 x 16 organization. 

cs 
SK 
DI 

DO 

© 1992 by Catalyst Semiconductor, Inc. 
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• Hardware and Software Write Protection 

• Power-Up lnadvertant Write Protection 

• 100,000 Program/Erase Cycles 

• 100 Year Data Retention 

• Optional High Endurance Device Available 

Catalyst's advanced CMOS E2PROM floating gate tech
nology. It is designed to endure 100, 000 program/erase 
cycles and has a data retention of 100 years. The device 
is available in 8 pin DIP or SO packages. 

SO Package K 

8 

7 

6 

5 

Vee 
NC 
ORG 

GND 

5044 FHD F01 

BLOCK DIAGRAM 

ORG 

DI 

cs 

SK 

Vee GND 

MEMORY ARRAY 
256 x B 

OR 
128 x16 

DATA 
REGISTER 

MODE DECODE 
LOGIC 

CLOCK 
GENERATOR 

ADDRESS 
DECODER 

OUTPUT 
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CAT93C56/CAT93C561 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to + 125°C 

Storage Temperature ......................... -65°C to +150°C 

Voltage on any Pin with 
Respect to Ground<1l .............. -2.0V to +Vee +2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 

Package Power Dissipation 
Capability (Ta= 25°C) .................................... 1.0W 

Lead Soldering Temperature (1 O secs) ............... 300°C 

Output Short Circuit Current<2l .......................... 100 mA 

RELIABILITY CHARACTERISTICS 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings'' may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Symbol Parameter Min. Max. Units Reference Test Method 

NEND(3) Endurance 100,000 Cycles/Byte MIL-STD-883, Test Method 1033 

ToR(3l Data Retention 100 Years MIL-STD-883, Test Method 1008 

VZAp(3) ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015 

ILTH(3H4l Latch-Up 100 mA JEDEC Standard 17 

D.C. OPERATING CHARACTERISTICS 

CAT93C56 TA= 0°C to +70°C, Vee= +5V±10%, unless otherwise specified. 
CAT93C561 TA= -40°C to +85°C, Vee= +5V±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. 

lcc1 Power Supply Current 3 
(Operating) 

lee2 Power Supply Current 100 
(Standby) 

lu Input Leakage Current 2 

ILO Output Leakage Current 10 
(Including ORG Pin) 

V1H High Level Input Voltage 2.0 Vee+ 1 

V1L Low Level Input Voltage -0.1 0.8 

VoH High Level Output Voltage 2.4 

VoL Low Level Output Voltage 0.4 

Note: 

Units Test Conditions 

mA DI = O.OV, SK = 5.0V 
Vee = 5.0V, CS = 5.0V, 
Output Open 

µA Vee= 5.5V, CS= OV 
DI= OV SK= OV 

µA V1N = OV to 5.5V 

µA Vour = OV to 5.5V, 
CS=OV 

v 
v 
v loH =-400µA 

v IOL =2.lmA 

(1) The minimum DC input voltage is --0.5V. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Vee +0.5V, which may overshoot to Vee +2.0V for periods of less than 20 ns. 

(2) Output shorted for no more than one second. No more than one output shorted at a time. 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vee +1V. 
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INSTRUCTION SET 

Address Data 

Instruction Start Bit Opcode 256x8 128 x 16 256x8 128x16 

READ<5> 1 1 0 AS-AO A7-AO 

ERASE<5> 1 1 1 AS-AO A7-AO 

WRITE<5> 1 0 1 A8-AO A7-AO 07-DO D15-DO 

EWEN 1 0 0 11XXXXXXX 11XXXXXX 

EWDS 1 0 0 ooxxxxxxx ooxxxxxx 

ERAL 1 0 0 10XXXXXXX 10XXXXXX 

WRAL 1 0 0 01XXXXXXX 01XXXXXX D7-DO D15-DO 

A.C. CHARACTERISTICS 

CAT93C56 TA= 0°C to +70°C, Vee= +5V±10%, unless otherwise specified. 
CAT93C561 TA= -40°C to +85°C, Vee = +5V±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units 

less CS Setup Time 50 ns 

tcsH CS Hold Time 0 ns 

to1s DI Setup Time 100 ns 

IDIH DI Hold Time 100 ns 

IPD1 Output Delay to 1 500 ns 

tpoo Output Delay to 0 500 ns 

IHz(3) Output Delay to High-Z 100 ns 

IEW Program/Erase Pulse Width 10 ms 

tcSMIN Minimum CS Low Time 250 ns 

tSKHI Minimum SK High Time 100 ns 

ts KL OW Minimum SK Low time 660 ns 

tsv Output Delay to Status Valid 500 ns 

SKMAX Maximum Clock Frequency DC 1 MHz 

Note: 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 

CAT93C56/CAT93C561 

Comments 

Read Address AN-AO 

Clear Address AN-AO 

Write Address AN-AO 

Write Enable 

Write Disable 

Clear All Addresses 

Write All Addresses 

Test Conditions 

CL= 100pF 

VoL = o.av. VoH = 2.ov 

V1L= 0.45V, V1H = 2.4V 

CL= 100pF 

(5) Address bit AS for 256 x 8 ORG and A7 for 128 x 16 ORG are "Don't Care" bits, but must be kept at either a "1" or ''O" for READ, WRITE 
and ERASE commands. 
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CAT93C56/CAT93C561 

DEVICE OPERATION 

The CAT93C56/CAT93C561 is a 2048 bit nonvolatile 
memory intended for use with industry standard micro
processors. The CAT93C56/CAT93C561 can be orga
nized as either 128 registers by 16 bits, or as 256 
registers by 8 bits. Seven 11 bit instructions (12 bit 
instruction in 256 by 8 organization) control the reading, 
writing and erase operations of the device. The 
CAT93C56/CAT93C561 operates on a single 5V supply 
and will generate on chip, the high voltage required 
during any write operation. · 

Instructions, addresses, and write data are clocked into 
the DI pin on the rising edge of the clock (SK). The DO 
pin is normally in a high impedance state except when 
reading data from the device, or when checking the 
ready/busy status after a write operation. 

The ready/busy status can be determined after a write 

Figure 1. Sychronous Data Timing (6) 

operation by selecting the device (CS high) and polling 
the DO pin; DO low indicates that the write operation is 
not completed, while DO high indicates that the device 
is ready for the next instruction. If necessary, the DO pin 
may be placed back into a high impedance state during 
chip select by shifting a dummy "1" into the DI pin. The 
DO pin will enterthe high impedance state on the falling 
edge of the clock (SK). Placing the DO pin into the high 
impedance state is recommended in applications where 
the DI pin and the DO pin are to be tied together to form 
a common Dl/O pin. 

The format for all instructions sent to the CAT93C56/ 
CAT93C561 is a logical "1" start bit, a 2 bit (or 4 bit) op 
code, a 8 bit address (9 bit address when organized as 
256 x 8), and for write operations a 16 bit data field (8 bit 
data field when organized as 256 x 8). 

~ 1 • tsKLOW --j 
;..-------; ;..-------; 

tcsH 

SK 

DI VALID 

cs 

DO .DATA VALID 

5044 FHD F03 

Figure 2. Read Instruction Timing (6) 

SK 

cs 

STANDBY 

DI 

DO 
!Hz~ HIGH-Z ------

D1 Do 
5044 FHD F04 

Note: 
(6) The ORG pin is used to configure the device for xB or x16 operation. When xB organization is selected, AN =AB and DN = D7. 

When x16 organization is selected, AN= A7 and DN = D15. 
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At power-down, when Vee falls below a threshold of 
approximately 3.5V, the data protection circuitry inhibits 
the erase and write instructions and a write disable 
(EWDS) is executed internally. 

Read 

Upon rece1v1ng a READ command and an address 
(clocked into the DI pin), the DO pin of the CAT93C56/ 
CAT93C561 will come out of the high impedance state 
and, after sending an initial dummy zero bit, will begin 
shifting out the data addressed. The output data bits will 
toggle on the rising edge of the SK clock and are stable 
after the specified time delay (tpoo or tpo1). The most 
significant bit of the address is a "Don't Care" bit, but it 
must be kept at either a "1" or a "O" for READ, WRITE and 
ERASE commands. 

Write 

After receiving a WRITE command, address and the 

Figure 3. Write Instruction Timing (6) 

CAT93C56/CAT93C561 

data, the CS (chip select) pin must be deselected for a 
minimum of 250ns (tcsMIN). The falling edge of CS will 
start the self clocking clear and data store cycle of the 
memory location specified in the instruction. The clock
ing of the SK pin is not necessary after the device has 
entered the self clocking mode. The ready/busy status of 
the CAT93C56/CAT93C561 can be determined by se
lecting the device and polling the DO pin. Since this 
device features Auto-Clear before write, it is NOT nec
essary to erase a memory location before the WRITE 
command is sent. The most significant bit of the address 
is a "Don't Care" bit, but it must be kept at either a "1" or 
a "O" for READ, WRITE and ERASE commands. 

Erase 

Upon receiving an ERASE command and address, the 
CS (chip select) pin must be deselected for a minimum 
of 250ns (tcsMIN). The falling edge of CS will start the self 
clocking clear cycle of the memory location specified in 
the instruction. The clocking of the SK pin is not neces-

SK U-U-VU @<XXXXXXXXXXXXXXXXXXX 

cs 

DI 

HIGH-Z 
DO 

5044 FHD FOS 

Figure 4. Erase Instruction Timing (6) 

SK 1J ooxxxxxxxxxxxxxxxxxxxxxxxx 
cs STATUS VERIFY STANDBY 

1cs 

DI 

1sv 
HIGH-Z 

DO 

5044 FHD F07 

Note: 
(6) The ORG pin is used to configure the device forxB orx16 operation. When xB organization is selected, AN= AB and DN = D7. 

When x16 organization is selected, AN= A7 and DN = D15. 
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CAT93C56/CAT93C561 

sary after the device has entered the selfclocking mode. 
The ready/busy status of the CAT93C56/CAT93C561 
can be determined by selecting the device and polling 
the DO pin. Once cleared, the content of a cleared 
location returns to a logical "1" state. The most signifi
cant bit of the address is a "Don't Care" bit, but it must be 
kept at eithera "1" ora "O"for READ, WRITE and ERASE 
commands. 

Erase/Write Enable and Disable 

The CAT93C56/CAT93C561 powers up in the write 
disable state. Any writing after power-up or after an 
EWDS (write disable) instruction must first be preceded 
by the EWEN (write enable) instruction. Once the write 
instruction is enabled, it will remain enabled until power 
to the device is removed, or the EWDS instruction is 

Figure 5. EWEN/EWDS Instruction Timing (6) 

SK 

cs _/ 

DI 0 0 

sent. The EWDS instruction can be used to disable all 
CAT93C56/CAT93C561 write and clear instructions, and 
will prevent any accidental writing or clearing of the 
device. Data can be read normally from the device 
regardless of the write enable/disable status. 

Erase All 

Upon receiving an ERAL command, the CS (chip select) 
pin must be deselected for a minimum of 250ns (tcsM1N). 
The falling edge of CS will start the self clocking clear 
cycle of all memory locations in the device. The clocking 
of the SK pin is not necessary after the device has 
entered theselfclocking mode. The ready/busy status of 
the CAT93C56/CAT93C561 can be determined by se
lecting the device and polling the DO pin. Once cleared, 
the contents of all memory bits return to a logical "1" 
state. 

\ STANDBY --------

• ENABLE= 11 128 x 16 = 6 DON'T CARE BITS 
DISABLE= 00 256 x 8 = 7 DON'T CARE BITS 

5044 FHD Foe 

Figure 6. ERAL Instruction Timing (6) 

SK lnJ txXXXXXXXXXXXXXXXXXXXXXX 
cs 

DI 0 0 

HIGH-Z 
DO 

5044 FHD Foa 
Note: 
(6) The ORG pin is used to configure the device for xe or x16 operation. When xe organization is selected, AN =AS and DN = D7. 

When x16 organization is selected, AN= A7 and DN = D15. 
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Write All 

Upon receiving a WRAL command and data, the CS 
(chip select) pin must be deselected for a minimum of 
250ns (tcsMIN). The falling edge of CS will start the self 
clocking data write to all memory locations in the device. 
The clocking of the SK pin is not necessary after the 

Figure 7. WRAL Instruction Timing (6) 

SK 

cs 

DI 0 0 0 

DO 

Note: 

CAT93C56/CAT93C561 

device has entered the self clocking mode. The ready/ 
busy status of the CAT93C56/CAT93C561 can be deter
mined by selecting the device and polling the DO pin. It 
IS NOT necessary for all memory locations to be cleared 
before the WRAL command is executed. 

5044 FHD FOO 

(6) The ORG pin is used to configure the device for x8 or x16 operation. When x8 organization is selected, AN = AB and ON = 07. 
When x16 organization is selected, AN= A7 and ON• 015. 

3-47 



CAT93C56/CAT93C561 

3-48 



CAT93LC56/CAT93LC561 
2K-Bit SERIAL E2PROM 

FEATURES 

• Low Power CMOS Technology 

• Single 3V Supply 

• 128 x 16 or 256 x 8 Selectable Serial Memory 

• Self-Timed Write Cycle with Auto-Clear 

• Hardware and Software Write Protection 

DESCRIPTION 

The CAT93LC56 and CAT93LC561 are 2K bit Serial 
E2PROM memory devices which can be configured as 
either 128 registers by 16 bits (ORG pin at Vee) or 256 
registers by 8 bits (ORG pin at GND). Each register can 
be written (or read) serially by using the DI (or DO) pin. 
The CAT93LC56/CAT93LC561 is manufactured using 

PIN CONFIGURATION 

DIP Package SO Package S 

cs 
SK 
DI 

DO 

Vee 
NC 
ORG 

GND 

PIN FUNCTIONS 

Pin Name 

cs 
SK 

DI 

DO 

Vee 

GND 

NC 

ORG 

Function 

Chip Select 

Clock Input 

Serial Data Input 

8 

7 
6 

5 

Serial Data Output 

+3V Power Supply 

Ground 

No Connection 

Memory Organization 

Vee 
NC 
ORG 

GND 

Note: When theORG pin is connected to Vee. the 128x 16organiza
tion is selected. When it is connected to ground, the 256 x 8 organiza
tion is selected. If the ORG pin is left unconnected, then an internal 
pullup device will select the 128 x 16 organization. 

© 1992 by Catalyst Semiconductor, Inc. 

cs 
SK 
DI 

DO 
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• Power-Up lnadvertant Write Protection 

• 100,000 Program/Erase Cycles 

• 100 Year Data Retention 

• Optional High Endurance Device Available 

Catalyst's advanced CMOS E2PROM floating gate tech
nology. It is designed to endure 100,000 program/erase 
cycles and has a data retention of 1 00 years. The device 
is available in 8 pin DIP or SO packages. 
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CAT93LC56/CAT93LC561 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to + 125°C 

Storage Temperature ......................... --65°C to +150°C 

Voltage on any Pin with 
Respect to Ground<1> .............. -2.0V to +Vee +2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 

Package Power Dissipation 
Capability (Ta= 25°C) .................................... 1.0W 

Lead Soldering Temperature (10 secs) ............... 300°C 

Output Short Circuit Current<2> .......................... 100 mA 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NEND(a) Endurance 100,000 

ToR<3J Data Retention 100 

VZApC3J ESD Susceptibility 2000 

ILTH(3)(4) Latch-Up 100 

D.C. OPERATING CHARACTERISTICS 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings'' may cause pennanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Units Reference Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

CAT93LC56 TA= 0°C to +70°C, Vee= +3V±10%, unless otherwise specified. 
CAT93LC561 TA= -40°C to +85°C, Vee = +3V±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units Test Conditions 

lce1 Power Supply Current 2 mA DI = O.OV, SK= 3.0V 
(Operating) Vee= 3.0V, CS = 3.0V, 

Output Open 

lee2 Power Supply Current 50 µA Vee= 3.3V, CS= OV 
(Standby) DI= OV SK=OV 

lu Input Leakage Current 2 µA V1N = OV to 3.3V 

ILO Output Leakage Current 10 µA VouT = OV to 3.3V, 
(Including ORG Pin) CS=OV 

V1H High Level Input Voltage Vce-0.3 Vcc+1 v 
V1L Low Level Input Voltage -0.1 0.3 v 
VoH High Level Output Voltage Vcc-0.3 v loH =-10µA 

VoL Low Level Output Voltage 0.3 v loL = 10µA 

Note: 
(1) The minimum DC input voltage is --0.SV. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +O.SV, which may overshoot to Vee +2.0V for periods of less than 20 ns. 
(2) Output shorted for no more than one second. No more than one output shorted at a time. 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mAon address and data pins from -1V to Vee +1V. 
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CAT93LC56/CAT93LC561 

INSTRUCTION SET 

Address Data 

Instruction Start Bit Opcode 256x8 128 x .16 256x8 128 x 16 

READ(5) 1 1 0 AB-AO A7-AO 

ERASE(5) 1 1 1 AS-AO A7-AO 

WRITE(5) 1 0 1 AS-AO A7-AO D7-DO D15-DO 

EWEN 1 0 0 11XXXXXXX 11XXXXXX 

EWDS 1 0 0 ooxxxxxxx ooxxxxxx 
ERAL 1 0.0 10XXXXXXX 10XXXXXX 

WRAL(6) 1 0 0 01XXXXXXX 01XXXXXX D7-DO D15-DO 

A.C. CHARACTERISTICS 

CAT93LC56 TA= 0°C to +70°C, Vee= +3V±10%, unless otherwise specified. 
CAT93LC561 TA= -40°C to +85°C, Vee= +3V±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units 

tess CS Setup Time 200 ns 

tesH CS Hold Time 0 ns 

to1s DI Setup Time 400 ns 

to1H DI Hold Time 400 ns 

tpo1 Output Delay to 1 2 µs 

tpoo Output Delay to o 2 µs 

tHz(3) Output Delay to High-Z 400 ns 

IEW Program/Erase Pulse Width 20 ms 

tesMIN Minimum CS Low Time 1 µs 

ISKHI Minimum SK High Time 1 µs 

ts KL OW Minimum SK Low time 1 µs 

tsv Output Delay to Status Valid 1 µs 

SKMAX Maximum Clock Frequency DC 250 kHz 

Note: 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 

Comments 

Read Address AN-AO 

Clear Address AN-AO 

Write Address AN-AO 

Write Enable 

Write Disable 

Clear All Addresses 

Write All Addresses 

Test Conditions 

CL= 100pF 

VoL= 0.3V 

VoH = Vee -0.3 

V1L= 0.3V 

V1H =Vee -0.3 

CL= 100pF 

(5) Address bit AS for 256 x 8 ORG and A? for 128 x 16 ORG are "Don't Care" bits, but must be kept at either a "1" or "O" for READ, WRITE 
and ERASE commands. 

(6) The WRAL command is for test mode only and is not guaranteed over operating conditions. 
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CAT93LC56/CAT93LC561 

DEVICE OPERATION 

The CAT93LC56/CAT93LC561 is a 2048 bit nonvolatile 
memory intended for use with industry standard micro
processors. The CAT93LC56/CAT93LC561 can be or
ganized as either 128 registers by 16 bits, or as 256 
registers by 8 bits. Seven 11 bit instructions (12 bit 
instruction in 256 by 8 organization) control the reading, 
writing and erase operations of the device. The 
CA T93LC56/CAT93LC561 operates on a single 3V sup
ply and will generate on chip, the high voltage required 
during any write operation. 

Instructions, addresses, and write data are clocked into 
the DI pin on the rising edge of the clock (SK). The DO 
pin is normally in a high impedance state except when 
reading data from the device, or when checking the 
ready/busy status after a write operation. 

The ready/busy status can be determined after a write 

Figure 1. Sychronous Data Timing (7) 

SK 

DI 

cs 

DO 

Figure 2. Read Instruction Timing (7) 

SK 

cs 

DI 

DO 

Note: 

operation by selecting the device (CS high) and polling 
the DO pin; DO low indicates that the write operation is 
not completed, while DO high indicates that the device 
is ready for the next instruction. If necessary, the DO pin 
may be placed back into a high impedance state during 
chip select by shifting a dummy "1" into the DI pin. The 
DO pin will enter the high impedance state on the falling 
edge of the clock (SK). Placing the DO pin into the high 
impedance state is recommended in applications where 
the DI pin and the DO pin are to be tied together to form 
a common Dl/O pin. 

The format for all instructions sent to the CAT93LC56/ 
CAT93LC561 is a logical "1" start bit, a 2 bit (or 4 bit) op 
code, a 8 bit address (9 bit address when organized as 
256x 8), and for write operations a 16 bit data field (8 bit 
data field when organized as 256 x 8). 

5045 FHO F03 

STANDBY 

!Hz~ HIGH-Z -----
D1 Do 

5045 FHD F04 

(7) The ORG pin is used to configure the device forxB orx16 operation. When xB organization is selected, AN= AB and DN = D7. 
When x16 organization is selected, AN• A7 and DN • D15. 
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At power-down, when Vee falls below a threshold of 
approximately 2.4V, the data protection circuitry inhibits 
the erase and write instructions and a write disable 
(EWDS) is executed internally. 

Read 

Upon receiving a READ command and an address 
(clocked into the DI pin), the DO pin of the CAT93LC56/ 
CAT93LC561 will come out of the high impedance state 
and, after sending an initial dummy zero bit, will begin 
shifting out the data addressed. The output data bits will 
toggle on the rising edge of the SK clock and are stable 
after the specified time delay (tPoo or tpo1). The most 
significant bit of the address is a "Don't Care" bit, but it 
must be kept at either a "1" or a "O" for READ, WRITE and 
ERASE commands. 

Write 

After receiving a WRITE command, address and the 

Figure 3. Write Instruction Timing (7) 

CAT93LC56/CAT93LC561 

data, the CS (chip select) pin must be deselected for a 
minimum of 1µs (tcsM1N). The falling edge of CS will start 
the self clocking clear and data store cycle of the 
memory location specified in the instruction. The clock
ing of the SK pin is not necessary after the device has 
entered the self clocking mode. The ready/busy status of 
the CAT93LC56/CAT93LC561 can be determined by 
selecting the device and polling the DO pin. Since this 
device features Auto-Clear before write, it is NOT nec
essary to erase a memory location before the WRITE 
command is sent. The most significant bit of the address 
is a "Don't Care" bit, but it must be kept at either a "1" or 
a "O" for READ, WRITE and ERASE commands. 

Erase 

Upon receiving an ERASE command and address, the 
CS (chip select) pin must be deselected for a minimum 
of 1µs (tcsM1N). The falling edge of CS will start the self 
clocking clear cycle of the memory location specified in 
the instruction. The clocking of the SK pin is not neces-

SK lnnJu ~xxxxxxxxxxxx 
cs 

DI 

HIGH-Z 
DO 

5045 FHD FOS 

Figure 4. Erase Instruction Timing (7) 

SK 1J ©<XXXXXXXXXXXXXXXXXXXXXXXXX 

cs 

DI 

HIGH-Z 
DO 

5045 FHD F07 

Note:· 
(7) The ORG pin is used to configure the device for xB or x16 operation. When xB organization is selected, AN = AB and DN = D7. 

When x16 organization is selected, AN= A7 and DN = D15. 
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CAT93LC56/CAT93LC561 

sary after the device has entered the self clocking mode. 
The ready/busy status of the CAT93LC56/CAT93LC561 
can be determined by selecting the device and polling 
the DO pin. Once cleared, the content of a cleared 
location returns to a logical "1"state. The most signifi
cant bit of the address is a "Don't Care" bit, but it must be 
kept at either a "1" ora "O"forREAD, WRITE and ERASE 
commands. 

Erase/Write Enable and Disable 

The CAT93LC56/CAT93LC561 powers up in the write 
disable state. Any writing after power-up or after an 
EWDS (write disable) instruction must first be preceded 
by the EWEN (write enable) instruction. Once the write 
instruction is enabled, it will remain enabled until power 
to the device is removed, or the EWDS instruction is 

Figure 5. EWEN/EWDS Instruction Timing (7) 

SK 

cs _) 

DI 0 0 

sent. The EWDS instruction can be used to disable all 
CAT93LC56/CAT93LC561 write and clear instructions, 
and will prevent any accidental writing or clearing of the 
device. Data can be read normally from the device 
regardless of the write enable/disable status. 

Erase All 

Upon receiving an ERAL command, the CS (chip select) 
pin must be deselected for a minimum of 1 µs (tcsMIN). 
The falling edge of CS will start the self clocking clear 
cycle of all memory locations in the device. The clocking 
of the SK pin is not necessary after the device has 
entered the self clocking mode. The ready/busy status of 
the CAT93LC56/CAT93LC561 can be determined by 
selecting the device and polling the DO pin. Once 
cleared, the contents of all memory bits return to a logical 
"1" state. 

\ STANDBY --------

• ENABLE= 11 128 x 16 = 6 DON'T CARE BITS 
DISABLE= 00 256 x 8 = 7 DON'T CARE BITS 

Figure 6. ERAL Instruction Timing (7) 

SK 

cs 

DI 

DO 

Note: 

0 0 

HIGH-Z 

0 

128 x 16 = 6 DON'T CARE BITS 
256 x 8 = 7 DON'T CARE BITS 

(7) The ORG pin is used to configure the device forxB orx16 operation. When xB organization is selected, AN= AB and DN = D7. 
When x16 organization is selected, AN= A7 and DN = D15. 
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Write All 

Upon receiving a WRAL command and data, the CS 
(chip select) pin must be deselected for a minimum of 
1µs (tcsMtN). The falling edge of CS will start the self 
clocking data write to all memory locations in the device. 
The clocking of the SK pin is not necessary after the 

Figure 7. WRAL Instruction Timing (7) 

SK 

cs 

DI 

DO 

Note: 

CAT93LC56/CAT93LC561 

device has entered the self clocking mode. The ready/ 
busy status of the CAT93LC56/CAT93LC561 can be 
determined by selecting the device and polling the DO 
pin. It IS NOT necessary for all memory locations to be 
cleared before the WRAL command is executed. 

5045 FHO F09 

(7) The ORG pin is used to configure the device for xs or x16 operation. When xs organization is selected, AN= AB and DN = D7. 
When x16 organization is selected, AN= A7 and DN = D15. 
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CAT35C102/CAT35C1021 
2K-Bit SERIAL E2PROM 

FEATURES 

• High Speed Operation: 1MHz 

• Low Power CMOS Technology 

• Single SV Supply 

• 128 x 16 or 256 x 8 Selectable Serial Memory 

• Self-Timed Write Cycle with Auto-Clear 

DESCRIPTION 

The CAT35C102 and CAT35C1021 are 2K bit Serial 
E2PROM memory devices which can be configured as 
either 128 registers by 16 bits (ORG pin at Vcq or 256 
registers by 8 bits (ORG pin at GND). Each register can 
be written (or read) serially by using the DI (or DO) pin. 
The CAT35C102/CAT35C1021 is manufactured using 

PIN CONFIGURATION 

DIP Package SO Package S 

cs 
SK 
DI 

DO 

Vee 
NC 

ORG 

GND 

PIN FUNCTIONS 

Pin Name 

cs 
SK 

DI 

DO 

Vee 

GND 

NC 

ORG 

cs 
SK 
DI 

DO 

Function 

Chip Select 

Clock Input 

Serial Data Input 

8 

7 

6 

5 

Serial Data Output 

+5V Power Supply 

Ground 

No Connection 

Memory Organization 

Vee 
NC 

ORG 

GND 

Note: When the ORG pin is connected to Vee. the 128x 16 organiza
tion is selected. When it is connected to ground, the 256 x 8 organiza
tion is selected. If the ORG pin is left unconnected, then an internal 
pullup device will select the 128 x 16 organization. 

© 1992 by Catalyst Semiconductor, Inc. 

• Hardware and Software Write Protection 

• Power-Up lnadvertant Write Protection 

• 100,000 Program/Erase Cycles 

• 100 Year Data Retention 

• Optional High Endurance Device Available 

Catalyst's advanced CMOS E2PROM floating gate tech
nology. It is designed to endure 100,000 program/erase 
cycles and has a data retention of 100 years. The device 
is available in 8 pin DIP or SO packages. 

SO Package K 

cs 
SK 
DI 

DO 
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8 

7 
6 

5 

Vee 
NC 

ORG 

GND 

5046 FHO F01 

BLOCK DIAGRAM 

ORG 

DI 

cs 

SK 

Vee GND 

MEMORY ARRAY 
256x 8 

OR 
128 X16 

DATA 
REGISTER 

MODE DECODE 
LOGIC 

CLOCK 
GENERATOR 

ADDRESS 
DECODER 

OUTPUT 
BUFFER 

DO 

5046 FHD F02 

TD 5046 

Characteristics subject to change without notice 

• 



CAT35C102/CAT35C1021 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to + 125°C 

Storage Temperature ......................... -65°C to + 150°C 

Voltage on any Pin with 
Respect to Ground<1l .............. -2.0V to +Vee +2.0V 

Vee with Respect to Ground .................. -2.0Vto +7.0V 

Package Power Dissipation 
Capability (Ta = 25°C) .................................... 1.0W 

Lead Soldering Temperature (1 o secs) ............... 300°C 

Output Short Circuit Current<2l .......................... 100 mA 

RELIABILITY CHARACTERISTICS 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Symbol Parameter Min. Max. Units Reference Test Method 

NEN0<3) Endurance 100,000 Cycles/Byte MIL-STD-883, Test Method 1033 

ToRC3) Data Retention 100 Years MIL-STD-883, Test Method 1008 

VZAp(3) ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015 

ILTH(3)(4) Latch-Up 100 mA JEDEC Standard 17 

D.C. OPERATING CHARACTERISTICS 

CAT35C102 TA= 0°C to +70°C, Vee = +5V±10%, unless otherwise specified. 
CAT35C1021 TA= -40°C to +85°C, Vee= +5V±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. 

lcc1 Power Supply Current 3 
(Operating) 

lcc2 Power Supply Current 100 
(Standby) 

lu Input Leakage Current 2 

ILO Output Leakage Current 10 
(Including ORG Pin) 

V1H High Level Input Voltage 2.0 Vee+ 1 

V1L Low Level Input Voltage -0.1 0.8 

VoH High Level Output Voltage 2.4 

VoL Low Level Output Voltage 0.4 

Note: 

Units Test Conditions 

mA DI = O.OV, SK= 5.0V 
Vee= 5.0V, CS= 5.0V, 
Output Open 

µA Vee= 5.5V, CS= OV 
DI =OV SK= OV 

µA V1N = OV to 5.5V 

µA VouT = OV to 5.5V, 
CS =OV 

v 
v 
v loH = -400µA 

v loL = 2.1mA 

(1) The minimum DC input voltage is --0.SV. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Vee +O.SV, which may overshoot to V cc +2.0V for periods of less than 20 ns. 

(2) Output shorted for no more than one second. No more than one output shorted at a time. 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch·up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vee +1V. 
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CAT35C102/CAT35C1021 

INSTRUCTION SET 

Address Data 

Instruction Start Bit Opcode 256x8 128x16 256x8 128 x 16 

READ 1 1 0 A7-AO A6-AO 

ERASE 1 1 1 A7-AO A6-AO 

WRITE 1 0 1 A7-AO A6-AO D7-DO D15-DO 

EWEN 1 0 0 11XXXXXX 11XXXXX 

EWDS 1 0 0 ooxxxxxx ooxxxxx 
ERAL 1 0 0 10XXXXXX 10XXXXX 

WRAL 1 0 0 01XXXXXX 01XXXXX D7-DO D15-DO 

A.C. CHARACTERISTICS 

CAT35C102 TA= 0°C to +70°C, Vee = +5V±10%, unless otherwise specified. 
CAT35C1021 TA= -40°C to +85°C, Vee = +5V±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units 

tcss CS Setup Time 50 ns 

tcsH CS Hold Time 0 ns 

to1s DI Setup Time 100 ns 

trnH DI Hold Time 100 ns 

tpo1 Output Delay to 1 500 ns 

tpoo Output Delay to O 500 ns 

tHz(3l Output Delay to High-Z 100 ns 

tEw Program/Erase Pulse Width 10 ms 

tcSMIN Minimum CS Low Time 250 ns 

tSKHI Minimum SK High Time 250 ns 

ts KL OW Minimum SK Low Time 250 ns 

tsv Output Delay to Status Valid 500 ns 

SKMAX Maximum Clock Frequency DC 1 MHz 

Note: 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
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Comments 

Read Address AN-AO 

Clear Address AN-AO 

Write Address AN-AO 

Write Enable 

Write Disable 

Clear All Addresses 

Write All Addresses 

Test Conditions 

CL= 100pF 

VoL = 0.8V, VoH = 2.0V 

V1L = 0.45V, V1H = 2.4V 

CL= 100pF 

• 



CAT35C102/CAT35C1021 

DEVICE OPERATION 

The CAT35C102/CAT35C1021 is a 2048 bit nonvolatile 
memory intended for use with industry standard micro
processors. The CAT35C102/CAT35C1021 can be or
ganized as either 128 registers by 16 bits, or as 256 
registers by 8 bits. Seven 10 bit instructions (11 bit 
instruction in 256 by 8 organization) control the reading, 
writing and erase operations of the device. The 
CAT35C102/CAT35C1021 operates on a single 5V sup
ply and will generate on chip, the high voltage required 
during any write operation. 

Instructions, addresses, and write data are clocked into 
the DI pin on the rising edge of the clock (SK). The DO 
pin is normally in a high impedance state except when 
reading data from the device, or when checking the 
ready/busy status after a write operation. 

The ready/busy status can be determined after a write 

Figure 1. Sychronous Data Timing (5) 

j"--1sKHI 

SK 

-----1D1s 

DI VALID 

cs 

operation by selecting the device (CS high) and polling 
the DO pin; DO low indicates that the write operation is 
not completed, while DO high indicates that the device 
is ready for the next instruction. If necessary, the DO pin 
may be placed back into a high impedance state during 
chip select by shifting a dummy "1" into the DI pin. The 
DO pin will enterthe high impedance state on the falling 
edge of the clock (SK). Placing the DO pin into the high 
impedance state is recommended in applications where 
the DI pin and the DO pin are to be tied together to form 
a common Dl/O pin. 

The format for all instructions sent to the CAT35C102/ 
CAT35C1021 is a logical "1" start bit, a 2 bit (or 4 bit) op 
code, a 7 bit address (8 bit address when organized as 
256 x 8), and for write operations a 16 bit data field (8 bit 
data field when organized as 256 x 8). 

VALID 

1Dls i+---i+---+i1pDo,1PD 1 

DO DATA VALID 

5046 FHD F03 

Figure 2. Read Instruction Timing (5) 

SK 

cs 
STANDBY 

DI 

DO 
~2-t __ ~~ HIGH-Z 

D1 Do 
5046 FHD F04 

Note: 
(5) The ORG pin is used to configure the device for xs or x16 operation. When xs organization is selected, AN = A7 and DN = D7. 

When x16 organization is selected, AN= A6 and DN = D15. 
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At power-down, when Vee falls below a threshold of 
approximately 3.SV, the data protection circuitry inhibits 
the erase and write instructions and a write disable 
(EWDS) is executed internally. 

Read 

Upon receiving a READ command and an address 
(clocked into the DI pin), the DO pin of the CAT35C102/ 
CAT35C1021 will come out of the high impedance state 
and, after sending an initial dummy zero bit, will begin 
shifting out the data addressed. The output data bits will 
toggle on the rising edge of the SK clock and are stable 
after the specified time delay (tPoo or tpo1). 

Write 

After receiving a WRITE command, address and the 
data, the CS (chip select) pin must be deselected for a 

Figure 3. Write Instruction Timing (5) 

CAT35C102/CA T35C1021 

minimum of 250ns (tesMIN). The falling edge of CS will 
start the self clocking clear and data store cycle of the 
memory location specified in the instruction. The clock
ing of the SK pin is not necessary after the device has 
entered the self clocking mode. The ready/busy status of 
the CAT35C102/CAT35C1021 can be determined by 
selecting the device and polling the DO pin. Since this 
device features Auto-Clear before write, it is NOT nec
essary to erase a memory location before the WRITE 
command is sent. 

Erase 

Upon receiving an ERASE command and address, the 3 CS (chip select) pin must be deselected for a minimum 
of 250ns (tesMIN). The falling edge of CS will start the self 
clocking clear cycle of the memory location specified in 
the instruction. The clocking of the SK pin is not neces-

SK UU-Uu ~xxxxxxxxxxxx 
cs 

DI 

HIGH-Z 
DO 

5046 FHD FOS 

Figure 4. Erase Instruction Timing (5) 

SK u =xxxxxxx 
cs 

DI 

HIGH-Z 
DO 

5046 FHD F07 

Note: 
(5) The ORG pin is used to configure the device for xB or x16 operation. When xB organization is selected, AN= A? and ON = 07. 

When x16 organization is selected, AN= A6 and DN = 015. 
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CAT35C102/CAT35C1021 

sary afterthe device has entered the self clocking mode. 
The ready/busy status of the CAT35C102/CAT35C1021 
can be determined by selecting the device and polling 
the DO pin. Once cleared, the content of a cleared 
location returns to a logical "1" state. 

Erase/Write Enable and Disable 

The CAT35C102/CAT35C1021 powers up in the write 
disable state. Any writing after power-up or after an 
EWDS (write disable) instruction must first be preceded 
by the EWEN (write enable) instruction. Once the write 
instruction is enabled, it will remain enabled until power 
to the device is removed, or the EWDS instruction is 
sent. The EWDS instruction can be used to disable all 
CAT35C102/CAT35C1021 write and clear instructions, 

Figure 5. EWEN/EWDS Instruction Timing (5) 

SK 

cs J 

DI 0 0 

and will prevent any accidental writing or clearing of the 
device. Data can be read normally from the device 
regardless of the write enable/disable status. 

Erase All 

Upon receiving an ERAL command, the CS (chip select) 
pin must be deselected tor a minimum of 250ns (tcsM1N). 
The falling edge of CS will start the self clocking clear 
cycle of all memory locations in the device. The clocking 
of the SK pin is not necessary after the device has 
entered the selfclocking mode. The ready/busy status of 
the CAT35C102/CAT35C1021 can be determined by 
selecting the device and polling the DO pin. Once 
cleared, the contents of all memory bits return to a logical 
"1" state. 

\ STANDBY ....._ ______ _ 

* ENABLE= 11 128 x 16 = 5 DON'T CARE BITS 
DISABLE= 00 256 x 8 = 6 DON'T CARE BITS 

5046 ·FHO FOO 

Figure 6. ERAL Instruction Timing (5) 

SK U1J ooxxxxxxxxxxxxxxxxxxxxxxxxx 
cs 

DI 0 0 

HIGH-Z 
DO 

5046FHD FOB 

Note: 
(5) The ORG pin is used to configure the device forx8 orx16 operation. When xB organization is selected, AN= A7 and ON= 07. 

When x16 organization is selected, AN= A6 and ON= D15. 
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Write All 

Upon receiving a WRAL command and data, the CS 
(chip select) pin must be deselected for a minimum of 
250ns (tcsMrN). The falling edge of CS will start the self 
clocking data write to all memory locations in the device. 
The clocking of the SK pin is not necessary after the 

Figure 7. WRAL Instruction Timing (5) 

SK 

cs 

DI 0 0 0 

DO 

Note: 

CAT35C102/CAT35C1021 

device has entered the self clocking mode. The ready/ 
busy status of the CAT35C102/CAT35C1021 can be 
determined by selecting the device and polling the DO 
pin. It IS necessary for all memory locations to be 
cleared before the WRAL command is executed. 

STANDBY. 

HIGH-Z 

5046 FHO F09 

(5) The ORG pin is used to configure the device for x8 or x16 operation. When xs organization is selected, AN = A7 and DN = D7. 
When x16 organization is selected, AN= A6 and DN "'D15. 

3-63 



CAT35C102/CAT35C1021 

3-64 



CAT33C104/CAT33C1041 
4K-Bit SERIAL E2PROM 

FEATURES 

• Low Power CMOS Technology 

• Single 3V Supply 

• 256 x 16 or 512 x 8 Selectable Serial Memory 

• Self-Timed Write Cycle with Auto-Clear 

• Hardware and Software Write Protection 

DESCRIPTION 

The CAT33C104 and CAT33C1041 are 4K bit Serial 
E2PROM memory devices which can be configured as 
either 256 registers by 16 bits (ORG pin at VeC) or 512 
registers by 8 bits (ORG pin at GND). Each register can 
be written (or read) serially by using the DI (or DO) pin. 

PIN CONFIGURATION 

DIP Package SO Package S 

cs 
SK 

DI 
DO 

Vee 
NC 
ORG 

GND 

PIN FUNCTIONS 

Pin Name 

cs 
SK 

DI 

DO 

Vee 

GND 

NC 

ORG 

cs 
SK 
DI 

DO 

Function 

Chip Select 

Clock Input 

Serial Data Input 

8 

7 

6 

5 

Serial Data Output 

+3V Power Supply 

Ground 

No Connection 

Memory Organization 

Vee 
NC 
ORG 
GND 

Note: When the ORG pin is connected to Vee. the 256x 16 organiza
tion is selected. When it is connected to ground, the 512x 8 organiza
tion is selected. If the ORG pin is left unconnected, then an internal 
pullup device will select the 256 x 16 organization. 

@ t 992 by Catalyst Semiconductor, Inc. 

• Power-Up lnadvertant Write Protection 

• 100,000 Program/Erase Cycles 

• 100 Year Data Retention 

• Optional High Endurance Device Available 

The CAT33C104/CAT33C1041 is manufactured using 
Catalyst's advanced CMOS E2PROM floating gate tech
nology. It is designed to endure 100,000 program/erase 
cycles and has a data retention of 100 years. The device 
is available in 8 pin DIP or SO packages. 

SO Package K 
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BLOCK DIAGRAM 

ORG 

DI 

cs 

SK 

Vee GND 

MEMORY ARRAY 
512 x 8 

OR 
256 x16 
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LOGIC 

CLOCK 
GENERATOR 

ADDRESS 
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OUTPUT 
BUFFER 

DO 

5047 FHD F02 

TD 5047 

Characteristics subject to change without notice 

• 



CAT33C104/CAT33C1041 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to + 125°C 

Storage Temperature ......................... -65°C to+ 150°C 

Voltage on any Pin with 
Respect to Ground<1> .............. -2.0V to +Vee +2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 

Package Power Dissipation 
Capability (Ta= 25°C) .................................... 1.0W 

Lead Soldering Temperature (10 secs) ............... 300°C 

Output Short Circuit Current<2> .......................... 100 mA 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NENo(3} Endurance 100,000 

ToR(3l Data Retention 100 

VZAp(3) ESD Susceptibility 2000 

ILTH(3)(4) Latch-Up 100 

D.C. OPERATING CHARACTERISTICS 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Units Reference Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

CAT33C104 TA= 0°C to +70°C, Vee= +3V±10%, unless otherwise specified. 
CAT33e1041 TA= -40°C to +85°C, Vee= +3V±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units Test Conditions 

lee1 Power Supply Current 2 mA DI= O.OV, SK= 3.0V 
(Operating) Vee= 3.0V, CS= 3.0V, 

Output Open 

lee2 Power Supply Current 50 µA Vee= 3.3V, CS= OV 
(Standby) DI= OV SK= OV 

lu Input Leakage Current 2 µA V1N = OV to 3.3V 

ILO Output Leakage Current 10 µA VouT = OV to 3.3V, 
(Including ORG Pin) CS=OV 

V1H High Level Input Voltage Vee-0.3 Vee+ 1 v 
V1L Low Level Input Voltage -0.1 0.3 v 
VoH High Level Output Voltage Vee-0.3 v loH =-10µA 

VoL Low Level Output Voltage 0.3 v loL = 10µA 

Note: 
(1) The minimum DC input voltage is --0.SV. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +0.5V, which may overshoot to Vee +2.0V for periods of less than 20 ns. 
(2) Output shorted for no more than one second. No more than one output shorted at a time. 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vee +1V. 
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CAT33C104/CAT33C1041 

INSTRUCTION SET 

Address Data 

Instruction Start Bit Opcode 512 XS 256x 16 512x8 256x 16 

READ 1 1 0 AB-AO A7-AO 

ERASE 1 1 1 AB-AO A7-AO 

WRITE 1 0 1 AB-AO A7-AO 07-DO D15-DO 

EWEN 1 0 0 11XXXXXXX 11XXXXXX 

EWDS 1 0 0 ooxxxxxxx ooxxxxxx 
ERAL 1 0 0 10XXXXXXX 10XXXXXX 

WRAU5l 1 0 0 01XXXXXXX 01XXXXXX D7-DO 015-DO 

A.C. CHARACTERISTICS 

CAT33C104 TA= 0°C to +70°C, Vee = +3V±10%, unless otherwise specified. 
CAT33C1041 TA= -40°C to +85°C, Vee= +3V±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. 

less CS Setup Time 200 

tesH CS Hold Time 0 

to1s DI Setup Time 400 

IDIH DI Hold Time 400 

IP01 Output Delay to 1 2 

tpoo Output Delay to 0 2 

tH:z(3) Output Delay to High-Z 400 

tew Program/Erase Pulse Width 20 

tesMIN Minimum CS Low Time 1 

tSKHI Minimum SK High Time 1 

ts KL OW Minimum SK Low time 1 

tsv Output Delay to Status Valid 1 

SKMAX Maximum Clock Frequency DC 250 

Note: 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(5) The WRAL command is for test mode only and is not guaranteed over operating conditions. 
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Units 

ns 

ns 

ns 

ns 

µs 

µs 

ns 

ms 

µs 

µs 

µs 

µs 

kHz 

Comments 

Read Address AN-AO 

Clear Address AN-AO 

Write Address AN-AO 

Write Enable 

Write Disable 

Clear All Addresses 

Write All Addresses 

Test Conditions 

CL= 100pF 

VoL= 0.3V 

VoH =Vee - 0.3 

V1L=0.3V 

V1H = Vee - 0.3 

CL= 100pF 

• 



CAT33C104/CAT33C1041 

DEVICE OPERATION 

The CAT33C104/CAT33C1041 is a 4096 bit nonvolatile 
memory intended for use with industry standard micro
processors. The CAT33C104/CAT33C1041 can be or
ganized as either 256 registers by 16 bits, or as 512 
registers by 8 bits. Seven 11 bit instructions (12 bit 
instruction in 512 by 8 organization) control the reading, 
writing and erase operations of the device. The 
CAT33C104/CAT33C1041 operates on a single 3V sup
ply and will generate on chip, the high voltage required 
during any write operation. 

Instructions, addresses, and write data are clocked into 
the DI pin on the rising edge of the clock (SK). The DO 
pin is normally in a high impedance state except when 
reading data from the device, or when checking the 
ready/busy status after a write operation. 

The ready/busy status can be determined after a write 

Figure 1. Sychronous Data Timing (6) 

SK 

DI 

cs 

operation by selecting the device (CS high) and polling 
the DO pin; DO low indicates that the write operation is 
not completed, while DO high indicates that the device 
is ready for the next instruction. If necessary, the DO pin 
may be placed back into a high impedance state during 
chip select by shifting a dummy "1" into the DI pin. The 
DO pin will enter the high impedance state on the falling 
edge of the clock (SK). Placing the DO pin into the high 
impedance state is recommended in applications whf;lre 
the DI pin and the DO pin are to be tied together to form 
a common Dl/O pin. 

The format for all instructions sent to the CAT33C104/ 
CAT33C1041 is a logical "1" start bit, a 2 bit (or 4 bit) op 
code, a 8 bit address (9 bit address when organized as 
512 x 8), and for write operations a 16 bit data field (8 bit 
data field when organized as 512 x 8). 

1csH 

DO 

tD1s1+---...i---.i tpDo, 1PD 1 

DATA VALID 

5047 FHD F03 

Figure 2. Read Instruction Timing (6) 

SK 

cs 
STANDBY 

DI 

DO 

1HZ~ HIGH-Z ------
D1 Do 

5047 FHD F04 
Note: 
(6) The ORG pin is used to configure the device for x8 or x16 operation. When x8 organization is selected, AN = A8 and DN = D7. 

When x16 organization is selected, AN= A7 and DN = D15. 
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At power-down, when Vee falls below a threshold of 
approximately 2.4V, the data protection circuitry inhibits 
the erase and write instructions and a write disable 
(EWDS) is executed internally. 

Read 
Upon receiving a READ command and an address 
(clocked into the DI pin), the DO pin of the CAT33C104/ 
CAT33C1041 will come out of the high impedance state 
and, after sending an initial dummy zero bit, will begin 
shifting out the data addressed. The output data bits will 
toggle on the rising edge of the SK clock and are stable 
after the specified time delay (tPDO or tPD1). 

Write 

After receiving a WRITE command, address and the 
data, the CS (chip select) pin must be deselected for a 

Figure 3. Write Instruction Timing (6) 

CAT33C104/CAT33C1041 

minimum of 1 µs (tcsM1N). The falling edge of CS will start 
the self clocking clear and data store cycle of the 
memory location specified in the instruction. The clock
ing of the SK pin is not necessary after the device has 
entered the self clocking mode. The ready/busy status of 
the CAT33C104/CAT33C1041 can be determined by 
selecting the device and polling the DO pin. Since this 
device features Auto-Clear before write, it is NOT nec
essary to erase a memory location before the WAITE 
command is sent. 

Erase 

Upon receiving an ERASE command and address, the 
CS (chip select) pin must be deselected for a minimum • 
of 1µs (tcsMIN). The falling edge of CS will start the self 
clocking clear cycle of the memory location specified in 
the instruction. The clocking of the SK pin is not neces-

SK uuuu txXxxxxxxxxxxxxxxxxxxxx 

cs 

DI 

HIGH-Z 
DO 

5047 FHD FOS 

Figure 4. Erase Instruction Timing (6) 

SK 1J txXXXXXXXXXXXXXXXXXXXXXXXXXX 

cs 

DI 

HIGH-Z 
DO 

5047 FHO F07 

Note: 
(6) The ORG pin is used to configure the device for xB or x16 operation. When xB organization is selected, AN = AB and ON = 07. 

When x16 organization is selected, AN= A7 and DN = 015. 
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CAT33C104/CAT33C1041 

sary after the device has entered the self clocking mode. 
The ready/busy status of the CAT33C104/CAT33C1041 
can be determined by selecting the device and polling 
the DO pin. Once cleared, the content of a cleared 
location returns to a logical "1" state. 

Erase/Write Enable and Disable 

The CAT33C104/CAT33C1041 powers up in the write 
disable state. Any writing after power-up or after an 
EWDS (write disable) instruction must first be preceded 
by the EWEN (write enable) instruction. Once the write 
instruction is enabled, it will remain enabled until power 
to the device is removed, or the EWDS instruction is 
sent. The EWDS instruction can be used to disable all 
CAT33C104/CAT33C1041 write and clear instructions, 

Figure 5. EWEN/EWDS Instruction Timing (6) 

SK 

cs _) 

DI 0 0 

and will prevent any accidental writing or clearing of the 
device. Data can be read normally from the device 
regardless of the write enable/disable status. 

Erase All 
Upon receiving an ERALcommand, the CS (chip select) 
pin must be deselected for a minimum of 1µs (tcsM1N). 
The falling edge of CS will start the self clocking clear 
cycle of all memory locations in the device. The clocking 
of the SK pin is not necessary after the device has 
entered the selfclocking mode. The ready/busy status of 
the CAT33C104/CAT33C1041 can be determined by 
selecting the device and polling the DO pin. Once 
cleared, the contents of all memory bits return to a logical 
"1" state. 

\ STANDBY ---------

• ENABLE= 11 256 x 16 = 6 DON'T CARE BITS 
DISABLE= 00 512 x 8 = 7 DON'T CARE BITS 

5047 FHD FOO 

Figure 6. ERAL Instruction Timing (6) 

SK UlJ @<XXXXXXXXXXXXXXXXXXXXXXXX 

cs 

DI 0 0 

HIGH-Z 
DO 

Note: 

0 

256 x 16 = 6 DON'T CARE BITS 
512 x 8 = 7 DON'T CARE BITS 

STANDBY 

HIGH-Z 

5047 FHD FOB 

(6) The ORG pin is used to configure the device for xs or x16 operation. When xB organization is selected, AN= AB and ON = 07. 
When x16 organization is selected, AN= A7 and DN = D15. 
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Write All 

Upon receiving a WRAL command and data, the CS 
(chip select) pin must be deselected for a minimum of 
1µs (tcsMJN). The falling edge of CS will start the self 
clocking data write to all memory locations in the device. 

Figure 7. WRAL Instruction Timing (6) 

CAT33C104/CAT33C1041 

The clocking of the SK pin is not necessary after the 
device has entered the self clocking mode. The ready/ 
busy status of the CAT33C104/CAT33C1041 can be 
determined by selecting the device and polling the DO 
pin. It IS NOT necessary for all memory locations to be 
cleared before the WRAL command is executed. 

SK UUlJU txXXXXXXXXXXXXXXXXXXXX 

cs STANDBY. 

DI 0 0 0 

DO 
HIGH-Z 

5047 FHD F09 

Note: 
(6) The ORG pin is used to configure the device for xe or x16 operation. When xe organization is selected, AN =AS and DN = D7. 

When x16 organization is selected, AN= A7 and DN = D15. 
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CAT35C104/CAT35C1041 
4K-Bit SERIAL E2PROM 

FEATURES 

• High Speed Operation: 1 MHz 

• Low Power CMOS Technology 

• Single 5V Supply 

• 256 x 16 or 512 x 8 Selectable Serial Memory 

• Self-Timed Write Cycle with Auto-Clear 

DESCRIPTION 

The CAT35C104 and CAT35C1041 are 4K bit Serial 
E2PROM memory devices which can be configured as 
either 256 registers by 16 bits (ORG pin at VcC) or 512 
registers by 8 bits (ORG pin at GND). Each register can 
be written (or read) serially by using the DI (or DO) pin. 
The CAT35C104/CAT35C1041 is manufactured using 

PIN CONFIGURATION 

DIP Package SO Packages 

cs 
SK 
DI 

DO 

Vee 
NC 
ORG 
GND 

PIN FUNCTIONS 

Pin Name 

cs 
SK 

DI 

DO 

Vee 

GND 

NC 

ORG 

Function 

Chip Select 

Clock Input 

Serial Data Input 

Serial Data Output 

+5V Power Supply 

Ground 

No Connection 

Memory Organization 

Note: When the ORG pin is connected to Vee. the 256 x 16 organiza
tion is selected. When it is connected to ground, the 512 x 8 organiza
tion is selected. If the ORG pin is left unconnected, then an internal 
pullup device will select the 256 x 16 organization. 

• Hardware and Software Write Protection 

• Power-Up lnadvertant Write Protection 

• 100,000 Program/Erase Cycles 

• 100 Year Data Retention 

• Optional High Endurance Device Available 

Catalyst's advanced CMOS E2PROM floating gateteeh
nology. It is designed to endure 100,000 program/erase 
cycles and has a data retention of 100 years. The device 
is available in 8 pin DIP or SO packages. 

SO Package K 

8 

7 
6 

5 

Vee 
NC 
ORG 
GND 

BLOCK DIAGRAM 

ORG 

DI 

cs 

SK 

Vee GND 

MEMORY ARRAY 
512X8 

OR 
256 x16 

DATA 
REGISTER 

MODE DECODE 
LOGIC 

CLOCK 
GENERATOR 

ADDRESS 
DECODER 

OUTPUT 
BUFFER 

DO 

5048 FHO F02 

TD 5048 

@ 1992 t7t' Catalyst Semfconductor, Inc. 
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CAT35C104/CAT35C1041 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to + 125°C 

Storage Temperature ......................... -65°C to + 150°C 

Voltage on any Pin with 
Respect to Ground<1> •••••••••••••• -2.0V to +Vee +2.0V 

Vee with Respect to Ground .......•.......... -2.0V to +7.0V 

Package Power Dissipation 
Capability (Ta = 25°C) ...••............................... 1.0W 

Lead Soldering Temperature (1 o secs) ............... 300°C 

Output Short Circuit Current<2l .......................... 100 mA 

RELIABILITY CHARACTERISTICS 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device perfonnance and 
reliability. 

Symbol Parameter Min. Max. Units Reference Test Method 

NEND(3) Endurance 100,000 Cycles/Byte MIL-STD-883, Test Method 1033 

ToR<3> Data Retention 100 Years MIL-STD-883, Test Method 1008 

VZAP(3) ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015 

ILTH(3l<4l Latch-Up 100 mA JEDEC Standard 17 

D.C. OPERATING CHARACTERISTICS 

CAT35C104 TA= 0°C to +70°C, Vee = +5V±10%, unless otherwise specified. 
CAT35C1041 TA= -40°C to +85°C, Vee = +5V±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. 

lcc1 Power Supply Current 3 
(Operating) 

lcC2 Power Supply Current 100 
(Standby) 

lu Input Leakage Current 2 

ILO Output Leakage Current 10 
(Including ORG Pin) 

V1H High Level Input Voltage 2.0 Vee+ 1 

V1L Low Level Input Voltage -0.1 0.8 

VoH High Level Output Voltage 2.4 

VoL Low Level Output Voltage 0.4 

Note: 

Units Test Conditions 

mA DI= O.OV, SK= 5.0V 
Vee= 5.0V, CS= 5.0V, 
Output Open 

µA Vee= 5.5V, CS= OV 
DI= OV SK=OV 

µA V1N = OV to 5.5V 

µA Vour = OV to 5.5V, 
CS=OV 

v 
v 
v loH=-400µA 

v loL =2.1mA 

(1) The minimum DC input voltage is --0.SV. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is V cc +O.SV, which may overshoot to V cc +2.0V for periods of less than 20 ns. 

(2) Output shorted for no more than one second. No more than one output shorted at a time. 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vee +1V. 
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CAT35C104/CAT35C1041 

INSTRUCTION SET 

Address Data 

Instruction Start Bit Opcode 512 XS 256x16 512 XS 256x16 

READ 1 1 0 AB-AO A7-AO 

ERASE 1 1 1 AS-AO A7-AO 

WRITE 1 0 1 AB-AO A7-AO D7-DO D15-DO 

EWEN 1 0 0 11XXXXXXX 11XXXXXX 

EWDS 1 0 0 ooxxxxxxx ooxxxxxx 

ERAL 1 0 0 10XXXXXXX 10XXXXXX 

WRAL 1 0 0 01XXXXXXX 01XXXXXX D7-DO D15-DO 

A.C. CHARACTERISTICS 

CAT35C104 TA= 0°C to +70°C, Vee= +5V±10%, unless otherwise specified. 
CAT35C1041 TA=-40°C to +85°C, Vee= +5V±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units 

tcss CS Setup Time 50 ns 

tcsH CS Hold Time 0 ns 

trns DI Setup Time 100 ns 

to1H DI Hold Time 100 ns 

tpo1 Output Delay to 1 500 ns 

tpoo Output Delay to o 500 ns 

tHz(3l Output Delay to High-Z 100 ns 

tEW Program/Erase Pulse Width 10 ms 

tcSMIN Minimum CS Low Time 250 ns 

tsKHJ Minimum SK High Time 250 ns 

ts KL OW Minimum SK Low time 250 ns 

tsv Output Delay to Status Valid 500 ns 

SKMAX Maximum Clock Frequency DC 1 MHz 

Note: 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
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Comments 

Read Address AN-AO 

Clear Address AN-AO 

Write Address AN-AO 

Write Enable 

Write Disable 

Clear All Addresses 

Write All Addresses 

Test Conditions 

CL= 100pF 

VoL = o.av, VoH = 2.ov 

V1L= 0.45V, V1H = 2.4V 

CL= 100pF 

• 



CAT35C104/CAT35C1041 

DEVICE OPERATION 

The CAT35C104/CAT35C1041 is a 4096 bit nonvolatile 
memory intended for use with industry standard micro
proce5sors. The CAT35C104/CAT35C1041 can be or
ganized as either 256 registers by 16 bits, or as 512 
registers by 8 bits. Seven 11 bit instructions (12 bit 
instruction in 512 by 8 organization) control the reading, 
writing and erase operations of the device. The 
CAT35C104/CAT35C1041 operates on a single 5V sup
ply and will generate on chip, the high voltage required 
during any write operation. 

Instructions, addresses, and write data are clocked into 
the DI pin on the rising edge of the clock (SK). The DO 
pin is normally in a high impedance state except when 
reading data from the device, or when checking the 
ready/busy status after a write operation. 

The ready/busy status can be determined after a write 

Figure 1. Sychronous Data Timing (5) 

SK 

DI 

cs 

DO 

Figure 2. Read Instruction Timing (5) 

SK 

cs 

DI 

DO 

Note: 

operation by selecting the device (CS high) and polling 
the DO pin; DO low indicates that the write operation is 
not completed, while DO high indicates that the device 
is ready for the next instruction. If necessary, the DO pin 
may be placed back into a high impedance state during 
chip select by shifting a dummy "1" into the DI pin. The 
DO pin will enter the high impedance state on the falling 
edge of the clock (SK). Placing the DO pin into the high 
impedance state is recommended in applications where 
the DI pin and the DO pin are to be tied together to form 
a common Dl/O pin. 

The format for all instructions sent to the CAT35C104/ 
CAT35C1041 is a logical "1" start bit, a 2 bit (or 4 bit) op 
code, a 8 bit address (9 bit address when organized as 
512x 8), and for write operations a 16 bit data field (8 bit 
data field when organized as 512 x 8). 

1csH 

5048 FHD FOO 

STANDBY 

1HZ~ HIGH-Z -----
D1 Do 

5048 FHD F04 

(5) The ORG pin is used to configure the device forxB orx16 operation. When xB organization is selected, AN= A8 and DN = D7. 
When x16 organization is selected, AN= A7 and DN = D15. 
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At power-down, when Vee falls below a threshold of 
approximately 3.5V, the data protection circuitry inhibits 
the erase and write instructions and a write disable 
(EWDS) is executed internally. 

Read 

Upon receiving a READ command and an address 
(clocked into the DI pin), the DO pin of the CAT35C104/ 
CAT35C1041 will come out of the high impedance state 
and, after sending an initial dummy zero bit, will begin 
shifting out the data addressed. The output data bits will 
toggle on the rising edge of the SK clock and are stable 
after the specified time delay (tPoo or tpo1). 

Write 

After receiving a WRITE command, address and the 
data, the CS (chip select) pin must be deselected for a 

Figure 3. Write Instruction Timing (5) 

SK 

cs 

DI 

DO 

Figure 4. Erase Instruction Timing (5) 

SK 

cs 

DI 

HIGH-Z 
DO 

Note: 

CAT35C104/CAT35C1041 

minimum of 250ns (tcsM1N). The falling edge of CS will 
start the self clocking clear and data store cycle of the 
memory location specified in the instruction. The clock
ing of the SK pin is not necessary after the device has 
enteredthe selfclocking mode. The ready/busy status of 
the CAT35C104/CAT35C1041 can be determined by 
selecting the device and polling the DO pin. Since this 
device features Auto-Clear before write, it is NOT nec
essary to erase a memory location before the WRITE 
command is sent. 

Erase 

Upon receiving an ERASE command and address, the • 
CS (chip select) pin must be deselected for a minimum 
of 250ns (tcsMIN). Ttie falling edge of CS will start the self 
clocking clear cycle of the memory location specified in 
the instruction. The clocking of the SK pin is not neces-

STATUS VERIFY STANDBY 

tcs 

tsv 

5048 FHD F07 

(5) The ORG pin is used to configure the device for xB or x16 operation. When xB organization is selected, AN = AB and ON = 07. 
When x16 organization is selected, AN= A7 and ON= 015. 
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CAT35C104/CAT35C1041 

sary afterthe device has entered the self clocking mode. 
The ready/busy status of the CAT35C104/CAT35C1041 
can be determined by selecting the device and polling 
the DO pin. Once cleared, the content of a cleared 
location returns to a logical "1" state. 

Erase/Write Enable and Disable 

The CAT35C104/CAT35C1041 powers up in the write 
disable state. Any writing after power-up or after an 
EWDS (write disable) instruction must first be preceded 
by the EWEN (write enable) instruction. Once the write 
instruction is enabled, it will remain enabled until power 
to the device is removed, or the EWDS instruction is 
sent. The EWDS instruction can be used to disable all 
CAT35C104/CAT35C1041 write and clear instructions, 

Figure 5. EWEN/EWDS Instruction Timing (5) 

SK 

cs J 

DI 0 0 

and will prevent any accidental writing or clearing of the 
device. Data can be read normally from the device 
regardless of the write enable/disable status. 

Erase All 

Upon receiving an ERAL command, the CS (chip select) 
pin must be deselected for a minimum of 250ns (tcsMIN). 
The falling edge of CS will start the self clocking clear 
cycle of all memory locations in the device. The clocking 
of the SK pin is not necessary after the device has 
entered the self clocking mode. The ready/busy status of 
the CAT35C104/CAT35C1041 can be determined by 
selecting the device and polling the DO pin. Once 
cleared, the contents ofall memory bits return to a logical 
"1" state. 

\ STANDBY ._ ______ _ 
• ENABLE= 11 256 x 16 = 6 DON'T CARE BITS 

DISABLE= 00 512 x 8 = 7 DON'T CARE BITS 
5048 FHD Foe 

Figure 6. ERAL Instruction Timing (5) 

SK UlJ IXXXXXXXXXXXXXXXXXX 
cs 

DI 0 0 

HIGH·Z 
DO 

5048 FHD F08 

Note: 
(5) The ORG pin is used to configure the device forxB orx16 operation. When xB organization is selected, AN= AB and ON= 07. 

When x16 organization is selected, AN= A7 and ON= 015. 
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Write All 

Upon receiving a WRAL command and data, the CS 
(chip select) pin must be deselected for a minimum of 
250ns (tcsMIN). The falling edge of CS will start the self 
clocking data write to all memory locations in the device. 
The clocking of the SK pin is not necessary after the 

Figure 7. WRAL Instruction Timing (5) 

SK 

cs 

DI 0 0 0 

DO 

Note: 

CAT35C104/CAT35C1041 

device has entered the self clocking mode. The ready/ 
busy status of the CAT35C104/CAT35C1041 can be 
determined by selecting the device and polling the DO 
pin. It IS NOT necessary for all memory locations to be 
cleared before the WRAL command is executed. 

STANDBY. 

5048 FHD F09 

(5) The ORG pin is used to configure the device forxa orx16 operation. When xa organization is selected, AN= AB and ON= 07. 
When x16 organization is selected, AN= A7 and DN = 015. 
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CAT33C108/CAT33C1081 
SK-Bit SERIAL E2PROM 

FEATURES 

• High Speed Operation: 1MHz 

• Low Power CMOS Technology 

• Single 3V Supply 

• 512 x 16 or 1024 x 8 Selectable Serial Memory 

• Self-Timed Write Cycle with Auto-Clear 

• Sequential Read 

• Program Enable (PE) Pin 

DESCRIPTION 

The CAT33C108 and CAT33C1081 are BK bit Serial 
E2PROM memory devices which can be configured as 
either 512 registers by 16 bits (ORG pin at VcC) or 1024 
registers by 8 bits (ORG pin at GND). Each register can 
be written (or read) serially by using the DI (or DO) pin. 

PIN CONFIGURATION 

DIP Package SO Package S 

cs 
SK 

DI 

DO 

Vee 
PE 

ORG 

GND 

PIN FUNCTIONS 

Pin Name 

cs 
SK 

DI 

DO 

Vee 

GND 

PE 

ORG 

cs 
SK 

DI 

DO 

Function 

Chip Select 

Clock Input 

8 

7 

6 

5 

Serial Data Input 

Serial Data Output 

+3V Power Supply 

Ground 

Program Enable 

Memory Organization 

Vee 
PE 

ORG 

GND 

Note: When the ORG pin is connected to Vee, the 512x 16 organiza
tion is selected. When it is connected to ground, the 1024 x 8 
organization is selected. If the ORG pin is left unconnected, then an 
internal pul/up device will select the 512 x 16 organization. 

© 1992 by Catalyst Semiconductor, Inc. 

• Fast Nonvolatile Write Cycle: 5ms Max 

• Hardware and Software Write Protection 

• Power-Up lnadvertant Write Protection 

• 100,000 Program/Erase Cycles 

• 100 Year Data Retention 

• Optional High Endurance Device Available 

The CAT33C108/CAT33C1081 is manufactured using 
Catalyst's advanced CMOS E2PROM floating gate tech
nology. It is designed to endure 100,000 program/erase 
cycles and has a data retention of 100 years. The device 
is available in 8 pin DIP or SO packages. 

SO Package K 

3-81 

8 Vee 
7 PE 
6 ORG 
5 GND 

5052 FHO F01 

BLOCK DIAGRAM 

ORG 

DI 

SK 

Vee GND 

MEMORY ARRAY 
1024 x 8 

OR 
512 x16 

DATA 
REGISTER 

CLOCK 
GENERATOR 

ADDRESS 
DECODER 

OUTPUT 
BUFFER 

DO 

5052 FHO F02 

TD 5052 

Characteristics subject to change without notice 
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CAT33C108/CAT33C1081 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to +125°C 

Storage Temperature ......................... --65°C to + 150°C 

Voltage on any Pin with 
Respect to Ground<1> .............. -2.0V to +Vee +2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 

Package Power Dissipation 
Capability (Ta= 25°C) .................................... 1.0W 

Lead Soldering Temperature (10 secs) ............... 300°C 

Output Short Circuit Current<2l .......................... 100 mA 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NEND(3) Endurance 100,000 

ToR<3) Data Retention 100 

VZAp(3) ESD Susceptibility 2000 

bH(3)(4) Latch-Up 100 

D.C. OPERATING CHARACTERISTICS 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Units Reference Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

CAT33C108 TA= 0°c to +70°C, Vee= +3V±10%, unless otherwise specified. 
CAT33C1081 TA=-40°C to +85°C, Vee= +3V±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units Test Conditions 

lec1 Power Supply Current Comm. 2 mA DI= O.OV, SK= 3.0V 
(Operating) 

Ind. 3 mA 
Vee= 3.0V, CS= 3.0V, 
Output Open 

lee2 Power Supply Current 10 µA Vee = 3.3V, CS = ov 
(Standby) DI= OV SK= OV 

lu(S) Input Leakage Current 1 µA V1N = OV to 3.3V 

ILO(S) Output Leakage Current 1 µA VouT = OV to 3.3V, 
(Including ORG Pin) CS=OV 

V1H High Level Input Voltage Vee-0.3 Vee +1 v 
V1L Low Level Input Voltage -0.1 0.3 v 
VoH High Level Output Voltage Vce-0.3 v loH =-10µA 

VoL Low Level Output Voltage 0.3 v loL = 10µA 

Note: 
(1) The minimum DC input voltage is --0.5V. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +0.5V, which may overshoot to Vee +2.0V for periods of less than 20 ns. 
(2) Output shorted for no more than one second. No more than one output shorted at a time. 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vee +1V. 
(5) PE and ORG pin leakage current (lu and ILol = 15 µA max. (at V1L). 10 µA otherwise. 
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INSTRUCTION SET(6) 

Address Data 

Instruction Start Bit Opcode 1024 x 8 512x16 1024x8 512x16 

READ 1 1 0 XA9-AO XAB-AO 

ERASE 1 1 1 XA9-AO XAB-AO 

WRITE 1 0 1 XA9-AO XAB-AO D7-DO D15-DO 

EWEN 1 0 0 11 xxxxxxxxx 11XXXXXXXX 

EWDS 1 0 0 ooxxxxxxxxx ooxxxxxxxx 
ERAL 1 0 0 10XXXXXXXXX 10XXXXXXXX 

WRAL 1 0 0 01XXXXXXXXX 01XXXXXXXX D7-DO D15-DO 

A.C. CHARACTERISTICS 

CAT33C108 TA= 0°C to +70°C, Vee= +3V±10%, unless otherwise specified. 
CAT33C10BI TA= -40°C to +85°C, Vee= +3V±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units 

tcss CS Setup Time 250 ns 

tcsH CS Hold Time 0 ns 

to1s DI Setup Time 250 ns 

to1H DI Hold Time 250 ns 

tpo1 Output Delay to 1 500 ns 

tpoo Output Delay to O 500 ns 

tHz(3) Output Delay to High-Z 500 ns 

tEW(?) Program/Erase Pulse Width 5 ms 

tcSMIN Minimum CS Low Time 500 ns 

tsKHI Minimum SK High Time 500 ns 

tsKLOW Minimum SK Low time 500 ns 

tsv Output Delay to Status Valid 500 ns 

SKMAX Maximum Clock Frequency DC 1 MHz 

Note: 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(6) X indicates a "Don't Care" input (either o or 1 ). 
(7) ERAL and WRAL instructions= 10 ms max. 
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CAT33C108/CAT33C1081 

PE Comments 

x Start Address AN-AO 

1 Clear Address AN-AO 

1 Write Address AN-AO 

x Write Enable 

x Write Disable 

1 Clear All Addresses 

1 Write All Addresses • 
Test Conditions 

CL= 100pF 

VoL = 0.3V, VoH =Vee- 0.3 

V1L = 0.3V, V1H =Vee- 0.3 

CL= 100pF 



CAT33C108/CAT33C1081 

DEVICE OPERATION 

The CAT33C108/CAT33C1081 is a 8192 bit nonvolatile 
memory intended for use with industry standard micro
processors. The CAT33C108/CAT33C1081 can be or
ganized as either 512 registers by 16 bits, or as 1024 
registers by 8 bits. Seven 13 bit instructions (14 bit 
instruction in 1024 by 8 organization) control the read
ing, writing and erase operations of the device. The 
CAT33C108/CAT33C1081 operates on a single 3V sup
ply and will generate on chip, the high voltage required 
during any write operation. 

Instructions, addresses, and write data are clocked into 
the DI pin on the rising edge of the clock (SK). The DO 
pin is normally in a high impedance state except when 
reading data from the device, or when checking the 
ready/busy status after a write operation. 

The ready/busy status can be determined after a write 
operation by selecting the device (CS high) and polling 

Figure 1. Sychronous Data Timing (B) 

SK 

,..._ ___ tDls 

DI VALID 

cs 

DO 

Figure 2. Read Instruction Timing (8)(9) 

SK 

cs 

x 
DI 

HIGH-Z 
DO 

Note: 

the DO pin; DO low indicates that the write operation is 
not completed, while DO high indicates that the device 
is ready for the next instruction. If necessary, the DO pin 
may be placed back into a high impedance state during 
chip select by shifting a dummy "1" into the DI pin. The 
DO pin will enter the high impedance state on the rising 
edge of the clock (SK). Placing the DO pin into the high 
impedance state is recommended in applications where 
the DI pin and the DO pin are to be tied together to form 
a common Dl/O pin. 

The format for all instructions sent to the CAT33C108/ 
CAT33C1081 is a logical "1" start bit, a 2 bit (or 4 bit) op 
code, a 9 bit address (1 Obit address when organized as 
1024 x 8), and for write operations a 16 bit data field (8 
bit data field when organized as 1024 x 8). All program/ 
erase cycles are enabled only when pin 7 (PE) is held 
high. 

VALID 

5052 FHD F03 

STANDBY 

~~t __ ~~ HIGH-Z 

D1 Do 
5052 FHD F04 

(8) The ORG pin is used to configure the device forxB orx16 operation. Whan xB organization is selected, AN= A9 and DN = D7. 
When x16 organization is selected, AN = AB and DN = D15. 

(9) PE = "Don't Care". 
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Read 

Upon receiving a READ command and an address 
(clocked into the DI pin), the DO pin of the CAT33C108/ 
CAT33C1081 will come out of the high impedance state 
and, after sending an initial dummy zero bit, will begin 
shifting out the data addressed. The output data bits will 
toggle on the rising edge of the SK clock and are stable 
after the specified time delay (tpoo or tpo1). The data 
output is sequential with the data from address N fol
lowed by the data from address N+ 1. The data output 
continues to the highest address and will wrap around to 
the first address if the clock continues to run. Bringing 
CS low at any time will stop the data output. The dummy 
bit is suppressed in the sequential read mode (except for 
the very first address) and a continuous stream of data 
results. 

Figure 3. Write Instruction Timing (8) 

SK 

cs 

x 
DI 

HIGH·Z 
DO 

PE 

Figure 4. Erase Instruction Timing (8) 

SK 

cs 

DI 

HIGH·Z 
DO 

PE 
Note: 

CAT33C108/CAT33C1081 

Write 

After receiving a WRITE command, address and the 
data, the CS (chip select) pin must be deselected for a 
minimum of 500ns (tcsM1N). The falling edge of CS will 
start the self clocking clear and data store cycle of the 
memory location specified in the instruction. The clock
ing of the SK pin is not necessary after the device has 
enteredthe self clocking mode. The ready/busy status of 
the CAT33C108/CAT33C1081 can be determined by 
selecting the device and polling the DO pin. Since this 
device features Auto-Clear before write, it is NOT nec
essary to erase a memory location before the WRITE 
command is sent. The Write instruction requires that • 
PE= 1. 

5052 FHD FOS 

u e<XXXXXXxxxxxxxxxxxxxxxxxxxx 

5052 FHD F07 

(8) The ORG pin is used to configure the device forxB orx16 operation. When xB organization is selected, AN= A9 and ON= 07. 
When x16 organization is selected, AN= AB and ON= 015. 
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CAT33C108/CAT33C1081 

Erase 

Upon receiving an ERASE command and address, the 
CS (chip select) pin must be deselected for a minimum 
of 500ns (tcsMIN). The falling edge of CS will start the self 
clocking clear cycle of the memory location specified in 
the instruction. The clocking of the SK pin is not neces
sary after the device has entered the self clocking mode. 
The ready/busy status of the CAT33C108/CAT33C1081 
can be determined by selecting the device and polling 
the DO pin. Once cleared, the content of a cleared 
location returns to a logical "1" state. The Erase instruc
tion requires that PE = 1. 

Erase/Write Enable and Disable 

The CAT33C108/CAT33C1081 powers up in the write 
disable state. Any writing after power-up or after an 
EWDS (write disable) instruction must first be preceded 
by the EWEN (write enable) instruction. Once the write 
instruction is enabled, it will remain enabled until power 

Figure 5. EWEN/EWDS Instruction Timing (8)(9) 

SK 

cs _/ 

DI 0 0 

to the device is removed, or the EWDS instruction is 
sent. The EWDS instruction can be used to disable all 
CAT33C108/CAT33C1081 write and clear instructions 
and will prevent any accidental writing or clearing of th~ 
device. Data can be read normally from the device 
regardless of the write enable/disable status. 

Erase All 

Upon receiving an ERAL command, the CS (chip select) 
pin must be deselected for a minimum of 500ns (tcsMIN). 
The falling edge of CS will start the self clocking clear 
cycle of all memory locations in the device. The clocking 
of the SK pin is not necessary after the device has 
entered the self clocking mode. The ready/busy status of 
the CAT33C108/CAT33C1081 can be determined by 
selecting the device and polling the DO pin. Once 
cleared, the contents of all memory bits return to a logical 
"1" state. The Erase All instruction requires that PE = 1. 

\ STANDBY '--------

• ENABLE= 11 512 x 16 = 8 DON'T CARE BITS 
DISABLE= 00 1024 x 8 = 9 DON'T CARE BITS 

5052 FHD Foe 

Figure 6. ERAL Instruction Timing (8) 

SK U1J txXXXXXXXXXXXXXXXXXXXXXXXXXXX 
cs 

DI 

DO 

PE 

Note: 

0 0 

HIGH-Z 

0 

512 x 16 = 8 DON'T CARE BITS 
1024 x 8 = 9 DON'T CARE BITS 

(8) The ORG pin is used to configure the device for xB or x16 operation. 
(9) PE= "Don't Care". 
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Write All 

Upon receiving a WRAL command and data, the CS 
(chip select) pin must be deselected for a minimum of 
500ns (tcsMIN). The falling edge of CS will start the self 
clocking data write to all memory locations in the device. 
The clocking of the SK pin is not necessary after the 

Figure 7. WRAL Instruction Timing (8) 

CAT33C108/CAT33C1081 

device has entered the self clocking mode. The ready/ 
busy status of the CAT33C108/CAT33C1081 can be 
determined by selecting the device and polling the DO 
pin. It IS NOT necessary for all memory locations to be 
cleared before the WRAL command is executed. The 
Write All instruction requires that PE = 1. 

SK lnnJU ©<XXXXXXXXXXXXXXXXxxx 

cs STANDBY. 

DI 0 0 0 

DO 
HIGH-Z 

PE 
5052 FHD F09 

Note: 
(8) The ORG pin is used to configure the device forxB orx16 operation. When xB organization is selected DN = D7 

When x16 organization is selected, DN = D15. ' · 
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CAT35C108/CAT35C1081 
SK-Bit SERIAL E2PROM 

FEATURES 

• High Speed Operation: 3MHz 

• Low Power CMOS Technology 

• Single SV Supply 

• 512 x 16 or 1024 x 8 Selectable Serial Memory 

• Self-Timed Write Cycle with Auto-Clear 

•Sequential Read 

• Program Enable (PE) Pin 

DESCRIPTION 

The CAT35C108 and CAT35C1081 are SK bit Serial 
E2PROM memory devices which can be configured as 
either 512 registers by 16 bits (ORG pin at Vcq or 1024 
registers by 8 bits (ORG pin at GND). Each register can 
be written (or read) serially by using the DI (or DO) pin. 

PIN CONFIGURATION 

DIP Package SO Package S 

cs 
SK 

DI 

DO 

Vee 
PE 

ORG 

GND 

PIN FUNCTIONS 

Pin Name 

cs 
SK 

DI 

DO 

Vee 

GND 

PE 

ORG 

cs 
SK 

DI 

DO 

Function 

Chip Select 

Clock Input 

8 

7 

6 

5 

Serial Data Input 

Serial Data Output 

+5V Power Supply 

Ground 

Program Enable 

Memory Organization 

Vee 
PE 

ORG 

GND 

Note: When the ORG pin is connected to Vee. the 512x 16 organiza
tion is selected. When it is connected to ground, the 1024 x 8 
organization is selected. If the ORG pin is left unconnected, then an 
internal pullup device will select the 512 x 16 organization. 

© 1992 by Catalyst Semiconductor, Inc. 

• Fast Nonvolatile Write Cycle: Sms Max 

• Hardware and Software Write Protection 

• Power-Up lnadvertant Write Protection 

• 100,000 Program/Erase Cycles 

• 100 Year Data Retention 

• Optional High Endurance Device Available 

The CAT35C108/CAT35C1081 is manufactured using 
Catalyst's advanced CMOS E2PROM floating gate tech
nology. It is designed to endure 100,000 program/erase 
cycles and has a data retention of 100 years. The device 
is available in 8 pin DIP or SO packages. 

SO Package K 

cs 
SK 

DI 

DO 
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8 Vee 
7 PE 
6 ORG 
5 GND 

5053 FHO F01 

BLOCK DIAGRAM 

ORG 

DI 

PE 
cs 

SK 

Vee GND 

MEMORY ARRAY 
1024 x 8 

OR 
512 x16 

DATA 
REGISTER 

MODE DECODE 
LOGIC 

CLOCK 
GENERATOR 

ADDRESS 
DECODER 

OUTPUT 
BUFFER 

DO 

5053 FHD i:-02 

TD 5053 

Characteristics subject to change without notice 
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CAT35C108/CAT35C1081 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to +125°C 

Storage Temperature ......................... -65°C to +150°C 

Voltage on any Pin with 
Respect to Ground<1l .............. -2.0V to +Vee +2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 

Package Power Dissipation 
Capability(Ta=25°C) .................................... 1.0W 

Lead Soldering Temperature (10 secs) ............... 300°C 

Output Short Circuit Current<2l .......................... 100 mA 

RELIABILITY CHARACTERISTICS 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Symbol Parameter Min. Max. Units Reference Test Method 

NENo<3l Endurance 100,000 Cycles/Byte MIL-STD-883, Test Method 1033 

ToR(3l Data Retention 100 Years MIL-STD-883, Test Method 1008 

VZAp(3) ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015 

ILTH(3H4l Latch-Up 100 mA JEDEC Standard 17 

D.C. OPERATING CHARACTERISTICS 

CAT35C108 TA= 0°C to +70°C, Vee= +5V±10%, unless otherwise specified. 
eAT35C1081 TA= -40°C to +85°C, Vee= +5V±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. 

lcc1 Power Supply Current Comm. 3 
(Operating) 

Ind. 4 

lcc2 Power Supply Current 10 
(Standby) 

lu(S) Input Leakage Current 1 
ILO(s) Output Leakage Current 1 

V1H High Level Input Voltage 2.0 Vee+ 1 

V1L Low Level Input Voltage -0.1 0.8 

VoH High Level Output Voltage 2.4 

VoL Low Level Output Voltage 0.4 

Note: 

Units Test Conditions 

mA DI= O.OV, SK= 5.0V 
Vee= 5.0V, CS= 5.0V, 

mA Output Open 

µA Vee= 5.5V, CS= ov 
DI= OV SK= OV 

µA V1N = OV to 5.5V 

µA VouT = OV to 5.5V, 
CS=OV 

v 
v 
v loH =-400µA 

v loL = 2.1mA 

(1) The minimum DC input voltage is--0.5V. During transitions, inputs may undershoot to-2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Vee +0.5V, which may overshoot to Vee +2.0V for periods of less than 20 ns. 

(2) Output shorted for no more than one second. No more than one output shorted at a time. 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vee +1V. 
(5) PE and ORG pin leakage current (lu and ILO) = 15 µA max. (at V1LJ, 10 µA otherwise. 
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INSTRUCTION SET(6) 

Address Data 

Instruction Start Bit Opcode 1024 x 8 512x16 1024x8 512x16 

READ 1 1 0 XA9-AO XA8-AO 

ERASE 1 1 1 XA9-AO XA8-AO 

WRITE 1 0 1 XA9-AO XA8-AO D7-DO D15-DO 

EWEN 1 0 0 11 xxxxxxxxx 11XXXXXXXX 

EWDS 1 0 0 ooxxxxxxxxx ooxxxxxxxx 
ERAL 1 0 0 10XXXXXXXXX 10XXXXXXXX 

WRAL 1 0 0 01XXXXXXXXX 01XXXXXXXX D7-DO D15-DO 

A.C. CHARACTERISTICS 

CAT35C108 TA= 0°C to +70°C, Vee= +5V±10%, unless otherwise specified. 
CAT35C1081 TA= -40°C to +85°C, Vee = +5V±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units 

tess CS Setup Time 50 ns 

tesH CS Hold Time 0 ns 

to1s DI Setup Time 50 ns 

to1H DI Hold Time 50 ns 

tpo1 Output Delay to 1 100 ns 

tpoo Output Delay to O 100 ns 

tHz(3) Output Delay to High-Z 100 ns 

tEw(?) Program/Erase Pulse Width 5 ms 

tcSMIN Minimum CS Low Time 100 ns 

tsKHI Minimum SK High Time 100 ns 

tsKLOW Minimum SK Low time 100 ns 

tsv Output Delay to Status Valid 100 ns 

SKMAX Maximum Clock Frequency DC 3 MHz 

Note: 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(6) X indicates a "Don't Care" input (either o or 1 ). 
(7) ERAL and WRAL instructions= 10 ms max. 
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PE Comments 

x Start Address AN-AO 

1 Clear Address AN-AO 

1 Write Address AN-AO 

x Write Enable 

x Write Disable 

1 Clear All Addresses 

1 Write All Addresses • 
Test Conditions 

CL= 100pF 

VoL = 0.3V, VoH =Vee- 0.3 

V1L = 0.3V, V1H =Vee- 0.3 

CL= 100pF 



CAT35C108/CAT35C1081 

DEVICE OPERATION 

The CAT35C108/CAT35C1081 is a 8192 bit nonvolatile 
memory intended for use with industry standard micro
processors. The CAT35C108/CAT35C1081 can be or
ganized as either 512 registers by 16 bits, or as 1 024 
registers by 8 bits. Seven 13 bit instructions (14 bit 
instruction in 1024 by 8 organization) control the read
ing, writing and erase operations of the device. The 
CAT35C108/CAT35C1081 operates on a single 5V sup
ply and will generate on chip, the high voltage required 
during any write operation. 

Instructions, addresses, and write data are clocked into 
the DI pin on the rising edge of the clock (SK). The DO 
pin is normally in a high impedance state except when 
reading data from the device, or when checking the 
ready/busy status after a write operation. 

The ready/busy status can be determined after a write 
operation by selecting the device (CS high) and polling 

Figure 1. Sychronous Data Timing (8) 

SK 

DI 

cs 

DO 

Figure 2. Read Instruction Timing (8)(9) 

SK 

cs 

DI 

DO 

Note: 

the DO pin; DO low indicates that the write operation is 
not completed, while DO high indicates that the device 
is ready forthe next instruction. If necessary, the DO pin 
may be placed back into a high impedance state during 
chip select by shifting a dummy "1" into the DI pin. The 
DO pin will enter the high impedance state on the rising 
edge of the clock (SK). Placing the DO pin into the high 
impedance state is recommended in applications where 
the DI pin and the DO pin are to be tied together to form 
a common Dl/O pin. 

The format for all instructions sent to the CAT35C108/ 
CAT35C1081 is a logical "1" start bit, a 2 bit (or 4 bit) op 
code, a 9 bit address (1 Obit address when organized as 
1024 x 8), and for write operations a 16 bit data field (8 
bit data field when organized as 1024 x 8). All program/ 
erase cycles are enabled only when pin 7 (PE) is held 
high. 

5053 FHD F03 

STANDBY 

~~r-__ ~~ HIGH-Z 

D1 Do 5053 FHD F04 

(8) The ORG pin is used to configure the device forxB orx16 operation. When xB organization is selected, AN= A9 and DN = D7. 
When x16 organization is selected, AN= AB and DN = D15. 

(9) PE= "Don't Care". 
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Read 

Upon receiving a READ command and an address 
(clocked into the DI pin), the DO pin of the CAT35C108/ 
CAT35C1081 will come out of the high impedance state 
and, after sending an initial dummy zero bit, will begin 
shifting out the data addressed. The output data bits will 
toggle on the rising edge of the SK clock and are stable 
after the specified time delay (tpoo or tpo1). The data 
output is sequential with the data from address N followed 
by the data from address N+ 1. The data output continues 
to the highest address and will wrap around to the first 
address if the clock continues to run. Bringing CS low at 
any time will stop the data output . The dummy bit is 
suppressed in the sequential read mode (except for the 
very first address) and a continuous stream of data 
results. 

Figure 3. Write Instruction Timing (8) 

CAT35C108/CAT35C1081 

Write 

After receiving a WRITE command, address and the 
data, the CS (chip select) pin must be deselected for a 
minimum of 1 OOns (tcsMIN). The falling edge of CS will 
start the self clocking clear and data store cycle of the 
memory location specified in the instruction. The clock
ing of the SK pin is not necessary after the device has 
entered the self clocking mode. The ready/busy status of 
the CAT35C108/CAT35C1081 can be determined by 
selecting the device and polling the DO pin. Since this 
device features Auto-Clear before write, it is NOT nec-
essary to erase a memory location before the WRITE 

3 command is sent. The Write instruction requires that 
PE= 1. 

SK UUlJu ooxxxxxxxxxxxxxxxxxxx 
tcs 

cs 

x 
DI 

tsv 
HIGH·Z 

DO 

PE 
5053 FHD Fas 

Figure 4. Erase Instruction Timing (8) 

SK U C<XXXXXXXXXXXXXXXXX 

cs 

DI 

HIGH-Z 
DO 

PE 
5053 FHD F07 

~lte~he ORG pin is used to configure the device forxB orx16 operation. Whan xB organization is selected, AN= A9 and DN = 07. 
Whan x16 organization is selected, AN= AB and ON= 015. 
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CAT35C108/CAT35C1081 

Erase 

Upon receiving an ERASE command and address, the 
CS (chip select) pin must be deselected for a minimum 
of 1 OOns (tcsMIN). The falling edge of CS will start the self 
clocking clear cycle of the memory location specified in 
the instruction. The clocking of the SK pin is not neces
sary afterthe device has entered the self clocking mode. 
The ready/busy status of the CAT35C108/CAT35C1081 
can be determined by selecting the device and polling 
the DO pin. Once cleared, the content of a cleared 
location returns to a logical "1" state. The Erase instruc
tion requires that PE= 1. 

Erase/Write Enable and Disable 

The CAT35C108/CAT35C1081 powers up in the write 
disable state. Any writing after power-up or after an 
EWDS (write disable) instruction must first be preceded 
by the EWEN (write enable) instruction. Once the write 

Figure 5. EWEN/EWDS Instruction Timing (8)(9} 

SK 

cs _/ 

DI 0 0 

instruction is enabled, it will remain enabled until power 
to the device is removed, or the EWDS instruction is 
sent. The EWDS instruction can be used to disable all 
CAT35C108/CAT35C1081 write and clear instructions, 
and will prevent any accidental writing or clearing of the 
device. Data can be read normally from the device 
regardless of the write enable/disable status. 

Erase All 

Upon receiving an ERAL command, the CS (chip select) 
pin must be deselected for a minimum of 1 OOns (tcsMIN). 
The falling edge of CS will start the self clocking clear 
cycle of all memory locations in the device. The clocking 
of the SK pin is not necessary after the device has 
entered the self clocking mode. The ready/busy status of 
the CAT35C108/CAT35C1081 can be determined by 
selecting the device and polling the DO pin. Once 
cleared, the contents ofall memory bits return to a logical 
"1" state. The Erase All instruction requires that PE = 1. 

\ STANDBY 
'--------

• ENABLE= 11 512 x 16 = 8 DON'T CARE BITS 
DISABLE= oo 1024 x 8 = 9 DON'T CARE BITS 

Figure 6. ERAL Instruction Timing (8) 

SK 

cs 

DI 0 0 

HIGH-Z 
DO 

PE 

Note: 
(8) The ORG pin is used to configure the device forxB orx16 operation. 
(9) PE= "Don't Care". 
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Write All 

Upon receiving a WRAL command and data, the CS 
(chip select) pin must be deselected for a minimum of 
1 OOns (tcsMIN). The falling edge of CS will start the self 
clocking data write to all memory locations in the device. 
The clocking of the SK pin is not necessary after the 

Figure 7. WRAL Instruction Timing (8) 

CAT35C108/CA T35C1081 

device has entered the self clocking mode. The ready/ 
busy status of the CAT35C108/CAT35C108l can be 
determined by selecting the device and polling the DO 
pin. It JS NOT necessary for all memory locations to be 
cleared before the WRAL command is executed. The 
Write All instruction requires that PE = 1. 

SK ~l.J lXXXXXxxxxxxxxxxxxxxxx 

cs .r-S-T .. A1Tr-U-S_V_E_R_IF_Y __ STANDBY • 

DI 0 0 0 

DO 

PE 
5053 FHD F09 

Note: . . 
(8) The ORG pin is used to configure the device forxa orx16 operation. When xa organization 1s selected, DN = 07. 

When x16 organization is selected, DN = D15. 
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CAT33C116/CAT33C1161 
16K-Bit SERIAL E2PROM 

FEATURES 

• High Speed Operation: 1 MHz 

• Low Power CMOS Technology 

• Single 3V Supply 

• 1024 x 16 or 2048 x 8 Selectable Serial Memory 

• Self-Timed Write Cycle with Auto-Clear 

• Sequential Read 

• Program Enable (PE) Pin 

DESCRIPTION 

The CAT33C116 and CAT33C1161 are 16K bit Serial 
E2PROM memory devices which can be configured as 
either 1024 registers by 16 bits (ORG pin at VcC) or2048 
registers by 8 bits (ORG pin at GND). Each register can 
be written (or read) serially by using the DI (or DO) pin. 
The CAT33C116/CAT33C1161 is manufactured using 

PIN CONFIGURATION 

DIP Package SO Package S 

cs 
SK 

DI 

DO 

Vee 
PE 

ORG 

GND 

PIN FUNCTIONS 

Pin Name 

cs 
SK 

DI 

DO 

Vee 

GND 

PE 

ORG 

8 

7 

6 

5 

Function 

Chip Select 

Clock Input 

Serial Data Input 

Serial Data Output 

+5V Power Supply 

Ground 

Program Enable 

Memory Organization 

Vee 
PE 

ORG 

GND 

Note: When the ORG pin is connected to Vee. the 1024 x 16 
organization is selected. When it is connected to ground, the 2048 x 
8 organization is selected. If the ORG pin is left unconnected, then an 
internal pullup device will select the 1024 x 16 organization. 

© 1992 by Catalyst Semiconductor, Inc. 

• Fast Nonvolatile Write Cycle: Sms Max 

• Hardware and Software Write Protection 

• Power-Up lnadvertant Write Protection 

• 100,000 Program/Erase Cycles 

• 100 Year Data Retention 

• Optional High Endurance Device Available 

Catalyst's advanced CMOS E2PROM floating gate tech
nology. It is designed to endure 100,000 program/erase 
cycles and has a data retention of 100 years. The device 
is available in 8 pin DIP or SO packages. 

SO Package K 

cs 
SK 

DI 

DO 
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BLOCK DIAGRAM 

ORG 

DI 

PE 
cs 

SK 

Vee GND 

MEMORY ARRAY 
2048x 8 

OR 
1024X16 
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MODE DECODE 
LOGIC 

CLOCK 
GENERATOR 

ADDRESS 
DECODER 

OUTPUT 
BUFFER 

DO 

5049 FHD F02 
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CAT33C116/CAT33C1161 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to + 125°C 

Storage Temperature ......................... --05°C to +150°C 

Voltage on any Pin with 
Respect to Ground<1l .............. -2.0V to +Vee +2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 

Package Power Dissipation 
Capability (Ta= 25°C) .................................... 1.0W 

Lead Soldering Temperature (10 secs) ............... 300°C 

Output Short Circuit Current<2l .......................... 100 mA 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NENo<3l Endurance 100,000 

ToR<3l Data Retention 100 

VZAp(3l ESD Susceptibility 2000 

IL TH(3)(4) Latch-Up 100 

D.C. OPERATING CHARACTERISTICS 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings'' may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Units Reference Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

CAT33e116 TA= 0°C to +70°C, Vee= +3V±10%, unless otherwise specified. 
CAT33e1161 TA= -40°C to +85°C, Vee = +3V±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units Test Conditions 

lee1 Power Supply Current Comm. 2 mA DI= O.OV, SK= 3.0V 
(Operating) 

Ind. 3 mA 
Vee= 3.0V, CS= 3.0V, 
Output Open 

lee2 Power Supply Current 10 µA Vee= 3.3V, CS= OV 
(Standby) DI= OV SK= OV 

lu<5l Input Leakage Current 1 µA V1N = OV to 3.3V 

ILO(s) Output Leakage Current 1 µA VouT = OV to 3.3V, 
CS=OV 

V1H High Level Input Voltage Vee-0.3 Vee+ 1 v 
V1L Low Level Input Voltage -0.1 0.3 v 
VoH High Level Output Voltage Vcc-0.3 v loH =-10µA 

VOL Low Level Output Voltage 0.3 v IOL = 10µA 

Note: 
(1) The minimum DC input voltage is -0.SV. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +0.5V, which may overshoot to Vee +2.0V for periods of less than 20 ns. 
(2) Output shorted for no more than one second. No more than one output shorted at a time. 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vee +1V. 
(5) PE and ORG pin leakage current (lu and ILO) = 10 µA max. 
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CAT33C116/CAT33C1161 

INSTRUCTION SET (6) 

Start Address Data 

Inst. Bit Opcode 2048x8 1024x16 2048x8 1024x16 PE Comments 

READ 1 1 0 A10-AO A9-AO 

ERASE 1 1 1 A10-AO A9-AO 

WRITE 1 0 1 A10-AO A9-AO D7-DO D15-DO 

EWEN 1 0 0 11 xxxxxxxxx 11XXXXXXXX 

EWDS 1 0 0 ooxxxxxxxxx ooxxxxxxxx 
ERAL 1 0 0 10XXXXXXXXX 10XXXXXXXX 

WRAL 1 0 0 01 xxxxxxxxx 01XXXXXXXX D7-DO D15-DO 

A.C. CHARACTERISTICS 

CAT33C116 TA= 0°C to+ 70°C, Vee = +3V±10%, unless otherwise specified. 
CAT33C1161 TA= -40°C to +85°C, Vee = +3V±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. 

less CS Setup Time 250 

tcsH CS Hold Time 0 

to1s DI Setup Time 250 

to1H DI Hold Time 250 

tpo1 Output Delay to 1 500 

tpoo Output Delay to O 500 

1Hz(3) Output Delay to High-Z 500 

tEw(?) Program/Erase Pulse Width 5 

tcsMIN Minimum CS Low Time 500 

tsKHI Minimum SK High Time 500 

ts KL OW Minimum SK Low time 500 

tsv Output Delay to Status Valid 500 

SKMAX Maximum Clock Frequency DC 1 

Note: 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(6) X indicates a "Don't Care" input (either O or 1 ). 
(7) ERAL and WRAL instructions= 10 ms max. 

3-99 

x Start Address AN-AO 

1 Clear Address AN-AO 

1 Write Address AN-AO 

x Write Enable 

x Write Disable 

1 Clear All Addresses 

1 Write All Addresses 

Units Test Conditions 

ns 

ns CL=100pF 

ns Va..=0.3V, 

ns VOH= Vee -0.3 

ns V1L=0.3V, 

ns V1H=Vcc -0.3 

ns 

ms 

ns 

ns 

ns 

ns CL= 100pF 

MHz 

• 



CAT33C116/CAT33C1161 

DEVICE OPERATION 

The CAT33C116/CAT33C1161isa16,384 bit nonvola
tile memory intended for use with industry standard 
microprocessors. The CAT33C116/CAT33C1161 can 
be organized as either 1024 registers by 16 bits, or as 
2048 registers by 8 bits. Seven 13 bit instructions (14 bit 
instruction in 2048 by 8 organization) control the read
ing, writing and erase operations of the device. The 
CAT33C116/CAT33C1161 operates on a single 3V sup
ply and will generate on chip, the high voltage required 
during any write operation. 

Instructions, addresses, and write data are clocked into 
the DI pin on the rising edge of the clock (SK). The DO 
pin is normally in a high impedance state except when 
reading data from the device, or when checking the 
ready/busy status after a write operation. 

Figure 1. Sychronous Data Timing (8) 

SK 

DI VALID 

cs 

DO 

Figure 2. Read Instruction Timing (8) (9) 

SK 

cs 

DI 

DO 

Note: 

The ready/busy status can be determined after a write 
operation by selecting the device (CS high) and polling 
the DO pin; DO low indicates that the write operation is 
not completed, while DO high indicates that the device 
is ready forthe next instruction. If necessary, the DO pin 
may be placed back into a high impedance state during 
chip select by shifting a dummy "1" into the DI pin. The 
DO pin will enter the high impedance state on the rising 
edge of the clock (SK). Placing the DO pin into the high 
impedance state is recommended in applications where 
the DI pin and the DO pin are to be tied together to form 
a common Dl/O pin. 

The format for all instructions sent to the CAT33C116/ 
CAT33C1161 is a logical "1" start bit, a 2 bit (or 4 bit) op 
code, a 10 bit address (11 bit address when organized 
as 2048 x 8), and for write operations a 16 bit data field 

5041 FHD F03 

STANDBY 

~~t __ ~~ HIGH-Z 

D1 Do 
5041 FHD F04 

(8) The ORG pin is used to configure the device forx8 orx16 operation. When x8 organization is selected, AN= A10 and DN = D7. 
When x16 organization is selected, AN= A9 and DN = D15. 

(9) PE ="Don't Care". 
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(8 bit data field when organized as 2048 x 8). All 
program/erase cycles are enabled only when pin 7 (PE) 
is held high. 

Read 

Upon receiving a READ command and an address 
(clocked into the DI pin), the DO pin of the CAT33C116/ 
CAT33C1161 will come out of the high impedance state 
and, after sending an initial dummy zero bit, will begin 
shifting out the data addressed. The output data bits will 
toggle on the rising edge of the SK clock and are stable 
after the specified time delay (tPDO or tPD1). The data 
output is sequential with the data from address N fol
lowed by the data from address N+ 1. The data output 
continues to the highest address and will wrap around to 
the first address if the clock continues to run. Bringing 
CS low at any time will stop the data output. The dummy 

CAT33C116/CAT33C1161 

bit is suppressed in the sequential read mode (except for 
the very first address) and a continuous stream of data 
results. 

Write 

After receiving a WRITE command, address and the 
data, the CS (chip select) pin must be deselected for a 
minimum of 500ns (tcsM1N). The falling edge of CS will 
start the self clocking clear and data store cycle of the 
memory location specified in the instruction. The clock
ing of the SK pin is not necessary after the device has 
entered the self clocking mode. The ready/busy status of 
the CAT33C116/CAT33C1161 can be determined by 3 selecting the device and polling the DO pin. Since this 
device features Auto-Clear before write, it is NOT nec-
essary to erase a memory location before the WRITE 
command is sent. The Write instruction requires that PE= 1. 

Figure 3. Write Instruction Timing (8) 

SK uuuu ©<xxxxxxxxxxxxxxxxxxxx 
cs 

DI 

HIGH-Z 
DO 

PE 

Figure 4. Erase Instruction Timing (8) 

SK 

cs 

DI 

HIGH-Z 
DO 

PE 

STANDBY 

tsv 

u ooxxxxxxxxxxxxxxxxxxxxx 

tsv 

STATUS VERIFY 

tcs 

STANDBY 

HIGH·Z 

5049 FHD F07 

~lte+i,e ORG pin is used to configure the device forx8 orx16 operation. When x8 organization is selected, AN= A10 and DN = D7. 
When x16 organization is selected, AN= A9 and DN = D15. 
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CAT33C116/CAT33C1161 

Erase 

Upon receiving an ERASE command and address, the 
CS (chip select) pin must be deselected for a minimum 
of 500ns (tcsMIN). The falling edge of CS will start the self 
clocking clear cycle of the memory location specified in 
the instruction. The clocking of the SK pin is not neces
sary afterthe device has entered the self clocking mode. 
The ready/busy status of the CAT33C116/CAT33C1161 
can be determined by selecting the device and polling 
the DO pin. Once cleared, the content of a cleared 
location returns to a logical "1" state. The Erase instruc
tion requires that PE = 1. 

Erase/Write Enable and Disable 

The CAT33C116/CAT33C1161 powers up in the write 
disable state. Any writing after power-up or after an 
EWDS (write disable) instruction must first be preceded 
by the EWEN (write enable) instruction. Once the write 

Figure 5. EWEN/EWDS Instruction Timing (8) (9) 

SK 

cs _/ 

DI 0 0 

instruction is enabled, it will remain enabled until power 
to the device is removed, or the EWDS instruction is 
sent. The EWDS instruction can be used to disable all 
CAT33C116/CAT33C1161 write and clear instructions, 
and will prevent any accidental writing or clearing of the 
device. Data can be read normally from the device 
regardless of the write enable/disable status. 

Erase All 

Upon receiving an ERAL command, the CS (chip select) 
pin must be deselected for a minimum of 500ns (tcsMIN). 
The falling edge of CS will start the self clocking clear 
cycle of all memory locations in the device. The clocking 
of the SK pin is not necessary after the device has 
enteredthe self clocking mode. The ready/busy status of 
the CAT33C116/CAT33C1161 can be determined by 
selecting the device and polling the DO pin. Once 
cleared, the contents of all memory bits return to a logical 
"1" state. The Erase All instruction requires that PE = 1. 

\ STANDBY 
~-------

* ENABLE• 11 1024 x 16 = 8 DON'T CARE BITS 
DISABLE= oo 2048 x 8 = 9 DON'T CARE BITS 

5049 FHD FOO 

Figure 6. ERAL Instruction Timing <8> 

SK U1J lXXXXXXXXXXXXXXXXXXXXXXXXX 

cs 

DI 0 0 

DO 
HIGH-Z 

V1H 
PE 

Note: 
(8) The ORG pin is used to configure the device for x8 or x16 operation. 
(9) PE• "Don't Care". 
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Write All 

Upon receiving a WRAL command and data, the CS 
(chip select) pin must be deselected for a minimum of 
500ns (tcsMIN). The falling edge of CS will start the self 
clocking data write to all memory locations in the device. 
The clocking of the SK pin is not necessary after the 

Figure 7. WRAL Instruction Timing (B) 

CAT33C116/CAT33C1161 

device has entered the self clocking mode. The ready/ 
busy status of the CAT33C116/CAT33C1161 can be 
determined by selecting the device and polling the DO 
pin. It IS NOT necessary for all memory locations to be 
cleared before the WRAL command is executed. The 
Write All instruction requires that PE= 1. 

SK U1nJU D<XxxXXXXXXXXXXXXXXX 

cs ---·-----L STANDBY • 

DI 0 0 0 

DO 

PE 
5049 FHO F09 

Note: 
(8) The ORG pin is used to configure the device for x8 or x16 operation. When xB organization is selected, DN = D7. 

When x16 organization is selected, DN • 015. 
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CAT35C116/CAT35C1161 
16K-Bit SERIAL E2PROM 

FEATURES 

• High Speed Operation: 3MHz 

• Low Power CMOS Technology 

• Single 5V Supply 

• 1024 x 16 or 2048 x 8 Selectable Serial Memory 

• Self-Timed Write Cycle with Auto-Clear 

• Sequential Read 

• Program Enable (PE) Pin 

DESCRIPTION 

The CAT35C116 and CAT35C1161 are 16K bit Serial 
E2PROM memory devices which can be configured as 
either 1024 registers by 16 bits (ORG pin atVeC)or2048 
registers by 8 bits (ORG pin at GND). Each register can 
be written (or read) serially by using the DI (or DO) pin. 
The CAT35C116/CAT35C1161 is manufactured using 

PIN CONFIGURATION 

DIP Package SO Package S 

cs Vee cs 8 

SK PE SK 2 7 

DI ORG DI 3 6 

DO GND DO 4 5 

PIN FUNCTIONS 

Pin Name Function 

cs Chip Select 

SK Clock Input 

DI Serial Data Input 

DO Serial Data Output 

Vee +SV Power Supply 

GND Ground 

PE Program Enable 

ORG Memory Organization 

Vee 
PE 

ORG 

GND 

Note: When the ORG pin is connected to Vee. the 1024 x 16 
organization is selected. When it is connected to ground, the 2048 x 
8 organization is selected. If the ORG pin is left unconnected, then an 
internal pullup device will select the 1024 x 16 organization. 

• Fast Nonvolatile Write Cycle: 5ms Max 

• Hardware and Software Write Protection 

• Power-Up lnadvertant Write Protection 

• 100,000 Program/Erase Cycles 

• 100 Year Data Retention 

• Optional High Endurance Device Available 

Catalyst's advanced CMOS E2PROM floating gate tech
nology. It is designed to endure 100,000 program/erase 
cycles and has a data retention of 100 years. The device 
is available in 8 pin DIP or SO packages. 

SO Package K 

cs 
SK 

DI 

DO 

•1 8 Vee 
2 7 PE 
3 6 ORG 

4 5 GND 
5050 FHD F01 

BLOCK DIAGRAM 

ORG 

DI 

PE 
cs 

SK 

Vee GND 

MEMORY ARRAY 
2048 x 8 

OR 
1024 X16 

DATA 
REGISTER 

MODE DECODE 
LOGIC 

CLOCK 
GENERATOR 

ADDRESS 
DECODER 

OUTPUT 
BUFFER 

DO 

5050 FHD F02 

TD 5050 

© 1992 by Catalyst Semiconductor, Inc. 
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CAT35C116/CAT35C1161 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to+ 125°C 

Storage Temperature ......................... --65°C to+ 150°C 

Voltage on any Pin with 
Respect to Ground<1) .............. -2.0V to +Vee +2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 

Package Power Dissipation 
Capability (Ta= 25°C) .................................... 1.0W 

Lead Soldering Temperature (1 o secs) ............... 300°C 

Output Short Circuit Current<2) .......................... 100 mA 

RELIABILITY CHARACTERISTICS 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Symbol Parameter Min. Max. Units Reference Test Method 

NENo<3l Endurance 100,000 Cycles/Byte MIL-STD-883, Test Method 1033 

ToR(3) Data Retention 100 Years MIL-STD-883, Test Method 1008 

VZAP(3) ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015 

ILTH(3)(4) Latch-Up 100 mA JEDEC Standard 17 

D.C. OPERATING CHARACTERISTICS 

CAT35C116 TA= 0°C to + 70°C, Vee = +5V±10%, unless otherwise specified. 
CAT35C1161 TA= -40°C to +85°C, Vee = +5V±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. 

lcc1 Power Supply Current Comm. 3 
(Operating) 

Ind. 4 

lce2 Power Supply Current 10 
(Standby) 

lu<5l Input Leakage Current 1 

1Lo(5) Output Leakage Current 1 

V1H High Level Input Voltage 2.0 Vee+ 1 

V1L Low Level Input Voltage -0.1 0.8 

VoH High Level Output Voltage 2.4 

VoL Low Level Output Voltage 0.4 

Note: 

Units Test Conditions 

mA DI = O.OV, SK= 5.0V 
Vee = 5.0V, CS= 5.0V, 

mA Output Open 

µA Vee= 5.5V, CS= OV 
DI= OV SK= OV 

µA V1N = OV to 5.5V 

µA VouT = OV to 5.5V, 
CS=OV 

v 
v 
v loH =-400µA 

v loL = 2.1 mA 

(1) The minimum DC input voltage is--0.5V. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Vee +0.5V, which may overshoot to Vee +2.0V for periods of less than 20 ns. 

(2) Output shorted for no more than one second. No more than one output shorted at a time. 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch·up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vee +1V. 
(5) PE and ORG pin leakage current (lu and ILQ) = 15 µA max. (at V1L), 10 µA otherwise. 
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CAT35C116/CAT35C1161 

INSTRUCTION SET (6) 

Start Address Data 

Inst. Bit Opcode 2048x8 1024x16 2048x8 1024x16 PE 

READ 1 1 0 A10-AO A9-AO 

ERASE 1 1 1 A10-AO A9-AO 

WRITE 1 0 1 A10-AO A9-AO D7-DO D15-DO 

EWEN 1 0 0 11 xxxxxxxxx 11XXXXXXXX 

EWDS 1 0 0 ooxxxxxxxxx ooxxxxxxxx 
ERAL 1 0 0 10XXXXXXXXX 10XXXXXXXX 

WRAL 1 0 0 01 xxxxxxxxx 01XXXXXXXX D7-DO D15-DO 

A.C. CHARACTERISTICS 

CAT35C116 TA= 0°C to + 70°C, Vee = +5V±10%, unless otherwise specified. 
CAT35C1161 TA= -40°C to +85°C, Vee= +5V±10%, unless otherwise specified. 

Limits 

x 
1 

1 

x 
x 
1 

1 

Symbol Parameter Min. Typ. Max. Units 

tcss CS Setup Time 50 

tcsH CS Hold Time 0 

to1s DI Setup Time 50 

toJH DI Hold Time 50 

tpo1 Output Delay to 1 100 

tpoo Output Delay to 0 100 

tH:z(3l Output Delay to High-Z 100 

tEw(?) Program/Erase Pulse Width 5 

tcSMJN Minimum CS Low Time 100 

tsKHJ Minimum SK High Time 100 

tsKLOW Minimum SK Low time 100 

tsv Output Delay to Status Valid 100 

SKMAX Maximum Clock Frequency DC 3 

Nata: 
(3) This parameter is tasted initially and altar a design or process change that affects Iha parameter. 
(6) X indicates a "Don't Cara" input (either o or 1 ). 
(7) ERAL and WRAL instructions= 10 ms max. 
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ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

ns 

ns 

ns 

ns 

MHz 

Comments 

Start Address AN-AO 

Clear Address AN-AO 

Write Address AN-AO 

Write Enable 

Write Disable 

Clear All Addresses 

Write All Addresses 

Test Conditions 

CL=100pF 

Va_=O.BV, VOH= 2.0V 

VJL = 0.45V ,VJ H = 2.4V 

CL= 100pF 
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CAT35C116/CAT35C1161 

DEVICE OPERATION 

The CAT35C116/CAT35C1161 is a 16,384 bit nonvola
tile memory intended for use with industry standard 
microprocessors. The CAT35C116/CAT35C1161 can 
be organized as either 1024 registers by 16 bits, or as 
2048 registers by 8 bits. Seven 13 bit instructions (14 bit 
instruction in 2048 by 8 organization) control the read
ing, writing and erase operations of the device. The 
CAT35C116/CAT35C1161 operates on a single 5V sup
ply and will generate on chip, the high voltage required 
during any write operation. 

Instructions, addresses, and write data are clocked into 
the DI pin on the rising edge of the clock (SK). The DO 
pin is normally in a high impedance state except when 
reading data from the device, or when checking the 
ready/busy status after a write operation. 

Figure 1. Sychronous Data Timing (8) 

SK 

DI 

cs 

The ready/busy status can be determined after a write 
operation by selecting the device (CS high) and polling 
the DO pin; DO low indicates that the write operation is 
not completed, while DO high indicates that the device 
is ready for the next instruction. If necessary, the DO pin 
may be placed back into a high impedance state during 
chip select by shifting a dummy "1" into the DI pin. The 
DO pin will enter the high impedance state on the rising 
edge of the clock (SK). Placing the DO pin into the high 
impedance state is recommended in applications where 
the DI pin and the DO pin are to be tied together to form 
a common Dl/O pin. 

The format for all instructions sent to the CAT35C 116/ 
CAT35C1161 is a logical "1" start bit, a 2 bit (or 4 bit) op 
code, a 10 bit address (11 bit address when organized 
as 2048 x 8), and for write operations a 16 bit data field 

DO 

tD1s ----i.----..itpDo,tPD1 

DATA VALID 

5041 FHD F03 

Figure 2. Read Instruction Timing (8) (9) 

SK 

cs 
STANDBY 

DI 

DO 
~~r-__ ~~ HIGH-Z 

Di Do 
Note: 5041 FHD F04 

(8) The ORG pin is used to configure the device forx8 orx16 operation. When x8 organization is selected, AN= A10 and DN = D7. 
When x16 organization is selected, AN= A9 and DN = D15. 

(9) PE ="Don't Care". 
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(8 bit data field when organized as 2048 x 8). All 
program/erase cycles are enabled only when pin 7 (PE) 
is held high. 

Read 

Upon receiving a READ command and an address 
(clocked into the DI pin), the DO pin of the CAT35C116/ 
CAT35C1161 will come out of the high impedance state 
and, after sending an initial dummy zero bit, will begin 
shifting out the data addressed. The output data bits will 
toggle on the rising edge of the SK clock and are stable 
after the specified time delay (tPDO or tPD1). The data 
output is sequential with the data from address N fol
lowed by the data from address N+ 1. The data output 
continues to the highest address and will wrap around to 
the first address if the clock continues to run. Bringing 
CS low at any time will stop the data output. The dummy 

CAT35C116/CAT35C1161 

bit is suppressed in the sequential read mode (except for 
the very first address) and a continuous stream of data 
results. 

Write 

After receiving a WRITE command, address and the 
data, the CS (chip select) pin must be deselected for a 
minimum of 1 OOns (tcsMIN). The falling edge of CS will 
start the self clocking clear and data store cycle of the 
memory location specified in the instruction. The clock
ing of the SK pin is not necessary after the device has 
entered the self clocking mode. The ready/busy status of 
the CAT35C116/CAT35C1161 can be determined by • 
selecting the device and polling the DO pin. Since this 
device features Auto-Clear before write, it is NOT nec-
essary to erase a memory location before the WRITE 
command is sent. The Write instruction requires that PE = 1. 

Figure 3. Write Instruction Timing (8) 

SK uu-vu ooxxxxxxxxxxxxxxxxxxx 
cs 

DI 

DO 
HIGH-Z 

PE 5050 FHD FOS 

Figure 4. Erase Instruction Timing (8) 

SK u &<XXXXXXxxxxxxxxxxxxxxxxxxxx 
cs STANDBY 

DI 

HIGH-Z 
DO 

HIGH-Z 

PE 5050 FHD F07 

~lte~he ORG pin is used to configure the device forxB orx16 operation. When xB organization is selected, AN= A10 and DN = 07. 
When x16 organization is selected, AN= A9 and DN = 015. 
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CAT35C116/CAT35C1161 

Erase 

Upon receiving an ERASE command and address, the 
CS (chip select) pin must be deselected for a minimum 
of 1 OOns (tcsMIN). The falling edge of CS will start the self 
clocking clear cycle of the memory location specified in 
the instruction. The clocking of the SK pin is not neces
sary after the device has entered the self clocking mode. 
The ready/busy status of the CAT35C116/CAT35C1161 
can be determined by selecting the device and polling 
the DO pin. Once cleared, the content of a cleared 
location returns to a logical "1" state. The Erase instruc
tion requires that PE = 1. 

Erase/Write Enable and Disable 

The CAT35C116/CAT35C1161 powers up in the write 
disable state. Any writing after power-up or after an 
EWDS (write disable) instruction must first be preceded 
by the EWEN (write enable) instruction. Once the write 

Figure 5. EWEN/EWDS Instruction Timing (8) (9) 

SK 

cs _/ 

DI 0 0 

instruction is enabled, it will remain enabled until power 
to the device is removed, or the EWDS instruction is 
sent. The EWDS instruction can be used to disable all 
CAT35C116/CAT35C1161 write and clear instructions, 
and will prevent any accidental writing or clearing of the 
device. Data can be read normally from the device 
regardless of the write enable/disable status. 

Erase All 

Upon receiving an ERALcommand, the CS (chip select) 
pin must be deselected for a minimum of 1 OOns (tcsM1N). 
The falling edge of CS will start the self clocking clear 
cycle of all memory locations in the device. The clocking 
of the SK pin is not necessary after the device has 
entered the self clocking mode. The ready/busy status of 
the CAT35C116/CAT35C1161 can be determined by 
selecting the device and polling the DO pin. Once 
cleared, the contents of all memory bits return to a logical 
"1" state. The Erase All instruction requires that PE = 1. 

\ STANDBY 
'--------

ENABLE= 11 1024 x 16 = 8 DON'T CARE BITS 
DISABLE= oo 2048 x 8 = 9 DON'T CARE BITS 

Figure 6. ERAL Instruction Timing (8) 

SK 

cs 

DI 0 0 

HIGH-Z 
DO 

PE 

Note: 
(8) The ORG pin is used to configure the device for xs or x16 operation. 
(9) PE= "Don't Care". 
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Write All 

Upon receiving a WRAL command and data, the CS 
(chip select) pin must be deselected for a minimum of 
1 OOns (tcsMJN). The falling edge of CS will start the self 
clocking data write to all memory locations in the device. 
The clocking of the SK pin is not necessary after the 

Figure 7. WRAL Instruction Timing (8) 

CAT35C116/CAT35C1161 

device has entered the self clocking mode. The ready/ 
busy status of the CAT35C116/CAT35C1161 can be 
determined by selecting the device and polling the DO 
pin. It JS NOT necessary for all memory locations to be 
cleared before the WRAL command is executed. The 
Write All instruction requires that PE = 1. 

SK uu-vu= 
cs i-_.,'....----.,i_ STANDBY • 

DI 0 0 0 

DO 

PE 
5050 FHD F09 

Note: 
(8) The ORG pin is used to configure the device for x8 or x16 operation. When xB organization is selected, ON= 07. 

When x16 organization is selected, ON= 015. 
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Advance 

CAT64LC1O/CAT64LC101 
1 K-Bit SERIAL E2PROM 

FEATURES 

• SPI Bus Compatible 

• Low Power CMOS Technology 

• 2.5V to 5.5V Operation 

• Self-Timed Write Cycle with Auto-Clear 

• Hardware Reset Pin 

• Hardware and Software Write Protection 

DESCRIPTION 

The CAT64LC1 O and CAT64LC101 are 1 K bit Serial 
E2PROM memory devices which are configured as 64 
registers by 16 bits. Each register can be written (or 
read) serially by using the DI (or DO) pin. The 
CAT64LC10/CAT64LC101 is manufactured using 

• Power-Up lnadvertant Write Protection 

• ADY/BUSY Pin for End-of-Write Protection 

• 100,000 Program/Erase Cycles 

• 100 Year Data Retention 

• ZERO Power"' (CAT64LC10Z) Version Available 

• Optional High Endurance Device Available 

Catalyst's advanced CMOS E2PROM floating gate tech
nology. It is designed to endure 100,000 program/erase 
cycles and has a data retention of 100 years. The device 
is available in 8 pin DIP or SO packages. 

PIN CONFIGURATION 

DIP Package SO Package J SO Packages 

cs Vee ROY/BUSY 8 

SK ROY/BUSY Vee 2 7 

DI RESET cs 3 6 

DO GND SK 4 5 

PIN FUNCTIONS 

Pin Name Function 

cs Chip Select 

SK Clock Input 

DI Serial Data Input 

DO Serial Data Output 

Vee +2.5V to +5.5V Power Supply 

GND Ground 

RESET Reset 

ROY/BUSY Ready/BUSY Status 

© 1992 by Catalys1: Semiconductor, Inc. 

RESET cs 8 Vee 
GND SK 2 7 ROY/BUSY 

DO DI 3 6 RESET 

DI DO 4 5 GND 

5064 FHD F01 

BLOCK DIAGRAM 

DI 

Vee GND 

MEMORY ARRAY 
64x16 

DATA 
REGISTER 

RESET MODE DECODE 

cs~-...~~L_O~G-IC~~~ 

SK 
CLOCK 

GENERATOR 

ADDRESS 
DECODER 

OUTPUT 
BUFFER 

DO ROY/BUSY 

5064 FHD F02 

TD 5064 
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CAT64LC1 O/CAT64LC1 OI 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to +125°C 

Storage Temperature ......................... -65°C to+ 150°C 

Voltage on any Pin with 
Respect to Ground<1> •••••••••••••• -2.0V to +Vee +2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 

Package Power Dissipation 
Capability (Ta= 25°C) .................................... 1.0W 

Lead Soldering Temperature {10 secs) ............... 300°C 

Output Short Circuit Current<2> •..•..•..•..••.•.......•.. 100 mA 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NENo<3> Endurance 100,000 

ToR<3> Data Retention 100 

VZAp<3l ESD Susceptibility 2000 

ILrn<3><4> Latch-Up 100 

CAPACITANCE (TA= 25°C, f= 1.0 MHz, Vee= 5.5V) 

Symbol Test 

Advance 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Units Reference Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

Max. Units Conditions 

C110<3> Input/Output Capacitance (DO, ROY/BUSY) 8 pF Vvo = OV 

C1N<3> Input Capacitance (CS, SK, DI, RESET) 6 pF V1N =OV 

Note: 
(1) The minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +0.5V, which may overshoot to Vee +2.0V for periods of less than 20 ns. 
(2) Output shorted for no more than one second. No more than one output shorted at a time. 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1 V to Vee +1V. 
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Advance CAT64LC1 O/CAT64LC1 OI 

D.C. OPERATING CHARACTERISTICS 

CAT64LC10 TA= 0°C to +70°C, Vee= +2.5V to +5.5V, unless otherwise specified. 
CAT64LC10I TA= -40°C to +85°C, Vee= +2.5V to +5.5V, unless otherwise specified. 

Limits 

Sym. Parameter Min. Typ. Max. Units 

Ice Operating Current 2.5V 0.4 mA 

EWEN, EWDS, READ 5.5V 1.0 

lccP Program Current 2.5V 2.0 mA 

5.5V 3.0 

lss Standby Current Standard 3.0 µA 

lssz<5> ZERO Pwr™ 0 

lu Input Leakage Current 2.0 µA 

ILO Output Leakage Current 10 µA 

V1L Low Level Input Voltage, DI -0.1 Vccx 0.3 v 
V1H High Level Input Voltage, DI Vee x 0.7 Vee+ 0.5 v 
V1L Low Level Input Voltage, -0.1 Vccx 0.2 v 

CS, SK, RESET 

V1H High Level Input Voltage, Vccx 0.8 Vee+ 0.5 v 
CS, SK, RESET 

VoH High Level Output Voltage 2.5V Vcc-0.3 v 
4.5V Vcc-0.3 

2.4 

VoL Low Level Output Voltage 2.5V 0.4 v 
r---

4.5V 

Note: 
(5) Standby Current (lssz) = OµA (<900nA) 

4-3 

Test Conditions 

fsK = 250 kHz 

fsK = 1 MHz 

V1N = GND or Vee 

CS= Vee 

V1N = GND to Vee 

Vour = GND to Vee 

loH =-10µA 

loH =-10µA 

loH =-400µA 

loL = 10µA 

loL = 2.1mA 

• 



CAT64LC1 O/CAT64LC1 OI 

A.C. OPERATING CHARACTERISTICS 

CAT64LC10 TA= 0°C to +70°C, Vee= +2.5V to +5.5V, unless otherwise specified. 
CAT64LC101 TA= -40°C to +85°C, Vee= +2.5V to +5.5V, unless otherwise specified. 

Symbol Parameter Min. 

tcss CS Setup Time 100 

tcsH CS Hold Time 100 

to1s DI Setup Time 200 

to1H DI Hold Time 200 

tpo1 Output Delay to 1 

tpoo Output De,ay to 0 

tHz(S) Output Delay to High lmpendance 

tcSMIN Minimum CS High Time 250 

tsKHI Minimum SK High Time 2.5V 1000 

4.5V-5.5V 400 

tsKLOW Minimum SK Low Time 2.5V 1000 

4.5V-5.5V 400 

tsv Output Delay to Status Valid 

fsK Maximum Clock Frequency 2.5V 250 

4.5V-5.5V 1000 

tRESS Reset to CS Setup Time 0 

tRESMIN Minimum RESET High Time 250 

tRESH RESET to READY Hold Time 0 

tRC Write Recovery 100 

POWER-UP T(MING(3)(7) 

symbol Parameter Min. 

tPUR Power-Up to Read Operation 

tpuw Power-Up to Program Operation 

WRITE CYCLE LIMllTS 

Symbol Parameter Min. 

twR Program Cycle Time 2.5V 

4.5V-5.5V 

Note: 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(6) This parameter is sampled but not 1 OOo/o tested. 

Limits 

Typ. 

Max. 

10 

1 

Max. 

10 

5 

(7) lpuR and tpuw are the delays required from the time Vee is stable until the specified operation can be initiated. 
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Advance 

Max. Units 

ns 

ns 

ns 

ns 

300 ns 

300 ns 

500 ns 

ns 

ns 

ns 

500 ns 

kHz 

ns 

ns 

ns 

ns 

Units 

µs 

ms 

Units 

ms 



Advance CAT64LC1O/CAT64LC101 

INSTRUCTION SET 

Instruction Opcode Address Data 

Read 10101000 AS A4 A3 A2 A 1 AO O O 015-DO 

Write 10100100 AS A4 A3 A2 A 1 AO 0 0 015-DO 

Write Enable 10100011 xxxxxxxx 
Write Disable 10100000 xxxxxxxx 
[Write All LocationsJ(S) 10100001 xxxxxxxx D15-DO 

Figure 1. A.C. Testing Input/Output Waveform (9)(10)(11) (CL = 100 pF) 

Vccxo.s 
Vccxo.7 

INPUT PULSE LEVELS REFERENCE POINTS 

Vee xo.2 
Vccxo.3 

Note: 
(8) (Write All Locations) is a test mode operation and is therefore not included in the A.C./D.C. Operations specifications. 
(9) Input Rise and Fall Times (10% to 90%) < 10 ns. 
(10) Input Pulse Levels= Vee x 0.2 and Vee x o.s. 
(11) Input and Output Timing Reference= Vee x 0.3 and Vee x 0.7. 
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CAT64LC1O/CAT64LC101 

DEVICE OPERATION 

The CAT64LC10/CAT64LC101 is a 1K bit nonvolatile 
memory intended for use with all standard controllers. 
The CAT64LC10/CAT64LC101 is organized in a 64 x 16 
format. All instructions are based on an 8 bit format. 
Therearefour16bitinstructions: READ, WRITE, EWEN, 
and EWDS. The CAT64LC10/CAT64LC101 operates on 
a single power supply ranging from 2.5V to 5.5V and it 
has an on-chip voltage generator to provide the high 
voltage needed during a programming operation. In-

Figure 2. Sychronous Data Timing 

RESET 

Advance 

structions, addresses and data to be written are clocked 
into the DI pin on the rising edge of the SK clock. The DO 
pin is normally in a high impedance state except when 
outputting data in a READ operation or outputting 
ROY/BUSY status when polled during a WRITE operation. 

The format for all instructions sent to this device includes 
a 4 bit start sequence, 1010, a 4 bit op code and an 8 bit 
address field or dummy bits. For a WRITE operation, a 

i+- 1SKLOW • 1 • 

SK 

DI 

DO 

RDY 
/BUSY 

~-+~~~~ ~~~~~~ 

1sv 

5064 FHD F04 

Figure 3. Read Instruction Timing 

RESET X'!XIXIXIXIXIXKt/Xtt/JX/XtlX'i'!t!XtltlYX'IXKIXIJYX'ttKtJYXIX 

DI~ o o o IAslA41A31A2IA1 I Ao Io o lXXXXXXXXXXXXXXXXXX 

DO 

RDY 
/BUSY 

--------------------1ID1slD141 ===I D1 I Do ~TISYS 

HIGH 

5064 FHD FOS 
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Advance 

16 bit data field is also required following the 8 bit 
address field. 

The CAT64LC1 O/CAT64LC1 OJ requires an active LOW 
CS in order to be selected. Each instruction must be 
preceded by a HIGH-to-LOW transition of CS before the 
input of the 4 bit start sequence. Prior to the 4 bit start 
sequence {1010), the device will ignore inputs of all other 
logical sequence. 

Figure 4. Write Instruction Timing 

CAT64LC1O/CAT64LC101 

Read 

Upon receiving a READ command and address {clocked 
into the DI pin), the DO pin will output data one tpo after 
the falling edge of the 16th clock (the last bit of the 
address field). The READ operation is not affected by 
the RESET input. 

Write 

After receiving a WRITE op code, address and data, the 
device goes into the AUTO-Clear cycle and then the 

RESET _...SSl....__ ________________ ...J:V'-L/.Ll/u/'-L/.LL/ I 

SK 

DI 

DO 

ROY 
/BUSY 

0 0 

-~~_:-_lJ &\\\\\\\\\\\\\\\\\ 

0 0 AS -~JAOJ 0 0 M] DO txXXXXXXXXXXXXXXXXX 

1rrrrrzFD1 

5064 FHD F06 

Figure 5. Ready/BUSY Status Instruction Timing 

RESET 

SK 

- - - - - - - - -__ ___._V:,__,_l[;,__,_7111'-'-"~71'-'"-'il 
WRITE INSTRUCTION NEXT INSTRUCTION 

DI ~'--------__Jn_n .-...txXXXXXXXXXXX~~~~ 

DO --------------. 

ROY 
/BUSY 

HIGH --------------. 

[[ZTTZTFl-----1 

5064 FHD F07 
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CAT64LC1O/CAT64LC101 

WRITE cycle. The ROY/BUSY pin will output the BUSY 
status (LOW) one tsv after the rising edge of the 32nd 
clock (the last data bit) and will stay LOW until the write 
cycle is complete. Then it will output a logical "1" until the 
next WRITE cycle. The ROY/BUSY output is not af
fected by the input of CS. 

An alternative to get ROY/BUSY status is from the DO 
pin. During a write cycle, asserting a LOW input to the CS 
pin will cause the DO pin to output the ROY/BUSY 
status. Bringing CS HIGH will bring the DO pin back to 
a high impedance state again. After the device has 
completed a WRITE cycle, the DO pin will output a 

Figure 6. RESET During BUSY Instruction Timing 

Advance 

logical "1" when the device is deselected. The rising 
edge of the first "1" input on the DI pin will reset DO back 
to the high impedance state again. 

The WRITE operation can be halted anywhere in the 
operation by the RESET input. If a RESET pulse occurs 
during a WRITE operation, the device will abort the 
operation and output a READY status. 

NOTE: Data may be corrupted if a RESET occurs while 
the device is BUSY. If the reset occurs before the BUSY 
period, no writing will be initiated. However, if RESET 
occurs after the BUSY period, new data will have been 
written over the old data. 

RESET _..SSl~----------------JV:r...J..l..L..l;L.J.ll~!J.LLl! 

SK -~mru11r_-_u &sssssssssssssssss 

DI 0 0 o o A5 -~JAOJ o o !DtS[] Do RXXXXXXXXXXXXXXXXX 

DO V!ll0/11---
1'" twR •I 

/B~~~ ~~~~~~~~~~~~~~--:_1 ~~Vi~-l~l~l/,~l.......,~ 
5064 FHD FOB 

Figure 7. EWEN Instruction Timing 

RESET xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtt1x1x1xtt1xoxt1x1t1xtt1X 
SK 

DO 

RDY 
/BUSY 

HIGH-Z 

HIGH 

5064 FHO F09 
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Advance 

RESET 

The RESET pin, when set to HIGH, will reset or abort a 
WRITE operation. When RESET is set to HIGH while the 
WRITE instruction is being entered, the device will not 
execute the WRITE instruction and will keep DO in High
Z condition. 

When RESET is set to HIGH, while the device is in a 
clear/write cycle, the device will abort the operation and 
will display READY status on the ADY/BUSY pin and on 
the DO pin if CS is low. 

The RESET input affects only the WRITE and WRITE 
ALL operations. It does not reset any other operations 

Figure 8. EWDS Instruction Timing 

CA T64LC1O/CAT64LC101 

such as READ, EWEN and EWDS. 

ERASE/WRITE ENABLE and DISABLE 

The CAT64LC1O/CAT64LC101 powers up in the erase/ 
write disabled state. After power-up or while the device 
is in an erase/write disabled state, any write operation 
must be preceded by an execution of the EWEN instruc
tion. Once enabled, the device will stay enabled until an 
EWDS has been executed or a power-down has occured. 
The EWDS is used to prevent any inadvertent over
writing of the data. The EWEN and EWDS instructions 
have no affect on the READ operation and are not 
affected by the RESET input. 

RESET x'IX!Xxx'tlx1x;xmx1xtt1X1x1xt1xtt1X1Xtxxxxxxx:1xxyy:1xxxx 
SK 

DI Z2G1tl7l 0 0 0 0 0 t<XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

DO 

RDY 
/BUSY 

HIGH·Z 

HIGH 

5064 FHD F10 
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Advance 

CAT64LC20/CAT64LC201 
2K-Bit SERIAL E2PROM 

FEATURES 

• SPI Bus Compatible 

• Low Power CMOS Technology 

• 2.5V to 5.5V Operation 

• Self-Timed Write Cycle with Auto-Clear 

• Hardware Reset Pin 

• Hardware and Software Write Protection 

DESCRIPTION 

The CAT64LC20 and CAT64LC201 are 2K bit Serial 
E2PROM memory devices which are configured as 128 
registers by 16 bits. Each register can be written (or 
read) serially by using the DI (or DO) pin. The 
CAT64LC20/CAT64LC201 is manufactured using 

PIN CONFIGURATION 

DIP Package 

cs Vee RDY/BUSY 

SK RDY/BUSY Vee 
DI RESET cs 

DO GND SK 

PIN FUNCTIONS 

Pin Name Function 

cs Chip Select 

SK Clock Input 

DI Serial Data Input 

DO Serial Data Output 

SO PackageJ 

8 

2 7 

3 6 

4 5 

Vee +2.5V to +5.5V Power Supply 

GND Ground 

RESET Reset 

ROY/BUSY Ready/BUSY Status 

• Power-Up lnadvertant Write Protection 

• ROY/BUSY Pin for End-of-Write Protection 

• 100,000 Program/Erase Cycles 

• 100 Year Data Retention 

• ZERO Power™ (CAT64LC20Z) Version Available 

• Optional High Endurance Device Available 

Catalyst's advanced CMOS E2PROM floating gate tech· 
nology. It is designed to endure 100,000 program/erase 
cycles and has a data retention of 100 years. The device 
is available in 8 pin DIP or SO packages. 

SO Package S 

RESET cs 8 Vee 
GND SK 2 7 RDY/BUSY 

DO 

DI 

DI 3 6 RESET 

DO 4 5 GND 

5064 FHD F01 

BLOCK DIAGRAM 

DI 

Vee GND 

MEMORY ARRAY 
128 x16 

DATA 
REGISTER 

RESET MODE DECODE 
cs~-..,~~-LO~G_1_c~---1 

SK 
CLOCK 

GENERATOR 

ADDRESS 
DECODER 

OUTPUT 
BUFFER 

DO RDY/BUSY 

5066 FHD F02 

TD 5066 

© 1992 by Catalyst Semiconductor, Inc. 
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CAT64LC20/CAT64LC201 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to + 125°C 

Storage Temperature ......................... -65°C to + 150°C 

Voltage on any Pin with 
Respect to Ground(1) .............. -2.0V to +Vee +2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 

Package Power Dissipation 
Capability (Ta= 25°C) .................................... 1.0W 

Lead Soldering Temperature (1 o secs) ............... 300°C 

Output Short Circuit Current(2l .......................... 100 mA 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NEND(3) Endurance 100,000 

foR(3) Data Retention 100 

VZAP(3) ESD Susceptibility 2000 

ILTH(3)(4) Latch-Up 100 

CAPACITANCE (TA= 25°C, f= 1.0 MHz, Vee= 5.5V) 

Symbol Test 

Advance 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Units Reference Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

Max. Units Conditions 

C110<3> lnpuUOutput Capacitance (DO, ROY/BUSY) 8 pF V110 = OV 

C1N<3> Input Capacitance (CS, SK, DI, RESET) 6 pF V1N = OV 

Note: 
(1) The minimum DC input voltage is -0.SV. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +0.5V, which may overshoot to Vee +2.0V for periods of less than 20 ns. 
(2) Output shorted for no more than one second. No more than one output shorted at a time. 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vee +1V. 
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Advance CAT64LC20/CAT64LC201 

D.C. OPERATING CHARACTERISTICS 

CAT64LC20 TA= 0°C to +70°C, Vee= +2.5V to +5.5V, unless otherwise specified. 
CAT64LC201 TA= -40°C to +85°C, Vee= +2.5V to +5.5V, unless otherwise specified. 

Limits 

Sym. Parameter Min. Typ. Max. Units 

Ice Operating Current 2.5V 0.4 mA 

EWEN, EWDS, READ 5.5V 1.0 

lccP Program Current 2.5V 2.0 mA 

5.5V 3.0 

lss Standby Current Standard 3.0 µA 
i-------1 

lssz(s) ZERO Pwr™ 0 

lu Input Leakage Current 2.0 µA 

ILO Output Leakage Current 10 µA 

V1L Low Level Input Voltage, DI -0.1 Vccx 0.3 v 
V1H High Level Input Voltage, DI Vee x 0.7 Vee+ 0.5 v 
V1L Low Level Input Voltage, -0.1 Vccx 0.2 v 

CS, SK, RESET 

V1H High Level Input Voltage, Vee x 0.8 Vee+ 0.5 v 
CS, SK, RESET 

VoH High Level Output Voltage 2.5V Vcc-0.3 v 
4.5V Vcc-0.3 

2.4 

VoL Low Level Output Voltage 2.5V 0.4 v 
4.5V 

Note: 
(5) Standby Current (lssz) = OµA ( <90DnA) 

4-13 

Test Conditions 

fsK = 250 kHz 

fsK = 1 MHz 

V1N = GND or Vee 

CS= Vee 

V1N = GND to Vee 

VouT = GND to Vee 

loH =-10µA 

loH =-10µA 

loH =-400µA 

loL = 10µA 

loL = 2.1mA 

• 



CAT64LC20/CAT64LC201 

A.C. OPERATING CHARACTERISTICS 

CAT64LC20 TA= 0°c to +70°C, Vee= +2.5V to +5.5V, unless otherwise specified. 
CAT64LC201 TA= -40°C to +85°C, Vee= +2.5V to +5.5V, unless otherwise specified. 

Symbol Parameter Min. 

less CS Setup Time 100 

tcsH CS Hold Time 100 

to1s DI Setup Time 200 

IDIH DI Hold Time 200 

IPD1 Output Delay to 1 

IPDO Output Delay to O 

tHz(6) Output Delay to High lmpendance 

ICSMIN Minimum CS High Time 250 

ISKHI Minimum SK High Time 2.5V 1000 

4.5V-5.5V 400 

ISKLOW Minimum SK Low Time 2.5V 1000 

4.5V-5.5V 400 

tsv Output Delay to Status Valid 

fsK Maximum Clock Frequency 2.5V 250 

4.5V-5.5V 1000 

IRESS Reset to CS Setup Time 0 

IRESMIN Minimum RESET High Time 250 

IRESH RESET to READY Hold Time 0 

tRC Write Recovery 100 

POWER-UP TIMING(3)(7) 

Symbol Parameter Min. 

tPUR Power-Up to Read Operation 

IPUW Power-Up to Program Operation 

WRITE CYCLE LIMllTS 

Symbol Parameter Min. 

lwR Program Cycle Time 2.5V 

4.5V-5.5V 

Note: 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(6) This parameter is sampled but not 100% tested. 

Limits 

Typ. 

Max. 

10 

1 

Max. 

10 

5 

(7) tpuR and tpuw are the delays required from the time Vee is stable until the specified operation can be initiated. 
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Advance 

Max. Units 

ns 

ns 

ns 

ns 

300 ns 

300 ns 

500 ns 

ns 

ns 

ns 

500 ns 

kHz 

ns 

ns 

ns 

ns 

Units 

µs 

ms 

Units 

ms 



Advance CAT64LC20/CAT64LC201 

INSTRUCTION SET 

Instruction Opcode Address Data 

Read 10101000 A6 A5 A4 A3 A2 A 1 AO o 015-DO 

Write 10100100 A6 A5 A4 A3 A2 A 1 AO O 015-DO 

Write Enable 10100011 xxxxxxxx 
Write Disable 10100000 xxxxxxxx 
[Write All Loeationsj(8) 10100001 xxxxxxxx 015-DO 

Figure 1. A.C. Testing Input/Output Waveform (9)(10)(11) (CL = 100 pF) 

Vccxo.8 ----------------. 
Vccxo.7 

INPUT PULSE LEVELS REFERENCE POINTS 

Vee xo.2 ---------------' 
Vee x o.3 

Note: 
(8) (Write All Locations) is a test mode operation and is therefore not included in the A.C./D.C. Operations specifications. 
(9) Input Rise and Fall Times (10% to 90%) < 1 O ns. 
(1 O) Input Pulse Levels= Vee x 0.2 and Vee x 0.8. 
(11) Input and Output Timing Reference= Vee x 0.3 and Vee x 0.7. 
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CAT64LC20/CAT64LC20I 

DEVICE OPERATION 

The CAT64LC20/CAT64LC201 is a 2K bit nonvolatile 
memory intended for use with all standard controllers. 
The CAT64LC20/CAT64LC201 is organized in a 128 x 16 
format. All instructions are based on an 8 bit format. 
There are four 16 bit instructions: READ, WRITE, EWEN, 
and EWDS. The CAT64LC20/CAT64LC201 operates on 
a single power supply ranging from 2.SV to 5.SV and it 
has an on-chip voltage generator to provide the high 
voltage needed during a programming operation. In-

Figure 2. Sychronous Data Timing 

RESET 

SK 

DI 

DO 

RDY 
/BUSY 

Figure 3. Read Instruction Timing 

Advance 

structions, addresses and data to be written are clocked 
into the DI pin on the rising edge of the SK clock. The DO 
pin is normally in a high impedance state except when 
outputting data in a READ operation or outputting 
ROY/BUSY status when polled during a WRITE operation. 

The format for all instructionssenttothisdevice includes 
a 4 bit start sequence, 1010, a 4 bit op code and an 8 bit 
address field or dummy bits. For a WRITE operation, a 

1sv 

5064 FHD F04 

RESET 't!X'IXIXIXIX!XiYXlll.XXXXXXX''t!XX'/YX'/YX'IX'ttl'IXXXXXX'/YXXXXXX 

cs l....__ ____________ __._V!lO-L 

DI ~ o o o I As I As I A4 I A3 I A2 I A1 I AO I o C\X'JYXXXXXXXXXXXXXX 

DO 

RDY 
/BUSY 

---------------------1ID1slD141 ~] D1 I Do p:nu 
HIGH 

5066 FHD FOS 
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Advance 

16 bit data field is also required following the 8 bit 
address field. 

The CAT64LC20/CAT64LC201 requires an active LOW 
CS in order to be selected. Each instruction must be 
preceded by a HIGH-to-LOW transition of CS before the 
input of the 4 bit start sequence. Prior to the 4 bit start 
sequence (1 01 0), the device will ignore inputs of all other 
logical sequence. 

Figure 4. Write Instruction Timing 

CAT64LC20/CAT64LC20I 

Read 

Upon receiving a READ command and address (clocked 
into the DI pin), the DO pin will output data one tpo after 
the falling edge of the 16th clock (the last bit of the 
address field). The READ operation is not affected by 
the RESET input. 

Write 

After receiving a WRITE op code, address and data, the 
device goes into the AUTO-Clear cycle and then the 

RESET __._SSl_.__ _______________ ---lr!V'-L/L/Zu/..L/LL/ / 

SK 

DI 

DO 

RDY 
/BUSY 

0 0 

-~JJlJlJU1~~~u &Ss\\sssss\\\ss\\ 
Vll/ll!JA 

o o As -~~~~]») o [ms[] Do lXXXXXXXXXXXXXXXXXX 

5066 FHD F06 

Figure 5. Ready/BUSY Status Instruction Timing 

RESET 

_______________ v; ......... 11: ............. 1-u ............ -o ........ 21 
WRITE INSTRUCTION NEXT INSTRUCTION 

DI ~ ....... XJ _______ __.n_n .....,,lXXXXXXXXXXXX,...,....,...,,....,._,....,._,.......,.......... 

DO ---------~~~~ 

RDY 
/BUSY 

---------~~~~ 

5066 FHD F07 
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CAT64LC20/CAT64LC201 

WRITE cycle. The ADY/BUSY pin will output the BUSY 
status (LOW) one tsv after the rising edge of the 32nd 
clock (the last data bit) and will stay LOW until the write 
cycle is complete. Then it will output a logical "1" until the 
next WRITE cycle. The ADY/BUSY output is not af
fected by the input of CS. 

An alternative to get ADY/BUSY status is from the DO 
pin. During a write cycle, asserting a LOW input to the CS 
pin will cause the DO pin to output the ADY/BUSY 
status. Bringing CS HIGH will bring the DO pin back to 
a high impedance state again. After the device has 
completed a WRITE cycle, the DO pin will output a 

Figure 6. RESET During BUSY Instruction Timing 

Advance 

logical "1" when the device is deselected. The rising 
edge of the first "1" input on the DI pin will reset DO back 
to the high impedance state again. 

The WRITE operation can be halted anywhere in the 
operation by the RESET input. If a RESET pulse occurs 
during a WRITE operation, the device will abort the 
operation and output a READY status. 

NOTE: Data may be corrupted if a RESET occurs while 
the device is BUSY. If the reset occurs before the BUSY 
period, no writing will be initiated. However, if RESET 
occurs after the BUSY period, new data will have been 
written over the old data. 

RESETSS] _,_......__ _______________ L/.Vl-Lu.1.....1.ll'.../...u./...J...7! 

SK -~1IlJlilJ1===u f\\S\\\\\\\\\\\\\\ 

DI 0 0 o o AG -_-_-_-_-_B o R] DO rxxxxxxxxxxxxxxxx 

Figure 7. EWEN Instruction Timing 

RESET= 

SK 

DO 
HIGH-Z 

HIGH ROY ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-
/BUSY 

5064 FHD FOO 
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Advance 

RESET 

The RESET pin, when set to HIGH, will reset or abort a 
WRITE operation. When RESET is set to HIGH while the 
WRITE instruction is being entered, the device will not 
execute the WRITE instruction and will keep DO in High
z condition. 

When RESET is set to HIGH, while the device is in a 
clear/write cycle, the device will abort the operation and 
will display READY status on the ROY/BUSY pin and on 
the DO pin if CS is low. 

The RESET input affects only the WRITE and WRITE 
ALL operations. It does not reset any other operations 

Figure 8. EWDS Instruction Timing 

CAT64LC20/CAT64LC201 

such as READ, EWEN and EWDS. 

ERASE/WRITE ENABLE and DISABLE 

The CAT64LC20/CAT64LC201 powers up in the erase/ 
write disabled state. After power-up or while the device 
is in an erase/write disabled state, any write operation 
must be preceded by an execution of the EWEN instruc
tion. Once enabled, the device will stay enabled until an 
EWDS has been executed or a power-down hasoccured. 
The EWDS is used to prevent any inadvertent over
writing of the data. The EWEN and EWDS instructions 
have no affect on the READ operation and are not 
affected by the RESET input. 

RESET XX'/Xt/XIXKt!XXX'/JX'/JXXX'IX!iXlJJYJJXIXtlXttlXt!X!XXXXX'IXX 

SK 

cs 1 vzzzzzzzzzzzzzzzzz 

DI ~o 0 0 0 0 ooxxxxxxxxxxxmxxxxxxxxxxxxxxxxxxx 
DO 

HIGH-Z 

HIGH 
RDY 

/BUSY 5064 FHO F10 
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CAT64LC40/CAT64LC401 
4K-Bit SERIAL E2PROM 

FEATURES 

• SPI Bus Compatible 

• Low Power CMOS Technology 

• 2.SV to 5.SV Operation 

• Self-Timed Write Cycle with Auto-Clear 

• Hardware Reset Pin 

• Hardware and Software Write Protection 

DESCRIPTION 

The CAT64LC40 and CA T64LC401 are 4K bit Serial 
E2PROM memory devices which are configured as 256 
registers by 16 bits. Each register can be written (or 
read) serially by using the DI (or DO) pin. The 
CAT64LC40/CAT64LC401 is manufactured using 

PIN CONFIGURATION 

DIP Package 

cs Vee RDY/BUSY 

SK RDY/BUSY Vee 
DI RESET cs 

DO GND SK 

PIN FUNCTIONS 

Pin Name Function 

cs Chip Select 

SK Clock Input 

DI Serial Data Input 

DO Serial Data Output 

SO Package J 

B 

2 7 

3 6 

4 5 

Vee +2.5V to +5.5V Power Supply 

GND Ground 

RESET Reset 

ROY/BUSY Ready/BUSY Status 

• Power-Up lnadvertant Write Protection 

• ROY/BUSY Pin for End-of-Write Protection 

• 100,000 Program/Erase Cycles 

• 100 Year Data Retention 

• ZERO Power™ (CAT64LC40Z) Version Available 

• Optional High Endurance Device Available 

Catalyst's advanced CMOS E2PROM floating gate tech
nology. It is designed to endure 100,000 program/erase 
cycles and has a data retention of 100 years. The device 
is available in 8 pin DIP or SO packages. 

SO Package S 

RESET cs B Vee 
GND SK 2 7 RDY/BUSY 

DO DI 3 6 RESET 

DI DO 4 5 GND 

5064 FHD F01 

BLOCK DIAGRAM 

DI 

Vee GND 

MEMORY ARRAY 
256 x16 

DATA 
REGISTER 

RESET MODE DECODE 

cs~~~~-Lo~G_1_c~__. 

SK 
CLOCK 

GENERATOR 

ADDRESS 
DECODER 

OUTPUT 
BUFFER 

DO RDY/BUSY 

5068 FHD F02 

TD 5068 

© 1992 by Catalyst Semiconductor, Inc. 
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CAT64LC40/CAT64LC40I 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to + 125°C 

Storage Temperature ......................... -65°C to + 150°C 

Voltage on any Pin with 
Respect to Ground<1> ..........•.•. -2.0V to +Vee +2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 

Package Power Dissipation 
Capability (Ta= 25°C) .................................... 1.0W 

Lead Soldering Temperature (1 O secs) ............... 300°C 

Output Short Circuit Current<2> ••...••••.....••••.......• 100 mA 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NENo(3) Endurance 100,000 

ToR(3) Data Retention 100 

VZAp(3) ESD Susceptibility 2000 

bH(3)(4) Latch-Up 100 

CAPACITANCE (TA= 25°C, f= 1.0 MHz, Vee= 5.5V) 

Symbol Test 

Advance 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Units Reference Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

Max. Units Conditions 

C110<3) Input/Output Capacitance (DO, ROY/BUSY) 8 pF V110 = OV 

C1N<3> Input Capacitance (CS, SK, DI, RESET) 6 pF V1N = ov 

Note: 
(1) The minimum DC input voltage is -0.SV. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +O.SV, which may overshoot to V cc +2.0V for periods of less than 20 ns. 
(2) Output shorted for no more than one second. No more than one output shorted at a time. 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vee +1V. 
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Advance CAT64LC40/CAT64LC401 

0.C. OPERATING CHARACTERISTICS 

CAT64LC40 TA= 0°C to +70°C, Vee= +2.5V to +5.5V, unless otherwise specified. 
CAT64LC401 TA= -40°C to +85°C, Vee= +2.5V to +5.5V, unless otherwise specified. 

Limits 

Sym. Parameter Min. Typ. Max. Units 

Ice Operating Current 2.5V 0.4 mA 

EWEN, EWDS, READ 5.5V 1.0 

lccP Program Current 2.5V 2.0 mA 

5.5V 3.0 

lss Standby Current Standard 3.0 µA 
1-----1 

lss:i5l ZERO Pwr™ 0 

Ju Input Leakage Current 2.0 µA 

ILO Output Leakage Current 10 µA 

V1L Low Level Input Voltage, DI -0.1 Vccx 0.3 v 
V1H High Level Input Voltage, DJ Vee x 0.7 Vee+ 0.5 v 
V1L Low Level Input Voltage, -0.1 Vccx 0.2 v 

CS, SK, RESET 

V1H High Level Input Voltage, Vee x 0.8 Vee+ 0.5 v 
CS, SK, RESET 

VoH High Level Output Voltage 2.5V Vcc-0.3 v 
4.5V Vcc-0.3 

2.4 

VoL Low Level Output Voltage 2.5V 0.4 v 
1-----1 

4.5V 

Note: 
(5) Standby Current (lssz) = OµA ( <900nA) 

4-23 

Test Conditions 

fsK = 250 kHz 

fsK = 1 MHz 

V1N = GND or Vee 

CS= Vee 

V1N = GND to Vee 

VouT = GND to Vee 

ioH = -10µA 

ioH = -10µA 

ioH =-400µA 

ioL = 10µA 

loL = 2.1mA 

I 
I 

11111 



CAT64LC40/CAT64LC40I 

A.C. OPERATING CHARACTERISTICS 

CAT64LC40 TA= 0°C to +70°C, Vee = +2.5V to +5.5V, unless otherwise specified. 
CAT64LC401 TA= -40°C to +85°C, Vee= +2.5V to +5.5V, unless otherwise specified. 

Symbol Parameter Min. 

tcss CS Setup Time 100 

tcsH CS Hold Time 100 

to1s DI Setup Time 200 

tD1H DI Hold Time 200 

tpo1 Output Delay to 1 

tpoo Output Delay to o 
tHz(S) Output Delay to High lmpendance 

tcSMIN Minimum CS High Time 250 

tsKHI Minimum SK High Time 2.5V 1000 

4.5V-5.5V 400 

tsKLOW Minimum SK Low Time 2.5V 1000 

4.5V-5.5V 400 

tsv Output Delay to Status Valid 

fsK Maximum Clock Frequency 2.5V 250 

4.5V-5.5V 1000 

tRESS Reset to CS Setup Time 0 

tRESMIN Minimum RESET High Time 250 

tRESH RESET to READY Hold Time 0 

tRC Write Recovery 100 

POWER-UP TIMING(3)(7) 

Symbol Parameter Min. 

tPUR Power-Up to Read Operation 

tpuw Power-Up to Program Operation 

WRITE CYCLE LIMllTS 

Symbol Parameter Min. 

twR Program Cycle Time 2.5V 

4.5V-5.5V 

Note: 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(6) This parameter is sampled but not 100% tested. 

Limits 

Typ. 

Max. 

10 

1 

Max. 

10 

5 

(7) tpuR and tpuw are the delays required from the time Vee is stable until the specified operation can be initiated. 
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Max. Units 

ns 

ns 

ns 

ns 

300 ns 

300 ns 

500 ns 

ns 

ns 

ns 

500 ns 

kHz 

ns 

ns 

ns 

ns 

Units 

µs 

ms 

Units 

ms 



Advance CAT64LC40/CAT64LC401 

INSTRUCTION SET 

Instruction Opcode Address Data 

Read 10101000 A? A6A5A4A3A2A1 AO 015-DO 

Write 10100100 A? A6 AS A4 A3A2A1 AO 015-DO 

Write Enable 10100011 xxxxxxxx 
Write Disable 10100000 xxxxxxxx 
[Write All LocationsJ(8) 10100001 xxxxxxxx 015-DO 

Figure 1. A.C. Testing Input/Output Waveform (9)(10)(11) (CL= 100 pF) 

Vee xo.a ---------------. 
Vccxo.7 

INPUT PULSE LEVELS REFERENCE POINTS 

Vccxo.2 ---------------' 
Vccxo.3 

Note: 
(8) (Write All Locations) is a test mode operation and is therefore not included in the A.C./D.C. Operations specifications. 
(9) Input Rise and Fall Times (10% to 90%) < 10 ns. 
(10) Input Pulse Levels= Vee x 0.2 and Vee x 0.8. 
(11) Input and Output Timing Reference= Vee x 0.3 and Vee x 0.7. 
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CAT64LC40/CAT64LC40I 

DEVICE OPERATION 

The CAT64LC40/CAT64LC401 is a 4K bit nonvolatile 
memory intended for use with all standard controllers. 
The CAT64LC40/CAT64LC401 is organized in a 256 x 16 
format. All instructions are based on an 8 bit format. 
There are four 16 bit instructions: READ, WRITE, EWEN, 
and EWDS. The CAT64LC40/CAT64LC401 operates on 
a single power supply ranging from 2.5V to 5.5V and it 
has an on-chip voltage generator to provide the high 
voltage needed during a programming operation. In-

Figure 2. Sychronous Data Timing 

RESET 

SK 

DI 

DO 

ROY 
/BUSY 

tcss 

Figure 3. Read Instruction Timing 

RESET 

Advance 

structions, addresses and data to be written are clocked 
into the DI pin on the rising edge of the SK clock. The DO 
pin is normally in a high impedance state except when 
outputting data in a READ operation or outputting 
RDY /BUSY status when polled during a WRITE operation. 

The format for all instructions sent to this device includes 
a 4 bit start sequence, 1010, a 4 bit op code and an 8 bit 
address field or dummy bits. For a WRITE operation, a 

1sv 

5064 FHD F04 

cs l..._ _____________ ~V!l!l.L 

01 ~ o o o I A7 I As I As I A4 I A3 I A2 I A1 I Ao D<XXXXXXXXXXXX)XXXX 

DO 

ROY 
/BUSY 

-------------------lo1slo14I] 01 I oo pxsu 
HIGH 

5068 FHO FOS 
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Advance 

16 bit data field is also required following the 8 bit 
address field. 

The CAT64LC40/CAT64LC401 requires an active LOW 
CS in order to be selected. Each instruction must be 
preceded by a HIGH-to-LOW transition of CS before the 
input of the 4 bit start sequence. Prior to the 4 bit start 
sequence (1010), the device will ignore inputs of all other 
logical sequence. 

Figure 4. Write Instruction Timing 

CAT64LC40/CAT64LC401 

Read 

Upon receiving a READ command and address (clocked 
into the DI pin), the DO pin will output data one !po after 
the falling edge of the 16th clock (the last bit of the 
address field). The READ operation is not affected by 
the RESET input. 

Write 

After receiving a WRITE op code, address and data, the 
device goes into the AUTO-Clear cycle and then the 

RESETS] _,_.......__ ________________ ....£V'....L.!Lllu.1'....L.ILL/ I 

SK -~lJlJlJlII===u &\\\\\\\\\\\\\\\\ 

DI 

DO 

ROY 
/BUSY 

VlI!ll!lA 

0 0 

Figure 5. Ready/BUSY Status Instruction Timing 

RESET 

SK 

___________ ___._Vl ............ l/,.....,_!U.__._.-71'-'-'21 

WRITE INSTRUCTION NEXT INSTRUCTION 

5068 FHD FOO 

DI ~ ....... 00..........._ _______ ILil ....,..~----

DO --------------. 

RDY 
/BUSY 

--------------. 
5068 FHD F07 
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CAT64LC40/CAT64LC40l 

WRITE cycle. The ROY/BUSY pin will output the BUSY 
status (LOW) one tsv after the rising edge of the 32nd 
clock (the last data bit) and will stay LOW until the write 
cycle is complete. Then it will output a logical "1" until the 
next WRITE cycle. The ROY/BUSY output is not af
fected by the input of CS. 

An alternative to get ROY/BUSY status is from the DO 
pin. During a write cycle, asserting a LOW inputto the CS 
pin will cause the DO pin to output the ROY/BUSY 
status. Bringing CS HIGH will bring the DO pin back to 
a high impedance state again. After the device has 
completed a WRITE cycle, the DO pin will output a 

Figure 6. RESET During BUSY Instruction Timing 

Advance 

logical "1" when the device is deselected. The rising 
edge of the first "1" input on the DI pin will reset DO back 
to the high impedance state again. 

The WRITE operation can be halted anywhere in the 
operation by the RESET input. If a RESET pulse occurs 
during a WRITE operation, the device will abort the 
operation and output a READY status. 

NOTE: Data may be corrupted if a RESET occurs while 
the device is BUSY. If the reset occurs before the BUSY 
period, no writing will be initiated. However, if RESET 
occurs after the BUSY period, new data will have been 
written over the old data. 

RESETSSJ _,_...__ _______________ _JV,'L.Ll..LuL.Lll-Lu.LLll 

SK -~lIUUU1~~~u &sss\\\\\\\ssssss 

DI 0 0 o o A7 -~--~~~--~-'AO 1D1sl ] DO txxxxxxxxxxxxxxxxxx 
DO V!llllJJl---

RDY 
/BUSY 

'"'14f------ twR--..i• \ 

~~~~~~~~~---:__, _.._v~ll~ll~~ 
5068 FHO FOB 

Figure 7. EWEN Instruction Timing 

RESET XXXXX't!JXX'/XKIX!t/XXXXXXXXXXXXXXXXXXX't/JJXIX/X/XKIJXIXl,X 

SK 

DI ~ 0 0 0 I 1 1 ~X'IJYXIXIXt!XIXIXJXKIXt!X 

DO 

RDY 
/BUSY 

HIGH-Z 

HIGH 

5064 FHD F09 
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RESET 

The RESET pin, when set to HIGH, will reset or abort a 
WRITE operation. When RESET is set to HIGH while the 
WRITE instruction is being entered, the device will not 
execute the WRITE instruction and will keep DO in High
Z condition. 

When RESET is set to HIGH, while the device is in a 
clear/write cycle, the device will abort the operation and 
will display READY status on the ROY/BUSY pin and on 
the DO pin if CS is low. 

The RESET input affects only the WRITE and WRITE 
ALL operations. It does not reset any other operations 

Figure 8. EWDS Instruction Timing 

RESET "IXIXIJXIXtlXIX 

SK 

cs >J 

CAT64LC40/CAT64LC40l 

such as READ, EWEN and EWDS. 

ERASE/WRITE ENABLE and DISABLE 

The CAT64LC40/CAT64LC401 powers up in the erase/ 
write disabled state. After power-up or while the device 
is in an erase/write disabled state, any write operation 
must be preceded by an execution of the EWEN instruc
tion. Once enabled, the device will stay enabled until an 
EWDS has been executed or a power-down hasoccured. 
The EWDS is used to prevent any inadvertent over
writing of the data. The EWEN and EWDS instructions 
have no affect on the READ operation and are not 
affected by the RESET input. 

Vlllll/ll!lll/lll/ 

DI Z2fl_J;l 0 0 0 0 oOOXXXXXXXXXXXXXXXXXXXXX 

DO 
HIGH-Z 

HIGH 
ROY 

/BUSY 5064 FHD F10 
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CAT59C11/CAT59C11 I 
1 K-Bit SERIAL E2PROM 

FEATURES 

• High Speed Operation: 1MHz 

• Low Power CMOS Technology 

• Single SV Supply 

• 64x16 or 128 x 8 Selectable Serial Memory 

• Self-Timed Write Cycle with Auto-Clear 

• ROY/BUSY Pin for End-of-Write Detection 

DESCRIPTION 

The CAT59C11 and CAT59C11 I are 1 K bit Serial 
E2PROM memory devices which can be configured as 
either 64 registers by 16 bits (ORG pin at Vee) or 128 
registers by 8 bits (ORG pin at GND). Each register can 
be written (or read) serially by using the DI (or DO) pin. 

PIN CONFIGURATION 

DIP Package SO Package K 

cs Vee cs •1 8 Vee 
CLK RDY/BUSY CLK 2 7 RDY/BUSY 

DI ORG DI 3 6 ORG 

DO GND DO 4 5 GND 

5060 FHD F01 

PIN FUNCTIONS 

Pin Name Function 

cs Chip Select 

CLK Clock Input 

DI Serial Data Input 

DO Serial Data Output 

Vee +5V Power Supply 

GND Ground 

ROY/BUSY Ready/Busy Status 

ORG Memory Organization 

Note: When the ORG pin is connected to V cc. the 64 x 16 organization 
is selected. When it is connected to ground, the 128 x 8 organization 
is selected. If the ORG pin is left unconnected, then an internal pullup 
device will select the 64 x 16 organization. 

© 1992 by Catalyst Semiconductor, Inc. 
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• Hardware and Software Write Protection 

• Power-Up Inadvertent Write Protection 

• 100,000 Program/Erase Cycles 

• 100 Year Data Retention 

• Optional High Endurance Device Available 

The CAT59C11/CAT59C11 I is manufactured using 
Catalyst's advanced CMOS E2PROM floating gate tech
nology. It is designed to endure 100,000 program/erase 
cycles and has a data retention of 100 years. The device 
is available in 8 pin DIP or SO packages. 

BLOCK DIAGRAM 

ORG 

DI 

cs 

CLK 

Vee GND 

MEMORY ARRAY 
128 x 8 

OR 
64 x16 

DATA 
REGISTER 

MODE DECODE 
LOGIC 

CLOCK 
GENERATOR 

ADDRESS 
DECODER 

ROY/BUSY 

OUTPUT 
BUFFER 

DO 

5060 FHD F02 

TD 5060 

Characteristics subject to change without notice 
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CAT59C11/CAT59C11 I 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to +125°C 

Storage Temperature ......................... -65°C to +150°C 

Voltage on Any Pin with 
Respect to Ground(1l .............. -2.0V to +Vee +2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 

Package Power Dissipation 
Capability (Ta = 25°C) .................................... 1 .OW 

Lead Soldering Temperature (10 secs) ............... 300°C 

Output Short Circuit Current(2) .......................... 100 mA 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NENo(3) Endurance 100,000 

foR(3) Data Retention 100 

VZAp(3) ESD Susceptibility 2000 

ILTH(3)(4) Latch-Up 100 

D.C. OPERATING CHARACTERISTICS 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Units Reference Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

CAT59C11 TA= 0°C to+ 70°C, Vee= +5V ±10%, unless otherwise specified. 
CAT59C11 I TA= -40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units Test Conditions 

lee1 Power Supply Current 5 mA DI = OV, CLK = 5.0V 
(Operating) Vee= 5.0V, CS= 5.0V 

Output Open 

lee2 Power Supply Current 100 µA DI = OV, CLK = OV 
(Standby) Vee= 5.0V, CS= OV 

lu Input Leakage Current 2 µA V1N = 5.5V 

ILO Output Leakage Current 10 µA VouT = OV to 5.5V, 
(Including ORG Pin) CS=O 

V1H High Level Input Voltage 2.0 Vee +1 v 
V1L Low Level Input Voltage -0.1 0.8 v 
VoH High Level Output Voltage 2.4 v loH=-400µA 

VoL Low Level Output Voltage 0.4 v loL = 2.1 mA 

Note: 
(1) The minimum DC input voltage is--0.SV. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +O.SV, which may overshoot to Vee +2.0V for periods of less than 20 ns. 
(2) Output shorted for no more than one second. No more than one output shorted at a time. 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vee +1V. 
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INSTRUCTION SET 

Address Data 

Instruction Start Bit Opcode 128 x8 64x16 128 x 8 64x16 

READ 1 1000 A6-AO AS-AO 

WRITE 1 X100 A6-AO AS-AO 07-DO D1S-DO 

EWEN 1 0011 xxxxxxx xxxxxx 
EWDS 1 0000 xxxxxxx xx xx xx 
ERAL 1 0010 xxxxxxx xxxxxx 
WRAL 1 0001 xxxxxxx xxxxxx 07-DO D1S-DO 

A.C. CHARACTERISTICS 

CATS9C11TA=0°C to +70°C, Vee= +SV ±10%, unless otherwise specified. 
CATS9C11 I TA = -40°C to +8S°C, Vee = +SV ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units 

tcss CS Setup Time so ns 

tcsH CS Hold Time 0 ns 

to1s DI Setup Time 100 ns 

to1H DI Hold Time 100 ns 

tpo1 Output Delay to 1 soo ns 

tpoo Output Delay to 0 soo ns 

tHz(3) Output Delay to High-Z 100 ns 

tEW Program/Erase Pulse Width 10 ms 

lcKH Minimum Clock High Time 100 ns 

le KL Minimum Clock Low Time 660 ns 

tsv ROY/BUSY Delay to Status Valid soo ns 

fcLK Maximum Clock Frequency DC 1 MHz 

Note: 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
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CAT59C11/CAT59C11 I 

Comments 

Read Address AN-Ao 

Write Address AN-Ao 

Write Enable 

Write Disable 

Clear All Addresses 

Write All Addresses 

Test Conditions • 
CL= 100pF 

VoL = 0.8V, VoH = 2.0V 

V1L = 0.4SV, V1H = 2.4V 

CL= 100pF 

CL= 100pF 



CAT59C11/CAT59C11 I 

DEVICE OPERATION 

The CAT59C11/CAT59C11 I is a 1024 bit nonvolatile 
memory intended for use with industry standard micro
processors. The CAT59C11/CAT59C11 I can be orga
nized as either 64 registers by 16 bits, or as 128 registers 
by 8 bits. Six 11 bit instructions (12 bit instruction in 128x8 
organization) control the reading, writing and erase 
operations of the device. The CAT59C11/CAT59C11 I 
operates on a single 5V supply and will generate on chip, 
the high voltage required during any write operation. 
Instructions, addresses, and write data are clocked into 
the DI pin on the rising edge of the clock (CLK). The DO 
pin is normally in a high impedance state except when 
reading data from the device. The ready/busy status can 

Figure 1. Synchronous Data Timing(5) 

be determined after a write operation by polling the ROY/ 
BUSY pin; a low level on this pin indicates that the write 
operation is not completed, while a high level indicates 
that the WRITE, ERAL or WRAL operation has been 
completed and the device is ready for the next instruc
tion. 

The format for all instructions sent to the CAT59C11/ 
CAT59C11 I is a logical "1" start bit, a 4 bit opcode, a 6 bit 
address (7 bit address when organized as 128x8), and 
for write operations a 16 bit data field (8 bit data field when 
organized as 128x8). At power-down, when Vee falls 
below a threshold ofapproximately 3.5V, the data protec
tion circuitry inhibits all erase and write instructions and a 
write disable (EWDS) is executed internally. 

i--lcKH--r- lcKL _, ;,.._ ____ __,..; 
tcsH 

CLK 

DI VALID 

cs 

HIGH·Z 
DO 

ROY/ 
BUSY 

___________ 's~v ~4 tEw-=li-----
5060 FHO F03 

Figure 2. Read Instruction Timing(5) 

CLK 

cs 

~~~'PDo '•~HZ 
HIGH-Z 

~---------------------'. 0 

DN DN-1 D1 Do 

DI 0 0 0 

HIGH-Z 
DO 

5060 FHD F04 

Note: 
(5) The ORG pin is used to configure the device forxs orx16 operation. When x8 organization is selected, AN= A6 and DN = 07. 

When x16 organization is selected, AN = A5 and DN = 015. 
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NOTE: This device will accept a start bit that is gener
ated when both CLK and DI are high with respectto a low 
to high transition of CS. 

Read 

Upon receiving a READ command and an address 
(clocked into the DI pin), the DO pin of the CAT59C11/ 
CAT59C11 I will come out of the high impedance state 
and, after sending an initial dummy zero bit (after a delay 
of tPDofrom the positive edge of the Ao clock), will begin 
shifting out the data addressed. The output data bits will 
toggle on the rising edge of the clock and are stable after 
the specified time delay (tPDo or tpD1). DO returns to 
High-Z after a delay of tHz from the negative going edge 
of CS. 

Erase/Write Enable and Disable 

The CAT59C11/CAT59C11 I powers up in the write 
disabled state. Any write after power-up or after a EWDS 
(write disable) instruction must first be preceded by the 
EWEN (write enable) instruction. Once the write instruc-

Figure 3. Write Instruction Timing(5) 

CLK 

cs 

DI 

RDY/ 
BUSY 

0 0 

Figure 4. EWEN/EWDS Instruction Timing(5) 

CLK 

cs 

DI 0 0 

CAT59C11/CAT59C11 I 

tion is enabled, it will remain enabled until power to the 
device is removed, or the EWEN instruction is sent. The 
EWEN instruction can be used to disable all CAT59C11/ 
CAT59C11 I write and clear instructions, and will prevent 
any accidental writing or clearing of the device. Data can 
be read normally from the device regardless of the write 
enable/disable status. 

Write 

After receiving a WRITE command, address and data, 
the RDY/BUSY pin goes low (after a delay of tsv from the 
positive edge of the Do clock) indicating the self-clocking 
program/erase cycle is in progress. The program/erase 
pulse width (tEw) is timed from the positive clock edge of 
the last data bit (Do) and its completion is indicated by the 
RDY/BUSY pin returning to a high level. The clocking of 
the CLK pin is not necessary afterthe device has entered 
the self clocking mode. Since this device features Auto
Clear before write, it is NOT necessary to erase a memory 
location before the WRITE command is sent. 

U-U-Vu rxxxxxxxxxxxxxxxxx 

READY 

BUSY t 
----tEW ~ 

5060 FHD FOS 

\ STANDBY ,__ ______ _ 

* ENABLE= 11 64 x 16 = 6 DON'T CARE BITS 
DISABLE= 00 128 x 8 = 7 DON'T CARE BITS 5060 FHD FOO 

Note: 
(5) The ORG pin is used to configure the device forx8 orx16 operation. When xs organization is selected, AN= A6 and DN = D7. 

When x16 organization is selected, AN= A5 and DN = D15. 
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CAT59C11/CAT59C11 I 

Erase All 

After receiving an ERAL command and address the 
RDY/BUSY pin goes low (after a delay of tsv from the 
positive edge of the Do clock) indicating the self-clocking 
program/erase cycle is in progress. The program/erase 
pulse width (tEW) is timed from the positive clock edge of 
the last don't care bit and its completion is indicated by 
the RDY /BUSY pin returning to a high level. The clocking 
of the CLK pin is not necessary after the device has 
entered the self-clocking mode. Once cleared, the con
tents of all memory bits return to a logical "1" state. 

Figure 5. ERAL Instruction Timing(5) 

CLK 

cs 

Write All 

Upon receiving a WRAL command, address and data, 
the RDY/BOSY pin goes low (after a delay of tsv from the 
positive edge of the Do clock) indicating the self-clocking 
program/erase cycle is in progress. The program/erase 
pulse width (tEw) is timed from the positive edge of the 
last data bit (Do) and its completion is indicated by the 
RDY/BUSV pin returning to a high level. The clocking of 
the CLK pin is not necessary after the device has 
entered the self clocking mode. It IS necessary for all 
memory locations to be cleared before the WRAL com
mand is executed. 

64 x 16 = 6 DON'T CARE BITS 
128 x 8 = 7 DON'T CARE BITS 

DI 

ROY/ 
BUSY 

0 0 

Figure 6. WRAL Instruction Timing(5) 

CLK 

cs 

DI 

ROY/ 
BUSY 

Note: 

0 0 0 

0 

READY 

5060 FHO F07 

UlilJU !XXXXxxxXXXXXXXxxx 

64 x 16 = 6 DON'T CARE BITS 
128 x B = 7 DON'T CARE BITS 

BUSY 1 
----tEW ~ 

READY 

5060 FHD F08 

(5) The ORG pin is used to configure the device for xB or x16 operation. When xB organization is selected, AN = AS and DN = 07. 
When x16 organization is selected, AN= AS and DN = 015. 
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CAT35C202/CAT35C2021 
2K-Bit SERIAL E2PROM 

FEATURES 

• High Speed Operation: 1MHz 

• Low Power CMOS Technology 

• Single 5V Supply 

• 128x16 or 256 x 8 Selectable Serial Memory 

• Self-Timed Write Cycle with Auto-Clear 

• ROY/BUSY Pin for End-of-Write Detection 

DESCRIPTION 

The CAT35C202 and CAT35C2021 are 2K bit Serial 
E2PROM memory devices which can be configured as 
either 128 registers by 16 bits (ORG pin at Vee) or 256 
registers by 8 bits (ORG pin at GND). Each register can 
be written (or read) serially by using the DI (or DO) pin. 

PIN CONFIGURATION 

DIP Package SO Package K 

Pin Name Function 

cs Chip Select 

CLK Clock Input 

DI Serial Data Input 

DO Serial Data Output 

Vee +5V Power Supply 

GND Ground 

ROY/BUSY Ready/Busy Status 

ORG Memory Organization 

Note: When the ORG pin is connected to Vee. the 128x 16 organiza
tion is selected. When it is connected to ground, the 256 x 8 organiza
tion is selected. If the ORG pin is left unconnected, then an internal 
pullup device will select the 128 x 16 organization. 

© 1992 by Catalyst Semiconductor, Inc. 
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• Hardware and Software Write Protection 

• Power-Up Inadvertent Write Protection 

• 100,000 Program/Erase Cycles 

• 100 Year Data Retention 

• Optional High Endurance Device Available 

The CAT35C202/CAT35C2021 is manufactured using 
Catalyst's advanced CMOS E2PROM floating gate tech
nology. It is designed to endure 100,000 program/erase 
cycles and has a data retention of 100 years. The device 
is available in 8 pin DIP or SO packages. 

BLOCK DIAGRAM 

DI 

cs 

CLK 

Vee GND 

DATA 
REGISTER 

MODE DECODE 
LOGIC 

CLOCK 
GENERATOR 

ROY/BUSY 

OUTPUT 
BUFFER 

DO 

5062 FHO F02 

TD 5062 

Characteristics subject to change without notice 
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CAT35C202/CAT35C2021 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to +125°C 

Storage Temperature ......................... -65°C to + 150°C 

Voltage on Any Pin with 
Respect to Ground<1> .............. -2.0V to +Vee+ 2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 

Package Power Dissipation 
Capability (Ta= 25°C) .................................... 1.0W 

Lead Soldering Temperature (1 o secs) ............... 300°C 

Output Short Circuit Current<2> •.•.........••.••.•••...•• 1 OOmA 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NEN0<3l Endurance 100,000 

ToR<3l Data Retention 100 

VZAp(3) ESD Susceptibility 2000 

ILTH(3)(4) Latch-up 100 

D.C. OPERATING CHARACTERISTICS 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Units Reference Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

CAT35C202 TA= 0°C to +70°C, Vee= +5V ±10%, unless otherwise specified. 
CAT35C2021 TA= -40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units Test Conditions 

lee1 Power Supply Current Comm. 3 mA DI = OV, CLK = 5.0V 
(Operating) Vee= 5.0V, CS= 5.0V 

Ind. 4 mA Output Open 

lee2 Power Supply Current 100 µA DI= OV, CLK = OV 
(Standby) Vee= 5.0V, CS= OV 

lu Input Leakage Current 2 µA V1N =5.5V 

ILO Output Leakage Current 10 µA VouT = OV to 5.5V, 
(Including ORG Pin) CS=O 

V1H High Level Input Voltage 2.0 Vee +1 v 
V1L Low Level Input Voltage -0.1 0.8 v 
VoH High Level Output Voltage 2.4 v loH = --400µA 

VoL Low Level Output Voltage 0.4 v loL = 2.1 mA 

Note: 
(1) The minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is V cc +0.5V, which may overshoot to V cc + 2.0V for periods of less than 20ns. 
(2) Output shorted for no more than one second. No more than one output shorted at a time. 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from-1V to Vee +1V. 
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INSTRUCTION SET 

Address Data 

Instruction Start Bit Opcode 256x8 128 x 16 256x8 128 x 16 

READ 1 1000 A7-AO A6--AO 

WRITE 1 X100 A7-AO A6--AO D7-DO D15-DO 

EWEN 1 0011 xxxxxxxx xxxxxxx 
EWDS 1 0000 xxxxxxxx xxxxxxx 
ERAL 1 0010 xxxxxxxx xxxxxxx 
WRAL 1 0001 xxxxxxxx xxxxxxx D7-DO D15-DO 

A.C. CHARACTERISTICS 

CAT35C202 TA= 0°C to +70°C, Vee= +5V ±10%, unless otherwise specified. 
CAT35C2021 TA= -40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units 

tcss CS Setup Time 50 ns 

tcsH CS Hold Time 50 ns 

trns DI Setup Time 100 ns 

to1H DI Hold Time 100 ns 

tpo1 Output Delay to 1 500 ns 

tpoo Output Delay to O 500 ns 

tHz(3) Output Delay to High-Z 100 ns 

tEW Program/Erase Pulse Width 10 ms 

tcKH Minimum Clock High Time 250 ns 

tcKL Minimum Clock Low Time 250 ns 

tsv RDY/BUSY Delay to Status Valid 500 ns 

fcLK Maximum Clock Frequency DC 1 MHz 

Note: 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 

5.g 

CAT35C202/CAT35C2021 

Comments 

Read Address AN-Ao 

Write Address AN-Ao 

Write Enable 

Write Disable 

Clear All Addresses 

Write All Addresses 

Test Conditions • 
CL= 100pF 

VoL = 0.8V, VoH = 2.0V 

V1L = 0.45V, V1H = 2.4V 

CL=100pF 

CL= 1 OOpF 



CAT35C202/CAT35C2021 

DEVICE OPERATION 

The CAT35C202/CAT35C2021isa2048 bit nonvolatile 
memory intended for use with industry standard micro
processors. The CAT35C202/CAT35C2021 can be or
ganized as either 128 registers by 16 bits, or as 256 
registers by 8 bits. Six 12 bit instructions (13 bit instruc
tion in 128 x 16 organization) control the reading, writing 
and erase operations of the device. The CAT35C202/ 
CA T35C2021 operates on a single 5V supply and will 
generate on chip, the high voltage required during any 
write operation. Instructions, addresses, and write data 
are clocked into the DI pin on the rising edge of the clock 
(CLK). The DO pin is normally in a high impedance state 
except when reading data from the device. The ready/ 

Figure 1. Synchronous Data Timing(5) 

eLK 

DI 

cs 

DO 

RDY/ 
BUSY 

HIGH-Z 

Figure 2. Read Instruction Timing(5) 

CLK 

cs 

DI 0 0 0 

HIGH-Z 

busy status can be determined after a write operation by 
polling the ADY/BUSY pin; a low level on this pin 
indicates that the write operation is not completed, while 
a high level indicates that the WRITE, ERAL or WRAL 
operation has been completed and the device is ready 
for the next instruction. 

The format for all instructions sent to the CA T35C202/ 
CAT35C2021 isa logical "1" start bit, a4bitopcode, a ?bit 
address (8 bit address when organized as 256 x 8), and 
for write operations a 16 bit data field (8 bit data field when 
organized as 256 x 8). At power-down, when Vee falls 
below a threshold of approximately 3.5V, the data protec
tion circuitry inhibits all erase and write instructions and a 
write disable (EWDS) is executed internally. 

tcsH 

5060 FHD F03 

HIGH-Z 
DO 

~~~~DO ',~HZ 
~~~~~~~~~~~~~~~~~~___.., 0 

DN DN-1 D1 Do 
5060 FHD F04 

Note: 
(5) The ORG pin is used to configure the device forxB orx16 operation. When x8 organization is selected, AN= A7 and DN = D7. 

When x16 organization is selected, AN= A6 and DN = D15. 
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Read 

Upon receiving a READ command and an address 
(clocked into the DI pin), the DO pin of the CAT35C202/ 
CA T35C2021 will come out of the high impedance state 
and, after sending an initial dummy zero bit (after a delay 
of tPDO from the positive edge of the Ao clock), will begin 
shifting out the data addressed. The output data bits will 
toggle on the rising edge of the clock and are stable after 
the specified time delay (tPDO or tpD1). DO returns to 
High-Z after a delay of tHz from the negative going edge 
of CS. 

Erase/Write Enable and Disable 

The CAT35C202/CAT35C2021 powers up in the write 
disabled state. Any write after power-up or after a EWDS 
(write disable) instruction must first be preceded by the 
EWEN (write enable) instruction. Once the write instruc
tion is enabled, it will remain enabled until power to the 
device is removed, or the EWEN instruction is sent. The 

Figure 3. Write Instruction Timing(5) 

CLK 

cs 

DI 

RDY/ 
BUSY 

0 0 

Figure 4. EWEN/EWDS Instruction Timing(5) 

CLK 

cs 

DI 0 0 

CAT35C202/CAT35C2021 

EWEN instruction can be used to disable all CAT35C202/ 
CAT35C2021 write and clear instructions, and will pre
vent any accidental writing or clearing of the device. 
Data can be read normally from the device regardless of 
the write enable/disable status. 

Write 

After receiving a WRITE command, address and data, 
the RDY /BUSY pin goes low (after a delay of tsv from the 
negative edge of the Do clock) indicating the self-clock
ing program/erase cycle is in progress. The program/ 
erase pulse width (tEw) is timed from the negative clock 
edge of the last data bit (Do) and its completion is 
indicated by the RDY/BUSYpin returning to a high level. 
The clocking of the CLK pin is not necessary after the 
device has entered the self clocking mode. Since this 
device features Auto-Clear before write, it is NOT neces
sary to erase a memory location before the WRITE 
command is sent. 

READY 

5062 FHD FOS 

\ STANDBY 
'--------

' ENABLE= 11 128 x 16 = 7 DON'T CARE BITS 
DISABLE= 00 256 x 8 = 8 DON'T CARE BITS 

5062 FHO F06 

Note: 
(5) The ORG pin is ~sed to_configure the device forx8 or x16 operation. When xs organization is selected, AN= A7 and DN = D7. 

When x16 organization 1s selected, AN= A6 and DN = D15. 
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CAT35C202/CAT35C2021 

Erase All 

After receiving an ERAL command apd address the 
ROY/BUSY pin goes low (after a delay of tsv from the 
negative edge of the Do clock) indicating the self-clock
ing program/erase cycle is in progress. The program/ 
erase pulse width (tEw) is timed from the negative clock 
edge of the last don't care bit and its completion is 
indicated by the ROY/BUSY pin returning to a high level. 
The clocking of the CLK pin is not necessary after the 
device has enteredthe self-clocking mode. Once cleared, 
the contents of all memory bits return to a logical "1" 
state. 

Figure 5. ERAL Instruction Timing(5) 

CLK 

cs 

DI 

RDY/ 
BUSY 

0 0 

Figure 6. WRAL Instruction Timing(5) 

CLK 

cs 

Write All 

Upon receiving a WRAL command, address and data, 
the ROY/BUSY pin goes low (after a delay of tsv from the 
negative edge of the Do clock) indicating the self-clock
ing program/erase cycle is in progress. The program/ 
erase pulse width (tEw) is timed from the negative edge 
of the last data bit (Do) and its completion is indicated by 
the ROY /BUSY pin returning to a high level. The clocking 
of the CLK pin is not necessary after the device has 
entered the self clocking mode. It IS necessary for all 
memory locations to be cleared before the WRAL com
mand is executed. 

tsv READY 

'=i ) 

tEW 

5062 FHO F07 

UUUUl ©<XXXXXXXXXXXXXX 

128 x 16 = 7 DON'T CARE BITS 
256 x 8 = 8 DON'T CARE BITS 

DI 

RDY/ 
BUSY 

Note: 

0 0 0 

(5) The ORG pin is used to configure the device for xB or x16 operation. When xB organization is selected, AN = A7 and DN = D7. 
When x16 organization is selected, AN= A6 and DN = D15. 
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Preliminary 

CAT33C704/CAT33C7041 
4K-Bit SECURE ACCESS SERIAL E2PROM 

FEATURES 

• Low Power CMOS Technology 

• Single 3V Supply 

• Password READ/WRITE Protection: 1to8 Bytes 

• Memory Pointer WRITE Protection 

• Sequential READ Operation 

• 256 x16 or 512 x 8 Selectable Serial Memory 

• High Speed Synchronous Protocol 

DESCRIPTION 

TheCAT33C704/CAT33C7041 isa4K bit Serial E2PROM 
that safeguards stored data from unauthorized access 
by use of a user selectable ( 1 to 8 byte) access code and 
a movable memory pointer. Two operating modes pro
vide unprotected and password-protected operation al
lowing the user to configure the device as anything from 

PIN CONFIGURATION 
DIP Package SO Package 

cs Vee NC 16 

CLK PE NC 2 15 

DI ERR cs 3 14 

DO GND CLK 4 13 

DI 5 12 

DO 6 11 

NC 7 10 

NC 8 9 

PIN FUNCTIONS 

Pin Name Function 

cs Chip Select 

D0(1) Serial Data Output 

CLK Clock Input 

D1(1) Serial Data Input 

PE Parity Enable 

ERR Error Indication Pin 

Vee +3V Power Supply 

GND Ground 

Note: 
(1) DI, DO may be tied together to form a common 1/0. 

© 1992 by Catalyst Semiconductor, Inc. 

NC 

NC 

Vee 
PE 

ERR 

GND 

NC 

NC 

5074 FHD F01 
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• Operating Frequency: DC-1 MHz 

• Low Power Consumption: 
Active: 3mA 
Standby: 250µA 

• 100,000 Program/Erase Cycles 

• 100 Year Data Retention 

• Optional High Endurance Device Available 

a ROM to a fully protected no-access memory. The • 
CAT33C704/CAT33C7041 uses a unique serial-byte 
synchronous communication protocol and has a Se- • 
quential Read feature where data can be sequentially 
clocked out of the memory array. The device is available 
in 8 pin DIP or 16 pin SO packages. 

BLOCK DIAGRAM 

Vcc-+
GND-+-

DO 
CLK 

PE 
cs 
DI 

SERIAL 
COMMUNI

CATION 
BLOCK 

INSTRUCTION 
REGISTER 

INSTRUCTION 
DECODER 

STATUS 
REGISTER 

64 BIT ACCESS CODE 
& 

CONTROL BLOCK 

4K-BIT EEPROM 
ARRAY 

R/W ADDRESS 
BUFFER DECODER 

5074 FH6 F02 

TD 5072 

Characteristics subject to change without notice 



CAT33C704/CAT33C7041 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to + 125°C 

Storage Temperature ......................... -65°C to + 150°C 

Voltage on Any Pin with 
Respect to Ground(2l .............. -2.0V to +Vee+ 2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 

Package Power Dissipation 
Capability (Ta= 25°C) ..................................... 1.0W 

Lead Soldering Temperature (10 secs) ............... 300°C 

Output Short Circuit Current(3) .......................... 100mA 

RELIABILITY CHARACTERISTICS 

Preliminary 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Symbol Parameter Min. Max. Units Reference Test Method 

NEND(4l Endurance 100,000 Cycles/Byte MIL-STD-883, Test Method 1033 

TDR(4l Data Retention 100 Years MIL-STD-883, Test Method 1008 

VZAp(4) ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015 

ILTH(4)(S) Latch-up 100 mA JEDEC Standard 17 

D.C. CHARACTERISTICS 

CAT33C704 TA= 0°C to +70°C, Vee= +3V ±10%,unless otherwise specified. 
CAT33C7041 TA = -40°C to +85°C, Vee= +3V ±10%,unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. 

Ice Power Supply Current 3 
(Operating) 

lss Power Supply Current 250 
(Standby) 

V1L Input Low Voltage -0.1 0.8 

V1H Input High Voltage 2.0 

VoL Output Low Voltage 0.4 

VoH Output High Voltage 2.4 

lu(6 l Input Leakage Current 2 

ILO Output Leakage Current 10 

Note: 

Units Test Conditions 

mA Vee= 3.3V, CS= Vee 
DO is Unloaded. 

µA Vee= 3.3V, CS= OV 
DI= OV, CLK = OV 

v 
v 
v loL = 2.1 mA 

v loH =-400µA 

µA V1N =3.3V 

µA VouT = 3.3V, cs= ov 

(2) The minimum DC input voltage is --0.5V. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Vee +O.SV, which may overshoot to Vee+ 2.0V for periods of less than 20ns. 

(3) Output shorted for no more than one second. No more than one output shorted at a time. 
(4) This parameter is tested initially and after a design or process change that affects the parameter. 
(5) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1 V to Vee +1V. 
(6) PE pin test conditions: V1H < V1N < V1L 
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Preliminary 

A.C. CHARACTERISTICS 

CAT33C704 TA= 0°C to +70°C, Vee= +3V ±10%,unless otherwise specified. 
CAT33C7041 TA = -40°C to +85°C, Vee = +3V ±10%,unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. 

less CS Setup Time 150 

tesH CS Hold Time 0 

to1s DI Setup Time 50 

IDIH DI Hold Time 0 

tpo CLK to DO Delay 150 

IHz(4) (7) CLK to DO High-Z Delay 50 

IEW Program/Erase Pulse Width 12 

tesL CS Low Pulse Width 300 

teKH CLK High Pulse Width 300 

le KL CLK Low Pulse Width 140 

tsv ERR Output Delay 150 

tvees(4l Vee to CS Setup Time 5 

tesz(4l CS to DO High-Z Delay 50 

teso CS to DO Busy Delay 150 

fcLK Maximum Clock Frequency DC 1 

Note: 
(4) This parameter is tested initially and after a design or process change that affects the parameter. 
(7) !Hz is measured from the falling edge of the clock to the time when the output is no longer driven. 
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CAT33C704/CAT33C7041 

Units Test Conditions 

ns 

ns CL= 100pF 

ns V1N = V1H or V1L 

ns VouT = VoH or VoL 

ns 

ns 

ms 

ns 

ns 

ns 

ns CL=100pF 

µs CL= 100pF • ns 

ns 

MHz 



CAT33C704/CAT33C7041 

PASSWORD PROTECTION 

The CAT33C704/CAT33C7041 is a 4K bit E2PROM that 
features a password protection scheme to prevent un
authorized access to the information stored in the de
vice. It contains an access code register which stores 
one to eight bytes of access code along with the length 
of that access code. Additionally, a memory pointer 
register stores the address that partitions the memory 
into protected and unprotected areas. As shipped from 
the factory, the device is unprogrammed and unpro
tected. The length of the access code is equal to zero 
and the memory pointer register points to location zero. 
Every byte of the device is fully accessible without an 
access code. Setting a password and moving the memory 
pointer register to cover all or part of the memory secures 
the device. Once secured, the memory is divided into a 
read/write area and a read-only area with the entry of a 
valid access code. If no access code is entered, the 

Figure 1. A.C. Timing 

Vee 

cs 

CLK 

DI 

HIGH-Z 
DO 

Figure 2. Secure Mode 

Preliminary 

memory is divided into a read-only area and a non
access area. Figure 2 illlustrates this partitioning of the 
memory array. 

WRITE PROTECTION 

Another feature of the CAT33C704/CAT33C7041 is 
WRITE-protection without the use of an access code. If 
the memory pointer register is set to cover all or part of 
the memory, without setting the access code register, 
the device may be divided into an area which allows full 
access, and an area which allows READ-only access. 
To write into the HEAD-only area, the user can override 
the memory pointer register for every WRITE instruction 
or he can simply move the address in the memory 
pointer register to uncover this area, and then write into 
the memory. This mechanism prevents inadvertent over
writing of important data in the memory without the use 
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ACCESS REGISTER: ACCESS CODE (1-8 BYTES) 
ACCESS CODE LENGTH: 1 TO 8 
MEMORY POINTER: a ... a 

POINTER 
REGISTER 
ADDRESS 
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of an access code. Figure 3 illustrates this partitioning of 
the memory array. 

READ SEQUENTIAL 

To allow for convenient reading of blocks of contiguous 
data, the device has a READ SEQUENTIAL instruction 
which accepts a starting address of the block and 
continuously outputs data of subsequent addresses 
until the end of memory, or until Chip Select goes LOW. 

The CAT33C704/CAT33C7041 communicates with ex
ternal devices via a synchronous serial communication 
protocol (SECS) that has a maximum transmission rate 
of 1 MHz. The data transmission may be a continuous 
stream of data or it can be packed by pulsing Chip Select 
LOW in between each packet of information. (Except for 
the SEQUENTIAL READ instruction where Chip Select 
must be held high). 

Figure 3. Unprotected Mode(S) 

CAT33C704/CAT33C7041 

PIN DESCRIPTIONS 

cs 
Chip Select is a TIL compatible input which, when set 
HIGH, allows normal operation of the device. Any time 
Chip Select is set LOW, it resets the device, terminating 
all 1/0 communication, and puts the output in a high 
impedance state. CS is used to reset the device if an 
error condition exists or to put the device in a power
down mode to minimize power consumption. It may also 
be used to frame data transmission in applications 
where the clock and data input have to be ignored from 
time to time. Although CS resets the device, it does not 
change the program/erase or the access-enable status, 
nor does it terminate a programming cycle once it has 
started. The program/erase and access-enable opera
tions, once enabled, will remain enabled until specific 
disabling instructions are sent or until power is removed. 

ACCESS REGISTER: x ... x 

Figure 4. ERR Pin Timing 
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ACCESS CODE LENGTH: 0 
MEMORY POINTER: a ... a 

POINTER 
REGISTER 
ADDRESS 
IN MEMORY 

..-----------,,-255 (x16) 
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READ/WRITE/ERASE 
ACCESS 

---<~---------1-a ... a 

READ-ONLY 
ACCESS 
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Note: 
(8) x = DON'T CARE; a= ADDRESS BIT. 
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CA T33C704/CAT33C7041 

CLK 

The System Clock is a TIL compatible input pin that 
allows operation of the device over a frequency range of 
DC to 1 MHz. 

DI 
The Data Input pin is TIL compatible and accepts data 
and instructions in a serial format. Each instruction must 
begin with "1" as a start bit. The device will accept as 
many bytes as an instruction requires, including both 
data and address bytes. With the SECS protocol, extra 
bits will be disregarded if they are "O"s and misinter
preted as the next instruction if they are "1 "s. An instruc
tion error will cause the device to abort operation and all 
1/0 communication will be terminated until a reset is 
received. 

Figure 5. Program/Erase Timing 
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Figure 6. CS to DO Status Timing 
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DO 

The Data Output pin is a tri-state TIL compatible output. 
It is normally in a high impedance state unless a READ 
or an ENABLE BUSY instruction is executed. Following 
the completion of a 16 bit or 8 bit data stream, the output 
will return to the high impedance state. During a pro
gram/erase cycle, if the ENABLE BUSY instruction has 
been previously executed, the output will stay LOW 
while the device is BUSY, and it will be set HIGH when 
the program/erase cycle is completed. DO will stay 
HIGH until the completion of the next instruction's op
code and, ifthe next instruction is a READ, DO will output 
the appropriate data at the end of the instruction. If the 
ENABLE BUSY instruction has not been previously 
executed, DO will stay in a high impedance state. DO will 

5074 FHO F07 

BUSY HIGH-Z BUSY 
5074 FHD FOS 

6-6 



Preliminary 

also go to the high impedance state if an error condition 
is detected. If the ENABLE BUSY instruction has not 
been executed, to determine whether the device is in a 
program/erase cycle or in an error condition, a READ 
STATUS instruction may be entered. When the device 
is in a program/erase cycle it will output an 8 bit status 
word. If it does not, it is in an error condition. 

PE 
The Parity Enable pin isa TTL compatible input. If the PE 
pin is set HIGH, the device will be configured to commu
nicate using even parity, and ifthe pin is set LOW, it will 

Figure 7. Read Timing 
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use no parity. In this case, instructions or data that 
include parity bits will not be interpreted correctly. Note: 
The PE input is internally pulled down to GND (i.e. 
default= no parity). As with all CMOS devices, CS, CLK 
and DI inputs must be connected to either HIGH or LOW, 
and not left floating. 

ERR 

The Error indication pin is an open drain output. If either 
an instruction or parity error exists, the ERR pin will 
output a "O" until the device is reset. This can be done by 
pulsing CS LOW. 

i.-~~~~~~~~OPCODE~~~~~-00-1+-~ 

HIGH-Z 
DO 
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CAT33C704/CAT33C7041 

DEVICE OPERATION 

INSTRUCTIONS 

The CAT33C704/CAT33C7041 instruction set includes 
19 instructions. 

Six instructions are related to security or write protection: 

DISAC 
ENAC 
MACC 
OVMPR 
RMPR 
WMPR 

Disable Access 
Enable Access 
Modify Access Code 
Override Memory Pointer Register 
Read Memory Pointer Register 
Write Memory Pointer Register 

Six instructions are READ/WRITE/ERASE instructions: 

ERAL 
ERASE 
READ 
RSEQ 
WRAL 
WRITE 

Clear All Locations 
Clear Memory Locations 
Read Memory 
Read Sequentially 
Write All 
Write memory 

Note: All write instructions will automatically perform a clear before 
writing data. 

Figure 9. EWEN/EWDS Timing 
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Seven instructions are used as control and status func
tions: 

DISBSY 
ENBSY 
EWEN 
EWDS 
NOP 
ORG 
RSR 

Disable Busy 
Enable Busy 
Program/Erase Enable 
Program/Erase Disable 
No Operations 
Select Memory Organization 
Read Status Register 

UNPROTECTED MODE 

As shipped from the factory, the CAT33C704/ 
CAT33C704l is in the unprotected mode. The access 
code length is set to 0, and the memory pointer is at 
address 00 hex. While in this mode, any portion of the 
E2PROM array can be read or written to without an 
access code. A portion of the memory may be protected 
from any write or clear operation by setting the memory 
pointer to the appropriate address via the WMPR (Write 
Memory Pointer Register) instruction: 

WMPR [address] 

OPo 

~I 
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As shown previously in Figure 3, memory locations 
below the address set in the memory pointer will be 
program/erase protected. Thus, unintentional clearing 
or writing of data in this area will be prevented, while 
memory locations at or above the protected area still 
allow full access. This protection does not apply to the 
ERAL and WRAL commands which are not blocked by 
the memory pointer. 

SECURE MODE 

As shown previously in Figure 2, in the secure mode, 
memory locations at or above the address set in the 
memory pointer allow READ-only access. Memory loca
tions below that address will require an access code 
before they can be accessed. The secure mode is 
activated with an MACC (Modify Access Code) instruc
tion followed by a user access code which can be one to 
eight bytes in length. 

EWEN 
MACC [old code][new code][new code] 

The EWEN instruction enables the device to perform 
program/erase operations. The new access code must 
be entered twice for verification. If the device already has 
an access code, the old access code must be entered 
before the new access code can be accepted. The 
length of the password is incorporated into the MACC 
portion of the instruction. 

Once the secure mode is activated, access to memory 
locations is under software control. Access (read, write, 
and clear instructions) to the memory locations below 
the address in the memory pointer is allowed only if the 
ENAC (Enable Access) instruction followed by the cor
rect access code has been previously executed. 

ENAC 
EWEN 
WRITE 

[access code] 

[address][ data] 

Figure 11. ERAL Timing 
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The ENAC instruction, along with the access code, 
enables access to the protected area of the device. The 
EWEN instruction enables execution of the program/ 
erase operations. This portion of the memory is other
wise inaccessible for any operation. Read-only access 
is allowed without the access code for memory locations 
at or above the address in the memory pointer. 

The access code can be changed by the following 
instruction: 

ENAC 
EWEN 
MACC 

[old access code] 

[old code][new code][new code] 

A two-tier protection scheme is implemented to protect 
data against inadvertent clearing or writing. To write to 
the memory, an EWEN (Program/Erase Enable) must 
first be issued. The CAT33C704/CA T33C7041 will now 
allow program/erase operations to be performed only on 
memory locations at or above the address set in the 
memory pointer. The remaining portion of the memory is 
still protected. To override this protection, an OVMPR 6 (Override Memory Pointer Register-see Memory 
Pointer Register) must be issued for every program/ 
erase instruction which accesses the protected area: 

ENAC [access code] 
EWEN 
OVMPR 
WRITE [address][ data] 

As an alternative to the OVMPR instruction, the WMPR 
(Write Memory Pointer Register) instruction may be 
used to move the memory pointer address to uncover 
the area where writing is to be performed: 

ENAC 
EWEN 
WMPR 
WRITE 

OPo 

[access code] 

[address] 
[address ][data] 

DON'T CARE 

l ~P7 OPa. jo. P7 
~ .• e-~~OPCODE~~~~-~·-t-~~-OPCODE~~~~ 

READY 
DO HIGH-Z 

BUSY 5074 FHD F14 
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CAT33C704/CAT33C7041 

As shipped from the factory, the device is in the unpro
tected mode. The length of the access code is user 
selectable from a minimum of one byte to a maximum of 
eight bytes(> 1.84x1019 combinations). Loading a zero
length access code will disable protection. 

MEMORY POINTER REGISTER 

The memory pointer enables the user to segment the 
E2PROM array into two sections. In the unprotected 
mode, the array can be segmented between read-only 
and full access, while in the secure mode, the memory 
may be segmented between read-only access and 
password-only access. Three instructions are dedicated 
to the memory pointer operations. The first one is WMPR 
(Write Memory Pointer Register). This instruction, fol
lowed by an address, will load the memory pointer 
register with a new address. This address will be stored 
in the E2PROM and can be modified only by another 
WMPR instruction. The second instruction is OVMPR 
(Override Memory Pointer Register) which allows a 
single program/erase to be performed to memory loca
tions below the address set in the memory pointer. This 
instruction allows the user to modify data in a segmented 
array without having to move the memory pointer. Once 
the operation is complete, the device returns to the 
protected mode. If the device is in the secure mode both 
of these instructions require the ENAC instruction and a 
valid access code prior to their execution. The third 
instruction is the RMPR (Read Memory Pointer Regis
ter) which will place the current contents of the register 
in the serial output buffer. 

SECS PROTOCOL 
The CAT33C704/CAT33C7041 implements the SECS 
communication protocol which uses an 8 bit transmis
sion format. As shown in Figures 7-13, all instructions 

Figure 12. WRAL Timing 
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are 8 bits long with the first bit being the start bit and the 
following 7 bits being the op-code. Data can be one or 
two bytes long depending on the instruction and the 
memory array organization. Each address is one or two 
bytes long depending on the organization of the memory 
array. In this protocol, the transmission of the MSB is 
always first and the LSB last. The CS (Chip Select) pin 
of the CAT33C704/CAT33C7041 may be used to frame 
the data transmission packet or it may be set HIGH for 
the entire duration of operation. If an error in op-code or 
parity (if enabled) has been detected, the ERR output 
will be set LOW and the CAT33C704/CAT33C7041 will 
stop receiving and sending data until CS is toggled from 
HIGH to LOW to HIGH again. Alternatively, an error 
condition may be detected by interrogating the device 
for a status word. If an error condition has been detected, 
the DO (Data Output) pin will not respond. DO may be 
programmed to become tri-stated or to output a RDY/ 
BUSY status flag during program/erase cycles (see 
ENBSY instruction). 

STATUS REGISTER 
An eight bit status register is provided to allow the user 
to determine the status of the CAT33C704/CAT33C7041. 
The contents of the first three bits of the register are 101 
which allows the user to quickly determine the condition 
of the device. The next three bits indicate the status of 
the device; they are parity error, instruction error and 
ROY/BUSY status. The last two bits are reserved for 
future use. 

CLEAR ALL AND WRITE ALL 
As a precaution, the ERAL instruction has to be entered 
twice before it is executed. This measure is required as 
a redundancy check on the incoming instruction for 
possible transmission errors. The WRAL instruction 

DON'T CARE 

JlJlJ1fZZllllZl 
(+--IEW 

-1 i-tsv 

READY 

BUSY 
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requires sending an ERAL first (this sets a flag only) and 
then the WRAL instruction. The CAT33C704/ 
CAT33C7041 will accept the following commands: 

ERAL 
ERAL 

ERAL 
WRAL 

An ERAL will be executed 
A WRAL will be executed 

Both the ERAL and WRAL commands will program/ 
erase the entire array and will not be blocked by the 
memory pointer. 

THE PARITY BIT 

The SECS protocol supports an even parity bit if the PE 
pin of the device is set HIGH, otherwise, there is no 
parity. If PE is set LOW and the incoming instruction 
contains a parity bit, it may be interpreted as the start bit 
of the next instruction. When PE is HIGH, the 
CAT33C704/CAT33C7041 expects a parity bit at the end 
of every incoming instruction packet. For example, the 
RSEQ instruction will look like this: 

11001011 
A15 ... A8 
A7 ... AO P 

The device then outputs data continuously until it reaches 
the end of the memory. The last byte of data contains 9 
bits. The ninth bit is the parity bit calculated over the 
entire transmitted data packet. The RSEQ instruction 
may be terminated at any time by bringing CS low; the 
output will then go to high impedance. 

Figure 13. Next Instruction Timing(9) 
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SYSTEM ERRORS 

Whenever an error occurs, be it an instruction error 
(unknown instruction), or parity error (perhaps caused 
by transmission error), the device will stop its operation. 
To return to normal operation, the device must be reset 
by pulsing CS LOW and then set back to HIGH. Reset
ting the device will not affect the ENAC, EWEN and 
ENBSY status. The error may be determined by entering 
the READ STATUS REGISTER (RSR) instruction 
immediatly following the reset. The status output is an 8 
bit word with the first three bits being 101. This three bit 
pattern indicates that the device is functioning normally. 
The fourth bit is "1" if a parity error occurred. The fifth bit 
is a "1" if an instruction error occurred. The sixth bit is a 
"1" if the device is in a program/erase cycle. The last two 
bits are reserved for future use. 

The reason for the "101" pattern is to distinguish be
tween an error conditon (DO tri-stated) and a device 
busy status. If an error condition exists, it will not respond 
to any input instruction from DI. However, if the device is 
in a program/erase cycle, it responds to the RSR instruc- 6 tion by outputting "101 00100". If RSR is executed at the 
end of a program/erase cycle, the output will be "101000 
00". 

/l\~ 
PARITY INSTRUCTION ROY/BUSY FUTURE USE 
ERROR ERROR STATUS 

5074 FHO F09 

5074 FHO F16 

(9) DO will be high impedance after the last instruction bit has been clocked in, unless the instruction is RSA or RMPR, in which case, DO will 
become active. 
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INSTRUCTION SET 

DISAC Disable Access 

I 1000 I 1000 I 

This instruction will lock the memory from all program/ 
erase operations regardless of the contents ofthe memory 
pointer. A write can be accomplished only by first enter
ing the ENAC instruction followed by a valid access 
code. 

ENAC Enable Access 

I 1100 10101 I )Access Code) 

In the protected mode, this instruction, followed by a 
valid access code, unlocks the device for read/write/ 
clear access. 

WMPR Write Memory Pointer Register 

I 1100 10100 I [A15-A8) [A7-AO) (xB organization) 

1110010100 I [A7-AO) (x16organization) 

The WMPR instruction followed by 8 or 16 bits of 
address (depending on the organization) will move the 
pointer to the newly specified address. 

MACC Modify Access Code 

[IT2IJ )Length] [Old code) [New code] 
[New code) 

This instruction requires the user to enterthe old access 
code, if one was set previously, followed by the new 
access code and a re-entry of the new access code for 
verification. Within the instruction format, the variable 
[Length] designates the length of the access code as the 
following: 

[Length] = [O] No access code. Set device to unpro
tected mode. 

[Length]= [1-8] Length of access code is 1 to 8 bytes. 

[Length]= [>8] Illegal number of bytes. TheCAT33C704/ 
CAT33C7041 will ignore the rest of the transmission. 

RMPR Read Memory Pointer Register 

I 1100 I 1010 I 

Outputthe content of the memory pointer register to the 
serial output port. 

OVMPR Override Memory Pointer Register 

I 100010011 I 

Override the memory protection for the next instruction. 
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READ Read Memory 

I 1100 I 1001 I [A15-A8) [A7-AO) (xB organization) 

I 1100 I 1001 I [A7-AO) (x16 organization) 
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Output the contents of the addressed memory location 
to the serial port. 

WRITE Write Memory 

I 1100 10001 I [A15-A8) [A7-AO) [07-00) (xB organization) 

I 1100 10001 I [A7-AO) [015-08) [07-00) (x16 organization) 

Write the 8 bit or 16 bit data to the addressed memory 
location. After the instruction, address, and data have 
been entered, the self-timed program/erase cycle will 
start. The addressed memory location will be erased 
before data is written. The DO pin may be used to output 
the ROY/BUSY status by having previously entered the 
ENBSY instruction. During the program/erase cycle, DO 
will output a LOW for BUSY during this cycle and a HIGH 
for READY after the cycle has been completed. 

ERASE Clear Memory 

I 1100 loooo I [A15-A8) [A7-AO) (xB organization) 

I 1100 I 0000 I [A7-AO) (x16 organization) 

Erase data in the specified memory location (set memory 
to "1"). After the instruction and the address have been 
entered, the self-timed clear cycle will start. The DO pin 
may be used to output the ROY/BUSY status by having 
previously entered the ENSBY instruction. During the 
clear cycle, DO will output a LOW for BUSY during this 
cycle and a HIGH for ready after the cycle has been 
completed. · 

ERAL Clear All 

I 1000 I 1001 I 

I 1000I1001 I 

Erase the data of all memory locations (all cells set to 
"1"). For protection against inadvertent chip clear, the 
ERAL instruction is required to be entered twice. 

WRAL Write All 

1100011001 I 

I 1100 10011 I [015-08)[07-00) (x16 organization) 

I 1000 I 1001 I 

I 1100 I 0011 I [07-00) (xB organization) 

Write one or two bytes of data to all memory locations. 
An ERAL will be automatically performed before the 
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WRAL is executed. For protection against inadvertent 
clearing or writing of data, the ERAL instruction is 
required to be entered preceding the WRAL instruction. 

RSEQ Read Sequentially 

I 1100 I 1011 I IA15-A8)[A7-AO](x8 organization) 

I 1100 I 1011 I IA7-AO] (x16 organization) 

Read memory starting from specified address, sequen
tially to the highest address or until CS goes LOW. The 
instruction is terminated when CS goes LOW. 

ENBSY Enable Busy 

I 1000 I 0100 I 

Enable the status indicator on DO during program/erase 
cycle. DO goes LOW then HIGH once the write cycle is 
complete. DO will go to HIGH-Z at the end of the next op 
code transmission. 

DISBSY Disable Busy 

I 1000 I 0101 I 

Disable the status indica\or on DO during program/ 
erase cycle. 

EWEN Program/Erase Enable 

I 1000 I 0001 I 

Enable program/erase to be performed on non-pro
tected portion of memory. This instruction must be 
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entered before any program/erase instruction will be 
carried out. Once entered, it will remain valid until power
down or an EWDS (Program/Erase Disable) is ex
ecuted. 

EWDS Program/Erase Disable 

I 100010010 I 

Disable all write and clear functions. 

ORG Select Memory Organization 

11000 lo11RI (whereR=Dor1) 

Set memory organization to 512 x 8 if R = O. 

Set memory organization to 256 x 16 if R = 1. 

RSR Read Status Register 

I 1100 I 1000 I 

Output the contents of the 8 bit status register. The 
contents of the first three bits of the register are 101, 
which allows the user to quickly determine whether the • 
device is listening or is in an error condition. The next • 
three bits indicate parity error, instruction error and RDY I 
BUSY status. The last two bits are reserved for future 
use. 

NOP No Operation 

11000 loooo I 

No Operation. 
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CAT35C704/CAT35C7041 
4K-Bit SECURE ACCESS SERIAL E2PROM 

FEATURES 

• Low Power CMOS Technology 

• Password READ/WRITE Protection: 1 to 8 Bytes 

• Memory Pointer WRITE Protection 

• Sequential READ Operation 

• 256 x16 or 512 x 8 Selectable Serial Memory 

• High Speed Synchronous Protocol 

DESCRIPTION 

The CAT35C704/CAT35C7041 is a4K bit Serial E2PROM 
that safeguards stored data from unauthorized access 
by use of a user selectable (1to8 byte) access code and 
a movable memory pointer. Two operating modes pro
vide unprotected and password-protected operation al
lowing the user to configure the device as anything from 

PIN CONFIGURATION 
DIP Package SO Package 

cs Vee NC 16 NC 

CLK PE NC 2 15 NC 

DI ERR cs 3 14 Vee 
DO GND CLK 4 13 PE 

DI 5 12 ERR 

DO 6 11 GND 

NC 7 10 NC 

NC 8 9 NC 

PIN FUNCTIONS 
5074 FHD F01 

Pin Name Function 

cs Chip Select 

D0(1) Serial Data Output 

CLK Clock Input 

Dl(1) Serial Data Input 

PE Parity Enable 

ERR Error Indication Pin 

Vee +SV Power Supply 

GND Ground 

Note: 
(1) DI, DO may be tied together to form a common 1/0. 

© 1992 by Catalyst Semiconductor, Inc. 6-15 

• Operating Frequency: DC-3MHz 

• Low Power Consumption: 
-Active: 3mA 
-Standby: 250µA 

• 100,000 Program/Erase Cycles 

• 100 Year Data Retention 

• Optional High Endurance Device Available 

a ROM to a fully protected no-access memory. The 6 
CAT35C704/CAT35C7041 uses a unique serial-byte 
synchronous communication protocol and has a Se-
quential Read feature where data can be sequentially 
clocked out of the memory array. The device is available 
in 8 pin DIP or 16 pin SO packages. 

BLOCK DIAGRAM 

Vcc-
GND--

DO 
CLK 

PE 
cs 
DI 

SERIAL 
COMMUNI

CATION 
BLOCK 

INSTRUCTION 
REGISTER 

INSTRUCTION 
DECODER 

STATUS 
REGISTER 

64 BIT ACCESS CODE 
& 

CONTROL BLOCK 

4K-BIT EEPROM 
ARRAY 

R/W ADDRESS 
BUFFER DECODER 

5074 FHO F02 
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Characteristics subject to change without notice 



CAT35C704/CAT35C7041 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to + 125°C 

Storage Temperature ......................... -65°C to +150°C 

Voltage on Any Pin with 
Respect to Ground<2> •.•........... -2.0V to +Vee+ 2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 

Package Power Dissipation 
Capability (Ta = 25°C) ..................................... 1.0W 

Lead Soldering Temperature (1 o secs) ............... 300°c 

Output Short Circuit Current<3l .......................... 1 OOmA 

RELIABILITY CHARACTERISTICS 

Preliminary 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Symbol Parameter Min. Max. Units Reference Test Method 

NEND(4) Endurance 100,000 Cycles/Byte MIL-STD-883, Test Method 1033 

ToR<4l Data Retention 100 Years MIL-STD-883, Test Method 1008 

VZAp(4) ESD Susceptability 2000 Volts MIL-STD-883, Test Method 3015 

ILTH(4)(S) Latch-up 100 mA JEDEC Standard 17 

D.C. CHARACTERISTICS 

CAT35C704 TA= 0°C to +70°C, Vee= +5V ±10%,unless otherwise specified. 
CAT35C7041 TA= -40°C to +85°C, Vee= +5V ±10%,unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. 

Ice Power Supply Current 3 
(Operating) 

lsB Power Supply Current 250 
(Standby) 

V1L Input Low Voltage -0.1 0.8 

V1H Input High Voltage 2.0 

VoL Output Low Voltage 0.4 

VoH Output High Voltage 2.4 

lu<6l Input Leakage Current 2 

ILO Output Leakage Current 10 

Note: 

Units Test Conditions 

mA Vee= 5.5V, CS= Vee 
DO is Unloaded. 

µA Vee= 5.5V, cs= OV 
DI = OV, CLK = OV 

v 
v 
v loL = 2.1mA 

v loH = -400µA 

µA V1N = 5.5V 

µA VouT = 5.5V, cs= ov 

(2) The minimum DC input voltage is --0.SV. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Vee +O.SV, which may overshoot to Vee+ 2.0V for periods of less than 20ns. 

(3) Output shorted for no more than one second. No more than one output shorted at a time. 
(4) This parameter is tested initially and after a design or process change that affects the parameter. 
(5) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vee +1V. 
(6) PE pin test conditions: V1H < V1N < V1L 
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A.C. CHARACTERISTICS 

CAT35C704 TA= 0°C to +70°C, Vee= +5V ±10%,unless otherwise specified. 
CAT35C7041 TA = -40°C to +85°C, Vee = +5V ±10%,unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. 

tess CS Setup Time 150 

tesH CS Hold Time 0 

to1s DI Setup Time 50 

to1H DI Hold Time 0 

tpo CLK to DO Delay 150 

tHz(4) (7) CLK to DO High-Z Delay 50 

tEW Program/Erase Pulse Width 12 

tesL CS Low Pulse Width 200 

tcKH CLK High Pulse Width 165 

tcKL CLK Low Pulse Width 100 

tsv ERR Output Delay 150 

tvees<4l Vee to CS Setup Time 5 

tcsz<4l CS to DO High-Z Delay 50 

teso CS to DO Busy Delay 150 

feLK Maximum Clock Frequency DC 3 

Note: 
(4) This parameter is tested initially and after a design or process change that affects the parameter. 
(7) !Hz is measured from the falling edge of the clock to the time when the output is no longer driven. 
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Units Test Conditions 

ns 

ns CL= 100pF 

ns V1N = V1H or V1L 

ns Your= VoH or VoL 

ns 

ns 

ms 

ns 

ns 

ns 

ns CL= 100pF 

µs CL= 100pF • ns 

ns 

MHz 
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PASSWORD PROTECTION 

The CAT35C704/CAT35C7041 is a 4K bit E2PROM that 
features a password protection scheme to prevent un
authorized access to the information stored in the de
vice. It contains an access code register which stores 
one to eight bytes of access code along with the length 
of that access code. Additionally, a memory pointer 
register stores the address that partitions the memory 
into protected and unprotected areas. As shipped from 
the factory, the device is unprogrammed and unpro
tected. The length of the access code is equal to zero 
and the memory pointer register points to location zero. 
Every byte of the device is fully accessible without an 
access code. Setting a password and moving the memory 
pointer register to coverall or part of the memory secures 
the device. Once secured, the memory is divided into a 
read/write area and a read-only area with the entry of a 
valid access code. If no access code is entered, the 

Figure 1. A.C. Timing 

Vee 

cs 

CLK 

DI 

HIGH-Z 
DO 

Figure 2. Secure Mode 

Preliminary 

memory is divided into a read-only area and a non
access area. Figure 2 illlustrates this partitioning of the 
memory array. 

WRITE PROTECTION 

Another feature of the CAT35C704/CAT35C7041 is 
WRITE-protection without the use of an access code. If 
the memory pointer register is set to cover all or part of 
the memory, without setting the access code register, 
the device may be divided into an area which allows full 
access, and an area which allows READ-only access. 
To write into the READ-only area, the user can override 
the memory pointer register for every WRITE instruction 
or he can simply move the address in the memory 
pointer register to uncover this area, and then write into 
the memory. This mechanism prevents inadvertent over
writing of important data in the memory without the use 

tcsH }--1.. .. 

5074 FHD F03 

ACCESS REGISTER: ACCESS CODE (1-8 BYTES) 
ACCESS CODE LENGTH: 1 TO 8 
MEMORY POINTER: a ... a 

POINTER 

....----------,--255 (x16) 
511 (x8) 

READ-ONLY 
ACCESS 

REGISTER -..-i---------i- a ... a 
ADDRESS 
IN MEMORY PASSWORD-ONLY 

ACCESS 

L---------'--o 
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of an access code. Figure 3 illustrates this partitioning of 
the memory array. 

READ SEQUENTIAL 

To allow for convenient reading of blocks of contiguous 
data, the device has a READ SEQUENTIAL instruction 
which accepts a starting address of the block and 
continuously outputs data of subsequent addresses 
until the end of memory, or until Chip Select goes LOW. 

The CAT35C704/CAT35C7041 communicates with ex
ternal devices via a synchronous serial communication 
protocol (SECS) that has a maximum transmission rate 
of 3 MHz. The data transmission may be a continuous 
stream of data or it can be packed by pulsing Chip Select 
LOW in between each packet of information. (Except for 
the SEQUENTIAL READ instruction where Chip Select 
must be held high). 

Figure 3. Unprotected Mode(B) 

CAT35C704/CAT35C7041 

PIN DESCRIPTIONS 

cs 
Chip Select is a TTL compatible input which, when set 
HIGH, allows normal operation of the device. Any time 
Chip Select is set LOW, it resets the device, terminating 
all 1/0 communication, and puts the output in a high 
impedance state. CS is used to reset the device if an 
error condition exists or to put the device in a power
down mode to minimize power consumption. It may also 
be used to frame data transmission in applications 
where the clock and data input have to be ignored from 
time to time. Although CS resets the device, it does not 
change the program/erase or the access-enable status, 
nor does it terminate a programming cycle once it has 
started. The program/erase and access-enable opera
tions, once enabled, will remain enabled until specific 
disabling instructions are sent or until power is removed. 

ACCESS REGISTER: x ... x 

Figure 4. ERR Pin Timing 

cs 

CLK 

Note: 

ACCESS CODE LENGTH: O 
MEMORY POINTER: a ... a 

POINTER 
REGISTER 
ADDRESS 
IN MEMORY 

....---------.--255 (x16) 
511 (XB) 

READ/WRITE/ERASE 
ACCESS 

--1~-------__,1_a ... a 

READ-ONLY 
ACCESS ._ __________ o 

(8) x = DON'T CARE; a= ADDRESS BIT. 
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CLK 

The System Clock is a TTL compatible input pin that 
allows operation of the device over a frequency range of 
DCto3 MHz. 

DI 

The Data Input pin is TTL compatible and accepts data 
and instructions in a serial format. Each instruction must 
begin with "1" as a start bit. The device will accept as 
many bytes as an instruction requires, including both 
data and address bytes. With the SECS protocol, extra 
bits will be disregarded if they are "O"s and misinter
preted as the next instruction if they are "1 "s. An instruc
tion error will cause the device to abort operation and all 
1/0 communication will be terminated until a reset is 
received. 

Figure 5. Program/Erase Timing 

cs__/ 

CLK 

DI 

Preliminary 

DO 

The Data Output pin is a tri-state TTL compatible output. 
It is normally in a high impedance state unless a READ 
or an ENABLE BUSY instruction is executed. Following 
the completion of a 16 bit or 8 bit data stream, the output 
will return to the high impedance state. During a pro
gram/erase cycle, if the ENABLE BUSY instruction has 
been previously executed, the output will stay LOW 
while the device is BUSY, and it will be set HIGH when 
the program/erase cycle is completed. DO will stay 
HIGH until the completion of the next instruction's op
code and, ifthe next instruction isa READ, DO will output 
the appropriate data at the end of the instruction. If the 
ENABLE BUSY instruction has not been previously 
executed, DO will stay in a high impedance state. DO will 

LAST ADDRESS BIT FOR ERASE/ tEw--__,~ 
LAST OPCODE BIT FOR ERAL ---

LAST DATA BIT FOR WRITEIWRAL 

DO HIGH-Z 

5074 FHD F07 

Figure 6. CS to DO Status Timing 

cs 

CLK 

DI 

LAST ADDRESS BIT FOR ERASE/ 
LAST OPCODE BIT FOR ERAL tcsz 

LAST DATA BIT FOR WRITEIWRAL 

DO HIGH-Z 

BUSY HIGH-Z BUSY 
5074 FHD FOB 
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also go to the high impedance state if an error condition 
is detected. If the ENABLE BUSY instruction has not 
been executed, to determine whether the device is in a 
program/erase cycle or in an error condition, a READ 
STATUS instruction may be entered. When the device 
is in a program/erase cycle it will output an 8 bit status 
word. If it does not, it is in an error condition. 

PE 

The Parity Enable pin is a TTL compatible input. If the PE 
pin is set HIGH, the device will be configured to commu
nicate using even parity, and ifthe pin is set LOW, it will 

Figure 7. Read Timing 

Vee 

cs 

CLK 

DI 

CAT35C704/CAT35C7041 

use no parity. In this case, instructions or data that 
include parity bits will not be interpreted correctly. Note: 
The PE input is internally pulled down to GND (i.e. 
default= no parity). As with all CMOS devices, CS, CLK 
and DI inputs must be connected to either HIGH or LOW, 
and not left floating. 

ERR 

The Error indication pin is an open drain output. If either 
an instruction or parity error exists, the ERR pin will 
output a "O" until the device is reset. This can be done by 
pulsing CS LOW. 

~~~~~~~~~OPCODE~~~~~------~ 

HIGH-Z 
DO 

DATA 

5074 FHD F10 

Figure 8. Write Timing 

cs 

CLK 

DI 

DO 

BUSY 

5074 FHD F11 
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DEVICE OPERATION 

INSTRUCTIONS 

The CAT35C704/CAT35C7041 instruction set includes 
19 instructions. 

Six instructions are related to security or write protection: 

DISAC 
ENAC 
MACC 
OVMPR 
RMPR 
WMPR 

Disable Access 
Enable Access 
Modify Access Code 
Override Memory Pointer Register 
Read Memory Pointer Register 
Write Memory Pointer Register 

Six instructions are READ/WRITE/ERASE instructions: 

ERAL 
ERASE 
READ 
RSEQ 
WRAL 
WRITE 

Clear All Locations 
Clear Memory Locations 
Read Memory 
Read Sequentially 
Write All 
Write memory 

Note: All write instructions will automatically perform a clear before 
writing data. 

Figure 9. EWEN/EWDS Timing 

cs 

CLK 

DI 

1 .. OP7 
OPCODE 

HIGH-Z 
DO 

Figure 10. Erase Timing 

cs 

CLK 

DI 

OPCODE 

HIGH-Z 
DO 
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Seven instructions are used as control and status func
tions: 

DISBSY 
ENBSY 
EWEN 
EWDS 
NOP 
ORG 
RSR 

Disable Busy 
Enable Busy 
Program/Erase Enable 
Program/Erase Disable 
No Operations 
Select Memory Organization 
Read Status Register 

UNPROTECTED MODE 

As shipped from the factory, the CA T35C704/ 
CAT35C7041 is in the unprotected mode. The access 
code length is set to 0, and the memory pointer is at 
address 00 hex. While in this mode, any portion of the 
E2PROM array can be read or written to without an 
access code. A portion of the memory may be protected 
from any write or clear operation by setting the memory 
pointer to the appropriate address via the WMPR (Write 
Memory Pointer Register) instruction: 

WMPR [address] 

OPo 

-1 

5074 FHD F12 

DON'T CARE 

Vl/ZZZZZZZZZZZZZ 
tsv 

READY 

BUSY 5074 FHD F13 
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As shown previously in Figure 3, memory locations 
below the address set in the memory pointer will be 
program/erase protected. Thus, unintentional clearing 
or writing of data in this area will be prevented, while 
memory locations at or above the protected area still 
allow full access. This protection does not apply to the 
ERAL and WRAL commands which are not blocked by 
the memory pointer. 

SECURE MODE 

As shown previously in Figure 2, in the secure mode, 
memory locations at or above the address set in the 
memory pointer allow READ-only access. Memory loca
tions below that address will require an access code 
before they can be accessed. The secure mode is 
activated with an MACC (Modify Access Code) instruc
tion followed by a user access code which can be one to 
eight bytes in length. 

EWEN 
MACC [old code][new code][new code] 

The EWEN instruction enables the device to perform 
program/erase operations. The new access code must 
be entered twice for verification. If the device already has 
an access code, the old access code must be entered 
before the new access code can be accepted. The 
length of the password is incorporated into the MACC 
portion of the instruction. 

Once the secure mode is activated, access to memory 
locations is under software control. Access (read, write, 
and clear instructions) to the memory locations below 
the address in the memory pointer is allowed only ifthe 
ENAC (Enable Access) instruction followed by the cor
rect access code has been previously executed. 

ENAC [access code] 
EWEN 
WRITE [address][data] 

Figure 11. ERAL Timing 

cs 

CLK 

DI 

CAT35C704/CA T35C7041 

The ENAC instruction, along with the access code, 
enables access to the protected area of the device. The 
EWEN instruction enables execution of the program/ 
erase operations. This portion of the memory is other
wise inaccessible for any operation. Read-only access 
is allowed without the access code for memory locations 
at or above the address in the memory pointer. 

The access code can be changed by the following 
instruction: 

ENAC 
EWEN 
MACC 

[old access code] 

[old code][new code][new code] 

A two-tier protection scheme is implemented to protect 
data against inadvertent clearing or writing. To write to 
the memory, an EWEN (Program/Erase Enable) must 
first be issued. The CA T35C704/CA T35C7041 will now 
allow program/erase operations to be performed only on 
memory locations at or above the address set in the 
memory pointer. The remaining portion of the memory is 
still protected. To override this protection, an OVMPR • 
(Override Memory Pointer Register-see Memory 
Pointer Register) must be issued for every program/ 
erase instruction which accesses the protected area: 

ENAC [access code] 
EWEN 
OVMPR 
WRITE [address][ data] 

As an alternative to the OVMPR instruction, the WMPR 
(Write Memory Pointer Register) instruction may be 
used to move the memory pointer address to uncover 
the area where writing is to be performed: 

ENAC 
EWEN 
WMPR 
WRITE 

OPo 

[access code] 

[address] 
[address ][data] 

DON'T CARE 

IO,.P7 OP~10 .. P7 
~.-,___~~OPCODE~~~~~~·•-~~~OPCODE~~~+< 

READY 
DO HIGH-Z 

BUSY 5074 FHD F14 
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As shipped from the factory, the device is in the unpro
tected mode. The length of the access code is user 
selectable from a minimum of one byte to a maximum of 
eight bytes(> 1.84x1019 combinations). Loading a zero
length access code will disable protection. 

MEMORY POINTER REGISTER 

The memory pointer enables the user to segment the 
E2PROM array into two sections. In the unprotected 
mode, the array can be segmented between read-only 
and full access, while in the secure mode, the memory 
may be segmented between read-only access and 
password-only access. Three instructions are dedicated 
to the memory pointer operations. The first one is WMPR 
(Write Memory Pointer Register). This instruction, fol
lowed by an address, will load the memory pointer 
register with a new address. This address will be stored 
in the E2PROM and can be modified only by another 
WMPR instruction. The second instruction is OVMPR 
(Override Memory Pointer Register) which allows a 
single program/erase to be performed to memory loca
tions below the address set in the memory pointer. This 
instruction allows the user to modify data in a segmented 
array without having to move the memory pointer. Once 
the operation is complete, the device returns to the 
protected mode. If the device is in the secure mode both 
of these instructions require the ENAC instruction and a 
valid access code prior to their execution. The third 
instruction is the RMPR (Read Memory Pointer Regis
ter) which will place the current contents of the register 
in the serial output buffer. 

SECS PROTOCOL 

The CAT35C704/CAT35C7041 implements the SECS 
communication protocol which uses an 8 bit transmis
sion format. As shown in Figures 7-13, all instructions 

Figure 12. WRAL Timing 

cs 

CLK 

DI 

DO 
HIGH-Z 
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are 8 bits long with the first bit being the start bit and the 
following 7 bits being the op-code. Data can be one or 
two bytes long depending on the instruction and the 
memory array organization. Each address is one or two 
bytes long depending on the organization of the memory 
array. In this protocol, the transmission of the MSB is 
always first and the LSB last. The CS (Chip Select) pin 
of the CAT35C704/CAT35C7041 may be used to frame 
the data transmission packet or it may be set HIGH for 
the entire duration of operation. If an error in op-code or 
parity (if enabled) has been detected, the ERR output 
will be set LOW and the CAT35C704/CAT35C7041 will 
stop receiving and sending data until CS is toggled from 
HIGH to LOW to HIGH again. Alternatively, an error 
condition may be detected by interrogating the device 
for a status word. If an error condition has been detected, 
the DO (Data Output) pin will not respond. DO may be 
programmed to become tri-stated or to output a ROY/ 
BUSY status flag during program/erase cycles (see 
ENBSY instruction). 

STATUS REGISTER 

An eight bit status register is provided to allow the user 
to determinethestatus of the CAT35C704/CAT35C7041. 
The contents of the first three bits of the register are 101 
which allows the user to quickly determine the condition 
of the device. The next three bits indicate the status of 
the device; they are parity error, instruction error and 
ROY/BUSY status. The last two bits are reserved for 
future use. 

CLEAR ALL AND WRITE ALL 

As a precaution, the ERAL instruction has to be entered 
twice before it is executed. This measure is required as 
a redundancy check on the incoming instruction for 
possible transmission errors. The WRAL instruction 

DON'T CARE 

[lJlJ1fZZZZZZZZ 
f---IEW 

--I i+-tsv 

READY 

BUSY 
5074 FHD F15 
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requires sending an ERAL first (this sets a flag only) and 
then the WRAL instruction. The CAT35C704/ 
CAT35C7041 will accept the following commands: 

ERAL 
ERAL 

ERAL An ERAL will be executed 
WRAL A WRAL will be executed 

Both the ERAL and WRAL commands will program/ 
erase the entire array and will not be blocked by the 
memory pointer. 

THE PARITY BIT 

The SECS protocol supports an even parity bit if the PE 
pin of the device is set HIGH, otherwise, there is no 
parity. If PE is set LOW and the incoming instruction 
contains a parity bit, it may be interpreted as the start bit 
of the next instruction. When PE is HIGH, the 
CAT35C704/CAT35C7041 expects a parity bit at the end 
of every incoming instruction packet. For example, the 
RSEQ instruction will look like this: 

11001011 
A15 ... A8 
A7...AO P 

The device then outputs data continuously until it reaches 
the end of the memory. The last byte of data contains 9 
bits. The ninth bit is the parity bit calculated over the 
entire transmitted data packet. The RSEQ instruction 
may be terminated at any time by bringing CS low; the 
output will then go to high impedance. 

Figure 13. Next Instruction Timing(9) 

cs 

CLK _flJlJ1_illL_fl 

DI 

READY 

DO 
HIGH-Z 

BUSY 

Note: 
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SYSTEM ERRORS 

Whenever an error occurs, be it an instruction error 
(unknown instruction), or parity error (perhaps caused 
by transmission error), the device will stop its operation. 
To return to normal operation, the device must be reset 
by pulsing CS LOW and then set back to HIGH. Reset
ting the device will not affect the ENAC, EWEN and 
ENBSY status. The error may be determined by entering 
the READ STATUS REGISTER (RSR) instruction 
immediatly following the reset. The status output is an 8 
bit word with the first three bits being 101. This three bit 
pattern indicates that the device is functioning normally. 
The fourth bit is "1" if a parity error occurred. The fifth bit 
is a "1" if an instruction error occurred. The sixth bit is a 
"1" if the device is in a program/erase cycle. The last two 
bits are reserved for future use. 

The reason for the "101" pattern is to distinguish be
tween an error conditon (DO tri-stated) and a device 
busy status. If an error condition exists, it will not respond 
to any input instruction from DI. However, if the device is 
in a program/erase cycle, it responds to the RSR instruc- • 
lion by outputting "101 00100". If RSR is executed atthe • 
end of a program/erase cycle, the output will be "101000 
00". 

//\~ 
PARITY INSTRUCTION ROY/BUSY FUTURE USE 
ERROR ERROR STATUS 

5014 FHD f OIJ 

HIGH-Z 

5074 FHD F16 

(9) DO will be high impedance after the last instruction bit has been clocked in, unless the instruction is RSR or RMPR, in which case, DO will 
become active. 
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INSTRUCTION SET 

DISAC Disable Access 

I 1000 I 1000 I 

This instruction will lock the memory from all program/ 
erase operations regardless of the contents of the memory 
pointer. A write can be accomplished only by first enter
ing the ENAC instruction followed by a valid access 
code. 

ENAC Enable Access 

I 1100 10101 I [Access Code] 

In the protected mode, this instruction, followed by a 
valid access code, unlocks the device for read/write/ 
clear access. 

WMPR Write Memory Pointer Register 

I 1100 I 0100 I [A15-AB] [A7-AO] (xB organization) 

I 1100 10100 I [A7-AO] (x16organization) 

The WMPR instruction followed by 8 or 16 bits of 
address (depending on the organization) will move the 
pointer to the newly specified address. 

MACC Modify Access Code 

[}Iill [Length] [Old code] [New code] 
[New code] 

This instruction requires the user to enter the old access 
code, if one was set previously, followed by the new 
access code and a re-entry of the new access code for 
verification. Within the instruction format, the variable 
[Length] designates the length of the access code as the 
following: 

[Length] = [OJ No access code. Set device to unpro
tected mode. 

[Length]= [1-8] Length of access code is 1 to 8 bytes. 

[Length]= [>8] Illegal number of bytes. The CAT35C704/ 
CAT35C7041 will ignore the rest of the transmission. 

RMPR Read Memory Pointer Register 

I 1100 I 1010 I 

Output the content of the memory pointer register to the 
serial output port. 

OVMPR Override Memory Pointer Register 

I 1000 I 0011 I 

Override the memory protection forthe next instruction. 
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I 1100 I 1001 I [A15-AB][A7-AO] (xB organization) 

I 1100 I 1001 I [A7-AO] (x16 organization) 
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Output the contents of the addressed memory location 
to the serial port. 

WRITE Write Memory 

I 1100 10001 I [A15-AB] [A7-AO] [07-00] (xB organization) 

I 1100 10001 I [A7-A0][015-0B][D7-DO] (x16 organization) 

Write the 8 bit or 16 bit data to the addressed memory 
location. After the instruction, address, and data have 
been entered, the self-timed program/erase cycle will 
start. The addressed memory location will be erased 
before data is written. The DO pin may be used to output 
the RDY/BUSY status by having previously entered the 
ENBSY instruction. During the program/erase cycle, DO 
will output a LOW for BUSY during this cycle and a HIGH 
for READY after the cycle has been completed. 

ERASE Clear Memory 

I 1100 loooo I [A15-A8] [A7-AO] (xB organization) 

11100 loooo I [A7-AO] (x16organization) 

Erase data in the specified memory location (set memory 
to "1 "). After the instruction and the address have been 
entered, the self-timed clear cycle will start. The DO pin 
may be used to output the RDY/BUSY status by having 
previously entered the ENSBY instruction. During the 
clear cycle, DO will output a LOW for BUSY during this 
cycle and a HIGH for ready after the cycle has been 
completed. 

ERAL Clear All 

I 1000 I 1001 I 
I 1000 I 1001 I 

Erase the data of all memory locations (all cells set to 
"1 "). For protection against inadvertent chip clear, the 
ERAL instruction is required to be entered twice. 

WRAL Write All 

I 1000I1001 I 

1110010011 I [015-08][07-00] (x16organization) 

11000 I 1001 I 
I 1100 I 0011 I [07-00] (xB organization) 

Write one or two bytes of data to all memory locations. 
An ERAL will be automatically performed before the 
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WRAL is executed. For protection against inadvertent 
clearing or writing of data, the ERAL instruction is 
required to be entered preceding the WRAL instruction. 

RSEQ Read Sequentially 

I 1100 I 1011 I [A 15-AB] [A7-AO] (xB organization) 

I 1100 I 1011 I [A7-AO] (x16 organization) 

Read memory starting from specified address, sequen
tially to the highest address or until CS goes LOW. The 
instruction is terminated when CS goes LOW. 

ENBSY Enable Busy 

1100010100 I 

Enable the status indicator on DO during program/erase 
cycle. DO goes LOW then HIGH once the write cycle is 
complete. DO will go to HIGH-Zat the end of the next op 
code transmission. 

DISBSY Disable Busy 

I 100010101 I 

Disable the status indicator on DO during program/ 
erase cycle. 

EWEN Program/Erase Enable 

I 1000 I 0001 I 

Enable program/erase to be performed on non-pro
tected portion of memory. This instruction must be 
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entered before any program/erase instruction will be 
carried out. Once entered, it will remain valid until power
down or an EWDS (Program/Erase Disable) is ex
ecuted. 

EWDS Program/Erase Disable 

I 1000 I 0010 I 

Disable all write and clear functions. 

ORG Select Memory Organization 

I 1000 lo1rn I (where R = o or 1) 

Set memory organization to 512 x 8 if R = 0. 

Set memory organization to 256 x 16 if R = 1 . 

RSR Read Status Register 

I 1100 I 1000 I 

Output the contents of the 8 bit status register. The 
contents of the first three bits of the register are 101, 
which allows the user to quickly determine whether the • 
device is listening or is in an error condition. The next • 
three bits indicate parity error, instruction error and ROY I 
BUSY status. The last two bits are reserved for future 
use. 

NOP No Operation 

I 1000 I 0000 I 

No Operation. 
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CAT33C804A-B/CAT33C804A-BI 
4K-Bit SECURE ACCESS SERIAL E2PROM 

FEATURES 

• Low Power CMOS Technology 

• 3V Operation 

• Password READ/WRITE Protection: 1to8 Bytes 

• Memory Pointer WRITE Protection 

• Sequential READ Operation 

• 256 x 16 or 512 x 8 Selectable Serial Memory 

• UART Compatible Asynchronous Protocol 

DESCRIPTION 

The CAT33C804A-B/CAT33C804A-BI is a 4K bit Serial 
E2PROM that safeguards stored data from unautho
rized access by use of a user selectable (1 to 8 byte) 
access code and a movable memory pointer. Two 
operating modes provide unprotected and password
protected operation allowing the user to configure the 

PIN CONFIGURATION 
DIP Package SO Package 

cs Vee NC 16 
CLK PE NC 2 15 

DI ERR cs 3 14 
DO GND CLK 4 13 

DI 5 12 
DO 6 11 
NC 7 10 
NC 8 9 

PIN FUNCTIONS 

Pin Name Function 

cs Chip Select 

D0(1) Serial Data Output 

CLK Clock Input 

01(1) Serial Data Input 

PE Parity Enable 

ERR Error Indication Pin 

Vee +3V Power Supply 

GND Ground 

Note: 
(1) DI, DO may be tied together to fonn a common 1/0. 

© 1992 by Catalyst Semiconductor, Inc. 

NC 

NC 

Vee 
PE 

ERR 

GND 

NC 

NC 

5074 FHD F01 
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• 100,000 Program/Erase Cycles 

• 110 Speed: 9600 Baud 
-CAT33C804A: 4.9152 MHz Xtal 
-CAT33C804B: 3.579545 MHz Xtal 

• Low Power Consumption: 
-Active: 3mA 
-Standby: 250µA 

• 100 Year Data Retention 

• Optional High Endurance Device Available 

device as anything from a ROM to a fully protected no- • 
access memory. The CAT33C804A-B/CAT33C804A-
BI uses a UART compatible asynchronous protocol and 
has a Sequential Read feature where data can be 
sequentially clocked out of the memory array. The 
device is available in 8 pin DIP or 16 pin SO packages. 

BLOCK DIAGRAM 

Vee-
GND-

DO 
CLK 

PE 
cs 

DI 

SERIAL 
COMMUN I-

CATION 
BLOCK 

INSTRUCTION 
REGISTER 

INSTRUCTION 
DECODER 

STATUS 
REGISTER 

64 BIT ACCESS CODE 
& 

CONTROL BLOCK 

4K-BIT EEPROM 
ARRAY 

R/W ADDRESS 
BUFFER DECODER 

5074 FHD F02 

TD 5078 
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CAT33C804A-B/CAT33C804A-BI 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to + 125°C 

Storage Temperature ......................... -65°C to + 150°C 

Voltage on Any Pin with 
Respect to Ground<2) .............. -2.0V to +Vee+ 2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 

Package Power Dissipation 
Capability (Ta= 25°C) ..................................... 1.0W 

Lead Soldering Temperature (1 O secs) ............... 300°C 

Output Short Circuit Current<3) .......................... 1 OOmA 

RELIABILITY CHARACTERISTICS 

Preliminary 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Symbol Parameter Min. Max. Units Reference Test Method 

NEND(4) Endurance 100,000 Cycles/Byte MIL-STD-883, Test Method 1033 

ToR(4l Data Retention 100 Years MIL-STD-883, Test Method 1008 

VZAp(4) ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015 

ILTH(4)(5) Latch-up 100 mA JEDEC Standard 17 

D.C. CHARACTERISTICS 

CAT33C804A-B TA= 0°C to +70°C, Vee= +3V ±10%,unless otherwise specified. 
CAT33C804A-BI TA = -40°C to +85°C, Vee = +3V ±10%,unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units 

Ice Power Supply Current 3 mA 
(Operating) 

lss Power Supply Current 250 µA 
(Standby) 

V1L Input Low Voltage -0.1 0.8 v 
V1H Input High Voltage 2.0 v 
VoL Output Low Voltage 0.4 v 
VoH Output High Voltage 2.4 v 
lu(6l Input Leakage Current 2 µA 

ILO Output Leakage Current 10 µA 

Note: 

Test Conditions 

Vee= 3.3V, CS= Vee 
DO is Unloaded. 

Vee= 3.3V, CS= OV 
DI = OV, CLK = OV 

loL = 2.1mA 

loH = -400µA 

V1N =3.3V 

VouT = 3.3V, cs= ov 

(2) The minimum DC input voltage is --0.5V. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Vee +0.5V, which may overshoot to Vee+ 2.0V for periods of less than 20ns. 

(3) Output shorted for no more than one second. No more than one output shorted at a time. 
(4) This parameter is tested initially and after a design or process change that affects the parameter. 
(5) Latch-up protection is provided for stresses up to 1 oo mA on address and data pins from -1 V to Vee + 1 V. 
(6) PE pin test conditions: V1H < V1N < V1L 
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A.C. CHARACTERISTICS 

CAT33C804A-B TA= 0°C to +70°C, Vee= +3V ±10%,unless otherwise specified. 
CAT33C804A-BI TA= -40°C to +85°C, Vee = +3V ±10%,unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. 

tesH CS Hold Time 0 

to CLK to DO Delay 104 

tpo CLK to DO Delay 150 

1Hz(4) (7) CLK to DO High-Z Delay 50 

IEW Program/Erase Pulse Width 12 

tesL CS Low Pulse Width 100 

tsv ERR Output Delay 150 

tvees(4) Vee to CS Setup Time 5 

feLK Maximum Clock Frequency DC A: 4.9152 
B: 3.579545 

Note: 
(4) This parameter is tested initially and after a design or process change that affects the parameter. 
(7) !Hz is measured from the falling edge of the clock to the time when the output is no longer driven. 
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Units 

ns 

µs 

ns 

ns 

ms 

ns 

ns 

µs 

MHz 

Test Conditions 

CL= 100pF 

V1N = VtH or V1L 

VouT = VoH or VoL 

CL= 100pF 

CL= 100pF 

• 



CAT33C804A-B/CAT33C804A-BI 

PASSWORD PROTECTION 

The CAT33C804A-B/CAT33C804A-BI is a 4K bit 
E2PROM thatfeatures a password protection scheme to 
prevent unauthorized access to the information stored in 
the device. It contains an access code register which 
stores one to eight bytes of access code along with the 
length of that access code. Additionally, a memory 
pointer register stores the address that partitions the 
memory into protected and unprotected areas. As shipped 
from the factory, the device is unprogrammed and 
unprotected. The length of the access code is equal to 
zero and the memory pointer register points to location 
zero. Every byte of the device is fully accessible without 
an access code. Setting a password and moving the 
memory pointer register to cover all or part of the 
memory secures the device. Once secured, the memory 
is divided into a read/write area and a read-only area 
with the entry of a valid access code. If no access code 

Figure 1. A.C. Timing 

Vee --j 
j+ tvccs 

cs 

Preliminary 

is entered, the memory is divided into a read-only area 
and a non-access area. Figure 2 illlustrates this parti
tioning of the memory array. 

WRITE PROTECTION 

Another feature of the CAT33C804A-B/CAT33C804A
BI is WRITE-protection without the use of an access 
code. If the memory pointer register is set to cover all or 
part of the memory, without setting the access code 
register, the device may be divided into an area which 
allows full access, and an area which allows READ-only 
access. To write into the READ-only area, the user can 
override the memory pointer register for every WRITE 
instruction or he can simply move the address in the 
memory pointer register to uncover this area, and then 
write into the memory. This mechanism prevents inad
vertent overwriting of important data in the memory 

CLK(B) I I I I I I I I I I I I I I I II I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

DI 
-----.ir to ~~~1r---to --+------,. 

~ START BIT ~ STOP BIT '---------

DO HIGH-Z 

MARK l__Jr--T--T--r--r--r---r----r--n9)-n 
SPACE - - _ J._ - _L ___ L ___ i_ __ .J_ - _ J __ - _L ___ L __ 

t-t-1 Do 01 02 03 04 05 06 07 >-t: O..t: 
BITTIME ~ii5 I.- ~Ill ~Ill 

104µs tfi rt_ CIJ 

DATA TIMING 

,._ ____ CHARACTER TIME @ 9600 BAUD-----

Note: 
(B) Clock= 4.9152 MHz for the CAT33CB04A or 3.579545 MHz for the CAT33CB04B. 
(9) If PE pin= 1. 
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without the use of an access code. Figure 3 illustrates 
this partitioning of the memory array. 

PIN DESCRIPTIONS 

cs 
READ SEQUENTIAL 

To allow for convenient reading of blocks of contiguous 
data, the device has a READ SEQUENTIAL instruction 
which accepts a starting address of the block and 
continuously outputs data of subsequent addresses 
until the end of memory, or until Chip Select goes LOW. 

Chip Select is a TTL compatible input which, when set 
HIGH, allows normal operation of the device. Any time 
Chip Select is set LOW, it resets the device, terminating 
all 1/0 communication, and puts the output in a high 
impedance state. CS is used to reset the device if an 
error condition exists or to put the device in a power
down mode to minimize power consumption. It may also 
be used to frame data transmission in applications 
where the clock and data input have to be ignored from 
time to time. Although CS resets the device, it does not 
change the program/erase or the access-enable status, 
nor does it terminate a programming cycle once it has 
started. The program/erase and access-enable opera
tions, once enabled, will remain enabled until specific 
disabling instructions are sent or until power is removed. 

The CAT33C804A-B/CAT33C804A-BI communicates 
with external devices via an asynchronous serial com
munication protocol. The data transmission may be a 
continuous stream of data or it can be packed by pulsing 
Chip Select LOW in between each packet of information. 
(Except for the SEQUENTIAL READ instruction where 
Chip Select must be held high). 

Figure 2. Secure Mode 

ACCESS REGISTER: ACCESS CODE (1-8 BYTES) 
ACCESS CODE LENGTH: 1 TO 8 
MEMORY POINTER: a ... a 

POINTER 
REGISTER 
ADDRESS 
IN MEMORY 

.----------,-255 (x16) 
511 (xS) 

READ-ONLY 
ACCESS 

-~---------t- a ... a 

PASSWORD-ONLY 
ACCESS 

0 

Figure 3. Unprotected Mode(10) 

Note: 

ACCESS REGISTER: x ... x 
ACCESS CODE LENGTH: 0 
MEMORY POINTER: a ... a 

POINTER 
REGISTER 
ADDRESS 
IN MEMORY 

.----------,-255 (x16) 
511 (x8) 

READ/WRITE/ERASE 
ACCESS 

___,~---------t-a ... a 
READ-ONLY 

ACCESS ...._ _______ __.,_o 

(1 O)x =DON'T CARE; a= ADDRESS BIT. 
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CAT33C804A-B/CAT33C804A-BI 

CLK 
The System Clock is a TTL compatible input pin that 
allows operation of the device at a specified frequency. 
The CAT33C804A-B/CAT33C804A-BI is designed with 
an internal divider to produce a 9600 baud output for an 
input clock frequency of 4.9152 MHz and 3.579545 MHz 
respectively. 

DI 

The Data Input pin is TTL compatible and accepts data 
and instructions in a serial format. Each byte must begin 
with "O" as a start bit. The device will accept as many 
bytes as an instruction requires, including both data and 
address bytes. Extra bits will be disregarded if they are 
"1 "s and extra "O"s will be misinterpreted as the start bit 
of the next instruction. An instruction error will cause the 

Figure 4. Program/Erase Timing (x8 Format) 

Preliminary 

device to abort operation and all 1/0 communication will 
be terminated until a reset is received. 

DO 
The Data Output pin is a tri-state TTL compatible output. 
It is normally in a high impedance state unless a READ 
or an ENABLE BUSY instruction is executed. Following 
the completion of a 16 bit or 8 bit data stream, the output 
will return to the high impedance state. During a pro
gram/erase cycle, if the ENABLE BUSY instruction has 
been previously executed, the output will stay LOW 
while the device is BUSY, and it will be set HIGH when 
the program/erase cycle is completed. DO will stay 
HIGH until the completion of the next instruction's op
code and, ifthe next instruction is a READ, DO will output 
the appropriate data at the end of the instruction. If the 

cs _J 
OP CODE ADDRESS ADDRESS DATA 

I.. "I 1 • • 1 I" ·1 I" • 1 OPO-OP7 A8-A15 AO-A7 DO-D7 

DI 1111111111111111111111I111111111111n-r11"TT11,,-111n-r11------

DO 

5076 FHD Fo7 

Figure 5. Program/Erase Timing (x16 Format) 

CS _J OP CODE ADDRESS DATA DATA 

OPO-OP7 AO-A7 DB-D15 DO-D7 I.. ·1 I" "I I" "I I" ·1 
DI 1111111111111111111111 I 11111111111i-nl11"""1-rl 1..,..,..11...;-,I I Ir--------

DO 

5076 FHD FOB 

Note: 
(11JD? becomes_low to indicate busy status if ENBSY was previously executed. If ENBSY was not previously executed, DO will be in the 

H1gh-Z cond1t1on. 

6-34 



Preliminary 

ENABLE BUSY instruction has not been previously 
executed, DO will stay in a high impedance state. DO will 
also go to the high impedance state if an error condition 
is detected. In the event an ENABLE BUSY instruction 
has not been sent, a READ STATUS register instruction 
can be executed. This also tells the user whether the part 
is in a program/erase cycle or an error condtion. When 
the device is in a program/erase cycle it will output an 8 
bit status word. If it does not, it is in an error condition. 

PE 

The Parity Enable pin is a TIL compatible input. If the PE 
pin is set HIGH, the device will be configured to commu-

Figure 6. Read Timing (x8 Format) 

Vee 

CAT33C804A-B/CAT33C804A-BI 

nicate using even parity, and if the pin is set LOW, it will 
use no parity. In this case, instructions or data that 
include parity bits will not be interpreted correctly. Note: 
The PE input is internally pulled down to GND (i.e. 
default= no parity). As with all CMOS devices, CS, CLK 
and DI inputs must be connected to either HIGH or LOW, 
and not left floating. 

ERR 

The Error indication pin is an open drain output. If either 
an instruction or parity error exists, the ERR pin will 
output a "O" until the device is reset. This can be done by 
pulsing CS LOW. 

CLK(B) I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 111111111111111111111111111111 

~-------· cs _J OPCODE 
l•oPo-aP!I 

ADDRESS 
1• AB-A15 •1 

ADDRESS 
1• AO-A7 •1 

Dllllllllllllllllllllllllllllllllll DATA 
1• DO-D7 •1 

DO ---'H=IG=H-=-Z ---------.ii 111111111 

Figure 7. Read Timing (x16 Format) 

Vee 

5076 FHD FOO 

CLK(B) I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 111111111111111111111111111111 

cs OP CODE ADDRESS 
J •oPo-aP! I I• AO-A7 •I 

DI 1111111111111,....,..1,...,...11,...,...11.,....,.11..,...,.11--D-ATA ___ DA-TA---------
1• DB-D15 •1 1• DO-D7 •1 

DO __ ____.H'-"-=IG.:.:..:H-Z'-------~,1 I I I I I I I 11111 I I I I I I I I '~~~~~H_IG_H_-z~~~-

5076 FHD F10 

Note: (B) Clock= 4.9152 MHz for the CAT33CB04A or 3.579545 MHz for the CAT33CB04B. 
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DEVICE OPERATION 

INSTRUCTIONS 

The CAT33C804A-B/CAT33C804A-BI instruction set 
includes 19 instructions. 

Six instructions are related to security or write protection: 

DISAC 
ENAC 
MACC 
OVMPR 
RMPR 
WMPR 

Disable Access 
Enable Access 
Modify Access Code 
Override Memory Pointer Register 
Read Memory Pointer Register 
Write Memory Pointer Register 

Six instructions are READ/WRITE/ERASE instructions: 

ERAL 
ERASE 
READ 
RSEQ 
WRAL 
WRITE 

Clear All Locations 
Clear Memory Locations 
Read Memory 
Read Sequentially 
Write All 
Write memory 

Note: All write instructions will automatically perform a clear before 
writing data. 

Figure 8. EWEN/EWDS Timing (x8 Format) 

cs 
OPCODE 

i•opo-0p/I 
DI 

DO HIGH-Z 

Figure 9. EWEN/EWDS Timing (x16 Format) 

cs 
OPCODE 

1•0Po-0p/I ----. 
DI 

DO HIGH-Z 
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Seven instructions are used as control and status func
tions: 

DISBSY 
ENBSY 
EWEN 
EWDS 
NOP 
ORG 
RSR 

Disable Busy 
Enable Busy 
Program/Erase Enable 
Program/Erase Disable 
No Operation 
Select Memory Organization 
Read Status Register 

UNPROTECTED MODE 

As shipped from the factory, the CAT33C804A-B/ 
CAT33C804A-BI is in the unprotected mode. The. ac
cess code length is set to 0, and the memory pointer is 
at address 00 hex. While in this mode, any portion of the 
E2PROM array can be read or written to without an 
access code. A portion of the memory may be protected 
from any write or clear operation by setting the memory 
pointer to the appropriate address via the WM PR (Write 
Memory Pointer Register) instruction: 

WMPR [address] 

5076 FHD F11 
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As shown previously in Figure 3, memory locations 
below the address set in the memory pointer will be 
program/erase protected. Thus, unintentional clearing 
or writing of data in this area will be prevented, while 
memory locations at or above the protected area still 
allow full access. This protection does not apply to the 
ERAL and WRAL commands which are not blocked by 
the memory pointer. 

SECURE MODE 

As shown previously in Figure 2, in the secure mode, 
memory locations at or above the address set in the 
memory pointer allow READ-only access. Memory loca
tions below that address will require an access code 
before they can be accessed. The secure mode is 
activated with an MACC (Modify Access Code) instruc
tion followed by a user access code which can be one to 
eight bytes in length. 

EWEN 
MACC [old code][new code][new code] 

The EWEN instruction enables the device to perform 
program/erase operations. The new access code must 
be entered twice forverification. If the device already has 
an access code, the old access code must be entered 
before the new access code can be accepted. The 
length of the password is incorporated into the MACC 
portion of the instruction. 

Once the secure mode is activated, access to memory 
locations is under software control. Access (read, write, 
and clear instructions) to the memory locations below 
the address in the memory pointer is allowed only if the 
ENAC (Enable Access) instruction followed by the cor
rect access code has been previously executed. 

ENAC [access code] 
EWEN 
WRITE [address][data] 

Figure 10. ERR Pin Timing 

CAT33C804A-8/CAT33C804A-BI 

The ENAC instruction, along with the access code, 
enables access to the protected area of the device. The 
EWEN instruction enables execution of the program/ 
erase operations: This portion of the memory is other
wise inaccessible for any operation. Read-only access 
is allowed without the access code for memory locations 
at or above the address in the memory pointer. 

The access code can be changed by the following 
instruction: 

ENAC 
EWEN 
MACC 

[old access code] 

[old code][new code][new code] 

A two-tier protection scheme is implemented to protect 
data against inadvertent clearing or writing. To write to 
the memory, an EWEN (Program/Erase Enable) must 
first be issued. The CAT33C804A-B/CAT33C804A-BI 
will now allow program/erase operations to be per
formed only on memory locations at or above the ad
dress set in the memory pointer. The remaining portion 
of the memory is still protected. To override this protec- 6 tion, an OVMPR (Override Memory Pointer Register-
see Memory Pointer Register) must be issued for every 
program/erase instruction which accesses the protected 
area: 

ENAC [access code] 
EWEN 
OVMPR 
WRITE [address][ data] 

As an alternative to the OVMPR instruction, the WMPR 
(Write Memory Pointer Register) instruction may be 
used to move the memory pointer address to uncover 
the area where writing is to be performed: 

ENAC 
EWEN 
WMPR 
WRITE 

[access code] 

[address] 
(address ](data] 

c:: I I I I I I I I I I I 111111111111111111111111111111 r--"l I 111111111111111111111111111111 

HIGHZ eo:Jr-------------
5076 FHD F06 
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As shipped from the factory, the device is in the unpro
tected mode. The length of the access code is user 
selectable from a minimum of one byte to a maximum of 
eight bytes(> 1.84x1019 combinations). Loading a zero
length access code will disable protection. 

MEMORY POINTER REGISTER 

The memory pointer enables the user to segment the 
E2PROM array into two sections. In the unprotected 
mode, the array can be segmented between read-only 
and full access, while in the secure mode, the memory 
may be segmented between read-only access and 
password-only access. Three instructions are dedicated 
to the memory pointer operations. The first one is WMPR 
(Write Memory Pointer Register). This instruction, fol
lowed by an address, will load the memory pointer 
register with a new address. This address will be stored 
in the E2PROM and can be modified only by another 
WMPR instruction. The second instruction is OVMPR 
(Override Memory Pointer Register) which allows a 
single program/erase to be performed to memory loca
tions below the address set in the memory pointer. This 
instruction allows the user to modify data in a segmented 
array without having to move the memory pointer. Once 

Figure 11. Erase Timing (x8 Format) 

cs 
OP CODE ADDRESS ADDRESS 

Preliminary 

the operation is complete, the device returns to the 
protected mode. If the device is in the secure mode both 
of these instructions require the ENAC instruction and a 
valid access code prior to their execution. The third 
instruction is the RMPR (Read Memory Pointer Regis
ter) which will place the current contents of the register 
in the serial output buffer. 

STATUS REGISTER 

An eight bit status register is provided to allow the user 
to determine the status of the CAT33C804A-B/ 
CAT33C804A-BI. The contents of the first three bits of 
the register are 101 which allows the user to quickly 
determine the condition of the device. The next three bits 
indicate the status of the device; they are parity error, 
instruction error and ROY/BUSY status. The last two bits 
are reserved for future use. 

CLEAR ALL AND WRITE ALL 

As a precaution, the ERAL instruction has to be entered 
twice before it is executed. This measure is required as 
a redundancy check on the incoming instruction for 
possible transmission errors. The WRAL instruction 
requires sending an ERAL first (this sets a flag only) and 

I "opo-0p/ I I" AS-A 1 s "I I" Ao-A? " I , )-----, NEXT INSTRUCTION 

DI 111111111111111111111111,..,-,11..,..,.11..,..,...11......,-11 r--1 _ _..,, !1111111111 

DO GtEW;Ji------
HIGH-Z 

------------------....,._ BUSY(11) r, 

5076 FHD F12 

Figure 12. Erase Timing (x16 Format) 

cs 
OP CODE ADDRESS 

l"opo-0p/I 1· AO-A7 ·1 'h NEXT INSTRUCTION 

DI 111111111111,........,.111........-11,...,.....111-.-.-11--' " 111111111 

DO 

Note: 

GtEw;J,_____ __ 
HIGH-Z 

-----'"""-~=--------;. BUSY(11) r, 
5076 FHD F13 

(11) DO becomes low to indicate busy status if ENBSY was previously executed. If ENBSY was not previously executed, DO will be in High-Z 
condition. 

6-38 



Preliminary 

then the WRAL instruction. The CAT33C804A-B/ 
CAT33C804A-BI will accept the following commands: 

ERAL 
ERAL 

ERAL 
WRAL 

An ERAL will be executed 
A WRAL will be executed 

Both the ERAL and WRAL commands will program/ 
erase the entire array and will not be blocked by the 
memory pointer. 

THE PARITY BIT 

The UART compatible protocol supports an even parity 
bit if the PE pin of the device is set HIGH, otherwise, 
there is no parity. If PE is set LOW and the incoming 
instruction contains a parity bit, it may be interpreted as 
the stop bit. When PE is HIGH, the CAT33C804A-B/ 
CAT33C804A-BI expects a parity bit at the end of every 
byte. For example, the RSEQ instruction will look like 
this: 

0 1100 1 011 11 
OA15 ... A8P1 
OA7 ... AO P1 

The device then outputs data continuously until it reaches 
the end of the memory. Each byte of data contains 9 bits 
with the ninth bit being the parity bit. The RSEQ instruc
tion may be terminated at any time by bringing CS low; 
the output will then go to high impedance. 

Figure 13. Asynchronous Communication Protocol 

CAT33C804A-B/CAT33C804A-BI 

SYSTEM ERRORS 

Whenever an error occurs, be it an instruction error 
(unknown instruction), or parity error (perhaps caused 
by transmission error), the device will stop its operation. 
To return to normal operation, the device must be reset 
by pulsing CS LOW and then set back to HIGH. Reset
ting the device will not affect the ENAC, EWEN and 
ENBSY status. The error may be determined by entering 
the READ STATUS REGISTER (RSR) instruction 
immediatly following the reset. The status output is an 8 
bit word with the first three bits being 101. This three bit 
pattern indicates that the device is functioning normally. 
The fourth bit is "1" if a parity error occurred. The fifth bit 
is a "1" if an instruction error occurred. The sixth bit is a 
''1" if the device is in a program/erase cycle. The lasttwo 
bits are reserved for future use. 

The reason for the "101" pattern is to distinguish be
tween an error conditon (DO tri-stated) and a device 
busy status. If an error condition exists, it will not respond 
to any input instruction from DI. However, if the device is 
in a program/erase cycle, it responds to the RSR instruc- • 
lion by outputting "101 00100". If RSR is executed at the 0 

end of a program/erase cycle, the output will be "101000 
00". 

101XXXXX 

//\~ 
PARITY INSTRUCTION RDY/BUSY FUTURE USE 
ERROR ERROR STATUS 

5074 FHD F09 

!+------CHARACTER n ------..------CHARACTER n+1 ------.. 

-i~rt=======::;=====:::=71(_.1~1 t BITS 0-7 t 
START STOP 
~T ~T 

5076 FHD F14 

Note: 
(12) Parity bit if enabled; skipped if parity disabled. 
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CAT33C804A-B/CAT33C804A-BI 

INSTRUCTION SET 

DISAC Disable Access 

I 1000 I 1000 I 

This instruction will lock the memory from all program/ 
erase operations regardless of the contents of the memory 
pointer. A write can be accomplished only by first enter
ing the ENAC instruction followed by a valid access 
code. 

ENAC Enable Access 

I 1100 10101 I [Access Code] 

In the protected mode, this instruction, followed by a 
valid access code, unlocks the device for read/write/ 
clear access. 

WMPR Write Memory Pointer Register 

I 1100 10100 I [A15-AB] [A7-AO] (xB organization) 

I 11 oo I 0100 I [A7-AO] (x16 organization) 

The WMPR instruction followed by 8 or 16 bits of 
address (depending on the organization) will move the 
pointer to the newly specified address. 

Figure 14. ERAL Timing (x8 Format) 

cs 
OP CODE OP CODE 

MACC Modify Access Code 

[]fil [Length] [Old code] [New code] 
[New code]. 

Preliminary 

This instruction requires the user to enter the old access 
code, if one was set previously, followed by the new 
access code and a re-entry of the new access code for 
verification. Within the instruction format, the variable 
[Length] designates the length of the access code as the 
following: 

[Length] = [O] No access code. Set device to unpro
tected mode. 

[Length]= [1-8] Length of access code is 1 to 8 bytes. 

[Length] = [>8] Illegal number of bytes. The 
CAT33C804A-B/CAT33C804A-BI will ignore the rest of 
the transmission. 

RMPR Read Memory Pointer Register 

I 1100 I 1010 I 

Output the content of the memory pointer register to the 
serial output port. 

I "opo-aP!' I I OPo-ap/ I , h NEXT INSTRUCTION 

DI 111111111111......-11....,...,.111...,...,..11..,...,..11..--1 _ ___.,, !1111111111 

DO GtEW;J---
HIGH-Z 

-----'"'"'"~=-------~ susv(11) ', 
5076 FHD F15 

Figure 15. ERAL Timing (x16 Format) 

cs 
OP CODE OP CODE 

I "opo-ap/ I I "opo-aP!'I NEXT INSTRUCTION 
It 

DI 111111111111......-111....,...,.11...,...,.11..,...,..11..---1 _ ____....,,.,._, -----.11111111111 

DO GtEW;J~--HIGH-Z 
-----'-"-'--------;. BUSY(11),, 

- · 5076FHDF16 

Note: 
{11) DO becomes low to indicate busy status if ENBSY was previously executed. If ENBSY was not previously executed, DO will be in the 

High-Z condition. 
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OVMPR Override Memory Pointer Register 

I 1000 I 0011 I 

Override the memory protection for the next instruction. 

READ Read Memory 

I 1100 I 1001 I [A15-A8] [A7-AO] (xB organization) 

I 1100 I 1001 I (A7-AO] (x16 organization) 

Output the contents of the addressed memory location 
to the serial port. 

WRITE Write Memory 

I 1100 10001 I (A15-A8] [A7-AO] (D7-DO] (xB organization) 

I 1100 10001 I [A7-AO][D15-D8][D7-DO] (x16 organization) 

Write the 8 bit or 16 bit data to the addressed memory 
location. After the instruction, address, and data have 
been entered, the self-timed program/erase cycle will 
start. The addressed memory location will be erased 
before data is written. The DO pin may be used to output 
the ROY /BUSY status by having previously entered the 
ENBSY instruction. During the program/erase cycle, DO 
will output a LOW for BUSY during this cycle and a HIGH 
for READY after the cycle has been completed. 

Figure 16. WRAL Timing (x8 Format) 

cs 
OP CODE OP CODE DATA 

CAT33C804A-B/CAT33C804A·BI 

ERASE Clear Memory 

11100 loooo I [A15-A8] [A7-AO] (xBorganization) 

I 1100 loooo I [A7-AO] (x16 organization) 

Erase data inthe specified memory location (set memory 
to "1"). After the instruction and the address have been 
entered, the self-timed clear cycle will start. The DO pin 
may be used to output the ROY /BUSY status by having 
previously entered the ENSBY instruction. During the 
clear cycle, DO will output a LOW for BUSY during this 
cycle and a HIGH for ready after the cycle has been 
completed. 

ERAL Clear All 

I 1000 I 1001 I 
I 1000 I 1001 I 

Erase the data of all memory locations (all cells set to 
"1"). For protection against inadvertent chip clear, the 
ERAL instruction is required to be entered twice. 

l40Po-0P!I l40Po-0P!I 14 Do-D7 .,I NEXT INSTRUCTION 

DI 1111111111111111111111 I ....,...,11 lr-r-rl 1..,....,..11 T'T"l llr-------'>'ir----i 1111111111 

DO GtEW;J;....-.--
HIGH-Z ----"'"'"'""-'-'-=--------------- BUSY(11\ 

5076 FHD F17 

Figure 17. WRAL Timing (x16 Format) 

cs _J 
OP CODE OP CODE DATA DATA 

l40Po-0p/ I l40Po-0p/ I 14 Da-D1s., I 14 Do-D7 .,I NEXT INSTRUCTION 

DI 1111111111111111111111 I 11111111111 mll l...,......11.,...,....,111...,......11 __ ,)~ 1111111111 

DO 

Note: 

GtEW;J~ HIGH-Z 
----"""""-~=------------------- BUSY(11\ 

5076 FHD F18 

(11) DO becomes low to indicate busy status if ENBSY was previously executed. If ENBSY was not previously executed, DO will be in the 
High-Z condition. 
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CA T33C804A-B/CAT33C804A-BI 

WRAL Write All 

! 1000 ! 1001 I 
! 1100 I 0011 I [D15-D8][D7-DO] (x16 organization) 

I 1000 I 1001 I 

I 1100 I 0011 I [D7-DO] (x8 organization) 

Write one or two bytes of data to all memory locations. 
An ERAL will be automatically performed before the 
WRAL is executed. For protection against inadvertent 
clearing or writing of data, the ERAL instruction is 
required to be entered preceding the WRAL instruction. 

RSEQ Read Sequentially 

I 11 oo I 1011 I [A 15-AB][A?-AO] (xB organization) 

I 1100I1011 I [A7-AO] (x16 organization) 

Read memory starting from specified address, sequen
tially to the highest address or until CS goes LOW. The 
instruction is terminated when CS goes LOW. 

ENBSY Enable Busy 

I 1000 I 0100 I 

Enable the status indicatoron DO during program/erase 
cycle. DO goes LOW then HIGH once the write cycle is 
complete. DO will go to HIGH-Z at the end of the next op 
code transmission. 

DISBSY Disable Busy 

I 1000 I 0101 I 

Disable the status indicator on DO during program/ 
erase cycle. 
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EWEN Program/Erase Enable 

I 100010001 I 

Preliminary 

Enable program/erase to be performed on non-pro
tected portion of memory. This instruction must be 
entered before any program/erase instruction will be 
carried out. Once entered, it will remain valid until power
down or an EWDS (Program/Erase Disable) is ex
ecuted. 

EWDS Program/Erase Disable 

I 1000 I 0010 I 

Disable all write and clear functions. 

ORG Select Memory Organization 

I 1 ooo I 011 R I (where R = O or 1) 

Set memory organization to 512 x 8 if R = 0. 

Set memory organization to 256 x 16 if R = 1. 

RSR Read Status Register 

I 1100 ! 1000 I 

Output the contents of the 8 bit status register. The 
contents of the first three bits of the register are 101, 
which allows the user to quickly determine whether the 
device is listening or is in an error condition. The next 
three bits indicate parity error, instruction error and RDY I 
BUSY status. The last two bits are reserved for future 
use. 

NOP No Operation 

I 1000 I 0000 I 

No Operation. 
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CAT35C804A-B/CAT35C804A-BI 
4K-Bit SECURE ACCESS SERIAL E2PROM 

FEATURES 

• Low Power CMOS Technology 

• Password READ/WRITE Protection: 1 to 8 Bytes 

• Memory Pointer WRITE Protection 

• Sequential READ Operation 

• 256 x16 or 512 x 8 Selectable Serial Memory 

• UART Compatible Asynchronous Protocol 

• 100,000 Program/Erase Cycles 

DESCRIPTION 

The CAT35C804A-B/CAT35C804A-BI is a 4K bit Serial 
E2PROM that safeguards stored data from unautho
rized access by use of a user selectable (1 to 8 byte) 
access code and a movable memory pointer. Two 
operating modes provide unprotected and password
protected operation allowing the user to configure the 

PIN CONFIGURATION 
DIP Package SO Package 

cs Vee NC 16 NC 

CLK PE NC 2 15 NC 

DI ERR cs 3 14 Vee 
DO GND CLK 4 13 PE 

DI 5 12 ERR 

DO 6 11 GND 

NC 7 10 NC 

NC 8 9 NC 

PIN FUNCTIONS 
5074 FHD F01 

Pin Name Function 

cs Chip Select 

D0(1) Serial Data Output 

CLK Clock Input 

Dl(1) Serial Data Input 

PE Parity Enable 

ERR Error Indication Pin 

Vee +5V Power Supply 

GND Ground 

Note: 
(1) DI, DO may be tied together to form a common 1/0. 

© 1992 by Catalyst Semiconductor, lnc. 6-43 

• 1/0 Speed: 9600 Baud 
-CAT35C804A: 4.9152 MHzXtal 
-CAT35C804B: 3.579545 MHz Xtal 

• Low Power Consumption: 
-Active: 3mA 
-Standby: 250µA 

• 100 Year Data Retention 

• Optional High Endurance Device Available 

device as anything from a ROM to a fully protected no- • 
access memory. The CAT35C804A-B/CAT35C804A-
BI uses a UART compatible asynchronous protocol and 
has a Sequential Read feature where data can be 
sequentially clocked out of the memory array. The 
device is available in 8 pin DIP or 16 pin SO packages. 

BLOCK DIAGRAM 

Vee-
GND-

DO 
SERIAL 

CLK 
COMMUN I-

PE CATION 
cs BLOCK 
DI 

INSTRUCTION 
REGISTER 

ERR 
INSTRUCTION 

DECODER 

STATUS 
REGISTER 

64 BIT ACCESS CODE 
& 

CONTROL BLOCK 

4K-BIT EEPROM 
ARRAY 

R/W ADDRESS 
BUFFER DECODER 

5074 FHD F02 

TD 5076 
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CAT35C804A-B/CAT35C804A-BI 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to +125°C 

Storage Temperature ......................... -B5°C to + 150°C 

Voltage on Any Pin with 
Respect to Ground(2l .............. -2.0V to +Vee+ 2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 

Package Power Dissipation 
Capability (Ta = 25°C) ..................................... 1.0W 

Lead Soldering Temperature (1 o secs) ............... 300°C 

Output Short Circuit Current(3l .......................... 1 OOmA 

RELIABILITY CHARACTERISTICS 

Preliminary 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Symbol Parameter Min. Max. Units Reference Test Method 

NEND(4) Endurance 100,000 Cycles/Byte MIL-STD-883, Test Method 1033 

ToR<4> Data Retention 100 Years MIL-STD-883, Test Method 1008 

VZAP(4) ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015 

ILTH(4)(5) Latch-up 100 mA JEDEC Standard 17 

D.C. CHARACTERISTICS 

CAT35C804A-B TA= 0°C to +70°C, Vee= +5V ±10%,unless otherwise specified. 
CAT35C804A-BI TA= -40°C to +85°C, Vee= +5V ±10%,unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units 

Ice Power Supply Current 3 mA 
(Operating) 

lss Power Supply Current 250 µA 
(Standby) 

V1L Input Low Voltage -0.1 0.8 v 
V1H Input High Voltage 2.0 v 
VoL Output Low Voltage 0.4 v 
VoH Output High Voltage 2.4 v 
lu<6> Input Leakage Current 2 µA 

ILO Output Leakage Current 10 µA 

Note: 

Test Conditions 

Vee= 5.5V, CS= Vee 
DO is Unloaded. 

Vee= 5.5V, CS= OV 
DI = OV, CLK = OV 

loL = 2.1mA 

loH =-400µA 

V1N = 5.5V 

VouT = 5.5V, cs= OV 

(2) The minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Vee +0.5V, which may overshoot to V cc+ 2.0V for periods of less than 20ns. 

(3) Output shorted for no more than one second. No more than one output shorted at a time. 
(4) This parameter is tested initially and after a design or process change that affects the parameter. 
(5) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vee +1V. 
(6) PE pin test conditions: V1H < V1N < V1L 
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A.C. CHARACTERISTICS 

CAT35C804A-B TA= 0°C to +70°C, Vee= +5V ±10%,unless otherwise specified. 
CAT35C804A-BI TA = -40°C to +85°C, Vee = +5V ±10%,unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. 

tcsH CS Hold Time 0 

to CLK to DO Delay 104 

tpo CLK to DO Delay 150 

tHz(4) (?) CLK to DO High-Z Delay 50 

tEW Program/Erase Pulse Width 12 

tcsL CS Low Pulse Width 100 

tsv ERR Output Delay 150 

tvces(4) Vee to CS Setup Time 5 

fcLK Maximum Clock Frequency DC A: 4.9152 
B: 3.579545 

Note: 
(4) This parameter is tested initially and after a design or process change that affects the parameter. 
(7) !Hz is measured from the falling edge of the clock to the time when the output is no longer driven. 
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Units 

ns 

µs 

ns 

ns 

ms 

ns 

ns 

µs 

MHz 

Test Conditions 

CL= 100pF 

V1N = V1H or V1L 

VouT = VoH or VoL 

CL= 100pF 

CL= 100pF 

• 



CAT35C804A-8/CA T35C804A-BI 

PASSWORD PROTECTION 

The CAT35C804A-B/CAT35C804A-BI is a 4K bit 
E2PROM that features a password protection scheme to 
prevent unauthorized access to the information stored in 
the device. It contains an access code register which 
stores one to eight bytes of access code along with the 
length of that access code. Additionally, a memory 
pointer register stores the address that partitions the 
memory into protected and unprotected areas. As shipped 
from the factory, the device is unprogrammed and 
unprotected. The length of the access code is equal to 
zero and the memory pointer register points to location 
zero. Every byte of the device is fully accessible without 
an access code. Setting a password and moving the 
memory pointer register to cover all or part of the 
memory secures the device. Once secured, the memory 
is divided into a read/write area and a read-only area 
with the entry of a valid access code. If no access code 

Figure 1. A.C. Timing 

Vcc-j 
j- tvccs 

cs _If 

Preliminary 

is entered, the memory is divided into a read-only area 
and a non-access area. Figure 2 illlustrates this parti
tioning of the memory array. 

WRITE PROTECTION 

Another feature of the CAT35C804A-B/CAT35C804A
BI is WRITE-protection without the use of an access 
code. If the memory pointer register is set to cover all or 
part of the memory, without setting the access code 
register, the device may be divided into an area which 
allows full access, and an area which allows READ-only 
access. To write into the READ-only area, the user can 
override the memory pointer register for every WRITE 
instruction or he can simply move the address in the 
memory pointer register to uncover this area, and then 
write into the memory. This mechanism prevents inad
vertent overwriting of important data in the memory 

CLK(S) 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 111111111111111111111111111111 

__ t to I~ 
I\ START BIT ~ DI STOP BIT 

DO HIGH-Z 

MARK l_Ji--T--T--1---1---r---r-----i---1-(s)-n 
SPACE --- .L- -L-- -L- __ i_ __ _i ___ .J. __ --L- --'-- -

f- f- I DO D1 D2 03 04 05 06 07 >-!::: 0.. !::: 
BITTIME ~iii!-- ~co f2co 

104µs ~ ft en 

DATA TIMING 

...._ ____ CHARACTER TIME @ 9600 BAUD-----

Note: 
(8) Clock= 4.9152 MHz for the CAT35C804A or 3.579545 MHz for the CAT35C804B. 
(9) If PE pin= 1. 
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without the use of an access code. Figure 3 illustrates 
this partitioning of the memory array. 

PIN DESCRIPTIONS 

cs 
READ SEQUENTIAL 

To allow for convenient reading of blocks of contiguous 
data, the device has a READ SEQUENTIAL instruction 
which accepts a starting address of the block and 
continuously outputs data of subsequent addresses 
until the end of memory, or until Chip Select goes LOW. 

Chip Select is a TIL compatible input which, when set 
HIGH, allows normal operation of the device. Any time 
Chip Select is set LOW, it resets the device, terminating 
all 1/0 communication, and puts the output in a high 
impedance state. CS is used to reset the device if an 
error condition exists or to put the device in a power
down mode to minimize power consumption. It may also 
be used to frame data transmission in applications 
where the clock and data input have to be ignored from 
time to time. Although CS resets the device, it does not 
change the program/erase or the access-enable status, 
nor does it terminate a programming cycle once it has 
started. The program/erase and access-enable opera
tions, once enabled, will remain enabled until specific 
disabling instructions are sent or until power is removed. 

The CAT35C804A-B/CAT35C804A-BI communicates 
with external devices via an asynchronous serial com
munication protocol. The data transmission may be a 
continuous stream of data or it can be packed by pulsing 
Chip Select LOW in between each packet of information. 
(Except for the SEQUENTIAL READ instruction where 
Chip Select must be held high). 

Figure 2. Secure Mode 

ACCESS REGISTER: ACCESS CODE (1-8 BYTES) 
ACCESS CODE LENGTH: 1 TO 8 
MEMORY POINTER: a ... a 

POINTER 
REGISTER 
ADDRESS 
IN MEMORY 

~--------,-255 (x16) 
511 (x8) 

READ-ONLY 
ACCESS 

-----------1--a ... a 
PASSWORD-ONLY 

ACCESS 

'----------•-o 

Figure 3. Unprotected Mode(10) 

Note: 

ACCESS REGISTER: x ... x 
ACCESS CODE LENGTH: 0 
MEMORY POINTER: a ... a 

POINTER 
REGISTER 
ADDRESS 
IN MEMORY 

~--------,-255 (x16) 
511 (x8) 

READ/WRITE/ERASE 
ACCESS 

___,~ ________ ,_a ... a 

READ-ONLY 
ACCESS 

'---------~·-o 

(10)x =DON'T CARE; a= ADDRESS BIT. 
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CAT35C804A-B/CAT35C804A-Bl 

CLK 

The System Clock is a TIL compatible input pin that 
allows operation of the device at a specified frequency. 
The CAT35C804A-B/CAT35C804A-BI is designed with 
an internal divider to produce a 9600 baud output for an 
input clock frequency of 4.9152 MHz and 3.579545 MHz 
respectively. 

DI 

The Data Input pin is TIL compatible and accepts data 
and instructions in a serial format. Each byte must begin 
with "O" as a start bit. The device will accept as many 
bytes as an instruction requires, including both data and 
address bytes. Extra bits will be disregarded if they are 
"1"s and extra "O"s will be misinterpreted as the start bit 
of the next instruction. An instruction error will cause the 

Figure 4. Program/Erase Timing (x8 Format) 

Preliminary 

device to abort operation and all 1/0 communication will 
be terminated until a reset is received. 

DO 

The Data Output pin is a tri-state TIL compatible output. 
It is normally in a high impedance state unless a READ 
or an ENABLE BUSY instruction is executed. Following 
the completion of a 16 bit or 8 bit data stream, the output 
will return to the high impedance state. During a pro
gram/erase cycle, if the ENABLE BUSY instruction has 
been previously executed, the output will stay LOW 
while the device is BUSY, and it will be set HIGH when 
the program/erase cycle is completed. DO will stay 
HIGH until the completion of the next instruction's op
code and, if the next instruction is a READ, DO will output 
the appropriate data at the end of the instruction. If the 

cs _J 
OP CODE ADDRESS ADDRESS DATA 

lopa-0p/I I .. As-A1s "I I" Aa-A7 "I I" Da-D7 "I 
DI 1111111111111111111111 I 11111111111ml11-rrl ITT"l I rnl 11------

DO G1EW~ 
HIGH-Z ----~:.:.:;:!=-------------------..J. BUSY(11) 11 

5076 FHD FD7 

Figure 5. Program/Erase Timing (x16 Format) 

cs 
OP CODE ADDRESS DATA DATA 

l,.0Po-0p/I I .. AO-A7 "I I" Ds-D1s "I I" DO-D7 "I 
DI 1111111111111111111111 I 11111111111rnl11-rrl 1.,....11ml11------

DO 

Note: 

G1EW~ 
HIGH-Z ----~:.:.:;:!=-------------------..J. BUSY(11) ,

1 

5076 FHD FOB 

(11)DO becomes.low to indicate busy status if ENBSY was previously executed. If ENBSY was not previously executed, DO will be in the 
H1gh-Z cond1t1on. 
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ENABLE BUSY instruction has not been previously 
executed, DO will stay in a high impedance state. DO will 
also go to the high impedance state if an error condition 
is detected. In the event an ENABLE BUSY instruction 
has not been sent, a READ STATUS register instruction 
can be executed. This also tells the user whether the part 
is in a program/erase cycle or an error condtion. When 
the device is in a program/erase cycle it will output an 8 
bit status word. If it does not, it is in an error condition. 

PE 

The Parity Enable pin is a TILcompatible input. If the PE 
pin is set HIGH, the device will be configured to commu-

Figure 6. Read Timing (xS Format) 

Vee 

CAT35C804A-B/CAT35C804A-BI 

nicate using even parity, and ifthe pin is set LOW, it will 
use no parity. In this case, instructions or data that 
include parity bits will not be interpreted correctly. Note: 
The PE input is internally pulled down to GND (i.e. 
default= no parity). As with all CMOS devices, CS, CLK 
and DI inputs must be connected to eitherHIGHorLOW, 
and not left floating. 

ERR 

The Error indication pin is an open drain output. If either 
an instruction or parity error exists, the ERR pin will 
output a "O" until the device is reset. This can be done by 
pulsing CS LOW. 

CLK(9) I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 111111111111111111111111111111 ....----------· cs _J 
OPCODE 

l40Po--0P!'I 
ADDRESS 

14 A8-A15 "I 
ADDRESS 

14 AO-A7 "I 
Dl!llllllllllllllllllllllllllllllll 

DATA 

14 DO-D7 "I 
DO ---"H""""IG'-'-'H-Z"-----------.d 111111111 

Figure 7. Read Timing (x16 Format) 

Vee 

5076 FHO FOO 

CLK(9) I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 111111111111111111111111111111 

cs 
OP CODE ADDRESS 

I OPO--OP; I 1 • AO-A7 • 1 

DI 111111111111~111~11~11~111-----------
DATA DATA 

14 D8-D15 "I 14 DO-D7 "I 
DO ~~H--..-IG-....-H-z ____ ~~---., I I I I I I I I I I II I I I I I I I I I 

5076 FHO F10 

Note: 
(8) Clock= 4.9152 MHz for the CAT35C804A or 3.579545 MHz for the CAT35C804B. 
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CAT35C804A·B/CAT35C804A-BI 

DEVICE OPERATION 

INSTRUCTIONS 

The CAT35C804A-B/CAT35C804A-BI instruction set 
includes 19 instructions. 

Six instructions are related to security or write protection: 

DISAC 
ENAC 
MACC 
OVMPR 
RMPR 
WMPR 

Disable Access 
Enable Access 
Modify Access Code 
Override Memory Pointer Register 
Read Memory Pointer Register 
Write Memory Pointer Register 

Six instructions are READ/WRITE/ERASE instructions: 

ERAL 
ERASE 
READ 
RSEQ 
WRAL 
WRITE 

Clear All Locations 
Clear Memory Locations 
Read Memory 
Read Sequentially 
Write All 
Write memory 

Note: All write instructions will automatically perform a clear before 
writing data. 

Figure 8. EWEN/EWDS Timing (x8 Format) 

cs 
OPCODE 

, .. 0Po-0p/I 

DI ---.11111111111 

DO HIGH-Z 

Figure 9. EWEN/EWDS Timing (x16 Format} 

cs 
OPCODE 

l .. 0Po-0p/I 

DI ---.11111111111 

DO HIGH-Z 
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Seven instructions are used as control and status func
tions: 

DISBSY 
ENBSY 
EWEN 
EWDS 
NOP 
ORG 
RSR 

Disable Busy 
Enable Busy 
Program/Erase Enable 
Program/Erase Disable 
No Operation 
Select Memory Organization 
Read Status Register 

UNPROTECTED MODE 

As shipped from the factory, the CAT35C804A-B/ 
CAT35C804A-BI is in the unprotected mode. The ac
cess code length is set to 0, and the memory pointer is 
at address 00 hex. While in this mode, any portion of the 
E2PROM array can be read or written to without an 
access code. A portion of the memory may be protected 
from any write or clear operation by setting the memory 
pointer to the appropriate address via the WM PR (Write 
Memory Pointer Register) instruction: 

WMPR [address] 

5076 FHD F11 
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Preliminary 

As shown previously in Figure 3, memory locations 
below the address set in the memory pointer will be 
program/erase protected. Thus, unintentional clearing 
or writing of data in this area will be prevented, while 
memory locations at or above the protected area still 
allow full access. This protection does not apply to the 
ERAL and WRAL commands which are not blocked by 
the memory pointer. 

SECURE MODE 

As shown previously in Figure 2, in the secure mode, 
memory locations at or above the address set in the 
memory pointer allow READ-only access. Memory loca
tions below that address will require an access code 
before they can be accessed. The secure mode is 
activated with an MACC (Modify Access Code) instruc
tion followed by a user access code which can be one to 
eight bytes in length. 

EWEN 
MACC [old code][new code][new code] 

The EWEN instruction enables the device to perform 
program/erase operations. The new access code must 
be entered twice for verification. If the device already has 
an access code, the old access code must be entered 
before the new access code can be accepted. The 
length of the password is incorporated into the MACC 
portion of the instruction. 

Once the secure mode is activated, access to memory 
locations is under software control. Access (read, write, 
and clear instructions) to the memory locations below 
the address in the memory pointer is allowed only if the 
ENAC (Enable Access) instruction followed by the cor
rect access code has been previously executed. 

ENAC [access code] 
EWEN 
WRITE [address][data] 

Figure 10. ERR Pin Timing 

CAT35C804A-8/CAT35C804A-81 

The ENAC instruction, along with the access code, 
enables access to the protected area of the device. The 
EWEN instruction enables execution of the program/ 
erase operations. This portion of the memory is other
wise inaccessible for any operation. Read-only access 
is allowed without the access code for memory locations 
at or above the address in the memory pointer. 

The access code can be changed by the following 
instruction: 

ENAC 
EWEN 
MACC 

[old access code] 

[old code][new code][new code] 

A two-tier protection scheme is implemented to protect 
data against inadvertent clearing or writing. To write to 
the memory, an EWEN (Program/Erase Enable) must 
first be issued. The CAT35C804A-B/CAT35C804A-BI 
will now allow program/erase operations to be per
formed only on memory locations at or above the ad
dress set in the memory pointer. The remaining portion 
of the memory is still protected. To override this protec- 6 tion, an OVMPR (Override Memory Pointer Register-
see Memory Pointer Register) must be issued for every 
program/erase instruction which accesses the protected 
area: 

ENAC [access code] 
EWEN 
OVMPR 
WRITE [address][ data] 

As an alternative to the OVMPR instruction, the WMPR 
(Write Memory Pointer Register) instruction may be 
used to move the memory pointer address to uncover 
the area where writing is to be performed: 

ENAC 
EWEN 
WMPR 
WRITE 

[access code] 

[address] 
[address ][data] 

,:: 11111111111111111111111111111 I I I I I I I I I I I I It; 11111111111111111111111111111 I I 

HIGHZ ~:J....-------------
5076 FHD F06 
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CAT35C804A-B/CAT35C804A-BI 

As shipped from the factory, the device is in the unpro
tected mode. The length of the access code is user 
selectable from a minimum of one byte to a maximum of 
eight bytes(> 1.84x1019 combinations). Loading a zero
length access code will disable protection. 

MEMORY POINTER REGISTER 

The memory pointer enables the user to segment the 
E2PROM array into two sections. In the unprotected 
mode, the array can be segmented between read-only 
and full access, while in the secure mode, the memory 
may be segmented between read-only access and 
password-only access. Three instructions are dedicated 
to the memory pointer operations. The first one is WMPR 
(Write Memory Pointer Register). This instruction, fol
lowed by an address, will load the memory pointer 
register with a new address. This address will be stored 
in the E2PROM and can be modified only by another 
WMPR instruction. The second instruction is OVMPR 
(Override Memory Pointer Register) which allows a 
single program/erase to be performed to memory loca
tions below the address set in the memory pointer. This 
instruction allows the user to modify data in a segmented 
array without having to move the memory pointer. Once 

Figure 11. Erase Timing (xS Format) 

cs _J 
OP CODE ADDRESS ADDRESS 

Preliminary 

the operation is complete, the device returns to the 
protected mode. If the device is in the secure mode both 
of these instructions require the ENAC instruction and a 
valid access code prior to their execution. The third 
instruction is the RMPR (Read Memory Pointer Regis
ter) which will place the current contents of the register 
in the serial output buffer. 

STATUS REGISTER 

An eight bit status register is provided to allow the user 
to determine the status of the CAT35C804A-B/ 
CAT35C804A-BI. The contents of the first three bits of 
the register are 101 which allows the user to quickly 
determinethe condition of the device. The next three bits 
indicate the status of the device; they are parity error, 
instruction error and RDY/BUSY status. The last two bits 
are reserved for future use. 

CLEAR ALL AND WRITE ALL 

As a precaution, the ERAL instruction has to be entered 
twice before it is executed. This measure is required as 
a redundancy check on the incoming instruction for 
possible transmission errors. The WRAL instruction 
requires sending an ERAL first (this sets a flag only) and 

140PO-OP!I 14 A8-A15 ·1 14 AO-A7 ·1 'T---i NEXT INSTRUCTION 

Dllllllllllllllllllllllll,..,....,111 .......... 11..,...,.11 ........ 11.....-1--' 11111111111 

DO c:tEW;J--
HIGH-Z ----"'-"-='-""-------------.i. BUSY(11) ', 

5076 FHD F12 

Figure 12. Erase Timing (x16 Format} 

cs 
OP CODE ADDRESS 

140PO-OP/I 14 AO-A7 •1 Sh NEXT INSTRUCTION 

DI 111111111111 l"T'"TI I l"T"T"l 1,.........,.1 11-.-.-11----. ! 1111111111 

DO 

Note: 

GtEW;J---
HIGH-Z -----------------..i. BUSY(11) ', 

5076 FHD F13 

(11) DO becomes low to indicate busy status if ENBSY was previously executed. If ENBSY was not previously executed, DO will be in High·Z 
condition. 
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then the WRAL instruction. The CAT35C804A-B/ 
CAT35C804A-BI will accept the following commands: 

ERAL 
ERAL 

ERAL 
WRAL 

An ERAL will be executed 
A WRAL will be executed 

Both the ERAL and WRAL commands will program/ 
erase the entire array and will not be blocked by the 
memory pointer. 

THE PARITY BIT 

The UART compatible protocol supports an even parity 
bit if the PE pin of the device is set HIGH, otherwise, 
there is no parity. If PE is set LOW and the incoming 
instruction contains a parity bit, it may be interpreted as 
the stop bit. When PE is HIGH, the CAT35C804A-B/ 
CAT35C804A-BI expects a parity bit at the end of every 
byte. For example, the RSEQ instruction will look like 
this: 

0 1100 101111 
O A15 ... A8 P1 
0 A7 ... AO P1 

The device then outputs data continuously until it reaches 
the end of the memory. Each byte of data contains 9 bits 
with the ninth bit being the parity bit. The RSEQ instruc
tion may be terminated at any time by bringing CS low; 
the output will then go to high impedance. 

Figure 13. Asynchronous Communication Protocol 

CAT35C804A-B/CAT35C804A-BI 

SYSTEM ERRORS 

Whenever an error occurs, be it an instruction error 
(unknown instruction), or parity error (perhaps caused 
by transmission error), the device will stop its operation. 
To return to normal operation, the device must be reset 
by pulsing CS LOW and then set back to HIGH. Reset
ting the device will not affect the ENAC, EWEN and 
ENBSY status. The error may be determined by entering 
the READ STATUS REGISTER (RSR) instruction 
immediatly following the reset. The status output is an 8 
bit word with the first three bits being 101. This three bit 
pattern indicates that the device is functioning normally. 
The fourth bit is "1" if a parity error occurred. The fifth bit 
is a "1" if an instruction error occurred. The sixth bit is a 
"1" if the device is in a program/erase cycle. The last two 
bits are reserved for future use. 

The reason for the "101" pattern is to distinguish be
tween an error conditon (DO tri-stated) and a device 
busy status. If an error condition exists, it will not respond 
to any input instruction from DI. However, if the device is 
in a program/erase cycle, it responds to the RSR instruc- • 
tion by outputting "101 00100". If RSR is executed at the 1 

end of a program/erase cycle, the output will be "101 000 
00". 

101XXXXX 

//\~ 
PARITY INSTRUCTION RDY/BUSY FUTURE USE 
ERROR ERROR STATUS 

5074 FHD F09 

~-----CHARACTER n ------~-----CHARACTER n+1 _____ ., 

-i,rt=======::::=======~l(1~2)1 
t t 

Note: 

START 
BIT 

BITS 0-7 

(12) Parity bit if enabled; skipped if parity disabled. 

STOP 
BIT 
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CAT35C804A·B/CAT35C804A·BI 

INSTRUCTION SET 

DISAC Disable Access 

I 1000I1000 I 

This instruction will lock the memory from all program/ 
erase operations regardless of the contents of the memory 
pointer. A write can be accomplished only by first enter
ing the ENAC instruction followed by a valid access 
code. 

ENAC Enable Access 

I 1100 10101 I [Access Code] 

In the protected mode, this instruction, followed by a 
valid access code, unlocks the device for read/write/ 
clear access. 

WMPR Write Memory Pointer Register 

I 1100 10100 I [A15-AB] [A7-AO] (xB organization) 

I 1100 I 0100 I [A7-AO] (x16 organization) 

The WMPR instruction followed by 8 or 16 bits of 
address (depending on the organization) will move the 
pointer to the newly specified address. 

Figure 14. ERAL Timing (xB Format) 

cs 
OP CODE OP CODE 

MACC Modify Access Code 

[TI:ill [Length] [Old code] [New code] 
[New code) 

Preliminary 

This instruction requires the user to enter the old access 
code, if one was set previously, followed by the new 
access code and a re-entry of the new access code for 
verification. Within the instruction format, the variable 
[Length] designates the length of the access code as the 
following: 

[Length] = [OJ No access code. Set device to unpro
tected mode. 

[Length]= (1-8] Length of access code is 1 to 8 bytes. 

[Length] = [>8] Illegal number of bytes. The 
CAT35C804A-B/CAT35C804A-BI will ignore the rest of 
the transmission. 

RMPR Read Memory Pointer Register 

I 1100I1010 I 

Output the content of the memory pointer register to the 
serial output port. 

l"opo-0p/ I l"opo-0P/J NEXT INSTRUCTION 

DI 111111111111 r-r-rl I l-r-r-11 r-r-rl 11-r-r-11----,',~ ....,....,111~11...-.-11 ......... 111------

DO GtEw;Ji------
HIGH-Z 

----"'""-"""'-~-------... BUSY(11),
1 

5076 FHD F15 

Figure 15. ERAL Timing (x16 Format) 

cs 
OP CODE OP CODE 

I "oPo-OP! I I "0Po-0P! I NEXT INSTRUCTION 

DI 111111111111...,..-11 ,...,..,111-r-TI 1..,...,..11..--1 -------'!',,.,._,, ------,11111111111 

DO GtEW;J---
HIGH-Z 

-----------------... BUSY(11),
1 - ·· 5076 FHD F16 

Note; 
(11)DO becomes low to indicate busy status if ENBSY was previously executed. If ENBSY was not previously executed, DO will be in the 

High-Z condition. 

6-54 



Preliminary 

OVMPR Override Memory Pointer Register 

1100010011 I 

Override the memory protection forthe next instruction. 

READ Read Memory 

I 1100I1001 I [A15-A8] [A7-AO] {x8 organization) 

I 1100 I 1001 I [A7-AO] (x16 organization) 

Output the contents of the addressed memory location 
to the serial port. 

WRITE Write Memory 

I 1100 10001 I [A15-A8] [A7-AO] [D7-DO] {x8 organization) 

I 1100 I 0001 I [A7-AO][D15-DB][D7-DO] (x16 organization) 

Write the 8 bit or 16 bit data to the addressed memory 
location. After the instruction, address, and data have 
been entered, the self-timed program/erase cycle will 
start. The addressed memory location will be erased 
before data is written. The DO pin may be used to output 
the ROY/BUSY status by having previously entered the 
ENBSY instruction. During the program/erase cycle, DO 
will output a LOW for BUSY during this cycle and a HIGH 
for READY after the cycle has been completed. 

Figure 16. WRAL Timing (x8 Format) 

cs 
OP CODE OP CODE DATA 

CAT35C804A-B/CAT35C804A-81 

ERASE Clear Memory 

I 1100 loooo I [A15-A8] [A7-AO] {x8 organization) 

I 1100 loooo I [A7-AO] {x16 organization) 

Erase data in the specified memory location (set memory 
to "1 ").After the instruction and the address have been 
entered, the self-timed clear cycle will start. The DO pin 
may be used to output the ROY/BUSY status by having 
previously entered the ENSBY instruction. During the 
clear cycle, DO will output a LOW for BUSY during this 
cycle and a HIGH for ready after the cycle has been 
completed. 

ERAL Clear All 

I 1000 I 1001 I 
I 1000 I 1001 I 

Erase the data of all memory locations (all cells set to 
"1"). For protection against inadvertent chip clear, the 
ERAL instruction is required to be entered twice. 

l .. 0Po--0P!I l .. 0Po--0P!I I .. Do-D7 •1 NEXTINSTRUCTION 

DI 1111111111111111111111 I .......,111,...,...,.11....-.-11..-..-llr--I __ ___.,r,~1111111111 

DO GtEW;J--
HIGH-Z ____ ...;,.;,;,;;;;,;,,;..=--------------- BUSY(11\ 

5076 FHD F17 

Figure 17. WRAL Timing (x16 Format) 

cs 
OP CODE OP CODE DATA DATA 

l .. 0Po--0P!I l .. 0Po--0P!/ , .. DB-D15•1 I .. Do-D7 •1 NEXTINSTRUCTION 

DI 1111111111111111111111 I 11111111111 l'""T"'TI 11...,...,-11 ml 11...,....,-11-------'l'i'l 1111111111 

DO GtEW;Jr---
HIGH-Z -----""-""""'.;;;.._------------------ susv(11i,, 

5076 FHD F18 

Note: 
(11}DO becomes low to indicate busy status if ENBSY was previously executed. If ENBSY was not previously executed, DO will be in the 

High-Z condition. 
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CAT35C804A-B/CAT35C804A-BI 

WRAL Write All 

I 1000 I 1001 I 
I 1100 I 0011 I [D15-D8] ID7-DO] (x16 organization) 

1100011001 I 
I 1100 I 0011 I [D7-DO](x8 organization) 

Write one or two bytes of data to all memory locations. 
An ERAL will be automatically performed before the 
WRAL is executed. For protection against inadvertent 
clearing or writing of data, the ERAL instruction is 
required to be entered preceding the WRAL instruction. 

RSEQ Read Sequentially 

1110011011 I [A15-A8][A7-AO](xBorganization) 

I 1100 I 1011 I [A7-AO] (x16 organization) 

Read memory starting from specified address, sequen
tially to the highest address or until CS goes LOW. The 
instruction is terminated when CS goes LOW. 

ENBSY Enable Busy 

I 1000 I 0100 I 

Enable the status indicator on DO during program/erase 
cycle. DO goes LOW then HIGH once the write cycle is 
complete. DO will goto HIGH-Zatthe end of the next op 
code transmission. 

DISBSY Disable Busy 

I 1000 I 0101 I 

Disable the status indicator on DO during program/ 
erase cycle. 

6-56 

EWEN Program/Erase Enable 

1100010001 I 

Preliminary 

Enable program/erase to be performed on non-pro
tected portion of memory. This instruction must be 
entered before any program/erase instruction will be 
carried out. Once entered, it will remain valid until power
down or an EWDS (Program/Erase Disable) is ex
ecuted. 

EWDS Program/Erase Disable 

I 1000 I 0010 I 

Disable all write and clear functions. 

ORG Select Memory Organization 

I 1000 lo11R I (where R = O or 1) 

Set memory organization to 512 x 8 if R = 0. 

Set memory organization to 256 x 16 if R = 1. 

RSR Read Status Register 

I 1100 I 1000 I 

Output the contents of the 8 bit status register. The 
contents of the first three bits of the register are 101, 
which allows the user to quickly determine whether the 
device is listening or is in an error condition. The next 
three bits indicate parity error, instruction error and ROY I 
BUSY status. The last two bits are reserved for future 
use. 

NOP No Operation 

I 1000 I 0000 I 

No Operation. 
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CAT28C16A/CAT28C16AI 
1 GK-Bit CMOS E2PROM 

FEATURES 

• Fast Read Access Times: 200 ns 

• Low Power CMOS Dissipation: 
-Active: 25mA Max. 
-Standby: 1 OOµA Max. 

• Simple Write Operation: 
-On-Chip Address and Data Latches 
-Self-Timed Write Cycle with Auto-Clear 

DESCRIPTION 

The CAT28C16A/CAT28C16AI is a fast, low power, 5V
only CMOS E2PROM organized as 2K x 8 bits. It 
requires a simple interface for in-system programming. 
On-chip address and data latches, self-timed write cycle 
with auto-clear and Vee power up/down write protection 
eliminate additional timing and protection hardware. 
DATA Polling signals the start and end of the self-timed 
write cycle. Additionally, the CAT28C16A/CAT28C16AI 

BLOCK DIAGRAM 

Vcc----.i 

ADDR. BUFFER 
& LATCHES 

INADVERTENT 
WRITE 

PROTECTION 

CE----.r--'---L---, 
OE ____ ._. CONTROL 

• Fast Nonvolatile Write Cycle: 10ms Max 

• End of Write Detection: DATA Polling 

• Hardware Write Protection 

• CMOS and TTL Compatible 1/0 

• 10,000 Program/Erase Cycles 

• 10 Year Data Retention 

features hardware write protection. 

The CAT28C16A/CAT28C16AI is manufactured using 
Catalyst's advanced CMOS floating gate technology. It 
is designed to endure 10,000 program/erase cycles and 7 
has a data retention of 10 years. The device is available 
in JEDEC approved 24 pin DIP and SO or 32 pin PLCC 
packages. 

ROW 
DECODER 

HIGH VOLTAGE 
GENERATOR 

2,048 x 8 
E2PROM 
ARRAY 

WE-----1~-~LO~G~l~C-~j--------:i 
1/0 BUFFERS 

© 1992 by Catalyst Semiconductor, Inc. 

TIMER 

ADDR. BUFFER 
& LATCHES 
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CAT28C16A/CAT28C16AI 

PIN CONFIGURATION 
DIP Package SO Package PLCC Package 

A1 Vee A1 24 Vee .... 0 (.) (.) 81~ (.) 
<ZZZ>I Z 

Aa Aa As 2 23 As 
As A0 As 3 22 Aa 4 3 2 1 32 31 30 

A4 WE A4 4 21 WE As s 29 As 

A3 OE A3 s 20 OE As s 28 A0 

A2 A10 A2 s 19 A10 ''4 7 27 NC 

A1 CE A1 7 18 CE A3 8 26 NC 

Ao 1/07 Ao 8 17 1/07 A2 9 TOP VIEW 2S OE 

l/Oo I/Os l/Oo 9 1S I/Os A1 10 24 A10 

1101 I/Os 1/01 10 1S I/Os Ao 11 23 CE 

1102 1104 1102 11 14 1104 NC 12 22 1107 

Vss 1103 Vss 12 13 1/03 l/Oo 13 21 1105 
14 1S 16 17 18 19 20 

PIN FUNCTIONS 

Pin Name Function 5089 FHO F01 

A(}-A10 Address Inputs 

l/0(}-1/07 Data Inputs/Outputs 

CE Chip Enable 

OE Output Enable 

WE Write Enable 

Vee 5V Supply 

Vss Ground 

NC No Connect 

MODE SELECTION 

Mode CE WE OE 1/0 Power 

Read L H L Dour ACTIVE 

Byte Write (WE Controlled) L v H D1N ACTIVE 

Byte Write (CE Controlled) v L H D1N ACTIVE 

Standby, and Write Inhibit H x x High-Z STANDBY 

Read and Write Inhibit x H H High-Z ACTIVE 

CAPACITANCE TA= 25°C, f = 1.0 MHz, Vee= 5V 

Symbol Test Max. Units Conditions 

C110<1> lnpuVOutput Capacitance 10 pF V11o=OV 

C1N<1> Input Capacitance 6 pF V1N = OV 

Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to + 125°C 

Storage Temperature ......................... -65°C to + 150°C 

Voltage on Any Pin with 
Respect to Ground<2> ...•......... -2.0V to +Vee+ 2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 
Package Power Dissipation 

Capability (Ta = 25°C) .................................... 1.0W 

Lead Soldering Temperature (10 secs) ............... 300°C 

Output Short Circuit Current<3> •••.••.••.••••...•••..•.•• 100 mA 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NEND(1) Endurance 10,000 

ToR<1) Data Retention 100 

VZAP(1) ESD Susceptibility 2000 

ILTH(1)(4) Latch-Up 100 

D.C. OPERATING CHARACTERISTICS 

CAT28C16A/CAT28C16AI 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation 
of the device at these or any other conditions outside of 
those listed in the operational sections of this specifica
tion is not implied. Exposure to any absolute maximum 
rating for extended periods may affect device perfor
mance and reliability. 

Units Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

CAT28C16A TA= 0°c to +70°C, Vee= 5V ±10%, unless otherwise specified. 
CAT28C16AI TA= -40°C to +85°C, Vee= 5V ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units Test Conditions 

Ice Vee Current (Operating, TTL) 35 mA CE =OE =V1L, 
f = 1/tRc min, All I/O's Open 

lccc<5> Vee Current (Operating, CMOS) 25 mA CE = OE = V1Lc, 
f = 1/tRc min, All I/O's Open 

lsB Vee Current (Standby, TTL) 1 mA CE = V1H, All I/O's Open 

ls0c<6> Vee Current (Standby, CMOS) 100 µA CE= V1Hc, 
All I/O's Open 

lu Input Leakage Current -10 10 µA V1N = GND to Vee 

ILO Output Leakage Current -10 10 µA VouT = GND to Vee, 
CE =V1H 

V1H<6> High Level Input Voltage 2.0 Vee +0.3 v 
V1L<5> Low Level Input Voltage -0.3 0.8 v 

VoH High Level Output Voltage 2.4 v loH =-400µA 

VoL Low Level Output Voltage 0.4 v loL =2.1mA 

Vw1 Write Inhibit Voltage 3.0 v 
Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(2) The minimum DC input voltage is -0.SV. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +0.5V, which may overshoot to Vee +2.0V for periods of less than 20 ns. 
(3) Output shorted for no more than one second. No more than one output shorted at a time. 
(4) Latch-up protection is provided for stresses up to 100mA on address and data pins from -1V to Vee +1V. 
(5) V1Le = -0.3V to +0.3V. 
(6) V1He =Vee -0.3V to Vee +0.3V. 
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CAT28C16A/CAT28C1 GAi 

A.C. CHARACTERISTICS, Read Cycle 

CAT28C16A TA= 0°C to +70°C, Vee= 5V ±10%, unless otherwise specified. 
CAT28C16AI TA = -40°C to +85°C, Vee= 5V ±10%, unless otherwise specified. 

28C16A-20 
28C16Al-20 

Symbol Parameter 

tRC Read Cycle Time 

tcE CE Access Time 

tAA Address Access Time 

toE OE Access Time 

tLz(1) CE Low to Active Output 

toLz(1l OE Low to Active Output 

IH:z(1)(7) CE High to High-Z Output 

t0Hz(1H7> OE High to High-Z Output 

toH(1) Output Hold from Address Change 

Figure 1. A.C. Testing Input/Output Waveform(B) 

2.4 v --------------
INPUT PULSE LEVELS 

0.45 v _____________ _, 

Figure 2. A.C. Testing Load Circuit (example) 

DEVICE 
UNDER 
TEST 

2.0V 

O.BV 

1.3V 

1N914 

3.3K 

I CL= 100pF 

CL INCLUDES JIG CAPACITANCE 

Note: 

Min. 

200 

0 

0 

0 

REFERENCE POINTS 

(1} This parameter is tested initially and after a design or process change that affects the parameter. 
(7) Output floating (High-Z} is defined as the state when the external data line is no longer driven by the output buffer. 
(8) Input rise and fall times (10% and 90%) < 10 ns. 
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Max. 

200 

200 

80 

55 

55 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

5089 FHD F03 

5089 FHD F04 



A.G. CHARACTERISTICS, Write Cycle 

CAT28C16A TA= 0°C to +70°C, Vee= 5V ±10%, unless otherwise specified. 
CAT28C16AI TA= -40°C to +85°C, Vee= 5V ±10%, unless otherwise specified. 

Symbol Parameter 

twe Write Cycle Time 

tAs Address Setup Time 

tAH Address Hold Time 

tes Write Setup Time 

lcH Write Hold Time 

tew(9 ) CE Pulse Time 

to ES OE Setup Time 

to EH OE Hold Time 

twp(9) WE Pulse Width 

tos Data Setup Time 

toH Data Hold Time 

toL Data Latch Time 

t1NIT(1) Write Inhibit Period After Power-up 

Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(9) A write pulse of less than 20ns duration will not initiate a write cycle. 
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28C16A-20 
28C16Al-20 

Min. Max. Units 

10 ms 

10 ns 

100 ns 

0 ns 

0 ns 

150 ns 

15 ns 

15 ns 

150 ns 

50 ns 

10 ns 

50 ns 

5 20 ms • 



CAT28C16A/CAT28C16AI 

DEVICE OPERATION 

Read 

Data stored in the CAT28C16A/CAT28C16AI is trans
ferredtothe data bus when WE is held high, and both OE 

and CE are held low. The data bus is set to a high 
impedance state when either CE or OE goes high. This 
2-line control architecture can be used to eliminate bus 
contention in a system environment. 

Figure 3. Read Cycle 

-----tRc----
---- ,.------------- r----

ADDRESS 

DATA OUT 

---ICE---

HIGH-Z 

ILz 

IOLZ 

toE 

Figure 4. Byte Write Cycle [WE Controlled] 

ADDRESS 

IAS IAH 

tcs tcH 

toES++---- twp------

HIGH-Z 
DATA OUT 

DATA IN 
DATA VALID 

----1Ds---~IDH 
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Byte Write 

A write cycle is executed when both CE and WE are low, 
and OE is high. Write cycles can be initiated using either 
WE or CE, with the address input being latched on the 
falling edge of WE or CE, whichever occurs last. Data, 
conversely, is latched on the rising edge of WE or CE, 
whichever occurs first. Once initiated, a byte write cycle 
automatically erases the addressed byte and the new 
data is written within 10 ms. 

Figure 5. Byte Write Cycle [CE Controlled] 

ADDRESS 

CE 

CAT28C16A/CAT28C16AI 

DATA Polling 

DATA polling is provided to indicate the completion of a 
byte write cycle .. Once a byte write cycle is initiated, 
attempting to read the last byte written will output the 
complement of that data on 1/07 (l/Oo-1/0e are indeter
minate) until the programming cycle is complete. Upon 
completion of the self-timed byte write cycle, all I/O's will 
output true data during a read cycle. 

1'-"-'--'-...........__._........._,__..0\\\\\\\\Y 

~~-------+----4j..L-L-.L-'~'--'-'--L.l.,?zzzzzzzza 
to ES 

tcH 

HIGH-Z 

DATA OUT 

DATA IN 

Figure 6. DATA Polling 

ADDRESS 

OE 

'/YXX'IXX'/X ~~ x 
~ I \ 

lQEH 
toE 

~.____;j 

-------'-r_D_1_N_=_X~>-------{1 Do~:~-x---====~:·~t Dour= x )>--------
soag FHD F08 
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CAT28C16A/CAT28C1 GAi 

HARDWARE DATA PROTECTION 

The following is a list of hardware data protection fea
tures that are incorporated into the CAT28C16A/ 
CAT28C16AI. 

(1) Vee sense provides for write protection when Vee 
falls below 3.0V min. 

7-8 

(2) A power on delay mechanism, t1N1T (see AC charac
teristics), provides a 5 to 20 ms delay before a write 
sequence, after Vee has reached 3.0V min. 

(3) Write inhibit is activated by holding any one of OE 
low, CE high or WE high. 

(4) Noise pulses of less than 20 ns on the WE or CE 
inputs will not result in a write cycle. 



CAT28C16V3 
16K-Bit CMOS POWER MISER™ E2PROM 

FEATURES 

• Fast Read Access Times: 700 ns 

• Low Power CMOS Dissipation: 
-Active: 1 OmA Max. 
-Standby: 50µA Max. 

• Simple Write Operation: 
-On-Chip Address and Data Latches 
-Self-Timed Write Cycle with Auto-Clear 

DESCRIPTION 

The CAT28C16V3 is a fast, low power, 3V-only CMOS 
E2PROM organized as 2K x 8 bits. It requires a simple 
interface for in-system programming. On-chip address 
and data latches, self-timed write cycle with auto-clear 
and Vee power up/down write protection eliminate addi
tional timing and protection hardware. DATA Polling 
signals the start and end of the self-timed write cycle. 

BLOCK DIAGRAM 

Vee----

ADDR. BUFFER 
& LATCHES 

INADVERTENT 
WRITE 

PROTECTION 

CE----.1..r-_ __.__..._~--. I 
OE---- CONTROL 

• Fast Nonvolatile Write Cycle: 20ms Max 

• End of Write Detection: DATA Polling 

• Hardware Write Protection 

• CMOS and TTL Compatible 1/0 

• 10,000 Program/Erase Cycles 

• 10 Year Data Retention 

Additionally, the CAT28C16V3 features hardware write 
protection. 

The CAT28C16V3 is manufactured using Catalyst's 
advanced CMOS floating gate technology. It is designed • 
to endure 10,000 program/erase cycles and has a data 
retention of 10 years. The device is available in JED EC 
approved 24 pin DIP and SO or 32 pin PLCC packages. 

ROW 
DECODER 

HIGH VOLTAGE 
GENERATOR 

2,048x 8 
E2PROM 
ARRAY 

WE------1-L.~_;:LO~G~l:C~~J-------:i 
1/0 BUFFERS 

@ 1992 by Catalyst Semiconductor, Inc. 

TIMER 

ADDA. BUFFER 
& LATCHES 
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----- ------

CAT28C16V3 

PIN CONFIGURATION 
DIP Package SO Package PLCC Package 

A7 Vee A7 24 Vee r--0 (,) (,) 81~ (,) 
<ZZZ>I Z 

As A9 As 2 23 A9 
As Ag As 3 22 Ag 4 3 2 1 32 31 30 
A4 WE A4 4 21 WE As s 2g A9 
A3 OE A3 s 20 OE As s 28 Ag 
A2 A10 A2 s 1g A10 A4 7 27 NC 
A1 CE A1 7 18 CE A3 8 2S NC 
Ao 1107 Ao 8 17 1/07 A2 g TOP VIEW 2S OE 

l/Oo I/Os l/Oo g 1S I/Os A1 10 24 A10 
1101 I/Os 1/01 10 1S I/Os Ao 11 23 CE 
1102 1104 1102 11 14 1/04 NC 12 22 1107 
Vss 1/03 Vss 12 13 1/03 l/Oo 13 21 I/Os 

14 1S 1S 17 18 1g 20 

PIN FUNCTIONS 

Pin Name Function 5089 FHD F01 

Ao-A10 Address Inputs 

l/Oo-1/07 Data Inputs/Outputs 

CE Chip Enable 

OE Output Enable 

WE Write Enable 

Vee 3V Supply 

Vss Ground 

NC No Connect 

MODE SELECTION 

Mode CE WE OE 1/0 Power 

Read L H L DouT ACTIVE 

Byte Write (WE Controlled) L v H D1N ACTIVE 

Byte Write (CE Controlled) v L H D1N ACTIVE 

Standby, and Write Inhibit H x x High-Z STANDBY 

Read and Write Inhibit x H H High-Z ACTIVE 

CAPACITANCE TA= 25°C, f = 1.0 MHz, Vee= 5V 

Symbol Test Max. Units Conditions 

C1;0(1l Input/Output Capacitance 10 pF V110= OV 

C1N(1) Input Capacitance 6 pF V1N = OV 

Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to + 125°C 

Storage Temperature ......................... -65°C to + 150°C 

Voltage on Any Pin with 
Respect to Ground<2> ............. -2.0V to +Vee+ 2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 
Package Power Dissipation 

Capability (Ta= 25°C) .................................... 1.0W 

Lead Soldering Temperature (10 secs) ............... 300°C 

Output Short Circuit Current<3> .......................... 100 mA 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NEND(l) Endurance 10,000 

ToR<1> Data Retention 100 

VZAp(l) ESD Susceptibility 2000 

ILTH(1)(4) Latch-Up 100 

D.C. OPERATING CHARACTERISTICS 

CAT28C16V3 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation 
of the device at these or any other conditions outside of 
those listed in the operational sections of this specifica
tion is not implied. Exposure to any absolute maximum 
rating for extended periods may affect device perfor
mance and reliability. 

Units Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

CAT28C16V3 TA= 0°C to +70°C, Vee= 3V ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units Test Conditions 

leee<5> Vee Current (Operating, CMOS) 10 mA CE = OE = V1Le, 
f = 11tRe min, All I/O's Open 

lssc<6> Vee Current (Standby, CMOS) 50 µA CE=V1He, 
All I/O's Open 

lu Input Leakage Current -10 10 µA V1N = GND to Vee 

ILO Output Leakage Current -10 10 µA VouT = GND to Vee, 
CE =V1H 

V1H(6) High Level Input Voltage Vee-0.3 Vee +0.3 v 
V1L<5> Low Level Input Voltage -0.3 0.3 v 
VoH High Level Output Voltage Vee -0.3 v loH =-10µA 

VoL Low Level Output Voltage 0.3 v loL = 10mA 

Vw1 Write Inhibit Voltage 2.0 v 

Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(2) The minimum DC input voltage is -0.SV. During transitions, inputs may undershoot to -.!J..OV for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +0.5V, which may overshoot to Vee +2.0V for periods of less than 20 ns. 
(3) Output shorted for no more than one second. No more than one output shorted at a time. 
(4) Latch-up protection is provided for stresses up to 100mA on address and data pins from -1V to Vee +1V. 
(5) V1Le = -0.3V to +0.3V. 
(6) V1He =Vee -0.3V to Vee +0.3V. 
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CAT28C16V3 

A.C. CHARACTERISTICS, Read Cycle 

CAT28C16V3 TA= 0°c to +70°C, Vee= 3V ±10%, unless otherwise specified. 

28C16V3-20 

Symbol Parameter 

tRc Read Cycle Time 

tcE CE Access Time 

tAA Address Access Time 

toE OE Access Time 

tLz(l) CE Low to Active Output 

toLz(1l OE Low to Active Output 

tH:z(1)(7) CE High to High-Z Output 

toHz(l)(?) OE High to High-Z Output 

toH(l) Output Hold from Address Change 

Figure 1. A.C. Testing Input/Output Waveform(B) 

2.4 v ----------------.. 
INPUT PULSE LEVELS 

0.45 v _____________ _, 

Figure 2. A.C. Testing Load Circuit (example) 

DEVICE 
UNDER 
TEST 

2.0V 

0.8 v 

1.3V 

1N914 

3.3K 

I CL=100pF 

CL INCLUDES JIG CAPACITANCE 

Note: 

Min. 

700 

10 

10 

100 

REFERENCE POINTS 

(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(7) Output floating (High-Z) is defined as the state when the external data line is no longer driven by the output buffer. 
(8) Input rise and fall times (10% and 90%) < 10 ns. 
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Max. 

700 

700 

450 

80 

80 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

5089 FHD F03 

5089 FHD F04 



A.C. CHARACTERISTICS, Write Cycle 

CAT28C16V3 TA= 0°C to +70°C, Vee= 3V ±10%, unless otherwise specified. 

Symbol Parameter 

twc Write Cycle Time 

tAS Address Setup Time 

IAH Address Hold Time 

!cs Write Setup Time 

lcH Write Hold Time 

tcw<9l CE Pulse Time 

to ES OE Setup Time 

to EH OE Hold Time 

twp<9l WE Pulse Width 

tos Data Setup Time 

toH Data Hold Time 

toL Data Latch Time 

t1NIT(1) Write Inhibit Period After Power-up 

Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(9) A write pulse of less than 20ns duration will not initiate a write cycle. 
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CAT28C16V3 

28C16V3-20 

Min. Max. Units 

20 ms 

10 ns 

150 ns 

0 ns 

0 ns 

200 ns 

20 ns 

20 ns 

200 ns 

100 ns 

20 ns 

100 ns 

10 30 ms 
·--· -- • 



CAT28C16V3 

DEVICE OPERATION 

Read 

Data stored in the CAT28C16V3 is transferred to the 
data bus when WE is held high, and both OE and CE are 

held low. The data bus is set to a high impedance state 
when either CE or OE goes high. This 2-line control 
architecture can be used to eliminate bus contention in 
a system environment. 

Figure 3. Read Cycle 

1+----IRC ----.i 
~~~--- ,.-~~~~~~~~--..,.--~~~ 

ADDRESS 

DATA OUT 

~--ICE---

HIGH-Z 

ILZ 

IQLZ 

IQE 

Figure 4. Byte Write Cycle [WE Controlled] 

ADDRESS 

toEs--------twp---------

HIGH-Z 
DATA OUT 

DATA IN 
DATA VALID 

1+---tDs ------'DH 
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Byte Write 

A write cycle is executed when both CE and WE are low, 
and OE is high. Write cycles can be initiated using either 
WE or CE, with the address input being latched on the 
falling edge of WE or CE, whichever occurs last. Data, 
conversely, is latched on the rising edge of WE or CE, 
whichever occurs first. Once initiated, a byte write cycle 
automatically erases the addressed byte and the new 
data is written within 20 ms. 

Figure 5. Byte Write Cycle [CE Controlled] 

ADDRESS 

to ES 

CAT28C16V3 

DATA Polling 

DATA polling is provided to indicate the completion of a 
byte write cycle. Once a byte write cycle is initiated, 
attempting to read the last byte written will output the 
complement of that data on 1/07 (l/Oo-1/05 are indeter
minate) until the programming cycle is complete. Upon 
completion of the self-timed byte write cycle, all I/O's will 
output true data during a read cycle. 

to EH 

tcH 

HIGH-Z 

DATA OUT 

DATA IN exxxxxxxxxX>-
5089 FHD F07 

Figure 6. DATA Polling 

ADDRESS 

CE 

WE 

OE 

mxrn ~~ x 
~ I \ 

IQEH 
toE 

~~-11 
------<~_D_l_N_=_X~>-------<I Do~:~-x---====~::~~ DouT = x )>--------

5089 FHD FOB 
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CAT28C16V3 

HARDWARE DATA PROTECTION 

The following is a list of hardware data protection fea
tures that are incorporated into the CAT28C16V3. 

(1) Vee sense provides for write protection when Vee 
falls below 2.0V min. 

(2) A power on delay mechanism, t1NIT (see AC charac-

7-16 

teristics), provides a 1Oto30 ms delay before a write 
sequence, after Vee has reached 2.0V min. 

(3) Write inhibit is activated by holding any one of OE 
low, CE high or WE high. 

(4) Noise pulses of less than 20 ns on the WE or CE 
inputs will not result in a write cycle. 



CAT28C17 A/CAT28C17 Al 
16K-Bit CMOS E2PROM 

FEATURES 

• Fast Read Access Times: 200 ns 

• Low Power CMOS Dissipation: 
-Active: 25mA Max. 
-Standby: 100µA Max. 

• Simple Write Operation: 
-On-Chip Address and Data Latches 
-Self-Timed Write Cycle with Auto-Clear 

• Fast Nonvolatile Write Cycle: 10ms Max 

DESCRIPTION 

The CAT28C17A/CAT28C17AI isa fast, low power, 5V
only CMOS E2PROM organized as 2K x 8 bits. It 
requires a simple interface for in-system programming. 
On-chip address and data latches, self-timed write 
cycle with auto-clear and Vee power up/down write 
protection eliminate additional timing and protection 
hardware. DATA Polling and a ROY/BUSY pin signal 
the start and end of the self-timed write cycle. Addition-

BLOCK DIAGRAM 

Vee----

ADDR. BUFFER 
& LATCHES 

INADVERTENT 
WRITE 

PROTECTION 

CE-----1.r---'---'---, I 
OE-----+! CONTROL 

• End of Write Detection: 
-DAT A Polling 
-ROY/BUSY Pin 

• Hardware Write Protection 

• CMOS and TTL Compatible 1/0 

• 10,000 Program/Erase Cycles 

• 10 Year Data Retention 

ally, the CAT28C17A/CAT28C17AI features hardware 
write protection. 

The CAT28C17A/CAT28C17AI is manufactured using • 
Catalyst's advanced CMOS floating gate technology. It 
is designed to endure 10,000 program/erase cycles and 
has a data retention of 10 years. The device is available 
in JEDEC approved 28 pin DIP and SO or 32 pin PLCC 
packages. 

ROW 
DECODER 

HIGH VOLTAGE 
GENERATOR 

2,048 x 8 
E2PROM 
ARRAY 

WE-----11._ _ _.;::LO~G~l~C-~j-------:i 
110 BUFFERS 

TIMER 

ADDR. BUFFER 
& LATCHES 

RDY/BUSY ._ ___________ __i 

© 1992 by Catalyst Semiconductor, Inc. 
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CAT28C17 A/CAT28C17 Al 

PIN CONFIGURATION 
DIP Package SO Package PLCC Package 

RDY/BUSY Vee ADY/BUSY 28 Vee 
NC WE NC 2 27 WE 
A1 NC A1 3 2S NC 

As As As 4 2S As 

I~ 
~ 0 

.... 0 Cl 0 01~ 0 
<ZCI:Z> Z 

As Ag As s 24 Ag 

A4 NC ~ s 23 NC As 
As OE A3 7 22 OE As 
A2 A10 A2 8 21 A10 A4 
A1 CE A1 g 20 CE As 
Ao 1/07 Ao 10 1g 1/07 A2 

l!Oo I/Os l/Oo 11 18 I/Os A1 
1/01 I/Os 1/01 12 17 I/Os Ao 
1102 1/04 1102 13 1S 1/04 NC 
Vss 1/03 Vss 14 1S l/03 l/Oo 

4 3 2 1 32 31 30 
s 2g As 
s 28 Ag 
7 27 NC 
8 2S NC 
g TOP VIEW 2S OE 
10 24 A10 
11 23 CE 
12 22 1/07 
13 21 I/Os 

14 1S 1S 17 18 1g 20 

PIN FUNCTIONS 

Pin Name Function 

Ao-A10 Address Inputs 5091 FHD F01 

l/Oo-1/0, Data Inputs/Outputs 

ROY/BUSY Ready/BUSY Status 

CE Chip Enable 

OE Output Enable 

WE Write Enable 

Vee 5V Supply 

Vss Ground 

NC No Connect 

MODE SELECTION 

Mode CE WE OE 1/0 Power 

Read L H L DouT ACTIVE 

Byte Write (WE Controlled) L v H D1N ACTIVE 

Byte Write (CE Controlled) v L H D1N ACTIVE 

Standby, and Write Inhibit H x x High-Z STANDBY 

Read and Write Inhibit x H H High-Z ACTIVE 

CAPACITANCE TA = 25°C, f = 1.0 MHz, V cc = 5V 

Symbol Test Max. Units Conditions 

Cvo<1> Input/Output Capacitance 10 pF V110= OV 

C1N<1l Input Capacitance 6 pF V1N = OV 

Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to+ 125°C 

Storage Temperature ......................... -65°C to + 150°C 

Voltage on Any Pin with 
Respect to Ground(2l ............. -2.0V to +Vee+ 2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 
Package Power Dissipation 

Capability (Ta= 25°C) .................................... 1.0W 

Lead Soldering Temperature (1 O secs) ............... 300°C 

Output Short Circuit Current(3) .......................... 100 mA 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NENo(1) Endurance 10,000 

ToR(1l Data Retention 100 

V-zAp(1) ESD Susceptibility 2000 

ILTH(1)(4) Latch-Up 100 

D.C. OPERATING CHARACTERISTICS 

CAT28C17 A/CA T28C17 Al 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation 
of the device at these or any other conditions outside of 
those listed in the operational sections of this specifica
tion is not implied. Exposure to any absolute maximum 
rating for extended periods may affect device perfor
mance and reliability. 

Units Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

CAT28C17A TA= 0°C to +70°C, Vee= 5V ±10%, unless otherwise specified. 
CAT28C17 Al TA = -40°C to +85°C, Vee = 5V ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units Test Conditions 

Ice Vee Current (Operating, TTL) 35 mA CE= OE= V1L. 
f = 1/tRc min, All I/O's Open 

lcce(5) Vee Current (Operating, CMOS) 25 mA CE =OE = V1Le, 
f = 1/tRe min, All I/O's Open 

lsB Vee Current (Standby, TTL) 1 mA CE = V1H, All I/O's Open 

lsBe(6) Vee Current (Standby, CMOS) 100 µA CE= V1He. 
All I/O's Open 

lu Input Leakage Current -10 10 µA V1N = GND to Vee 

ILO Output Leakage Current -10 10 µA VouT = GND to Vee, 
CE= V1H 

V1H(6) High Level Input Voltage 2.0 Vee +0.3 v 
V1L(5) Low Level Input Voltage -0.3 0.8 v 
VoH High Level Output Voltage 2.4 v loH =-400µA 

VoL Low Level Output Voltage 0.4 v loL = 2.1 mA 

Vw1 Write Inhibit Voltage 3.0 v 
Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(2) The minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +0.5V, which may overshoot to Vee +2.0V for periods of less than 20 ns. 
(3) Output shorted for no more than one second. No more than one output shorted at a time. 
(4) Latch-up protection is provided for stresses up to 1 OOmA on address and data pins from -1V to Vee +1V. 
(5) V1Lc ~ -0.3V to +0.3V. 
(6) V1He ~Vee -0.3V to Vee +0.3V. 
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CAT28C17 A/CAT28C17 Al 

A.C. CHARACTERISTICS, Read Cycle 

CAT28C17 A TA = 0°C to +70°C, Vee = 5V ±10%, unless otherwise specified. 
CAT28C17 Al TA = -40°C to +85°C, Vee = 5V ±10%, unless otherwise specified. 

28C17A-20 
28C17Al-20 

Symbol Parameter 

tRC Read Cycle Time 

tcE CE Access Time 

tAA Address Access Time 

toE OE Access Time 

tLz(1l CE Low to Active Output 

toLz(1) OE Low to Active Output 

tHz(1)(7) CE High to High-Z Output 

toHz(l)(?) OE High to High-Z Output 

toH(1) Output Hold from Address Change 

Figure 1. A.C. Testing Input/Output Waveform(B) 

2.4 v --------------
INPUT PULSE LEVELS 

0.45 v _____________ __, 

Figure 2. A.C. Testing Load Circuit (example) 

DEVICE 
UNDER 
TEST 

2.0V 

o.sv 

1.3V 

1N914 

3.3K 

I CL=100pF 

CL INCLUDES JIG CAPACITANCE 

Note: 

Min. 

200 

0 

0 

0 

REFERENCE POINTS 

( 1) This parameter is tested initially and after a design or process change that affects the parameter. 
(7) Output floating (High-Z) is defined as the state when the external data line is no longer driven by the output buffer. 
{8) Input rise and fall times {10% and 90%) < 10 ns. 
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Max. 

200 

200 

80 

55 

55 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

5089 FHD F03 

5089 FHD F04 



A.C. CHARACTERISTICS, Write Cycle 

CAT28C17A TA= 0°C to +70°C, Vee= 5V ±10%, unless otherwise specified. 
CAT28C17 Al TA = -40°C to +85°C, Vee = 5V ±10%, unless otherwise specified. 

Symbol Parameter 

twe Write Cycle Time 

tAS Address Setup Time 

tAH Address Hold Time 

tcs Write Setup Time 

tcH Write Hold Time 

tew(9) CE Pulse Time 

to ES OE Setup Time 

to EH OE Hold Time 

twp(9) WE Pulse Width 

tos Data Setup Time 

toH Data Hold Time 

toL Data Latch Time 

t1NIT(1) Write Inhibit Period After Power-up 

toB Time to Device Busy 

Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(9) A write pulse of less than 20ns duration will not initiate a write cycle. 
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CAT28C17 A/CAT28C17 Al 

28C17A-20 
28C17Al-20 

Min. Max. Units 

10 ms 

10 ns 

100 ns 

0 ns 

0 ns 

150 ns 

15 ns 

15 ns 

150 ns 

50 ns 

10 ns 

50 ns 

5 20 ms • 80 ns 
~·----



CAT28C17 A/CAT28C17 Al 

DEVICE OPERATION 

Read 

Data stored in the CAT28C17A/CAT28C17AI is trans
ferred to the data bus when WE is held high, and both OE 
and CE are held low. The data bus is set to a high 
impedance state when either CE or OE goes high. This 
2-line control architecture can be used to eliminate bus 

Figure 3. Read Cycle 

contention in a system environment. 

Ready/BUSY (ROY/BUSY) 

The ROY/BUSY pin is an open drain output which 
indicates device status during programming. It is pulled 
low during the write cycle and released at the end of 
programming. Several devices may be OR-tied to the 
same ROY/BUSY line. 

tRc----

ADDRESS 

DATA OUT 

14---tcE ---+I 

HIGH-Z 

lLz 

lQLZ 

~--------~ 

to HZ 

5089 FHD FOS 

Figure 4. Byte Write Cycle [WE Controlled] 

ADDRESS 

OE 

toEs...i..1----twp ----++-...i 

RDY/BUSY 

DATA OUT 
HIGH-Z 

DATA IN DATA VALID ~XXXXXXXXXX>-
"---tDs ---.i.•tDH 

5091 FHD F06 
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Byte Write 

A write cycle is executed when both CE and WE are low, 
and OE is high. Write cycles can be initiated using either 
WE or CE, with the address input being latched on the 
falling edge of WE or CE, whichever occurs last. Data, 
conversely, is latched on the rising edge of WE or CE, 
whichever occurs first. Once initiated, a byte write cycle 
automatically erases the addressed byte and the new 
data is written within 10 ms. 

Figure 5. Byte Write Cycle [CE Controlled] 

ADDRESS 

OE 

to ES 

WE 

ROY/BUSY 

DATA OUT 
HIGH-Z 

CAT28C17 A/CAT28C17 Al 

DATA Polling 

DATA polling is provided to indicate the completion of a 
byte write cycle. Once a byte write cycle is initiated, 
attempting to read the last byte written will output the 
complement of that data on 1/07 (l/Oo-1106 are indeter
minate) until the programming cycle is complete. Upon 
completion of the self-timed byte write cycle, all I/O's will 
output true data during a read cycle. 

IOEH 

~\SSSSSSS/7 
tcH 

(ZZZZZZlll'A 

r 
tos 

DATA IN DATA VALID ~xxxxxxxxxX>-
tos IDH 

5091 FHD F07 

Figure 6. DATA Polling 

ADDRESS __ ___,XXXX'tlXfX ____ ~~._____,X~--

~---___,/ \..____ 

IOEH 
toE 

OE ~~-'1 
______ ,. ... -<_,. -_o:::,:::N:::=:::X:::::=========:-D-o:~-X->--------~~ .... ---~~~:1 Dour= x )>--------

soae FHD FOB 
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CAT28C17 A/CAT28C17 Al 

HARDWARE DATA PROTECTION 

The following is a list of hardware data protection fea
tures that are incorporated into the CAT28C17 Al 
CAT28C17AI. 

(1) Vee sense provides for write protection when Vee 
falls below 3.0V min. 
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(2) A power on delay mechanism, t1N1T (see AC charac
teristics), provides a 5 to 20 ms delay before a write 
sequence, after Vee has reached 3.0V min. 

(3) Write inhibit is activated by holding any one of OE 
low, CE high or WE high. 

(4) Noise pulses of less than 20 ns on the WE or CE 
inputs will not result in a write cycle. 



CAT28C64A/CAT28C64AI 
64K-Bit CMOS E2PROM 

FEATURES 

• Fast Read Access Times: 150/200/250ns 

• Low Power CMOS Dissipation: 
-Active: 30mA Max. 
-Standby: 100µA Max. 

• Simple Write Operation: 
-On-Chip Address and Data Latches 
-Self-Timed Write Cycle with Auto-Clear 

• Fast Nonvolatile Write Cycle: 
-10ms Max (5ms available) 

DESCRIPTION 

The CAT28C64A/CAT28C64AI is a fast, low power, 5V
only CMOS E2PROM organized as BK x 8 bits. It 
requires a simple interface for in-system programming. 
On-chip address and data latches, self-timed write cycle 
with auto-clear and Vee power up/down write protection 
eliminate additional timing and protection hardware. 
DATA Polling signals the start and end of the self-timed 
write cycle. Additionally, the CAT28C64A/CAT28C64AI 

BLOCK DIAGRAM 

Vee----

ADDR. BUFFER 
& LATCHES 

INADVERTENT 
WRITE 

PROTECTION 

CE------t-r--~-..._-...., I 
OE---- CONTROL 

• CMOS and TTL Compatible 1/0 

• Automatic Page Write Operation: 
-1to32 Bytes in 10ms 
-Page Load Timer 

• End of Write Detection: DATA Polling 

• Hardware Write Protection 

• 10,000 Program/Erase Cycles 

• 10 Year Data Retention 

features hardware write protection. 

The CAT28C64A/CAT28C64AI is manufactured using • 
Catalyst's advanced CMOS floating gate technology. It 
is designed to endure 10,000 program/erase cycles and 
has a data retention of 1 O years. The device is available 
in JEDEC approved 28 pin DIP and SO or 32 pin PLCC 
packages. 

ROW 
DECODER 

HIGH VOLTAGE 
GENERATOR 

8, 192 x 8 
E2PROM 
ARRAY 

32 BYTE PAGE 
REGISTER 

WE ----t__...;L:.:O:..:G::_:IC;..____,..J---------. 
110 BUFFERS 

© 1992 by Catalyst Semiconductor, Inc. 

TIMER 

ADDR. BUFFER 
& LATCHES 

DATA POLLING 
LOGIC 
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CAT28C64A/CAT28C64AI 

PIN CONFIGURATION PIN FUNCTIONS 
DIP Package SO Package Pin Name Function 

NC Vee NC Vee 

A12 WE A12 WE 

A7 NC A7 NC 

Ar:rA12 Address Inputs 

l/Or:rl/01 Data Inputs/Outputs 

As As As A9 

As Ag As Ag 

A4 A11 A4 A11 

CE Chip Enable 

OE Output Enable 

A3 OE A3 OE WE Write Enable 
A2 A10 A2 A10 

A1 CE A1 CE Vee 5V Supply 

Ao 1/07 Ao 1/07 

l/Oo I/Os l!Oo I/Os 

1/01 I/Os 1/01 I/Os 

1/02 1104 1102 1104 

Vss 1103 Vss 1103 

Vss Ground 

NC No Connect 

PLCC Package 
"' 0 ..... ~ 0 0 01~ 0 

<( <( z z > z 

4 3 2 1 32 31 30 
As s 29 A9 
As s 28 Ag 
A4 7 27 A11 
A3 8 2S NC 
A2 g TOP VIEW 2S OE 
A1 10 24 A10 
Ao 11 23 CE 
NC 12 22 1107 

l!Oo 13 
14 1S 1S 17 18 19 20 

21 I/Os 

._NW(.) OOVLO 

~~giz~~~ 
5094 FHD Fm 

MODE SELECTION 

Mode CE WE OE 1/0 Power 

Read L H L DouT ACTIVE 

Byte Write (WE Controlled) L v H D1N ACTIVE 

Byte Write (CE Controlled) v L H D1N ACTIVE 

Standby, and Write Inhibit H x x High-Z STANDBY 

Read and Write Inhibit x H H High-Z ACTIVE 

CAPACITANCE TA= 25°C, f = 1.0 MHz, Vee= 5V 

Symbol Test Max. Units Conditions 

C11d1l Input/Output Capacitance 10 pF V110= OV 

C1N(1) Input Capacitance 6 pF V1N = OV 

Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to + 125°C 

Storage Temperature ......................... -65°C to + 150°C 

Voltage on Any Pin with 
Respect to Ground<2l ............. -2.0V to +Vee+ 2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 
Package Power Dissipation 

Capability (Ta= 25°C) .................................... 1.0W 

Lead Soldering Temperature (10 secs) ............... 300°C 

Output Short Circuit Current<3l .......................... 100 mA 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NEND(l) Endurance 10,000 

foR(l) Data Retention 100 

VZAp(1J ESD Susceptibility 2000 

ILTH(1)(4) Latch-Up 100 

D.C. OPERATING CHARACTERISTICS 

CAT28C64A/CAT28C64AI 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation 
of the device at these or any other conditions outside of 
those listed in the operational sections of this specifica
tion is not implied. Exposure to any absolute maximum 
rating for extended periods may affect device perfor
mance and reliability. 

Units Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years M IL-STD-883, Test Method 1 008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

CAT28C64A TA= 0°C to +70°C, Vee= 5V ±10%, unless otherwise specified. 
CAT28C64AI TA = -40°C to +85°C, Vee = 5V ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units Test Conditions 

Ice Vee Current (Operating, TTL) 40 mA CE= OE= V1L. 
f = 1/tRc min, All I/O's Open 

lccc<5l Vee Current (Operating, CMOS) 30 mA CE =OE = V1Lc, 
f = 1/tRc min, All I/O's Open 

lsB Vee Current (Standby, TTL) 1 mA CE = V1H, All I/O's Open 

lsBC(B) Vee Current (Standby, CMOS) 100 µA CE= V1Hc, 
All I/O's Open 

lu Input Leakage Current -1 1 µA V1N = GND to Vee 

ILO Output Leakage Current -10 10 µA VouT = GND to Vee, 
CE= V1H 

V1H(6 ) High Level Input Voltage 2.0 Vee +0.3 v 
V1L(S) Low Level Input Voltage -0.3 0.8 v 
VoH High Level Output Voltage 2.4 v loH =-400µA 

VoL Low Level Output Voltage 0.4 v loL = 2.1mA 

Vw1 Write Inhibit Voltage 3.0 v 
Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(2) The minimum DC input voltage is -0.SV. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +O.SV, which may overshoot to Vee +2.0V for periods of less than 20 ns. 
(3) Output shorted for no more than one second. No more than one output shorted at a time. 
(4) Latch-up protection is provided for stresses up to 100mA on address and data pins from -1V to Vee +1V. 
(5) V1Lc = -0.3V to +0.3V. 
(6) V1He =Vee -0.3V to Vee +0.3V. 
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CA T28C64A/CAT28C64AI 

A.C. CHARACTERISTICS, Read Cycle 

CAT28C64A TA= 0°C to +70°C, Vee= 5V ±10%, unless otherwise specified. 
CAT28C64AI TA = -40°C to +85°C, Vee = 5V ±10%, unless otherwise specified. 

28C64A-15 28C64A-20 28C64A-25 
28C64Al-15 28C64Al-20 28C64Al-25 

Symbol Parameter 

tRC Read Cycle Time 

lcE CE Access Time 

tAA Address Access Time 

toE OE Access Time 

tLz(1) CE Low to Active Output 

toLz(1l OE Low to Active Output 

tHz(1)(7) CE High to High-Z Output 

t0Hz(1H7l OE High to High-Z Output 

toH(1) Output Hold from Address Change 

Figure 1. A.C. Testing Input/Output Waveform(S) 

2.4 v -----------------. 
INPUT PULSE LEVELS 

0.45 v _____________ __, 

Figure 2. A.C. Testing Load Circuit (example) 

DEVICE 
UNDER 
TEST 

Min. Max. 

150 

150 

150 

70 

10 

10 

70 

70 

20 

2.0 v 

0.8 v 

1.3V 

1N914 

3.3K 

I CL =100pF 

CL INCLUDES JIG CAPACITANCE 

Note: 

Min. Max. Min. 

200 250 

200 

200 

90 

10 10 

10 10 

90 

90 

20 20 

REFERENCE POINTS 

(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(7) Output floating (High·Z) is defined as the state when the external data line is no longer driven by the output buffer. 
(8) Input rise and fall times (10% and 90%) < 10 ns. 
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Max. 

250 

250 

90 

90 

90 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

5096 FHD F03 

5096 FHD F04 



CAT28C64A/CAT28C64AI 

A.C. CHARACTERISTICS, Write Cycle 

CAT28C64A TA= 0°C to +70°C, Vee= 5V ±10%, unless otherwise specified. 
CAT28C64AI TA= -40°C to +85°C, Vee= 5V ±10%, unless otherwise specifi.ed. 

28C64A-15 28C64A-20 
28C64Al-15 28C64Al-20 

Symbol Parameter Min. Max. Min. Max. 

twe Write Cycle Time 10 10 

tAs Address Setup Time 0 0 

tAH Address Hold Time 100 120 

tcs Write Setup Time 0 0 

1cH Write Hold Time 0 0 

tcw(9 l CE Pulse Time 150 150 

to ES OE Setup Time 10 10 

to EH OE Hold Time 10 10 

twp(9) WE Pulse Width 150 150 

tos Data Setup Time 70 70 

toH Data Hold Time 0 0 

t1NIT(1) Write Inhibit Period After Power-up 5 20 5 20 

tsLC(1 )(10) Byte Load Cycle Time 10 100 10 100 

Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(9) A write pulse of less than 20ns duration will not initiate a write cycle. 

28C64A-25 
28C64Al-25 

Min. Max. Units 

10 ms 

0 ns 

100 ns 

0 ns 

0 ns 

150 ns 

10 ns 

10 ns 

150 ns 

70 ns 

0 ns 

5 20 ms 

10 100 µs 

(10) A timer of duration tsLC max. begins with every LOW to HIGH transition of WE. If allowed to time out, a page or byte write will begin; 
however a transition from HIGH to LOW within tsLC max. stops the timer. 
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CAT28C64A/CA T28C64AI 

DEVICE OPERATION 

Read 

Data stored in the CAT28C64A/CAT28C64AI is trans
ferredtothedatabus when WE is held high, and both OE 
and CE are held low. The data bus is set to a high 
impedance state when either CE or OE goes high. This 
2-line control architecture can be used to eliminate bus 
contention in a system environment. 

Figure 3. Read Cycle 

Byte Write 

A write cycle is executed when both CE and WE are low, 
and OE is high. Write cycles can be initiated using either 
WE or CE, with the address input being latched on the 
falling edge of WE or CE, whichever occurs last. Data, 
conversely, is latched on the rising edge of WE or CE, 
whichever occurs first. Once initiated, a byte write cycle 
automatically erases the addressed byte and the new 
data is written within 10 ms. 

------,. i+----tRc ----- ,.------------.. ,.-----
ADDRESS 

1+---lCE--~ 

toE 

to HZ 

DATA OUT 
HIGH-Z 

5096 FHD FOS 

Figure 4. Byte Write Cycle [WE Controlled] 

toES+f.---- twp ----.i-.....-iloEH 

IBLC 
HIGH-Z 

DATA OUT 

DATA IN 
DATA VALID ~XXXXXXXX>-

---IDS ----14-IDH 
5096 FHD F06 
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Page Write 

The page write mode of the CAT28C64A/CAT28C64AI 
(essentially an extended BYTE WRITE mode) allows 
from 1 to 32 bytes of data to be programmed within a 
single E2PROM write cycle. This effectively reduces the 
byte-write time by a factor of 32. 

Following an initial WRITE operation (WE pulsed low, for 
twp, and then high~e page write mode can begin by 
issuing sequential WE pulses, which load the address 
and data bytes into a 32 byte temporary buffer. The page 
address where data is to be written, specified by bits As 
to A12, is latched on the last falling edge of WE. Each 
byte within the page is defined by address bits Ao to A4 

Figure 5. Byte Write Cycle [CE Controlled] 

HIGH-Z 

DATA OUT 

DATA IN 

Figure 6. Page Mode Write Cycle 

CAT28C64A/CAT28C64AI 

(which can be loaded in any order) during the first and 
subsequent write cycles. Each successive byte load 
cycle must begin within tBLC MIN of the rising edge of the 
preceding WE pulse. There is no page write window 
limitation as long as WE is pulsed low within tBLC MIN. 

Upon completion of the page write sequence, WE must 
stay high a minimum of tBLC MAX for the internal auto
matic program cycle to commence. This programming 
cycle consists of an erase cycle, which erases any data 
that existed in each addressed cell, and a write cycle, 
which writes new data back into the cell. A page write will 
only write data to the locations that were addressed and 
will not rewrite the entire page. 

/~77~77-r--~~~~~s~s ~~~-\\\0------''--

~\ 

'--'-'-.............__...L-L-..l...-<'-l.--L..!lb.~,,s !lb. !lb. /////~'1-1-'--

ADDRESS _ ____,X~-X~_X...._____.C 
twc 

1/0 ~.__ _ _.X LAST BYTE )>----
BYTE O BYTE 1 BYTE2 BYTE n BYTE n+ 1 BYTE n+2 

5096 FHO F10 
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CAT28C64A/CAT28C64AI 

DATA Polling 

DATA polling is provided to indicate the completion of a 
byte write cycle. Once a byte write cycle is initiated, 
attempting to read the last byte written will output the 
complement of that data on 1/07 (l/Oo-1/05 are indeter
minate) until the programming cycle is complete. Upon 
completion of the self-timed byte write cycle, all I/O's will 
output true data during a read cycle. 

HARDWARE DATA PROTECTION 

The following is a list of hardware data protection fea
tures that are incorporated into the CAT28C64A/ 
CAT28C64AI. 

Figure 7. DATA Polling 

ADDRESS X:IXXX'IX'tl. 

to EH 
toE 

(1) Vee sense provides for write protection when Vee 
falls below 3.0V min. 

(2) A power on delay mechanism, t1N1T (see AC charac
teristics), provides a 5 to 20 ms delay before a write 
sequence, after Vee has reached 3.0V min. 

(3) Write inhibit is activated by holding any one of OE 
low, CE high or WE high. 

(4) Noise pulses of less than 20 ns on the WE or CE 
inputs will not result in a write cycle. 

~~ x 
~ I \ 

~~-If 
------------+--twe------~·1 

------..'"-D_1_N_=_X--..i--------1.1 Dour= x i----'>'r--- Dour= x )r--------
~ 5094 FHD F11 
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CAT28C65A/CAT28C65AI 
64K-Bit CMOS E2PROM 

FEATURES 

• Fast Read Access Times: 150/200/250ns 

• Low Power CMOS Dissipation: 
-Active: 30mA Max. 
-Standby: 100µA Max. 

• Simple Write Operation: 
-On-Chip Address and Data Latches 
-Self-Timed Write Cycle with Auto-Clear 

• Fast Nonvolatile Write Cycle: 
-10ms Max (Sms available) 

• CMOS and TTL Compatible 1/0 

DESCRIPTION 

The CAT28C65A/CAT28C65AI is a fast, low power, 5V
only CMOS E2PROM organized as 8K x 8 bits. It 
requires a simple interface for in-system programming. 
On-chip address and data latches, self-timed write 
cycle with auto-clear and Vee power up/down write 
protection eliminate additional timing and protection 
hardware. DATA Polling and a RDY/BUSY pin signal 
the start and end of the self-timed write cycle. Addition-

BLOCK DIAGRAM 

ADDR. BUFFER 
& LATCHES 

INADVERTENT 
WRITE 

PROTECTION 

CE ____ ..,-~----'-----, 
OE ----..i CONTROL 

• Automatic Page Write Operation: 
-1to32 Bytes in 10ms 
-Page Load Timer 

• End of Write Detection: 
-DATA Polling 
-ROY/BUSY Pin 

• Hardware Write Protection 

• 10,000 Program/Erase Cycles 

• 10 Year Data Retention 

ally, the CAT28C65A/CAT28C65AI features hardware • 
write protection. 

The CAT28C65A/CAT28C65AI is manufactured using 
Catalyst's advanced CMOS floating gate technology. It 
is designed to endure 10,000 program/erase cycles and 
has a data retention of 1 O years. The device is available 
in JEDEC approved 28 pin DIP and SO or 32 pin PLCC 
packages. 

ROW 
DECODER 

HIGH VOLTAGE 
GENERATOR 

8,192x8 
E2PROM 
ARRAY 

32 BYTE PAGE 
REGISTER 

WE ----"'L. _ _;L:.:O:_:G:..:.IC:;_~,..J"'------. 
110 BUFFERS 

TIMER 

ADDR. BUFFER 
& LATCHES 

ROY/BUSY..-------------~ 

© 1992 by Catalyst Semiconductor, Inc. 

DATA POLLING 
& ROY/BUSY LOGIC 
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CAT28C65A/CAT28C65AI 

PIN CONFIGURATION PIN FUNCTIONS 
DIP Package SO Package 

ROY/BUSY Vee ROY/BUSY Vee 

A12 WE A12 WE 

Pin Name Function 

A[}-A12 Address Inputs 

A1 NC A1 NC 

As As As As 

As Ag As Ag 

l/0[}-1/07 Data Inputs/Outputs 

ROY/BUSY Ready/BUSY Status 

A<j An A<j An 

AJ OE AJ OE 

A2 A10 A2 A10 

CE Chip Enable 

OE Output Enable 

A1 CE A1 CE WE Write Enable 
Ao 1/07 Ao 1107 

l/Oo I/Os l/Oo I/Os Vee 5V Supply 

1101 I/Os 1101 I/Os Vss Ground 
1/02 1/04 1102 1/04 

Vss 1/03 Vss 1/03 NC No Connect 

PLCC Package 

I~ 
~ () 

,... ~ o u ul~ u < < a: z > z 

4 3 2 1 32 31 30 
As s 29 As 
As s 2S Ag 
A<j 7 27 A11 
AJ s 2S NC 
A2 g TOP VIEW 2S OE 
A1 10 24 A10 
Ao 11 23 CE 
NC 12 22 1/07 

l/Oo 13 
14 1S 1S 17 1S 1g 20 

21 I/Os 

'l"'"C\1000 (f')..q-Ll) 

gggizggg 5095 FHD F01 

MODE SELECTION 

Mode CE WE OE 1/0 Power 

Read L H L Dour ACTIVE 

Byte Write (WE Controlled) L v H D1N ACTIVE 

Byte Write (CE Controlled) v L H D1N ACTIVE 

Standby, and Write Inhibit H x x High-Z STANDBY 

Read and Write Inhibit x H H High-Z ACTIVE 

CAPACITANCE TA=25°C, f = 1.0 MHz, Vee= 5V 

Symbol Test Max. Units Conditions 

C110<1> lnpuVOutput Capacitance 10 pF Vvo=OV 

C1N<1l Input Capacitance 6 pF V1N =OV 

Note: 
( 1) This parameter is tested initially and after a design or process change that affects the parameter. 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to +125°C 

Storage Temperature ......................... -65°C to+ 150°C 

Voltage on Any Pin with 
Respect to Ground<2l ............. -2.0V to +Vee+ 2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 
Package Power Dissipation 

Capability (Ta= 25°C) .................................... 1.0W 

Lead Soldering Temperature (10 secs) ............... 300°C 

Output Short Circuit Current<3l .......................... 100 mA 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NENo(1) Endurance 10,000 

ToR(1) Data Retention 100 

VZAP(1) ESD Susceptibility 2000 

ILTH(1)(4) Latch-Up 100 

D.C. OPERATING CHARACTERISTICS 

CAT28C65A/CAT28C65AI 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation 
of the device at these or any other conditions outside of 
those listed in the operational sections of this specifica
tion is not implied. Exposure to any absolute maximum 
rating for extended periods may affect device perfor
mance and reliability. 

Units Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

CAT28C65A TA= 0°C to +70°C, Vee= 5V ±10%, unless otherwise specified. 
CAT28C65AI TA = -40°C to +85°C, Vee = 5V ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units Test Conditions 

Ice Vee Current (Operating, TTL) 40 mA CE= OE= V1L, 
f = 1/tRc min, All I/O's Open 

lccc<5l Vee Current (Operating, CMOS) 30 mA CE =OE = V1Lc, 
f = 1/tRc min, All I/O's Open 

lss Vee Current (Standby, TTL) 1 mA CE = V1H, All I/O's Open 

lssc<6l Vee Current (Standby, CMOS) 100 µA CE= V1Hc, 
All I/O's Open 

lu Input Leakage Current -1 1 µA V1N = GND to Vee 

ILO Output Leakage Current -10 10 µA VouT = GND to Vee, 
CE =V1H 

V1H<6l High Level Input Voltage 2.0 Vee +0.3 v 
V1L<5l Low Level Input Voltage -0.3 0.8 v 
VoH High Level Output Voltage 2.4 v loH =-400µA 

VoL Low Level Output Voltage 0.4 v loL = 2.1mA 

Vw1 Write Inhibit Voltage 3.0 v 
Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(2) The minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +0.5V, which may overshoot to Vee +2.0V for periods of less than 20 ns. 
(3) Output shorted for no more than one second. No more than one output shorted at a time. 
(4) Latch-up protection is provided for stresses up to 100mA on address and data pins from -1V to Vee +1V. 
(5) V1Le = -0.3V to +0.3V. 
(6) V1He =Vee -0.3V to Vee +0.3V. 
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CAT28C65A/CAT28C65AI 

A.C. CHARACTERISTICS, Read Cycle 

CAT28C65A TA= 0°C to +70°C, Vee= 5V ±10%, unless otherwise specified. 
CAT28C65AI TA = -40°C to +85°C, Vee = 5V ±10%, unless otherwise specified. 

28C65A-15 28C65A-20 28C65A-25 
28C65Al-15 28C65Al-20 28C65Al-25 

Symbol Parameter 

tRC Read Cycle Time 

tcE CE Access Time 

tAA Address Access Time 

toE OE Access Time 

tLz(1) CE Low to Active Output 

toLz(1l OE Low to Active Output 

tHz(1)(7) CE High to High-Z Output 

toHz(1)(?) OE High to High-Z Output 

toH(1) Output Hold from Address Change 

Figure 1. A.C. Testing Input/Output Waveform(B) 

2.4 v -----------------
INPUT PULSE LEVELS 

0.45 v --------------J 

Figure 2. A.C. Testing Load Circuit (example) 

DEVICE 
UNDER 
TEST 

Min. Max. 

150 

150 

150 

70 

10 

10 

70 

70 

20 

2.0 v 

0.8 v 

1.3V 

1N914 

3.3K 

I CL =100pF 

CL INCLUDES JIG CAPACITANCE 

Note: 

Min. Max. Min. 

200 250 

200 

200 

90 

10 10 

10 10 

90 

90 

20 20 

REFERENCE POINTS 

( 1) This parameter is tested initially and after a design or process change that affects the parameter. 
(7) Output floating (High-Z) is defined as the state when the external data line is no longer driven by the output buffer. 
(8) Input rise and fall times (10% and 90%) < 10 ns. 
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Max. 

250 

250 

90 

90 

90 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

5096 FHD F03 
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CAT28C65A/CAT28C65AI 

A.C. CHARACTERISTICS, Write Cycle 

CAT28C65A TA= 0°C to +70°C, Vee= 5V ±10%, unless otherwise specified. 
CAT28C65AI TA = -40°C to +85°C, Vee = 5V ±10%, unless otherwise specified. 

28C65A-15 28C65A-20 
28C65Al-15 28C65Al-20 

Symbol Parameter Min. Max. Min. Max. 

twe Write Cycle Time 10 10 

tAS Address Setup Time 0 0 

tAH Address Hold Time 100 120 

tes Write Setup Time 0 0 

teH Write Hold Time 0 0 

tew<9> CE Pulse Time 150 150 

to ES OE Setup Time 10 10 

to EH OE Hold Time 10 10 

twp<9> WE Pulse Width 150 150 

tos Data Setup Time 70 70 

toH Data Hold Time 0 0 

t1NIT(i) Write Inhibit Period After Power-up 5 20 5 20 

tBLe(1 )(10) Byte Load Cycle Time 10 100 10 100 

toB Time to Device Busy 120 120 

Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(9) A write pulse of less than 20ns duration will not initiate a write cycle. 

28C65A-25 
28C65Al-25 

Min. Max. Units 

10 ms 

0 ns 

100 ns 

0 ns 

0 ns 

150 ns 

10 ns 

10 ns 

150 ns 

70 ns 

0 ns 

5 20 ms 

10 100 µs 

120 ns 

(10) A timer of duration taLc max. begins with every LOW to HIGH transition of~- If allowed to time out, a page or byte write will begin; 
however a transition from HIGH to LOW within lsLc max. stops the timer. 
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CAT28C65A/CAT28C65AI 

DEVICE OPERATION 

Read 

Data stored in the CAT28C65A/CAT28C65AI is trans
ferred to the data bus when WE is held high, and both OE 
and CE are held low. The data bus is set to a high 
impedance state when either CE or OE goes high. This 

Figure 3. Read Cycle 

ADDRESS 

~--ICE--------

DATA OUT 
HIGH-Z 

ILz 

IQLZ 

Figure 4. Byte Write Cycle [WE Controlled] 

ADDRESS 

IAS IAH 

toE 

2-line control architecture can be used to eliminate bus 
contention in a system environment. 

Byte Write 

A write cycle is executed when both CE and WE are low, 
and OE is high. Write cycles can be initiated using either 
WE or CE, with the address input being latched on the 

5096 FHD FOS 

tcs tcH 

toES+l<.__--twP---++-t-.itoEH 

IDB IBLC 

ADY/BUSY ___ H_l_G_H-_z _______ I HIGH-Z 

HIGH-Z 
DATA OUT 

DATA IN 
DATA VALID =xxxxxm-

14--- tos----M•IDH 

5095 FHD FOO 
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falling edge of WE or CE, whichever occurs last. Data, 
conversely, is latched on the rising edge of WE or CE, 
whichever occurs first. Once initiated, a byte write cycle 
automatically erases the addressed byte and the new 
data is written within 1 O ms. 

Page Write 

The page write mode of the CAT28C65A/CAT28C65AI 
(essentially an extended BYTE WRITE mode) allows 
from 1 to 32 bytes of data to be programmed within a 

Figure 5. Byte Write Cycle [CE Controlled] 

toB 

HIGH-Z 
ROY/BUSY 

CAT28C65A/CAT28C65AI 

single E2PROM write cycle. This effectively reduces the 
byte-write time by a factor of 32. 

Following an initial WRITE operation (WE pulsed low, for 
twp, and then high) the page write mode can begin by 
issuing sequential WE pulses, which load the address 
and data bytes into a 32 byte temporary buffer. The page 
address where data is to be written, specified by bits As 
to A12, is latched on the last falling edge of WE. Each 
byte within the page is defined by address bits Ao to A4 

HIGH-Z 

HIGH-Z 
DATA OUT 

DATA IN 

5095 FHD F07 

Figure 6. Page Mode Write Cycle 
(( 

1770 
,, 

CE 

ADDRESS ---'x'-------'x'--_____,x'--_Xj 
twc 

1/0 ~..__ _ ___,X LAST BYTE )>----
BYTE O BYTE 1 BYTE2 BYTE n BYTE n+ 1 BYTE n+2 

5096 FHO F10 
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CAT28C65A/CAT28C65AI 

(which can be loaded in any order) during the first and 
subsequent write cycles. Each successive byte load 
cycle must begin within tsLe MIN of the rising edge of the 
preceding WE pulse. There is no page write window 
limitation as long as WE is pulsed low within tsLe MIN. 

Upon completion of the page write sequence, WE must 
stay high a minimum of tsLe MAX for the internal auto
matic program cycle to commence. This programming 
cycle consists of an erase cycle, which erases any data 
that existed in each addressed cell, and a write cycle, 
which writes new data back into the cell. A page write will 
only write data to the locations that were addressed and 
will not rewrite the entire page. 

DATA Polling 

DATA polling is provided to indicate the completion of a 
byte write cycle. Once a byte write cycle is initiated, 
attempting to read the last byte written will output the 
complement of that data on 1101 (l/Oo-1/05 are indeter
minate) until the programming cycle is complete. Upon 
completion of the self-timed byte write cycle, all I/O's will 
output true data during a read cycle. 

Figure 7. DATA Polling 

Ready/BUSY (ROY/BUSY) 

The ROY/BUSY pin is an open drain output which 
indicates device status during programming. It is pulled 
low during the write cycle and released at the end of 
programming. Several devices may be OR-tied to the 
same ROY/BUSY line. 

HARDWARE DATA PROTECTION 

The following is a list of hardware data protection fea
tures that are incorporated into the CAT28C65A/ 
CAT28C65AI. 

(1) Vee sense provides for write protection when Vee 
falls below 3.0V min. 

(2) A power on delay mechanism, t1N1T (see AC charac
teristics), provides a 5 to 20 ms delay before a write 
sequence, after Vee has reached 3.0V min. 

(3) Write inhibit is activated by holding any one of OE 
low, CE high or WE high. 

(4) Noise pulses of less than 20 ns on the WE or CE 
inputs will not result in a write cycle. 

ADDRESS ___ XXt/X/XXX __ ~~~-X ____ _ 

~------/ \ ___ _ 

IQEH 
toE 

~,____If 

-------<r-D-1N_=_X ___ >-----(I Do:~ x >---'>'1------1 
DouT= x )>-------~ · 5094 FHD F11 
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CAT28C648/CAT28C64BI 
64K-Bit CMOS E2PROM 

FEATURES 

• Fast Read Access Times: 
-120/150/200ns (Commercial) 
-150/200ns (Industrial) 

• Low Power CMOS Dissipation: 
-Active: 25mA Max. 
-Standby: 100µA Max. 

• Simple Write Operation: 
-On-Chip Address and Data Latches 
-Self-Timed Write Cycle with Auto-Clear 

• Fast Nonvolatile Write Cycle: 
-5ms Max (3ms available) 

• CMOS and TTL Compatible 1/0 

DESCRIPTION 

The CAT28C64B/CAT28C64BI is a fast, low power, 5V
only CMOS E2PROM organized as SK x 8 bits. It 
requires a simple interface for in-system programming. 
On-chip address and data latches, self-timed write cycle 
with auto-clear and Vee power up/down write protection 
eliminate additional timing and protection hardware. 
DATA Polling and Toggle status bits signal the start and 
end of the self-timed write cycle. Additionally, the 

BLOCK DIAGRAM 

Vee----... 

ADDR. BUFFER 
& LATCHES 

INADVERTENT 
WRITE 

PROTECTION 

CE ----..-r----'"---'-----, 
OE ____ ... CONTROL 

• Automatic Page Write Operation: 
-1 to 32 Bytes in 5ms 
-Page Load Timer 

• End of Write Detection: 
-Toggle Bit 
-DATA Polling 

• Hardware and Software Write Protection 

• 10,000 Program/Erase Cycles 

• 100 Year Data Retention 

• Optional High Endurance Device Available 

CAT28C64B/CAT28C64BI features hardware and soft
ware write protection. 

The CAT28C64B/CAT28C64BI is manufactured using 
Catalyst's advanced CMOS floating gate technology. It 
is designed to endure 10,000 program/erase cycles and 
has a data retention of 1 OOyears. The device is available 
in JEDEC approved 28 pin DIP and SO or 32 pin PLCC 
and TSOP packages. 

ROW 
DECODER 

HIGH VOLTAGE 
GENERATOR 

8,192X8 
E2PROM 
ARRAY 

32 BYTE PAGE 
REGISTER 

WE----"'L _ __;L~O~G~IC::;__,_J--------;i 
1/0 BUFFERS 

© 1992 by Catalyst Semiconductor, Inc. 

TIMER 

ADDR. BUFFER 
& LATCHES 

DATA POLLING 
AND 

TOGGLE BIT 
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COLUMN 
DECODER 

5094 FHD F02 

TD 5094 
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CAT28C64B/CAT28C64BI 

PIN CONFIGURATION PIN FUNCTIONS 
DIP Package SO Package Pin Name Function 

NC Vee NC Vee 

A12 WE A12 WE 

A7 NC A7 NC 

Ao-A12 Address Inputs 

l/Oo-1/07 Data Inputs/Outputs 

A5 As A6 As 

As Ag As Ag 

~ A11 ~ A11 

"3 OE "3 OE 

CE Chip Enable 

OE Output Enable 

WE Write Enable 
A2 A10 A2 A10 

Ai CE A1 CE 

Ao 1107 Ao 1/07 

l/Oo 1/05 l/Oo 1/05 

1/01 I/Os 110, I/Os 

1/02 1/04 1102 1/04 

Vss 1/03 Vss 1/03 

Vee SV Supply 

Vss Ground 

NC No Connect 

PLCC Package 

"' o I ,....~000~0 
<( <( z z > z 

A2 

TSOP Package 

32 A3 

4 3 2 1 32 31 30 A1 
Ao 3 

A5 5 2g As l/Oo 4 

31 A4 
30 As 
29 As 

As 6 2S Ag 1/01 s 2S A7 
A4 7 27 A11 1102 6 27 A12 
As s 26 NC NC 7 

A2 9 TOP VIEW 25 OE Vss s 
NC g 

A1 10 24 A10 1/03 10 

26 NC 
25 NC 
24 Vee 
23 NC 

Ao 11 23 CE 1/04 11 22 WE 
NC 12 22 1/07 I/Os 12 21 NC 

l/Oo 13 21 1/05 1/05 13 
14 1S 16 17 1S 1g 20 1/07 14 

20 As 
19 Ag 

CE 1S 1S A11 
..-C\lcn(,) M'VLO A10 16 
ggg'zggg 

17 OE 

5094 FHD F01 5094 FHD F15 

MODE SELECTION 

Mode CE WE OE 1/0 Power 

Read L H L DouT ACTIVE 

Byte Write (WE Controlled) L v H D1N ACTIVE 

Byte Write (CE Controlled) v L H D1N ACTIVE 

Standby, and Write Inhibit H x x High-Z STANDBY 

Read and Write Inhibit x H H High-Z ACTIVE 

CAPACITANCE TA= 25°C, f = 1.0 MHz, Vee= SV 

Symbol Test Max. Units Conditions 

C11d1l Input/Output Capacitance 10 pF V110= OV 

C1N(1) Input Capacitance 6 pF V1N = ov 

Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to + 125°C 

Storage Temperature ......................... -65°C to + 150°C 

Voltage on Any Pin with 
Respect to Ground<2l ............. -2.0V to +Vee+ 2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 
Package Power Dissipation 

Capability (Ta= 25°C) .................................... 1.0W 

Lead Soldering Temperature (1 O secs) ............... 300°C 

Output Short Circuit Current<3l .......................... 100 mA 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NEND(1) Endurance 10,000 

ToR<1l Data Retention 100 

VZAP(1) ESD Susceptibility 2000 

ILTH(1)(4) Latch-Up 100 

D.C. OPERATING CHARACTERISTICS 

CAT28C648/CAT28C648 I 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation 
of the device at these or any other conditions outside of 
those listed in the operational sections of this specifica
tion is not implied. Exposure to any absolute maximum 
rating for extended periods may affect device perfor
mance and reliability. 

Units Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

CAT28C64B TA= 0°C to +70°C, Vee= 5V ±10%, unless otherwise specified. 
CAT28C64BI TA = -40°C to +85°C, Vee = 5V ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units Test Conditions 

Ice Vee Current (Operating, TTL) 30 mA CE =OE= V1L, 
f = 1/tRc min, All I/O's Open 

lccc(5) Vee Current (Operating, CMOS) 25 mA CE =OE = V1Lc, 
f = 1/tRc min, All I/O's Open 

lss Vee Current (Standby, TTL) 1 mA CE = V1H, All I/O's Open 

lssc<6l Vee Current (Standby, CMOS) 100 µA CE= V1Hc, 
All 1/0' s Open 

lu Input Leakage Current -1 1 µA V1N = GND to Vee 

ILO Output Leakage Current -10 10 µA Vour = GND to Vee, 
CE= V1H 

V1H<6) High Level Input Voltage 2.0 Vee +0.3 v 
V1L(S) Low Level Input Voltage -0.3 0.8 v 
VoH High Level Output Voltage 2.4 v loH =-400µA 

VoL Low Level Output Voltage 0.4 v loL = 2.1mA 

Vw1 Write Inhibit Voltage 3.5 v 
Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(2) The minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +0.5V, which may overshoot to Vee +2.0V for periods of less than 20 ns. 
(3) Output shorted for no more than one second. No more than one output shorted at a time. 
(4) Latch-up protection is provided for stresses up to 100mA on address and data pins from -1V to Vee +1V. 
(5) V1Le = -0.3V to +0.3V. 
(6) V1He =Vee -0.3V to Vee +0.3V. 

7-43 

• 



CAT28C64B/CAT28C64BI 

A.C. CHARACTERISTICS, Read Cycle 

CAT28C64B TA = 0°c to +70°C, Vee= 5V ±10%, unless otherwise specified. 
CAT28C64BI TA = -40°C to +85°C, Vee = 5V ±10%, unless otherwise specified. 

28C648-15 28C648-20 
28C648-12 28C6481-15 28C6481-20 

Symbol Parameter 

tRe Read Cycle Time 

tcE CE Access Time 

tAA Address Access Time 

toE OE Access Time 

td1l CE Low to Active Output 

toLz<1l OE Low to Active Output 

tHz(1)(7) CE High to High-Z Output 

toHz(l)(?) OE High to High-Z Output 

toH(i) Output Hold from Address Change 

Figure 1. A.C. Testing Input/Output Waveform(S) 

2.4 v ----------------. 
INPUT PULSE LEVELS 

0.45 v ____________ __, 

Figure 2. A.C. Testing Load Circuit (example) 

DEVICE 
UNDER 
TEST 

Min. Max. 

120 

120 

120 

60 

0 

0 

50 

50 

0 

2.0V 

0.8V 

1.3V 

1N914 

3.3K 

I CL=100pF 

CL INCLUDES JIG CAPACITANCE 

Note: 

Min. Max. Min. 

150 200 

150 

150 

70 

0 0 

0 0 

50 

50 

0 0 

REFERENCE POINTS 

(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(7) Output floating (High·Z) is defined as the state when the external data line is no longer driven by the output buffer. 
(8) Input rise and fall times (10% and 90%) < 10 ns. 
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Max. 

200 

200 

80 

55 

55 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

5098 FHD F03 
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CAT28C64B/CAT28C64BI 

A.C. CHARACTERISTICS, Write Cycle 

CAT28C64B TA= 0°C to +70°C, Vee= 5V ±10%, unless otherwise specified. 
CAT28C64BI TA= -40°C to +85°C, Vee= 5V ±10%, unless otherwise specified. 

28C648-15 
280648-12 2806481-15 

Symbol Parameter Min. Max. Min. Max. 

twe Write Cycle Time 5 5 

tAS Address Setup Time 0 0 

tAH Address Hold Time 100 100 

tes Write Setup Time 0 0 

teH Write Hold Time 0 0 

tew(9) CE Pulse Time 150 150 

to ES OE Setup Time 10 10 

to EH OE Hold Time 10 10 

twp(9) WE Pulse Width 150 150 

tos Data Setup Time 70 70 

toH Data Hold Time 0 0 

t1NIT(1) Write Inhibit Period After Power-up 5 10 5 10 

tsLc(1)(10) Byte Load Cycle Time .05 100 .05 100 

Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(9) A write pulse of less than 20ns duration will not initiate a write cycle. 

28C648-20 
2806481-20 

Min. Max. Units 

5 ms 

0 ns 

120 ns 

0 ns 

0 ns 

150 ns 

10 ns 

10 ns 

150 ns 

70 ns 

0 ns 

5 10 ms 

.05 100 µs 

(1 O) A timer of duration tsLc max. begins with every LOW to HIGH transition of WE". If allowed to time out, a page or byte write will begin; 
however a transition from HIGH to LOW within tsLC max. stops the timer. 
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CAT28C64B/CAT28C64BI 

DEVICE OPERATION 

Read 

Data stored in the CAT28C64B/CAT28C64BI is trans
ferredto the data bus when WE is held high, and both OE 
and CE are held low. The data bus is set to a high 
impedance state when either CE or OE goes high. This 
2-line control architecture can be used to eliminate bus 
contention in a system environment. 

Figure 3. Read Cycle 

Byte Write 

A write cycle is executed when both CE and WE are low, 
and OE is high. Write cycles can be initiated using either 
WE or CE, with the address input being latched on the 
falling edge of WE or CE, whichever occurs last. Data, 
conversely, is latched on the rising edge of WE or CE, 
whichever occurs first. Once initiated, a byte write cycle 
automatically erases the addressed byte and the new 
data is written within 5 ms. 

-----,.1+----tRc ---- ~----------..,. ~---
ADDRESS 

---ICE---

toE 

IQHZ 

DATA OUT 
HIGH-Z 

5096 FHD FOS 

Figure 4. Byte Write Cycle [WE Controlled] 

ADDRESS 

IAS IAH 

tcs tcH 

toEs------ twp---~-toEH 

IBLC 
HIGH-Z 

DATA OUT 

DATA IN 
DATA VALID =xxxxxX»-

----IDS ---..."14-IDH 
5096 FHD FOO 
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Page Write 

The page write mode of the CAT28C648/CAT28C64BI 
(essentially an extended BYTE WRITE mode) allows 
from 1 to 32 bytes of data to be programmed within a 
single E2PROM write cycle. This effectively reduces the 
byte-write time by a factor of 32. 

Following an initial WRITE operation (WE pulsed low, for 
twp, and then high) the page write mode can begin by 
issuing sequential WE pulses, which load the address 
and data bytes into a 32 byte temporary buffer. The page 
address where data is to be written, specified by bits As 
to A12, is latched on the last falling edge of WE. Each 
byte within the page is defined by address bits Ao to A4 

Figure 5. Byte Write Cycle [CE Controlled] 

HIGH-Z 

DATA OUT 

DATA IN 

Figure 6. Page Mode Write Cycle 

CAT28C64B/CAT28C6481 

(which can be loaded in any order) during the first and 
subsequent write cycles. Each successive byte load 
cycle must begin within tBLC MAX of the rising edge of the 
preceding WE pulse. There is no page write window 
limitation as long as WE is pulsed low within tBLC MAX. 

Upon completion of the page write sequence, WE must 
stay high a minimum of tBLC MAX for the internal auto
matic program cycle to commence. This programming 
cycle consists of an erase cycle, which erases any data 
that existed in each addressed cell, and a write cycle, 
which writes new data back into the cell. A page write will 
only write data to the locations that were addressed and 
will not rewrite the entire page. 

~xxxxxxXXX>-
5094 FHD F07 

ADDRESS _ __.X,,_____,X,,_____JX._______.C 
twc 

~.__ _ __,X LAST BYTE )>----
BYTE 0 BYTE 1 BYTE2 BYTE n BYTE n+1 BYTE n+2 

5096 FHD F10 
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CAT28C648/CAT28C6481 

DATA Polling 

DATA polling is provided to indicate the completion of a 
byte write cycle. Once a byte write cycle is initiated, 
attempting to read the last byte written will output the 
complement of that data on 1/07 (l/Oo-1/0s are indeter
minate) until the programming cycle is complete. Upon 
completion of the self-timed byte write cycle, all I/O's will 
output true data during a read cycle. 

Figure 7. DATA Polling 

ADDRESS 

CE 

to EH 
toE 

Toggle Bit 

In addition to the DATA Polling feature of the CAT28C64B/ 
CAT28C64BI, the device offers an additional method for 
determining the completion of a write cycle. While a write 
cycle is in progress, reading data from the device will 
result in I/Os toggling between one and zero. However, 
once the write is complete, I/Os stops toggling and valid 
data can be read from the device. 

\~--

~._______,If 
twc----------·~ 

>-------<1 Dour= x r-----1 Dour= x )r-------
- 5094 FHD F11 

1/07 

Figure 8. Toggle Bit 

5094 FHD F12 

Note: 
(11) Beginning and ending state of 1/06 is indeterminate. 

7-48 



HARDWARE DATA PROTECTION 

The following is a list of hardware data protection fea
tures that are incorporated into the CAT28C64B/ 
CAT28C64BI. 

( 1) V cc sense provides for write protection when V cc 
falls below 3.5V min. 

(2) A power on delay mechanism, t1N1T (see AC charac
teristics), provides a 5 to 1 Oms delay before a write 
sequence, after Vee has reached 3.5V min. 

(3) Write inhibit is activated by holding any one of OE 
low, CE high or WE high. 

Figure 9. Write Sequence for Activating Software 
Data Protection 

Note: 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

AA 

1555 

55 

OAAA 

AO 

1555 

SOFTWARE DATA 
PROTECTION ACTIVATED (12) 

WRITE DATA: xx 
TO ANY ADDRESS 

WRITE LAST BYTE 
TO 

LAST ADDRESS 
5094 FHD FOB 

CAT28C64B/CAT28C64BI 

(4) Noise pulses of less than 20 ns on the WE or CE 
inputs will not result in a write cycle. 

SOFTWARE DATA PROTECTION 

The CAT28C64B/CAT28C64BI features a software con
trolled data protection scheme which, once enabled, 
requires a data algorithm to be issued to the device 
before a write can be performed. The device is shipped 
from Catalyst with the software protection NOT EN
ABLED (the CAT28C64B/CAT28C64BI is in the stan
dard operating mode). 

Figure 10. Write Sequence for Deactivating 
Software Data Protection 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

AA 

1555 

55 

OAAA 

80 

1555 

AA 

1555 

55 

OAAA 

20 

1555 

5094 FHD F09 

{12) Write protection is activated at this point whether or not any more writes are completed. Writing to addresses must occur within talc 
Max., after SOP activation. 
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CAT28C648/CAT28C6481 

To activate the software data protection, the device must 
be sent three write commands to specific addresses with 
specific data (Figure 9). This sequence of commands 
(along with subsequent writes) must adhere to the page 
write timing specifications {Figure 11 ). Once this is done, 
all subsequent byte or page writes to the device must be 
preceded by this same set of write commands. The data 
protection mechanism is activated until a deactivate 
sequence is issued regardless of power on/off transi
tions. This gives the user added inadvertent write pro
tection on power-up in addition to the hardware protec
tion provided. 

Figure 11. Software Data Protection Timing 

DATA AA 
ADDRESS 1555 ------',.,..._ ____ 
CE 

------',.,..._ ____ 
WE 

55 
OAAA 

To allow the user the ability to program the device with 
an E2PROM programmer (orfor testing purposes) there 
is a software command sequence for deactivating the 
data protection. The six step algorithm (Figure 10) will 
reset the internal protection circuitry, and the device will 
return to standard operating mode (Figure 12 provides 
reset timing). After the sixth byte of this reset sequence 
has been issued, standard byte or page writing can 
commence. 

AO 
1555 

twc 

1,----..1 BYTE OR 1,---r-
PAGE 

IBLC WRITES 
ENABLED 

5094 FHD F13 

Figure 12. Resetting Software Data Protection Timing 

DATA 
ADDRESS 
~ 

CE 

AA 
1555 

55 
OAAA 

80 
1555 

AA 
1555 

7-50 

55 
OAAA 

20 twc 
1555 

SDP 
RESET 

DEVICE 
UNPROTECTED 
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CAT28C658/CAT28C65BI 
64K-Bit CMOS E2PROM 

FEATURES 

• Fast Read Access Times: 
-120/150/200ns (Commercial) 
-150/200ns (Industrial) 

• Low Power CMOS Dissipation: 
-Active: 25mA Max. 
-Standby: 100µA Max. 

• Simple Write Operation: 
-On-Chip Address and Data Latches 
-Self-Timed Write Cycle with Auto-Clear 

• Fast Nonvolatile Write Cycle: 
-Sms Max (3ms available) 

• CMOS and TTL Compatible 1/0 

DESCRIPTION 

The CAT28C65B/CAT28C65BI is a fast, low power, 5V
only CMOS E2PROM organized as BK x 8 bits. It 
requires a simple interface for in-system programming. 
On-chip address and data latches, self-timed write cycle 
with auto-clear and V cc power up/down write protection 
eliminate additional timing and protection hardware. 
DATA Polling, a ROY/BUSY pin and Toggle status bits 
signal the start and end of the self-timed write cycle. 

BLOCK DIAGRAM 

Vee----~ 

ADDA. BUFFER 
& LATCHES 

INADVERTENT 
WRITE 

PROTECTION 

CE------11.r---'---'---, 
OE ----~ CONTROL 

• Automatic Page Write Operation: 
-1 to 32 Bytes in Sms 
-Page Load Timer 

• End of Write Detection: 
-Toggle Bit 
-DAT A Polling 
-ROY/BUSY 

• Hardware and Software Write Protection 

• 10,000 Program/Erase Cycles 

• 100 Year Data Retention 

• Optional High Endurance Device Available 

Additionally, the CAT28C65B/CAT28C65BI features 
hardware and software write protection. 

The CAT28C65B/CAT28C65BI is manufactured using 
Catalyst's advanced CMOS floating gate technology. It 
is designed to endure 10,000 program/erase cycles and 
has a data retention of 1 00 years. The device is available 
in JED EC approved 28 pin DIP and SO or 32 pin PLCC 
and TSOP packages. 

ROW 
DECODER 

HIGH VOLTAGE 
GENERATOR 

8,192x8 
E2PROM 
ARRAY 

32 BYTE PAGE 
REGISTER 

WE-----111-_ __;:.LO~G~l~C--.-.i---------;i 
1/0 BUFFERS 

TIMER 

ADDR. BUFFER 
& LATCHES 

ROY/BUSY--------------~ 
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CAT28C658/CAT28C6581 

PIN CONFIGURATION 

DIP Package 

RDY/BUSY Vee 
A12 WE 

A7 NC 
As As 
As Ag 
A4 A11 
As OE 
A2 A10 
A1 CE 
Ao 1/0] 

l/Oo I/Os 
1101 I/Os 
1/02 1104 

RDY/BUSY 

A12 
A7 
As 
As 
A4 
A3 
A2 
A1 
Ao 

l/Oo 
1/01 
1/02 

Vee 
WE 
NC 
As 
Ag 
A11 
OE 
A10 
CE 
1107 
I/Os 
I/Os 
1104 

Vss 1103 Vss ....,_....;..;._..:...:.....J"""'-' 1/03 

PLCC Package 

I~ 
>: () 

... ~ Cl u u I~ u 
<( <( a: z > z 

TOP VIEW 

27 
2S 
2S 
24 
23 
22 

l/Oo 13 21 
14 1S 1S 17 1S 1g 20 

MODE SELECTION 

Mode 

Read 

Byte Write (WE Controlled) 

Byte Write (CE Controlled) 

Standby, and Write Inhibit 

Read and Write Inhibit 

A2 1 
A1 2 
Ao 3 

l/Oo 4 
1101 s 

As 1102 s 

Ag NC 7 
Vss s 

An NC g 
NC 1103 10 
OE 1104 11 
A10 I/Os 12 

CE I/Os 13 
1/07 14 

1107 CE 1S 
I/Os A10 1S 

5095 FHD F01 

CE 

L 

L 

v 
H 

x 

CAPACITANCE TA= 25°C, f = 1.0 MHz, Vee= 5V 

Symbol Test 

C110(1) Input/Output Capacitance 

C1N<1) Input Capacitance 

Note: 

WE 

H 

v 
L 

x 
H 

Max. 

10 

6 

PIN FUNCTIONS 

Pin Name Function 

Ao-A12 Address Inputs 

l/Oo-1/07 Data Inputs/Outputs 

ROY/BUSY Ready/BUSY Status 

CE Chip Enable 

OE Output Enable 

WE Write Enable 

Vee 5V Supply 

Vss Ground 

NC No Connect 

TSOP Package 

32 A3 
31 A4 
30 As 
2g As 
2S A7 
27 A12 
2S RDY/BUSY 
2S NC 
24 Vee 
23 NC 
22 WE 
21 NC 
20 As 
1g Ag 
18 A11 
17 OE 

5099 FHD F15 

OE 1/0 Power 

L DouT ACTIVE 

H D1N ACTIVE 

H D1N ACTIVE 

x High-Z STANDBY 

H High-Z ACTIVE 

Units Conditions 

pF V110= OV 

pF V1N = OV 

(1) This parameter is tested initially and after a design or process change that affects the parameter. 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to + 125°C 

Storage Temperature ......................... -65°C to + 150°C 

Voltage on Any Pin with 
Respect to Ground(2) ............. -2.0V to +Vee+ 2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 
Package Power Dissipation 

Capability (Ta= 25°C) .................................... 1.0W 

Lead Soldering Temperature (1 O secs) ............... 300°C 

Output Short Circuit Current(3) .......................... 100 mA 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NEND(1) Endurance 10,000 

ToR(1) Data Retention 100 

VZAP(1) ESD Susceptibility 2000 

ILTH(1)(4) Latch-Up 100 

D.C. OPERATING CHARACTERISTICS 

CAT28C65B/CAT28C65BI 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation 
of the device at these or any other conditions outside of 
those listed in the operational sections of this specifica
tion is not implied. Exposure to any absolute maximum 
rating for extended periods may affect device perfor
mance and reliability. 

Units Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

CAT28C65B TA= 0°C to +70°C, Vee= 5V ±10%, unless otherwise specified. 
CAT28C65BI TA = -40°C to +85°C, Vee = 5V ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units Test Conditions 

Ice Vee Current (Operating, TTL) 30 mA CE= OE= V1L, 
f = 1/tRc min, All I/O's Open 

lccc(5l Vee Current (Operating, CMOS) 25 mA CE =OE = V1Lc, 
f = 1/tRc min, All I/O's Open 

lss Vee Current (Standby, TTL) 1 mA CE = V1H, All I/O's Open 

lssc(6l Vee Current (Standby, CMOS) 100 µA CE= V1Hc, 
All I/O's Open 

lu Input Leakage Current -1 1 µA VrN = GND to Vee 

ILO Output Leakage Current -10 10 µA VouT = GND to Vee, 
CE= VrH 

V1H(6) High Level Input Voltage 2.0 Vee +0.3 v 
V1L(S) Low Level Input Voltage -0.3 0.8 v 
VoH High Level Output Voltage 2.4 v loH = -400µA 

VoL Low Level Output Voltage 0.4 v loL = 2.1 mA 

Vwr Write Inhibit Voltage 3.5 v 
Note: 
( 1) This parameter is tested initially and after a design or process change that affects the parameter. 
(2) The minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +0.5V, which may overshoot to Vee +2.0V for periods of less than 20 ns. 
(3) Output shorted for no more than one second. No more than one output shorted at a time. 
(4) Latch-up protection is provided for stresses up to 1 oomA an address and data pins from -1 V to Vee +1V. 
(5) VrLe = --0.3V to +0.3V. 
(6) V1He =Vee -0.3V to Vee +0.3V. 
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CAT28C658/CAT28C6581 

A.C. CHARACTERISTICS, Read Cycle 

CAT28C658 TA= 0°C to +70°C, Vee= SV ±10%, unless otherwise specified. 
CAT28C65BI TA = -40°C to +85°C, Vee = 5V ±10%, unless otherwise specified. 

28C65B-15 28C65B-20 
28C65B-12 28C65Bl-15 28C65Bl-20 

Symbol Parameter 

tRC Read Cycle Time 

tcE CE Access Time 

tAA Address Access Time 

toE OE Access Time 

tLZ(1) CE Low to Active Output 

toL:zC1l OE Low to Active Output 

tHz(1)(7) CE High to High-Z Output 

t0Hz<1H7l OE High to High-Z Output 

toH(1) Output Hold from Address Change 

Figure 1. A.C. Testing Input/Output Waveform(&) 

2.4 v --------------.. 

INPUT PULSE LEVELS 

0.45V -------------

Figure 2. A.C. Testing Load Circuit (example) 

DEVICE 
UNDER 
TEST 

Min. Max. 

120 

120 

120 

60 

0 

0 

50 

50 

0 

2.0V 

O.BV 

1.3V 

1N914 

3.3K 

I CL=100pF 

CL INCLUDES JIG CAPACITANCE 

Note: 

Min. Max. Min. 

150 200 

150 

150 

70 

0 0 

0 0 

50 

50 

0 0 

REFERENCE POINTS 

( 1) This parameter is tested initially and after a design or process change that affects the parameter. 
(7) Output floating (High-Z) is defined as the state when the external data line is no longer driven by the output buffer. 
(8) Input rise and fall times (10% and 90%) < 10 ns. 
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200 

200 

80 

55 

55 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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CAT28C65B/CAT28C65BI 

A.C. CHARACTERISTICS, Write Cycle 

CAT28C65B TA= 0°C to +70°C, Vee= 5V ±10%, unless otherwise specified. 
CAT28C65BI TA = -40°C to +85°C, Vee= 5V ±10%, unless otherwise specified. 

28C658-15 
28C658-12 28C6581-15 

Symbol Parameter Min. Max. Min. Max. 

twe Write Cycle Time 5 5 

IAS Address Setup Time 0 0 

IAH Address Hold Time 100 100 

lcs Write Setup Time 0 0 

ICH Write Hold Time 0 0 

tew(9) CE Pulse Time 150 150 

IOES OE Setup Time 10 10 

lo EH OE Hold Time 10 10 

twp(9) WE Pulse Width 150 150 

IRS WE Low to ROY/BUSY Low 120 120 

tos Data Setup Time 70 70 

loH Data Hold Time 0 0 

llNIT(1) Write Inhibit Period After Power-up 5 10 5 10 

tsLe(1)(10) Byte Load Cycle Time .05 100 .05 100 

Note: 
(1} This parameter is tested initially and after a design or process change that affects the parameter. 
(9) A write pulse of less than 20ns duration will not initiate a write cycle. 

28C658-20 
28C6581-20 

Min. Max. Units 

5 ms 

0 ns 

120 ns 

0 ns 

0 ns 

150 ns 

10 ns 

10 ns 

150 ns 

120 ns 

70 ns 

0 ns 

5 10 ms 

.05 100 µs 

(10} A timer of duration tsLC max. begins with every LOW to HIGH transition of WI:. If allowed to time out, a page or byte write will begin; 
however a transition from HIGH to LOW within tsLc max. stops the timer. 
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CAT28C65B/CAT28C65BI 

DEVICE OPERATION 

Read 

Data stored in the CAT28C65B/CAT28C65BI is trans
ferred to the data bus when WE is held high, and both OE 
and CE are held low. The data bus is set to a high 
impedance state when either CE or OE goes high. This 

Figure 3. Read Cycle 

2-line control architecture can be used to eliminate bus 
contention in a system environment. 

Byte Write 

A write cycle is executed when both CE and WE are low, 
and OE is high. Write cycles can be initiated using either 
WE or CE, with the address input being latched on the 

---- ~--- IRC ----.i ,.-----------. r----
ADDRESS 

DATA OUT 

,__ __ tcE __ ____. 

------

HIGH-Z 

lLz 

IQLZ 

toE 

Figure 4. Byte Write Cycle [WE Controlled] 

ADDRESS 

IAS IAH 

~S ~H 
CE 

toEs~----twP----+i.-

HIGH-Z 
RDY/BUSY 

HIGH-Z 
DATA OUT 

DATA IN 

14---tDs-----tDH 
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falling edge of WE or CE, whichever occurs last. Data, 
conversely, is latched on the rising edge of WE or CE, 
whichever occurs first. Once initiated, a byte write cycle 
automatically erases the addressed byte and the new 
data is written within 5 ms. 

Page Write 

The page write mode of the CAT28C658/CAT28C65BI 
(essentially an extended BYTE WRITE mode) allows 
from 1 to 32 bytes of data to be programmed within a 

Figure 5. Byte Write Cycle [CE Controlled] 

ADDRESS 

14--1---IAH ---+I 

to ES 

HIGH·Z 
ROY/BUSY 

CAT28C65B/CAT28C65BI 

single E2PROM write cycle. This effectively reduces the 
byte-write time by a factor of 32. 

Following an initial WRITE operation (WE pulsed low, for 
twp, and then high) the page write mode can begin by 
issuing sequential WE pulses, which load the address 
and data bytes into a 32 byte temporary buffer. The page 
address where data is to be written, specified by bits As 
to A12, is latched on the last falling edge of WE. Each 
byte within the page is defined by address bits Ao to A4 

to EH 

tcH 

HIGH-Z 

HIGH-Z 
DATA OUT 

DATA IN 

---tos ---+-!<II-~ IDH 
5099 FHD F07 

Figure 6. Page Mode Write Cycle 
JI 

~ 
(( 

070 

'~~-'--'-~~fllA~~~~~fllA~"--'-LfllA~~O~IZ~Z~~~.µ__ 

ADDRESS x x x c 
twc 

110 ~ x LAST BYTE ) 
BYTEO BYTE 1 BYTE2 BYTE n BYTE n+1 BYTE n+2 

5096 FHD F10 
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CAT28C65B/CAT28C65BI 

(which can be loaded in any order) during the first and 
subsequent write cycles. Each successive byte load 
cycle must begin within tsLc MAX of the rising edge of the 
preceding WE pulse. There is no page write window 
limitation as long as WE is pulsed low within tsLc MAX. 

Upon completion of the page write sequence, WE must 
stay high a minimum of tsLc MAX for the internal auto
matic program cycle to commence. This programming 
cycle consists of an erase cycle, which erases any data 
that existed in each addressed cell, and a write cycle, 
which writes new data back into the cell. A page write will 
only write data to the locations that were addressed and 
will not rewrite the entire page. 

DATA Polling 

DATA polling is provided to indicate the completion of a 
byte write cycle. Once a byte write cycle is initiated, 
attempting to read the last byte written will output the 
complement of that data on 1/07 (l/Oo-1/05 are indeter-

Figure 7. DATA Polling 

ADDRESS 'IXl:iXXX'IX 

CE 

IOEH 
toE 

minate) until the programming cycle is complete. Upon 
completion of the self-timed byte write cycle, all I/O's will 
output true data during a read cycle. 

Toggle Bit 

In addition to the DATA Polling feature of the CAT28C65B/ 
CAT28C65BI, the device offers an additional method for 
determining the completion of a write cycle. While a write 
cycle is in progress, reading data from the device will 
result in 1/05 toggling between one and zero. However, 
once the write is complete, 1/05 stops toggling and valid 
data can be read from the device. 

Ready/BUSY (ROY/BUSY) 

The ROY/BUSY pin is an open drain output which 
indicates device status during programming. It is pulled 
low during the write cycle and released at the end of 
programming. Several devices may be OR-tied to the 
same ROY/BUSY line. 

=~ x 
~ I \ 

OE ~--If 
------<r_D_i_N_=_X......,.>------<I Do~:~-x---~~~~~~:..,1 Dour= x >~------~ · 5094 FHO F11 

Figure 8. Toggle Bit 

Note: 5094 FHD F~2 

(11) Beginning and ending state of 1106 is indeterminate. 
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HARDWARE DATA PROTECTION 

The following is a list of hardware data protection fea
tures that are incorporated into the CAT28C65B/ 
CAT28C65BI. 

(1) Vee sense provides for write protection when Vee 
falls below 3.5V min. 

(2) A power on delay mechanism, t1N1T (see AC charac
teristics), provides a 5 to 10 ms delay before a write 
sequence, after Vee has reached 3.5V min. 

(3) Write inhibit is activated by holding any one of OE 
low, CE high or WE high. 

Figure 9. Write Sequence for Activating Software 
Data Protection 

Note: 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

AA 

1555 

55 

OAAA 

AO 

1555 

SOFTWARE DATA 
PROTECTION ACTIVATED (12) 

WRITE DATA: xx 
TO ANY ADDRESS 

WRITE LAST BYTE 
TO 

LAST ADDRESS 
5094 FHO F08 

CAT28C65B/CAT28C65BI 

(4) Noise pulses of less than 20 ns on the WE or CE 
inputs will not result in a write cycle. 

SOFTWARE DATA PROTECTION 

The CAT28C65B/CAT28C65BI features a software con
trolled data protection scheme which, once enabled, 
requires a data algorithm to be issued to the device 
before a write can be performed. The device is shipped 
from Catalyst with the software protection NOT EN
ABLED (the CAT28C65B/CAT28C65BI is in the stan
dard operating mode). 

Figure 10. Write Sequence for Deactivating 
Software Data Protection 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

AA 

1555 

55 

OAAA 

80 

1555 

AA 

1555 

55 

OAAA 

20 

1555 

5094 FHD F09 

(12) Write protection is activated at this point whether or not any more writes are completed. Writing to addresses must occur within tsLC 
Max., after SDP activation. 
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CAT28C65B/CAT28C65BI 

To activate the software data protection, the device must 
be sent three write commands to specific addresses with 
specific data (Figure 9). This sequence of commands 
(along with subsequent writes) must adhere to the page 
write timing specifications (Figure 11 ). Once this is done, 
all subsequent byte or page writes to the device must be 
preceded by this same set of write commands. The data 
protection mechanism is activated until a deactivate 
sequence is issued regardless of power on/off transi
tions. This gives the user added inadvertent write pro
tection on power-up in addition to the hardware protec
tion provided. 

Figure 11. Software Data Protection Timing 

DATA 
ADDRESS 

CE 

AA 
1555 

55 
oAAA 

To allow the user the ability to program the device with 
an E2PROM programmer (or for testing purposes) there 
is a software command sequence for deactivating the 
data protection. The six step algorithm (Figure 10) will 
reset the internal protection circuitry, and the device will 
return to standard operating mode (Figure 12 provides 
reset timing). After the sixth byte of this reset sequence 
has been issued, standard byte or page writing can 
commence. 

AO 
1555 

IBLC 

twc 

BYTE OR 1,.---+-
PAGE 

WRITES 
ENABLED 

5094 FHD F13 

Figure 12. Resetting Software Data Protection Timing 

DATA 
ADDRESS 

----'l 
CE 

WE 

AA 
1555 

55 
OAAA 

80 
1555 

AA 
1555 
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55 
OAAA 
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SDP 
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DEVICE 
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CAT28C256/CAT28C2561 
256K-Bit CMOS E2PROM 

FEATURES 

• Fast Read Access Times: 200/250/300 ns 

• Low Power CMOS Dissipation: 
-Active: 30mA Max. 
-Standby: 1 SOµA Max. 

• Simple Write Operation: 
-On-Chip Address and Data Latches 
-Self-Timed Write Cycle with Auto-Clear 

• Fast Nonvolatile Write Cycle: 
-10ms Max (Sms available) 

• CMOS and TTL Compatible 1/0 

DESCRIPTION 

The CA T28C256/CAT28C2561 is a fast, low power, 5 V
only CMOS E2PROM organized as 32K x 8 bits. It 
requires a simple interface for in-system programming. 
On-chip address and data latches, self-timed write cycle 
with auto-clear and Vee power up/down write protection 
eliminate additional timing and protection hardware. 
DATA Polling and Toggle status bits signal the start and 
end of the self-timed write cycle. Additionally, the 
CAT28C256/CAT28C2561 features hardware and soft-

PIN CONFIGURATION 
DIP Package PLCC Package 

A14 Vee 
C\I ...,. ol (I') ,.._~~0u~~ 

<C<C<CZ> <( 

A12 WE 
A7 A13 4 3 2 1 32 31 30 
As As As s 2g 

As Ag As 6 2S 

~ A11 ~ 7 27 
A3 OE A3 S 26 

A2 A10 A2 g 2S 

A1 CE A1 10 24 

Ao 1107 Ao 11 23 
l/Oo 1/05 NC 12 22 
1101 I/Os l/Oo 13 21 
1102 1/04 14 15 16 17 1S 1g 20 

Vss 1/03 
..-C\IWO MVlO 
gggizggg 

• Automatic Page Write Operation: 
-1to64 Bytes in 10ms 
-Page Load Timer 

• End of Write Detection: 
-Toggle Bit 
-DATA Polling 

• Hardware and Software Write Protection 

• 10,000 Program/Erase Cycles 

• 100 Year Data Retention 

• Optional High Endurance Device Available 

ware write protection as well as an internal Error Correc
tion Code (ECC) for extremely high reliability. 

The CAT28C256/CAT28C2561 is manufactured using 
Catalyst's advanced CMOS floating gate technology. It 
is designed to endure 10,000 program/erase cycles and 
has a data retention of 1 OOyears. The device is available 
in JED EC approved 28 pin DIP or 32 pin PLCC pack
ages. 

PIN FUNCTIONS 

Pin Name Function 

Ao-A14 Address Inputs 

l/Oo-1/07 Data Inputs/Outputs 

As CE Chip Enable 
Ag 
A11 

OE Output Enable 

NC WE Write Enable 
OE 
A10 

Vee 5V Supply 

CE Vss Ground 
1/07 
1/05 

NC No Connect 

5096 FHD F01 

TD 5096 

© 1992 by Catalyst Semiconductor, Inc. 
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CAT28C256/CAT28C2561 

MODE SELECTION 

Mode CE WE OE 1/0 Power 

Read L H L DouT ACTIVE 

Byte Write (WE Controlled) L v H D1N ACTIVE 

Byte Write (CE Controlled) v L H D1N ACTIVE 

Standby, and Write Inhibit H x x High-Z STANDBY 

Read and Write Inhibit x H H High-Z ACTIVE 

CAPACITANCE TA= 25°C, f = 1.0 MHz, Vee= 5V 

Symbol Test Max. Units Conditions 

C110<1) Input/Output Capacitance 10 pF V110= OV 

C1N(1) Input Capacitance 6 pF V1N = OV 

Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .................... -55°C to + 125°C 

Storage Temperature ......................... -65°C to + 150°C 

Voltage on Any Pin with 
Respect to Ground(2) ............. -2.0V to +Vee+ 2.0V 

Vee with Respect to Ground .................. -2.0V to +7.0V 
Package Power Dissipation 

Capability (Ta= 25°C) .................................. 1.0W 

Lead Soldering Temperature (1 o secs) ............... 300°C 

Output Short Circuit Current<3) .......................... 100 mA 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NEND(1) Endurance 10,000 

foR(1) Data Retention 100 

VZAp(1) ESD Susceptibility 2000 

ILTH(1)(4) Latch-Up 100 

D.C. OPERATING CHARACTERISTICS 

CAT28C256/CAT28C2561 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation 
of the device at these or any other conditions outside of 
those listed in the operational sections of this specifica
tion is not implied. Exposure to any absolute maximum 
rating for extended periods may affect device perfor
mance and reliability. 

Units Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

CAT28C256 TA= 0°C to +70°C, Vee= 5V ±10%, unless otherwise specified. 
CAT28C256\ TA = -40°C to +85°C, Vee = 5V ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units Test Conditions 

Ice Vee Current (Operating, TTL) 30 mA CE=OE = V1L, 
f = 1/tRc min, All I/O's Open 

lccc(5) Vee Current (Operating, CMOS) 25 mA CE = OE = V1Lc, 
f = 1/tRc min, All I/O's Open 

lss Vee Current (Standby, TTL) 1 mA CE = V1H, All I/O's Open 

lssc(6) Vee Current (Standby, CMOS) 150 µA CE= V1HC, 
All I/O's Open 

lu Input Leakage Current -1 1 µA V1N = GND to Vee 

ILO Output Leakage Current -10 10 µA VouT = GND to Vee, 
CE= V1H 

V1H(6) High Level Input Voltage 2.0 Vee +0.3 v 
V1L(S) Low Level Input Voltage -0.3 0.8 v 
VoH High Level Output Voltage 2.4 v ioH =-400µA 

VoL Low Level Output Voltage 0.4 v loL = 2.1 mA 

Vw1 Write Inhibit Voltage 3.5 v 
Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(2) The minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +0.5V, which may overshoot to Vee +2.0V for periods of less than 20 ns. 
(3) Output shorted for no more than one second. No more than one output shorted at a time. 
(4) Latch-up protection is provided for stresses up to 100mA on address and data pins from -1V to Vee +1V. 
(5) V1Le = -0.3V to +0.3V. 
(6) V1He =Vee -0.3V to Vee +0.3V. 

7-63 

• 



CAT28C256/CAT28C2561 

A.C. CHARACTERISTICS, Read Cycle 

CAT28C256 TA= 0°C to +70°C, Vee= 5V ±10%, unless otherwise specified. 
CAT28C2561 TA = -40°C to +85°C, Vee = 5V ±10%, unless otherwise specified. 

28C256-20 28C256-25 28C256-30 
28C2561-20 28C2561-25 2sc25sl-30 

Symbol Parameter 

!RC Read Cycle Time 

tcE CE Access Time 

!AA Address Access Time 

toE OE Access Time 

tLz(1l CE Low to Active Output 

t0Lz(1J OE Low to Active Output 

tHz(1)(7) CE High to High-Z Output 

toHz(1H7l OE High to High-Z Output 

toH(1) Output Hold from Address Change 

Figure 1. A.C. Testing Input/Output Waveform(B) 

2.4 v ----------------,. 
INPUT PULSE LEVELS 

0.45V --------------

Figure 2. A.C. Testing Load Circuit (example) 

DEVICE 
UNDER 
TEST 

Min. Max. 

200 

200 

200 

80 

0 

0 

50 

50 

0 

2.0V 

0.8 v 

1.3V 

1N914 

3,3K 

I CL=100pF 

CL INCLUDES JIG CAPACITANCE 

Note: 

Min. Max. Min. 

250 300 

250 

250 

100 

0 0 

0 0 

50 

50 

0 0 

REFERENCE POINTS 

(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(7) Output floating (High-Z) is defined as the state when the external data line is no longer driven by the output buffer. 
(8) Input rise and fall times (10% and 90%) < 10 ns. 
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Max. 

300 

300 

110 

55 

55 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

5096 FHD F03 

5096 FHD F04 



A.C. CHARACTERISTICS, Write Cycle 

CAT28C256 TA = 0°C to +70°C, Vee = 5V ±10%, unless otherwise specified. 
CAT28C2561 TA = -40°C to +85°C, Vee = 5V ±10%, unless otherwise specified. 

28C256-20 28C256-25 
28C2561-20 28C2561-25 

CAT28C256/CAT28C2561 

28C256-30 
28C2561-30 

Symbol Parameter Min. Max. Min. Max. Min. Max. Units 

twe Write Cycle Time 10 10 10 ms 

tAs Address Setup Time 0 0 0 ns 

IAH Address Hold Time 100 100 120 ns 

tcs Write Setup Time 0 0 0 ns 

teH Write Hold Time 0 0 0 ns 

tew<9> CE Pulse Time 100 100 120 ns 

to ES OE Setup Time 10 10 10 ns 

lo EH OE Hold Time 10 10 10 ns 

twp<9> WE Pulse Width 100 100 120 ns 

tos Data Setup Time 50 50 50 ns 

tDH Data Hold Time 10 10 20 ns 

tJNIT(1) Write Inhibit Period After Power-up 5 10 5 10 5 10 ms 

tsLe(1)(10) Byte Load Cycle Time .1 100 .1 100 .1 100 µs 

Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(9) A write pulse of less than 20ns duration will not initiate a write cycle. 
(10) A timer of duration tsLC max. begins with every LOW to HIGH transition of WE. If allowed to time out, a page or byte write will begin; 

however a transition from HIGH to LOW within tsLc max. stops the timer. 
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CAT28C256/CAT28C2561 

DEVICE OPERATION 

Read 

Data stored in the CAT28C256/CAT28C2561 is trans
ferred to the data bus when WE is held high, and both OE 
and CE are held low. The data bus is set to a high 
impedance state when either CE or OE goes high. This 
2-line control architecture can be used to eliminate bus 
contention in a system environment. 

Figure 3. Read Cycle 

IRc 

ADDRESS 

tcE 

CE 

toE 

OE 

V1H 

WE 
ILZ 

IOLZ 

DATA OUT 
HIGH-Z 

Figure 4. Byte Write Cycle [WE Controlled] 

ADDRESS 

IAS IAH 

Byte Write 

A write cycle is executed when both CE and WE are low, 
and OE is high. Write cycles can be initiated using either 
WE or CE, with the address input being latched on the 
falling edge of WE or CE, whichever occurs last. Data, 
conversely, is latched on the rising edge of WE or CE, 
whichever occurs first. Once initiated, a byte write cycle 
automatically erases the addressed byte and the new 
data is written within 1 O ms. 

IQHZ 

5096 FHD FOS 

tcs tcH 

toEs------ twp---~-toEH 

IBLC 
HIGH-Z 

DATA OUT 

DATA IN 
DATA VALID 

-----tDs---~lDH 
5096 FHD F06 
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Page Write 

fhe page write mode of the CAT28C256/CAT28C2561 
~essentially an extended BYTE WRITE mode) allows 
'rom 1 to 64 bytes of data to be programmed within a 
5ingle E2PROM write cycle. This effectively reduces the 
Jyte-write time by a factor of 64. 

Following an initial WRITE operation (WE pulsed low, for 
twp, and then high) the page write mode can begin by 
issuing sequential WE pulses, which load the address 
and data bytes into a 64 byte temporary buffer. The page 
address where data is to be written, specified by bits A6 

to A14, is latched on the last falling edge of WE. Each 
byte within the page is defined by address bits Ao to A5 

Figure 5. Byte Write Cycle [CE Controlled] 

ADDRESS 

to ES 

CAT28C256/CAT28C2561 

(which can be loaded in any order) during the first and 
subsequent write cycles. Each successive byte load 
cycle must begin within tsLc MAX of the rising edge of the 
preceding WE pulse. There is no page write window 
limitation as long as WE is pulsed low within tsLc MAX. 

Upon completion of the page write sequence, WE must 
stay high a minimum of tsLc MAX for the internal auto
matic program cycle to commence. This programming 
cycle consists of an erase cycle, which erases any data 
that existed in each addressed cell, and a write cycle, 
which writes new data back into the cell. A page write will 
only write data to the locations that were addressed and 
will not rewrite the entire page. 

toEH 

0\\\\\\\\Y 
tcH 

(ZZZZZZlll'A 
HIGH-Z 

DATA OUT 

DATA IN DATA VALID 

i+-~~-tDs~~~-+f.+--+ilDH 
5096 FHD F07 

Figure 6. Page Mode Write Cycle 
1~zz~z~z~~~~~~~~~~~~~~~~-.-.-J..,___ 

~~ 

ADDRESS _ ___,x\..----Jx ____ ___.Jx\..--_e 
twc 

1/0 o.__ _ __,X LAST BYTE )>----
BYTE 0 BYTE 1 BYTE2 BYTE n BYTE n+ 1 BYTE n+2 

5096 FHD F10 
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CA T28C256/CAT28C2561 

DAT A Polling 

DA TA polling is provided to indicate the completion of a 
byte write cycle. Once a byte write cycle is initiated, 
attempting to read the last byte written will output the 
complement of that data on 1/07 (l/Oo-1/05 are indeter
minate) until the programming cycle is complete. Upon 
completion of the self-timed byte write cycle, all I/O's will 
output true data during a read cycle. 

Figure 7. DATA Polling 

ADDRESS 'X/XXXX't/X 

to EH 

Toggle Bit 

In addition to the DATA Polling feature of the CAT28C2561 
CAT28C2561, the device offers an additional method fo1 
determining the completion of a write cycle. While a writ~ 
cycle is in progress, reading data from the device wil: 
result in 1/05 toggling between one and zero. However; 
once the write is complete, 1/05 stops toggling and valiq 
data can be read from the device. 

=~ x 
~ I \ 

"'' l"-"'''J---
.~~~-11 

~----------+--·'WC--------i~"'li 

------<r_D_i_N_=_X~>------<1 Dour= x >--.....,-,.---~Dour= x )r--------1/07 

5096 FHD F11 

Figure 8. Toggle Bit 

1/05 

5096 FHD F12 
Note: 
(11) Beginning and ending state of 1/06 is indeterminate. 
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HARDWARE DATA PROTECTION 

The following is a list of hardware data protection fea
tures that are incorporated into the CAT28C256/ 
CAT28C2561. 

(1) Vee sense provides for write protection when Vee 
falls below 3.5V min. 

(2) A power on delay mechanism, t1N1T (see AC charac
teristics), provides a 5 to 1 Oms delay before a write 
sequence, after Vee has reached 3.5V min. 

(3) Write inhibit is activated by holding any one of OE 
low, CE high or WE high. 

Figure 9. Write Sequence for Activating Software 
Data Protection 

Note: 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

AA 

5555 

55 

2AAA 

AO 

5555 

SOFTWARE DATA 
PROTECTION ACTIVATED (12) 

WRITE DATA: xx 
TO ANY ADDRESS 

WRITE LAST BYTE 
TO 

LAST ADDRESS 
5096 FHD FOS 

CAT28C256/CAT28C2561 

(4) Noise pulses of less than 20 ns on the WE or CE 
inputs will not result in a write cycle. 

SOFTWARE DATA PROTECTION 

The CAT28C256/CAT28C2561 features a software con· 
trolled data protection scheme which, once enabled, 
requires a data algorithm to be issued to the device 
before a write can be performed. The device is shipped 
from Catalyst with the software protection NOT EN
ABLED (the CAT28C256/CAT28C2561 is in the stan
dard operating mode). 

Figure 10. Write Sequence for Deactivating 
Software Data Protection 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

AA 

5555 

55 

2AAA 

80 

5555 

AA 

5555 

55 

2AAA 

20 

5555 

5096 FHD F09 

{12) Write protection is activated at this point whether or not any more writes are completed. Writing to addresses must occur within tsLc 
Max., after SOP activation. 
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CAT28C256/CAT28C2561 

To activate the software data protection, the device must 
be sent three write commands to specific addresses with 
specific data (Figure 9). This senuence of commands 
(along with subsequent writes) must adhere to the page 
write timing specifications (Figure 11). Once this is done, 
all subsequent byte or page writes to the device must be 
preceded by this same set of write commands. The data 
protection mechanism is activated until a deactivate 
sequence is issued regardless of power on/off transi
tions. This gives the user added inadvertent write pro
tection on power-up in addition to the hardware protec
tion provided. 

Figure 11. Software Data Protection Timing 

DATA 
ADDRESS 

CE 

WE 

AA 
5555 

55 
2AAA 

To allow the user the ability to program the device with 
an E2PROM programmer (orfortesting purposes) there, 
is a software command sequence for deactivating the 
data protection. The six step algorithm (Figure 10) will! 
reset the internal protection circuitry, and the device will: 
return to standard operating mode (Figure 12 provides 
reset timing). After the sixth byte of this reset sequence 
has been issued, standard byte or page writing can 
commence. 

AO 
5555 

IBLC 

twc 

BYTE OR I r---1-
PAGE 

WRITES 
ENABLED 

5096 FHD F13 

Figure 12. Resetting Software Data Protection Timing 

DATA 
ADDRESS 

-----'> CE 

AA 
5555 

55 
2AAA 

80 
5555 
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AA 
5555 

55 
2AAA 

20 twc 
5555 

SDP 
RESET 

DEVICE 
UNPROTECTED 

5096 FHD F14 
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>reliminary 

CAT28F512/CAT28F5121 
i12K-Bit CMOS FLASH MEMORY 

=EATURES 

I Fast Read Access Time: 120/150/200 ns 

I Low Power CMOS Dissipation: 
-Active: 30 mA max (CMOSITTL levels) 
-Standby: 1 mA max (TTL levels) 
-Standby: 100 µA max (CMOS levels) 

1 High Speed Programming: 
-10 µS per byte 
-1 Sec Typ Chip Program 

1 12.0V ± 5% Programming and Erase Voltage 

DESCRIPTION 

fhe CAT28F512/CAT28F5121 is a high speed 64K x 8 bit 
oilectrically erasable and reprogrammable Flash memory 
deally suited for applications requiring in-system or after
>ale code updates. Electrical erasure of the full memory 
::ontents is achieved typically within 1 second. 

It is pin and Read timing compatible with standard 
EPROM and E2PROM devices. Programming and Erase 
are performed through an operation and verify algo
rithm. The instructions are input via the 1/0 bus, using a 

BLOCK DIAGRAM 

• Stop Timer for Program/Erase 

• On-chip Address and Data Latches 

• JEDEC Standard Pinouts: 
-32 pin DIP 
-32 pin PLCC 
-32 pin TSOP (8 x 14; 8 x 20) 

• 10,000 Program/Erase Cycles 

• 10 Year Data Retention 

• Electronic Signature 

two write cycle scheme. Address and Data are latched 
to free the 1/0 bus and address bus during the write 
operation. 

The CAT28F512/CAT28F5121 is manufactured using 
Catalyst's advanced CMOS floating gate technology. It 
is designed to endure 10,000 program/erase cycles and 
has a data retention of 1 O years. The device is available 
in JEDEC approved 32 pin plastic DIP, 32 pin PLCC or 
32 pin TSOP packages. 

~-----1~ ERASE VOLTAGE 
SWITCH 

WE COMMAND 
REGISTER 

PROGRAM VOLTAGE 
SWITCH 

CE, OE LOGIC 

CE ~>-t----+--t----------+--~ 
OE 

'------13 

Ao-A15 ----~-----~/ 

VOLTAGE VERIFY 
SWITCH 

© "1992 by Catalyst Semiconductor, Inc. 

~ Y-DECODER 
....J 
gi .____ ___ __. 
UJ 

gs X-DECODER 1-------"-I 
0 
<( 

8-1 

Y-GATING 

524,288 BIT 
MEMORY 
ARRAY 

5110 FHD F02 

TD 5110 

Characteristics subject to change without notice 
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CAT28F512/CAT28F5121 Preliminar~ 

PIN CONFIGURATION PIN FUNCTIONS 
DIP Package PLCC Package Pin Name Type Function 

I 

I 

Vpp Vee ~ ~ o &: 81w Q 
< < z > > :s: z 

NC WE 
Ao-A is Input Address Inputs for ! 

memory addressing 
A1s N/C 4 3 2 1 32 31 30 
A12 Ai4 A1 s 2g Ai4 

A1 Ai3 As s 28 Ai3 

l/Oo-1/07 1/0 Data Input/Output 

CE Input Chip Enable 
As A9 As 7 27 A9 
As Ag A4 8 2S Ag 
A4 A11 A3 g 2S A11 

OE Input Output Enable 

WE Input Write Enable I 

' 

A3 OE A2 10 24 OE 
A2 A10 Ai 11 23 A10 
A1 CE Ao i2 22 CE 

Vee Voltage Supply 

Vss Ground 
Ao 1107 l/Oo i3 21 1/07 

l/Oo I/Os i4 is is 17 18 1g 20 

l/Oi I/Os 

Vpp Program/Erase 
Voltage Supply 

1102 1/04 
...-Ncncv:>.q-lO<e> 

Vss 1103 
~~gi~~~~ 

5110 FHD F01 

TSOP Package (Standard Pinout) 

Ai1 i 32 OE 
Ag 2 3i A10 
A9 3 30 CE 

Ai3 4 2g 1/07 
Ai4 s 28 I/Os 
NC 6 27 I/Os 
WE 7 2S 1104 

Vee 8 2S 1/03 
Vpp 9 24 Vss 

NC 10 23 1102 
Ais ii 22 l!Oi 
Ai2 i2 2i l/Oo 

A1 13 20 Ao 
As i4 ig Ai 
As is is A2 
A4 16 17 A3 

TSOP Package (Reverse Pinout) 

OE 32 Ai1 
A10 2 31 Ag 
CE 3 30 As 

1107 4 2g Ai3 
I/Os s 28 Ai4 
I/Os 6 27 NC 
1104 7 26 WE 
1103 8 2S Vee 
Vss g 24 Vpp 
1102 10 23 NC 
110, 1 i 22 Ais 
l/Oo 12 2i Ai2 

Ao i3 20 A1 
Ai i4 1g As 
A2 1S 18 As 
A3 1S 17 A4 

5110 FHD F14 
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Preliminary 

~BSOLUTE MAXIMUM RATINGS* 

femperature Under Bias ...................... -55°C to +95°C 

Storage Temperature ......................... -65°C to + 150°C 

v'oltage on Any Pin with 
Respect to Ground(1) ............. -2.0V to +Vee+ 2.0V 

v'oltage on Pin Ag with 
Respect to Ground(1) ..................... -2.0V to +13.5V 

v'pp with Respect to Ground 
during Program/Erase<1> ................ -2.0Vto +14.0V 

v'cc with Respect to Ground<1> ............... -2.0V to +7.0V 

::iackage Power Dissipation 
Capability (TA= 25°C) .................................... 1.0 W 

_ead Soldering Temperature (10 secs) ............... 300°C 

Jutput Short Circuit Current<2> .......................... 100 mA 

=!ELIABILITY CHARACTERISTICS 

CAT28F512/CAT28F5121 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Symbol Parameter Min. Max. Units Test Method 

NENo<3) Endurance 1 K, 10K Cycles/Byte MIL-STD-883, Test Method 1033 

ToR(3) Data Retention 10 Years MIL-STD-883, Test Method 1008 

VZAp<3> ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015 

ILTH(3)(4) Latch-Up 100 mA JEDEC Standard 17 

:APACITANCE TA= 25°C, f = 1.0 MHz 

Limits 

Symbol Test Min Max. Units Conditions 

C1N(3) Input Pin Capacitance 6 pF V1N= ov 
Cour<3) Output Pin Capacitance 10 pF Vour = OV 

Cvpp<3) Vpp Supply Capacitance 25 pF Vpp = OV 

~ote: 

(1) The minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Vee +0.5V, which may overshoot to Vee+ 2.0V for periods of less than 20ns. 

(2) Output shorted for no more than one second. No more than one output shorted at a time. 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vee +1V. 

8-3 
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CAT28F512/CAT28F5121 

D.C. OPERATING CHARACTERISTICS 

CAT28F512 TA = 0°C to +70°C, Vee = +5V ±10%, unless otherwise specified. 
CAT28F5121 TA= -40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Max. Unit 

lu Input Leakage Current ±1.0 µA 

ILO Output Leakage Current ±10 µA 

lss1 Vee Standby Current CMOS 100 µA 

lss2 V cc Standby Current TTL 1.0 mA 

lcc1 Vee Active Read Current 30 mA 

lcc2(3) Vee Programming Current 15 mA 

lcc3(3) Vee Erase Current 15 mA 

lcc4(3l Vee Prog./Erase Verify Current 15 mA 

lpps Vpp Standby Current ±10 µA 

Jppj Vpp Read Current 200 µA 

lpp2(3) Vpp Programming Current 30 mA 

lpp3(3) Vpp Erase Current 30 mA 

lpp4(3) Vpp Prog./Erase Verify Current 5.0 mA 

V1L Input Low Level TTL -0.5 0.8 v 
V1LC Input Low Level CMOS -0.5 0.8 v 
VoL Output Low Level 0.45 v 
V1H Input High Level TIL 2.0 Vcc+0.5 v 
V1HC Input High Level CMOS 0.7 Vee Vcc+0.5 v 
VoH Output High Level TTL 2.4 v 
VoH1 Output High Level CMOS 0.85 Vee v 
VoH2 Output High Level CMOS Vcc-0.4 v 
V10 Ag Signature Voltage 11.4 13.0 v 
110 Ag Signature Current 200 µA 

VLO Vee Erase/Prog. Lockout Voltage 2.5 v 
Note: 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
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I 

Test Conditions 

V1N =Vee or Vss 
Vee= 5.5V, OE= V1H 

VouT =Vee or Vss, 
Vee= 5.5V, OE= V1H 

CE= Vee ±0.5V, 
Vee =5.5V 

CE= V1H, Vee = 5.5V 

Vee= 5.5V, CE= V1L. 
louT = OmA, f = 6 MHz 

Vee= 5.5V, 
Programming in Progress 

Vee= 5.5V, 
Erasure in Progress 

Vpp = VPPH, Program or 
Erase Verify in Progress 

Vpp = VPPL 

Vpp = VPPH 

Vpp = VPPH, 
Programming in Progress 

Vee= 5.5V, 
Erasure in Progress 

Vpp = VPPH, Program or 
Erase Verify in Progress 

loL = 5.8mA, Vee= 4.5V 

loH = -2.5mA, Vee= 4.5V 

IOH = -2.5mA, Vee= 4.5V 

loH = -400µA, Vee= 4.5V 

Ag= V10 

Ag= V10 



Preliminary CAT28F512/CAT28F5121 

SUPPLY CHARACTERISTICS 

Limits 

Symbol Parameter Min Max. Unit 

Vee Vee Supply Voltage 4.5 

VPPL Vpp During Read Operations 0 

VPPH Vpp During Read/Erase/Program 11.4 

A.C. CHARACTERISTICS, Read Operation 

CAT28F512 TA= 0°C to +70°C, Vee = +5V ±10%, unless otherwise specified. 
CAT28F5121 TA= -40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

5.5 

6.5 

12.6 

28F512-12 28F512-15 28F512-20 
28F5121-12 28F5121-15 28F5121-20 

Symbol Parameter Min. 

tRe Read Cycle Time 120 

lcE CE Access Time 

tAee Address Access Time 

toE OE Access Time 

toH Output Hold from Address OE/CE Change 0 

t0Lz(3)(9) OE to Output in Low-Z 0 

td3)(9) CE to Output in Low-Z 0 

toF(3)(S) OE High to Output High-Z 

tEHOz(3)(S) CE High to Output High-Z 

twHGL(3) Write Recovery Time Before Read 6 

Figure 1. A.C. Testing Input/Output Waveform(6}(7)(B) 

2.4 v -------------~ 2.oV 
INPUT PULSE LEVELS 

0.45 v -------------~ 0.8 v 

Figure 2. A.C. Testing Load Circuit (example) 1.3v 

DEVICE 
UNDER 
TEST 

1N914 

3.3K 

Max. Min. Max. Min. 

150 200 

120 150 

120 150 

50 55 

0 0 

0 0 

0 0 

30 35 

55 55 

6 6 

REFERENCE POINTS 

CL=100pF J CL INCLUDES JIG CAPACITANCE 
Note: 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(5) Output floating (High-Z) is defined as the state where the external data line is no longer driven by the output buffer. 
(6) Input Rise and Fall Times {10% to 90%) < 10 ns. 
(7) Input Pulse Levels= 0.45V and 2.4V. 
{8) Input and Output Timing Reference = o.8V and 2.0V. 
{9) Low-Z is defined as the state where the external data may be driven by the output buffer but may not be valid. 
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Max. 

200 

200 

60 

40 

55 

v 
v 
v 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

µs 

5108 FHO F03 

5108 FHD F04 
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CAT28F512/CAT28F5121 Preliminary 

A.C. CHARACTERISTICS, Program/Erase Operation 

CAT28F512 TA= 0°C to +70°C, Vee= +5V ±10%, unless otherwise specified. 
CAT28F5121 TA= -40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

28F512-12 28F512-15 
28F5121-12 28F5121-15 

Symbol Parameter Min. Max. Min. Max. 

twc Write Cycle Time 120 150 

tAS Address Setup Time 0 0 

tAH Address Hold Time 60 60 

tos Data Setup Time 50 50 

toH Data Hold Time 10 10 

tcs CE Setup Time 0 0 

tcH CE Hold Time 0 0 

twp WE Pulse Width 60 60 

twPH WE High Pulse Width 20 20 

twPWH1(11 ) Program Pulse Width 10 10 

twPWH2(11 ) Erase Pulse Width 9.5 9.5 

twPGL Write Recovery Time Before Read 6 6 

tGHWL 0 0 

28F512-20 
28F5121-20 

Min. Max. Unit 

200 ns 

0 ns 
' 

75 ns 

50 ns 

10 ns 

0 ns 

0 ns 

60 ns 

20 ns 

10 µs 

9.5 ms 

6 µs 
• 

0 Read Recovery Time Before Write µs 
J 

tvPEL Vpp Setup Time to CE 100 100 100 ns 

ERASE AND PROGRAMMING PERFORMANCE(10) 

28F512-12 · 28F512-15 28F512-20 
28F5121-12 28F5121-15 28F5121-20 

Parameter Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Unit 

Chip Erase Time(12)(14) 1.0 10 1.0 10 1.0 30 sec 

Chip Program Time(12)(13) 1 12.5 1 12.5 1 12.5 sec 

Note: 
(10) Please refer to Supply characteristics for the value of VppH and VPPL· The Vpp supply can be either hardwired or switched. If Vpp is 

switched, VppL can be ground, less than Vee+ 2.0V or a no connect with a resistor tied to ground. 
(11) Program and Erase operations are controlled by internal stop timers. 
(12) 'Typicals' are not guaranteed, but based on characterization data. Data taken at 25°C, 12.0V Vpp. 
(13) Minimum byte programming time (excluding system overhead) is 16 µs (10 µs program+ 6 >ts write recovery), while maximum is 400 µs/ 

byte ( 16 ftS x 25 loops). Max chip programming time is specified lower than the worst case allowed by the programming algorithm since 
most bytes program significantly faster than the worst case byte. 

(14) Excludes OOH Programming prior to Erasure. 

8-6 
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Preliminary CAT28F512/CAT28F5121 

FUNCTION TABLE(15) 

Pins 

Mode CE OE WE Vpp 1/0 Notes 

Read V1L V1L V1H VPPL DouT 

Output Disable V1L V1H V1H x High-Z 

Standby V1H x x VPPL High-Z 

Signature (MFG) V1L V1L V1H x 31H Ao= V1L. As= 12V 

Signature (Device) V1L V1L V1H x 88H Ao= V1L, As= 12V 

Program/Erase V1L V1H V1L VPPH D1N See Command Table 

Write Cycle V1L V1H V1L VPPH D1N During Write Cycle 

Read Cycle V1L V1L V1H VPPH DouT During Write Cycle 

WRITE COMMAND TABLE 

Commands are written into the command register in one or two write cycles. The command register can be altered 
::mly when Vpp is high and the instruction byte is latched on the rising edge of WE. Write cycles also internally latch 
addresses and data required for programming and erase operations. 

Pins 

First Bus Cycle Second Bus Cycle 

Mode Operation Address D1N Operation Address D1N DouT 

Set Read Write x OOH Read Any DouT 

Read Sig. (MFG) Write x 90H Read 00 31H 

Read Sig. (Device) Write x 90H Read 01 88H 

Erase Write x 20H Write x 20H 

Erase Verify Write x AOH Read x DouT 

Program Write x 40H Write A1N D1N 

Program Verify Write x COH Read x DouT 

Reset Write x FFH Write x FFH 

Note: 
: 15) Logic Levels: X = Logic 'Do not care' (VIH• VIL• VppL, VppH) 

8-7 
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CAT28F512/CAT28F5121 

READ OPERATIONS 

Read Mode 

A Read operation is performed with both CE and OE low 
and with WE high. Vpp can be either high or low, 
however, if Vpp is high, the Set READ command has to 
be sent before re;:iding data (see Write Operations). The 
data retrieved from the 110 pins reflects the contents of 
the memory location corresponding to the state of the 16 
address pins. The respective timing waveforms for the 
read operation are shown in Figure 3. Refer to the AC 
Read characteristics for specific timing parameters. 

Signature Mode 

The signature mode allows the user to identify the IC 
manufacturer and the type of device while the device 
resides in the target system. This mode can be activated 
in either of two ways; through the conventional method 
of applying a high voltage (12V) to address pin Ag or by 
sending an instruction to the command register (see 
Write Operations). 

Figure 3. A.C. Timing for Read Operation 

POWER UP STANDBY DEVICE AND 
ADDRESS SELECTION 

Preliminar' 

The conventional mode is entered as a regular REA[ 
mode by driving the CE and OE pins low (with WE high) 
and applying the required high voltage on address pinA1 
while all other address lines are held at V1L. 

A Read cycle from address OOOOH retrieves the binal') 
code for the IC manufacturer on outputs llOo to 1101: 

I 
CATALYSTCode = 00110001 (31H) 

A Read cycle from address 0001 H retrieves the binal') 
code for the device on outputs llOo to 1101. 

28F512/28F5121 Code = 1011 1000 (88H) 

Standby Mode 

With CE at a logic-high level, the CAT28F512, 
CAT28F5121 is placed in a standby mode where most o 
the device circuitry is disabled, thereby substantial!~ 
reducing power consumption. The outputs are placed ir 
a high-impedance state. 

OU PUTS 
ENABLED 

DATA VALID STANDBY POWER DOWN 

ADDRESSES ADDRESS STABLE 

CE(E) 

OE(G) 

----1WHGL---""' 

1GLQX (toLZ>----
1ELQX (1LZ) 

HIGH·Z 
DATA(l/O) 

----1AVQV (1Accl----
5108 FHO FO 
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Preliminary 

WRITE OPERATIONS 

The following operations are initiated by observing the 
sequence specified in the Write Command Table. 

Read Mode 

The device can be put into a standard READ mode by 
initiating a write cycle with OOH on the data bus. The 
subsequent read cycles will be performed similar to a 
standard EPROM or E2PROM Read. 

Figure 4. A.C. Timing for Erase Operation 

CAT28F512/CAT28F5121 

Signature Mode 

An alternative method for reading device signature (see 
Read Operations Signature Mode), is initiated by writing 
the code 90H into the command register while keeping 
Vpp high. A read cycle from address OOOOH with CE and 
OE low (and WE high) will output the device signature. 

CATALYST Code = 00110001 (31 H) 

A Read cycle from address 0001 H retrieves the binary 
code for the device on outputs l/Oo to 1101. 

28F512/28F5121 Code = 10111000 (88H) 

Vee POWER·UP SETUP ERASE ERASE ERASING ERASE VERIFY ERASE Vee POWER-DOWN/ 
& STANDBY COMMAND 

ADDRESSES 

eE(E) 

OE(G) 

HIGH·Z 
DATA(l/O) 

Vee s.ov 

Vpp 

COMMAND COMMAND 

1es 
1WHWH2+--->--1WHGL 

8-9 

loE 

loLZ 

VERIFICATION STANDBY 
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CAT28F512/CAT28F5121 

Erase Mode 

During the first Write cycle, the command 20H is written 
into the command register. In order to commence the 
erase operation, the identical command of 20H has to be 
written again into the register. This two-step process 
ensures against accidental erasure of the memory con
tents. The final erase cycle will be stopped at the rising 
edge of WE, at which time the Erase Verify command 

TIMING PARAMETER SYMBOLS 

Standard JEDEC Standard JEDEC 
tAS tAVWL tLz tELQX 

tAH twLAX toE tGLQV 

tcE tELQV toLZ tGLQX 

tcH lWHEH tRC tAVAV 

tcs tELWL twc tAVAV 

toF tGHQZ twp twLWH 

toH twHDX twPH twHWL 

tos tovwH 

8-10 
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(AOH) is sentto the command register. During this cycle, 
the address to be verified is sent to the address bus and 
latched when WE goes high. An integrated stop timer 
allows for automatic timing control over this operation, 
eliminating the need for a maximum erase timing speci
fication. Refer to AC Characteristics (Program/Erase) 
for specific timing parameters. 



Preliminary CAT28F512/CAT28F5121 

Figure 5. Chip Erase Algorithm(16) 

START ERASURE BUS 
COMMAND COMMENTS OPERATION 

INCREMENT 
ADDRESS 

Note: 

APPLYVPPH 

PROGRAM ALL 
BYTES TO OOH 

INITIALIZE 
ADDRESS 

INITIALIZE 
PLSCNT=O 

WRITE ERASE 
SETUP COMMAND 

WRITE ERASE 
COMMAND 

TIME OUT 10ms 

WRITE ERASE 
VERIFY COMMAND 

TIME OUT6µs 

READ DATA 
FROM DEVICE 

WRITE READ 
COMMAND 

APPLYVPPL 

ERASURE 
COMPLETED 

APPLYVppL 

ERASE 
ERROR 

STANDBY 

WRITE 

WRITE 

WRITE 

READ 

STANDBY 

WRITE 

STANDBY 

(16) The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device. 

8-11 

ERASE 

ERASE 

ERASE 
VERIFY 

READ 

Vpp RAMPS TO VppH 

(OR Vpp HARDWIRED) 

ALL BYTES SHALL BE 
PROGRAMMED TO oo 
BEFORE AN ERASE 

OPERATION 

INITIALIZE ADDRESS 

PLSCNT =PULSE COUNT 

ACTUAL ERASE 
NEEDS 10ms PULSE, 

DATA=20H 

DATA=20H 

WAIT 

ADDRESS= BYTE TO VERIFY 
DATA=20H; 

STOPS ERASE OPERATION 

WAIT 

READ BYTE TO 
VERIFY ERASURE 

COMPARE OUTPUT TO FF 
INCREMENT PULSE COUNT 

DATA= OOH 
RESETS THE REGISTER 
FOR READ OPERATION 

Vpp RAMPS TO VPPL 

(OR Vpp HARDWIRED) 

5108 FHO F10 
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CAT28F512/CAT28F5121 

Erase-Verify Mode 

The Erase-verify operation is performed on every byte 
after each erase pulse to verify that the bits have been 
erased. 

Programming Mode 

The programming operation is initiated using the pro
gramming algorithm of Figure 7. During the first write 
cycle, the command 40H is written into the command 

Figure 6. A.C. Timing for Programming Operation 

Preliminar' 

register. During the second write cycle, the address o 
the memory location to be programmed is latched on the 
falling edge of WE, while the data is latched on the risinc 
edge of WE. The program operation terminates with th~ 
next rising edge of WE. An integrated stop timer allow~ 
for automatic timing control over this operation, eliminaf. 
ing the need for a maximum program timing specifica
tion. Refer to AC Characteristics (Program/Erase) fo1 
specific timing parameters. 

Vee POWER-UP SETUP PROGRAM LATCH ADDRESS PROGRAM 
& STANDBY COMMAND & DATA VERIFY 

PROGRAM Vee POWER-DOWN/ 
VERIFICATION STANDBY 

PROGRAMMING COMMAND 

ADDRESSES 

CE (E) 

OE(G) 

1WHGL 1DF 

WE(W) 

ioE 
1DH 

ioLZ 
HIGH-Z 

DATA(l/O) 

1LZ 
1CE 

Vee s.ov 

Vpp 

5108 FHD FOi 
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Program-Verify Mode 

A Program-verify cycle is performed to ensure that all 
bits have been correctly programmed following each 
byte programming operation. The specific address is 
already latched from the write cycle just completed, and 
stays latched until the verify is completed. The Program-

TIMING PARAMETER SYMBOLS 

Standard JED EC Standard JEDEC 

tAs tAVWL tLz tELOX 

tAH twLAX toE tGLOV 

teE tELQV toLz tGLQX 

teH twHEH tRe tAVAV 

tcs tELWL twe tAVAV 

toF tGHOZ twp twLWH 

toH twHDX tWPH twHWL 

tos tovwH 

8-13 

CAT28F512/CAT28F5121 

verify operation is initiated by writing COH into the 
command register. An internal reference generates the 
necessary high voltages so that the user does not need 
to modify Vee. Refer to AC Characteristics (Program/ 
Erase) for specific timing parameters. 

• 



CAT28F512/CAT28F5121 

Figure 7. Programming Algorithm(16) 

INCREMENT 
ADDRESS 

Note: 

START 
PROGRAMMING 

APPLYVppH 

INITIALIZE 
ADDRESS 

PLSCNT=O 

WRITE SETUP 
PROG. COMMAND 

WRITE PROG. CMD 
ADDRAND DATA 

TIME OUT 10µs 

WRITE PROGRAM 
VERIFY COMMAND 

TIMEOUT6µs 

READ DATA 
FROM DEVICE 

WRITE READ 
COMMAND 

APPLYVppL 

PROGRAMMING 
COMPLETED 

APPLYVPPL 

PROGRAM 
ERROR 

BUS 
OPERATION 

STANDBY 

1STWRITE 
CYCLE 

2NDWRITE 
CYCLE 

1STWRITE 
CYCLE 

READ 

STANDBY 

1STWRITE 
CYCLE 

STANDBY 

(16) The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device. 
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COMMAND COMMENTS 
I 

Vpp RAMPS TO VppH 

(OR Vpp HARDWIRED) 

INITIALIZE ADDRESS I 

INITIALIZE PULSE COUNT 
PLSCNT =PULSE COUNT 

WRITE DATA=40H 
SETUP 

PROGRAM VALID ADDRESS AND DATA 

WAIT 

PROGRAM 
DATA=COH VERIFY 

WAIT 

READ BYTE TO VERIFY 
PROGRAMMING 

COMPARE DATA OUTPUT 
TO DATA EXPECTED 

DATA= OOH 
READ SETS THE REGISTER FOR 

READ OPERATION 

Vpp RAMPS TO VppL 

(OR Vpp HARDWIRED) 

5108 FHO F06 
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AborUReset 

An Abort/Reset command is available to allow the user 
to safely abort an erase or program sequence. Two 
consecutive program cycles with FFH on the data bus 
will abort an erase or a program operation. The abort/ 

Figure 8. Alternate A.C. Timing for Program Operation 

V CC POWER·UP SETUP PROGRAM LATCH ADDRESS 
& STANDBY COMMAND & DATA 

CAT28F512/CAT28F5121 

reset operation can interrupt at any time in a program or 
erase operation and the device is reset to the Read 
Mode. 

PROGRAM 
VERIFY 

PROGRAM Vee POWER-DOWN/ 
VERIFICATION STANDBY 

PROGRAMMING COMMAND 

ADDRESSES 

WE(E) 

5108 FHD F09 
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CAT28F512/CA T28F5121 

POWER UP/DOWN PROTECTION 

The CAT28F512/CAT28F5121 offers protection against 
inadvertent programming during Vpp and Vee power 
transitions. When powering up the device there is no 
power-on sequencing necessary. In other words, Vpp 
and Vee may power up in any order. Additionally Vpp 
may be hardwired to VPPH independent of the state of 
Vee and any power up/down cycling. The internal com
mand register of the CAT28F512/CAT28F5121 is reset 
to the Read Mode on power up. 

TIMING PARAMETER SYMBOLS 

Standard JEDEC 

twe tAVAV 

toLz tGLQX 

tLz tELQX 

teE tELQV 

toE tELQV 

toF tGHQZ 
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POWER SUPPLY DECOUPLING 

To reduce the effect of transient power supply voltag~ 
spikes, it is good practice to use a O .1 µF ceramic 
capacitor between Vee and Vss and Vpp and Vss. Thes~ 
high-frequency capacitors should be placed as close a! 
possible to the device for optimum decoupling. 



Preliminary CAT28F512/CA T28F5121 

4L TERNA TE CE-CONTROLLED WRITES 

28F512-12 28F512-15 28F512-20 
28F5121-12 28F5121-15 28F5121-20 

Symbol Parameter Min. Max. Min. Max. Min. Max. Unit 

tAVAV Write Cycle Time 120 150 200 ns 

lAVEL Address Setup Time 0 0 0 ns 

tELAX Address Hold Time 80 80 95 ns 

tovEH Data Setup Time 50 50 50 ns 

tEHOX Data Hold Time 10 10 10 ns 

tEHGL Write Recovery Time Before Read 6 6 6 µs 

tGHEL Read Recovery Time Before Write 0 0 0 µs 

twLEL WE Setup Time Before CE 0 0 0 ns 

tEHWH Write Enable Hold Time 0 0 0 ns 

tELEH Write Pulse Width 70 70 80 ns 

tEHEL Write Pulse Width High 20 20 20 ns 

tvPEL Vpp Setup Time to CE Low 1.0 1.0 1.0 µs 

• 
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CAT28F512V5/CAT28F512V51 
512K-Bit CMOS FLASH MEMORY 

FEATURES 

• Fast Read Access Time: 120/150/200 ns 

• Low Power CMOS Dissipation: 
-Active: 120 mA max (CMOS/TTL levels) 
-Standby: 1 mA max (TTL levels) 
-Standby: 100 µA max (CMOS levels) 

• High Speed Programming: 
-10 µS per byte 
-2 Sec Typ Chip Program 

• 5V ± 10% Programming and Erase Voltage 

DESCRIPTION 

The CAT28F512V5/CAT28F512V51 is a high speed 64K x 
8 bit electrically erasable and reprogrammable Flash 
memory ideally suited for applications requiring in-system 
or after-sale code updates. A single 5 volt supply handles all 
electrical chip erasure and programming. The memory is 
divided into 32 sectors of 2K bytes each. 

The CAT28F512V5/CAT28F512V51 features Random 
Access Sector Erase by which the user can selectively 
erase any one of the 32 2K byte sectors. This enhances 
system performance since the need to erase the entire 
memory array is eliminated. 

BLOCK DIAGRAM 

CHARGE 
PUMP 

• Stop Timer for Program/Erase 

• On-Chip Address and Data Latches 

• JEDEC Standard Pinouts: 
-32 pin DIP 
-32 pin PLCC 
-32 pin TSOP (8 x 14; 8 x 20) 

• 10,000 Program/Erase Cycles 

• 10 Year Data Retention 

• Electronic Signature 

It is pin and Read timing compatible with standard 
EPROM and E2PROM devices. Programming and Erase 
are performed through an operation and verify algorithm. 
The instructions are input via the 1/0 bus, using a two 
write cycle scheme. Address and Data are latched to free 
the 1/0 bus and address bus during the write operation. 

The CAT28F512V5/CAT28F512V51 is manufactured 
using Catalyst's advanced CMOS floating gate technol
ogy. It is designed to endure 10,000 program/erase 
cycles and has a data retention of 10 years. The device 
is available in JED EC approved 32 pin plastic DIP, 32 pin 
PLCC or 32 pin TSOP packages. 

PROGRAM VOLTAGE 
SWITCH 

CE,OE LOGIC 

CE ---''--+---+--+--------!------' 
OE _ _..... __ +--+--------1------_, 

'-------- i3 

Ao-A15 -----.,,-------,/ 

VERIFY VOLTAGE 
SWITCH 

© 1992 by Catalyst Semiconductor, Inc. 

!;;: Y-DECODER 
--' 
~I-----_, 
w 
~ X-DECODER 1------>..I 
Cl 
<( 
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524,288 BIT 
MEMORY 

ARRAY 

COUNTER 

ERASE 
DECODER 

5112 FHD F02 

TD 5112 

Characteristics subject to change without notice 
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CAT28F512V5/CAT28F512V51 Preliminary 

PIN CONFIGURATION PIN FUNCTIONS 
DIP Package PLCC Package Pin Name Type Function 

NC• Vee ~ ~ () G 81LU () 
<( <( z z > :;;: z 

NC WE 

Ao-A1s Input Address Inputs for 

memory addressing 

Ais NC 4 3 2 1 32 31 30 
Ai2 A14 A7 5 2g A14 

A7 A13 As 6 2S A13 

l/Oo-1101 1/0 Data Input/Output 

CE Input Chip Enable 
' A5 As As 7 27 As 

As Ag A4 s 26 Ag 
A4 A11 A3 g 2S A11 

OE Input Output Enable i 

WE Input Write Enable I 
I 

A3 OE A2 10 24 OE 
A2 A10 A1 11 23 A10 
Ai CE Ao 12 22 CE 

Vee Voltage Supply 

Vss Ground 

Ao 1/07 l/Oo 13 21 1/07 
l/Oo 1/05 14 1S 16 17 1S 1g 20 NC No Connect 

110, 1/05 NC* Internal connection 

1102 l/04 
T"""C\100(1)-c:f"l.OCO 

Vss 1/03 
~~;;?~~~~ 

should be connected 

to either Vee or Vss 
I 

5112 FHD F01 

TSOP Package (Standard Pinout) 

Ai1 32 OE 
Ag 2 31 A10 
As 3 30 CE 

A13 4 2g 1/07 
Ai4 5 2S 1/05 
NC 6 27 1/05 
WE 7 26 1/04 

Vee s 25 1/03 
Ne• g 24 Vss 
NC 10 23 1/02 

A15 11 22 1101 
A12 12 21 l/Oo 

A7 13 20 Ao 
A5 14 1g A1 
As 15 1S A2 
A4 16 17 A3 

TSOP Package (Reverse Pinout) 

OE 32 A11 
A10 2 31 Ag 
CE 3 30 As 

1/07 4 2g A13 
1/05 5 2S A14 
1/05 6 27 NC 
1/04 7 26 WE 
1/03 s 2S Vee 
Vss g 24 Ne• 
1102 10 23 NC 
1/01 11 22 A15 
l/Oo 12 21 A12 

Ao 13 20 A7 
A1 14 1g A5 
A2 15 1S As 
A3 16 17 A4 

5112 FHD F14 
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~BSOLUTE MAXIMUM RATINGS* 

· emperature Under Bias ...................... -55°C to +95°C 

>torage Temperature ......................... -65°C to + 150°C 

loltage on Any Pin with 
Respect to Ground(1) ............. -2.0V to +Vee+ 2.0V 

loltage on Pin Ag with 
Respect to Ground(1) ..................... -2.0V to+ 13.SV 

Ice with Respect to Ground(1) ............... -2.0V to +7.0V 

'ackage Power Dissipation 
Capability (TA= 25°C) .................................... 1.0 W 

.ead Soldering Temperature (1 O secs) ............... 300°C 

)utput Short Circuit Current(2l .......................... 1 00 mA 

~ELIABILITY CHARACTERISTICS 

CAT28F512V5/CAT28F512V51 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Symbol Parameter Min. Max. Units Test Method 

NENo(3) Endurance 1K, 10K Cycles/Byte MIL-STD-883, Test Method 1033 

ToR(3) Data Retention 10 Years M IL-STD-883, Test Method 1 008 

VZAP(3 ) ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015 

ILTH(3)(4) Latch-Up 100 mA JEDEC Standard 17 

~APACITANCE TA= 25°C, f = 1.0 MHz 

Limits 

Symbol Test Min Max. Units Conditions 

C1N(3) Input Pin Capacitance 6 pF V1N= ov 
CouT(3) Output Pin Capacitance 10 pF VouT = OV 

'ate: 
1) The minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to -2.0V for periods of Jess than 20 ns. Maximum DC 

voltage on output pins is Vee +0.5V, which may overshootto Vee+ 2.0V for periods of Jess than 20ns. 
2) Output shorted for no more than one second. No more than one output shorted at a time. 
3) This parameter is tested initially and after a design or process change that affects the parameter. 
4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1 V to Vee +1V. 

8-21 

• 



CAT28F512V5/CAT28F512V51 

D.C. OPERATING CHARACTERISTICS 

CAT28F512V5 TA= 0°C to +70°C, Vee= +5V ±10%, unless otherwise specified. 
CAT28F512V51 TA= -40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Max. Unit 

lu Input Leakage Current ±1.0 µA 

I Lo Output Leakage Current ±10 µA 

lss1 Vee Standby Current CMOS 100 µA 

lss2 Vee Standby Current TTL 1.0 mA 

lee1 Vee Active Read/Verify Current 30 mA 

leePl Vee Programming Current 120 mA 

lee3(3l Vee Erase Current 30 mA 

V1L Input Low Level TTL -0.5 0.8 v 
V1Le Input Low Level CMOS -0.5 0.8 v 
VoL Output Low Level 0.45 v 
V1H Input High Level TTL 2.0 Vee+0.5 v 
V1He Input High Level CMOS 0.7 Vee Vee+0.5 v 
VoH Output High Level TTL 2.4 v 
VoH1 Output High Level CMOS 0.85 Vee v 
VoH2 Output High Level CMOS Vee-0.4 v 
V10 Ag Signature Voltage 11.4 13.0 v 
lio Ag Signature Current 200 µA 

VLO Vee Erase/Prog. Lockout Voltage 2.5 v 
Note: 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
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Test Conditions 

V1N =Vee or Vss 
Vee= 5.5V, OE= V1H 

VouT = Vee or Vss, 
Vee= 5.5V, OE= V1H 

CE= Vee ±0.5V, 
Vee =5.5V 

CE = V1H, Vee = 5.5V 

Vee= 5.5V, CE= V1L. 
louT = OmA, f = 6 MHz 

Vee= 5.5V, 
Programming in Progress 

Vee= 5.5V, 
Erasure in Progress 

loL = 5.8mA, Vee= 4.5V I 

j 
l 

loH = -2.5mA, Vee= 4.5V 

loH = -2.SmA, Vee= 4.5V 

loH = -400µA, Vee = 4.5V 

Ag= V10 

Ag= V10 



Preliminary CAT28F512V5/CAT28F512V51 

A.C. CHARACTERISTICS, Read Operation 

CAT28F512V5 TA= 0°c to +70°C, Vee= +5V ±10%, unless otherwise specified. 
CAT28F512V51 TA= -40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

28F512V5-12 28F512V5-15 
28F512V51-12 28F512V51-15 

Symbol Parameter Min. Max. Min. Max. 

tRc Read Cycle Time 120 150 

tcE CE Access Time 120 150 

tACC Address Access Time 120 150 

toE OE Access Time 50 55 

toH Output Hold from Address OE/CE Change 0 0 

t0Lz(3)(9) OE to Output in Low-Z 0 0 

tLz(3)(9) CE to Output in Low-Z 0 0 

toF(3)(5) OE High to Output High-Z 30 35 

tEHOz(3)(S) CE High to Output High-Z 55 55 

twHGL(3) Write Recovery Time Before Read 6 6 

Figure 1. A.C. Testing Input/Output Waveform(6)(7)(8) 

2.4 v ----------------- 2.0 v 

28F512V5-20 
28F512V51-20 

Min. Max. Unit 

200 ns 

200 ns 

200 ns 

60 ns 

0 ns 

0 ns 

0 ns 

40 ns 

55 ns 

6 µs 

INPUT PULSE LEVELS REFERENCE POINTS 

0.BV • 
~-------------------5-10BFHD FOO e 0.45 v 

Figure 2. A.C. Testing Load Circuit (example) 1.3V 

DEVICE 
UNDER 
TEST 

1N914 

3.3K 

I CL= 100pF 

Note: 

CL INCLUDES JIG CAPACITANCE 

(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(5) Output floating (High-Z) is defined as the state where the external data line is no longer driven by the output buffer. 
(6) Input Rise and Fall Times (10% to 90%} < 10 ns. 
(7) Input Pulse Levels= 0.45V and 2.4V. 
(8) Input and Output Timing Reference = o.BV and 2.0V. 
(9) Low-Z is defined as the state where the external data may be driven by the output buffer but may not be valid. 

8-23 

5108 FHD F04 



CAT28F512V5/CAT28F512V51 Preliminary 

A.C. CHARACTERISTICS, Program/Erase Operation 

CAT28F512V5 TA= 0°C to +70°C, Vee= +5V ±10%, unless otherwise specified. 
CAT28F512V51 TA= -40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

28F512V5-12 28F512V5-15 
28F512V51-12 28F512V51-15 

Symbol Parameter Min. Max. Min. Max. 

twc Write Cycle Time 120 150 

IAS Address Setup Time 0 0 

IAH Address Hold Time 60 60 

tos Data Setup Time 50 50 

toH Data Hold Time 10 10 

!cs CE Setup Time 0 0 

lcH CE Hold Time 0 0 

twp WE Pulse Width 60 60 

IWPH WE High Pulse Width 20 20 

IWPWH1(ll) Program Pulse Width 10 10 

IWPWH2(11 ) Erase Pulse Width 9.5 9.5 

IWPGL Write Recovery Time Before Read 6 6 

IGHWL Read Recovery Time Before Write 0 0 

ERASE AND PROGRAMMING PERFORMANCE 

28F512V5-20 
28F512V51-20 

Min. Max. 

200 

0 

75 

50 

10 

0 

0 

60 

20 

10 

9.5 

6 

0 

28F512V5-12 28F512V5-15 28F512V5-20 
28F512V51-12 28F512V51-15 28F512V51-20 

Parameter Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

Chip Erase Time(11H13) 10 320 10 320 15 320 

Chip Program Time(11)(12) 2 10 2 10 2 10 

Sector Erase Time(11)(13) 0.3 10 0.3 10 0.5 10 

Note: 
{10) Program and Erase operations are controlled by internal stop timers. 
{11) 'Typicals' are not guaranteed, but based on characterization data. Data taken at 25°C. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

µs 

ms 

µs 

µs 

Unit 

sec 

sec 

sec 

{12) Minimum byte programming time (excluding system overhead) is 16 µs {10 µs program+ 6 µs write recovery), while maximum is 400 µs/ 
byte (16 µs x 25 loops). Max chip programming time is specified lower than the worst case allowed by the programming algorithm since 
most bytes program significantly faster than the worst case byte. 

(13) Excludes OOH Programming prior to Erasure. 
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'reliminary CAT28F512V5/CAT28F512V51 

UNCTION TABLE(14) 

Pins 

Mode CE OE WE 1/0 Notes 

ReadV1L V1L V1H DouT 

Output Disable V1L V1H V1H High-Z 

Standby V1H x x High-Z 

Signature (MFG) V1L V1L V1H 31H Ao = V1L. Ag = 12V 

Signature (Device) V1L V1L VtH B8H Ao= VtL, Ag= 12V 

Program/Erase V1L V1H V1L DtN See Command Table 

Write Cycle V1L V1H V1L DtN During Write Cycle 

Read Cycle V1L V1L V1H DouT During Write Cycle 

VRITE COMMAND TABLE 

Pins 

First Bus Cycle Second Bus Cycle 

Mode Operation Address D1N Operation Address D1N DouT 

Set Read Write x OOH Read Any DouT 

Read Sig. (MFG) Write x 90H Read 00 31H 

Read Sig. (Device) Write x 90H Read 01 B8H 

Random Sector 
Erase Write x 60H Write Sector Addr 60H 

Sequential Sector • Erase Write x 20H Write x 20H 

Erase Verify Write x AOH Read x DouT 

Program Write x 40H Write AtN DtN 

Program Verify Write x COH Read x DouT 

Reset Write x FFH Write x FFH 

Joie: 
14) Logic Levels: X =Logic 'Do not care' (V1H. V1L) 
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CAT28F512V5/CAT28F512V51 

READ OPERATIONS 

Read Mode 

A Read operation is performed with both CE and OE low 
and with WE high. Vpp can be either high or low, 
however, if Vpp is high, the Set READ command has to 
be sent before reading data (see Write Operations). The 
data retrieved from the 1/0 pins reflects the contents of 
the memory location corresponding to the state of the 16 
address pins. The respective timing waveforms for the 
read operation are shown in Figure 3. Refer to the AC 
Read characteristics for specific timing parameters. 

Signature Mode 

The signature mode allows the user to identify the IC 
manufacturer and the type of device while the device 
resides in the target system. This mode can be activated 
in either of two ways; through the conventional method 
of applying a high voltage (12V) to address pin Ag or by 
sending an instruction to the command register (see 
Write Operations). 

Figure 3. A.C. Timing for Read Operation 

POWER UP STANDBY DEVICE AND 

Preliminar~ 

The conventional mode is entered as a regular REAC 
mode by driving the CE and OE pins low (with WE high) 
and applying the required high voltage on address pin A! 
while all other address lines are held at V1L. 

A Read cycle from address OOOOH retrieves the binal) 
code for the IC manufacturer on outputs l/Oo to 1/07: 

CATALYST Code= 00110001 {31H) 

A Read cycle from address 0001 H retrieves the binal) 
code for the device on outputs l/Oo to 1/07. 

28F512V5/28F512V51 Code= 10111000 (88H) 

Standby Mode 

With CE at a logic-high level, the CAT28F512V51 
CAT28F512V51 is placed in a standby mode where mosl 
of the device circuitry is disabled, thereby substantial!~ 
reducing power consumption. The outputs are placed ir 
a high-impedance state. 

DATA VALID STANDBY POWER DOWN 
ADDRESS SELECTION 

OU PUTS 
ENABLED 

ADDRESSES 

CE (E) 

OE(G) 

WE(W) 

HIGH-Z 
DATA(l/O) 

ADDRESS STABLE 

1GLQX (toll) t+---
1ELOX (1Lz) 
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1reliminary 

YRITE OPERATIONS 

"he following operations are initiated by observing the 
equence specified in the Write Command Table. 

lead Mode 

"he device can be put into a standard READ mode by 
iitiating a write cycle with OOH on the data bus. The 
ubsequent read cycles will be performed similar to a 
tandard EPROM or E2PROM Read. 

:igure 4. A.C. Timing for Erase Operation 

CAT28F512V5/CAT28F512V51 

Signature Mode 

An alternative method for reading device signature (see 
Read Operations Signature Mode), is initiated by writing 
the code 90H into the command register while keeping 
Vpp high. A read cycle from address OOOOH with CE and 
OE low (and WE high) will output the device signature. 

CATALYST Code = 00110001 {31 H) 

A Read cycle from address 0001 H retrieves the binary 
code for the device on outputs l/Oo to 1/0,. 

28F512V5/28F512V51 Code = 10111000 (BBH) 

Vee POWER-UP SETUP ERASE ERASE ERASING ERASE VERIFY ERASE Vee POWER·DOWN/ 
& STANDBY COMMAND 

ADDRESSES 

eE(E) 

OE(G) 

HIGH-Z 
DATA(l/O) 

Vee 5..Y 
ov 

COMMAND COMMAND 

twHWH2-+----twHGL 
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loE 

loLZ 

VERIFICATION STANDBY 

\_ 
5114 FHD F11 
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CAT28F512V5/CAT28F512V51 

Erase Modes 

The CAT28F512V5/CAT28F512V51 is organized as 32 
sectors of 2K bytes each. The user can erase the entire 
memory contents (chip erase using Sequential Sector 
erase) by following the erase algorithm shown in Figure 
6. Alternatively, the user can randomly erase any one of 
the 32 sectors using the Random Access Sector erase 
algorithm shown in Figure 5. The erase process is 
accomplished by first programming all bytes to "00" and 
then erasing all bytes to the "FF' state. An integrated 
stop timer allows for automatic timing control over this 
operation, eliminating the need for a maximum erase 
timing specification. Refer to AC Characteristics (Pro· 
gram/Erase) for specific timing parameters. 

TIMING PARAMETER SYMBOLS 

Standard JEDEC Standard JEDEC 

tAs tAVWL tLz tELQX 

tAH twLAX toE tGLQV 

tcE tELQV toLZ tGLQX 

tcH twHEH tRC tAVAV 

tcs tELWL twc tAVAV 

toF tGHQZ twp twLWH 

toH twHDX twPH twHWL 

tos tovwH 

8·28 
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Preliminaq 
I 

Random Access Sector Erase i 

The CAT28F512V5/CAT28F512V51 features a randori 
access sector erase where an individual sector (2~ 
bytes) can be erased independent of the other sectorJ 
(see Figure 5). To erase a sector, a write command witl 
data 60H is first sent to the device (it is assumed that a 
locations within the sector have first been written t 
OOH). A second write command (with data= 60H) alon~ 
with the beginning address of the sector to be erased ii 
sent next (address bits A11-A15 define the sector)! 
Finally, after sending an erase-verify command, thE 
device will erase the specified 2K byte sector. The 
Random Access Sector Erase feature minimizes th~ 
chance of inadvertently erasing data from sectors thal 
contain boot code or critical data. i 



1reliminary 

=igure 5. Random Access Sector Erase Algorithm(15) 

INCREMENT 
ADDRESS 

Note: 

START 
ERASURE 

PROG. ALL BYTES 
OF SECTOR TO oo 

INITIALIZE 
PLSCNT = oo 

WRITE ERASE 
SETUP COMMAND 

WRITE ERASE CMD 
WITH SECTOR ADDR 

TIME OUT 10ms 

WRITE ERASE 
VERIFY COMMAND 

TIMEOUT6µs 

READ DATA 
FROM DEVICE 

WRITE READ 
COMMAND 

ERASURE 
COMPLETED 

BUS 
OPERATION 

WRITE 

WRITE 

WRITE 

READ 

STANDBY 

WRITE 

STANDBY 

(15) The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device. 
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COMMAND COMMENTS 

ALL BYTES WITHIN 
SECTOR SHOULD BE 
PROGRAMMED TO 00 
BEFORE AN ERASE 

OPERATION 

PLSCNT =PULSE COUNT 

ERASE ACTUAL ERASE NEEDS 
10ms PULSE, DATA= 60H 

ERASE DATA= 60H 
ADDRESS= SECTOR ADDR 

WAIT 

ERASE 
ADDR = BYTE TO VERIFY VERIFY 

DATA=AOH 

WAIT 

READ BYTE TO VERIFY • ERASURE 

COMPARE OUTPUT TO FF 
INC PULSE COUNT 

DATA=OOH,RESETS 
READ REGISTERS FOR READ 

OPERATION 

5114 FHD F10 



CAT28F512V5/CAT28F512V51 

Sequential Sector Erase 

During the first Write operation, the command 20H is 
written into the command register. In order to commence 
the erase operation, the identical command of 20H has 
to be written again into the register. This two step 
process ensures against accidental erasure of the 
memory contents. The erase cycle is repeated 32 times 

8-30 

Preliminari 

to erase each of the 32 internal memory blocks sequen 
tially. The final erase operation will be stopped at th1 
rising edge of WE, at which time the Erase Verit 
command {AOH) is sentto the command register. Durin! 
this time, the address to be verified is sent to the add res: 
bus and latched when WE goes high. 



'reliminary 

igure 6. Chip Erase Algorithm (using Sequential Sector Erase)(15) 

INCREMENT 
I 

INCREMENT 
ADDRESS 

Note: 

START 
ERASURE 

PROGRAM ALL 
BYTES TO OOH 

INITIALIZE 
PLSCNT=O 

WRITE ERASE 
SETUP COMMAND 

INITIALIZE 
1-1 

WRITE ERASE 
SETUP COMMAND 

TIME OUT 10ms 

INITIALIZE 
ADDRESS 

WRITE ERASE 
VERIFY COMMAND 

TIMEOUT6µs 

READ DATA 
FROM DEVICE 

ERASURE 
COMPLETED 

BUS 
OPERATION 

WRITE 

WRITE 

WRITE 

READ 

STANDBY 

(15) The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device. 
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CAT28F512V5/CAT28F512V51 

COMMAND COMMENTS 

ALL BYTES SHALL BE 
PROGRAMMED TO 00 
BEFORE AN ERASE 

OPERATION 

PLSCNT =PULSE COUNT 

ERASE ACTUAL ERASE NEEDS 
10msPULSE, DATA=20H 

I= SECTOR INCREMENT 
COUNTER 

ERASE DATA=20H 

WAIT 

32 ERASE COMMANDS 
ARE NECESSARY TO 
ERASE ALL SECTORS • 

ERASE ADDR = BYTE TO VERIFY 
VERIFY DATA=AOH 

WAIT 

READ BYTE TO VERIFY 
ERASURE 

COMPARE OUTPUT TO FF 
INCR PULSE COUNT 

5112 FHD FOB 



CAT28F512V5/CAT28F512V51 

ERASE-VERIFY MODE 

The Erase-verify operation is performed on every byte 
after each erase pulse to verify that the bits have been 
erased. 

Programming Mode 

The programming operation is initiated using the pro
gramming algorithm of Figure 7. During the first write 
cycle, the command 40H is written into the command 

Figure 7. A.G. Timing for Programming Operation 

Preliminar• 

register. During the second write cycle, the address o 
the memory location to be programmed is latched on th' 
falling edge of WE, while the data is latched on the risin 
edge of WE. The program operation terminates with th' 
next rising edge of WE. An integrated stop timer allow 
for automatic timing control over this operation, elimina1 
ing the need for a maximum program timing specifica 
lion. Refer to AC Characteristics (Program/Erase) to 
specific timing parameters. 

V CC POWER-UP SETUP PROGRAM LATCH ADDRESS PROGRAM 
& STANDBY COMMAND & DATA VERIFY 

PROGRAM Yee POWER-DOWN/ 
VERIFICATION STANDBY 

ADDRESSES 

CE (E) 

OE (G) 

WE(W) 

DATA (1/0) 

Vee s.ov 

ov 

PROGRAMMING COMMAND 

1cs 

twHWH 1 +---...i-- twHGL 1DF 

10E 
1DH 

10LZ 

1LZ 
1CE 

5114 FHD FO~ 
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'rogram-Verify Mode 

, Program-verify cycle is performed to ensure that all 
its have been correctly programmed following each 
yte programming operation. The specific address is 
lready latched from the write cycle just completed, and 
lays latched until the verify is completed. The Program-

"IMING PARAMETER SYMBOLS 

Standard JEDEC Standard JEDEC 

tAs tAVWL tLz tELQX 

tAH IWLAX loE tGLQV 

ICE IELQV IOLZ IGLQX 

lcH IWHEH IRC IAVAV 

tcs tELWL twc IAVAV 

IDF IGHQZ twp tWLWH 

IDH IWHDX IWPH twHWL 

tos tovwH 
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verify operation is initiated by writing COH into the 
command register. An internal reference generates the 
necessary high voltages so that the user does not need 
to modify Vee. Refer to AC Characteristics (Program/ 
Erase) for specific timing parameters. 

• 



CA T28F512V5/CAT28F512V51 

Figure 8. Programming Algorithm(15) 

INCREMENT 
ADDRESS 

Note: 

START 
PROGRAMMING 

INITIALIZE 
ADDRESS 

PLSCNT=O 

WRITE SETUP 
PROG. COMMAND 

WRITE PROG. CMD 
ADDR AND DATA 

TIME OUT 10µs 

WRITE PROGRAM 
VERIFY COMMAND 

TIMEOUT6µs 

READ DATA 
FROM DEVICE 

WRITE READ 
COMMAND 

PROGRAMMING 
COMPLETED 

PROGRAM 
ERROR 

BUS 
OPERATION 

1STWRITE 
CYCLE 

2NDWRITE 
CYCLE 

1STWRITE 
CYCLE 

READ 

STANDBY 

1STWRITE 
CYCLE 

(15) The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device. 
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COMMAND COMMENTS 

INITIALIZE ADDRESS 

INITIALIZE PULSE COUNT 1 

PLSCNT =PULSE COUNT 

WRITE DATA=40H 
SETUP 

I 
PROGRAM VALID ADDRESS AND DATA 

WAIT 

PROGRAM 
DATA= COH VERIFY 

WAIT 

READ BYTE TO VERIFY 
PROGRAMMING 

COMPARE DATA OUTPUT 
TO DATA EXPECTED 

DATA= OOH 
READ SETS THE REGISTER FOR 

READ OPERATION 

5114 FHD FOO 
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lbort/Reset 

'n Abort/Reset command is available to allow the user 
o safely abort an erase or program sequence. Two 
:onsecutive program operations with FFH on the data 
>us will abort an erase or a program operation. The 
'bort/Reset operation also resets the sector pointer in 
he sequential sector erase mode. The Abort/Reset 
>peration can interrupt at any time in a program or erase 

:igure 9. Alternate A.C. Timing for Program Operation 

CAT28F512V5/CAT28F512V51 

operation, and the device is reset to the Read mode. If 
an Abort/Reset command is sent prior to completion of 
an erase or program sequence, a partial erase or pro
gram may occur. If a program operation is aborted by the 
Reset command, the byte in progress can later be 
programmed. If an erase operation is aborted by the 
reset command, the erase operation can be continued 
after the abort. 

Vee POWER-UP SETUP PROGRAM LATCH ADDRESS PROGRAM 
& STANDBY COMMAND & DATA VERIFY 

PROGRAM V CC POWER-DOWN/ 
VERIFICATION STANDBY 

PROGRAMMING COMMAND 

~DDRESSES 

WE(E) 

1EHWH 1EHQZ 

OE(G) 

1EHEH 'EHGL 

eE(W) 

10E 
1EHDX 
'oLZ 

DATA(l/O) 

1LZ 
1eE 

Vee 
5.0V 

av 
5114 FHD F09 
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CAT28F512V5/CAT28F512V51 

POWER SUPPLY DECOUPLING 

To reduce the effect of transient power supply voltage 
spikes, it is good practice to use a 0.1µF ceramic 
capacitor between Vee and Vss. These high-frequency 
capacitors should be placed as close as possible to the 
device for optimum decoupling. 

TIMING PARAMETER SYMBOLS 

Standard JEOEC 

twe tAVAV 

toLZ tGLQX 

tLz tELQX 

lcE tELQV 

toE tELQV 

toF tGHQZ 

ALTERNATE CE-CONTROLLED WRITES 

Symbol Parameter 

tAVAV Write Cycle Time 

tAVEL Address Setup Time 

tELAX Address Hold Time 

tovEH Data Setup Time 

tEHDX Data Hold Time 

tEHGL Write Recovery Time Before Read 

tGHEL Read Recovery Time Before Write 

twLEL WE Setup Time Before CE 

tEHWH Write Enable Hold Time 

tELEH Write Pulse Width 

tEHEL Write Pulse Width High 

Preliminar~ 

It is recomm.ended after a power up to issue an Abo~ 
Reset command when operating in particularly nois 
environments. No power supply sequencing is requirec 

28F512V5-12 28F512V5-15 28F512V5-20 
28F512V51-12 28F512V51-15 28F512V51-20 

Min. Max. Min. Max. Min. Max. Unit 

120 150 200 ns 

0 0 0 ns 

80 80 95 ns 

50 50 50 ns 

10 10 10 ns 

6 6 6 µs 

0 0 0 µs 

0 0 0 ns 

0 0 0 ns 

70 70 80 ns 

20 20 20 ns 
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CAT28F01O/CAT28F0101 

Megabit CMOS FLASH MEMORY 

=EA TURES 

I Fast Read Access Time: 120/150/200 ns 

I Low Power CMOS Dissipation: 
-Active: 30 mA max (CMOS/TTL levels) 
-Standby: 1 mA max (TTL levels) 
-Standby: 100 µA max (CMOS levels) 

1 High Speed Programming: 
-10 µS per byte 
-2 Sec Typ Chip Program 

I 12.0V ± 5% Programming and Erase Voltage 

>ESCRIPTION 

"he CAT28F01 O/CA T28F01 01 is a high speed 128K x 8 
1it electrically erasable and reprogrammable Flash 
nemory ideally suited for applications requiring in-sys-
9m or after-sale code updates. Electrical erasure of the 
Jll memory contents is achieved typically w~hin 1 second. 

I is pin and Read timing compatible with standard 
'.PROM and E2PROM devices. Programming and Erase 
ire performed through an operation and verify algo
ithm. The instructions are input via the 1/0 bus, using a 

3LOCK DIAGRAM 

• Stop Timer for Program/Erase 

• On-Chip Address and Data Latches 

• JEDEC Standard Pinouts: 
-32 pin DIP 
-32 pin PLCC 
-32 pin TSOP (8 x 14; 8 x 20) 

• 10,000 Program/Erase Cycles 

• 10 Year Data Retention 

• Electronic Signature 

two write cycle scheme. Address and Data are latched 
to free the 1/0 bus and address bus during the write 
operation. 

The CAT28F01O/CAT28F0101 is manufactured using 
Catalyst's advanced CMOS floating gate technology. It •· 
is designed to endure 10,000 program/erase cycles and 
has a data retention of 10 years. The device is available 
in JEDEC approved 32 pin plastic DIP, 32 pin PLCC or 
32 pin TSOP packages. 

WE COMMAND 
REGISTER 

PROGRAM VOLTAGE 
SWITCH CE, OE LOGIC 

CE 
OE ----+----1--1-----------4------~ 

'--------- 13 

Ao-A16 ----~-----~/ 

VOLTAGE VERIFY 
SWITCH 

1 1992 by Catalyst Semiconductor, Inc. 

~ Y-DECODER 
_J 

~I-----~ 
w 
i§ X-DECODER 1------>..l 
0 
<1'. 
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CAT28F01 O/CAT28F01 OI Preliminar: 

PIN CONFIGURATION 
DIP Package PLCC Package 

PIN FUNCTIONS 

Pin Name Type Function l 
' 

Vpp Vee ~ ~ ~ & 81w Q 
< < < > > :s: z 

A15 WE 
ACY-A1s Input Address Inputs for I 

memory addressing ! 

A1s N/C 4 3 2 1 32 31 30 
A12 A14 A7 s 2g A14 

A7 A13 As 6 28 A13 

llOCY-1101 1/0 Data Input/Output 

CE Input Chip Enable 

As As As 7 27 As 
As Ag A4 8 26 Ag 

A4 A11 A3 g 2S A11 

OE Input Output Enable 

WE Input Write Enable 
I 

A3 OE A2 10 24 OE 
A2 A10 A1 11 23 A10 
A1 CE Ao 12 22 CE 

Vee Voltage Supply 

Vss Ground 

Ao 1/07 l/Oo 13 21 1/07 
l/Oo 1/05 14 1S 16 17 18 1g 20 

1/01 I/Os 
..- C\I Cl) ('I) .q- lO U> 

1102 1104 g~~~~~g 

Vpp Program/Erase 
Voltage Supply 

Vss 1/03 
5108 FHO F01 

TSOP Package (Standard Pinout) 

A11 1 32 OE 
Ag 2 31 A10 
As 3 30 CE 

A13 4 2g IJOr 
A14 s 28 1/05 
NC 6 27 I/Os 
WE 7 26 1104 

Vee 8 25 1/03 
Vpp g 24 Vss 
A16 10 23 I/~ 
A1s 11 22 1/01 
A12 12 21 l/Oo 

A7 13 20 Ao 
As 14 1g A1 
As 1S 18 A2 
A4 16 17 A3 

TSOP Package (Reverse Pinout) 

OE 32 A11 
A10 2 31 Ag 
CE 3 30 A5 

1/07 4 2g A13 
1/05 s 28 A14 
I/Os 6 27 NC 
1/04 7 26 WE 
1/03 8 2S Vee 
Vss g 24 Vpp 
1102 10 23 A16 
1101 11 22 A1s 
l/Oo 12 21 A12 

Ao 13 A7 
A1 14 As 
A2 1S As 
As 16 A4 

5108 FHD F 
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~BSOLUTE MAXIMUM RATINGS* 

~emperature Under Bias ...................... -55°C to +95°C 

)torage Temperature ......................... -65°C to + 150°C 

/oltage on Any Pin with 
Respect to Ground(1) ............. -2.0V to +Vee+ 2.0V 

/oltage on Pin Ag with 
Respect to Ground(1) ..................... -2.0V to+ 13.5V 

/pp with Respect to Ground 
during Program/Erase<1l ................ -2.0V to + 14.0V 

Ice with Respect to Ground(1l ............... -2.0V to +7.0V 

Jackage Power Dissipation 
Capability (TA= 25°C) .................................... 1.0 W 

_ead Soldering Temperature (1 O secs) ............... 300°C 

)utput Short Circuit Current(2l .......................... 100 mA 

~ELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NENo(3) Endurance 1K, 10K 

ToR(3) Data Retention 10 

VZAp(3) ESD Susceptibility 2000 

ILTH(3)(4) Latch-Up 100 

~APACITANCE TA= 25°C, f = 1.0 MHz 

CAT28F01 O/CA T28F0101 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Units Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

Limits 

Symbol Test Min Max. Units Conditions 

C1N(3) Input Pin Capacitance 6 pF V1N= OV 

CouT(3l Output Pin Capacitance 10 pF VouT = OV 

Cvpp(3) Vrp Supply Capacitance 25 pF Vpp = OV 

fote: 
1) The minimum DC input voltage is -0.SV. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +O.SV, which may overshoot to Vee+ 2.0V for periods of less than 20ns. 
2) Output shorted for no more than one second. No more than one output shorted at a time. 
3) This parameter is tested initially and after a design or process change that affects the parameter. 
4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1 V to Vee +1V. 
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CAT28F01O/CAT28F0101 

D.C. OPERATING CHARACTERISTICS 

CAT28F01 OT A= 0°C to +70°C, Vee= +5V ±10%, unless otherwise specified. 
CAT28F01 OI TA= -40°C to +85°C, V cc = +5V ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Max. Unit 

lu Input Leakage Current ±1.0 µA 

ILO Output Leakage Current ±10 µA 

lss1 Vee Standby Current CMOS 100 µA 

lss2 Vee Standby Current TTL 1.0 mA 

lee1 Vee Active Read Current 30 mA 

lee2(3 l Vee Programming Current 15 mA 

leePl Vee Erase Current 15 mA 

lee4(3 l Vee Prog./Erase Verify Current 15 mA 

lpps Vpp Standby Current ±10 µA 

IPP1 Vpp Read Current 200 µA 

lpp2(3 ) Vpp Programming Current 30 mA 

lpppl Vpp Erase Current 30 mA 

lpppl Vpp Prog./Erase Verify Current 5.0 mA 

V1L Input Low Level TIL -0.5 0.8 v 
V1Le Input Low Level CMOS -0.5 0.8 v 
VoL Output Low Level 0.45 v 
V1H Input High Level TIL 2.0 Vee+0.5 v 
V1He Input High Level CMOS 0.7 Vee Vee+0.5 v 
VoH Output High Level TTL 2.4 v 
VoH1 Output High Level CMOS 0.85 Vee v 
VoH2 Output High Level CMOS Vee-0.4 v 
V10 Ag Signature Voltage 11.4 13.0 v 
110 Ag Signature Current 200 µA 

VLO Vee Erase/Prog. Lockout Voltage 2.5 v 
Note: 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
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Test Conditions 

V1N =Vee or Vss 
Vee= 5.5V, OE= V1H 

VouT = Vee or Vss, I 

Vee= 5.5V, OE= V1H 

CE= Vee ±0.5V, 
Vee= 5.5V 

CE= V1H, Vee= 5.5V 

Vee= 5.5V, CE= V1L. 
louT = OmA, f = 6 MHz 

Vee= 5.5V, 
Programming in Progress 

Vee= 5.5V, 
Erasure in Progress 

Vpp = VPPH, Program or 
Erase Verify in Progress 

Vpp = VPPL 

Vpp = VPPH 

Vpp = VPPH, 
Programming in Progress 

Vee= 5.5V, 
Erasure in Progress 

Vpp = VPPH, Program or 
Erase Verify in Progress 

loL = 5.8mA, Vee= 4.5V 

loH = -2.5mA, Vee= 4.5V' 

loH = -2.5mA, Vee= 4.5V 

loH = -400µA, Vee= 4.5V 

Ag= V10 
' 

Ag= V10 



Jreliminary CAT28F01 O/CAT28F01 OI 

5UPPL Y CHARACTERISTICS 

Limits 

Symbol Parameter Min Max. Unit 

Vee Vee Supply Voltage 4.5 

VPPL Vpp During Read Operations 0 

VPPH Vpp During Read/Erase/Program 11.4 

l),.C. CHARACTERISTICS, Read Operation 

::AT28F01 O TA= 0°C to +70°C, Vee = +5V ±10%, unless otherwise specified. 
::AT28F0101 TA= -40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

5.5 

6.5 

12.6 

28F010-12 28F010-15 28F010-20 
28F0101-12 28F0101-15 28F0101-20 

Symbol Parameter Min. 

tRe Read Cycle Time 120 

teE CE Access Time 

tAee Address Access Time 

toE OE Access Time 

toH Output Hold from Address OE/CE Change 0 

tod3H9) OE to Output in Low-Z 0 

tLz(3)(9) CE to Output in Low-Z 0 

toF(3)(5) OE High to Output High-Z 

tEHOz(3)(5) CE High to Output High-Z 

twHGL(3) Write Recovery Time Before Read 6 

Figure 1. A.C. Testing Input/Output Waveform(6)(7)(8) 

2.4 v -------------~ 2.0V 
INPUT PULSE LEVELS 

0.45 v 0.8 v 

Figure 2. A.C. Testing Load Circuit (example) 1.3V 

DEVICE 
UNDER 
TEST 

1N914 

3.3K 

Max. Min. Max. Min. 

150 200 

120 150 

120 150 

50 55 

0 0 

0 0 

0 0 

30 35 

55 55 

6 6 

REFERENCE POINTS 

CL= 100pF J CL INCLUDES JIG CAPACITANCE 

Note: 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(5) Output floating (High-Z) is defined as the state where the external data line is no longer driven by the output buffer. 
(6) Input Rise and Fall Times (10% to 90%) < 10 ns. 
(7) Input Pulse Levels= 0.45V and 2.4V. 
(8) Input and Output Timing Reference = o.av and 2.0V. 
(9) Low-Z is defined as the state where the external data may be driven by the output buffer but may not be valid. 
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Max. 

200 

200 

60 

40 

55 

v 
v 
v 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

µs 

5108 FHD F03 

5108 FHD F04 
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CAT28F01 O/CA T28F0101 Preliminar~ 

A.C. CHARACTERISTICS, Program/Erase Operation 

CAT28F010 TA= 0°c to +70°C, Vee= +5V ±10%, unless otherwise specified. 
CAT28F0101 TA =-40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

28F010-12 28F010-15 28F010-20 
28F0101-12 28F0101-15 28F0101-20 

Symbol Parameter Min. Max. Min. Max. Min. Max. 

twc Write Cycle Time 120 150 200 

tAs Address Setup Time 0 0 0 

tAH Address Hold Time 60 60 75 

tos Data Setup Time 50 50 50 

toH Data Hold Time 10 10 10 

tcs CE Setup Time 0 0 0 

tcH CE Hold Time 0 0 0 

twp WE Pulse Width 60 60 60 

twPH WE High Pulse Width 20 20 20 

IWPWH1(11 l Program Pulse Width 10 10 10 

IWPWH2(11 ) Erase Pulse Width 9.5 9.5 9.5 

twPGL Write Recovery Time Before Read 6 6 6 

IGHWL Read Recovery Time Before Write 0 0 0 

tvPEL Vpp Setup Time to CE 100 100 100 

ERASE AND PROGRAMMING PERFORMANCE(10) 

28F010-12 28F010-15 28F010-20 
28F0101-12 28F0101-15 28F0101-20 

Parameter Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

Chip Erase Time(12H14l 1.0 10 1.0 10 1.0 30 

Chip Program Time(12)(13) 2 12.5 2 12.5 2 12.5 

Note: 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

µs 

ms 

µs 

µs 

ns 

Unit 

sec 

sec 

(10) Please refer to Supply characteristics for the value of VppH and VPPL· The Vpp supply can be either hardwired or switched. If Vpp is switchec 
VppL can be ground, less than Vee + 2.0V or a no connect with a resistor tied to ground. 

(11) Program and Erase operations are controlled by internal stop timers. 
(12) 'Typicals' are not guaranteed, but based on characterization data. Data taken at 25°C, 12.0V Vpp. 
(13) Minimum byte programming time (excluding system overhead) is 16 µs (10 µs program+ 6 µs write recovery), while maximum is 400 ~ts/ 

byte (16 µs x 25 loops). Max chip programming time is specified lower than the worst case allowed by the programming algorithm since 
most bytes program significantly faster than the worst case byte. 

( 14) Excludes OOH Programming prior to Erasure. 
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FUNCTION TABLE(15) 

Pins 

Mode CE OE WE Vpp 1/0 Notes 

Read V1L V1L V1H VPPL DouT 

Output Disable V1L V1H V1H x High-Z 

Standby V1H x x VPPL High-Z 

Signature (MFG) V1L V1L V1H x 31H Ao= V1L. Ag= 12V 

Signature (Device) V1L V1L V1H x B4H Ao= V1L, Ag= 12V 

Program/Erase V1L V1H V1L VPPH D1N See Command Table 

Write Cycle V1L V1H V1L VPPH D1N During Write Cycle 

Read Cycle V1L V1L V1H VPPH DouT During Write Cycle 

WRITE COMMAND TABLE 

Commands are written into the command register in one or two write cycles. The command register can be altered 
only when Vpp is high and the instruction byte is latched on the rising edge of WE. Write cycles also internally latch 
addresses and data required for programming and erase operations. 

Pins 

First Bus Cycle Second Bus Cycle 

Mode Operation Address D1N Operation Address D1N Dour 

Set Read Write x OOH Read Any DouT 

Read Sig. (MFG) Write x 90H Read 00 31H 

Read Sig. (Device) Write x 90H Read 01 B4H 

Erase Write x 20H Write x 20H 

Erase Verify Write x AOH Read x DouT 

Program Write x 40H Write A1N D1N 

Program Verify Write x COH Read x DouT 

Reset Write x FFH Write x FFH 

Note: 
(15) Logic Levels: X =Logic 'Do not care' (V1H. V1L. VppL, VppH) 
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READ OPERATIONS 

Read Mode 

A Read operation is performed with both CE and OE low 
and with WE high. Vpp can be either high or low, 
however, if Vpp is high, the Set READ command has to 
be sent before reading data (see Write Operations). The 
data retrieved from the 1/0 pins reflects the contents of 
the memory location corresponding to the state of the 17 
address pins. The respective timing waveforms for the 
read operation are shown in Figure 3. Refer to the AC 
Read characteristics for specific timing parameters. 

Signature Mode 

The signature mode allows the user to identify the IC 
manufacturer and the type of device while the device 
resides in the target system. This mode can be activated 
in either of two ways; through the conventional method 
of applying a high voltage (12V} to address pin A9 or by 
sending an instruction to the command register (see 
Write Operations). 

Figure 3. A.C. Timing for Read Operation 

POWER UP STANDBY DEVICE AND 
ADDRESS SELECTION 

Preliminar~ 

The conventional mode is entered as a regular READ 
mode by driving the CE and OE pins low (with WE high), 
and applying the required high voltage on address pin Ag 
while all other address lines are held at V1L. 

A Read cycle from address OOOOH retrieves the binary 
code for the IC manufacturer on outputs l/Oo to 1101: 

CATALYST Code = 00110001 (31 H) 

A Read cycle from address 0001 H retrieves the binary 
code for the device on outputs l/Oo to 1101. 

28F010/28F0101 Code = 1011 0100 (84H} 

Standby Mode 

With CE at a logic-high level, the CAT28F010/ 
CAT28F01 OI is placed in a standby mode where most ot 
the device circuitry is disabled, thereby substantially 
reducing power consumption. The outputs are placed iri 
a high-impedance state. 

OU PUTS 
ENABLED 

DATA VALID STANDBY POWER DOWN 

ADDRESSES ADDRESS STABLE 

CE (E) 

OE(G) 

HIGH-Z 
DATA(l/O) 

-----1WHGL---.., 

14----+------1ELov<1cEl 
1GLOX ('oLZ) 14---

1ELQX (1LZ) 

14----1Avov <1Accl----
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WRITE OPERATIONS 

The following operations are initiated by observing the 
sequence specified in the Write Command Table. 

Read Mode 

The device can be put into a standard READ mode by 
initiating a write cycle with OOH on the data bus. The 
subsequent read cycles will be performed similar to a 
standard EPROM or E2PROM Read. 

Figure 4. A.C. Timing for Erase Operation 

CAT28F01O/CAT28F0101 

Signature Mode 

An alternative method for reading device signature (see 
Read Operations Signature Mode), is initiated by writing 
the code 90H into the command register while keeping 
Vpp high. A read cycle from address OOOOH with CE and 
OE low (and WE high) will output the device signature. 

CATALYST Code= 00110001 (31H) 

A Read cycle from address 0001 H retrieves the binary 
code for the device on outputs l/Oo to 1/07. 

28F010/28F0101 Code = 1011 0100 (B4H) 

Vee POWER-UP SETUP ERASE ERASE 
COMMAND 

ERASING ERASE VERIFY ERASE Vee POWER-DOWN/ 
& STANDBY COMMAND COMMAND VERIFICATION STANDBY 

ADDRESSES 

CE (E) 

OE (G) 

1cs 
twHWH2-+------twHGL 

HIGH-Z 
DATA(l/O) 

Vee s.ov 

Vpp 

5108 FHD F11 
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CAT28F01 O/CA T28F0101 

Erase Mode 

During the first Write cycle, the command 20H is written 
into the command register. In order to commence the 
erase operation, the identical command of 20H has to be 
written again into the register. This two-step process 
ensures against accidental erasure of the memory con
tents. The final erase cycle will be stopped at the rising 
edge of WE, at which time the Erase Verify command 

TIMING PARAMETER SYMBOLS 

Standard JEDEC Standard JEDEC 

IAS IAVWL ILZ IELQX 

IAH IWLAX loE IGLQV 

ICE IELQV IOLZ IGLQX 

lcH IWHEH IRC IAVAV 

!cs IELWL twc IAVAV 

IDF IGHOZ twp IWLWH 

IDH IWHDX IWPH IWHWL 

IDS IDVWH 
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(AOH) is sent to the command register. During this cycle, 
the address to be verified is sent to the address bus and 
latched when WE goes high. An integrated stop timer 
allows for automatic timing control over this operation, 
eliminating the need for a maximum erase timing speci
fication. Refer to AC Characteristics (Program/Erase) 
for specific timing parameters. 



Preliminary 

Figure 5. Chip Erase Algorithm(16) 

INCREMENT 
ADDRESS 

Note: 

START ERASURE 

APPLYVPPH 

PROGRAM ALL 
BYTES TO OOH 

INITIALIZE 
ADDRESS 

INITIALIZE 
PLSCNT = o 

WRITE ERASE 
SETUP COMMAND 

WRITE ERASE 
COMMAND 

TIME OUT 10ms 

WRITE ERASE 
VERIFY COMMAND 

TIME OUT6µs 

READ DATA 
FROM DEVICE 

WRITE READ 
COMMAND 

APPLYVPPL 

ERASURE 
COMPLETED 

APPLY Vppl 

ERASE 
ERROR 

BUS 
OPERATION 

STANDBY 

WRITE 

WRITE 

WRITE 

READ 

STANDBY 

WRITE 

STANDBY 

(16)The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device. 
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COMMAND COMMENTS 

Vpp RAMPS TO VppH 

(OR Vpp HARDWIRED) 

ALL BYTES SHALL BE 
PROGRAMMED TO 00 
BEFORE AN ERASE 

OPERATION 

INITIALIZE ADDRESS 

PLSCNT =PULSE COUNT 

ACTUAL ERASE 
ERASE NEEDS 10ms PULSE, 

DATA=20H 

ERASE DATA=20H 

WAIT 

ERASE 
ADDRESS= BYTE TO VERIFY 

DATA=20H; 
VERIFY STOPS ERASE OPERATION • 

WAIT 

READ BYTE TO 
VERIFY ERASURE 

COMPARE OUTPUT TO FF 
INCREMENT PULSE COUNT 

DATA= OOH 
READ RESETS THE REGISTER 

FOR READ OPERATION 

Vpp RAMPS TO VppL 

(OR Vpp HARDWIRED) 

5108 FHD F10 
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Erase-Verify Mode 

The Erase-verify operation is performed on every byte 
after each erase pulse to verify that the bits have been 
erased. 

Programming Mode 

The programming operation is initiated using the pro
gramming algorithm of Figure 7. During the first write 
cycle, the command 40H is written into the command 

Figure 6. A.G. Timing for Programming Operation 

Preliminary! 

register. During the second write cycle, the address of 
tne memory location to be programmed is latched on the: 
falling edge of WE, while the data is latched on the rising' 
edge of WE. The program operation terminates with the 
next rising edge of WE. An integrated stop timer allows 
for automatic timing control over this operation, eliminat
ing the need for a maximum program timing specifica
tion. Refer to AC Characteristics (Program/Erase) for 
specific timing parameters. 

Vee POWER-UP SETUP PROGRAM LATCH ADDRESS PROGRAM 
& STANDBY COMMAND & DATA VERIFY 

PROGRAM Vee POWER-DOWN/ 
VERIFICATION STANDBY 

PROGRAMMING COMMAND 

ADDRESSES 

CE (E) 

OE (G) 

1WHWH1 1WHGL 1DF 

WE(W) 

10E 
1DH 

10LZ 
HIGH-Z 

DATA(l/O) 

1LZ 
1CE 

Vee s.ov 

1VPEL 

Vpp 

5108 FHD F07 
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Program-Verify Mode 

A Program-verify cycle is performed to ensure that all 
bits have been correctly programmed following each 
byte programming operation. The specific address is 
already latched from the write cycle just completed, and 
stays latched until the verify is completed. The Program-

TIMING PARAMETER SYMBOLS 

Standard JED EC Standard JEDEC 

tAs tAVWL tLz tELQX 

tAH twLAX toE tGLQV 

teE tELQV toLZ tGLQX 

teH twHEH tRe tAVAV 

tes tELWL twc tAVAV 

toF tGHQZ twp twLWH 

toH twHDX twPH twHWL 

tos tovwH 

8-49 

CAT28F01 O/CA T28F01 QI 

verify operation is initiated by writing COH into the 
command register. An internal reference generates the 
necessary high voltages so that the user does not need 
to modify Vee. Refer to AC Characteristics (Program/ 
Erase) for specific timing parameters. 

• 
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Figure 7. Programming Algorithm(16) 

INCREMENT 
ADDRESS 

Note: 

START 
PROGRAMMING 

APPLYVPPH 

INITIALIZE 
ADDRESS 

PLSCNT=O 

WRITE SETUP 
PROG. COMMAND 

WRITE PROG. CMD 
ADDRAND DATA 

TIME OUT 1Dµs 

WRITE PROGRAM 
VERIFY COMMAND 

TIMEOUT6µs 

READDATA 
FROM DEVICE 

WRITE READ 
COMMAND 

APPLYVPPL 

PROGRAMMING 
COMPLETED 

APPLYVPPL 

PROGRAM 
ERROR 

BUS 
OPERATION 

STANDBY 

1STWRITE 
CYCLE 

2NDWRITE 
CYCLE 

1STWRITE 
CYCLE 

READ 

STANDBY 

1STWRITE 
CYCLE 

STANDBY 

(16) The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device. 
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COMMAND COMMENTS 

i 
Vpp RAMPS TO VppH 
(OR Vpp HARDWIRED) 

INITIALIZE ADDRESS I 

' 
INITIALIZE PULSE COUNT ! 

PLSCNT = PULSE COUNT 

WRITE DATA=40H 
SETUP 

PROGRAM VALi D ADDRESS AND DATA 

WAIT 

PROGRAM 
DATA= COH VERIFY 

WAIT 

READ BYTE TO VERIFY 
PROGRAMMING 

COMPARE DATA OUTPUT 
TO DATA EXPECTED 

DATA= OOH 
READ SETS THE REGISTER FOR 

READ OPERATION 

Vpp RAMPS TO VppL 
(OR Vpp HARDWIRED) 

5108 FHO FOEj 
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Abort/Reset 

An Abort/Reset command is available to allow the user 
to safely abort an erase or program sequence. Two 
consecutive program cycles with FFH on the data bus 
will abort an erase or a program operation. The abort/ 

reset operation can interrupt at any time in a program or 
erase operation and the device is reset to the Read 
Mode. 

Figure 8. Alternate A.C. Timing for Program Operation 

Vee POWER·UP SETUP PROGRAM LATCH ADDRESS PROGRAM 
& STANDBY COMMAND & DATA VERIFY 

PROGRAM Vee POWER-DOWN/ 
VERIFICATION STANDBY 

PROGRAMMING COMMAND 

ADDRESSES 

WE(E) 

1EHWH 1EHQZ 
1WLEL 

OE{G) 

1EHEH 1EHGL 

eE(W) 

'oE 
1EHDX 
'oLZ 

DATA(l/O) 

1LZ 
1eE 

Vee 
5.0V 

Vpp 

Vppl 
5108 FHD F09 
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CAT28F01 O/CAT28F01 OI 

POWER UP/DOWN PROTECTION 

The CAT28F01O/CAT28F0101 offers protection against 
inadvertent programming during Vpp and Vee power 
transitions. When powering up the device there is no 
power-on sequencing necessary. In other words, Vpp 
and Vee may power up in any order. Additionally Vpp 
may be hardwired to VPPH independent of the state of 
Vee and any power up/down cycling. The internal com
mand register of the CAT28F010/CAT28F0101 is reset 
to the Read Mode on power up. 

TIMING PARAMETER SYMBOLS 

Standard JEDEC 

twc IAVAV 

tQLZ IGLQX 

ILZ IELQX 

tcE IELQV 

IDE IELQV 

IDF IGHQZ 
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POWER SUPPLY DECOUPLING I 

To reduce the effect of transient power supply voltage! 
spikes, it is good practice to use a 0.1µF ceramici 
capacitor between V cc and V ss and V PP and V ss. These'j 
high-frequency capacitors should be placed as close as 
possible to the device for optimum decoupling. 



Preliminary CAT28F01O/CAT28F0101 

ALTERNATE CE-CONTROLLED WRITES 

2BF010-12 28F010-15 28F010-20 
2BF0101-12 2BF0101-15 28F0101-20 

Symbol Parameter Min. Max. Min. Max. Min. Max. Unit 

tAVAV Write Cycle Time 120 150 200 ns 

tAVEL Address Setup Time 0 0 0 ns 

tELAX Address Hold Time 80 80 95 ns 

tovEH Data Setup Time 50 50 50 ns 

tEHDX Data Hold Time 10 10 10 ns 

tEHGL Write Recovery Time Before Read 6 6 6 µs 

tGHEL Read Recovery Time Before Write 0 0 0 ~lS 

twLEL WE Setup Time Before CE 0 0 0 ns 

tEHWH Write Enable Hold Time 0 0 0 ns 

tELEH Write Pulse Width 70 70 80 ns 

tEHEL Write Pulse Width High 20 20 20 ns 

tvPEL Vpp Setup Time to CE Low 1.0 1.0 1.0 µs 

• 
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Jreliminary 1111/~ftTflh'(~T 
CAT28F01 OV5/CAT28F01 OVSI 
I Megabit CMOS FLASH MEMORY 

FEATURES 

1 Fast Read Access Time: 120/150/200 ns 

I Low Power CMOS Dissipation: 
-Active: 120 mA max (CMOS/TTL levels) 
-Standby: 1 mA max (TTL levels) 
-Standby: 100 µA max (CMOS levels) 

1 High Speed Programming: 
-10 µS per byte 
-2 Sec Typ Chip Program 

1 SV ± 10% Programming and Erase Voltage 

DESCRIPTION 

fhe CAT28F01 OV5/CAT28F01 OVSI is a high speed 128K 
( 8 bit electrically erasable and reprogrammable Flash 
11emory ideally suited for applications requiring in-system 
x after-sale code updates. A single 5 volt supply handles all 
electrical chip erasure and programming. The memory is 
:livided into 64 sectors of 2K bytes each. 

fhe CAT28F01 OV5/CAT28F010V51 features Random 
A.ccess Sector Erase by which the user can selectively 
erase any one of the 64 2K byte sectors. This enhances 
system performance since the need to erase the entire 
memory array is eliminated. 

BLOCK DIAGRAM 

CHARGE 
PUMP 

• Stop Timer for Program/Erase 

• On-Chip Address and Data Latches 

• JEDEC Standard Pinouts: 
-32 pin DIP 
-32 pin PLCC 
-32 pin TSOP (8 x 14; 8 x 20) 

• 10,000 Program/Erase Cycles 

• 10 Year Data Retention 

• Electronic Signature 

It is pin and Read timing compatible with standard 
EPROM and E2PROM devices. Programming and Erase 
are performed through an operation and verify algorithm. 
The instructions are input via the 1/0 bus, using a two 
write cycle scheme. Address and Data are latched to free 
the 1/0 bus and address bus during the write operation. 

The CAT28F01 OV5/CAT28F01 OV51 is manufactured 
using Catalyst's advanced CMOS floating gate technol
ogy. It is designed to endure 10,000 program/erase 
cycles and has a data retention of 1 O years. The device 
is available in JED EC approved 32 pin plastic DIP, 32 pin 
PLCC or 32 pin TSOP packages. 

COMMAND 
REGISTER 

PROGRAM VOLTAGE 
SWITCH 

CE, OE LOGIC 

CE ->-+---+--+----------+--~ 
OE 

'------5 

Ao-A15 ----~------/ 

VERIFY VOLTAGE 
SWITCH 

© 1992 by Catalyst Semiconductor, Inc. 

!;( Y-DECODER 
-' 
~<-------1 
w 
~ X-DECODER 1-----~,, 
0 
<( 
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Y-GATING 

1,048,576 BIT 
MEMORY 

ARRAY 

COUNTER 

ERASE 
DECODER 

5114 FHD F02 

TD 5114 

Characteristics subject to change without notice 
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CAT28F01 OV5/CAT28F01 OV51 Preliminary 

PIN CONFIGURATION PIN FUNCTIONS 
DIP Package PLCC Package Pin Name Type Function ' i 

NC* Vee ;:! ~ ~ b 8jw u Ao-A15 Input Address Inputs for 
<(<(<(Z>3:z 

A15 WE memory addressing 

A1S NC 4 3 2 1 32 31 30 l/Oo-1/07 1/0 Data Input/Output 
A12 A14 A7 s 2g A14 

A7 A13 A5 6 2S A13 CE Input Chip Enable 

A5 As As 7 27 As OE Input Output Enable I 

As Ag A4 s 26 Ag 
I 

A4 A11 A3 g 2S A11 WE Input Write Enable I 
A3 OE A2 10 24 OE Vee Voltage Supply 
A2 A10 A1 11 23 A10 
A1 CE Ao 12 22 CE Vss Ground 

Ao 1/07 l/Oo 13 21 1/07 NC No Connect 
l/Oo 1/05 141S 16171s 1g20 

1101 I/Os NC* Internal connection 

1/02 1104 
~C\ICOC">'VLO<D should be connected 

Vss 1/03 
~~;>~~~~ 

to either Vee or Vss 

5114 FHD F01 

TSOP Package (Standard Pinout) 

A11 32 OE 
Ag 2 31 A10 
As 3 30 CE 

A13 4 2g 1/07 
A14 5 2S 1/05 
NC 6 27 I/Os 
WE 7 26 1/04 

Vee s 2S 1/03 
NC* g 24 Vss 
A15 10 23 1102 
A1S 11 22 1/01 
A12 12 21 l/Oo 

A7 13 20 Ao 
A5 14 1g A1 
As 1S 1S A2 
A4 16 17 A3 

TSOP Package (Reverse Pinout) 

OE 32 A11 
A10 31 Ag 
CE 30 As 

1/07 2g A13 
1/05 5 2S A14 
I/Os 27 NC 
1/04 7 26 WE 
1/03 s 2S Vee 
Vss g 24 NC* 
1/02 10 23 A15 
1101 11 22 A1S 
l/Oo 12 21 A12 

Ao 13 20 A7 
A1 14 1g A5 
A2 1S 1S As 
A3 16 17 A4 

5114 FHD F14 
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ABSOLUTE MAXIMUM RATINGS* 

r emperature Under Bias ...................... -55°C to +95°C 

Storage Temperature ......................... -65°C to + 150°C 

voltage on Any Pin with 
Respect to Ground<1> ............. -2.0V to +Vee+ 2.0V 

voltage on Pin Ag with 
Respect to Ground<1> ..................... -2.0V to+ 13.SV 

Vee with Respect to Ground<1> ............... -2.0V to +7.0V 

Package Power Dissipation 
Capability (TA= 25°C) .................................... 1.0 W 

l..ead Soldering Temperature (1 o secs) ............... 300°C 

:::>utput Short Circuit Current<2> .......................... 100 mA 

RELIABILITY CHARACTERISTICS 

CAT28F01 OV5/CAT28F01 OV51 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Symbol Parameter Min. Max. Units Test Method 

NEND(3) Endurance 1K, 10K Cycles/Byte MIL-STD-883, Test Method 1033 

TDR<3> Data Retention 10 Years MIL-STD-883, Test Method 1008 

VZAp(3) ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015 

ILTH(3)(4) Latch-Up 100 mA JEDEC Standard 17 

CAPACITANCE TA= 25°C, f = 1.0 MHz 

Limits 

Symbol Test Min Max. Units Conditions 

C1N<3> Input Pin Capacitance 6 pF V1N= ov 
CouT<3> Output Pin Capacitance 10 pF VouT = OV 

Note: 
(1) The minimum DC input voltage is-0.SV. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +0.5V, which may overshoot to Vee+ 2.0V for periods of less than 20ns. 
(2) Output shorted for no more than one second. No more than one output shorted at a time. 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vee +1V. 
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CA T28F01 OV5/CA T28F01 OV51 

D.C. OPERATING CHARACTERISTICS 

CAT28F01 OV5 TA= 0°C to +70°C, Vee= +5V ±10%, unless otherwise specified. 
CAT28F01 OV51 TA= -40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Max. Unit 

lu Input Leakage Current ±1.0 µA 

ILO Output Leakage Current ±10 µA 

Issi Vee Standby Current CMOS 100 µA 

lss2 Vee Standby Current TTL 1.0 mA 

lee1 Vee Active Read/Verify Current 30 mA 

lee2(3) Vee Programming Current 120 mA 

leeP) Vee Erase Current 30 mA 

V1L Input Low Level TTL -0.5 0.8 v 
V1Le Input Low Level CMOS -0.5 0.8 v 
VoL Output Low Level 0.45 v 
V1H Input High Level TTL 2.0 Vee+0.5 v 
V1He Input High Level CMOS 0.7 Vee Vee+0.5 v 
VoH Output High Level TTL 2.4 v 
VoH1 Output High Level CMOS 0.85 Vee v 
VoH2 Output High Level CMOS Vee-0.4 v 
V10 Ag Signature Voltage 11.4 13.0 v 
110 Ag Signature Current 200 µA 

VLo Vee Erase/Prog. Lockout Voltage 2.5 v 
Note: 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
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I 

Test Conditions 

V1N =Vee or Vss 
Vee = 5.5V, OE = V1H 

VouT =Vee or Vss, 
I Vee= 5.5V, OE= V1H 

CE =Vee ±0.5V, 
Vee =5.5V I 

CE= V1H, Vee = 5.5V 

Vee= 5.5V, CE= V1L, 
louT = OmA, f = 6 MHz 

Vee= 5.5V, 
Programming in Progress 

Vee= 5.5V, 
Erasure in Progress 

loL = 5.8mA, Vee = 4.5V 

loH = -2.5mA, Vee= 4.5V 

loH = -2.5mA, Vee= 4.5V I 

loH = -400µA, Vee= 4.5V . 

Ag= V10 J 
Ag= V10 I 

J 



1reliminary CAT28F01 OV5/CAT28F01 OVSI 

l.C. CHARACTERISTICS, Read Operation 

:AT28F010V5 TA= 0°C to +70°C, Vee= +5V ±10%, unless otherwise specified. 
:AT28F010V51 TA= -40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

28F010V5-12 28F010V5-15 
28F010V51-12 28F01 OV51-15 

Symbol Parameter Min. Max. Min. Max. 

tRC Read Cycle Time 120 150 

tcE CE Access Time 120 150 

tACC Address Access Time 120 150 

toE OE Access Time 50 55 

toH Output Hold from Address OE/CE Change 0 0 

t0Lz<3H9l OE to Output in Low-Z 0 0 

tLz(3)(9) CE to Output in Low-Z 0 0 

toF(3)(5) OE High to Output High-Z 30 35 

1EHQ:z(3)(5) CE High to Output High-Z 55 55 

twHGL(3) Write Recovery Time Before Read 6 6 

:igure 1. A.C. Testing Input/Output Waveform(6)(7)(8) 

2.4 v ---------------.. 2.0V 

28F010V5-20 
28F010VSl-20 

Min. Max. Unit 

200 ns 

200 ns 

200 ns 

60 ns 

0 ns 

0 ns 

0 ns 

40 ns 

55 ns 

6 µs 

INPUT PULSE LEVELS REFERENCE POINTS • 
o.ev • 

------------------510-BFHOFOO e 0.45V -------------

=igure 2. A.C. Testing Load Circuit (example) 1.3V 

DEVICE 
UNDER 
TEST 

1N914 

3.3K 

CL=100pF 

~ CL INCLUDES JIG CAPACITANCE 
Jote: 
3) This parameter is tested initially and after a design or process change that affects the parameter. 
5) Output floating (High-Z) is defined as the state where the external data line is no longer driven by the output buffer. 
6) Input Rise and Fall Times (10% to 90%) < 10 ns. 
7) Input Pulse Levels = 0.45V and 2.4V. 
8) Input and Output liming Reference = o.ev and 2.0V. 
9) Low-i is defined as the state where the external data may be driven by the output buffer but may not be valid. 

9.5g 
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CAT28F01 OV5/CAT28F01 OVSI Preliminar1 

A.C. CHARACTERISTICS, Program/Erase Operation 

CAT28F010V5 TA= 0°C to +70°C, Vee= +5V ±10%, unless otherwise specified. 
CAT28F010V51 TA --40°C to +85°C Vee - +5V +10% unless otherwise specified - ' - - ' 

28F010V5-12 28F010V5-15 
28F010V51-12 28F010V51-15 

Symbol Parameter Min. Max. Min. Max. 

twc Write Cycle Time 120 150 

tAS Address Setup Time 0 0 

tAH Address Hold Time 60 60 

tos Data Setup Time 50 50 

toH Data Hold Time 10 10 

tcs CE Setup Time 0 0 

tcH ct Hold Time 0 0 

twp WE Pulse Width 60 60 

twPH WE High Pulse Width 20 20 

twPWH1(ll) Program Pulse Width 10 10 

twPWH2(ll) Erase Pulse Width 9.5 9.5 

twPGL Write Recovery Time Before Read 6 6 

tGHWL Read Recovery Time Before Write 0 0 

ERASE AND PROGRAMMING PERFORMANCE 

28F010V5-20 
28F010V51-20 

Min. Max. 

200 

0 

75 

50 

10 

0 

0 

60 

20 

10 

9.5 

6 

0 

28F010V5-12 28F010Vs.'.15 28F010V5-20 
28F010V51-12 28F010V51-15 28F01 OVSl-20 

Parameter Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

Chip Erase Time(11)(13) 10 320 10 320 15 320 

Chip Program Time(11)(12l 2 10 2 10 2 10 

Sector Erase TimeC11)(13l 0.3 10 0.3 10 0.5 30 

Note: 
(10) Program and Erase operations are controlled by intemal stop timers. 
(11) 'Typicals' are not guaranteed, but based on characterization data. Data taken at 25°C. 

J 

Unit. 

ns 

ns J 
ns ! 

ns 

ns 

ns 

ns 

ns I 

ns 

µs 

ms 

µs 

µs 

Unit 

sec 

sec 

sec 

(12) Minimum byte programming time (excluding system overhead) is 16 µs (10 µs pro{jram + 6 µs write recovery), while maximum is 400 µs/ 
byte ( 16 µs x 25 loops). Max chip programming time is specified lower than the worst case allowed by the programming algorithm since 
most bytes program significantly faster than the worst case byte. 

(13) Excludes OOH Programming prior to Erasure. 

8-60 



'reliminary CAT28F01 OV5/CAT28F01 OVSI 

'UNCTION TABLE(14) 

Pins 

Mode CE OE WE 1/0 Notes 

ReadV1L V1L V1H DouT 

Output Disable V1L V1H V1H High-Z 

Standby V1H x x High-Z 

Signature (MFG) V1L V1L V1H 31H Ao= V1L, Ag= 12V 

Signature (Device) V1L V1L V1H BSH Ao= V1L. Ag= 12V 

Program/Erase V1L V1H V1L D1N See Command Table 

Write Cycle V1L V1H V1L D1N During Write Cycle 

Read Cycle VtL V1L V1H DouT During Write Cycle 

l\fRITE COMMAND TABLE 

Pins 

First Bus Cycle Second Bus Cycle 

Mode Operation Address D1N Operation Address D1N DouT 

Set Read Write x OOH Read Any DouT 

Read Sig. (MFG) Write x 90H Read 00 31H 

Read Sig. (Device) Write x 90H Read 01 BSH 

Random Sector Erase Write x 60H Write Sector Addr 60H 

Sequential Sector Erase Write x 20H Write x 20H • Erase Verify Write x AOH Read x DouT 

Program Write x 40H Write A1N D1N 

Program Verify Write x COH Read x DouT 

Reset Write x FFH Write x FFH 

fote: 
14) Logic Levels: X =Logic 'Do not care' (V1H• V1L) 
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CA T28F01 OV5/CA T28F01 OV51 

READ OPERATIONS 

Read Mode 

A Read operation is performed with both CE and OE low 
and with WE high. Vpp can be either high or low, 
however, if Vpp is high, the Set READ command has to 
be sent before reading data (see Write Operations). The 
data retrieved from the 1/0 pins reflects the contents of 
the memory location corresponding to the state of the 17 
address pins. The respective timing waveforms for the 
read operation are shown in Figure 3. Refer to the AC 
Read characteristics for specific timing parameters. 

Signature Mode 

The signature mode allows the user to identify the IC 
manufacturer and the type of device while the device 
resides in the target system. This mode can be activated 
in either of two ways; through the conventional method 
of applying a high voltage (12V) to address pin Ag or by 
sending an instruction to the command register (see 
Write Operations). 

Figure 3. A.C. Timing for Read Operation 

POWER UP STANDBY DEVICE AND 

Preliminar1 

The conventional mode is entered as a regular REA[ 
mode by driving the CE and OE pins low (with WE high) 
and applying the required high voltage on address pin A 
while all other address lines are held at V1L. 

A Read cycle from address OOOOH retrieves the binaJ"! 
code for the IC manufacturer on outputs l/Oo to 1/07: 

CATALYST Code= 00110001 {31H) 

A Read cycle from address 0001 H retrieves the binaJ"! 
code for the device on outputs l/Oo to 1/07. 

28F01 OV5/28F01 OV51 Code = 1011 0101 (B5H) 

Standby Mode 

With CE at a logic-high level, the CAT28F01 OV5 
CAT28F01 OV51 is placed in a standby mode where mo; 
of the device circuitry is disabled, thereby substantial!) 
reducing power consumption. The outputs are placed ir 
a high-impedance state. 

DATA VALID STANDBY POWER DOWN 
ADDRESS SELECTION 

OU PUTS 
ENABLED 

ADDRESSES 

CE (E) 

OE (G) 

WE(W) 

HIGH-Z 
DATA (1/0) 

ADDRESS STABLE 

1GLQX (toLz) 14---
1ELQX (tLz) 
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'reliminary 

II/RITE OPERATIONS 

"he following operations are initiated by observing the 
.equence specified in the Write Command Table. 

lead Mode 

"he device can be put into a standard READ mode by 
1itiating a write cycle with OOH on the data bus. The 
;ubsequent read cycles will be performed similar to a 
;tandard EPROM or E2PROM Read. 

=igure 4. A.C. Timing for Erase Operation 

CAT28F01 OV5/CAT28F01 OV51 

Signature Mode 

An alternative method for reading device signature (see 
Read Operations Signature Mode), is initiated by writing 
the code 90H into the command register while keeping 
Vpp high. A read cycle from address OOOOH with CE and 
OE low (and WE high) will output the device signature. 

CATALYST Code = 00110001 (31H) 

A Read cycle from address 0001 H retrieves the binary 
code for the device on outputs l/Oo to 1/07. 

28F01 OV5/28F01 OV51 Code = 1011 0101 (B5H) 

Vee POWER-UP SETUP ERASE ERASE ERASING ERASE VERIFY ERASE Vee POWER-DOWN/ 
& STANDBY COMMAND 

ADDRESSES 

CE (E) 

OE(G) 

WE(W) 

DATA(l/O) 

Vee 5.ov 
ov 

HIGH-Z 

COMMAND COMMAND VERIFICATION STANDBY 

1cs 
twHWH2-+---r---twHGL 

5114 FHD F11 
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CAT28F01 OV5/CAT28F01 OVSI 

Erase Modes 

The CAT28F01 OV5/CAT28F01 OV51 is organized as 64 
sectors of 2K bytes each. The user can erase the entire 
memory contents (chip erase using Sequential Sector 
erase) by following the erase algorithm shown in Figure 
6. Alternatively, the user can randomly erase any one of 
the 64 sectors using the Random Access Sector erase 
algorithm shown in Figure 5. The erase process is 
accomplished by first programming all bytes to "00" and 
then erasing all bytes to the "FP' state. An integrated 
stop timer allows for automatic timing control over this 
operation, eliminating the need for a maximum erase 
timing specification. Refer to AC Characteristics (Pro
gram/Erase) for specific timing parameters. 

TIMING PARAMETER SYMBOLS 

Standard JEDEC Standard JEDEC 

IAS IAVWL ILZ IELQX 

IAH IWLAX IOE IGLQV 

ICE IELQV loLZ IGLQX 

lcH IWHEH I Re IAVAV 

tcs IELWL twc IAVAV 

toF tGHOZ twp tWLWH 

IDH IWHDX IWPH IWHWL 

tos tovwH 
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Random Access Sector Erase 

The CAT28F01 OV5/CAT28F01 OV51 features a randon 
access sector erase where an individual sector {2f 
bytes) can be erased independent of the other sector: 
(see Figure 5). To erase a sector, a write command wit\ 
data 60H is first sent to the device (it is assumed that a 
locations within the sector have first been written to OOH) 
A second write command (with data = 60H) along wit\ 
the beginning address of the sector to be erased is se~ 
next {address bits A 11-A 16 define the sector). Finally 
after sending an erase-verify command, the device wi: 
erase the specified 2K sector. The Random Accesi 
Sector Erase feature minimizes the chance of inadvert 
ently erasing data from sectors that contain boot coded 
critical data. 



Preliminary 

Figure 5. Random Access Sector Erase Algorithm(15) 

INCREMENT 
ADDRESS 

Note: 

START 
ERASURE 

PROG. ALL BYTES 
OF SECTOR TO 00 

INITIALIZE 
PLSCNT=OO 

WRITE ERASE 
SETUP COMMAND 

WRITE ERASE CMD 
WITH SECTOR ADDA 

TIME OUT 10ms 

WRITE ERASE 
VERIFY COMMAND 

TIMEOUT6µs 

READ DATA 
FROM DEVICE 

WRITE READ 
COMMAND 

ERASURE 
COMPLETED 

BUS 
OPERATION 

WRITE 

WRITE 

WRITE 

READ 

STANDBY 

WRITE 

STANDBY 

(15) The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device. 
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COMMAND COMMENTS 

ALL BYTES WITHIN 
SECTOR SHOULD BE 
PROGRAMMED TO 00 
BEFORE AN ERASE 

OPERATION 

PLSCNT =PULSE COUNT 

ERASE ACTUAL ERASE NEEDS 
10ms PULSE, DATA= 60H 

ERASE DATA=60H 
ADDRESS= SECTOR ADDR 

WAIT 

ERASE 
ADDR = BYTE TO VERIFY VERIFY 

DATA=AOH 

WAIT 

READ BYTE TO VERIFY • ERASURE 

COMPARE OUTPUTTO FF 
INC PULSE COUNT 

DATA= OOH, RESETS 
READ REGISTERS FOR READ 

OPERATION 

5114 FHD F10 
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Sequential Sector Erase 

During the first Write operation, the command 20H is 
written into the command register. In order to commence 
the erase operation, the identical command of 20H has 
to be written again into the register. This two step 
process ensures against accidental erasure of the 
memory contents. The erase cycle is repeated 64 times 
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Preliminary 

to erase each of the 64 internal memory blocks sequen: 
tially. The final erase operation will be stopped at the 
rising edge of WE, at which time the Erase Verify 
command (AOH) issenttothecommand register. During 
this time, the address to be verified is sent to the address 
bus and latched when WE goes high. 



Preliminary 

figure 6. Chip Erase Algorithm (using Sequential Sector Erase)(15) 

INCREMENT 
I 

INCREMENT 
ADDRESS 

Note: 

START 
ERASURE 

PROGRAM ALL 
BYTES TO OOH 

INITIALIZE 
PLSCNT=O 

WRITE ERASE 
SETUP COMMAND 

INITIALIZE 
I= 1 

WRITE ERASE 
SETUP COMMAND 

TIME OUT 10ms 

INITIALIZE 
ADDRESS 

WRITE ERASE 
VERIFY COMMAND 

TIME OUT 6µs 

READ DATA 
FROM DEVICE 

ERASURE 
COMPLETED 

BUS 
OPERATION 

WRITE 

WRITE 

WRITE 

READ 

STANDBY 

(15) The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device. 
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COMMAND COMMENTS 

ALL BYTES SHALL BE 
PROGRAMMED TO oo 
BEFORE AN ERASE 

OPERATION 

PLSCNT =PULSE COUNT 

ERASE ACTUAL ERASE NEEDS 
10ms PULSE, DATA= 20H 

I= SECTOR INCREMENT 
COUNTER 

ERASE DATA=20H 

WAIT 

64 ERASE COMMANDS 
ARE NECESSARY TO 
ERASE ALL SECTORS • 

ERASE ADDR =BYTE TO VERIFY 
VERIFY DATA=AOH 

WAIT 

READ BYTE TO VERIFY 
ERASURE 

COMPARE OUTPUT TO FF 
INCR PULSE COUNT 
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CAT28F01 OV5/CAT28F01 OV51 

ERASE-VERIFY MODE 

The Erase-verify operation is performed on every byte 
after each erase pulse to verify that the bits have been 
erased. 

Programming Mode 

The programming operation is initiated using the pro
gramming algorithm of Figure 7. During the first write 
cycle, the command 40H is written into the command 

Figure 7. A.C. Timing for Programming Operation 

Preliminary 

register. During the second write cycle, the address of 
the memory location to be programmed is latched on the 
falling edge of WE, while the data is latched on the risin~ 
edge of WE. The program operation terminates with the 
next rising edge of WE. An integrated stop timer allows 
for automatic ti ming control over this operation, eliminatJ 
ing the need for a maximum program timing specifica
tion. Refer to AC Characteristics (Program/Erase) for 
specific timing parameters. 

V CC POWER-UP SETUP PROGRAM LATCH ADDRESS PROGRAM 
& STANDBY COMMAND & DATA VERIFY 

PROGRAM Vee POWER-DOWN/ 
VERIFICATION STANDBY 

ADDRESSES 

CE (E) 

OE(G) 

DATA(l/O) 

Vee s.ov 
ov 

1cs 

HIGH-Z 

PROGRAMMING COMMAND 

1cs 

1WHWH1 -+--->--- IWHGL IDF 

10E 
1DH 

loLZ 

1LZ 
1CE 

5114 FHD F07 
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'rogram-Verify Mode 

~ Program-verify cycle is performed to ensure that all 
>its have been correctly programmed following each 
>yte programming operation. The specific address is 
ii ready latched from the write cycle just completed, and 
;lays latched until the verify is completed. The Program-

rlMING PARAMETER SYMBOLS 

Standard JEDEC Standard JED EC 
IAS IAVWL tLz tELQX 

tAH tWLAX toE IGLQV 

teE tELQV toLZ tGLQX 

teH lwHEH tRe tAVAV 

tcs tELWL twc tAVAV 

toF tGHQZ twp twLWH 

IDH twHDX twPH twHWL 

tos tovwH 
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verify operation is initiated by writing COH into the 
command register. An internal reference generates the 
necessary high voltages so that the user does not need 
to modify Vee. Refer to AC Characteristics (Program/ 
Erase) for specific timing parameters. 

• 



CAT28F01 OV5/CAT28F01 OV51 

Figure 8. Programming Algorithm(15) 

INCREMENT 
ADDRESS 

Note: 

START 
PROGRAMMING 

INITIALIZE 
ADDRESS 

PLSCNT=O 

WRITE SETUP 
PROG. COMMAND 

WRITE PROG. CMD 
ADDRAND DATA 

TIME OUT 10µs 

WRITE PROGRAM 
VERIFY COMMAND 

TIMEOUT6µs 

READDATA 
FROM DEVICE 

WRITE READ 
COMMAND 

PROGRAMMING 
COMPLETED 

PROGRAM 
ERROR 

BUS 
OPERATION 

1STWRITE 
CYCLE 

2NDWRITE 
CYCLE 

1STWRITE 
CYCLE 

READ 

STANDBY 

1STWRITE 
CYCLE 

(15) The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device. 
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COMMAND 

WRITE 
SETUP 

PROGRAM 

PROGRAM 
VERIFY 

READ 

Preliminarj 

COMMENTS 

INITIALIZE ADDRESS 

' 

INITIALIZE PULSE COUNT I 
PLSCNT =PULSE COUNT ' 

DATA=40H ' 

VALID ADDRESS AND DATA 

I 

WAIT 

DATA= COH 

WAIT 

READ BYTE TO VERIFY 
PROGRAMMING 

COMPARE DATA OUTPUT 
TO DATA EXPECTED 

DATA= OOH 
SETS THE REGISTER FOR 

READ OPERATION 
I 

J 
5114 FHD F<Ji 
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\bort/Reset 

\n Abort/Reset command is available to allow the user 
o safely abort an erase or program sequence. Two 
:onsecutive program operations with FFH on the data 
Jus will abort an erase or a program operation. The 
\bort/Reset operation also resets the sector pointer in 
he sequential sector erase mode. The Abort/Reset 
Jperation can interrupt at any time in a program or erase 

=igure 9. Alternate A.C. Timing for Program Operation 

CAT28F01 OV5/CAT28F01 OV51 

operation, and the device is reset to the Read mode. If 
an Abort/Reset command is sent prior to completion of 
an erase or program sequence, a partial erase or pro
gram may occur. If a program operation is aborted by the 
Reset command, the byte in progress can later be 
programmed. If an erase operation is aborted by the 
reset command, the erase operation can be continued 
after the abort. 

Vee POWER-UP SETUP PROGRAM LATCH ADDRESS PROGRAM 
& STANDBY COMMAND & DATA VERIFY 

PROGRAM Vee POWER-DOWN/ 
VERIFICATION STANDBY 

ADDRESSES 

WE(E) 

OE(G) 

eE(W) 

DATA(l/O) 

Vee s.ov 

av 

PROGRAMMING COMMAND 

5114 FHD F09 
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CAT28F01 OV5/CA T28F01 OV51 

POWER SUPPLY DECOUPLING 

To reduce the effect of transient power supply voltage 
spikes, it is good practice to use a 0.1µF ceramic 
capacitor between Vee and Vss. These high-frequency 
capacitors should be placed as close as possible to the 
device for optimum decoupling. 

TIMING PARAMETER SYMBOLS 

Standard JEDEC 

twe tAVAV 

toLZ tGLQX 

tLz tELQX 

tcE tELQV 

toE tELQV 

toF tGHQZ 

ALTERNATE CE-CONTROLLED WRITES 

Symbol Parameter 

tAVAV Write Cycle Time 

tAVEL Address Setup Time 

tELAX Address Hold Time 

tovEH Data Setup Time 

tEHDX Data Hold Time 

tEHGL Write Recovery Time Before Read 

tGHEL Read Recovery Time Before Write 

IWLEL WE Setup Time Before CE 

IEHWH Write Enable Hold Time 

tELEH Write Pulse Width 

IEHEL Write Pulse Width High 

Preliminaq 

It is recommended after a power up to issue an Abor1 
Reset command when operating in particularly nois1 

environments. No power supply sequencing is required 

28F010V5-12 28F010V5-15 28F010V5-20 
28F010V51-12 28F01 OVSl-15 28F010V51-20 

Min. Max. Min. Max. Min. Max. Unit 

120 150 200 ns 

0 0 0 ns 

80 80 95 ns 

50 50 50 ns 

10 10 10 ns 

6 6 6 µs 

0 0 0 µs 

0 0 0 ns 

0 0 0 ns 

70 70 80 ns 

20 20 20 ns 
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CAT28F020/CAT28F0201 
~ Megabit CMOS FLASH MEMORY 

=EATURES 

I Fast Read Access Time: 120/150/200 ns 

I Low Power CMOS Dissipation: 
-Active: 30 mA max (CMOS/TTL levels) 
-Standby: 1 mA max (TTL levels) 
-Standby: 100 µA max (CMOS levels) 

I High Speed Programming: 
-10 µS per byte 
-4 Sec Typ Chip Program 

I 12.0V ± 5% Programming and Erase Voltage 

DESCRIPTION 

The CAT28F020/CAT28F0201 is a high speed 256K x 8 
bit electrically erasable and reprogrammable Flash 
memory ideally suited for applications requiring in-sys
tem or after-sale code updates. Electrical erasure of the 
full memory contents is achieved typically within 1 second. 

It is pin and Read timing compatible with standard 
EPROM and E2PROM devices. Programming and Erase 
are performed through an operation and verify algo
rithm. The instructions are input via the 1/0 bus, using a 

BLOCK DIAGRAM 

• Stop Timer for Program/Erase 

• On-Chip Address and Data Latches 

• JEDEC Standard Pinouts: 
-32 pin DIP 
-32 pin PLCC 
-32 pin TSOP (8 x 14; 8 x 20) 

• 10,000 Program/Erase Cycles 

• 10 Year Data Retention 

• Electronic Signature 

two write cycle scheme. Address and Data are latched 
to free the 1/0 bus and address bus during the write 
operation. 

The CAT28F020/CAT28F0201 is manufactured using 
Catalyst's advanced CMOS floating gate technology. It 
is designed to endure 10,000 program/erase cycles and 
has a data retention of 1 O years. The device is available 
in JEDEC approved 32 pin plastic DIP, 32 pin PLCC or 
32 pin TSOP packages. 

WE -~--r-C-O~M-M-A~N-D--, 

REGISTER 
PROGRAM VOLTAGE 

SWITCH 
CE, OE LOGIC 

CE ~'"-+~~-+-~I--~~~~~~~-+~~-' 
OE ---+~~-+-~!---~~~~----+-------' 

~----13 

Ao-A17 ----~-----~/ 

VOLTAGE VERIFY 
SWITCH 

© 1992 by Catalyst Semiconductor, Inc. 

!;;: Y-DECODER 
__J 

gi f-------l 
w 

~ X-DECODER 
a 
<: 
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Y-GATING 

2,097,152 BIT 
MEMORY 
ARRAY 

5115 FHD F02 

TD 5115 

Characteristics subject to change without notice 
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CAT28F020/CAT28F0201 Advanci 

PIN CONFIGURATION PIN FUNCTIONS 
DIP Package PLCC Package Pin Name Type Function 

I 

Vpp Vee ~ ~ ~ R: 81w ~ < < < > > :;: < 
A16 WE 

Ao-A11 Input Address Inputs for I 

' 

memory addressing ' 

A1s A11 4 3 2 1 32 31 30 
A12 A14 A1 s 2g A14 

A1 A13 As 6 28 A13 

l/Oo-1/01 1/0 Data Input/Output I 

CE Input Chip Enable 
As As As 7 27 As 
As Ag A4 8 26 Ag 
A4 A11 As g 2s An 

OE' Input Output Enable 

1 WE Input Write Enable 

As OE A2 10 24 OE 
A2 A10 A1 11 23 A10 
A1 CE Ao 12 22 CE 

Vee Voltage Supply 

Vss Ground 
I 

Ao 1107 llOo 13 21 1107 
llOo 1105 14 1S 16 17 18 1g 20 

1101 llOs 

Vpp Program/Erase 
Voltage Supply 

1102 1104 
.... C\I (/) C'J "l:t' I.I) <O 

Vss l/03 
gg~gggg 

5115FHDF01 

TSOP Package (Standard Pinout) 

An 1 32 OE 
Ag 2 31 A1o 
As 3 30 CE 

A13 4 2g 1107 
A14 s 28 1105 
A11 6 27 llOs 
WE 7 26 1104 

Vee 8 2S 1103 
Vpp g 24 Vss 
A16 10 23 l/02 
A1s 11 22 1101 
A12 12 21 l/Oo 
A1 13 20 Ao 
As 14 1g A1 
As 1S 18 A2 
A4 16 17 As 

TSOP Package (Reverse Pinout) 

OE 32 A11 
A10 31 Ag 
CE 3 Aa 

1107 4 A13 
1105 s A14 
llOs 6 A11 
1104 7 WE 
1103 8 Vee 
Vss g Vpp 
II~ 10 A16 
1101 11 A1s 
llOo 12 A12 

Ao 13 A1 
A1 14 As 
A2 1S As 
As 16 A4 

S11SFHOF14 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ...................... -55°C to +95°C 

Storage Temperature ......................... -65°C to +150°C 

Voltage on Any Pin with 
Respect to Ground<1> ............. -2.0V to +Vee+ 2.0V 

Voltage on Pin Ag with 
Respect to Ground<1> ..................... -2.0V to + 13.5V 

Vpp with Respect to Ground 
during Program/Erase<1> ................ -2.0V to + 14.0V 

Vee with Respect to Ground<1l ............... -2.0V to +7.0V 

Package Power Dissipation 
Capability (TA = 25°C} .................................... 1.0 W 

Lead Soldering Temperature (10 secs) ............... 300°C 

Output Short Circuit Current<2) .......................... 1 00 mA 

RELIABILITY CHARACTERISTICS 

CAT28F020/CA T28F020I 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 

Symbol Parameter Min. Max. Units Test Method 

NEND(a) Endurance 1K, 10K Cycles/Byte MIL-STD-883, Test Method 1033 

ToR<3l Data Retention 10 Years MIL-STD-883, Test Method 1008 

VZAp(3l ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015 

ILTH(3)(4l Latch-Up 100 mA JEDEC Standard 17 

CAPACITANCE TA= 25°C, f = 1.0 MHz 

Limits 

Symbol Test Min Max. Units Conditions 

C1N<3l Input Pin Capacitance 6 pF V1N= ov 
CouT(3) Output Pin Capacitance 10 pF VouT = OV 

Cvpp(3l Vpp Supply Capacitance 25 pF Vpp =OV 

Note: 
(1) The minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to -2.ov for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +0.5V, which may overshoot to Vee+ 2.0V for periods of less than 2ons. 
(2) Output shorted for no more than one second. No more than one output shorted at a time. 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vee +1V. 
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D.C. OPERATING CHARACTERISTICS 

CAT28F020 TA= 0°C to +70°C, Vee= +5V ±10%, unless otherwise specified. 
CAT28F0201 TA= -40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Max. Unit 

lu Input Leakage Current ±1.0 µA 

ILO Output Leakage Current ±10 µA 

lss1 Vee Standby Current CMOS 100 µA 

lss2 Vee Standby Current TTL 1.0 mA 

lee1 Vee Active Read Current 30 mA 

lee2(3) Vee Programming Current 15 mA 

leeP) Vee Erase Current 15 mA 

lee4(3l Vee Prog./Erase Verify Current 15 mA 

lpps Vpp Standby Current ±10 µA 

lpp1 Vpp Read Current 200 µA 

lpp2(3) Vpp Programming Current 30 mA 

lpp3(3) Vpp Erase Current 30 mA 

lpp4(3) Vpp Prog./Erase Verify Current 5.0 mA 

V1L Input Low Level TTL -0.5 0.8 v 
V1Le Input Low Level CMOS -0.5 0.8 v 
VoL Output Low Level 0.45 v 
V1H Input High Level TTL 2.0 Vee+0.5 v 
V1He Input High Level CMOS 0.7 Vee Vee+0.5 v 
VoH Output High Level TTL 2.4 v 
VoH1 Output High Level CMOS 0.85 Vee v 
VoH2 Output High Level CMOS Vee-0.4 v 

I--
V10 Ag Signature Voltage 11.4 13.0 v 
lio Ag Signature Current 200 µA 

VLO Vee Erase/Prog. Lockout Voltage 2.5 v 
Note: 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
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Test Conditions 
I 

V1N =Vee or Vss 
Vee = 5.5V, OE = V1H 

VouT =Vee or Vss, 
i Vee= 5.5V, OE= V1H 

-, 
CE= Vee ±0.5V, I 

Vee =5.5V I 
I 

CE= V1H, Vee= 5.5V 

Vee= 5.5V, CE= V1L. 
louT = OmA, f = 6 MHz 

Vee= 5.5V, 
Programming in Progress 

Vee= 5.5V, 
Erasure in Progress 

Vpp = VPPH, Program or 
Erase Verify in Progress 

Vpp = VPPL 

Vpp = VPPH 

Vpp = VPPH, 
Programming in Progress 

Vee= 5.5V, 
Erasure in Progress 

Vpp = VPPH, Program or 
Erase Verify in Progress 

loL = 5.8mA, Vee = 4.5V 

loH = -2.5mA, Vee= 4.5V 

loH = -2.5mA, Vee= 4.5V 

loH = -400µA, Vee= 4.5V 

Ag= V10 

Ag= V10 
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SUPPLY CHARACTERISTICS 

Limits 

Symbol Parameter Min Max. Unit 

Vee Vee Supply Voltage 4.5 

VPPL Vpp During Read Operations 0 

VPPH Vpp During Read/Erase/Program 11.4 

l)..C. CHARACTERISTICS, Read Operation 

':,AT28F020 TA= 0°C to +70°C, Vee= +5V ±10%, unless otherwise specified. 
:::AT28F0201 TA= -40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

5.5 

6.5 

12.6 

28F020-12 28F020-15 28F020-20 
28F0201-12 28F0201-15 28F020l-20 

Symbol Parameter Min. 

tRe Read Cycle Time 120 

teE CE Access Time 

tAee Address Access Time 

toE OE Access Time 

toH Output Hold from Address OE/CE Change 0 

t0Lz(3H9l OE to Output in Low-Z 0 

tLz(3)(9) CE to Output in Low-Z 0 

toF(3}(5) OE High to Output High-Z 

tEHQz(3}(5) CE High to Output High-Z 

twHGL(3) Write Recovery Time Before Read 6 

Figure 1. A.C. Testing Input/Output Waveform(6)(7)(8) 

2.4 v ----------------- 2.0V 
INPUT PULSE LEVELS 

0.45 v _____________ __, 0.8 v 

Figure 2. A.C. Testing Load Circuit (example) 1.3V 

DEVICE 
UNDER 
TEST 

1N914 

3.3K 

Max. Min. Max. Min. 

150 200 

120 150 

120 150 

50 55 

0 0 

0 0 

0 0 

30 35 

55 55 

6 6 

REFERENCE POINTS 

CL= 100 pF J CL INCLUDES JIG CAPACITANCE 

Note: 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(5) Output floating (High-Z) is defined as the state where the external data line is no longer driven by the output buffer. 
(6) Input Rise and Fall Times (10% to 90%) < 10 ns. 
(7) Input Pulse Levels= 0.45V and 2.4V. 
(8) Input and Output Timing Reference= 0.8V and 2.0V. 
(9) Low-Z is defined as the state where the external data may be driven by the output buffer but may not be valid. 
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Max. 

200 

200 

60 

40 

55 

v 
v 
v 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

µs 

5108 FHD F03 

5108 FHD F04 
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A.C. CHARACTERISTICS, Program/Erase Operation 

CAT28F020 TA= 0°C to +70°C, Vee= +5V ±10%, unless otherwise specified. 
CAT28F0201 TA= -40°C to +85°C, Vee = +5V ±10%, unless otherwise specified. 

28F020-12 28F020-15 
28F0201-12 28F0201-15 

28F020-20 
28F0201-20 

I 

Advanc~ 

' 

Symbol Parameter Min. Max. Min. Max. Min. Max. Unit 

twc Write Cycle Time 120 150 200 ns 

tAs Address Setup Time 0 0 0 ns J 
tAH Address Hold Time 60 60 75 ns 

tos Data Setup Time 50 50 50 ns 
! 

toH Data Hold Time 10 10 10 ns 

tcs CE Setup Time 0 0 0 ns 

tcH CE Hold Time 0 0 0 ns 

twp WE Pulse Width 60 60 60 ns 

twPH WE High Pulse Width 20 20 20 ns 

twPWH1(11) Program Pulse Width 10 10 10 µs 

twPWH2(11) Erase Pulse Width 9.5 9.5 9.5 ms 

twPGL Write Recovery Time Before Read 6 6 6 µs 

tGHWL Read Recovery Time Before Write 0 0 0 µs 

tVPEL Vpp Setup Time to CE 100 100 100 ns 

ERASE AND PROGRAMMING PERFORMANCE(10) 

28F020-12 28F020-15 28F020-20 
28F0201-12 28F0201-15 28F020l-20 

Parameter Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Unit 

Chip Erase Time(12H14) 1.0 10 1.0 10 1.0 30 sec 

Chip Program Time(12)(13) 4 25 4 25 4 25 sec 

Note: 
(1 o) Please refer to Supply characteristics for the value of VppH and VrPL· The Vpp supply can be either hardwired or switched. If Vpp is switched I 

VrPL can be ground, less than Vee + 2.0V or a no connect with a resistor tied to ground. 
(11) Program and Erase operations are controlled by internal stop timers. 
(12) 'Typicals' are not guaranteed, but based on characterization data. Data taken at 25'C, 12.0V Vpp. 
(13) Minimum byte programming time (excluding system overhead) is 16 µs (10 µs program+ 6 µs write recovery), while maximum is 400 µs/ 

byte (16 µs x 25 loops). Max chip programming time is specified lower than the worst case allowed by the programming algorithm since 
most bytes program significantly faster than the worst case byte. 

(14) Excludes OOH Programming prior to Erasure. 
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:UNCTION TABLE(15) 

Pins 

Mode CE OE WE Vpp 1/0 Notes 

Read V1L V1L V1H VPPL DouT 

Output Disable V1L V1H V1H x High-Z 

Standby V1H x x VPPL High-Z 

Signature (MFG) V1L V1L V1H x 31H Ao = V1L, Ag = 12V 

Signature (Device) V1L V1L V1H x BDH Ao = V1L, Ag = 12V 

Program/Erase V1L V1H V1L VPPH D1N See Command Table 

Write Cycle V1L V1H V1L VPPH D1N During Write Cycle 

Read Cycle V1L V1L V1H VPPH DouT During Write Cycle 

WRITE COMMAND TABLE 

:::ommands are written into the command register in one or two write cycles. The command register can be altered 
)nly when Vpp is high and the instruction byte is latched on the rising edge of WE. Write cycles also internally latch 
:iddresses and data required for programming and erase operations. 

Pins 

First Bus Cycle Second Bus Cycle 

Mode Operation Address D1N Operation Address D1N Dour 

Set Read Write x OOH Read Any DouT 

Read Sig. (MFG) Write x 90H Read 00 31H 

Read Sig. (Device) Write x 90H Read 01 BDH 

Erase Write x 20H Write x 20H 

Erase Verify Write x AOH Read x DouT 

Program Write x 40H Write A1N D1N 

Program Verify Write x COH Read x DouT 

Reset Write x FFH Write x FFH 

Note: 
(15) Logic Levels: X =Logic 'Do not care' (V1H. V1L, VppL, VppH) 
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CAT28F020/CAT28F0201 

READ OPERATIONS 

Read Mode 

A Read operation is performed with both CE and OE low 
and with WE high. Vpp can be either high or low, 
however, if Vpp is high, the Set READ command has to 
be sent before reading data (see Write Operations). The 
data retrieved from the 1/0 pins reflects the contents of 
the memory location corresponding to the state of the 18 
address pins. The respective timing waveforms for the 
read operation are shown in Figure 3. Refer to the AC 
Read characteristics for specific timing parameters. 

Signature Mode 

The signature mode allows the user to identify the IC 
manufacturer and the type of device while the device 
resides in the target system. This mode can be activated 
in either of two ways; through the conventional method 
of applying a high voltage (12V) to address pin Ag or by 
sending an instruction to the command register (see 
Write Operations). 

Figure 3. A.C. Timing for Read Operation 

POWER UP STANDBY DEVICE AND 
ADDRESS SELECTION 

Advanc~ 

The conventional mode is entered as a regular REAC 
mode by driving the CE and OE pins low (with WE high) 1 

and applying the required high voltage on address pin A! 
while all other address lines are held at V1L. 

A Read cycle from address OOOOH retrieves the binal') 
code for the IC manufacturer on outputs l/Oo to 1/07: 

CATALYST Code = 00110001 (31H) 

A Read cycle from address 0001 H retrieves the bina~ 
code for the device on outputs l/Oo to 1/07. 1 

28F020/28F0201 Code = 1011 1101 (BDH) 

Standby Mode 

With CE at a logic-high level, the CAT28F020i 
CAT28F0201 is placed in a standby mode where most oi 
the device circuitry is disabled, thereby substantial!) 
reducing power consumption. The outputs are placed ir 
a high-impedance state. 

OU PUTS 
ENABLED 

DATA VALID STANDBY POWER DOWN 

ADDRESSES ADDRESS STABLE 

CE (E) 

OE(G) 

WE(W) 

HIGH-Z 
DATA(l/O) 

----1WHGL---.i 

1GLQX (toLz) f4---
1ELQX (tLz) 
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YRITE OPERATIONS 

'he following operations are initiated by observing the 
equence specified in the Write Command Table. 

lead Mode 

'he device can be put into a standard READ mode by 
iitiating a write cycle with OOH on the data bus. The 
ubsequent read cycles will be performed similar to a 
tandard EPROM or E2PROM Read. 

:igure 4. A.C. Timing for Erase Operation 

CAT28F020/CA T28F020I 

Signature Mode 

An alternative method for reading device signature (see 
Read Operations Signature Mode), is initiated by writing 
the code 90H into the command register while keeping 
Vpp high. A read cycle from address OOOOH with CE and 
OE low (and WE high) will output the device signature. 

CATALYST Code= 00110001 (31H) 

A Read cycle from address 0001 H retrieves the binary 
code for the device on outputs l/Oo to 1/07. 

28F020/28F0201 Code = 1011 1101 (BDH) 

Vee POWER-UP SETUP ERASE ERASE 
COMMAND 

ERASING ERASE VERIFY ERASE Vee POWER-DOWN/ 
& STANDBY COMMAND COMMAND VERIFICATION STANDBY 

ADDRESSES 

CE (E) 

1CH 1EHQZ 
1cs 

OE(G) 

1cs 
1WHWH2 1WHGL 1DF 

WE(W) 

10E 
1DH 

10LZ 
HIGH-Z 

DATA(l/O) 

1LZ 
1CE 

Vee s.ov 

Vpp 

5108 FHD F11 
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Erase Mode 

During the first Write cycle, the command 20H is written 
into the command register. In order to commence the 
erase operation, the identical command of 20H has to be 
written again into the register. This two-step process 
ensures against accidental erasure of the memory con
tents. The final erase cycle will be stopped at the rising 
edge of WE, at which time the Erase Verify command 

TIMING PARAMETER SYMBOLS 

Standard JED EC Standard JEDEC 
tAs IAVWL tLz tELQX 

IAH twLAX IOE tGLQV 

ICE IELQV IOLZ IGLQX 

lcH IWHEH tRC tAVAV 

tcs tELWL twc tAVAV 

IDF tGHQZ twp twLWH 

IDH IWHDX IWPH IWHWL 

tos tovwH 

8-82 
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{AOH) is sent to the command register. During this cyclE 
the address to be verified is sent to the address bus an 
latched when WE goes high. An integrated stop time 
allows for automatic timing control over this operatior 
eliminating the need for a maximum erase timing spec 
fication. Refer to AC Characteristics (Program/Erasli 
for specific timing parameters. 
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:igure 5. Chip Erase Algorithm(16) 

START ERASURE BUS 
COMMAND COMMENTS OPERATION 

INCREMENT 
ADDRESS 

Note: 

APPLY VPPH 

PROGRAM ALL 
BYTES TO OOH 

INITIALIZE 
ADDRESS 

INITIALIZE 
PLSCNT = o 

WRITE ERASE 
SETUP COMMAND 

WRITE ERASE 
COMMAND 

TIME OUT 10ms 

WRITE ERASE 
VERIFY COMMAND 

TIME OUT 6fLS 

READ DATA 
FROM DEVICE 

WRITE READ 
COMMAND 

APPLYVPPL 

ERASURE 
COMPLETED 

APPLYVPPL 

ERASE 
ERROR 

STANDBY 

WRITE 

WRITE 

WRITE 

READ 

STANDBY 

WRITE 

STANDBY 

(16) The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device. 
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ERASE 

ERASE 

ERASE 
VERIFY 

READ 

Vpp RAMPS TO VppH 

(OR Vpp HARDWIRED) 

ALL BYTES SHALL BE 
PROGRAMMED TO 00 
BEFORE AN ERASE 

OPERATION 

INITIALIZE ADDRESS 

PLSCNT =PULSE COUNT 

ACTUAL ERASE 
NEEDS 10ms PULSE, 

DATA=20H 

DATA=20H 

WAIT 

ADDRESS= BYTE TO VERIFY 
DATA=20H; 

STOPS ERASE OPERATION 

WAIT 

READ BYTE TO 
VERIFY ERASURE 

COMPARE OUTPUT TO FF 
INCREMENT PULSE COUNT 

DATA= OOH 
RESETS THE REGISTER 
FOR READ OPERATION 

Vpp RAMPS TO VppL 

(OR Vpp HARDWIRED) 

5108 FHD F10 
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CAT28F020/CAT28F020I 

Erase-Verify Mode 

The Erase-verify operation is performed on every byte 
after each erase pulse to verify that the bits have been 
erased. 

Programming Mode 

The programming operation is initiated using the pro
gramming algorithm of Figure 7. During the first write 
cycle, the command 40H is written into the command 

Figure 6. A.C. Timing for Programming Operation 

Advanc1 

register. During the second write cycle, the address ( 
the memory location to be programmed is latched on th 
falling edge of WE, while the data is latched on the risin 
edge of WE. The program operation terminates with th 
next rising edge of WE. An integrated stop timer allow 
for automatic timing control over this operation, elimina1 
ing the need for a maximum program timing specifica 
!ion. Refer to AC Characteristics (Program/Erase) to 
specific timing parameters. 

V CC POWER-UP SETUP PROGRAM LATCH ADDRESS PROGRAM 
& STANDBY COMMAND & DATA VERIFY 

PROGRAM Vee POWER-DOWN/ : 
VERIFICATION STANDBY 

PROGRAMMING COMMAND 

CE (E) 

OE (G) 

1WHWH1 -1--...i...__ 1WHGL 1DF 

WE(W) 

loE 
1DH 

10LZ 
HIGH-Z 

DATA(l/O) 

1LZ 
1cE 

Vee s.ov 

Vpp 

5100 FHD F071 
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>rogram-Verify Mode 

\ Program-verify cycle is performed to ensure that all 
>its have been correctly programmed following each 
>yte programming operation. The specific address is 
ii ready latched from the write cycle just completed, and 
;tays latched until the verify is completed. The Program-

rlMING PARAMETER SYMBOLS 

Standard JEDEC Standard JEDEC 
tAs tAVWL tLZ tELQX 

tAH twLAX toE tGLQV 

teE tELQV toLZ tGLQX 

teH twHEH tRe tAVAV 

tes tELWL twe tAVAV 

toF tGHQZ twp twLWH 

toH twHDX twPH twHWL 

tos tovwH 
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verify operation is initiated by writing COH into the 
command register. An internal reference generates the 
necessary high voltages so that the user does not need 
to modify Vee. Refer to AC Characteristics (Program/ 
Erase) for specific timing parameters. 

• 
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Figure 7. Programming Algorithm(16) 

INCREMENT 
ADDRESS 

Note: 

START 
PROGRAMMING 

APPLYVppH 

INITIALIZE 
ADDRESS 

PLSCNT=O 

WRITE SETUP 
PROG. COMMAND 

WRITE PROG. CMD 
ADDR AND DATA 

TIME OUT 10µs 

WRITE PROGRAM 
VERIFY COMMAND 

TIMEOUT6µs 

READDATA 
FROM DEVICE 

WRITE READ 
COMMAND 

APPLYVppL 

PROGRAMMING 
COMPLETED 

APPLYVppL 

PROGRAM 
ERROR 

BUS 
OPERATION 

STANDBY 

1STWRITE 
CYCLE 

2NDWRITE 
CYCLE 

1STWRITE 
CYCLE 

READ 

STANDBY 

1STWRITE 
CYCLE 

STANDBY 

(16) The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device. 
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COMMAND COMMENTS 

Vpp RAMPS TO VppH 

(OR Vpp HARDWIRED) 

I 

INITIALIZE ADDRESS 

INITIALIZE PULSE COUNT 
PLSCNT =PULSE COUNT 

WRITE DATA=40H 
SETUP 

PROGRAM VALID ADDRESS AND DATA 

WAIT 

PROGRAM 
DATA=COH VERIFY 

WAIT 

READ BYTE TO VERIFY 
PROGRAMMING 

COMPARE DATA OUTPUT 
TO DATA EXPECTED 

DATA= OOH 
READ SETS THE REGISTER FOR 

READ OPERATION 

Vpp RAMPS TO VppL 

(OR Vpp HARDWIRED) 

5108 FHD F06 
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\bort/Reset 

~n Abort/Reset command is available to allow the user 
o safely abort an erase or program sequence. Two 
:onsecutive program cycles with FFH on the data bus 
viii abort an erase or a program operation. The abort/ 

=igure 8. Alternate A.C. Timing for Program Operation 

CAT28F020/CA T28F0201 

reset operation can interrupt at any time in a program or 
erase operation and the device is reset to the Read 
Mode. 

V CC POWER-UP SETUP PROGRAM LATCH ADDRESS PROGRAM 
& STANDBY COMMAND & DATA VERIFY 

PROGRAM Vee POWER-DOWN/ 
VERIFICATION STANDBY 

PROGRAMMING COMMAND 

ADDRESSES 

WE(E) 

OE(G) 

eE(W) 

DATA(l/O) 

Vee s.ov 

Vpp 

5108 FHD F09 
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CA T28F020/CA T28F020I 

POWER UP/DOWN PROTECTION 

The CAT28F020/CAT28F0201 offers protection against 
inadvertent programming during Vpp and Vee power 
transitions. When powering up the device there is no 
power-on sequencing necessary. In other words, Vpp 
and Vee may power up in any order. Additionally Vpp 
may be hardwired to VPPH independent of the state of 
Vee and any power up/down cycling. The internal com
mand register of the CAT28F020/CAT28F0201 is reset 
to the Read Mode on power up. 

TIMING PARAMETER SYMBOLS 

Standard JEDEC 

twe tAVAV 

toLz tGLQX 

tLz tELQX 

lcE tELQV 

toE tELQV 

toF lGHQZ 
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POWER SUPPLY DECOUPLING 

To reduce the effect of transient power supply voltag~ 
spikes, it is good practice to use a 0.1µF ceramic 
capacitor between Vee and V ss and Vpp and Vss. These 
high-frequency capacitors should be placed as close a~ 
possible to the device for optimum decoupling. 
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~L TERNATE CE-CONTROLLED WRITES 

28F020-12 28F020-15 28F020-20 
28F0201-12 28F0201-15 28F0201-20 

Symbol Parameter Min. Max. Min. Max. Min. Max. Unit 

tAVAV Write Cycle Time 120 150 200 ns 

tAVEL Address Setup Time 0 0 0 ns 

tELAX Address Hold Time 80 80 95 ns 

tDVEH Data Setup Time 50 50 50 ns 

tEHDX Data Hold Time 10 10 10 ns 

tEHGL Write Recovery Time Before Read 6 6 6 µs 

tGHEL Read Recovery Time Before Write 0 0 0 µs 

twLEL WE Setup Time Before CE 0 0 0 ns 

tEHWH Write Enable Hold Time 0 0 0 ns 

tELEH Write Pulse Width 70 70 80 ns 

tEHEL Write Pulse Width High 20 20 20 ns 

tvPEL Vpp Setup Time to CE Low 1.0 1.0 1.0 µs 

• 
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:AT27HC256UCAT27HC256LI 
:56K-Bit HIGH SPEED CMOS EPROM 

:EATURES 

1 Fast Read Access Times: 
-55f70/90/120ns (Commercial) 
-70/90/120ns (Industrial) 

I Single 5V Supply-Read Mode 

1 Low Power CMOS Dissipation: 
-Active: 50 mA (Commercial) 

60 mA (Industrial) 
-Standby: 100 µA 

I High Speed Programming: 100 µs/byte 

>ESCRIPTION 

"he CAT27HC256UCAT27HC256LI is a high speed 
JW power 32K x 8 bits UV erasable and electronically 
eprogrammable EPROM ideally suited for high speed 
ipplications. Any byte can be accessed in less than 
;sns making this device compatible with high perfor
nance microprocessor systems by eliminating the need 
:Jr speed-robbing wait states. 

"he Quick-Pulse(1) programming algorithm reduces the 
1me required to program the chip and ensures more re
ableprogramming. The CAT27HC256UCAT27HC256LI 

~LOCK DIAGRAM 

• CMOS and TTL Compatible 1/0 

• 12.SV Programming Level 

• JEDEC Standard Pinouts: 
-28 pin DIP and CERDIP 
-32 pin LCC 
-32 pin PLCC 

• Electronic Signature 

is used in applications where fast turnaround and pattern 
experimentation are important requirements. 

The CAT27HC256UCAT27HC256LI is manufactured 
using Catalyst's advanced CMOS floating gate technol
ogy. The device is available in JEDEC approved 28 pin 
DIP and CERDIP, 32 pin LCC and 32 pin PLCC pack
ages. The transparent lid on the 28 pin CERDI P and 32 
pin LCC allows the user the option of UV erasing the bit 
pattern in the device, thus allowing a new pattern to be 
written in. 

OUTPUT BUFFERS 

PGM 

CE CE 

OE OE 

~ote: 

.1) Quick-Pulse is a trademark of Intel Corporation. 

;> 1992 by Catalyst Semiconductor, Inc. 

MEMORY MATRIX 
32,768 X 8 BIT 

DECODER 

INPUT BUFFERS 

9-1 

-GND 

5129 FHD FOB 

TD 5129 
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CAT27HC256L/CAT27HC256LI 

PIN CONFIGURATION PIN FUNCTIONS 

DIP and CERDIP Package Ao-A14 Addresses 

CE Chip Enable 

Vpp Vee OE Output Enable 

l/Oo-1/07 Data Inputs/Outputs 
A12 A14 

A7 A13 

As As NC No Connect 

Vpp Program Supply Voltage 
As Ag 

A4 A11 

A3 OE Vee 5V Supply 
A2 A10 

A1 CE 

Ao 1107 

l/Oo 1105 

1/01 llOs 

1/02 1/04 

Vss 1/03 

PLCC Package LCC Package 

.... C\la.() ()""' ~ &Q () ... "' ~a.-()~~ .... () ~ ~ 
<I'. <I'.> z ><I'. <I'. <I'. <I'.> z ><I'. <I'. 

4 3 2 1 32 31 302g 
As A5 s As A5 s 

As 6 28 Ag As 6 Ag 

A4 7 27 A11 A4 7 

0 
27 A11 

A3 8 26 N/C A3 8 26 N/C 

A2 g 2S OE A2 g 2S OE 

A1 10 24 A10 A1 10 24 A10 

Ao 11 23 CE Ao 11 23 CE 

N/C 12 22 1/07 N/C 12 22 1/07 

l/Oo 13 21 1/05 l/Oo 1314 1S 16 17 18 1g 20 
21 1/05 

14 1S 16 17 18 1g 20 

Y'"" C\I (/) () ('I') "l:t lO 

~~gi:z~~~ 

....... C\I (I) 0 C') v lO ggg'zggg 

5129 FHO F01 
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\BSOLUTE MAXIMUM RATINGS* 

·emperature Under Bias .................... -55°C to + 125°C 

itorage Temperature ......................... --65°C to +150°C 

'oltage on Any Pin with 
Respect to Ground<3> ................. -2.0V to Vee +2.0V 

'oltage on Pin Ag with 
Respect to Ground<3> ..................... -2.0V to +13.5V 

'PP with Respect to Ground 
during Program/Erase ................... -2.0V to + 14.0V 

Ice with Respect to Ground .................. -2.0V to +7.0V 

>ackage Power Dissipation 
Capability (TA = 25°C) .................................... 1.0 W 

.ead Soldering Temperature (1 O secs) ............... 300°C 

)utput Short-Circuit Current<4> ......................... 100 mA 

~ELIABILITY CHARACTERISTICS 

Symbol Parameter Min. 

V-zA.p(2) ESD Susceptibility 2000 

ILTH(2)(5) Latch-Up 100 

;APACITANCE TA= 25°C, f = 1.0 MHz, Vee= 5V 

Symbol Test 

C1N(2) Input Capacitance 

Cou-r<2> Output Pin Capacitance 

CVpp<2l Vpp Supply Capacitance 

~ate: 

CAT27HC256L/CAT27HC256LI 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation 
of the device at these or any other conditions outside of 
those listed in the operational sections of this specifica
tion is not implied. Exposure to any absolute maximum 
rating for extended periods may affect device perfor
mance and reliability. 

Max. Units Test Method 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

Max. Units Conditions 

6 pF V1N =OV 

10 pF VouT= ov 
25 pF Vpp= OV 

.2) This parameter is tested initially and after a design or process change . 

. 3) The minimum DC input voltage is --0.5. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Vee+ 0.5V, which may overshoot to Vee+ 2.0V for periods of less than 20 ns. 

:4) Output shorted for no more than one second. No more than one output shorted at a time. 
:s) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1 V to Vee+ 1 V. 

9-3 
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CAT27HC256LJCAT27HC256LI 

D.C. OPERATING CHARACTERISTICS, Read Operation 

CAT27HC256L TA= 0°C to +70°C, Vee= +5V ±10%, unless otherwise specified. 
CAT27HC256LI TA =-40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units 

Jec!6l Vee Operating Current Com. 50 
(TTL) Ind. 60 mA 

leec<6> Vee Operating Current Com. 50 
(CMOS) Ind. 60 mA 

lss1 Vee Standby Current Com. 2 
(TIL) Ind. 3 mA 

lss2 Vee Standby Current Com. 100 
(CMOS) Ind. 100 µA 

Ju Input Leakage Current 10 µA 

ILO Output Leakage Current 10 µA 

Jpp1 Vpp Leakage Current 10 µA 

V1H Input High Level TIL 2.0 Vcc+0.5 v 
V1L Input Low Level TIL -0.5 0.8 v 
VoH Output Voltage High Level 2.4 v 
VoL Output Voltage Low Level 0.40 v 
V1LC Input Low Level CMOS -0.5 0.30 v 
V1HC Input High Level CMOS Vcc-0.5 Vcc+0.5 v 

Note: 
(6) The maximum current value is with outputs 1/00 to 1107 unloaded. 

9-4 

Test Conditions 

CE = V1L. f = 5MHz 
All I/O's Open 

CE = V1Le, f = 5MHz I 

All I/O's Open I 

CE= V1L 

CE= V1L 

V1N = 5.5V 

VouT = 5.5V 

Vpp =5.5V 

loH =-1.0 mA 

loL =4.0 mA 

J 



CAT27HC256L/CAT27HC256LI 

~.C. CHARACTERISTICS, Read Operation 

':;AT27HC256L TA= 0°C to +70°C, Vee= +5V ±10%, unless otherwise specified. 
':;AT27HC256LI TA= -40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

27HC256L-70 27HC256L-90 
27HC256L-55(7) 27HC256Ll-70 27HC256Ll-90 

Symbol Parameter Min Max. Min. Max. Min. Max. 

tACC Address Access Time 55 70 90 

lcE CE to Output Delay 55 70 90 

toE OE to Output Delay 30 35 40 

toH(2)(8) Output Hold A, OE, CE 0 0 0 

toF(2)(8) OE High to High-Z Output 0 30 0 35 0 40 

•igure 1. A.C. Testing Input/Output Waveform(9) 

3.0 v 
2.0 v 

INPUT PULSE LEVELS REFERENCE POINTS 

0.0 v 

Figure 2. A.C. Testing Load Circuit (example) 

DEVICE 
UNDER 
TEST 

0.8 v 

1.3V 

1N914 

3.3K 

I CL= 100pF 

CL INCLUDES JIG CAPACITANCE 

\Jote: 
:2) This parameter is tested initially and after a design or process change. 
:7) Vee= SV ±5% for CAT27HC256L-55. 

27HC256L-12 
27HC256Ll-12 

Min. Max. 

120 

120 

50 

0 

0 50 

'.B) Output floating (High-Z) is defined as the state where the external data line is no longer driven by the output buffer. 
:9) Input rise and fall times (10% to 90%) <10ns. 

9-5 

Unit 

ns 

ns 

ns 

ns 

ns 

5129 FHD F02 

5129 FHD F03 
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CAT27HC256L/CAT27HC256LI 

D.C. CHARACTERISTICS, Programming Operation 

CAT27HC2S6L TA = 2S°C ±S°C 
CAT27HC2S6LI TA = 2S°C ±S°C 

Symbol Parameter Min. 

Supply Voltage 6.0 
Vee(1 1l (Quick Pulse Algorithm) 

Supply Voltage S.7S 
(Intelligent Algorithm) 

Programming Voltage 12.S 
Vpp(10)(11) (Quick Pulse Algorithm) 

Programming Voltage 12.0 
(Intelligent Algorithm) 

leep(s) Vee Supply Current 
Program and Verify 

lpp(6) Vpp Supply Current 
Program Operation 

lu Input Leakage Current 

ILO Output Leakage Current 

V1L Input Low-Level TTL -0.SO 

V1Le Input Low-Level CMOS -0.SO 

V1H Input High-Level TTL 2.0 

V1He Input High-Level CMOS Vee-0.SO 

VoL Output Low Voltage (Verify) 

VoH Output High Voltage (Verify) 2.4 

VH(6)(10) Ag Signature Mode Voltage 11.S 

Note: 
(6) The maximum current value is with outputs 1/00 to 1/07 unloaded. 

Limits 

Typ. Max. 

6.2S 6.S 

6.0 6.2S 

12.7S 13.0 

12.S 13.0 

80 

40 

10 

10 

0.80 

0.30 

Vee+ O.S 

Vee+ O.S 

0.40 

12.S 

{10) Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

Units Test Conditions 

v 

v 

v 

v 

mA CE= V1L 

mA CE =V1L 

µA V1N = S.2SV 

µA VouT=S.2SV 

v 
v 
v 
v 
v loL =4.0 mA 

v loH = 1.0 mA 

v 

(11) When programming, a 0.1 µF capacitor is required across Vpp and GND to suppress spurious voltage transients which can damage the 
device. 
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~.C. CHARACTERISTICS, Programming Operation 

~AT27HC2S6L TA= 2S°C ±S°C 
~AT27HC2S6LI TA= 2S°C ±S°C 

Symbol Parameter Min. 

tAS Address Setup Time 2 

to Es OE Setup Time 2 

tos Data Setup Time 2 

tAH Address Hold Time 0 

toH Data Hold Time 2 

tvps(10) Vpp Setup Time 2 

tvcs(10l V cc Setup Time 2 

tpw CE Program Pulse Width 9S 
(Quick Pulse Algorithm) 

tpw CE Program Pulse Width 0.9S 
(Intelligent Algorithm) 

topw CE Overprogram Pulse Width 2.8S 
(Intelligent Algorithm) 

toFP(2)(B) OE High to Output High-Z 0 

toE Data Valid from OE 

fote: 

Limits 

Typ. 

100 

1.0 

2) This parameter is tested initially and after a design or process change. 

CAT27HC256UCAT27HC256LI 

Max. Unit Test Conditions 

µs 

µs 

µs 

µs 

µs 

µs 

µs 

10S µs 

1.0S ms 

78.S ms 

130 ns 

1SO ns 

8) Output floating (High-Z) is defined as the state where the external data line is no longer driven by the output buffer . 
10) Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

9-7 
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CAT27HC256L/CAT27HC256LI 

FUNCTION TABLE 

Pins 

CE OE Vpp Ao Ae 1/0 
Mode (20) (22) (1) (10) (24) 

Read V1L V1L Vee x x DouT 

Output Disable V1L V1H Vee x x High-Z 

Standby V1H x Vee x x High-Z 

Program V1L V1H Vpp x x D1N 

Program Verify V1H V1L Vpp x x DouT 

Program Inhibit V1H V1H Vpp x x High-Z 

Signature MFG. V1L V1L Vee V1L VH 31H 

Signature Device V1L V1L Vee V1H VH 40H 

NOTES ON THE FUNCTION TABLE 

Logic Levels: 

Supply Voltage: 

Read: 

Output Disable: 

Standby: 

Program: 

Program Verify: 

Program Inhibit: 

Signature MFG: 

Signature Device: 

V1H = TTL Logic 1 level 
V1L =TTL Logic 0 level 
X = Logic "Do not care," V1H or V1L 

Vpp = Programming/High-Voltage 
Vee= Read/Low-Voltage 
VH = 12.0V ±0.5V 

Read Mode: The content of the addressed memory byte is placed on the 1/0 pins l/Oo to 
1/07. 

Device is selected (active mode), programming is disabled and l/Oo to 1/07 output buffers 
are tristated (PMOS and NMOS drivers turned-off). 

Device is deselected, low power dissipation. 

Byte Programming Mode: Logic zeros in the bit pattern driving the l/Oo to 1/07 data input 
buffers are written into the respective memory cells of the addressed byte. 

Following a programming cycle, to verify the cell contents of the memory byte being pro
grammed (not recommended as a normal read operation). 

CE set to logic one and OE set to logic one prevents programming and deselects the 
device. 

Signature mode with all other addresses at V1L, code of IC manufacturer (Catalyst) output 
on 1/0 pins l/Oo to 1/07. 

Signature mode with all other addresses at V1L. code of IC type output on 1/0 pins l/Oo to 
1/07. 

9-8 



DEVICE OPERATION 

=lead Operation and Standby Modes 

IAemory access for reading an address location is con
rolled by CE and OE. Chip enable CE is used indepen
:Jently of all other input signals as the primary device 
>election. In the logic zero state (TTL level V1L), CE 
Jowers up all inputs and enables internal circuitry. In the 
ogic one state (CMOS level V1Hc) CE places the device 
n standby mode, all DC paths to ground are shut-off, 
3nd the power dissipation is reduced to a minimum. A 
ogic one on Output Enable OE disables the output 
Juffers and places the output pads in a high impedance 
>late. Assuming that the address lines Ao to A14 have 
Jeen stable fora time equal to lAcc-toE, the output data 
1s available after a delay of loE from the falling edge of 
8E. 

Figure 3. Read Operation Timing 

V1H 

CAT27HC256L/CAT27HC256LI 

Signature Mode 

The Signature Mode allows one to identify the IC manu
facturer and the device type. This mode is entered as a 
regular Read Mode by driving the CE and OE inputs low, 
and additionally driving the Ag pin to high-voltage (VH) 
with all other address lines at V1L. 

Driving Ao to V1L with all other addresses at V1L. gives the 
the binary code of the IC manufacturer on outputs l/Oo 
to 1/07. 

CATALYST Code: 
0 0 1 1 0 O 0 1 (31 H) 

Driving Ao to V1H with all other addresses at V1L. gives the 
the binary code of the device type on outputs l/Oo io 1/07. 

27HC256U27HC256LI Code: 
O 1 O O o O O o (40H) 

ADDRESS V1L ADDRESSES VALID 

V1H 

CE V1L 

V1H 
1-4---lCE 

OE V1L 

HIGH-Z 
toH 

OUTPUT VALID OUTPUT 

i.---lACC----i~ 

5129 FHD F04 
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CAT27HC256L/CAT27HC256LI 

Programming Mode 

After a proper erase operation, all bits of the EPROM are 
in the logic one state. The device is programmed by 
selectively writing logic zeros into the desired bit loca
tions. The programming mode is entered by raising CE 
and OE to a high level and bringing the low voltage 
supply pin (V cc),. followed by the high voltage supply pin 
(Vpp), to their respective programming levels. 

After the address inputs Ao to A14 and data inputs l/Oo to 
1101 are stabilized, CE is switched from the logic one to 
logic zero state to perform the programming. The par
ticular memory cells of the addressed byte, correspond
ing to the O's of the input data bits, are then programmed. 

Figure 4. Programming Operation Timing 

V1H 
PROGRAM 

ADDRESS V1L ) 
~ tAS 

DATA DATA INPUT 

A Program Verify cycle is performed after each byte i~ 
programmed to ensure that the zero bits have bee~ 
correctly written. The byte verification cycle is initiatetj 
by keeping CE at V1H and switching OE from V1H to V1L 
while all other pin voltages remain unchanged. In mosl 
cases a single 1 OOµs programming cycle is sufficient tC 
set a memory cell in the logic zero state. The Quick PulsE 
algorithm is recommended as the preferred device pro· 
gramming operation. The CAT27HC256Li 
CAT27HC256LI is also compatible with lntelligen 
Programming<13>. 

The flow charts for both the algorithms are given iri 
Figures 5 and 6. 

VERIFY 

_t,AH ADDRESS N ~~ } 

HIGH-Z 
DATA OUTPUT 

tDs ~ f+tDH---i !+--- tDFP 
Vpp 

Vpp Vee _l 

V1H 1--i tvPS 
..I.(. 

V1L 

V1H 
14-tpw- i-toEs-=:i ~ toE 

V1L l ..S,yj 

!--loPW-

Vee ::s1sv(12~J I 

:::J I- tvcs 

Note: 
(12) Vee= 6.25V ±0.25V for Quick Pulse algorithm; 6.0V ±0.25V for Intelligent Programming algorithm. 
(13) Intelligent is a trademark of Intel Corporation. 

9-10 
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U.V. ERASURE OPERATION FOR 
CERDIP EPROMS 

)irect exposure to fluorescent lamps such as those 
Jsed in room light fixtures, can erase the CA T27HC256U 
":;AT27HC256LI EPROM in less than three years. When 
3Xposed to direct sun light the EPROM can be erased in 
ess than a week. 

The recommended erasure procedure is to expose the 
:;AT27HC256UCAT27HC256LI EPROM to a standard 
Jltraviolet light with a wavelength of 2537 Angstroms. 
The integrated dose for proper erasure is 15 Wsec/cm2. 

Figure 5. Quick Pulse Algorithm 

INCREMENT 
ADDRESS 

START 

ADDR = FIRST LOCATION 

Vcc=s.2sv 
Vpp= 12.75V 

X=O 

PROGRAM 100 µs PULSE 

INCREMENTX 

Vee= Vpp = 5.0V 

DEVICE PASSED 

DEVICE 
FAILED 

5129 FHD F07 
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CAT27HC256L/CAT27HC256LI 

The erasure time with this dosage is approximately 
15 to 60 minutes using an ultraviolet lamp with a 
1200 µW/cm2 power rating. The EPROM should be 
placed within 1 inch of the lamp tubes. 

The maximum integrated dose a CAT27HC256L/ 
CAT27HC256LI EPROM can be exposed to is 7258 
Wsec/cm2 (one week at 1200 uW /cm2). Exposure of the 
device to higher U.V. doses may cause permanent 
damage and loss of functionality. 

Figure 6. Intelligent Programming Algorithm 

INCREMENT 
ADDRESS 

START 

ADDR =FIRST LOCATION 

Vee =s.ov 
Vpp= 12.SV 

X=O 

PROGRAM 1ms PULSE 

INCREMENTX 

PROGRAM 1 PULSE OF 
3X ms DURATION 

Vee= Vpp = 5.0V 

DEVICE PASSED 

DEVICE 
FAILED 

5129 FHO F06 
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• 



CAT27HC256UCAT27HC256LI 

9-12 



CAT27C21O/CAT27C2101 
I Megabit HIGH SPEED CMOS EPROM 

=EATURES 

I Fast Read Access Times: 
-150/170/200/250ns (Commercial) 
-170/200/250ns (Industrial) 

1 Single SV Supply-Read Mode 

I Low Power CMOS Dissipation: 
-Active: 50 mA (Commercial) 

60 mA (Industrial) 
-Standby: 100 µA 

JESCRIPTION 

rhe CAT27C210/CAT27C2101 is a high speed low 
iower 64K x 16 bits UV erasable and electronically re
irogrammable EPROM ideally suited for high speed 
1pplications. Any word can be accessed in less than 
I 50ns making this device compatible with high perfor
nance microprocessor systems by eliminating the need 
or speed-robbing wait states. 

rhe Quick-Pulse(1l programming algorithm reduces the 
ime required to program the chip and ensures more re
iable programming. The CAT27C210/CAT27C2101 is 

9LOCK DIAGRAM 

Ao-A15 
ADDRESS 
INPUTS 

X-BUFFERS 
LATCHES 

AND DECODER 

• High Speed Programming: 100 µs/word 

• CMOS and TTL Compatible 1/0 

• 12.SV Programming Level 

• JEDEC Standard Pinouts: 
-40 pin DIP and CERDIP 
-44 pin PLCC 

• Electronic Signature 

used in applications where fast turnaround and pattern 
experimentation are important requirements. 

The CAT27C21O/CAT27C2101 is manufactured using 
Catalyst's advanced CMOS floating gate technology. 
The device is available in JEDEC approved 40 pin DIP 
and CERDIP and 44 pin PLCC packages. The transpar
ent lid on the 40 pin CERDIP allows the user the option 
of UV erasing the bit pattern in the device, thus allowing 
a new pattern to be written in. 

65,536 x 16 BIT 
ARRAY -vcc 

-vpp 
Y-BUFFERS 
LATCHES 

AND DECODER 
1----- OUTPUT BUFFERS -vss 

Note: 

CE 
OE 

PGM 
CONTROL LOGIC 

[1) Quick-Pulse is a trademark of Intel Corporation. 

:(;) 1992 by Catalyst Semiconductor, Inc. 

READ/WRITE CKT 

5131 FHD FOB 

TD 5131 
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CAT27C21O/CAT27C2101 

PIN CONFIGURATION 

DIP and CERDIP Package 

Vpp Vee 
CE PGM 

l/01s NC 

11014 A1s 

1/013 A14 

1/012 A13 

11011 A12 

11010 A11 

l/Og A10 

I/Os Ag 

Vss Vss 
1/07 As 

1/05 A7 

I/Os As 

1/04 As 

1/03 A4 

1102 A3 

1/01 A2 

l/Oo A1 
OE Ao 

PLCC Package 

11012 

11011 

11010 

l/Og 10 

I/Os 11 

Vss 12 

NC 13 

1/07 14 

1/05 15 

I/Os 16 

1/04 17 

<? ... LO 0. (.)1::0 
OOOjW 0.0 00 (.) ~ ~ 
::;:,::,::;:,Q>Z>o.Z<(<( 

6 s 4 3 2 1 44 43 42 41 4039 

3S 

37 

36 

3S 

34 

33 

32 

31 

30 

29 

1 S 19 20 21 22 23 24 2S 26 27 2S 

"' C\l - olw o :( - C\l "' ..,. Q Q Q Q 0 z <( <( <( <( - - - -

PIN FUNCTIONS 

Ao-A15 Addresses I 

l/Oo-11015 Data Inputs/Outputs 

CE Chip Enable 
I 

OE Output Enable ! 

PGM Write Enable 

NC No Connect 

Vpp Program Supply Voltage 

Vee 5V Supply 

Vss Ground 
i 

A13 

A12 

A11 

A10 

Ag 

Vss 
NC 

As 

A7 

As 
As 

5131 FHD F01 
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~BSOLUTE MAXIMUM RATINGS* 

·emperature Under Bias .................... -55°C to + 125°C 

•torage Temperature ......................... -65°C to +150°C 

'oltage on Any Pin with 
Respect to Ground<3> .....•........... -2.0V to Vee +2.0V 

'oltage on Pin Ag with 
Respect to Ground<3> ••..••••..•.•••..••.. -2.0V to + 13.5V 

'pp with Respect to Ground 
during Program/Erase ................... -2.0V to + 14.0V 

'cc with Respect to Ground .................. -2.0V to +7.0V 

'ackage Power Dissipation 
Capability (TA = 25°C) .................................... 1.0 W 

ead Soldering Temperature (10 secs) ............... 300°C 

>utput Short-Circuit Current<4> ......................... 100 mA 

IELIABILITY CHARACTERISTICS 

Symbol Parameter Min. 

VZAP<2> ESD Susceptibility 2000 

bH(2){5) Latch-Up 100 

:APACITANCE TA= 25°C, f = 1.0 MHz, Vee= 5V 

Symbol Test 

C1N<2> Input Capacitance 

CouT<2> Output Pin Capacitance 

CVpp<2> Vpp Supply Capacitance 

late: 

CAT27C21O/CAT27C2101 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation 
of the device at these or any other conditions outside of 
those listed in the operational sections of this specifica
tion is not implied. Exposure to any absolute maximum 
rating for extended periods may affect device perfor
mance and reliability. 

Max. Units Test Method 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

Max. Units Conditions 

6 pF V1N = OV 

10 pF VouT= OV 

25 pF Vpp= OV 

~) This parameter is tested initially and after a design or process change. 
!) The minimum DC input voltage is -0.5. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee+ 0.5V, which may overshoot to Vee+ 2.0V for periods of less than 20 ns. 
I) Output shorted for no more than one second. No more than one output shorted at a time. 
;) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vee+ 1V. 
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CAT27C21O/CAT27C2101 

D.C. OPERATING CHARACTERISTICS, Read Operation 

CAT27C210 TA= 0°C to +70°C, Vee = +5V ±10%, unless otherwise specified. 
CAT27C2101 TA= -40°C to +85°C, Vee = +5V ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Units 

lee<6) Vee Operating Current Com. 60 
(TIL) Ind. 70 mA 

leee<6> Vee Operating Current Com. 50 
(CMOS) Ind. 60 mA 

Issi Vee Standby Current Com. 1 
(TIL) Ind. 1 mA 

lss2 Vee Standby Current Com. 100 
(CMOS) Ind. 100 µA 

lu Input Leakage Current 1 µA 

ILO Output Leakage Current 1 µA 

IPP1 Vpp Leakage Current 1 µA 

V1H Input High Level TTL 2.0 Vcc+0.5 v 
V1L Input Low Level TIL -0.5 0.8 v 
VoH Output Voltage High Level 2.4 v 
VoL Output Voltage Low Level 0.40 v 
V1Le Input Low Level CMOS -0.5 0.30 v 
V1He Input High Level CMOS Vcc-0.5 Vcc+0.5 v 

Note: 
(6) The maximum current value is with outputs 1100 to 11015 unloaded. 
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Test Conditions 

CE = V1L, f = 5MHz 
All I/O's Open 

CE= V1Le, f = 5MHz 
I 

I 

All I/O's Open 

CE= V1L 
' 

CE= V1L 

I 

V1N =5.5V 

VouT =5.5V I 

Vpp =5.5V I 
' 

I 

loH=-1.0mA ' 

loL =4.0 mA 
I 
I 



CAT27C21O/CAT27C2101 

~.C. CHARACTERISTICS, Read Operation 

~AT27C210 TA= 0°c to +70°C, Vee= +5V ±10%, unless otherwise specified. 
~AT27C2101 TA= -40°C to +85°C, Vee = +5V ±10%, unless otherwise specified. 

27C210-15 

Symbol Parameter Min Max. 

tACC Address Access Time 150 

tcE CE to Output Delay 150 

toE OE to Output Delay 60 

loH(2)(?) Output Hold A, OE, CE 0 

toF(2)(7) OE High to High-Z Output 0 35 

=igure 1. A.C. Testing lnpuUOutput Waveform(S) 

2.4 v ----------------
INPUT PULSE LEVELS 

0.45 v _____________ __, 

=igure 2. A.C. Testing Load Circuit (example) 

DEVICE 
UNDER 
TEST 

27C210-17 
27C2101-17 

Min. Max. 

170 

170 

70 

0 

0 40 

2.0V 

0.8 v 

1.3V 

CL INCLUDES JIG CAPACITANCE 

fote: 
2) This parameter is tested initially and after a design or process change. 

27C210-20 
27C2101-20 

Min. Max. 

200 

200 

80 

0 

0 50 

REFERENCE POINTS 

27C210-25 
27C2101-25 

Min. Max. 

250 

250 

100 

0 

0 60 

7) Output floating (High-Z) is defined as the state where the external data line is no longer driven by the output buffer. 
8) Input rise and fall times (10% to 90%) <10ns. 
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Unit 

ns 

ns 

ns 

ns 

ns 

5131 FHD F02 

5129 FHD F03 
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CAT27C21 O/CAT27C21 OI 

D.C. CHARACTERISTICS, Programming Operation 

CAT27C21 o TA = 2s0 c ±S°C 
CAT27C2101 TA = 2S°C ±S°C 

Symbol Parameter Min. 

Supply Voltage 6.0 
Vee<10> (Quick Pulse Algorithm) 

Supply Voltage S.7S 
(Intelligent Algorithm) 

Programming Voltage 12.S 
Vpp(9)(10) (Quick Pulse Algorithm) 

Programming Voltage 12.0 
(Intelligent Algorithm) 

leep<5> Vee Supply Current 
Program and Verify 

lpp(6) Vpp Supply Current 
Program Operation 

lu Input Leakage Current 

ILO Output Leakage Current 

V1L Input Low-Level TTL -0.SO 

V1Le Input Low-Level CMOS -0.SO 

V1H Input High-Level TTL 2.0 

V1He Input High-Level CMOS Vee- o.so 

VoL Output Low Voltage (Verify) 

VoH Output High Voltage (Verify) 2.4 

VH(6)(9) Ag Signature Mode Voltage 11.S 

Note: 
(6) The maximum current value is with outputs 1/00 to 1/015 unloaded. 

Limits 

Typ. Max. 

6.2S 6.S 

6.0 6.2S 

12.7S 13.0 

12.S 13.0 

4S 

40 

10 

10 

0.80 

0.30 

Vee+ O.S 

Vee+ o.s 

0.40 

12.S 

(9) Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

Units Test Conditions 

v 

v 
I 

v 

v 

mA CE= V1L 

mA CE= V1L 

µA V1N = S.2SV 

µA VouT =S.2SV 

v I 

v 
v 
v 
v loL =2.4 mA 

v loH =-400 µA 

v 

(1 O) When programming, a 0.1 µF capacitor is required across Vpp and GND to suppress spurious voltage transients which can damage the ' 
device. 
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1.C. CHARACTERISTICS, Programming Operation 

:AT27C210 TA= 2s0 c ±S°C 
:AT27C2101 TA= 2s0 c ±S°C 

Symbol Parameter Min. 

tAS Address Setup Time 2 

to ES OE Setup Time 2 

tos Data Setup Time 2 

tAH Address Hold Time 0 

toH Data Hold Time 2 

tvps(9l Vpp Setup Time 2 

tves(9l Vee Setup Time 2 

tpw CE Program Pulse Width 9S 
(Quick Pulse Algorithm) 

tpw CE Program Pulse Width 0.9S 
(Intelligent Algorithm) 

topw CE Overprogram Pulse Width 2.8S 
(Intelligent Algorithm) 

tDFP(2)(?) OE High to Output High-Z 0 

toE Data Valid from OE 

late: 

Limits 

Typ. 

lOO 

1.0 

~) This parameter is tested initially and after a design or process change. 

CAT27C210/CAT27C210I 

Max. Unit Test Conditions 

µs 

µs 

µs 

µs 

µs 

µs 

µs 

10S µs 

1.0S ms 

78.S ms 

130 ns 

1SO ns 

7) Output floating (High-Z) is defined as the state where the external data line is no longer driven by the output buffer . 
~) Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 
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CA T27C21 O/CAT27C21 OI 

FUNCTION TABLE 

Pins I 

Mode CE OE Vpp PGM Ao As 1/0 ! 

Read V1L V1L Vee x x x DouT 

Output Disable V1L V1H Vee x x x High-Z, 

Standby V1H x Vet x x x High-Z, 

Program V1L V1H Vpp V1L x x D1N 

Program Verify V1L V1L Vpp V1H x x DouT I 

Program Inhibit V1H x Vpp x x x High-Z 

Signature MFG. V1L V1L Vee x V1L VH 0031H ·, 

Signature Device V1L V1L Vee x V1H VH 0007H 

NOTES ON THE FUNCTION TABLE 

Logic Levels: 

Supply Voltage: 

Read: 

Output Disable: 

Standby: 

Program: 

Program Verify: 

Program Inhibit: 

Signature MFG: 

Signature Device: 

V1H = TIL Logic 1 level 
V1L = TTL Logic 0 level 
X = Logic "Do not care," V1H or V1L 

Vpp =Programming/High-Voltage 
Vee= Read/Low-Voltage 
VH = 12.0V ±0.5V 

Read Mode: The content of the addressed memory word is placed on the 1/0 pins l/Oo to 1/015, 

Device is selected (active mode), programming is disabled and l/Oo to l/01s output buffers 
are tristated (PMOS and NMOS drivers turned-off). 

Device is deselected, low power dissipation. 

Word Programming Mode: Logic zeros in the bit pattern driving the l/Oo to l/01s data input 
buffers are written into the respective memory cells of the addressed word. 

Following a programming cycle, to verify the cell contents of the memory word being 
programmed (not recommended as a normal read operation). 

CE set to logic one prevents programming and deselects the device. 

Signature mode with all other addresses at V1L. code of IC manufacturer (Catalyst) output 
on 110 pins l/Oo to l/01s. 

Signature mode with all other addresses at V1L, code of IC type output on 1/0 pins l/Oo to 1/01 s 

9-20 



,EVICE OPERATION 

ead Operation and Standby Modes 

,emory access for reading an address location is con
)lled by CE and OE. Chip enable CE is used indepen
=ntly of all other input signals as the primary device 
=lection. In the logic zero state (TTL level V1L), CE 
)We rs up all inputs and enables internal circuitry. In the 
gic one state (CMOS level V1Hc) CE places the device 
standby mode, all DC paths to ground are shut-off, 

1d the power dissipation is reduced to a minimum. A 
gic one on Output Enable OE disables the output 
Jffers and places the output pads in a high impedance 
ate. Assuming that the address lines Ao to A15 have 
3en stable for a time equal totAcc-toE, the output data 
available after a delay of toE from the falling edge of 

£. 

igure 3. Read Operation Timing 

V1H 

CA T27C21 O/CAT27C2101 

Signature Mode 

The Signature Mode allows one to identify the IC manu
facturer and the device type. This mode is entered as a 
regular Read Mode by driving the CE and OE inputs low, 
and additionally driving the Ae pin to high-voltage (VH) 
with all other address lines at V1L. 

Driving Ao to V1L with all other addresses at V1L, gives the 
the binary code of the IC manufacturer on outputs l/Oo 
to 1/015. 

CATALYST Code: 
O o o o o o o o o O 1 1 O o o 1 (0031 H) 

Driving Ao to V1H with all other addresses at V1L, gives the 
the binary code of the device type on outputs l/Oo to 11015. 

27C210/27C2101 Code: 
O o o O o O o o o O O o o 1 1 1 (0007H) 

ADDRESS V1L ADDRESSES VALID 

V1H 

CE V1L 

V1H 

OE V1L 

HIGH-Z 
toH 

OUTPUT VALID OUTPUT 

5129 FHD F04 
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CAT27C21O/CAT27C2101 

Programming Mode 

As shipped, all the bits of the CAT27C21O/CAT27C2101 
are in the logic "1" state. The device is programmed by 
selectively writing logic"O"s into the desired bit locations. 
To enterthe programming mode, Vee and Vpp must be 
adjusted to their programming levels, CE pulled to V1L, 

and a program write pulse applied to the PGM pin. After 

Figure 4. Programming Operation Timing 

i-_ PROGRAM 
V1H 

ADDRESS V1L ) 
i.- tAS 

DATA 
HIGH-Z 

DATA INPUT 

Vpp 
tDs i.- j+tDH+ 

Vpp Vee _) 

6.25/6V(11) ~ tvps 

Vee 5V 

1-tvcs 
V1H 

V1L~ 
tees I-

V1H ., 
V1L 

V1H 
'4--tpw-

V1L 

f-toPW~ 

Note: 

the program write pulse, the programmed data may the/ 
be verified by enabling the outputs (OE= V1L, CE = V1J 

and PGM = V1H), then comparing the written data to th! 
read data. ~his device is compati?le with Intelligent™ <11 
and the Quick-Pulse Programming™ algorithms. 1 

The flow charts for both the algorithms are given ii 
Figures 5 and 6. 

- VERIFY-
~(_ 

ADDRESS 
" 

)( 

~~ f-tAH 

HIGH-Z DATA~~TPUT 
...., 

I- tDFP 
_l ...., 

" -,; 

_l 

' 
( ...., 

i-toE~ i-- toe 

1 -,Tj 
5131 FHO FO 

(11) Vee'." 6.2~V ±0.25V for Quick Pulse algorithm; 6.0V ±0.25V for Intelligent Programming algorithm. 
(12) Intelligent 1s a trademark of Intel Corporation. 
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J.V. ERASURE OPERATION FOR 
:ERDIP EPROMS 

)irect exposure to fluorescent lamps such as those 
sed in room light fixtures, can erase the CAT27C210/ 
:AT27C2101 EPROM in less than three years. When 
xposed to direct sun light the EPROM can be erased in 
iss than a week. 

'he recommended erasure procedure is to expose the 
:AT27C21O/CAT27C2101 EPROM to a standard ultra
iolet light with a wavelength of 2537 Angstroms. The 
1tegrated dose for proper erasure is 15 Wsec/cm2 . The 

:igure 5. Quick Pulse Algorithm 

INCREMENT 
ADDRESS 

START 

ADDR = FIRST LOCATION 

Vee =6.25V 

Vpp= 12.75V 

X=O 

PROGRAM 100 µs PULSE 

INCREMENT X 

Vee= Vpp = 5.0V 

DEVICE PASSED 

DEVICE 
FAILED 

5131 FHD F07 
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CAT27C21O/CAT27C2101 

erasure time with this dosage is approximately 
15 to 60 minutes using an ultraviolet lamp with a 
1200 µW/cm2 power rating. The EPROM should be 
placed within 1 inch of the lamp tubes. 

The maximum integrated dose a CAT27C210/ 
CAT27C2101 EPROM can be exposed to is 7258 Wsec/ 
cm2 (one week at 1200 uW/cm2). Exposure of the device 
to higher U.V. doses may cause permanent damage and 
loss of functionality. 

Figure 6. Intelligent Programming Algorithm 

INCREMENT 
ADDRESS 

START 

ADDR = FIRST LOCATION 

Vee =6.oV 
Vpp= 12.5V 

PROGRAM 1ms PULSE 

INCREMENTX 

PROGRAM 1 PULSE OF 
3X ms DURATION 

Vee= Vpp = 5.0V 

DEVICE PASSED 

DEVICE 
FAILED 

5131 FHD F06 

• 
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Parallel E2PROMs • Flash Memories • EPROMs 

NV RAMs • Analog Products • Application Notes • Quality and Reliability 

Die Products a 
General Information a 





;ontents 

ECTION 10 NVRAMS 

CAT22C10/CAT22C101 ....................................... 64 x 4 ............................ 256-Bit ................... 10-1 

CAT22C12/CAT22C121 ....................................... 256 x 4 .......................... 1 K-Bit ..................... 10-9 

CAT24C44/CA T24C441 ....................................... 16 x 16 .......................... 256-Bit ................. 10-17 

• 





:AT22C1 O/CA T22C101 
56-Bit NONVOLATILE CMOS STATIC RAM 

EATURES 

Low Power CMOS Technology 

Single SV Supply 

Fast RAM Access Times: 
-200ns 
-300ns 

Infinite E2PROM to RAM Recall 

CMOS and TTL Compatible 1/0 

Power Up/Down Protection 

1ESCRIPTION 

he CAT22C10/CAT22C101 NVRAM is a 256 bit non
Jlatile memory organized as64 wordsx 4 bits. The high 
Jeed static RAM array is bit for bit backed up by a 
onvolatile E2PROM array which allows for easy trans
~r of data from RAM array to E2PROM (STORE) and 
om E2PROM to RAM (RECALL). STORE operations 
re completed in 1 Oms max. and RECALL operations 
•pically within 1.5µs. The CAT22C1O/CAT22C101 fea
ires unlimited RAM write operations either through 

1IN CONFIGURATION 

DIP Package SO Package 

~e Vee NC 20 Vee 
A4 NC A4 2 19 NC 
A3 As A3 3 18 As 
A2 1/03 A2 4 17 1/03 
A1 1102 A1 s 16 1/02 
Ao 1/01 Ao 6 1S 1/01 
cs l/Oo cs 7 14 l/Oo 
SS WE Vss 8 13 WE 
RE RECALL STORE 9 12 RECALL 

NC 10 11 NC 

5153 FHD F01 

~ 1992 by Catalyst Semiconductor, 1nc. 
10-1 

• Low CMOS Power Consumption: 
-Active: 40mA Max. 
-Standby: 30µA Max. 

• JEDEC Standard Pinouts: 
-18 pin DIP 
-20 pin SO 

• 10,000 Program/Erase Cycles (E2PROM) 

• 10 Year Data Retention 

external RAM writes or internal recalls from E2PROM. 
Internal false store protection circuitry prohibits STORE 
operations when Vee is less than 3.5V typ. 

The CAT22C10/CAT22C101 is manufactured using 
Catalyst's advanced CMOS floating gate technology. It 
is designed to endure 10,000 program/erase cycles 
(E2PROM) and has a data retention of 10 years. The 
device is available in JED EC approved 18 pin plastic DIP 
and 20 pin SO packages. 

PIN FUNCTIONS 

Pin Name Function 

Ao-As Address 

l/Oo-1/03 Data In/Out 

WE Write Enable 

cs Chip Select 

RECALL Recall 

STORE Store 

Vee +5V 

Vss Ground 

NC No Connect 

TD 5153 

Characteristics subject to change without notice 

• 



CAT22C1 O/CAT22C1 OI 

BLOCK DIAGRAM 

E2PROM ARRAY 

ROW STATIC RAM ~RE 

MODE SELECTION(1)(2)(3) 

Mode 

Standby 

RAM Read 

RAM Write 

(E2PROM__,RAM) 

(E2PROM__,RAM) 

(RAM__,E2PROM) 

(RAM__,E2PROM) 

POWER-UP TIMING(4) 

Symbol 

VCCSR 

Ncte: 

A3 

A4 

As 

STORE 

RECALL 

cs 
H 

L 

L 

x 
H 

x 
H 

Parameter 

SELECT ARRAY 

COLUMN SELECT 

CONTROL 
LOGIC 

Input 

READ/WRITE 
CIRCUITS 

WE RECALL STORE 

x H H 

H H H 

L H H 

H L H 

x L H 

H H L 

x H L 

Min. 

Vee Slew Rate .5 

(1) RECALL signal has priority over STORE signal when both are applied at the same time. 
(2) STORE is inhibited when RECALL is active. 
(3) The store operation is inhibited when V cc is below~ 3.5V. 

RECALL 

Max. 

.005 

(4) This parameter is tested initially and after a design or process change that affects the parameter. 
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5153 FHD Fi 

1/0 
' 

Output High-Z 

Output Data 

Input Data 

Output High-Z RECALL 

Output High-Z RECALL 

Output High-Z STORE 

Output High-Z STORE 

' Units 

Vims I 



1BSOLUTE MAXIMUM RATINGS* 

emperature Under Bias .................... -55°C to + 125°C 

torage Temperature ......................... -65°C to + 150°C 

oltage on Any Pin with 
Respect to Ground<5> ..............•. -2.0 to +VCC +2.0V 

cc with Respect to Ground ................... -2.0V to +7.0V 

ackage Power Dissipation 
Capability (Ta= 25°C) .................................... 1.0W 

ead Soldering Temperature (1 O secs) ............... 300°C 

lutput Short Circuit Current<6> .......................... 100 mA 
iELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NEND(4) Endurance 10,000 

ToR<4> Data Retention 10 

VZAP(4) ESD Susceptibility 2000 

ILTH(4)(7) Latch-Up 100 

l.C. OPERATING CHARACTERISTICS 

CAT22C1 O/CAT22C1 OI 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation 
of the device at these or any other conditions outside of 
those listed in the operational sections of this specifica
tion is not implied. Exposure to any absolute maximum 
rating for extended periods may affect device perfor
mance and reliability. 

Units Reference Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

:AT22C10 TA= 0°C to +70°C, Vee= +5V ±10%, unless otherwise specified. 
:AT22C101 TA= -40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Unit Conditions 

Ice Current Consumption 40 mA All Inputs= 5.5V 
(Operating) TA= 0°C 

All I/O's Open 

lss Current Consumption 30 µA CS= Vee 
(Standby) All I/O's Open 

lu Input Current 10 µA 0 :s; V1N :s; 5.5V 

ILO Output Leakage Current 10 µA 0 :s; VouT :s; 5.5V 

V1H High Level Input Voltage 2.0 Vee v 
V1L Low Level Input Voltage 0.0 0.8 v 
VoH High Level Output Voltage 2.4 v loH =-2mA 

VoL Low Level Output Voltage 0.4 v 1m=4.2mA 

VoH RAM Data Holding Voltage 1.5 5.5 v Vee 

:APACITANCE TA= 25°C, f = 1.0 MHz, Vee= 5V 

Symbol Parameter Max. Unit Conditions 

C110<4> Input/Output Capacitance 10 pF V110= OV 

C1N<4l Input Capacitance 6 pF V1N= OV 

lote: 
4) This parameter is tested initially and after a design or process change that affects the parameter. 
5) The minimum DC input voltage is -0.SV. During transitions, inputs may undershoot to ·2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +0.5V, which may overshoot to Vee +2.0V for periods of less than 20 ns. 
6) Output shorted for no more than one second. No more than one output shorted at a time. 
7) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vee +1V. 

10-3 
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CAT22C1 O/CAT22C1 OI 

A.C. CHARACTERISTICS, Write Cycle 
CAT22C10 TA= 0°C to +70°C, Vee= +5V ±10%, unless otherwise specified. 
CAT22C101 TA= -40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

22C10-20 22C10-30 
22C101-20 22C101-30 

Symbol Parameter Min. Max. Min. Max. 

twc Write Cycle Time 200 300 

tcw CS Write Pulse Width 150 150 

tAs Address Setup Time 50 50 

twp Write Pulse Width 150 150 

IWR Write Recovery Time 25 25 

tow Data Valid Time 100 100 

loH Data Hold Time 0 0 

twz(4) Output Disable Time 100 100 

tow Output Enable Time 0 0 

A.C. CHARACTERISTICS, Read Cycle 
CAT22C1 OT A= 0°C to +70°C, Vee= +5V ±10%, unless otherwise specified. 
CAT22C101 TA= -40°C to +85°C, Vee = +5V ±10%, unless otherwise specified. 

22C10-20 22C10-30 
22C101-20 22C101-30 

Symbol Parameter Min. Max. Min. Max. 

IRC Read Cycle Time 200 300 

IAA Address Access Time 200 300 

!co CS Access Time 200 300 

loH Output Data Hold Time 0 0 

ILz(4) CS Enable Time 0 0 

1Hz(4) CS Disable Time 100 100 

Note: 
(4) This parameter is tested initially and after a design or process change that affects the parameter. 
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Unit Conditions 

ns 

ns 
I 

ns CL= 100pF 

ns +1TTL gate 

ns VoH =2.2V I 

ns VoL = 0.65V 

ns V1H =2.2V 

ns V1L = 0.65V I 

ns 

I 

Unit Conditions 

ns CL= 100pF 

ns +1TTL gate 

ns VoH =2.2V 

ns VoL = 0.65V 

ns V1H =2.2V 
' 

ns V1L= 0.65V j 



.. C. CHARACTERISTICS, Store Cycle 
:AT22C10 TA= 0°C to +70°C, Vee= +5V ±10%, unless otherwise specified. 
:AT22C101 TA= -40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Max. Units 

ts TC Store Time 10 ms 

tsTP Store Pulse Width 200 ns 

tsTz(4) Store Disable Time 100 ns 

tosT(4) Store Enable Time 0 ns 

1.C. CHARACTERISTICS, Recall Cycle 
:AT22C1 OT A= 0°C to + 70°C, Vee = +5V ±10%, unless otherwise specified. 
;AT22C101 TA= -40°C to +85°C, Vee = +5V ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Max. Units 

IRCC Recall Cycle Time 1400 ns 

IRCP Recall Pulse Width 300 ns 

IRCZ Recall Disable Time 100 ns 

to RC Recall Enable Time 0 ns 

IARC Recall Data Access Time 1100 ns 

Jote: 
4) This parameter is tested initially and after a design or process change that affects the parameter. 
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CAT22C1O/CAT22C101 

Conditions 

CL = 1 OOpF + 1 TTL gate 

VoH = 2.2V, VoL = 0.65V 

V1H = 2.2V, V1L = 0.65V 

Conditions 

CL = 1 OOpF + 1 TTL gate 

VoH = 2.2V, VoL = 0.65V 

V1H = 2.2V, V1L = 0.65V 

• 
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CAT22C1O/CAT22C101 

DEVICE OPERATION 

The configuration of the CAT22C1O/CAT22C101 allows 
a common address bus to be directly connected to the 
address inputs. Additionally, the Input/Output (1/0) pins 
can be directly connected to a common 110 bus ifthe bus 
has less than 1 TIL load and 1 OOpF capacitance. If not, 
the 1/0 path should be buffered. 

When the chip select (CS) pin goes low, the device is 
activated. When CS is forced high, the device goes into 
the standby mode and consumes very little current. With 
the nonvolatile functions inhibited, the device operates 
like a Static RAM. The Write Enable (WE) pin selects a 
write operation when WE is low and a read operation 
when WE is high. In either of these modes, an array by1e 
(4 bits) can be addressed uniquely by using the address 
lines (Ao-As), and that byte will be read or written to 
through the Input/Output pins (l/Oo-1/03). 

The nonvolatile functions are inhibited by holding the 
STORE input and the RECALL input high. When the 
RECALL input is taken low, it initiates a recall operation 
which transfers the contents of the entire E2PROM array 
into the Static RAM. When the STORE input is taken low, 

Figure 1. Read Cycle Timing 

ADDRESS 

I 

it initiates a store operation which transfers the entir1 
Static RAM array contents into the E2PROM array. 

Standby Mode 

The chip select (CS) input controls all of the functions o 
the CAT22C10/CAT22C101. When a high level is sup 
plied to the CS pin, the device goes into the standb; 
mode where the outputs are put into a high impendancE 
state and the power consumption is drastically reduced 
With lss less than 1 OOµA in standby mode, the designei 
has the flexibility to use this part in battery operate( 
systems. 

Read 

When the chip is enabled (CS = low), the nonvolatilE 
functions are inhibited (STORE =high and RECALL~ 
high). With the Write Enable (WE) pin held high, the dat< 
in the Static RAM array may be accessed by selecting ar 
address with input pins Ao-As. This will occur when thE 
outputs are connected to a bus which is loaded by nc 
more than 1 OOpF and 1 TTL gate. If the loading is greate1 
than this, some additional buffering circuitry is recom 
mended. 

-----1AA---.., 
14-------1co 

------+---,L 

DATAl/O 

5153 FHD F06 
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i.lrite 

i.lith the chip enabled and the nonvolatile functions 
1hibited, the Write Enable (WE) pin will select the write 
1ode when driven to a low level. In this mode, the 
ddress must be supplied for the byte being written. 
,fter the set-up time (!As), the input data must be 
upplied to pins l/Oo-1/03. When these conditions, in-

'igure 2. Write Cycle Timing 

ADDRESS 

DATA IN 

CAT22C1 O/CAT22C1 OI 

eluding the write pulse width time (twp) are met, the data 
will be written to the specified location in the static RAM. 
A write function may also be initiated from the standby 
mode by driving WE low, inhibiting the nonvolatile func
tions, supplying valid addresses, and then taking CS low 
and supplying input data. 

1+----tDw-----14--toH 

DATA VALID 

wz ___ tow~ 
HIGH·Z 

DATA OUT 

=igure 3. Early Write Cycle Timing 

-------------twc------------
ADDRESS 

i+------tcw------

--------twP---------------T'""T-.-s. ..r-------

_t IDW----~•IDHj 

DATA IN xxxxxxxxxxxxxxxxx~.------DA_T_A-VA_L_ID----~ 

HIGH·Z 
DATA OUT 

10-7 
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CAT22C1 O/CAT22C1 QI 

Recall 

At anytime, except during a store operation, taking the 
RECALL pin low will initiate a recall operation. This is 
independent of the state of CS, WE, or Ao-As. After the 
RECALL pin has been held low for the duration of the 
Recall Pulse Width (tRcP), the recall will continue inde
pendent of any other inputs. During the recall, the entire 
contents of the E2PROM array is transferred to the Static 
RAM array. The first byte of data may be externally 
accessed after the recalled data access time from end of 
recall (tARc) is met. After this, any other byte may be 
accessed by using the normal read mode. 

If the RECALL pin is held low for the entire Recall Cycle 
time (tRcc), the contents of the Static RAM may be 
immediately accessed by using the normal read mode. 
A recall operation can be performed an unlimited num
ber of times without affecting the integrity of the data. 

The outputs l/Oo-1/0a will go into the high impedance 
state as long as the RECALL signal is held low. 

Store 

At any time, except during a recall operation, taking the 
STORE pin low will initiate a store operation. This takes 

Figure 4. Recall Cycle Timing 

ADDRESS 
----I 

DATAl/O 

Figure 5. Store Cycle Timing 

place independent of the state of CS, WE or Arr-As. Thi 
STORE pin must be held lowforthe duration of the Stor1 
Pulse Width (tsTP) to ensure that a store operation i 
initiated. Once initiated, the STORE pin becomes \ 
"Don't Care", and the store operation will complete iti 
transfer of the entire contents of the Static RAM arraJ 
into the E2PROM array within the Store Cycle timl 
(tsTc). If a store operation is initiated during a write cycle 
the contents of the addressed Static RAM byte and iti 
corresponding byte in the E2PROM array will be uri 
known. I 

During the store operation, the outputs are in a higl 
impedance state. A minimum of 10,000 store operation! 
can be performed reliably and the data written into thi 
E2PROM array has a minimum data retention time of 1 ( 
years. 

DATA PROTECTION DURING POWER-UP AND 
POWER-DOWN 

The CAT22C1O/CAT22C101 has on-chip circuitry whicl 
will prevent a store operation from occurring when Vee 
falls below 3.5V typ. This function eliminates the pot en 
tial hazard of spurious signals initiating a store operatior 
when the system power is below 3.5V typ. 

-----1ARC----.i 

1-4---1- loRC 

DATA UNDEFINED DATA VALID 

5153 FHO FOE 

-----1STP---
r,.-,.-r-r.......,..-J;\..,.........,.........,....,....,~..,..1,.._....~----

1sTZ 

DATAl/O 

5153 FHD F07 
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CAT22C12/CAT22C121 
IK-Bit NONVOLATILE CMOS STATIC RAM 

=EATURES 

1 Low Power CMOS Technology 

I Single 5V Supply 

1 Fast RAM Access Times: 
-200ns 
-300ns 

I Infinite E2PROM to RAM Recall 

I CMOS and TTL Compatible 1/0 

I Power Up/Down Protection 

>ESCRIPTION 

"he CAT22C12/CAT22C121 NVRAM is a 1K bit non
·olatile memory organized as 256 words x 4 bits. The 
iigh speed static RAM array is bit for bit backed up by a 
1onvolatile E2PROM array which allows for easy trans
er of data from RAM array to E2PROM (STORE) and 
·om E2 PROM to RAM (RECALL). STORE operations 
tre completed in 1 Oms max. and RECALL operations 
ypically within 1.5µs. The CAT22C12/CAT22C121 fea
ures unlimited RAM write operations either through 

>IN CONFIGURATION 

A1 
A4 
Ag 
A2 
Ai 

Ao 
cs 

Vss 
STORE 

DIP Package 

:> 1992 by Catalyst Semiconductor, Inc. 

Vee 
As 
As 
1103 
I/Oz 

110, 

l/Oo 

WE 
RECALL 

5155 FHD F01 
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• Low CMOS Power Consumption: 
-Active: SOmA Max. 
-Standby: 30µA Max. 

• JEDEC Standard Pinouts: 
-18 pin DIP 

• 10,000 Program/Erase Cycles (E2PROM) 

• 10 Year Data Retention 

external RAM writes or internal recalls from E2PROM. 
Internal false store protection circuitry prohibits STORE 
operations when Vee is less than 3.5V typ. 

The CAT22C12/CAT22C121 is manufactured using 
Catalyst's advanced CMOS floating gate technology. It 
is designed to endure 10,000 program/erase cycles 
(E2PROM) and has a data retention of 1 O years. The 
device is available in a JEDEC approved 18 pin plastic 
DIP package. 

PIN FUNCTIONS 

Pin Name Function 

Ao-A1 Address 

l/Oo-1/03 Data In/Out 

WE Write Enable 

cs Chip Select 

RECALL Recall 

STORE Store 

Vee +5V 

Vss Ground 

TD 5155 

Characteristics subject to change without notice 

• 



CAT22C121CAT22C121 

BLOCK DIAGRAM 

E2PROM ARRAY 

ROW 
SELECT 

STATIC RAM 
ARRAY 

kRE 

MODE SELECTION(1)(2)(3) 

Mode 

Standby 

RAM Read 

RAM Write 

(E2PROM-7RAM) 

(E2PROM-7RAM) 

(RAM-7E2PROM) 

(RAM-7E2PROM) 

POWER-UP TIMING(4) 

Symbol 

VCCSR 

Note: 

As 
As 
A1 

STORE 

RECALL 

cs 
H 

L 

L 

x 
H 

x 
H 

Parameter 

COLUMN SELECT 

CONTROL 
LOGIC 

Input 

READ/WRITE 
CIRCUITS 

WE RECALL STORE 

x H H 

H H H 

L H H 

H L H 

x L H 

H H L 

x H L 

Min. 

Vee Slew Rate .5 

( 1) RECAIT signal has priority over STORE signal when both are applied at the same time. 
(2) STORE is inhibited when RECALL is active. 
(3) The store operation is inhibited when Vee is below= 3.SV. 

RECALL 

Max. 

.005 

(4) This parameter is tested initially and after a design or process change that affects the parameter. 
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5155 FHD F, 

1/0 

Output High-Z 

Output Data 

Input Data 

Output High-Z RECALL 

Output High-Z RECALL 

Output High-Z STORE 

Output High-Z STORE 

Units 

Vims 



\BSOLUTE MAXIMUM RATINGS* 

·emperature Under Bias .................... -55°C to +125°C 

ltorage Temperature ......................... -65°C to + 150°C 

loltage on Any Pin with 
Respect to Ground(5l ................ -2.0 to +VCC +2.0V 

Ice with Respect to Ground ................... -2.0V to +7.0V 

'ackage Power Dissipation 
Capabiltty (Ta= 25°C) .................................... 1.0W 

.ead Soldering Temperature (10 secs) ............... 300°C 

)utput Short Circuit Current(6l .......................... 100 mA 

IELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NENo(4l Endurance 10,000 

ToR<4> Data Retention 10 

VZAP(4) ESD Susceptibility 2000 

ILTH(4}(7) Latch-Up 100 

>.C. OPERATING CHARACTERISTICS 

CAT22C12/CAT22C121 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation 
of the device at these or any other conditions outside of 
those listed in the operational sections of this specifica
tion is not implied. Exposure to any absolute maximum 
rating for extended periods may affect device perfor
mance and reliability. 

Units Reference Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

:AT22C12 TA= 0°C to +70°C, Vee= +5V ±10%, unless otherwise specified. 
:AT22C121 TA= -40°C to +85°C, Vee = +5V ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Unit Conditions 

Ice Current Consumption 50 mA All Inputs= 5.5V 
(Operating) TA= 0°c 

All I/O's Open 

lss Current Consumption 30 µA CS =Vee 
(Standby) All I/O's Open 

lu Input Current 2 µA 0:::; V1N $5.5V 

ILO Output Leakage Current 10 µA 0:::; VouT:::; 5.5V 

V1H High Level Input Voltage 2.0 Vee v 
V1L Low Level Input Voltage 0.0 0.8 v 
VoH High Level Output Voltage 2.4 v loH =-2mA 

VOL Low Level Output Voltage 0.4 v loL = 4.2mA 

VoH RAM Data Holding Voltage 1.5 5.5 v Vee 

:APACITANCE TA= 25°C, f = 1.0 MHz, Vee= 5V 

Symbol Parameter Max. Unit Conditions 

C11o<4> Input/Output Capacitance 10 pF V110= OV 

C1N<4> Input Capacitance 6 pF V1N= OV 

ote: 
I) This parameter is tested initially and after a design or process change that affects the parameter. 
i) The minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 

voltage on output pins is Vee +0.5V, which may overshoot to Vee +2.0V for periods of less than 20 ns. 
i) Output shorted for no more than one second. No more than one output shorted at a time. 
') Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vee +1V. 
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CAT22C12/CAT22C121 

A.C. CHARACTERISTICS, Write Cycle 
CAT22C12 TA= 0°C to +70°C, Vee= +5V ±10%, unless otherwise specified. 
CAT22C121 TA= -40°C to +85°C, Vee = +5V ±10%, unless otherwise specified. 

22C12-20 22C12-30 
22C121-20 22C121-30 

Symbol Parameter Min. Max. Min. Max. 

twc Write Cycle Time 200 300 

tcw CS Write Pulse Width 150 150 

tAs Address Setup Time 50 50 

twp Write Pulse Width 150 150 

twR Write Recovery Time 25 25 

tDW Data Valid Time 100 100 

tDH Data Hold Time 0 0 

twz(4) Output Disable Time 100 100 

tow Output Enable Time 0 0 

A.C. CHARACTERISTICS, Read Cycle 
CAT22C12 TA= 0°C to +70°C, Vee= +5V ±10%, unless otherwise specified. 
CAT22C121 TA= -40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

22C12-20 22C12-30 
22C121-20 22C121-30 

Symbol Parameter Min. Max. Min. Max. 

tRC Read Cycle Time 200 300 

tAA Address Access Time 200 300 

!co CS Access Time 200 300 

toH Output Data Hold Time 0 0 

tLz(4) CS Enable Time 0 0 

tHz(4) CS Disable Time 100 100 

Note: 
(4) This parameter is tested initially and after a design or process change that affects the parameter. 
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Unit Conditions 

ns 

ns 

ns CL= 100pF 
I 

ns +1TTL gate 

ns VOH = 2.2V 
i 

ns VoL = 0.65V 

ns V1H = 2.2V 

ns V1L = 0.65V 

ns 

Unit Conditions 

ns CL= 100pF 

ns +1TTL gate 

ns VoH = 2.2V 

ns VoL = 0.65V 

ns V1H = 2.2V 

ns V1L= 0.65V 



~.C. CHARACTERISTICS, Store Cycle 
~AT22C12 TA= 0°C to +70°C, Vee= +5V ±10%, unless otherwise specified. 
;AT22C121 TA= -40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Max. Units 

ts Tc Store Time 10 ms 

tsTP Store Pulse Width 200 ns 

tsTz<4l Store Disable Time 100 ns 

tosT<4l Store Enable Time 0 ns 

~.C. CHARACTERISTICS, Recall Cycle 
~AT22C12 TA= 0°C to +70°C, Vee= +5V ±10%, unless otherwise specified. 
;AT22C121 TA= -40°C to +85°C, Vee= +5V ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Max. Units 

IRCC Recall Cycle Time 1400 ns 

IRCP Recall Pulse Width 300 ns 

tRCZ Recall Disable Time 100 ns 

to Re Recall Enable Time 0 ns 

tARC Recall Data Access Time 1100 ns 

Joie: 
4) This parameter is tested initially and after a design or process change that affects the parameter. 
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CAT22C12/CAT22C121 

Conditions 

CL = 1 OOpF + 1TTL gate 

VoH = 2.2V, VoL = 0.65V 

V1H = 2.2V, V1L = 0.65V 

Conditions 

CL = 1 OOpF + 1 TTL gate 

VoH = 2.2V, VoL = 0.65V 

V1H = 2.2V, V1L = 0.65V 

• 



CAT22C12/CAT22C121 

DEVICE OPERATION 

The configuration of the CAT22C12/CAT22C121 allows 
a common address bus to be directly connected to the 
address inputs. Additionally, the Input/Output (1/0) pins 
can be directly connected to a common 1/0 bus if the bus 
has less than 1 TTL load and 1 OOpF capacitance. If not, 
the 1/0 path should be buffered. 

When the chip select (CS) pin goes low, the device is 
activated. When CS is forced high, the device goes into 
the standby mode and consumes very little current. With 
the nonvolatile functions inhibited, the device operates 
like a Static RAM. The Write Enable (WE) pin selects a 
write operation when WE is low and a read operation 
when WE is high. In either of these modes, an array byte 
(4 bits) can be addressed uniquely by using the address 
lines (Ao-A1), and that byte will be read or written to 
through the lnpuVOutput pins (l/Oo-1/0a). 

The nonvolatile functions are inhibited by holding the 
STORE input and the RECALL input high. When the 
RECALL input is taken low, it initiates a recall operation 
which transfers the contents of the entire E2PROM array 
into the Static RAM. When the STORE input is taken low, 

Figure 1. Read Cycle Timing 

it initiates a store operation which transfers the entir, 
Static RAM array contents into the E2PROM array. 

Standby Mode 

The chip select (CS) input controls all of the functions c 
the CAT22C12/CAT22C121. When a high level is sup 
plied to the CS pin, the device goes into the standb 
mode where the outputs are put into a high impendanc 
state and the power consumption is drastically reducec 
With Isa less than 1 OOµA in standby mode, the design~ 
has the flexibility to use this part in battery operate 
systems. · 

Read 

When the chip is enabled (CS = low), the nonvolatil 
functions are inhibited (STORE = high and RECALL • 
high). With the Write Enable (WE) pin held high, the dat 
in the Static RAM array may be accessed by selecting a 
address with input pins Ao-A1. This will occur when th 
outputs are connected to a bus which is loaded by n 
morethan 100pFand 1 TTL gate. If the loading isgreate 
than this, some additional buffering circuitry is recorr 
mended. 

i+------1Rc:------

ADDRESS 

---1AA---
i+------1co 

-----t---.i. 

DATAl/O 

5153 FHD FC 
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CA T22C1 2/CAT22C121 

ii rite 

i/ith the chip enabled and the nonvolatile functions 
1hibited, the Write Enable (WE) pin will select the write 
1ode when driven to a low level. In this mode, the 
ddress must be supplied for the byte being written. 
Jter the set-up time (!As), the input data must be 
upplied to pins l/Oo-1/03. When these conditions, in-

eluding the write pulse width time (twp) are met, the data 
will be written to the specified location in the static RAM. 
A write function may also be initiated from the standby 
mode by driving WE low, inhibiting the nonvolatile func
tions, supplying valid addresses, and then taking CS low 
and supplying input data. 

igure 2. Write Cycle Timing 

ADDRESS 

cs 

----tow----14-IDH 

DATA IN DATA VALID 

twz=ii-------'ow---=j_ 
DATAOUT ~x~x~xx~x~x~xxxxxxx~~~xxxxx~~m ~IGH-Z ---QQQX 

5155 FHD F04 

:igure 3. Early Write Cycle Timing 

-------------twc~------------

ADDRESS 

i.-------tcw------.i 

--------twp---------------....... ~ .r-------

_ f. .... ·:~~~~----_-_i_D_w_-~_-_-_-_ -_ -_ -_ .... _~_ .. _iD_Hj 

DATA IN xxxxxxxxxxxxxxxxxxx~~---D-AT_A V_AL_ID ___ ~ 

HIGH-Z 
DATA OUT 

5153 FHD FOS 
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CA T22C12/CAT22C121 

Recall 

At anytime, except during a store operation, taking the 
RECALL pin low will initiate a recall operation. This is 
independent of the state of CS, WE, or Ao-A?. After the 
RECALL pin has been held low for the duration of the 
Recall Pulse Width (tRcP), the recall will continue inde
pendent of any other inputs. During the recall, the entire 
contents of the E2PROM array is transferred to the Static 
RAM array. The first byte of data may be externally 
accessed after the recalled data access time from end of 
recall (!ARC) is met. After this, any other byte may be 
accessed by using the normal read mode. 

If the RECALL pin is held low for the entire Recall Cycle 
time (!Rec), the contents of the Static RAM may be 
immediately accessed by using the normal read mode. 
A recall operation can be performed an unlimited num
ber of times without affecting the integrity of the data. 

The outputs l/Oo-1/03 will go into the high impedance 
state as long as the RECALL signal is held low. 

Store 

At any time, except during a recall operation, taking the 
STORE pin low will initiate a store operation. This takes 

Figure 4. Recall Cycle Timing 

ADDRESS 

cs 

DATAl/O 

Figure 5. Store Cycle Timing 

place independent of the state of CS, WE or A0-A7 . Th 
STORE pin must be held low for the duration of the Stor 
Pulse Width (tsTP) to ensure that a store operation 1 

initiated. Once initiated, the STORE pin becomes 1 

"Don't Care", and the store operation will complete i1 
!ransfer of the entire contents of the Static RAM ami 
into the E2PROM array within the Store Cycle tim 
(tsTc). If a store operation is initiated during a write cycll 
the contents of the addressed Static RAM byte and ii 
corresponding byte in the E2PROM array will be ur

1

, 

known. 

During the store operation, the outputs are in a hig 
impedance state. A minimum of 10,000 store operatio~ 
can be performed reliably and the data written into th 
E2PROM array has a minimum data retention time of 1 
years. 

DATA PROTECTION DURING POWER-UP AND 
POWER-DOWN 

The CAT22C12/CAT22C121 has on-chip circuitry whic 
will prevent a store operation from occurring when Ve 
falls below 3.5V typ. This function eliminates the poler 
tial hazard of spurious signals initiating a store operatio 
when the system power is below 3.5V typ. 

'4-----1ARC-----' 

DATA UNDEFINED DATA VALID 

5153 FHD F1 

14-----1STP----+ 
F-7-r-~-r-r-'l>'>r-r-T""T"""'.,....,......,....,.....,....J,.-,-+r----~ 

tsTZ 

DATAl/O 

5153 FHD FC 
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CAT24C44/CAT24C441 
~56-Bit SERIAL NONVOLATILE CMOS STATIC RAM 

=EATURES 

1 Low Power CMOS Technology 

I Single 5V Supply 

I Infinite E2PROM to RAM Recall 

I CMOS and TTL Compatible 1/0 

1 Low CMOS Power Consumption: 
-Active: 20mA Max. 
-Standby: 30µA Max. 

DESCRIPTION 

rhe CAT24C44/CAT24C441 Serial NVRAM is a 256 bit 
1onvolatile memory organized as 16 words x 16 bits. 
rhe high speed static RAM array is bit for bit backed up 
JY a nonvolatile E2PROM array which allows for easy 
transfer of data from RAM array to E2PROM (STORE) 
:md from E2PROM to RAM (RECALL). STORE opera
tions are completed in 1 Oms max. and RECALL opera
tions typically within 1.5µs. The CAT24C44/CAT24C441 
features unlimited RAM write operations either through 
external RAM writes or internal recalls from E2PROM. 

PIN CONFIGURATION 

DIP Package SO Package 

CE Vee CE 8 Vee 
SK STORE SK 2 7 STORE 

DI RECALL DI 3 6 RECALL 

DO Vss DO 4 5 Vss 

5157 FHD F01 

© 1992 by Catalyst Semiconductor, Inc. 
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• Power Up/Down Protection 

• JEDEC Standard Pinouts: 
-8 pin DIP 
-8 pin SO 

• 10,000 Program/Erase Cycles (E2PROM) 

• 10 Year Data Retention 

Internal false store protection circuitry prohibits STORE 
operations when Vee is less than 3.5V (typical) ensuring 
E2PROM data integrity. 

The CAT24C44/CAT24C441 is manufactured using 
Catalyst's advanced CMOS floating gate technology. It 
is designed to endure 10,000 prograrnlerase cycles 
(E2PROM) and has a data retention of 10 years. The 
device is available in JED EC approved 8 pin plastic DIP 
and SO packages. 

PIN FUNCTIONS 

Pin Name Function 

SK Serial Clock 

DI Serial Input 

DO Serial Data Output 

CE Chip Enable 

RECALL Recall 

STORE Store 

Vee +5V 

Vss Ground 

TO 5157 

Characteristics subject to change without notice 
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CAT24C44/CAT24C441 

BLOCK DIAGRAM 
E2PROM ARRAY 

CE--

DI-~

SK~-+--

ROW 
DECODE 

INSTRUCTION 
REGISTER 

STATIC RAM 
ARRAY 
256-BIT 

COLUMN 
DECODE 

.__ ____ _....,-r----.---' 

INSTRUCTION 
DECODE 

MODE SELECTION<1><2> 

Mode STORE RECALL 

Hardware Recall(3J 1 

Software Recall 1 

Hardware Store(3) 0 

Software Store 1 

X = Don't Care 

POWER-UP TIMING<4> 

Symbol Parameter 

VCCSR Vee Slew Rate 

Note: 
(1) The store operation has priority over all the other operations. 
(2) The store operation is inhibited when Vee is below= 3.5V. 

0 

1 

1 

1 

/ RE?ALL 

'/STORE 

Software 
Instruction 

NOP 

RCL 

NOP 

STO 

Min. 

.5 

(3) NOP designates that the device is not currently executing an instruction. 

CONTROL 
LOGIC 

>---t---- DO 

Vee 
Vss 

Write Enable 
Latch 

x 
x 

SET 

SET 

Max. 

.005 

(4) This parameter is tested initially and after a design or process change that affects the parameter. 
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Previous Recal
1 

Latch , 

x ! 

x 
TRUE 

TRUE 

Units 

Vims 



~BSOLUTE MAXIMUM RATINGS* 

·emperature Under Bias .................... -55°C to + 125°C 

>torage Temperature ......................... -65°C to +150°C 

foltage on Any Pin with 
Respect to Ground(5l ............... -2.0 to +VCC +2.0V 

fee with Respect to Ground .................. -2.0V to +7.0V 

'ackage Power Dissipation 
Capabimy (Ta = 25°C) .................................... 1.0W 

.ead Soldering Temperature (10 secs) ............... 300°C 

)utput Short Circuit Current(6l .......................... 100 mA 

~ELIABILITY CHARACTERISTICS 

Symbol Parameter Min. Max. 

NEND(4) Endurance 10,000 

TDR(4) Data Retention 10 

VZAp(4l ESD Susceptibility 2000 

ILTH(4)(7) Latch-Up 100 

>.C. OPERATING CHARACTERISTICS 

CAT24C44/CAT24C441 

*COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation 
of the device at these or any other conditions outside of 
those listed in the operational sections of this specifica
tion is not implied. Exposure to any absolute maximum 
rating for extended periods may affect device perfor
mance and reliability. 

Units Reference Test Method 

Cycles/Byte MIL-STD-883, Test Method 1033 

Years MIL-STD-883, Test Method 1008 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 

)AT24C44 TA= 0°C to +70°C, +5V ±10%, unless otherwise specified. 
)AT24C441 TA = -40°C to +85°C, +5V ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Typ. Max. Unit Conditions 

lcco Current Consumption (Operating) 20 mA Inputs= 5.5V, TA= 0°C 
All Outputs Unloaded 

lss Current Consumption (Standby) 30 µA Inputs= Vee or Vss 

lsL Sleep Current 30 µA CE= Vss 

lu Input Current 2 µA 0 s; V1N s; 5.5V 

ILO Output Leakage Current 10 µA 0 s; VouT s; 5.5V 

V1H High Level Input Voltage 2.0 Vee v 
V1L Low Level Input Voltage 0.0 0.8 v 
VoH High Level Output Voltage 2.4 v loH =-2mA 

VoL Low Level Output Voltage 0.4 v loL =4.2mA 

VDH RAM Data Holding Voltage 1.5 5.5 v Vee 

;APACITANCE TA= 25°C, f = 1.0 MHz, Vee= 5V 

Symbol Parameter Max. Unit Conditions 

C110<4> Input/Output Capacitance 10 pF V110= OV 

C1N<4> Input Capacitance 6 pF V1N= OV 

Jote: 
4) This parameter is tested initially and after a design or process change that affects the parameter. 
5) The minimum DC input voltage is --0.SV. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. 

Maximum DC voltage on output pins is Vee +O.SV, which may overshoot to Vee +2.0V for periods of less than 20 ns. 
6) Output shorted for no more than one second. No more than one output shorted at a time. 
7) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vee +1V. 
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CAT24C44/CAT24C441 

A.C. CHARACTERISTICS 
CAT24C44 TA= 0°C to +70°C, +5V ±10%, unless otherwise specified. 
CAT24C441 T 40°C t 85°C 5V +1 Oo/c I th . T d A=- o+ ,+ - o, un ess o erw1se spec1 1e . 

Symbol Parameter Min. Max. Units 

FsK SK Frequency DC 1.0 MHz 

ISKH SK Positive Pulse Width 400 ns 

ISKL SK Negative Pulse Width 400 ns 

IDs Data Setup Time 400 ns 

IDH Data Hold Time 80 ns 

IPD SK Data Valid Time 375 ns 

tz CE Disable Time 1.0 µs 

ICES CE Enable Setup Time 800 ns 

ICEH CE Enable Hold Time 400 ns 

tcos CE De-Select Time 800 ns 

A.C. CHARACTERISTICS, Store Cycle 
CAT24C44 TA= 0°C to +70°C, +5V ±10%, unless otherwise specified. 
CAT24C441 TA= -40°C to +85°C, +5V ±10%, unless otherwise specified. 

Limits 

Symbol Parameter Min. Max. Units 

IST Store Time 10 ms 

ISTP Store Pulse Width 200 ns 

ISTZ Store Disable Time 100 ns 

A.C. CHARACTERISTICS, Recall Cycle 
CAT24C44 TA= 0°C to +70°C, +5V ±10%, unless otherwise specified. 
CAT24C441 TA= -40°C to +85°C, +5V ±10%, unless otherwise specified. 

Symbol Parameter Min. Max. Units 

tRCC Recall Cycle Time 2500 ns 

tRCP Recall Pulse Width 500 ns 

tRCZ Recall Disable Time 500 ns 

IORC Recall Enable Time 10 ns 

tARC Recall Data Access Time 1500 ns 
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J 
Conditions 

j 

I 

i 

I 

CL = 1 OOpF + 1TTL gate ! 

VoH = 2.2V, VoL = 0.65V 
I 

V1H = 2.2V, V1L = 0.65V J 
Input rise and fall times= 1 On 

I 

I 

I 
Conditions 

CL = 1 OOpF + 1TTL gate 

VoH = 2.2V, VoL = 0.65V 

V1H = 2.2V, V1L = 0.65V 

Conditions 

I 

CL= 100pF + 1TTL gate 

VoH = 2.2V, VoL = 0.65V 

V1H = 2.2V, V1L = 0.65V 



\ISTRUCTION SET 

Instruction 

WRDS 

STO 

SLEEP 

WRITE 

WREN 

RCL 

READ 

X = Don't care 
A= Address bit 

Start Bit 

1 

1 

1 

1 

1 

1 

1 

Format 

Address 

xxxx 
xxxx 
xx xx 
AAAA 

xx xx 
xxxx 
AAAA 

CAT24C44/CAT24C441 

OP Code Operation 

000 Reset Write Enable Latch (Disables, Writes and Stores) 

001 Store RAM Data in E2PROM 

0 1 0 Enter SLEEP Mode 

0 1 1 Write Data into RAM Address AAAA 

100 Set Write Enable Latch (Enables, Writes and Stores) 

1 0 1 Recall E2PROM Data into RAM 

1 1 x Read Data From RAM Address AAAA 

• 
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CAT24C44/CAT24C441 

DEVICE OPERATION 

The CAT24C44/CAT24C441 is intended for use with 
standard microprocessors. The CAT24C44/CAT24C441 
is organized as 16 registers by 16 bits. Seven 8 bit 
instructions control the device's operating modes, the 
RAM reading and writing, and the E2PROM storing and 
recalling. It is also possible to control the E2PROM store 
and recall functions in hardware with the STORE and 
RECALL pins. The CAT24C44/CAT24C441 operates on 
a single 5V supply and will generate, on chip, the high 
voltage required during a RAM to E2PROM storing 
operation. 

Instructions, addresses and write data are clocked into 
the DI pin on the rising edge of the clock (SK). The DO 
pin remains in a high impedance state except when 
outputting data from the device. The CE (Chip Enable) 
pin must remain high during the entire data transfer. 

The format for all instructions sent to the CAT24C44/ 
CAT24C441 is a logical '1' start bit, 4 address bits (data 
read or write operations) or 4 "Don't Care" bits (device 
mode operations), and a 3 bit op code (see Instruction 
Set). For data write operations, the 8 bit instruction is 
followed by 16 bits of data. For data read instructions, 
DO will come out of the high impedance state and enable 
16 bits of data to be clocked from the device. The 8th bit 
of the read instruction is a "Don't Care" bit. This is to 
eliminate any bus contention that would occur in appli
cations where the DI and DO pins are tied together to 

Figure 1. RAM Read Cycle Timing 

CE _LU 
2 3 4 

SK 

DI 

DO 
HIGH-Z 

Figure 2. RAM Write Cycle Timing 

CE 1D 
2 3 4 

SK 

DI 

Note: 
(8) Bit 8 of READ instruction is "Don't Care". 

5 

5 

----------

6 7 

6 7 

8 

8 
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I 

from a common DI/DO line. A word of caution whil 
clocking data to and from the device: If the CE pin 1 

prematurely deselected while shifting in an instructioj 
that instruction will not be executed, and the shift regist~ 
internal to the CAT24C44/CAT24C441 will be cleared. i 
there are more than or less than 16 clocks during 
memory data transfer, an improper data transfer w' 
result. The SK clock is completely static allowing tH 
user to stop the clock and restart it to resume shifting i 
data. 

Read 

Upon receiving a start bit, 4 address bits, and the 3 81 
read command (clocked into the DI pin), the DO pin~ 
the CAT24C44/CAT24C441 will come out of the hig1 

impedance state and the 16 bits of data, located at th: 
address specified in the instructions, will be clocked ot 
of the device. When clocking data from the device, th 
first bit clocked out (DO) is timed from the falling edge c 
the 8th clock, all succeeding bits (D1-D15) are time 
from the rising edge of the clock (Figure 1 ). 

Write 

After receiving a start bit, 4 address bits, and the 3 b 
WRITE command, the 16 bit word is clocked into th 
device for storage into the RAM memory location spec 
tied. The CE pin must remain high during the entire writ 
operation. 

9 10 11 12 22 23 24 

JUUL' 
(8) 

~ 
5157 FHD FC 

9 10 11 12 22 23 24 

rI1SLfL 

5157 FHD FO, 



llREN/WRDS 

'he CAT24C44/CAT24C441 powers up in the program 
isable state (the "write enable latch" is reset). Any 
rogramming after power-up or after a WRDS (RAM 
irite/E2PROM store disable) instruction must first be 
receded by the WREN (RAM write/E2PROM store 
nable) instruction. Once writing/storing is enabled, it 
till remain enabled until power to the device is removed, 
1e WRDS instruction is sent, or an E2PROM store has 
een executed (STO/STORE). The WRDS (write/store 
isable) can be used to disable all CAT24C44/ 
:AT24C441 programming functions, and will prevent 
ny accidental writing to the RAM, or storing to the 

'igure 3. Read Cycle Timing 

SK CYCLE# 6 7 8 

SK 

V1H 

CE 

DI 

HIGH-Z 
DO 

:igure 4. Write Cycle Timing 

1/FsK 

CAT24C44/CAT24C441 

E2PROM. Data can be read normally from the CAT24C44/ 
CAT24C441 regardless of the "write enable latch" status. 

Sleep 

The sleep mode places the CA T24C44/CAT24C441 into 
a lower quiescent power mode. Internal RAM power is 
turned off, and any data that is written into the RAM area 
is lost. However, data from the last RAM to E2PROM 
store operation is retained in the E2 PROM memory. The 
CAT24C44/CAT24C441 will exit the sleep mode, and 
restore the RAM memory area by issuing either a 
hardware or software recall command. 

9 10 11 

J\__ 

5157 FHD F04 

-----'11,....---l--------'~----
SK 

CE 

DI ~\\\\\\\Y 
5157 FHD F05 
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CAT24C44/CAT24C441 

RCL/RECAL[ 

Data is transferred from the E2PROM data memory to 
RAM by either sending the RCL instruction or by pulling 
the RECALL input pin low. A recall operation must be 
performed before the E2PROM store, or RAM write 
operations can be executed. Either a hardware or soft
ware recall operation will set the "previous recall" latch 
internal to the CAT24C44/CAT24C441. 

STO/STORE 

Data in the RAM memory area is stored in the E2PROM 
memory either by sending the STO instruction or by 
pulling the STORE input pin low. As security against any 
inadvertent store operations, the following conditions 
must each be met before data can be transferred into 

Figure 5. Recall Cycle Timing 

nonvolatile storage: 

• The "previous recall" latch must be set (either a 
software or hardware recall operation). 

• The "write enable" latch must be set (WREN 
instruction issued). 

• STO instruction issued or STORE input low. 

During the store operation, all other CAT24C4' 
CAT24C441 functions are inhibited. Upon completion c 
the store operation, the "write enable" latch is reset. TH 
device also provides false. store protection wheneve 
Vee falls below a 3.5V level. If Vee falls below this leve 
the store operation is disabled and the "write enabl~ 
latch is reset. 

-------- tRCP -------

HIGH-Z 
DO VALID DATA 

to Re 

5157 FHD fr 

Figure 6. Hardware Store Cycle Timing 

i..------tsrp-----~ 

tsrz 
HIGH-Z 

DO 

5157 FHO F< 

Figure 7. Non-Data Operations 

CE _j]] \.__ ___ _ 
SK 

DI 

OP-CODE 

5157 FHO Fe 
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itart Bit Timing 

"he CAT24C44/CAT24C441 features an alternate start 
1it timing where the device will accept a start bit that is 
1enerated when both SK and DI are high with respect to 

CAT24C44/CAT24C441 

a low to high transition of CE (see Figure 8). Once this 
start bit is generated all subsequent data is clocked into 
the device on the positive clock edge of SK. 

:igure 8. Alternate Start Bit Timing Example: Read Instruction 

t START BIT GENERATED 

CE 

SK 

DI 

HIGH-Z 
DO 

5157 FHD F10 
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:AT104/105 
2 Bit, 25MHz DIA Converter 

EATURES 

• 40 ns maximum settling time (112 LSB ) 
• 2 5 MHz update rate 
• 112 LSB Integral Non-Linearity 
• 112 LSB Differential Non-Linearity 
• 2 5 ppm/°C internal voltage reference 
• Low Power Bi CMOS construction 
• Single Supply operation ( +5 V) 

PPLICATIONS 

• Arbitrary Waveform Generators 
• Direct Digital Synthesis (DDS) 
• High Resolution AID Converters 
•Automatic Test Equipment 
• High Definition Video 

IESCRIPTION 

conversion applications. Powered from a single+ 5 Volt supply 
the CAT104and CAT105 will source40 mAof current into a 
2 5 Ohm load at clock speeds of 2 5 MHz while maintaining 
112 LSB accuracy. Settling· time is40 nsto .012% of Full Scale. 

Fabricated in a2.0 micron Bi CMOS process, the CAT104and 
CA Tl 05 incorporate on-chip EEPROM driven trim circuitry 
for factory correction of all silicon and package induced errors. 
Gain error is adjusted to below <0.2 % and linearity to .012 % . 
Monotocity is guaranteed over the full operating temperature 
range. The CAT104 and CAT105 include an on-chip voltage 
reference which is EEPROM trimmed to achieve a typical drift 
with temperature of25 ppm/°C. 

Data interface is via a 12 bit parallel bus and directly accesses 
the DI Ain the CATl 04, while the CA Tl 0 5 provides a clocked 
data input register. 

'he CAT104 and CAT105 are monolithic 12 bit current 
utput DI A converters designed for precision high speed data 

TheCAT104and CAT105 are pincompatiblewitl1 Brooktree's 
Bt 104 & Bt 105 while offering improved performance. Both 
are specified for operation over the 0°C to + 70°C Commercial 
temperature range and are packaged in Ceramic DIPs. 

UNCTIONAL DIAGRAM 

CAT104/105 

12-BIT 
8 

DATA 
DATA i REGISTER' 

BUS 19 

CLOCK' 
20 

VOLTAGE 
REFERENCE 

'CATI 05 ONLY 

Vs 

3, 4, 22,23 

12-BIT DAC 

24 5, 7,21 

FSADJUST GND 
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'ouT 

IREF 

COMP 

PIN CONFIGURATION 

CAT104 
CAT105* 

TD 5168 
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CAT104/105 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Vs to GND ................................................. -0.SV to +7V 

Inputs 
Do-D11 to GND ................................ -0.SV to Vs +O.SV 
FSADJUST to GND ............................. -0.SV to Vs +0.5V 
COMP to GND ................................. -0.SV to Vs +0.5V 
CLOCK to GND .............................. -0.SV to Vs +O.SV 
lREF ...................................................................... ±10 mA 

Outputs 
Analog Output Current (IoUT) ............................. 50 mA 
Analog Output Voltage (IoUT) ........ Vs- 7V to Vs+ O.SV 
Analog Output Short Circuit Duration ............... Infinite 

Operating Ambient Temperature 
Commercial ('C' suffix) .............................. 0°C to +70°C 

Storage Temperature .................................. -65°C to +150°C 
Lead Soldering (10 secmax) ....................................... +300°C 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min Max 

VZAP(l) ESD Susceptibility 2000 
ILTH(l)(2) Latch-Up 100 

ORDERING INFORMATION 

Device Package Temp INL i 

CAT104AC 24 pin Ceramic DIP c 112 LS~ 
CAT105AC 24 pin Ceramic DIP c 112 LSE 
CAT104BC 24 pin Ceramic DIP c 1 LSB: 
CAT105BC 24 pin Ceramic DIP c 1 LSB 
CAT104BCI 24piu Ceramic DIP lLSB 
CAT105BCI 24 pin Ceramic DIP I 1 LSB I 

Temperature: C = 0°C to +70°C 
I= -40°C to +85°C I 

Stresses above those listed under Absolute Maximum Ratings m' 
cause permanent damage to the device. Absolute Maximum Ratini 
are limited values applied individually while other parameters a1 
within specified operating conditions, and functional operation at ar 
of these conditionsifNOTimplied. Device performance andreliabilit 
may be impaired by exposure to absolute rating· conditions for extende 
periods of time. 

Units Test Method 

Volts MIL-STD-883, Test Method 3015 
mA JEDEC Standard 17 

NITTES: 1. This parameter is tested initially and after a design or process change that affects the parameter. 
2. Latch-up protection is provided for stresses up to IOOrnA on address and data pins from-IV to Vs+ IV. 

DC ELECTRICAL CHARACTERISTICS: Vs= +SV ±0.25V; TA= Specified Operating Range; IoUT (FS) = 40mA 

Symbol Parameter Conditions Min Typ Max Units 

Resolution 12 Bits 

Accuracy 
INL Integral Linearity Error CATI04A/105A - - ±112 LSB 

CATI04B/105B - - ±1 LSB 
DNL Differential Linearity Error - - ±112 LSB 

Zero Offset Error - - 1.0 µA 

Gain Error Internal Reference - ±0.15 ±0.3 %FS 
External Reference - - ±1.0 %FS 

Monotocity Guaranteed 

Coding 

lo UT Do-Du= 0 0 

I Full~cale I lo UT Do-D11 = I 

Data Inputs 

Vrn High Level Input Voltage 2 - - v 
V1L Low Level Input Voltage - - 0.8 v 
Irn High Level Input Current VIN= 2.4V - - 1.0 µA 

l1L Low Level Input Current VIN= 0.4V - - -1.0 µA 

Analog Output 

lo UT Output Current JO - 40 mA 
VouT Output Compliance -1.0 - +1.0 v 
Ro UT Output Impedance - I - Mn 

Reference 

l~(Pinl) Operating Voltage Range -0.3 0.68 1.0 v 
VREF Internal Reference Voltage 0.67 0.68 0.69 v 
TCVREF Temperature Coefficient - ±25 - ppm/°C 
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CAT104/105 

C ELECTRICAL CHARACTERISTICS (Cont.): Vs= +SV ±0.25V; TA= Spec. Operating Range; loUT (FS) = 40mA 

:ymbol Parameter Conditions 

1werSupply 

's Supply Voltage Range 

s Supply Current 25 MHz, loUT = 40 mA 
'SRR Power Supply Rejection Ratio COMP = 0.01 µF, 

f= 1 kHz 

: ELECTRICAL CHARACTERISTICS: Vs= SV ±0.25V; 
Logic inputs: OV-3V; 

iymbol Parameter Conditions 

atalnputs 
MAX Register Clock Rate 

cc Clock Cycle Time 

PWH Clock Pulse Width High Time 

PWL Clock Pulse Width Low Time 

DS Data Setup Time 

DH Data Hold Time 

Pipeline Delay CAT105 Only 

11alog Output 
OD Output Delay 

~ Output Rise Time 

F Output Fall Time 

os<1> Output Settling Time To 0.012% ofFS 

To 0.025% ofFS 

To 0.10% ofFS 

Clock and Data Feedthrough(l) 

Glitch lmpulse<1> 

Differential Gain Error 

Differential Phase Error 

in Capacitance 
:::IN Input Capacitance, Do-Du, CLK VIN= 2.4V, f = 1 MHz 

::::oUT Output Capacitance, Pin 6 loUT = 0 mA, f= 1 MHz 

Min 

4.5 

-
-

RL= 2SQ; 
tr and tf< 3 ns . 

Min 

-
40 

10 

10 

10 

2 

1 

-
-
-
-
-
-
-
-
-
-

Typ Max I Units 

5 6 v 
60 75 mA 

0.02 0.5 %/%ti.Vs 

loUT (FS) = 40 mA. 
TA= Spec. Operating Range 

Typ Max Units 

- 25 MHz 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

1 1 Clock 

25 - ns 
--·-·. 

8 - ns --
8 - ns 

30 40 ns 

20 40 ns 

15 - ns 

-40 - dB 

100 - pV-sec 

1.5 - %FS 

1.5 - Degrees 

10 pF 

25 pF 

OTES: !. Clock and Data feedthrough is function of the magnitude of overshoot and undershoot on the digital inputs. While testing, the digital inputs 
have a lk ohm resistor connected to the regular PCB ground plane and are driven by 74 HC logic. Clock and data feed through are excluded 
from the settling time, where as they are included in glitch impulse. (Test bandwidth= 50 MHz.) 
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CAT104/105 

AC TIMING DIAGRAM 

CAT104 MEASURED MIN 
FROM TO MAX 

Do-D11 I I I I I I I ~ DATA xrr 
too FROM: Data Valid Max too 

TO: 50% of FS output 

lour 

tos 

tos FROM: 50% of FS output Max 
TO: Output within 

allowed error band 

CAT105 
(112 LSB or 1 LSB) 

CLOCK 
FROM: 50%pointof Min 

tpwL tPWL falling edge - TO: 50%pointof 
rising edge 

tPWH 1PWH FROM: 50%pointof Min 
rising edge 

TO: 50% point of 

'cc 
falling edge 

1cc FROM: 50%pointof Min 
rising edge 

Do-D4 
TO: 50%pointof 

next rising edge 

FROM: Data valid Min 
TO: ~~o~~~f 

rising edge 

FROM: End of 105 period Min 

TO: data invalid 

1our 

too too FROM: 50%~ointof Max 
cloc s 

TO: 
rising ed~e 
50% of S output 

tos 
105 FROM: 50% of FS output Max 

TO: Output within 
allowed 
error band 
(112 LSB or 1 LSB) 

lour 

IA tR FROM: 10% point of FS Max 
output 

TO: 90% point of FS 
output 

tF FROM: 90% point of FS Max 
output 

TO: 10% point of FS 
output 
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CAT104/105 

NS 

riNo. Name Function 

lREF Reference Current Output. The DAC's full scale output current is set by lREF, which is normaly 
connected to FSADJUST and a resistor, Rsrr. The full scale output current is then determined by the 
value ofRsET· 

COMP Compensation pin. This pin must be connected to the Vs pin through a ceramic capacitor. This 
capacitor provides power supply noise rejection and reduces the random noise of the internal bandgap 
reference. The capacitor can be between 0.01 µF and 0.1 µF, with O.OlµF being the recommended value. 
When an external reference voltage is used COMP is used in conjunction with FS ADJUST to set lREF· 

t, 22, 23 Vs The positive supply voltage, nominally +SV. 
7,21 GND Ground return for all siguals (digital and analog) and VS· 

IouT Analog Current Output. This high impedance current source is capable of sourcing up to 40 mA of 
current. 

.9 Do-D11 TTL compatible Data Inputs. Pin Do is the least significant data bit. For CAT105, the inputs are latched 
on the rising edg·e of clock. All unused inputs must be tied to Vs or GND. 

ClockorN/C Clock Input for CAT105. The rising edge of Clock latches the Do-D11 inputs. Ideally, this pin should be 
driven by a dedicated TTL/CMOS buffer. This pin is not used on CAT104 and may be left floating 
without affecting· performance. 

FSADJUST Full Scale Adjust Control. When the internal reference voltage is used, the full scale output current is 
controlled by the resistor RsET, connected between this input pin and GND. When an external voltage 
reference is used, FS ADJUST is tied to Vs. 

E.RMS AND DEFINITIONS 

ifferential Non-Linearity (DNL): The maximum devia
m from an ideal LSB step, between any two adjacent output 
rels. A DNL error more negative than -lLSB implies non
onotonic output performance. 

tll Scale Output Current: The output current at lout 
suiting from all 1 's at the data inputs. 

ain Error: The variation in the slope (gain) of the transfer 
nction of a converter with respect to an established ideal 
msfer function. This error is expressed in% ofFS (Full Scale) 

LSB, when all bits are on, and may be eliminated by 
justing the reference current applied to the device. 

!itch Impulse Area: The analog output transient occurring 
:tween two adjacent codes as a result of unequal turn-on and 
rn-off times for the internal current sources. Glitch impulse 
calculated as the area of the largest excursion, about the final 
lue, and is specified as the net area of the glitch inn V-sec or 
\.-sec. 

ttegral Non-Linearity (INL): The maximum deviation be
reen the actual output level and a best straight line fit. This 
:eludes gain and offset errors. 

Least-Significant Bit (LSB): The ideal output increment 
between two adjacent codes. Also, the data bit with the smallest 
effect on the output level. 

Monotonicity: Implies that for an increase in digital code 
value that the output will either increase or remain unchanged. 
In mathematical terms the output is a single valued function of 
the input code, and the derivative of the output transfer 
function must not change signs. 

Most-Significant Bit (MSB):The data bit with the largest • 
effect on the outputlevel. The MSB, for a linear D AC output, 
ideally equals the combined output weight of all other data bits, 
plus 1 LSB. 

Offset Error: The deviation of the analog output from the 
ideal (OV or OmA) when the inputs are set to all Os is called 
unipolar offset error. 

Output Compliance Range: The output voltage range over 
which a stated linearity specification is maintained. Integral 
linearity errors tend to be exaggerated with increasing output 
voltage levels. 
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CAT104/105 

CURRENTwVOLTAGEOUTPUT 

The CAT104/105 has been carefully designed to work equally 
well in both current and voltage output applications, a claim 
not all DACs can make. When using other DACs, designers 
may be forced to use additional circuitry or be obliged to accept 
reduced performance when voltage output is required. 

High speed DACs give their best performance in current 
output mode. This is because in current output operation the 
DAC's output is tied to a summing junction, such as the 
negative input of an op amp, and feedback around the op amp 
holds the junction voltage constant (usually 0 volts). Since no 
voltage change occurs at the DAC's output the DAC is 
uneffected by load resistance, RL , or any other impedances 
internal or external to the DAC. 

When generating a voltage output, however, RL can have a 
significant effect on the DAC's performance. The problem is 
caused by the DAC's own output impedance. As shown in Figl 
a DA C's output can be modeled as a current source in parallel 
with an internal resistance. When an externalloadis connected 
to IoUT• it is in parallel with the internal resistance and the 
acmal load seen by the DAC is the combination of their values. 
In developing an output voltage, IoUT is split between internal 
and external loads, producing an apparent error in Vo UT. The 
degree of error is determined by the ratio ofRL to the internal 
shunt resistance. For ideal current sources the shunt resistance 
is infinite, but in typical high speed DACs it ranges from 200 
to 20,000 Q. This will produce a significantloading effect, even 
with the 50 Q or 25 Q loads commonly used in high speed 
systems. 

To combat this problem, Catalyst has taken special care to 
create a true current source output structure for the CA Tl 04/ 
105. The CAT104/105's 1 MQ output impedance frees de
signers from concerns about voltage induced errors and volt
age outputs can be had with no penalty in performance. 

•ouT 

-~~~~~~_.~-~-+--25-p_F_...,."'-"=----+-R-L_lVOUT I GND 

Figure 1. DAC Output Equivalent Circuit 

OUTPUT VOLTAGE COMPLIANCE 

The maximum voltage that may be realized at the PAC's 
output, while maintaining rated accuracy and performance, is 

1.0 volts. Care should be taken when selecting RL and IoUTi 
that the resulting Full Scale voltage does not exceed thisi 
value. Also, when operating into a summing junction; 
(current mode), be sure the DC voltage of the summing 
node is below 1.0 volts. I 

BUFFERED VOLTAGE OUTPUTS 

For applications requiring output voltages greater than 1 
volts a buffering amplifier will be required. Figure 2 illustrat 
a typical buffered output application. 

CLK AO~ST IREF 

267<l 

Figure 2. Buffer Voltage Output 0 to +2.5V 

FULL SCALE ADJUST 

The CAT104/105's output can be adjusted for any desired lev, 
between 0 - l.OV or 0 - 40 mA via the FSADJUST pin. Referrir 
to Figure 3 ,!REF, which sets the DA C's Full Scale outputcurren 
iscontrolledbyopampAl. Thecontrolloopisconfiguredsoth1 
Al will maintain a constant 0.68 volts at the FSADJUST pin. ~ 
!REF has a maximum compliance voltage of· 1.0 volts, it is best 1 

useR TRIM as a variable resistor in series withRsETand tieFS ADJUJ 
directly to !REF. This avoids the possibility of the voltage acrJ 
the combination ofRTRIMandRsETexceeding lREF's complianc 
range. 
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;JNG THE INfERNAL VOLTAGE REFERENCE 

1recision voltage reference is provided by the CATI 04/105 
allow for easy adjustment and control oflREF, which sets the 
\C full scale output current, Iovr. The relationship be

een Iovr and lREF is: 

Iovr = 7.892 * lREF 

:ET is then calculated from the equation: 

7.892 *VREF 
RsET =-----

lour 

bere VREF = 0.68 V. 

0.68V 
VOLTAGE 

REFERENCE 

DAC 

CAT104/105 

The internal reference is factory trimmed to compensate for 
variations in the transfer ratio oflREF to Iovr , making the full 
scale output voltage accurate to within 0.3 % for the transfer 
function: 

RL 
Vovr = 5.367 * 

Rs ET 

Full scale outputvoltagevariation from device to device will be 
±0.3% when there is perfect tracking between the load and 
reference current resistors. For optimum performance, RsET 
and RL should be a trimmed resistor network with ratio track
ing better than ±{J.1 % and temperature coefficient tracking 
better than 5 ppm!'C. 

FSADJUST 

COMP 

Rs ET 

+SV 

MP5010NT 

*These resistors must thermally 
track each other 

Figure 4a. External Voltage Reference, Single Supply 
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CAT104/105 

USING AN EXTERNAL VOLTAGE REFERENCE 

The precision voltage reference contained in the CAT104 and 
CATI 05 is factory trimmed by EEPROM circuitry to guaran
tee a maximum temperature drift of 10 ppm/ °C. For most 
applications this is more than adequate, however, there may 
arise occasions when system requirements dictate that an 
external reference be used. In such cases the on-chip reference 
can be disabled and control ofIREF can be taken off chip. 

When using an external reference, the control amplifier's 
offset and offset drift can not be ignored. The D/A's output 
stability is dependent upon not only the reference but the 
control circuitry around it. For this reason it is recommended 
that the control amplifier be of the ultra low offset variety, 
typically< 25µVwith a drift of less than 0.1 µVl°C. 

Figure 4a shows an example of the CAT104/105 being used 
with an external reference in a single supply application. In this 
circuit, a low drift 1.2 Vbandgap reference has been chosen and 
its voltage divided to 0.8 V by a pair of resistors. This is done 
to insure that lREF does not exceed its voltage compliance 
range. The op amp, ·a low drift chopper stabilized type, 
replaces the internal control amplifier, which has been de
activated by tying FS ADJUST to the positive supply rail. Con
trol ofIREF is effected through the COMP pin which adds an 
inversion to the control loop <IREF current increases as 
V COMP -> 0 V). 

0.68V 
VOLTAGE 

REFERENCE 

DAC 

A simpler circuit can be used to incorporate an external volta\ 
reference if a negative supply voltage is available, as shown i 
Figure 4b. Here, a precision - lOV reference and RsET co~ 
bine with the CAT104/105's internal reference and amplifi, 
to set and control lREF· V REF becomes the sum of the intertj 
and external references, and RsET is calculated from tl 
equation 

VREF +0.68 
RsET = 7.892 * -----

lour 

Since V REF is now the sum of the two references, a large vah 
voltage is chosen for the external .reference so that its chara• 
teristics will be dominant. Any noise or drift exhibited by ti 
internal reference is now reduced in its effect by the ratio of ti 
two reference voltages. 

The internal reference is not precisely 0.68 V, as stated in tl 
equation above, because it is factory adjusted to compensate fc 
variations in the current transfer ratio of lour to lREF· 1! 
compensate for this, the external voltage reference can t 
offest by a corresponding amount using the Fine Adjustmer 
feature. For references without this adjustment feature, RsE 
can be trimmed instead. 

COMP 

RsEr 

-10.000V 

FSADJUST 
FINE ADJUST CAT 

2701 

-15V 

Figure 4b. External Voltage Reference, Dual Supply 
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UPPLY DECOUPLING 

is essential to decouple the power and ground supply lines 
om the system's main power bus. This prevents glitches and 
)ise spikes generated elsewhere in the system from getting 
1to the DAC and showing up on its output. 

CAT104/105 

Decoupling is best achieved through a filter network placed in 
series with the DAC's power supply lines. The filter is 
comprised of two inductors, one in each supply line, combined 
with several bypass capacitors. An example of this is shown in 
Figure 5. 

COMP ,---------- Vs +5V 

COMPONENT 

c6 
C2 

C4' C5 

C1,C3 

R1 

Li, Li 

Ri 

RTRIM 

Vs ____ : ,--------- Vs 

Vs - - - - - _: 

GND-------' 

louT 
CAT 

GND 
105 

D11 

D10 

Dg 

De 

D1 

DESCRIPTION 

0.1 µF Ceramic Capacitor 

0.01 µF Ceramic Capacitor 

0.01 µF Ceramic Chip Capacitor 

22 µF Tantalum Capacitor 

24.90 1 % Metal Film Resistor 

Ferrite Bead 

12 Hl 1 % Metal Film Resistor 

500 Cermet Trim Pot 

·GND 

CLOCK 

Do 

D1 

D2 

D3 

D4 

Ds 

Ds 

GROUND 

DATA IN 

NOTES 
I. C4 and C5 should be located as 

close to the IC as possible. 
2. All GND pins are tied tog·ether. 
3. All Vs pins are tied together. 

SUPPLIER PART NUMBER 

Erie RPE! 12Z5UI04M50V 

Erie RPEI IOZ5U!03M50V 

Johanson Dielectrics X7R500S4 ! W103KP 

Mallory CSR13G226KM 

Dale CMF-55C 

Fair-Rite 2743001111 

Dale CMF-55C 

Bourns 3386W 

Figure 5. Typical Application: Unbuffered Voltage Output, 0 - IV 
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CAT104/105 

SUPPLY CURRENT 

Themaximumsupplycurrentdrawn by the CAT104/105 can 
be calculated from the equation: 

Is = Full Scale Output Current (in mA) + 
l .2mA per MHz of operating speed. 

P.C. BOARD LAYOUT 

Combining high speed with high precision presents a formi
dable challenge to system designers. Proper RF techniques 
must be used in board design, device selection, supply bypass
ing, grounding and measurement if optimum performance is 
to be realized. 

BYPASS CAPACITORS 

The most important external components associated with any 
high-speed design are the power supply bypass capacitors. 
Selection and placement of these capacitors is critical, and to a 
large extent, dependent upon the specifics of the system's 
configuration. The key consideration in selection of bypass 
capacitors is minimization of series resistance and inductance. 
Many capacitors will begin to look inductive at 20 MHz and 
above. Ceramic and metal film capacitors generally feamre 
lower series inductance than the tantalum or electrolytic types. 

Bypass capacitors should be installed on the printed circuit 
board as close to the IC as is physically possible, and with the 
shortest possible leads in order to minimize series lead induc
tance. Chip capacitors are optimal in this respect and thus 
highly recommended. 

CRITICAL CONNECTIONS 

In using the CAT104/105 itis of the utmost importance to b 
sure all Vs and GND pins are connected to to their respectiv 
supplies. Failure to do so will result in improper DAC oper~ 
tion, and may result in damage to the IC. ' 

HIGH-SPEED INTERCONNECT 

It is essential that care be taken in the signal and power grouni 
circuits to avoid inducing extraneous voltage drops in the signd 
ground paths. All connections should be short and direct am 
as physically close to the package as possible. Any conductioi 
path shared by external components should be minimized 
When runs exceed an inch or so in length, some type termina 
tion resistor may be required. This is true of both the analo1 
and digital sections. For digital signals the termination resisto 
will be dependent upon the logic family used. 

Ground planes should be connected at or near the DAC. Cari 
should be taken to insure that the ground plane is uninterruptec 
over crucial signal paths. On the digital side, this includes th1 
DAC output signal as well as the supply feeders. The use o 
wide runs or planes in the routing of power lines is alsc 
recommended. This serves the dual function of providing a lo" 
series impedance power supply to the part as well as providin! 
some "free" capacitive decoupling to the appropriate grounc 
plane. 

For maximum AC performance, the DAC should be mountec 
directly to the circuit board; sockets should not be used as the) 
increase lead inductance and capacitance. Any additional leac 
inductance or capacitance at the supply pins can serious!) 
undermine dynamic performance. Even Teflon or "pin" sock: 
ets can create unwanted results, so soldering directly to tht 
circuit board is highly recommended. 
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CAT104/105 

0.47 µH 

+5V 

10k ROUND 
27 

35 J 
OGND 

SINE SINE 0.1µF~ 1µF~ 
31 43 

COSINE COSINE vDD 
62 

10k STEL 0.47 IJH 
1175 60 

Do 
66 

D1 OUTO 
36 19 

Do 

···l 
D2 

37 18 
D1 

D3 
38 17 

D2 
10 

D4 
39 16 

D3 
11 

D5 
40 15 

D4 COMP 

12 
D5 

44 14 
D5 1our Vour 

13 45 13 
D5 '\JV 

DATA D1 CAT 
CONTROL 58 46 12 

Ao D1 105 
61 

Al 
47 11 

D8 
62 

A2 
48 10 

D9 
63 

A3 
49 

D1o 
21 

PHSEL OUT11 
50 

Dn 24 

32 33 
FSADJUS 

PHLD PHCLK 
IREF 

26 65 
FASEL C1N 

~·j 
• '<)i' =ANALOG GROUND 

29 1300 \J =DIGITAL GROUND LDSTB 
Voo 

20 
CLK 

10k 

RESET 
23 

RESET 59 

WRITE 20 51 WRSTB STROBE 
• 0.01 JJF CHIP CAPACITORS 

10k Vss 
42 OMITTED FOR CLARITY. 

34 STEL 1175: STANFORD TELECOMMUNICATIONS, INC. 

64 28 
PLP·10.7: MIN~CIRCUITS 

CLOCK CLK • 
Figure 6. Direct Digital Synthesis (DDS) Using the CATI 05 
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:AT504 
~uadDACpot 

EATURES 

' Output settings retained without power 
' Output range includes both supply rails 
' 4 independently addressable outputs 
' 1 LSB Accuracy 
' Serial uP interface 
' Single supply operation: 3 - 5 Volts 
' Setting read-back without effecting outputs 

PPLICATIONS 

' Automated product calibration. 
' Remote control adjustment of equipment 
' Offset, gain and zero adjustments in Self-Calibrating 
and Adaptive Control systems. 

' Tamper-proof calibrations. 

ESCRIPTION 

he CAT504 is a quad 8 Bit Memory DAC designed as an 
~ctronic replacement for mechanical potentiometers and 
1m pots. Intended for final calibration of products such as 
mcorders, fax machines and cellular telephones on automated 
gh volume production lines, it is also well suited for systems 
pable of self calibration, and applications where equipment 

JNCTIONAL DIAGRAM 

'AOG 

DI 

0-'-+----l PROGRAM 
CONTROL 

cs 0---+----i 

CAT504 

GND 

14 

which is eitl1er difficult to access or in a hazardous environ
ment, requires periodic adjustment. 

The 4 independently programmable DAC's have an output 
range which includes both supply rails. Output settings, stored 
in non-volatile EEPROM memory, are not lost when tl1e 
device is powered down and are automatically reinstated when 
power is returned. Each output can be dithered to test new 
output values without effecting the stored settings and stored 
settings can be read back without disturbing the DA C's output. 

Control of the CAT504 is accomplished with a simple 3 wire 
serial interface. A Chip Select pin allows several CAT504s to 

share a common serial interface and communication back to 

the host controller is via a single serial data line tl1anks to the 
CAT504's Tri-Stated Data Output pin. 

The CAT504 operates from a single 3 - 5 volt power supply 
drawing just a few milliwatts of power. When storing data in 
EEPROM memory an additional 20 volt low cmrentsupply is 
required. 

The CAT504 is available in the 0 to 70° C Commercial and 
-40° C to+ 85° C Industrial operating temperature ranges and 
offered in both plastic DIP and Surface mount packages. 

PIN CONFIGURATION 

13 
VOUT1 

voo VREFH 

12 CLK VOUT 1 
Your2 

Vpp VOUT 2 

cs 
11 

Vour3 

YouT3 
DI Vour4 

VREFL 
10 

Your4 PROG GND 

DO 

L ________ ~J 
TD 5169 

11-13 

• 



CAT504 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Voo to GND ............................................. --0.SV to +7V 
Vpp to GND ............................................ --0.SV to +22V 

Inputs 
CLK to GND ................................. -0.SV to Voo +0.5V 
CS toGND .................................... --0.SVto Voo+0.5V 
DI to GND ..................................... --0.SV to Yoo +0.5V 
PROG to GND .............................. --0.SV to Voo +0.5V 
VREFH to GND .............................. --0.SV to Voo +0.5V 
VREFL to GND .............................. --0.SV to Voo +0.5V 

Outputs 
Do to GND ..................................... --0.SV to Voo +0.5V 
VoUT 1-4 to GND ........................ --0.SV to Voo +0.5V 

ORDERING INFORMATION 

Device Package Temp INL 

CAT504P 14 pin Plastic DIP c 1 LSB, 

CAT504PI 14 pin Plastic DIP I 1 LSB 

CAT504J 14pin SOIC c 1 LSB 

CAT504JI 14pin SOIC I 1 LSB~ 

Temperature: C= 0°c w +70°c 
I= - 40°C to +85°C 

Operating Ambient Temperature 
Commercial ('C' suffix) .............................. 0°C to + 7-0°C 
Industrial ('I' suffix) ............................... - 40°C to +85°C 

Junction Temperature ................................................ +150°C 
Storage Temperature .................................. -65°C to +150°C 
Lead Soldering (10 sec max) ....................................... +300°C 

Stresses above those listed under Absolute Maximwn Ratings m 
cause permanent damage to the device. Absolute Maximwn Ratin 
are limited values applied individually while other parameters ' 
within specified operating conditions, and functional operation at a 
of these conditions is NOT implied. Device performance and reliabil 
may be impaired by exposure to absolute rating conditions for extend 
periods of time. 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min Max Units Test Method 

VZAP(l) ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015 
ILTH(lX2) Latch-Up 100 mA JEDEC Standard 17 

... 
NOTES: 1. This parameter ts tested wnally and after a design or process change that affects the parameter. 

2. Latch-up protection is provided for stresses up to lOOmA on address and data pins from-IV to Voo + IV. 

DC ELECTRICAL CHARACTERISTICS: Voo = +3V to +SV ±10%, 
VREFH= Voo, 

Symbol Parameter Conditions 

Resolution 

Accuracy 
INL Integral Linearity Error ILQAD = 250 nA, TR= c 

TR= I 
lwAD= I µA, TR=C 

TR= I 
DNL Differential Linearity Error lwAD = 250 nA, TR= C 

TR= I 
lwAD = 1 µA, TR=C 

TR= I 
Logic Inputs 

Irn Input Leakage Current VIN= Vnn 
lrL Input Leakage Current VIN=OV 
Vrn High Level Input Voltage 

VrL Low Level Input Voltage 

References 

VRH VREFH Input Voltage Range 

VRL VREFL Input Voltage Range 

ZIN VREFH-VREFL Resistance 

Logic Outputs 

VoH High Level Output Voltage loH=-40µA 
VoL Low Level Output Voltage loL = 1 mA, Vnn = +5V 

loL = 0.4 mA, Vnn = +3V 
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TA=25°C 
VREFL = ov. 

Min Typ 

8 

- -
- -
- -
- -
- -
- -
- -
- -

- -
- -
2 -
0 -

2.7 -
GND -
- 7k 

Vnn-0.3 -
- -
- -

Max 

± 1 
± 1 
±2 
±2 

±0.5 
± 0.5 
± 1.5 

± 1.5 

10 
-10 

Vnn 
0.8 

Vnn 
Vnn-2.7 

-

-
0.4 
0.4 

Units 

Bits 

LSB 
LSB 
LSB 
LSB 
LSB 
LSB 
LSB 
LSB 

µA 
µA 

v 
v 

v 
v 
n 

v 
v 
v 

I 

i 

I 

! 

I 



C ELECTRICAL CHARACTERISTICS (Cont.): VDD = +3V to +5V ±10%, 
VREFH = +VDD. 

TA= 25°C, 
VREFL=OV. 

Symbol I Parameter Conditions 

11alog Output 
<so Full-Scale Output Voltage VR = VREFH-VREFL 

~so Zero-Scale Output Voltage VR = VREFH-VREFL 

.L DAC Output Load Current 

~OUT DAC Output Impedance Voo=+5V 

Voo=+3V 
>SSR Power Supply Rejection lwAD = 250 nA 

emperature 
rco VoUT Temperature Coefficient VREFH = +5V, VREFL = OV 

Voo = +5V, lwAD = 250nA 

rcREF Temperature Coefficient of VREFH to VREFL 
V REF Resistance 

1werSupply 

.OD Supply Current Excludes VREF 

.pp Programming Current Vpp = +19V 

v'oo Operating Voltage Range 

v'pp Programing Voltage Range 

C ELECTRICAL CHARACTERISTICS: VoD = +3V to +5V ±10%, 
VREFH=+VDD. 

Symbol Parameter Conditions 

igital 
:CSMIN Minimum CS Low Time 

:css CS Setup Time 

:csH CS Hold Time 

:ms DI Setup Time CL= lOOpF, 

'DIH DI Hold Time see note 1 

:001 Output Delay to 1 

DOO Output Delay to 0 

RZ Output Delay to High-Z 

LZ Output Delay to Low-Z 

:PROG Erase/Write Pulse Width 

:PS PROG Setup Time 

'CLKH Minimum CLK High Time 

:CLKL Minimum CLK Low Time 

:c Clock Frequency 

nalog 

:OS DAC Settling Time to 1n LSB CwAD = 10 pF, Voo = +5V 

CwAD = 10 pF, Yoo= +3V 

::;IN Input Capacitance VIN= OV, f = 1 MHz, (2) 

:oUT Output Capacitance VoUT = OV, f = 1 MHz, (2) 

OTES:!. All tirrilng measurements are defined at the point of signal crossing Voo / 2. 
2. These parameters are periodically sampled and are not 100% tested. 
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Min Typ 

0.99VR 0.995VR 

- 0.005VR 

- -
- -
- -
- -

- -

- 700 

- -
- 200 

2.7 -
18.0 19.0 

TA= 25°C, 
VREFL=OV. 

Min Typ 

150 -
100 -
0 -
50 -
50 -
- -
- -
- 400 

- 400 

3 5 
150 -
500 -
300 -
DC -

3 

6 

8 

6 

CAT504 

Max Units 

- v 
0.lOVR v 

1 µA 

20k n 
40k n 

1 LSB/V 

200 µV/°C 

- ppm/°C 

50 µA 

500 µA 

5.5 v 
20.0 v 

Max Units 

- llS 

- llS 

- llS 

- llS 

- llS 

150 llS 

150 llS 

- llS 

- llS 

- ms • - llS 

- llS 

- llS 

1 MHz 

10 µs 

10 µs 

pF 

pF 



CJ) 

Io 2 3 5 

CLK ff 

tcss ICLKL tcsH 

cs m: 

ICSMIN 

DI ~!'''' ---=t,'o_is __ ~~~x~---x~_.:.,___ 

-1 to1H i: X ___ _,X ?t:>e=_ 

ILz 
1000 1-

DO u --+------.. 
1---t---~1 

I Hz 
1001 

tps 

_·J-PROG@ I 

IPROG • 

Io 3 

PARAMI 
TIMING 

I MIWMAX I NAME 
FROM TO 

lcLKH Rising CLK edge to falling CLK edge Min 

ICLKL Falling CLK edge to CLK rising edge Min 

tcsH Falling CLK edge for last data bit (DI) Min 
to lalling CS edge r tcss Rising CS edge to next rising CLK edge I Min 

ilti& 
tcSMIN Falling CS edge to rising CS edge 

tD1s Data valid to first rising CLK 
edge after CS = high 

IOIH Rising CLK edge to end of data valid 

1000 Rising CLK edge to DO =low 

ILZ Rising CS edge to DO becoming high 
low impedance (active output) 

Rising PROG edge to next rising 

lpRQG I Rising PROG edge to falling PROG 
edge 

I Min 

I Min 

I 
Min 

Max 

I (Max) 

Max 

(Max) 

Min 

Min 

~ (') 

0 ~ 
>-l (J1 

0 

~ ""' 
4.l 
0 

~ 



[N DESCRIPTION 

'in Name Function 

Vnn Power supply positive. 
CLK Clock input pin.Clock input pin. 
Vpp EEPROM Progranuning Voltage 
CS Chip Select 
DI Serial data input pin. 
DO Serial data output pin. 
PROG EEPROM Progranuning Enable Input 
GND Power supply grnund. 

Minimum DAC output voltage. 
0 VouT4 DAC output channel 4. 

VouT3 DAC output channel 3. 

VouT2 DAC output channel 2. 
DAC output cham1el !. 

4 Maximum DAC output voltage. 

1EVICE OPERATION 

he CAT504 is a quad 8 bit Digital to Analog Converter 
)AC) whose outputs can be programmed to any one of 2 56 
1dividual voltage steps. Once programmed, these output 
:ttings are retained in non-volatile EEPROM memory and 
ill not be lost when power is removed from the chip. Upon 
)Wer up the DA Cs remrn to the settings stored in EEPROM 
1emory. Each DAC can be written to and read from 
1dependentlywithout effecting the output voltage during the 
,ad or write cycle. Each output can also be temporarily 
:!justed without changing the stored output setting, which is 
3cful for testing new output settings before storing tliem in 
temory. 

llGITAL INTERFACE 

'he CAT504employs a standard 3 wire serial controliuterface 
)nsisting of Clock (CUC), Chip Select (CS) and Data In (DI) 
iputs. For all operations, address and data are shifted in LSB 
rst. In addition, all digital data must be preceded by a logic" 1" 
; a start bit. The DAC address and data are clocked into the 
>I pin on the clock's rising edge. When sending multiple 
locks ofinformation a minimum of two clock cycles is required 
etween the last block sent and tlie next start bit. 

1ultiple devices may share a common input data line by 
dectively activating tlie CS control of tlie desired IC. Data 
)utputs (DO) can also share a common line because the DO 
in is Tri-Stated and returns to a high impedance when not in 
se. 

CAT504 

DAC addressing is as follows: 

DACOUTPUT AO Al 

VoUTl 0 0 

VoUT2 1 0 

VoUT3 0 1 

VoUT4 1 1 

CHIP SELECT 

Chip Select (CS) enables and disables the CAT504's read and 
write operations. When CS is high data may be read to or from 
tlie chip, and tlie Data Output (DO) pin is active. Data loaded 
into tlie DAC control registers will remain in effect until CS 
goes low. Bringing CS to a logic low returns all DAC outputs 
to the settings stored in EEPROM memory and switches DO 
to its high impedance Tri-State mode. 

Because CS functions like a reset tlie CS pin has been equipped 
witli a 30 ns to 90 ns filter circuit to prevent noise spikes from 
causing unwanted resets and tlie loss of volatile data. 

CLOCK 

The CAT504's clock controls both data flow in and out of the 
IC and EEPROM memory cell programming. Serial data is 
shifted into tlie DI pin and out of tlie DO pin on the clock's 
rising edge. While it is not necessary for tlie clock to be 
running between data transfers, the clock must be operating in 
order to write to EEPROM memory, even though the data 
being saved may already be resident in the DAC control 
register. 

No clock is necessary upon system power-up. The CAT504's 
internal power-on reset circuitry loads data from EEPROM to • 

tl1e DACs without using the external clock. 

As data transfers are edge triggered clean clock transitions are 
necessary to avoid falsely clocking data into tlie control registers. 
Standard CMOS and TTL logic families work well in this 
regard and it is recommended that any mechanical switches 
used for breadboarding or device evaluation purposes be 
de bounced by a flip-flop or oilier suitable de bouncing circuit. 

VREF 

VREF• the voltage applied between pins VREFH &VREFL, sets 
theDAC's Zero to Full Scaleoutputrangewhere V REFL =Zero 
and VREFH =Full Scale. VREF can span the full power supply 
range or just a fraction of it. In typical applications V REFH 
&VREFL are connected across tlie power supply rails. When 
using less than the full supply voltage V REFH is restricted to 
voltages between Vnn and Vnn/2 and VREFL to voltages 
between GND and V nn/2. 
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CAT504 

Vpp 

When saving data to non-volatile EEPROM memory an 
external voltage of 18 -20volts must be applied to the Vpp pin. 
This voltage need only be present during the programming 
cycle and may be removed or turned off the remainder of the 
time. While it is not necessary to remove or power down Vpp 
between programming cycles, some power sensitive applications 
may choose to do so. In such cases, the Vpp supply must be 
given sufficient time to come up and stabilize before issuing the 
PROG command. 

DATA OUTPUT 

Data is output serially by the CAT504, LSB first, via the Data 
Out (DO) pin following the reception of a start bit and two 
address bits by the Data Input (DI). DO becomes active 
whenever CS goes high and resumes its high impedance Tri
State mode when CS returns low. Tri-Stating the DO pin 
allows several 504s to share a single serial data line and 
simplifies interfacing multiple 504s to a microprocessor. 

WRITING TO MEMORY 

Programming the CAT504's EEPROM memory is accom
plished through the application of an externally generated 
programming voltage, Vpp, and the control signals: Chip 
Select (CS) and Program (PROG). With CS high, a start bit 
followed by a two bit DAC address and eight data bits are 
clocked into the DAC control register via the DI pin. Data 
enters on the clock's rising edge. The DAC output changes to 
its newsettingon the clock cycle following D7, the last data bit. 

j4--CURRENT OAC OATA--.j 

i~ -,~---~I '~0 l_°'~l_0·~l-"~l-"'~l_00~l "~I "~I _ _,,,,___r-f. 

ill ___________ __, 

OAC ~::;; 
OUTPUT ~:::: 

CURRENT 
DACVALUE 

NEW 
OACVALUE 

Figure 1. Writing to Memory 

I oAc~::.uE ~ 

Programming is achieved by bringing PROG high fori 
minimumof3 ms while supplying 18 to20volts to the Vpp pj 
PROG must be brought high sometime after the start bit ai 
at least 150 ns prior to the rising edge of the clock cy~ 
immediately following the D7 bit. Two clock cycles after tl 
D7 bit the DAC control register will be ready to receive tl 
next set of address and data bits. The clock must be ke 
running throughout the programming cycle. Internal con tr 
circuitry takes care of ramping the programming voltage fi 
datatransfertotheEEPROMcells. TheCAT504'sEEPRO; 
memory cells will endure over 100,000 write cycles and w 
retain data for a minimum of 2 0 years without being refresh~ 

READING DATA 

Each time data is transferred into a DAC control regist 
currently held data is shifted out via the DI pin, thus in eve 
data transaction a read cycle occurs. Note, however, that ti 
reading process is destructive. Data must be removed from tj 
register in order to be read. Figure 2 depicts a Read Only cys 
in which no change occurs in the DAC's output. This featu 
allows µPs to poll DACs for their current setting witho 
disturbing the output voltage but it assumes that the settir 
being read is also stored in EEPROM so thatit can be reston 
at the end of the read cycle. In Figure 2 CS returns low befo 
the 13th clock cycle completes. In doing so the EEPROM 
setting is reloaded into the DAC control register. Since th 
value is the same as that which had been there previously r 
change in the DAC's output is noticed. Had the value held:, 
the control register been different from that stored inEEPRO~ 
then a change would occur at the read cycle's conclusion. ' 

10 1 2 3 4 ll • 7 s • 10 11 12 

.__ ______ i! 
~~: 

~-------------» 
~CURRENTOACDATA-----+i 

Jcol+•H+olcolm>-1------~ 

X: 

• ., .: VlllZZZllll/1~,;.;r~·;i 'ZIZZO 77777771 ;.1 

ou~~; I _______ _,,,o,,,_~!tf'=:"'teu,,,~~--------~: 
NON-VOLATILE 

Figure 2. Reading from Memory 
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'EMPORARILY CHANGE OUTPUT 

'he CAT504 allows temporary changes in DAC's output to 
e made without disturbing the settings retained in EEPROM 
1emory. This feature is particularly useful when testing for a 
ew output setting and allows for user adjustment of preset or 
efault values without losing the original factory settings. Cl :a 

" 

CAT504 

10 1 2 ~ • 5 6 1 8 e 1' 11 12 -~-s 

f-"NEWDACOATA------------i 

~CURRENTDACDATA--..i 

~---'~'~''-"~'-"~'-"~'-~~'-"~''-'~''-'~! ___,,~t 

igure 3 shows the control and data signals needed to effect a 
'mporary output change. DAC settings may be changed as 
1any times as required and can be made to any of the four 
IACs in any order or sequence. The temporary setting(s) 
'main in effect long as CS remains high. When CS returns 
>W all four DACs will return to the output values stored in 
.EPROM memory. 

~-------------_,, ____ r 

\Then it is desired to save a new setting acquired using this 
oature, the new value must be reloaded into the DAC control 
'gister prior to programming. This is because the CAT504's 
iternal control circuitry discards the new data from the 
rogramming register two clock cycles after receiving it (after 
'ception is complete) if no PROG signal is received. 

J>PLICATION CIRCUITS 

CONTROL 
& DATA 

+SV 

Your 

Vour=VoAc 

Buffered DAC Output 

CONTROL 
&DATA 

+SV 

V; 

Vour 

Vour=VoAc (R;+ Rf)-V;RF 

R; 

ForR; =Rf 

Vour = 2VoAc-V; 

CONTROL 
&DATA 

DACINPUT 

MSB LSB 

1111 1111 

1000 0000 

0111 1111 

0000 0001 

0000 0000 

Bipolar DAC Output 
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CU/¥1ENT 
DACVALUE 

.,. 
OA,CVALUE 

Figure 3. Temporary Change in Output 

+SV 

Your 

Amplified DAC Output 

DACOUTPUT ANALOG 
OUTPUT 

VoAc= c::;~E (VFs- VzERO ) + VzERO 

VFS = 0.99 VREF VREF=5V 

VzERO = O.Ol VREF R1=RF 

~ (.98 VREF) + .01 VREF = .990 VREF VoUT = +4.90V 

~~~ (.98 VREF) + .01 VREF = .502 VREF vour = +o.02v 

~~~ (.98 VREF) + .01 VREF = .498 VREF VOUT = -0.02V 

2~5 (.98 VREF) + .01 VREF = .014 VREF "our= -4.BGV 

~ (.98 VREF) + .01 VREF = .010 VREF Your = -4.9oV 

• 
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APPLICATION CIRCUITS (Cont.) 

+SV VREF 

FINE ADJUST 
DAC 

GNO 

Fine adjust gives* 1 LSB change In V OFFSET 

VREF 
whenVoFFSET• - 2 -

Coarse-Fine Offset Control by Averaging DAC Outputs 
for Single Power Supply Systems 

CONTROL 
&DATA 

V+ 

1>2rnA + 

Yoo 

CAT504 LT 1029 

GND 

Digitally Trimmed Voltage Reference 
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+SY +VREF 

+V 

.y 

Coarse-Fine Offset Control by Averaging DAC Outputs 
for Dual Power Supply Systems 

CONTROL 
&DATA 

28 • 32V 

"" 10 F 

4.02K 
UJOK 10 µF 0- 25V 

35V O 1A 

Digitally Controlled Voltage Reference 
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J>PLICATION CIRCUITS (Cont.) 

,5y 

1.0!Jf 

r Yoo YREFH 
....-~....i..-=~-'-'=-~~ 

CAT504 
WINDOW1 

VREF 

WINDOW1 

DAC 1 

WINDOW2 
vour 1 

WINDOW2 
cs 

Your 2 

DAC2 

WINDOW3 WINDOW:! 

DO 

PROG 
DAC3 Your3 

WINDOW4 

WINDOW4 Your4 

CLK 
WINDOWS 

DAC4 
GND 

WINDOW 5 

WINDOW STRUCTURE 

Staircase Window Comparator 

••Y YREF YJN 

1.0IJF 

r Yoo 

CAT504 WINDOW1 
Ypp 

DAC 1 

VREFH • cs WINDOW1 

DAC2 
DI Your 1 

Yaur 2 

WINDOW2 
WINDOW2 

DO 

Yaur4 
DAC3 vour 3 

WINDOW3 

CLK 
GND J 

DAC4 
WINDOW STRUCTURE 

WINDOW3 

GND 

Overlapping Window Comparator 
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APPLICATION CIRCUITS (Cont.) 

OP AMPS= OP470 

OP AMPS= OP470 

CONTROL 
&DATA 

CONTROL 
&DATA 

LM385·2.S 

+15V ls!NK = 2 • 255 mA 

+SV 

CAT504 

1DK 1DK 

TIP30 

Current Sink with 4 Decades of Resolution 

+15V 

.SV 

Voo 

DAC 

CAT504 1 mAsteps 

DAC 

GNO 

lsoURCE :a 2 - 255 mA 

Current Source with 4 Decades of Resolution 
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J>PLICATION CIRCUITS (Cont.) 

+12V 

o----------------o-1.471-"-'----"'12 IN1 

20V 
IN52508 '-----3'1Vpp 

CHIP SELECT. 

PROGRAM 

DATA IN 

DATA OUT 

CLOCK 

Voo 19 Vz 

CAT504 1.0 pF 

47~ 
14 

11 

16 
0.22 0.22 0.22 0.22 

Vour1>-1~3--~v·v,.~~o----+---""'-I 

VouT21-1~2---'VV\~-1---.~----"'-I 

VouT3>-1~1--~v·"'~-+---t--+----'-< 

VouT41-1~0---'VV\~-1---t--+---+--""-I 

•• •• •• •• 

F 
0.47 pF 

LOUDNESS 

VOLUME 

BALANCE 

TREBLE 

BASS 

INPUT2 0--------------------l 23 
IN 2 

0.1pF~ STEREO 

22 ENHANCE 

4.7K 

Digital Stereo Control 
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+12V 

Vee ,_1_3 ___ ___ 

4 001~· 
0.39 pF 

TREB CAP 

BASS CAP 

OUTPUT 1 l-1~0-------0 OUT 1 

LM1040 

~ F 
BYPASS 

F 

OUTPUT 2 
15 

OUT2 

17 
0.39 IJF 

BASS CAP 

0.01R 
TAEB CAP 

21 

24 
GND 

GND 

• 
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:AT505 
~uadDACpot 

EATURES 

' Output settings retained without power 
' Independent Reference Inputs 
' Output range includes both supply rails 
' Programming voltage generated on-chip 
' 4 independently addressable outputs 
' Serial µP interface 
' Single supply operation: 3 - 5 Volts 

PPLICATIONS 

' Automated product calibration. 
' Remote control adjustment of equipment 
' Offset, gain and zero adjustments in Self-Calibrating 

and Adaptive Control systems. 
'Tamper-proof calibrations. 

ESCRIPTION 

he CAT505 is a quad 8 Bit Memory DAC designed as an 
"ctronic replacement for mechanical potentiometers and 
im pots. Intended for final calibration of products such as 
mcorders, fax machines and cellular telephones on automated 
gh volume production lines and systems capable of self 
libration, it is also well suited for applications were equipment 
quiring periodic adjustment is either difficult to access or 
cated in a hazardous environment. 

lJNCTIONAL DIAGRAM 

CAT505 

PROG 

CLK 

The CAT505 offers 4 independently programmable DACs 
each having its own reference inputs and each capable of rail to 
rail output swing. Output settings, stored non-volatile 
EEPROM memory, are not lost when the device is powered 
down and are automatically reinstated when power is returned. 
Each output can be dithered to test new output values without 
effecting the stored settings and stored settings can be read 
back without disturbing the DAC's output. 

Control of the CAT505 is accomplished witl1 a simple 3 wire 
serial interface. A Chip Select pin allows several CAT505s to 
share a common serial interface and communications back to 
the host controller is via a single serial data line thanks to the 
CATSOS's Tri-Stated Data Output pin. A Rdy/Bsy output 
working in concert with an internal low voltage detector 
signals proper operation of EEPROM Erase/Write cycle. 

The CAT505 operates from a single 3 - 5 volt power supply. 
The high voltage required for EEPROM Erase/Write 
operations is generated on-chip. 

The CAT505 is available in the 0 to 70° C Commercial and 
-40° C to+ 85° C Industrial operating temperature ranges and 
offered in both plastic DIP and Surface mount packages. 

PIN CONFIGURATION 

CLK 

cs ~---+-"--o VREFL2 

~---+--20--0 VREFH3 

RDY/BSY 

cs 

DI 

VREFH3 

VREFH4 

VOUT 1 

VOUT 2 

VOUT 3 

VOUT 4 

VREF L4 

VREF L3 

VREF L2 

VREF L1 

DI 

10 

GND 

16 
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CAT505 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Yoo to GND ............................................. --0.SV to +7V 
Vpp to GND ............................................ -0.SV to +22V 

Inputs 
CLK to GND ................................. --0.SV to V00 +0.SV 
CS to GND .................................... --0.SV to Yoo +O.SV 
DI to GND ..................................... --0.SV to Yoo +O.SV 
RDY/BSY to GND ........................ --0.SV to Yoo +O.SV 
PROG to GND .............................. --0.SV to Yoo +0.5V 
VREFH to GND .............................. --0.SV to Yoo +O.SV 
VREFL to GND .............................. --0.SV to Yoo +0.5V 

Outputs 
Do to GND ..................................... --0.SV to Yoo +O.SV 
VoUT 1-4toGND ........................ --0.5Vto Voo+O.SV 

Operating Ambient Temperature 
Commercial ('C' suffix) .............................. o•c to + 70°C 
Industrial ('I' suffix) ............................... - 40°C to +85°C 

Junction Temperature ................................................ + 150°C 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min Max 

VZAP(l) ESD Susceptibility 2000 
knf!l<2) Latch-Up 100 

ORDERING INFORMATION 

Device Package Temp lNLi 

CATSOSP 20 pin Plastic DIP c 1 LSBI 

CAT505PI 20 pin Plastic DIP I 1 LSBi 

CATS OS] 20pin SOIC c 1 LSB' 

CAT505JI 20pin SOIC I 1 LSB1 

Temperature: C = o•c to +70°C 
1 = - 40•c to +ss•c I 

Storage Temperature .................................. -65°C to +150°, 
Lead Soldering (10 sec max) ....................................... +300~ 

Stresses above those listed under Absolute Muimum Ratings 111 
cause permanent damage to the device. Absolute Muimum Rati11 
are limited values applied individually while other parameters j 
within specified operating conditions, and functional operation at a. 
oftheseconditionsisNOTimplied.Deviceperfurmanceandreliabil 
maybe impaired by exposure to absolute ratingconditionsfur extend 
periods of time. 

Units Test Method 

Volts MIL-STD-883, Test Method 3015 
mA ]EDEC Standard 17 

NOTES: 1. This parameter is tested initially and after a design or process change that affects the parameter. 
2. Latch-up protection is provided for stresses up ro IOOmA on address and data pins from-lV tD Voo + lV. 

DC ELECTRICAL CHARACTERISTICS: V00 = +3V to +SV ±10%, 
VREFH=Voo. 

Symbol Parameter Conditions 

Resolution 

Accuracy 
INL Integral Linearity Error lwAD=250nA, TR=C 

TR= I 
lLOAD = 1 µA, TR=C 

TR= I 
DNL Differential Linearity Error lLQAD = 250 nA, TR= c 

TR= I 
lLQAD= 1 µA, TR=C 

TR= I 
Logic Inputs 

Im Input Leakage Current VIN=Vnn 

lrL Input Leakage Current VIN=OV 
Vm High Level Input Voltage 

VIL Low Level Input Voltage 

References 

VRH VREFH Input Voltage Range 

VRL VREFL Input Voltage Range 

ZIN VREFH-VREFL Resistance 

~VIN/Rm Input Resistance Match 

Logic Outputs 

VoH High Level Output Voltage loR=-40 µA 

VoL Low Level Output Voltage loL= 1 mA, Vnn=+5V 
loL = 0.4 mA, Vnn = +3V 

11-26 

TA=25°C 
VREFL=OV. 

Min Typ 
8 

- 0.6 

- 0.6 

- 1.2 

- 1.2 

- 0.25 

- 0.25 

- 0.5 

- 0.5 

- -
- -
2 -
0 -

2.7 -
GND -
- 28K 

- ±0.5 

Vnn-0.3 -
- -
- -

Max Units 

Bits 

± 1 LSB 

± 1 LSB ' 

- LSB 

- LSB 
±0.5 LSB 

±0.5 LSB ~ 

- LSB 

- LSB 

10 µA 

-10 µA 

Vnn v 
0.8 v 

Vnn v 
Vnn-2.7 v 

- n 
±1 % 

- v 
0.4 v 
0.4 v 

: 

: 

i 

! 



: ELECTRICAL CHARACTERISTICS (Cont.): Von= +3V to +5V ±10%, 
VREFH=Voo, 

TA=25°C 
VREFL=OV 

lymbol I Parameter I Conditions 

1alog Output 
so Full-Scale Output Voltage VR = VREFH - VREFL 
:so Zero-Scale Output Voltage VR = VREFH- VREFL 

, DAC Output Load Cutrent 

~OUT DAC Output hnpedance Von= VREFH = +5V 

Von = VREFH = +3V 
'SSR Power Supply Rejection lLOAD = 1 µA 

:mperature 
~Co VouTTemperatute Coefficient Von = +5V, hoAD = 25o;;AJ 

VREFH= +5V, VREFL = OV 

~CREF Temperatute Coefficient of VREFH to VREFL 
VREF Resistance 

1werSupply 

DD Supply Cutrent (Excludes VREF) Normal Operating 

Programming, V DD = 5V 

Voo=3V 

CS=O 

'no Operating Voltage Range 

:: ELECTRICAL CHARACTERISTICS: V00 = +3V to +5V ±10%, 
VREFH=Voo. 

Symbol Parameter Conditions 

igital 

CSMIN Minimum CS Low Time 

'CSS CS Setup Time 

'CSH CS Hold Time 

DIS DI Setup Time CL= lOOpF, 

DIH DI Hold Time see note 1 

DOI Output Delay to 1 

DOO Output Delay to 0 

'HZ Output Delay to High-Z 

:rz Output Delay to Low-Z 

=BUSY Erase/Write Cycle Time 

:ps PROG Setup Time 

tpROG Minimum Pulse Width 

tCLKH Minimum CLK High Time 

tcLKL Minimum CLK Low Time 

fc Clock Frequency 

nalog 

IDS DAC Settling Time to 1 LSB CwAD = 10 pF, Von= +5V 

CwAD = 10 pF, Von= +3V 

in Capacitance 
C1N Input Capacitance VrN = OV, f= 1 MHz, (2) 

CouT Output Capacitance VouT = OV, f = 1 MHz, (2) 

10TES: 1. All timing measurement> are defined at the point of signal crossing Von/ 2. 
2. These parameters are petiodically sampled and are not 100% tested. 
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Min Typ 

0.99VR 0.995VR 

- 0.005VR 

- -
- -
- -
- -

- -

- 700 

- 18 

- 1200 

- 600 

- 300 

2.7 -

TA=25°C 
VREFL=OV. 

Min Typ 

150 -
100 -
0 -
50 -
50 -
- -
- -
- 400 

- 400 

- 3.3 

150 -
500 -
500 -
300 -
DC -

6 

8 

6 

CAT505 

Max Units 

- v 
0.lOVR v 

1 µA 

25K Q 

40K Q 

1 LSB/V 

200 1 µV/"C 

1 
- l ppm/"C 

50 µA 

2000 µA 

1200 µA 

250 µA 

5.5 v 

Max Units 

- ns 

- ns 

- ns 

- ns 

- ns 

150 ns 

150 ns 

- ns 

- ns 

5 ms • - ns 

- ns 

- ns 

- ns 

1 MHz 

10 µs 

10 µs 

pF 

pF 



r\J 
CD 

Io 

TIMING 

I MINIMAX I PARAMI 
NAME 

FROM TO 

CLK 

"'~'"" =$•W,~a''"" Min 

~l]fg; 
ICLK L Falling CLK edge to CLK rising edge Min 

ICSH Falling CLK edge for last data bit (DI) Min 
to falling CS edge 

tcss ICLKL l~ICSH 
tcss \Rising CS edge to next rising CLK edge I Min 

tcsMIN 

IDJS - edge after CS = high j I I I J -·- I Data valid to first rising CLK 

DI ~ ===-=--=-~x f- X X ~oc= Jfi1$_~-
-I IDJH I- I IDIH I Rising CLK edge to end of data valid 

ILz 

00 r 
PROG fj------~1 

1001 

tps 

IPROG 

RDYIBSY il 

lo 

tooo 1-

tooo I Rising CLK edge to DO =low 

ILZ Rising CS edge to DO becoming high 
low impedance (active output) 

~ ml'Wf HJ Itoo1 I Rising CLK edge to DO = high 
I Hz 

1-

teusv -':t-
5 

IHZ . Falling CS edge to DO becoming high 
impedance (Tri-State) 

~I::l~Jli tps Rising PROG edge to next rising 

IPROG I Rising PROG edge to falling PROG 
edge 

CLK edge 

~il,Jl1 
'1eusv JRising PROG edge to falling RDY/BSY 

edge 

Min 

Min 

Min 

Max 

(Max) 

Max 

(Max) 

Min 

Min 

Max 

?- ('") 

~ ~ ..., U'1 
0 

~ U'1 

z 
"1 
\:::) 

~ 



lN DESCRIPTION 

'in Name Function 

Maximum DAC 2 output voltage 
Maximum DAC I output voltage 

Power supply positive 

CLK Clock input pin 
RDY/BSY Ready I Busy output 

cs Chip select 
DI Serial data input pin 

DO Serial data output pin 
PROG EEPROM Programming Enable Input 

0 GND Power supply ground 
Minimum D AC I output voltage 
Minimum D AC 2 output voltage 

Mini1nu111 DAC 3 output voltage 

4 lV1inimum DAC 4 output voltage 

VouT'f DAC 4output 

6 VouT3 DAC 3 output 

VouT2 DAC 2 output 

8 VouTI DAC I output 

.9 Maximwn DAC 4 outputvoltag·e 

!O Maximwn DAC 3 output voltage 

>EVICE OPERATION 

'he CAT505 is a quad 8 bit Digital to Analog Converter 
JAC) whose outputs can be programmed to any one of 2 56 
1dividual voltage steps. Once programmed, these output 
ettings are retained in non-volatile EEPROM memory and 
rill not be lost when power is removed from the chip. Upon 
ower up the DA Cs return to the settings stored in EEPROM 
1emory. Each DAC can be written to and read from 
1dependentlywithout effecting the output voltage during the 
ead or write cycle. Each output can also be adjusted witl1out 
ltering the stored output setting, which is useful for testing 
ew output setting·s before storing them in memory. 

>IGITAL INTERFACE 

['he CAT505 employs a standard 3 wire serial control interface 
onsisting of Clock (CLK), Chip Select (CS) and Data In (DI) 
nputs. For all operations, address and data are shifted in LSB 
irst. In addition, all digital data must be preceded by a logic" l" 
" a start bit. The DAC address and data are clocked into the 
)I pin on the clock's rising edge. When sending multiple 
ilocks of information a minimum of two clock cycles is re-
1uired between the last block sent and the next start bit. 

\/Iultiple devices may share a common input data line by 
:electively activating the CS control of the desired IC. Data 
Jutputs (DO) can also share a common line because tl1e DO 
Jin is Tri-Stated and returns to a high impedance when not in 
JSe. 

CAT505 

DAC addressing is as follows: 

DACOUTPUT AO Al 

VoUTl 0 0 

VoUT2 1 0 

VoUT3 0 1 

VoUT4 1 1 

CHIP SELECT 

Chip Select (CS) enables and disables the CAT505's read and 
write operations. When CS is high data may be read to or from 
the chip, and the Data Output (DO) pin is active. Data loaded 
into the DAC control registers will remain in effect until CS 
g·oes low. Bringing CS to a logic low returns all DAC outputs 
to the settings stored in EEPROM memo1y and switches DO 
to its high impedance Tri-State mode. 

Because CS functions like a reset the CS pin has been 
desensitized witl1 a 30 ns to 90 ns filter circuit to prevent noise 
spikes from causing unwanted resets and tl1e loss of volatile 
data. 

CLOCK 

The CATS OS's clock controls botl1 data flow in and out of the 
IC and EEPROM memory cell programming. Serial data is 
shifted into the DI pin and out of the DO pin on the clock's 
rising edge. While it is not necessary for the clock to be 
running between data transfers, the clock must be operating in 
order to write to EEPROM memory, even though the data 
being saved may already be resident in tl1e DAC control 
register. 

No clock is necessary upon system power-up. The CATS OS's 
internal power-on reset circuitry loads data from EEPROM to 

the DACs without using the external clock. 

As data transfers are edge triggered clean clock transitions are 
necessary to avoid falsely clocking data into the control registers. 
Standard CMOS and TTL logic families work well in tl1is 
regard and it is recommended that any mechanical switches 
used for breadboarding or device evaluation purposes he 
de bounced by a flip-flop or otl1er suitable de bouncing circuit. 

VREF 

VREFr the voltage applied between pins VREFH &VREFL, sets 
theDAC's Zero to Full Scale output range where V REFL =Zero 
and VREFH =Full Scale. VREF can span the full power supply 
range or just a fraction of it. In typical applications V REFH 
&VREFL are connected across the power supply rails. When 
using less than the full supply voltage be mindfull of the limits 
placed on VREFH and VREFL as specified in the References 
section of DC Electrical Characteristics. 
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CAT505 

READY/BUSY 

When saving data to non-volatile EEPROM memory, the 
Ready/Busy ouput (RDY/BSY) signals the start and duration 
of the EEPROM erase/write cycle. Upon receiving a com
mand to store data (PROG goes high) RDY/BSY goes low and 
remains low until the programming cycle is complete. During 
this time the CAT505 will ignore any data appearing atDI and 
no data will be output on DO. 

RDY/BSY is internally ANDed with a low voltage detector 
circuit monitoring VDD. IfVDD is below the minimum value 
required for EEPROM programming, RDY /BSY will remain 
high following the program command indicating a failure to 
record the desired data in non-volatile memory. 

DATA OUTPUT 

Data is output serially by the CAT505, LSB first, via the Data 
Out (DO) pin following the reception of a start bit and two 
address bits by the Data Input (DI). DO becomes active 
whenever CS goes high and resumes its high impedance Tri
State mode when CS remrns low. Tri-Stating the DO pin 
allows several 505s to share a single serial data line and 
simplifies interfacing multiple 505s to a microprocessor. 

WRITING TO MEMORY 

Programming the CATSOS's EEPROM memory is accom
plished through the control signals: Chip Select (CS) and 
ProgTam (PROG). With CS high, a start bit followed by a two 
bit DAC address and eight data bits are clocked into the DAC 
control register via the DI pin. Data enters on the clock's rising 
edge. The DAC output changes to its new setting on the clock 
cycle following D7, the last data bit. 

10 1 1 3 4 5 l 7 I ll 10 11 12 

!+--NEW OAC DATA---+! 

" ~_J 'H..fc•Ho•j coj,.j.,.jooj01I 

DAO 
OUTPUT 

!+--CURRENT DAC DATA-------! 

1·1~1·1·1·1·1·1 01 1 

aJffRENT 
DAC VALUE 

N~VOU.TILE 

Figure 1. Writing to Memory 

N N+1 N+2 

Programming is accomplished by bringing PROG higi 
sometime after the start bitand atleast 150 ns prior to the risin 
edge of the clock cycle immediately following the D7 bit. Tw 
clock cycles after the D7 bit the DAC control register will b 
ready to receive the nextsetofaddress and data bits. The doc 
must be kept running throughout the programming cycl( 
Internal control circuitry takes care of generating and ram pin! 
up theprogrammingvoltagefordata transfer to the EEPROll 
cells. TheCAT505'sEEPROMmemorycellswillendureove 
100,000 write cycles and will retain data for a minimum of 2 
years without being refreshed. 

READING DATA 

Each time data is transferred into a DAC control registe 
currently held data is shifted out via the DI pin, thus in ever 
data transaction a read cycle occurs. Note, however, that th 
reading process is destructive. Data must be removed from th 
register in order to be read. Figure 2 depicts a Read Only cycl 
in which no change occurs in the DAC's output. This featur: 
allows µPs to poll DACs for their current setting withou 
disturbing the output voltage but it assumes that the settin1 
being read is also stored in EEPROM so that it can be restore<, 
at the end of the read cycle. In Figure 2 CS returns low befor: 
the nth clock cycle completes. In doing so the EEPROM' 
setting is reloaded into the DAC control register. Since thi 
value is the same as that which had been there previously ni 
change in the DAC's output is noticed. Had the value held i1 
the control register beendifferentfrom that stored inEEPROlV 
then a change would occur at the read cycle's conclusion. 

DAC 
OUTPUT 

10 1 1 3 4 5 I 7 I ll 10 11 12 

~· 
~------::-

§1 

~--------------------~ 

CURRENT 
QACVALUE 

Figure 2. Reading from Memory 
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EMPORARILY CHANGE OUTPUT 

he CAT505 allows temporary changes in DAC's output to 
'made without disturbing the settings retained in EEPROM 
emory. This feature is particularly useful when testing for a 
:w output setting and allows for user adjustment of preset or 
:fault values without losing the original factory settings. 

[gure 3 shows the control and data signals needed to effect a 
mporary output change. DAC settings may be changed as 
1any times as required and can be made to any of the four 
1ACs in any order or sequence. The temporary setting(s) 
:main in effect long as CS remains high. When CS returns 
•w all four DACs will return to the output values stored in 
EPROM memory. 

i!hen it is desired to save a new setting acquired using this 
:ature, the new value must be reloaded into the DAC control 
ogister prior to programming. This is because the CAT505's 
1ternal control circuitry discards from the programming 
'gister the new data two clock cycles after receiving it if no 
ROG signal is received. 

J>PLICATION CIRCUITS 

CONTROL 
&DATA 

•SY 

Buffered DAC Output 

CONTROL 
&DATA 

+SY 

CAT505 

GND 
-15Y 

VouT=VoAC (Rt+ RF)-V1 RF 

R1 

For R1 =RF 
VouT = 2V0Ac-V1 

CAT505 

10 1 2 3 • 6 S 7 8 9 10 11 12 

r------NEW OAC OATA--------1 

)4-----cuRAENT OAC DATA_______., 

]--, l++l+·l+·H 
:-:~ 

*~----------------</----- :::: 

DAC ~l~ 
OUTPUT :::;. 

CURRENT 
OAC VALUE 

NEW CURRENT ;{; 
OACVALUE OACVALUE ~:; 
VOLATILE 

Figure 3. Temporary Change in Output 

CONTROL 
&DATA 

DAC INPUT 

MSB LSB 

1111 1111 

1DDO ODDO 

0111 1111 

ODDO ODD1 

ODDO ODDO 

+SY 

Amplified DAC Output 

DAC OUTPUT ANALOG 
OUTPUT 

YoAc= ~ (YFS" YzERO) + YzERO 

YFs= 0,99 YREF YREF" SY 

YzERO = O.Ol YREF R1= RF 

~ (.98 YREF) + .01 YREF = .990 YREF Your • +4.90Y 

¥st (.98 YREF) + .01 YREF = .502 YREF Your= +o.02Y 

fst (.98 YREF) + .01 YREF = .498 YREF YOUT = -0.02Y 

iss (.98 YREF) + .01 YREF = .014 YREF YOUT = -4.86Y 

-fss (.98 YREF) + .01 YREF = .010 YREF Your. -4.9DY 

Bipolar DAC Output 
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CAT505 

APPLICATION CIRCUITS (Cont.) 

GND 

YREF 
Rc•256•1 pA 

Fine ad)ust glv .. :1: 1 LSB change In V OFFSET 

YREF 
when VoFFSET· -.-

Coarse-Fine Offset Control by Averaging DAC Outputs 
for Single Power Supply Systems 

CONTROL 
&DATA 

Y+ 

1>2mA + 

Yoo 
YREF" 5.000Y 

CAT505 LT 1029 

GND 

Digitally Trimmed Voltage Reference 
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+SY +VREF 

R = (·VREf}+ {VOFFSET+) 
0 1 flA 

+V 

.y 

Coarse-Fine Offset Control by Averaging DAC Outputs 
for Dual Power Supply Systems 

CONlROL 
&DATA 

28- 32Y 

ISK 
10 

1011f 0-2SV 
3'V 01A 

Digitally Controlled Voltage Reference 



CAT505 

?PLICATION CIRCUITS (Cont.) 

.SY VREF YIN 

1.0µF r Yoo WINOOW1 
VREF 

CAT505 
Ypp WINDOW1 

DAC 1 

WINDOW2 VOUT 1 

WINDOW 2 
cs 

Vou1 2 

DI 
DAC2 

WINDOW:I WINDOW 3 

DO 

Vaur 3 
PAOG 

DAC3 
WINDOW4 

WINOOW4 Vour 4 

CLK 
WINDOWS 

DAC4 
GND 

WINDOWS 

WINDOW STRUCTURE 
GND 

Staircase Window Comparator 

,5y VREF 

1.0 µF r Yoo 

CAT505 
Ypp 

DAC 1 II 
cs WINOOW1 

DI 
DAC2 

Your 2 

WINDOW2 
DO 

PROG 
DAC3 

vour 4 

VOUT 3 .t. 
WINDOWJ 

CLK 
GND 

DAC4 
WINDOW STRUCTURE 

GNO 

Overlapping Window Comparator 
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APPLICATION CIRCUITS (Cont.) 

OP AMPS= OP470 

CONTROL 
&DATA 

CONTROL 
&DATA 

OP AMPS= OP470 

LM385-2.5 

+1SV 
lslNK = 2 - 255 mA 

CATSOS 

DAC 

GND 

10K 10K 

Current Sink with 4 Decades of Resolution 

+tSV 

+SV 

DAC 

CAT505 

DAC 

lsoURCE = 2 - 255 mA 

Current Source with 4 Decades of Resolution 
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~ELIMINARY 

::AT506 
~ Bit, 40MHz DI A Converter 

:ATURES 

25 ns maximum settling time (112 LSB) 
40 MHz update rate 
112 LSB Integral Non-Linearity 
112 LSB Differential Non-Linearity 
2 5 ppm/°C internal voltage reference 
Low Power Bi CMOS construction 
Single Supply operation ( +5 V) 

>PLICATIONS 

Arbitrary Waveform Generators 
Direct Digital Synthesis (DDS) 
High Resolution AID Converters 
Automatic Test Equipment 
High Definition Video 

JNCTIONAL DIAGRAM 

CAT506 

12-BIT n--~~-.. 
DATA ; 

BUS u-1.,..,9-.-...,_, 

DATA 
REGISTER 

:LOCK o--2"-+---~ 

24 

FSADJUST 

12-BITDAC 

DESCRIPTION 

The CAT506 is a monolithic 12 bit current output DIA 
converter designed for precision high speed data conversion 
applications. Powered from a single +5 Volt supply the 
CAT506 will source 40 mA of current into a 25 Ohm load at 
clock speeds of 40 MHz while maintaining 112 LSB accuracy. 
Settling time is 25 ns to .012% of Full Scale. 

Fabricated in a 2.0 micron BiCMOS process, the CAT506 
incorporate on-chip EEPROM driven trim circuitry for factory 
correction of all silicon and package induced errors. Gain error 
is adjusted to below <0.2 % and linearity to .012 % . Monotocity 
is guaranteed over the full operating temperature range. The 
CATS06 includes an on-chip voltage reference which is 
EEPROM trimmed to achieve a typical drift with temperature 
of 2 S pprn/°C. 

The CAT506 is pin compatible with Brooktree's Bt 105 while 
offering significantly improved performance. Packaged in 
Ceramic DIPs the CAT506 is specified for operation over the 
0°C to +70°C Commercial temperature range. 

PIN CONFIGURATION 

3, 4, 22, 23 

~---+--<.> IREF 

>-~11--------1i-=--ocoMP 

5, 7, 21 

GND 
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CAT506 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Vs to GND ................................................. -0.SV to +7V 

Inputs 
Do-D11 to GND .................... c ••••••••••• -0.SV to Vs +O.SV 
FSADJUST to GND ............................. -0.SV to Vs +O.SV 
COMP to GND ................................ -0.SV to Vs +O.SV 
CLOCK to GND .............................. --0.SV to Vs +O.SV 
IREF ...................................................................... ±10 mA 

Outputs 
Analog Output Current CioUT) ............................. 50 mA 
Analog Output Voltage CioUT) ........ Vs- 7V to Vs• O.SV 
Analog Output Short Circuit Duration ............... Infinite 

Operating Ambient Temperature 
Commercial ('C' suffix) .............................. 0°C to +70°C 

Storage Temperature .................................. -65°C to +150°C 
Lead Soldering (10 sec max) ....................................... +300°C 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min Max 

VZAP(l) ESD Susceptibility 2000 
IL1n(l)(Z) Latch-Up 100 

PRELIMINAF 

ORDERING INFORMATION 

Device Package Temp INL! 
I 

CAT506AC 24 pin Ceramic DIP c 112 LSI 

CAT506BC 24 pin Ceramic DIP c 1 LSE 

Temperature: C = 0°C to +70°C 

Stresses above those listed under Absolute Maximum Ratings rr 
cause permanent damage to the device. Absolute Maximum Ratiu 
are limited values applied individually while other parameters : 
within specified operating conditions, and functional operation at a 
of these conditionsifNOTimplied. Device performance andreliabil 
may be impaired by exposure to absolute rating conditions for exteni 
periods of time. 

Units Test Method 

Volts MIL-STD-883, Test Method 3015 
mA JEDEC Standard 17 

NOTES: 1. This parameter is tested initially and after a design or process change that affects the parameter. 
2. Latch-up protection is provided for stresses up to IOOmA on address and data pins from -IV to Vs+ IV. 

DC ELECTRICAL CHARACTERISTICS: Vs= +5V ±0.25V; TA=0°Cto +70°C; loUT(FS) =40mA 

Symbol Parameter Conditions Min Typ Max Units 

Resolution 12 Bits 

Accuracy 

INL Iotegral Linearity Error CAT506A - - ±112 LSB 
CAT506B - - ±1 LSB 

DNL Differential Linearity Error - - ±112 LSB 
Zero Of!Set Error - - 1.0 µA 

Gain Error Ioternal Reference - ±0.15 ±0.3 %FS 
External Reference - - ±1.0 %FS 

Monotocity Guaranteed 

Coding 

lo UT Do-D11 = 0 0 

I Full~cale I lo UT Do-D11 = 1 

Data Inputs 

Vrn High Level Ioput Voltage 2 - - v 
V1L Low Level Ioput Voltage - - 0.8 v 
Irn High Level Ioput Current VIN= 2.4V - - 1.0 µA 

l1L Low Level Ioput Current VIN= 0.4V - - -1.0 µA 

Analog Output 

lo UT Output Current 10 - 40 mA 

VoUT Output Compliance -1.0 - +1.0 v 
Ro UT Output Impedance - 1 - Mn 

TCGAIN Gain Temperature Coefficient - - 30 ppm/°C 
Reference 

lREF(Pin I) Operating Voltage Range -0.3 0.68 1.0 v 
VREF Ioternal Reference Voltage 0.67 0.68 0.69 v 
TCVREF Temperature Coefficient - +25 - ppm/"C 
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~ELIMINARY CAT506 

C ELECTRICAL CHARACTERISTICS (Cont.): Vs= +SV ±0.25V; TA= 0°Cto +70°C; IoUT (FS) =40mA 

)ymbol Parameter Conditions Min 

l)Wer Supply 
Vs Supply Voltage Range 4.5 

Is Supply Current 40 MHz, IoUT = 40 mA -
~SRR Power Supply Rejection Ratio COMP= 0.01 µF, -

f= 1 kHz 

C ELECTRICAL CHARACTERISTICS: Vs= SV ±0.25V; RL = 25n; 
Logic inputs: OV-3V; t, and tf < 3 ns; 

)ymbol Parameter Conditions Min 

1ata Inputs 

fMAx Register Clock Rate -
tee Clock Cycle Time 25 

tpWH Clock Pulse Width High Time 10 

tpwL Clock Pulse Width Low Time 10 

tDS Data Setup Time 10 

tDH Data Hold Time 2 

Pipeline Delay CAT506 Only 1 

nalog Output 
ton Output Delay -
tR Output Rise Time -
tf Output Fall Time -
tos<1l Output Settling Time To 0.012% ofFS -

To 0.025% ofFS -
To 0.10% ofFS -

Clock and Data Feedthrough(l) -
Glitch Impulse<1l -
Differential Gain Error -
Differential Phase Error -

SIN AD fcLK= 20MHz foUT = 500 KHz -
foUT= !MHz -

fcLK= 5 MHz foUT = 500 KHz -
foUT= !MHz -

'in Capacitance 
CIN Input Capacitance, Do-D11, CLK VrN = 2.4V, f = 1 MHz 

Co UT Output Capacitance, Pin 6 IoUT = 0 mA, f= 1 MHz 

Typ Max 

5 6 
60 75 

0.02 0.5 

loUT (FS) = 40 mA. 
TA= 0°C to + 70°C. 

Typ Max 

- 40 

- -

- -

- -
- -
- -
1 1 

18 -
5 -
5 -

22 35 

20 30 

12 25 

-40 -
100 -
1.5 -
1.5 -
59 -
58 -
65 -
64 -

10 

25 

Units 

v 
mA 

%/%/I.Vs 

Units 

MHz 

ns 

ns 

ns 
--

ns 

ns 

Clock 

ns 

ns 

ns 

ns 

ns 

ns 

dB 

pV-sec 

%FS 

Degrees 

dB 

dB 

dB 

dB 

pF 

pF 

TOTES: 1. Clock and Dat.a feedthrough is function of the mag·nirude of overshoot and undershoot on the digital inputs. While testing, the digital inputs 
have a lk ohm resistor connected to the regular PCB g'l'oun<l plane and are driven by 74 HC logic. Clock and data feedthrough are exch1<led 
from the settling time, where as they are included in g·litch impulse. (Test bandwidth= 100 MHz.) 
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CAT506 

AC TIMING DIAGRAM 

CAT506 

1PWL - 1PWL - 1PWH - 1PWH 

- 'cc - 1cc 

Do-D4 DATA 

1os -- 1os 

1DH - 1DH 

1our 

100 100 

1os 
1os 

1our 

IR IR 

'1 

IF 
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PRELIMINAR 

MEASURED 
FROM TO 

MIN 
MAX 

FROM: 50% point of 
falling edge 

Min 

TO: 50% point of 
rising edge 

FROM: 50% point of 
rising edge 

Min 

TO: 50% point of 
falling edge 

FROM: 50% point of Min 
rising edge 

TO: 50% point of 
next rising edge 

FROM: Data valid Min 
TO: ~l~~·kf.o~:~~f 

rising edge 

FROM: End of t08 period Min 

TO: data invalid 

FROM: ~~~·kf.oint of Max 

TO: 
rising edge 
50% of FS output 

FROM: 50% of FS output Max 
TO: Output within 

allowed 
error band 
(1/2 LSB or 1 LSB) 

FROM: 10% point of FS Max 
output 

TO: 90% point of FS 
output 

FROM: 90% point of FS Max 
output 

TO: 1 0% point of FS 
output 
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:tELIMINARY CAT506 

NS 

nNo. Name Function 

lREF Reference Current Output. The DAC's full scale output current is set by lREF, which is nonnaly 
connected to FSADJUST and a resistor, RsET· The full scale output current is then determined by the 
value of RsET 

COMP Compensation pin. This pin must be connected to the Vs pin through a ceram.ic capacitor. This 
capacitor provides power supply noise rejection and reduces the random noise of the internal bandgap 
reference. The capacitor can be between 0.01 µF and 0.1 µF, with O.OlµF being the recommended value. 
When an external reference voltage is used COMP is used in conjunction with FSADJUST to set lREF· 

4,22,23 Vs The positive supply voltage, nominally +5V. 
7,21 GND Ground return for all signals (digital and analog) and Vs. 

lo UT Analog Current Output. This high impedance current source is capable of sourcing up to 40 mA of 
current. 

19 Do-D11 TTL compatible Data Inputs. Pin Do is the least significant data bit. For CAT506, the inputs are latched 
on the rising edge of clock. All unused inputs must be tied to Vs or GND. 

Clock Clock Input for CAT506. The rising edge of Clock latches the Do-D11 inputs. Ideally, this pin should be 
driven by a dedicated TTL/CMOS buffer. 

FSADJUST Full Scale Adjust Control. When the internal reference voltage is used, the full scale output current is 
controlled by the resistor RsET, connected between this input pin and GND. When an external voltage 
reference is used, FSADJUST is tied to Vs. 

ERMS AND DEFINITIONS 

ifferential Non-Linearity (DNL): The maximum devia
m from an ideal LSB step, between any two adjacent output 
vels. A DNL error more negative than -lLSB implies non
onotonic output performance. 

ill Scale Output Current: The output current at lout 
suiting from all l's at the data inputs. 

ai.n Error: The variation in the slope (gain) of the transfer 
nction of a converter with respect to an established ideal 
ansfer function. This error is expressed in% ofFS (Full Scale) 

LSB, when all bits are on, and may be eliminated by 
!justing the reference current applied to the device. 

litch Impulse Area: The analog output transient occurring 
:tween two adjacent codes as a result of uneqnal turn-on and 
.rn-off times for the internal current sources. Glitch impulse 
calculated as the area of the largest excursion, about the final 
Line, and is specified as the net area of the glitch inn V-sec or 
"-sec. 

itegral Non-Linearity (INL): The maximum deviation be
veen the actual output level and a best straight line fit. This 
[eludes gain and offset errors. 

Least-Significant Bit (LSB): The ideal output increment 
between two adjacent codes. Also, the data bit with the smallest 
effect on the output level. 

Monotonicity: Implies that for an increase in digital code 
value that the output will either increase or remain unchanged. 
In mathematical terms the output is a single valued function of 
the input code, and the derivative of the output transfer 
function must not change signs. 

Most-Significant Bit (MSB):The data bit with the largest • 
effect on the output level. The MSB, for a linear DAC output, 
ideally equals the combined outputweightof all other data bits, 
plus 1 LSB. 

Offset Error: The deviation of the analog output from the 
ideal (OV or OmA) when the inputs are set to all Os is called 
unipolar offset error. 

Output Compliance Range: The output voltage range over 
which a stated linearity specification is maintained. Integral 
linearity errors tend to be exaggerated with increasing output 
voltage levels. 
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CAT506 

CURRENT~VOLTAGEOUTPUT 

The CAT506 has been carefully designed to work equally well 
in both cnrrent and voltage output applications, a claim not all 
DACs can make. When using other DACs, designers may be 
forced to use additional circuitry or be obliged to accept 
reduced performance when voltage output is required. 

Figh speed DACs give their best performance in current 
output mode. This is because in current output operation the 
DAC's output is tied to a summing junction, such as the 
negative input of an op amp, and feedback around the op amp 
holds the junction voltage constant (usually 0 volts). Since no 
voltage change occurs at the DAC's output the DAC is 
uneffected by load resistance, RL , or any other impedances 
internal or external to the DAC. 

When generating a voltage output, however, RL can have a 
significant effect on the DA C's performance. The problem is 
caused by the DAC's own output impedance. As shown in Fig 1 
a DA C's output can be modeled as a current source in parallel 
with an internal resistance. When an externalload is connected 
to I0 UT, it is in parallel with the internal resistance and the 
<lctual load seen by the DAC is the combination of their values. 
In developing an output voltage, IouT is split between internal 
and external loads, producing an apparent error in Vo UT. The 
degree of error is determined by the ratio ofRL to the internal 
shunt resistance. For ideal current sources the shunt resistance 
is infinite, but in typical high speed DACs it ranges from 200 
to 20,000 Q. This will produce asignificantloading effect, even 
with the 50 Q or 2 5 Q loads commonly used in high speed 
systems. 

To combat this problem, Catalyst has taken special care to 

create a true current source output structure for the CAT506. 
The 1 MQ output impedance of the CAT506 frees designers 
from concerns about voltage induced errors and voltage out
puts can be had with no penalty in performance. 

Figure 1. DAC Output Equivalent Circuit 

OUTPUT VOLTAGE COMPLIANCE 

The maximum voltage that may be realized at the DAC's 
output, while maintaining rated accuracy and performance, is 

PRELIMINAR 

1.0 volts. Care should be taken when selecting RL and Iovr 
that the resulting Full Scale voltage does not exceed this 
value. Also, when operating into a summing junction 
(current mode), be sure the DC voltage of the summing 
node is below 1.0 volts. 

BUFFERED VOLTAGE OUTPUTS 

For applications requiring output voltages greater than 
volts a buffering amplifier will be required. Figure 2 illustrat 
a typical buffered output application. 

...I1I1.. 

Figure 2. Buffer Voltage Output 0 to +2.5V 

FULL SCALE ADJUST 

The CAT506 output can be adjusted for any desired le\, 
between 0 - l .OV or 0 - 40 mA via the FS ADJUST pin. Referrii 
to Figure 3,IREF, whichsetstheDAC'sFull Scaleoutputcurrei 
is controlled by op amp Al. The controlloop is configured so tl1 
Al will maintain a constant 0.68 volts at the FSADJUST pin. " 
IREF has a maximum compliance voltage of l.Ovolts, it is best 
useRTRIM as avariableresistorinserieswithRsETand tieFS ADJU: 
directly to IREF· This avoids the possibility of the voltage acre, 
the combination ofRTRIMand RsET exceeding IREF's complian 
range. 

0.68V 
VOLTAGE 

REFERENCE 

DAC 
'our 

COMP 

Figure 3. FSADJUST Equivalent Circuit 
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'RELIMINARY 

JSINGTHEINTERNAL VOLTAGE REFERENCE 

c precision voltage reference is provided by the CAT506 to 
llow for easy adjustment and control ofIREF, which sets the 
>AC full scale output current, loUT· The relationship be

;veen loUT and IREF is: 

loUT = 7.892 * IREF 

'.sET is then calculated from the equation: 

7.892 *VREF 
RsET = ------

lo UT 

l\lhere VREF = 0.68 V. 

0.68V 
VOLTAGE 

REFERENCE 

DAC 

CAT506 

The internal reference is factory trimmed to compensate for 
variations in the transfer ratio ofIREFto loUT, making the full 
scale output voltage accurate to within 0.3 % for the transfer 
function: 

RL 
VoUT= 5.367 * 

Rs ET 

Full scale outputvoltagevariation from device to device will be 
±0.3 % when there is perfect tracking between the load and 
reference current resistors. For optimum performance, RsET 
and RL should be a trimmed resistor network with ratio track
ing better than ±0.1 % and temperature coefficient tracking 
better than 5 ppm/0 C. 

FSADJUST 

1ouT 

COMP 

+5V 

MP5010NT 

• These resistors must thermally 
track each other 

Figure 4a. External Voltage Reference, Single Supply 
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CAT506 

USING AN EXTERNAL VOLTAGE REFERENCE 

The precision voltage reference contained in the CAT506 is 
factorytrimmedbyEEPROMcircuitrytoguaranteeamaximum 
temperature drift of 10 ppm/ 0 C. For most applications this is 
more than adequate, however, there may arise occasions when 
system requirements dictate that an external reference be used. 
In such cases the on-chip reference can be disabled and control 
of IREF can be taken off chip. 

When using an external reference, the control amplifier's 
offset and offset drift can not be ignored. The DI A's output 
stability is dependent upon not only the reference but the 
control circuitry around it. For this reason it is recommended 
that the control amplifier be of the ultra low offset variety, 
typically< 25µV with a drift ofless than 0.1 µV/°C. 

Figure 4a shows an example of the CAT506 being used with an 
external reference in a single supply application. In this circuit, 
a low drift 1.2 V bandgap reference has been chosen and its 
voltage divided to 0.8 V by a pair of resistors. This is done to 
insure that IREF does not exceed its voltage compliance range. 
The op amp, a low drift chopper stabilized type, replaces the 
internal control amplifier, which has been de-activated by 
tying FSADJUST to the positive supply rail. Control ofIREF is 
effected through the COMP pin which adds an inversion to the 
control loop (lREF current increases as 
V COMP -> 0 V). 

0.68V 
VOLTAGE 

REFERENCE 

DAC 

PRELIMINAR' 

A simpler circuit can be used to incorporate an external voltag 
reference if a negative supply voltage is available, as shown i1 
Figure 4b. Here, a precision - lOV reference and RsET com 
bine with the CAT506's internal reference and amplifier to se 
and control IREF· VREF becomes the sum of the internal an\ 
external references, and RsET is calculated from the equatioi, 

VREF + 0.68 
RsET 7 .892 * -----

lo UT 

Since VREF is now the sum of the two references, a large valm 
voltage is chosen for the external reference so that its charac 
teristics will be dominant. Any noise or drift exhibited by th1 
internal reference is now reduced in its effect by the ratio of th1 
two reference voltages. 

The internal reference is not precisely 0 .68 V, as stated in the 
equation above, because itis factory adjusted to compensate fo 
variations in the current transfer ratio of loUT to IREF· T< 
compensate for this, the external voltage reference can be 
offest by a corresponding amount using the Fine Adjustmen 
feature. For references without this adjustment feature, RsEl 
can be trimmed instead. 

lour 

COMP 

FSADJUST 

+5V 

10.1µF 

·10.000V 

FINE ADJUST CAT 
2701 

·15V 

Figure 4b. External Voltage Reference, Dual Supply 

11-42 



>RELIMINARY 

:UPPLY DECOUPLING 

t is essential to decouple the power and ground supply lines 
rom the system's main power bus. This prevents glitches and 
oise spikes generated elsewhere in the system from getting 
1to the DAC and showing up on its output. 

CAT506 

Decoupling is best achieved through a filter network placed in 
series with the DAC's power supply lines. The filter is 
comprised of two inductors, one in each supply line, combined 
with several bypass capacitors. An example of this is shown in 
Figure 5. 

COMP ,---------- Vs +SV 

Vour 

COMPONENT 

c6 

Ci 
C4,C5 

C1,C3 

R1 

L1,L2 

R2 

RTRIM 

Vs ____ : ,--------·Vs 

Vs·- - - __ : 

GND- - - - - - -' 

lour 
CAT 
506 

GND 

D11 

D10 

Dg 

De 

D1 

DESCRIPTION 

0.1 µF Ceramic Capacitor 

0.01 µF Ceramic Capacitor 

0.01 µF Ceramic Chip Capacitor 

22 µF Tantalum Capacitor 

24.90 1 % Metal Film Resistor 

Ferrite Bead 

12101% Met.al Film Resistor 

500 Cermet Trim Pot 

GND 

CLOCK 

Do 

D1 

D2 

D3 

D4 

Ds 

D5 

NOTES 
I. C4 and C5 should be located as 

close to che IC as possible. 
2. All GND pins are tied together. 
3. All VS pins are tied together. 

SUPPLIER PART NUMBER 

Erie RPEIJ2Z5U104M50V 

Erie RPEl !OZ5U103M50V 

Johanson Dielectrics X7R500S4!W!OJKP 

Mallory CSRIJG226KM 

Dale CMF-55C 

Fair-Rite 2743001111 

Dale CMF-55C 

Bourns 3386W 

Figure 5. Typical Application: Unbuffered Voltage Output, 0- lV 
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CAT506 

SUPPLY CURRENT 

The maximum supply current drawn by the CAT506 can be 
calculated from the equation: 

IS = Full Scale Output Current (in mA) + 
l .2mA per MHz of operating speed. 

P.C. BOARD LAYOur 

Combining high speed with high precision presents a formi
dable challenge to system designers. Proper RF techniques 
must be used in board design, device selection, supply bypass
ing, grounding and measurement if optimum performance is 
to be realized. 

BYPASS CAPACITORS 

The most important external components associated with any 
high-speed design are the power supply bypass capacitors. 
Selection and placement of these capacitors is critical, and to a 
large extent, dependent upon the specifics of the system's 
configuration. The key consideration in selection of bypass 
capacitors is minimization of series resistance and inductance. 
Many capacitors will begin to look inductive at 20 MHz and 
above. Ceramic and metal film capacitors generally feature 
lower series inductance than the tantalum or electrolytic types. 

Bypass capacitors should be installed on the printed circnit 
board as close to the IC as is physically possible, and with the 
shortest possible leads in order to minimize series lead induc
tance. Chip capacitors are optimal in this respect and thus 
highly recommended. 

PRELIMINAR' 

CRITICAL CONNECTIONS 

In using the CAT506 it is of the utmost importance to be sut 
all Vs and GND pins are connected to to their respecti~ 
supplies. Failure to do so will result in improper DAC oped 
tion, and may result in damage to the IC. ' 

HIGH-SPEED INTERCONNECT 

Itis essential that care be taken in the signal and power groun 
circuits to avoidinducingextraneousvoltage drops in the sign: 
ground paths. All connections should be short and direct an 
as physically close to the package as possible. Auy conductio 
path shared by external components should be minimize< 
When runs exceed an inch or so in length, some type tenninc 
tion resistor may be required. This is true of both the analo 
and digital sections. For digital signals the termination resistc 
will be dependent upon the logic family used. 

Ground planes should be connected at or near the DAC. Car 
should be taken to insure that the ground plane is uninterrupte 
over crucial signal paths. On the digital side, this includes th 
DAC output signal as well as the supply feeders. The use c 
wide runs or planes in the routing of power lines is als 
recommended. This serves the dual function of providing a lo' 
series impedance power supply to the part as well as providin 
some "free" capacitive decoupling to the appropriate groun 
plane. 

For maximum AC performance, the DAC should be mounte 
directly to the circuit board; sockets should not be used as the 
increase lead inductance and capacitance. Auy additional lea 
inductance or capacitance at the supply pins can serious! 
undermine dynamic performance. Even Teflon or "pin" sock 
ets can create unwanted results, so soldering directly to th. 
circuit board is highly recommended. 
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RELIMINARY CAT506 ,1 
i·~ 
:' ~~ 

1i 

11 

1t 
0.47 µH I.~. 

+5V !ii 
10k 

27 22 µF 

35 GNO 
SINE 0.1µF~ 1 µF~ i1 31 43 

COSINE COSINE Voo 
52 
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RELIMINARY 

:AT507 
5V Precision Reference 

~ATURES 

+5.000V Output± 0.3 % 

Output Adjustment Range of> ± 3 % 

Excellent Temperature Stability < 3 ppm/cc 

Output Sinks and Sources> 10 mA 

PPLICATIONS 

AID and D/ A Converters 

V IF Converters 

Bridge Excitation 

General Purpose System Reference 

lJNCTIONAL DIAGRAM 

2 

CAT507 

TRIM 

8 

4 5 7 

GND NOISE TRIM 
REDUCTION 

DESCRIPTION 

The CAT507 is a precision +SV reference based upon a buried 
zener diode which eliminates the noise and stability problems 
associated with surface devices. The output is pretrimmed 
using Catalyst's on-chip EEPROM driven trim circuitry to± 
0.3 % accuracy with a temperature drift of less than 3 ppm/0 C. 
Even greater accuracy may be had through the use of the trim 
pins provided on the CAT507. Trim allows for an output 
adjustment of ± 6% without exacting the usual penalty in 
temperatnre stability. For noise sensitive applications the 
CAT507 offers a Noise Reduction pin which further reduces 
the noise generated by the buried zener. These featnres 
combined with the CAT507's ability to source and sink more 
than 10 mA of current make it an excellent choice as a system 
reference in a broad range of applications. 

The CAT507 is offered in both plastic and ceramic DIPs for 
operation over the Commercial 0 to+ 70 cc and the Industrial 
-40cC to +85°C temperature ranges. 
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CAT507 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Vs to GND ................................................. -0.SV to 18V 

Inputs 
Trim ................................................... -0.SV to Vs +0.5V 
Noise Reduction ................................ -0.5V to Vs +0.5V 

Output 
VoUT ................................................................... -0.SVto Vs+0.5V 
loUT ................................................................................................ 25mA 

Output Short Circuit Duration .................................. Infinite 
Operating Ambient Temperature 

Industrial ('I' Suffix) ............................... -40°C to +85°C 
Commercial ('C' Suffix) ............................. 0°C to +70°C 

Storage Temperature .................................. -65°C to +150°C 
Lead Soldering (10 sec max) ....................................... +300°C 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min Max 
VZAP(l) ESD Susceptibility 2000 
ILTH(l)(i) Latch-Up 100 

PRELIMINAR 

ORDERING INFORMATION 

Device Package Temp Outpu 

CAT507_P 8 pin Plastic DIP c s.ooov 
CAT507_PI 8 pin Plastic DIP I 5.ooov 
CAT507_DI 8 pinCerDIP I 5.ooov 
Temperature: C = 0°C to +70°C 

I = -40°C to +85°C 

Stresses above those listed under Absolute Maximum Ratings ~ 
cause permanent damage to the device. Absolute Maximum Ratin 
are limited values applied individually while other parameters ' 
within specified operating conditions, and functional operation at a 
of these conditions is NOT implied. Device performance andreliabil 
may be impaired by exposure to absolute rating· conditions for extend 
periods of time. 

Units Test Method 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 
. .. 

NOTES: !. This paramerer IS tesred lllltially and after a design or process change that affects the parameter . 
2. Latch-up protection is provided for stresses up to IOOmA on address and data pins from-IV to Vs+ IV. 

DC ELECTRICAL CHARACTERISTICS: Vs= +15V; Tp 25°C 

Symbol Parameter Conditions Min Typ Max Units 

Vo UT Output Voltage lwAD=0, "A" Suffix 4.985 5.000 5.015 v 
"B" Suffix 4.975 5.000 5.025 v 

~Vo Output Voltage Adjustment Range RTRIM= !Okn ±3 ±6 - % 

TCVo Output Voltage Temp Coefficient "A" Suffix - - ±3 ppm/"C 

"B" Suffix - - ± 10 ppm/°C 

Change in Vo Temp Coefficient RTRIM= !Ok - - ±0.5 ppm/"C 

with Output Adjustment 

Io Output Current lsoURCE 10 15 - mA 

lsINK 10 15 - mA 

Isc Output Short Circuit Current - - 20 mA 

Ro Output Resistance - - 0.05 n 
Line Regulation Vs= 13to16.5 V - - 0.005 %N 
Load Regulation lwAD= 0 - !OmA - 0.0005 0.001 %/mA 

Power Supply 
Vs Supply Voltage Range 13 15 16.5 v 
Is Supply Current 4 6 mA 

AC ELECTRICAL CHARACTERISTICS: Vs= +15V; TA= 25°C 

en Noise 0.1to10 Hz, CNR=O - so - µVp-p 

CNR= lOµF - 15 - µVp-p 

toN Turn-On Settling Time - 5 - µS 
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RELIMINARY 

:AT508 
iV Precision Reference 

<:A.TURES 

-5.000V Output± 0.3% 

Output Adjusunent Range of> ± 3 % 

Excellent Temperature Stability < 3 ppm/°C 

Output Sinks and Sources > 10 mA 

>PLICATIONS 

AID and D/ A Converters 

V/F Converters 

Bridge Excitation 

General Purpose System Reference 

JNCTIONAL DIAGRAM 

GND NOISE TRIM 
REDUCTION 

4 5 7 

CAT508 

2 8 

TRIM 

6 

DESCRIPTION 

The CAT508 is a precision -SV reference based upon a buried 
zener diode which eliminates the noise and stability problems 
associated with surface devices. The output is pretrimmed 
using Optimium's on-chip EEPROM driven trim circuitry to 

±0.3% accuracywitha temperature driftoflessthan 3 ppml°C. 
Even greater accuracy may be had through the use of the trim 
pins provided on the CAT508. Trim allows for an output 
adjustment of ± 6% without exacting the usual penalty in 
temperature stability. For noise sensitive applications the 
CAT508 offers a Noise Reduction pin which further reduces 
the noise generated by the buried zener.These features 
combined with the CAT508's ability to source and sink more 
than 10 mA of current make it an excellent choice as a system 
reference in a broad range of applications. 

The CAT508 is offered in both plastic and ceramic DIPs for 
operation over the Commercial 0 to +70°C and the Industrial 
-4-0°C to +85°C temperature ranges. 

PIN CONFIGURATION 

MNC TRIM 

vs TRIM 

VouT 

GND NOISE 
REDUCTION 

-5.000V 
OUTPUT MNC= MAKE NO CONNECTION 

WITH EXTERNAL CIRCUITRY 

TO 5173 
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CAT508 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Vs to GND ............................................... +0.SV to-18V 

Inputs 
Trim .................................................... +0.5V to Vs-0.SV 
Noise Reduction ................................. +O.SV to Vs-0.SV 

Output 
Vm.rr ................................................................... +O.SV to Vs-0.5V 

loUT-·······························································································25mA 

Output Short Circuit Duration .............................. Indefinite 
Operating Ambient Temperature 

Industrial ('I' Suffix) ............................... -40°C to +85°C 
Commercial ('C' Suffix) ............................. 0°C to +70°C 

Storage Temperature .................................. -65°C to +150°C 
Lead Soldering (10 sec max) ....................................... +300°C 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min Max 

VZAP(l) ESD Susceptibility 2000 
ILT1/l)(Z) Latch-Up 100 

PRELIMINA~ 

ORDERING INFORMATION 

Device Package Temp Outpu 

CAT508_P 8 pin Plastic DIP c -5.oooj 
CAT508_PI 8 pin Plastic DIP I -5.0001 

CAT508 - DI 8 pin CerDIP I -5.000', 

Temperature: C= 0°Cto +70°C 

l= -40°C to + 85°C 

Stresses above those listed under Absolute Maximum Ratings ~ 
cause permanent damage to the device. Absolute Maximum Ratit 
are limited values applied individually while other parameters : 
within specified operatingconclitions, and functional operation at a 
of these conditions is NOT implied. Device performance andreliabil 
may be impaired by exposure to absolute rating conclitions for extend 
periods of time. 

Units Test Method 

Volts MIL-STD-883, Test Method 3015 

mA JEDEC Standard 17 
. . . 

NOTES: 1. This parameter JS tested m1nally and after a design or process change that affects the parameter . 
2. Latch-up protection is provided for stresses up to lOOm.A on address and data pins from-IV to Vs+ IV. 

DC ELECTRICAL CHARACTERISTICS: Vs= -15V; TA= 25°C 

Symbol Parameter Conditions Min Typ Max Units 

VoU'T Output Voltage IwAD= 0 "A" Suffix -4.985 -5.000 -5.015 v 
"B" Suffix -4.975 -5.000 -5.025 v 

L'.Vo Output Voltage Adjustment Range RrnIM= !Okn ±3 ±6 - % 

TCVo Output Voltage Temp Coefficient "A" Suffix - - ±3 ppm/QC 

"B" Suffix - - ± 10 ppm/QC 

Change in Vo Temp Coefficient RrnIM= !Ok - - ± 0.5 ppm/QC 

with Output Adjustment 

Io Output Current IsouRcE 10 15 - mA 

Is!NK 10 15 - mA 

Isc Output Short Circuit Current - - 20 mA 

Ro Output Resistance - - 0.05 n 

Line Regulation Vs= 13 to 16.5 V - - 0.005 %N 
Load Regulation lwAD= 0 - 10 mA - 0.0005 0.001 %/mA 

Power Supply 

Vs Supply Voltage Range -13 -15 -16.5 v 
Is Supply Current 4 6 mA 

AC ELECTRICAL CHARACTERISTICS: Vs= -15V; TA= 25°C 

en Noise 0.1to10 Hz, CNR=O - 50 - µVp-p 

CNR= OµF - 15 - µVp-p 

toN Turn-On Settling Time - 5 - µS 
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1RELIMINARV 

::A.T2700/2701 
: 1 OV Precision References 

'EATURES 

•High Accuracy: 10.000 Volt± 2.5 mV 
• Low Drift: 3 ppm/°C Drift 
• 10 mA Output Drive capability 
• Short Circuit Protected Output 

.PPLICATIONS 

• AID and D/ A Converters 
• Instrumentation Reference 
• Calibration Standards 
• V IF Converters 

>ESCRIPTION 

~he CAT2700 & 2701 are precision 10.000 volt references 
'roviding high accuracy and excellent temperature stability. 
:abricatedinCatalyst's2.0µBiCMOSprocess,thesereferences 
'enefitfrom Catalyst's unique on-chip EEPROM trim circuitry 

1UNCTIONAL DIAGRAM 

Vs 

11 

CAT2700 

FINE 
ADJUST 

12 

and are factory adjusted for an output voltage error of<± 2.5 
m V and temperature coefficients as low as 3 ppm/0 C. 

The CAT2 700 is a+ lOV reference is designed for use with high 
accuracy AID and D/ A converters of 10 and 12 bit resolution. 
The CAT2701 is a -lOV reference designed for similar 
applications requiring a negative voltage input. For ease of use 
with Bipolar converters both references source and sink 10 mA 
of current which makes them an excellent choice for general 
purpose system references as well. 

The CAT2700 and the CAT2701 are offered in plastic and 
ceramic DIPs with operation specified over the Commercial 
0 to +70°C and the Industrial -40°C to +85°C temperature 
ranges. 

The CAT2700 and CAT2701 are second source equivalents to 
Analog Device's AD 2700 and AD 2701. 

PIN CONFIGURATION 

-----e----1---t--+--+1~3"-i::i 10.ooov 
OUTPUT 

7 

GND 

14 

FINE 
ADJUST 

TD 5174 
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CAT2700/2701 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
2700 Vs to GND ...................................... -0.SV to +18V 
2701 Vs to GND ...................................... +0.5V to -18V 

Inputs 
2700 Fine Adjust to GND ................. -0.SV to Vs +0.5V 
2700 Test Point to GND .................. -0.SV to Vs +O.SV 

2701 Fine Adjust to GND ................. +0.5V to Vs-0.5V 
2701 Test Point to GND .........•.....•... +0.5V to Vs-0.5V 

Outputs 
2700 VQUT••••••·••••••o•oo••••••o•oo••oo••••••••••••••••••••••••-0•5V to Vs +0.5V 
2701 VoUT·······················································+0.5Vto Vs-0.5V 

2700loUTto GND .............................................. ±25mA 

2701 lour to GND .............................................. ±25mA 

Output Short Circuit Duration .................................. Infinite 

Operating Ambient Temperature 
Industrial ('I' Suffix) •.............................. -40°C to +85°C 
Commercial ('C' Suffix) ...............•........•.... 0°C to +70°C 

Storage Temperature .................................. -65°C to +150°C 
Lead Soldering (10 secmax) ..•...................•................ +300°C 

RELIABILITY CHARACTERISTICS 

Symbol Parameter Min Max 
VZAP(l) ESD Susceptibility 2000 
lLT1f1Xl) Latch-Up 100 

PRELIMINAR', 

ORDERING INFORMATION 

Device Package Temp Outpu~ 

CAT2700_P 14 pin Plastic DIP c 10.000\j 
CAT2700_PI 14 pin Plastic DIP I 10.000\j 
CAT2700_DI 14 pin CerDIP I 10.000V, 
CAT2701 - p 14 pin Plastic DIP c -10.000~ 

CAT270l_PI 14 pin Plastic DIP I -10.000~ 
CAT270l_DI 14 pin CerDIP I -10.000~ 

I 

Temperature: C= 0°Cto +70°C 
I= -4-0°C to +85°C 

Stresses above those listed under Absolute Maximum Ratings ma 
cause permanent damage to the device. Absolute Maximum Ratin1 
are limited values applied individually wbile other parameters ar 
witbin specified operating conditions, and functional operation at an 
of these conditions is NOT implied. Device perfurmance and reliabilit 
may be impaired by exposure to absolute rating conditions fur extende 
periods of time. 

Units Test Method 

Volts MIL-STD-883, Test Method 3015 
mA JEDEC Standard 17 

NOTES: I. This parameter is tested initially and after a design or process change that affects the parameter. 
2. Latch-up protection is provided for stresses up to lOOmA on address and data pins from-IV to Vs+ IV. 

DC ELECTRICAL CHARACTERISTICS: Vs= ±15V; TA= -40°C to +85°C; RL= 2k.Q 

Symbol Parameter Conditions Min Typ Max Units 

VoUT Output Voltage CAT2700 - 10.000 - v 
CAT2701 - -10.000 - v 

Output Voltage Error "A" Suffix ± .0025 - ± .0025 v 
"B" Suffix ±.005 - ± .005 v 

11Vo Output Voltage Adjustment Range RADJ = lOk!l ±20 - - mV 

TCVo Output Voltage Temp Coefficient "A"' Suffix - - ±3 ppm/oC 

"B" Suffix - - ± 10 ppm/°C 

Change in Vo Temp Coefficient RADJ = lOk!l - ±4 - µV/°CpermV 

with Output Adjustment of Adjustment 

lo Output Current - - ± 10 mA 

Ro Output Resistance - - 0.05 Q 

Line Regulation - - 300 µVN 

Load Regulation Vs= 13 to 16.5 V - - 50 µV/mA 

Long Term Stability - 100 - ppm/1000 hrs 
Power Supply 

Vs Supply Voltage Range CAT2700 13 15 16.5 v 
CAT2701 -13 -15 -16.5 v 

Is Supply Current - ±4 ± 14 mA 

AC ELECTRICAL CHARACTERISTICS: Vs= ±15V; TA= -40°C to +85°C; RL= 2k.Q 

I Noise I 0.1 to lOHz 50 µVp-p 
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Ising Catalyst's Serial E2PROMs 
i Shared Input/Output Configuration 
;imBajwa 

1talyst Semiconductor's family of serial E2PR0Ms 
.lizes 4 signals for the communication interface; Chip 
ilect (CS) for device selection, Serial Clock (SK or 
_K) for synchronizing serial data to and from the 
1vice, Data Input (DI) to input serial data to the device 
1d Data Output (DO) to output serial data from the 
1vice. This interface can be reduced to 3 signals by 
.aring DI and DO as a common input/output signal. 
>Wever, the following precautions should be taken to 
event problems due to DI/DO contention: 

READ instruction in shared DI/DO 
configuration: 
(applies to 93C46, 59C11, 35C102, 35C202, 
35C104, 35C108 and 35C116) 

gure 1a. DI/DO Contention Timing During Read Cycle 

cs__/ 

SK 

DI 

HIGH-Z 
DO 

12-1 

DO remains in high impedance while most of the READ 
instruction (i.e. start bit, opcode and address) is being 
input and offers no contention to the DI driver on a 
shared DI/DO signal (Figure 1a). However, typically 
50ns after the rising edge of the serial clock shifts in the 
least significant bit of the address stream (AO), DO 
outputs the dummy 'O' bit to flag the beginning of the 
output data stream. If AO is a '1' and the DI driver has not 
been disabled by the time the 'O' dummy bit becomes 
valid, a low impedance path between the system power 
supply and ground is created through the DI driver pull up 
and DO pulldown device (Figure 1b). 

Unless this condition causes excessive noise on the 
system power supply (which may in turn cause noisy or 

HIGH-Z 

~ 
~ 

5192FHDF01 • 
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Using Catalyst's Serial E2PROMs in Shared Input/Output Configuration 

spurious signals to the device), the READ instruction will 
continue and complete normally since AO is already 
shifted into the device. 

To minimize potential problems during this low imped
ance condition, a current limiting resistor should be 
placed between the DI driver and the DO pin when using 
the shared DI/DO signal (Figure 2). 

Alternatively, an open drain (or open collector) DI driver 
with pullup resistor could be used (Figure 2). 

In either case, the clocking rate should be slow enough 
to ensure that the resistor can charge or discharge the 
shared DI/DO bus capacitance before the appropriate 
clock edge. For example, if the resistor used is 1 OKQ, 
and the bus capacitance is 100pF, then a safe clock rate 
is calculated to be: 

Clock Period (T) =2x3RC 
= 2 x 3 x 1 Okn x 1 OOpF 
= 6µsec 

Figure 1 b. Current Path 

cs 

Frequency (f) = 1 /T 
= 167KHz 

2) Programming Instructions in shared Dl/O 
configuration: , 
(93C46,35C102,35C104, 35C108and35C116on 

All devices in the Catalyst serial E2PROM family featu 
self-timed programming cycles. A programming stati 
signal indicates whether the self-timed programmi1 
cycle is still in progress or has been completed. A I 
status signal indicates that the device is still prograi 
ming, while a '1 'status signal indicates that the progra1 
ming cycle has been completed and the device is rea

1 

to receive the next instruction. This feature will allo\'\ 
user to minimize the programming time (tEw). 

I 

The 59C11 and 35C202 devices have a separate reac 
busy signal pin (ADY/BUSY) to output the programmi' 
status signal. The DO signal stays in high impedanj 
throughout the programming cycle and therefore will r

1 

I 

Vee 

RDY/BUSY 
59 11 , 35C202 only) 

ORG 

Vss 

5192 FHO 

Figure 2. Possible Configurations to Minimize Problems Due to READ Contention 
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Using Catalyst's Serial E2PROMs in Shared Input/Output Configuration 

erfere with the DI signal in a shared DI/DO configura
n. 

1the93C46, 35C102, 35C104, 35C108, and 35C116 
'rial E2PROMs, the programming status signal can be 
ad on the DO pin by bringing CS high after initiating a 
ogramming cycle. In a 4-signal interface, after a pro
amming cycle is complete, the status signal is reset to 
~h impedance by the start bit of the next instruction 
igure 3). 

a shared DI/DO configuration, the '1' status signal on 
J can be clocked into the device as a start bit and reset 
e status signal before it can be read. This can interfere 
th the DI signal for the next instruction cycle. The 

following steps are recommended to avoid these condi
tions for a 3-signal interface (Figure 4): 

1) The clock (SK) should be stopped after shifting in the 
programming instruction. This prevents the '1' ready 
status from resetting the status signal before it can 
be read. 

2) After reading the '1' ready status, at least one clock 
pulse should be input to the device while the DI/DO 
signal is '1' in order to reset the status signal. 

3) CS should then be brought low to reset the instruc
tion logic. 

The next instruction can now be executed without any 
contention from the DO signal. 

gure 3. Programming Instruction and Status Reset with 4-Signal Interface 

PROGRAMMING 

cs 
/ INSTRUCTION,, VERIFY STATUS NEXT INSTRUCTION 

~ 
SK ___fUl_f ,,DODOO,,~ 

DI ~ 
HIGH-Z 

READY READY 
HIGH-Z 

DO 

(1) 

(2) 

5192 FHD F04 

igure 4. Programming Instruction and Status Reset with 3-Signal Interface 

VERIFY STATUS NEXT INSTRUCTION 

cs 

PROGRAMMING 
/ INSTRUCTION,, 

~'I-----' 

DI/DO ~---.J 
READY 

BUSY 

Iotas: 
1) Programming status reset on falling clock edge (93C46). 
2) Programming status reset on rising clock edge (35C102, 35C104, 35C108, 35C116). 
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rhe CAT93C46 Start-Bit Timing 
•an Apple 

:atalyst's CAT93C46 Serial 1 k bit E2PROM can be 
sed in two different start-bit modes of operation. All 
:atalyst serial E2PROMs require a start bit before any 
istructions will be accepted. This is accomplished 
imply by clocking a '1' (high level on DI pin) into the 
evice while CS is high. Once this is done the device 
~quires that all opcodes, address and data be clocked 
1 on the positive edge of the serial clock (Figure 1 ). 

he CAT93C46 serial E2PROM, however, has been 
esigned to accept either an edge-triggered start bit (as 
escribed above) or a level-triggered start bit. A level
·iggered start bit is a start condition that is recognized by 
1e device when both SK and DI are high level when CS 
·ansitions from low to high (Figure 2). The advantage 

'igure 1. Read Timing: Edge Triggered Start Bit 

START BIT GENERATED 

+ 

with this start bit mode is that the device needs only 8 
clock pulses for the remaining opcode and address bits 
(in x16 configuration), making it compatible with many 
microprocessors that transfer data in 8 bit clock bursts 
such as the serial peripheral interface (SPI) bus. The 
SPI bus does data transfers using a sequence of 8 clock 
cycles only. Without this level-triggered start condition, 
another 8 clocks would be necessary to clock in only 1 
start bit. The CAT93C46 Read operation requires 9 
clock bits consisting of 1 start bit, a 2 bit opcode and 6 bits 
of address in x16 mode. Once the device accepts this 
level-triggered start bit all other opcode, address and 
data bits are clocked in on the positive edge of the serial 
clock. This mode allows the user to save valuable 
microprocessor time by optimizing clock cycle routines. 

,----.----------------------- - --- - - - - - - - - - - - -
cs 

SK 

DI 

HIGH-Z 
DO --------------------------~o 

~--------------------------------------519-3-FH-D~F01 ~ 
=igure 2. Read Timing: Level Triggered Start Bit 

+ START BIT GENERATED 

~----------------------- -- - - - - - - - - - - - - - - - - -cs 

SK 

DI 

DO 
~-----------H-IG_H_-_z _____________ o 
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2C Interface to 8051 Microcontroller 
'an Apple 

1troduction to 12c 

he 12C (Inter-Integrated Circuit) bus is a 2-wire serial 
us which provides a small networking system for cir
uits sharing a common bus. The devices on the bus can 
ary from microcontrollers to LCD drivers to E2PROMs. 

wo bi-directional lines, a serial data (SDA) and a serial 
lock (SCL) line, transmit data between the devices 
onnected to the bus. Each device has a unique 
ddress to differentiate it from the other devices on the 
us, and each is configured either as a master or a slave 
then performing data transfers (see Table 1 ). A master 
; the device which initiates a data transfer and gener
tes the clock signals necessary for the transfer. Any 
evice that is addressed is considered a slave. The 12C 

'able 1. Definition of 12C Bus Terminology 

Term 

bus is a multi-master bus, which means that more than 
one device that is capable of controlling the bus can be 
connected to it. 

Each transmission on the bus begins with the Master 
sending a Start condition and ends with a Stop condition 
(see Figure 1). The Master then sends the address of the 
particular slave device it is requesting. The first four bits 
of this slave address are fixed as 1010. The next three 
bits specify a combination of the device address bit(s) 
and which 2K array of the memory is being addressed 
(see Figure 2). The last bit of the slave address specifies 
whether a read or write operation is to be performed. 
When this bit is a "1", a read operation is performed, and 
when it is a "O", a write operation is performed. 

Description 

Transmitter The device which sends the data to the bus. 

Receiver The device which receives the data from the bus. 

Master The device which initiates a transfer, generates clock signals and terminates a transfer. 

Slave The device addressed by a master. 

Multi-Master More than one master can attempt to control the bus at the same time without corrupting 
the message. 

Arbitration Procedure to ensure that, if more than one master simultaneously tries to control the bus, 
only one is allowed to do so, and the message is not corrupted. 

Synchronization Procedure to synchronize the clock signals of two or more devices. 

=igure 1. START/STOP Timing 

' 
' ' ' . ' 

I / SDA ~\ \ 

SCL \ (\ /, 
' ' 

START BIT STOP BIT 5194 FHD F01 

Figure 2. Slave Address Bits 

I 1 0 
I 

1 0 
I 

A2 A1 AO IR1wl 

5194 FHD F07 

TD 5194 
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12C Interface to 8051 Microcontroller 

After the Master sends a Start condition, the slave 
(E2PROM) monitors the bus and responds with an 
acknowledge when its address matches the transmitted 
slave address (see Figure 3). The device then performs 
a read or write operation depending on the state of the 
R/W bit. 

CAT24CXX Interface to 8051 Microcontroller 

Catalyst's 12C family of devices interfaces directly with 
industry standard microcontrollers such as the Intel 
MCS-51 family. This family includes 8031/8051 and 
8032/8052 (ROM!ess/ROM) family types. 

Catalyst 12C E2PROMs are 2-wire interface, nonvolatile 
memories ranging from 2K bits (CAT24C02) to 16K bits 
(CAT24C16) in density. They adhere to the J2C protocol 

Figure 3. ACKNOWLEDGE Timing 

SCL FROM 
MASTER 

which uses 2 lines, a data (SDA) and serial clock (SCL 
line for all transmissions, as described above. 

The CAT24C02 E2PROM has an 8 byte page writ 
buffer and a write protect pin for inadvertent write protec 
lion. The CAT24C04, CAT24C08 and CAT24C16 dE; 
vices have 16 byte page write buffers. Up to eig~ 

CAT24C02 devices, four CAT24C04 devices, tw 
CAT24C08 devices and one CAT24C16 device may b 
connected to an 12C bus and addressed independent!) 
Unique addressing is accomplished through hard-wirin: , 
address pins AO, A 1 and A2 on each device. An exampl 
program follows that demonstrates simple byte writ1 
and byte read routines as well as page mode ani 
sequential read routines using an 8051 microcontrollei 
Figure 4 shows a simple hardware interface. 

DATAOUTPUT ---i_:, ~ f-v 7:. 
FROM TRANSMITTER ~ )--1\ . 

DATA OUTPUT 
FROM RECEIVER 

START 

12-8 
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12C Interface to 8051 Microcontroller 

igure 4. 12c Interface to 8051 Microcontroller 
+5V 

40 
39 

PO.O 
38 

+5V ~ 
36 

24e02/04/08/16 35 +5V 
AO Vee 8 34 19 

2 XTAL1 
A1 33 

3 
A2 32 18 20K 20K XTAL2 7 wp(1) 

P0.7 

SDA 
5 1 

P1.0 
4 Vss 

6 2 
SeL 

3 

I 
4 

5 8051 

6 

7 

8 
P1.7 

21 
P2.0 

22 

23 

24 
AST 9 

25 

26 

27 
Vss 

28 
P2.7 

5194 FHD F03 

lote: 
1) WP Pin for eAT24eo2; Test Pin for eAT24e04, eAT24eoa, eAT24e16 

• 
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12C Interface to 8051 Microcontroller 

<< ASM51 >>CROSS ASSEMBLER VER.2.5M ASSEMBLE LIST DATE: PAGE: 1 

LOC. OBJECT 

0090 
0091 
0005 
REG 
0085 

0030 

0030 
0031 
0032 
0033 

0040 
0040 

0040 
0040 02 01 00 

0100 
0100 75 81 40 

0103 75 31 00 
0106 75 33 55 
0109 75 32 00 
OlOC 75 30 AA 

OlOF 31 45 [0145] 
0111 51 lD [021D] 
0113 31 1A [OllA] 
0115 31 D6 [01D6] 
0117 02 01 17 

OllA 31 95 [0195] 
OllC 74 05 
OllE 7F 04 
0120 31 89 [0189] 
0122 E5 31 
0124 7F 03 
0126 31 89 [0189] 

LINE STATEMENT I2C_8051.ASM 

1 ;********************************************************************* 
2 THE FOLLCMING CODE SHOWS AN INTERFACE .BETWEEN AN 8051 MICROCONTROLLE'. 
3 AND CATALYST'S I2C FAMILY OF EEPRCMS. 
4 
5 IT DEMONSTRATES A BYTE WRITE/BYTE READ ROUTINE AND A PAGE MODE 
6 WRITE/SEQUENTIAL READ ROUTINE. IT USES 'IWO LINES FROM PORT 1 
7 (Pl.O AND Pl.1) OF THE 8051 TO COMMUNICATE WITH THE CAT24CXX. 
8 
9 THIS PROGRAM WILL WORK WITH THE CAT24C02/04/08/16 DEVICES. NOTE: 

10 THE 24C02 HAS AN 8 BYTE PAGE BUFFER ALL OTHERS ARE 16 BYTES. 
11 ;********************************************************************* 1 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

SCL 
SDA 
SLV.JJ)DR 
DATAOUT 
ACK_READ 

PAGE_DATA: 
BLK.JJ)DR: 
BYTE.JJ)DR: 
BYTE_DATA: 

STACK: 

35 BEGIN: 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

DONE: 

BIT 
BIT 
EQU 
EQU 
EQU 

DSEG 
ORG 

DS 
DS 
DS 
DS 

ORG 
DS 

CSEG 
ORG 
LJMP 

ORG 
MOV 

MOV 
MOV 
MOV 
MOV 

A CALL 
ACALL 
ACALL 
ACALL 
LJMP 

Pl.O 
Pl.1 
0101B 
R5 
10000101B 

0030H 

1 
1 
1 
1 

40H 
31 

0040H 
BEGIN 

OlOOH 
SP,#STACK 

BLK.JJ)DR,#OOOB 
BYTE_I)A'I7\., #55H 
BYTE.JJ)DR,#OOH 
PAGE_DATA, #OAAH 

PAGE_WR 
SEQ_RD 
BYTE_WR 
SELECT_Jl.D 
DONE 

48 ;******************************************* 
49 
50 ;************** BYTE WRITE ***************** 
51 

;SCL BIT IS PORT 1, BIT 0 
;SDA BIT IS PORT 1, BIT 1 
;FIXED SLAVE ADDRESS BITS 
;DATA READ FROM DEVICE 
;READ FOR ACK POLLING 

; INITIALIZE STACK POINTER 

;INITIALIZE 2K BLOCK 
;BYTE DATA 
;BYTE ADDRESS 
;PAGE DATA 

;CALL PAGE WRITE ROUTINE 
;CALL SEQ. READ ROUTINE 
;CALL BYTE WRITE ROUTINE 
;CALL BYTE READ ROUTINE 
;LOOP UNTIL RESET OCCURS 

52 ; SEND START BIT 
53 ;FIRST 4 SLAVE ADDRESS 
54 ;BITS 
55 
56 
57 
58 

;2K BLOCK ADDRESS 
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< ASM51 >>CROSS ASSEMBLER VER.2.5M ASSEMBLE LIST DATE: PAGE: 2 

~CIC. OBJECT 

J12S 74 00 
Jl2A 7F 01 
J12C 31 S9 [01S9) 
Jl2E 31 AA [OlAA) 

)130 E5 32 
J132 7F OS 
)134 31 S9 [01S9) 
J136 31 AA [OlAAJ 
J13S E5 33 
J13A 7F OS 
J13C 31 S9 [01S9) 
J13E 31 AA [OlAA) 
J140 31 Al [OlAl) 
)142 31 74 [0174) 
J144 22 

J145 31 95 [0195) 
)147 74 05 
J149 7F 04 
J14B 31 S9 [01S9) 
J14D E5 31 
J14F 7F 03 
J151 31 S9 [01S9] 
J153 74 00 
J155 7F 01 
0157 31 S9 [01S9) 
0159 31 AA [OlAA] 
J15B E5 32 
015D 7F OS 
015F 31 S9 [01S9) 
0161 31 AA [01AA) 
0163 7C OF 

0165 E5 30 
0167 7F OS 
0169 31 89 [0189) 
016B 31 AA [OlAA) 
016D DC F6 [0165) 
016F 31 Al [OlAl) 
0171 31 74 [0174) 
0173 22 

0174 7B 40 
0176 DB 02 [017A) 
017S 80 oc [01S6) 
017A 31 95 [0195) 
017C 74 S5 
017E 7F OS 
OlSO 31 S9 [01S9) 
01S2 31 AA [OlAA) 
01S4 40 FO [0176) 

LINE STATEMENT I2C_S051.ASM 

59 
60 
61 
62 
63 
64 
65 
66 
67 
6S 
69 
70 
71 
72 
73 
74 

MOV A,#OOH 
MOV R7,#1H 
ACALL SHFTO 
ACALL SLAVE_ACK 

MOV A,BYTE_ADDR 
MOV R7,#SH 
ACALL SHFTO 
ACALL SLAVE_ACK 
MOV A,BYTE_DATA 
MOV R7 ,#SH 
ACALL SHFTO 
ACALL SLAVE_ACK 
ACALL S'IDP_BIT 
ACALL ACK_POL 
RET 

75 ;******************************************* 
76 
77 ;************** PAGE WRITE ***************** 
7S 
79 
so 
Sl 
S2 
S3 
84 
S5 
S6 
S7 
SS 
S9 
90 
91 
92 
93 
94 
95 
96 
97 
9S 
99 

100 
101 
102 
103 

PAGE_WR: 

NEXT_DATA: 

ACALL START_BIT 
MOV A,#SLV_ADDR 
MOV R7,#4H 
ACALL SHFTO 
MOV A,BLK_ADDR 
MOV R7,#3H 
ACALL SHFTO 
MOV A,#OOH 
MOV R7,#1H 
ACALL SHFTO 
ACALL SLAVE_ACK 
MOV A,BYTE_ADDR 
MOV R7,#SH 
ACALL SHFTO 
ACALL SLA VE_ACK 
MOV 

MOV 
MOV 

R4,#0FH 

A, PAGE_DATA 
R7, #SH 

ACALL SHFTO 
ACALL SLAVE_ACK 
DJNZ R4,NEXT_DATA 
ACALL STOP_BIT 
ACALL ACK_POL 
RET 

104 ;******************************************* 
105 
106 ;************** ACK_POL ******************** 
107 
lOS 
109 
110 
111 
112 
113 
114 
115 
116 

ACK_POL: 
ACK_LOOP: 

DONE_YET: 

MOV R3,#40H 
DJNZ R3,DONE_YET 
SJMP DN_ACKPOL 
ACALL START_BIT 
MOV A, #ACK_READ 
MOV R7,#SH 
ACALL SHFTO 
ACALL SLAVE_ACK 
JC ACK_ LOOP 

12-11 

;R/W BIT SET TO 0 FOR 
;WRITE 

;BYTE ADDRESS 

;BYTE DATA 

;S'IDP BIT 
;CALL ACK POLLING, WAIT 
;FOR END OF WRITE CYCLE 

;SEND START BIT 
;FIRST 4 SLAVE ADDRESS 
;BITS 

;2K BLOCK ADDRESS 

;R/W BIT SET TO 0 FOR 
;WRITE 

;BYTE ADDRESS 

;WRITE 16 BYTES TO 
;EEPROM 

;CALL ACK POLLING,WAIT 
; FOR END OF WRITE CYCLE 

;# OF TIMES 'ID POLL 
;DEVICE 

;SEND START BIT 
;SEND READ 

; SEND ACKNOWLEDGE 
; LOOP IF NO ACK RCVD, 

• 



PC Interface to 8051 Microcontroller 

<< ASM51 >>CROSS ASSEMBLER VER.2.5M ASSEMBLE LIST DATE: PAGE: 3 

LOC. OBJECT 

0186 31 Al [OlAl] 
0188 22 

0189 C2 90 
0188 C2 90 
018D 13 
018E 92 91 
0190 D2 90 
0192 DF F7 [0188] 
0194 22 

0195 D2 90 
0197 00 
0198 D2 91 
019A 00 
0198 C2 91 
019D 00 
019E C2 90 
OlAO 22 

OlAl C2 91 
01A3 00 
01A4 D2 90 
01A6 00 
01A7 D2 91 
01A9 22 

OlAA 00 
OlAB 00 
OlAC C2 90 
01!1.E 00 
OlAF D2 91 
0181 00 
0182 00 
0183 D2 90 
0185 00 
0186 00 
0187 00 
0188 A2 91 
018A C2 90 
018C 22 

LINE STATEMENT I2C_8051.ASM 

;JUMP IF ACK RCVD 117 
118 
119 
120 

DN_ACKPOL: ACALL STOP_8IT ;SEND STOP BEFORE RETURN 
RET 

;******************************************* 
121 
122 ;************** SHFTO ********************** 
123 
124 
125 
126 
127 
128 
129 

SHFTO: 
NXTSHF: 

CLR 
CLR 
RRC 
MOV 
SETB 
DJNZ 

130 RET 

SCL 
SCL 
A 
SDA,C 
SCL 
R7,NXTSHF 

131 ;******************************************* 
132 
133 
134 

;************** START BIT 

135 
136 
137 
138 
139 
140 
141 

START_BIT: SETB 
NOP 
SETB 
NOP 
CLR 
NOP 
CLR 

142 RET 

SCL 

SDA 

SDA 

SCL 

****************** 

143 ;******************************************* 
144 
145 ;************** STOP BIT******************* 
146 
147 
148 
149 
150 
151 
152 

STOP_BIT: CLR 
NOP 
SETB 
NOP 
SETB 
RET 

SDA 

SCL 

SDA 

153 ;******************************************* 
154 
155 ;************** SLAVE ACKNOWLEDGE ********** 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 

SLAVE_ACK: NOP 
NOP 
CLR 
NOP 
SETB 
NOP 
NOP 
SETB 
NOP 
NOP 
NOP 
MOV 
CLR 
RET 

SCL 

SDA 

SCL 

C,SDA 
SCL 

12-12 

;ROTATE DATA INTO CARRY 
;SEND CARRY TO SDA 

;START BIT 

;STOP BIT 

; SLAVE ACKNOWLEOOE BIT 

;READ STATE OF SDA, 
;SAVE TO CARRY 
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: ASMSl >>CROSS ASSEMBLER VER.2.SM ASSEMBLE LIST DATE: PAGE: 4 

,cc. OBJECT 

llBD C2 90 
llBF 00 
llCO C2 91 
llC2 00 
llC3 00 
llC4 D2 90 
llC6 00 
l1C7 C2 90 
l1C9 00 
llCA D2 91 
nee 22 

JlCD D2 91 
JlCF 00 
JlDO D2 90 
J1D2 00 
J1D3 C2 90 
JlDS 22 

01D6 31 9S [019S] 

01D8 74 OS 
OlDA 7F 04 
OlDC 31 89 [0189] 
OlDE ES 31 
OlEO 7F 03 
01E2 31 89 [0189] 
01E4 74 00 
01E6 7F 01 
01E8 31 89 [0189] 
OlEA 31 AA [OlAA] 

OlEC ES 32 
OlEE 7F 08 
OlFO 31 89 [0189] 
01F2 31 AA [OlAA] 

01F4 31 9S [019S] 

01F6 74 OS 
01F8 7F 04 

:< ASMSl >> CROSS 

LINE STATEMENT I2C_80Sl.ASM 

171 ;******************************************* 
172 
173 ;************** MASTER ACKNOWLEDGE ********* 
174 
17 S MSTR_ACK: 
176 ;MASTER ACKNOWLEDGE BIT CLR SCL 
177 
178 
179 
180 
181 
182 
183 
184 
18S 
186 

NOP 
CLR 
NOP 
NOP 
SETB 
NOP 
CLR 
NOP 
SETB 
RET 

SDA 

SCL 

SCL 

SDA 

187 ;******************************************* 
188 
189 ;************** NO ACKNOWLEDGE ************* 
190 
191 
192 
193 
194 
19S 
196 

NO_ACK: SETB SDA 
NOP 
SETB SCL 
NOP 
CLR SCL 
RET 

197 ;******************************************* 
198 
199 ;************** SELECTIVE READ ************* 
200 
201 SELECT_RD: 

;NO ACKNOOLEDGE 

202 ; START BIT A CALL START_BIT 
203 
204 
20S 
206 
207 
208 
209 
210 
211 
212 
213 
214 
21S 
216 
217 
218 
219 
220 
221 
222 
223 

ASSEMBLER VER.2.SM 

MOV A, #SLV_ADDR 
MOV R7,#4H 
A CALL SHFTO 
MOV A,BLKJJJDR 
MOV R7 ,#3H 
A CALL SHFTO 
MOV A,#OOH 
MOV R7,#1H 
A CALL SHFTO 
ACALL SLAVE_ACK 

MOV A, BYTE_ADDR 
MOV R7, #SH 
A CALL SHFTO 
A CALL SLAVE_.A.CK 

A CALL START_BIT 

MOV A, #SLV_ADDR 
MOV R7,#4H 

ASSEMBLE LIST DATE: 

12-13 

;DUMMY WRITE TO FIRST 
;2K BLOCK 

;2K BLOCK ADDRESS 

;R/W BIT SET TO 0 
;FOR WRITE 

; SEND ACKNOOLEDG 

;ADDRESS TO READ 

;NEW START BIT 

PAGE: s 
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12C Interface to 8051 Microcontroller 

LOC. OBJECT LINE STATEMENT I2C_80Sl.ASM 

OlFA 31 89 (0189] 224 A CALL SHFTO 
OlFC ES 31 22S MOV A,BLK_ADDR ;2K BLOCK TO READ 
OlFE 7F 03 226 MOV R7,#3H 
0200 31 89 (0189] 227 A CALL SHFTO 
0202 74 01 228 MOV A,#lH ;R/W BIT SET TO 1 
0204 7F 01 229 MOV R7,#1H ;FOR READ 
0206 31 89 (0189] 230 A CALL SHFTO 
0208 31 AA [OlAA] 231 A CALL SLAVE_ACK 

232 
020A 7F 08 233 MOV R7, #SH 
020C D2 90 234 CLOCKS: SETB SCL ;CLOCK IN DATA 
020E 00 23S NOP 
020F A2 91 236 MOV C,SDA 
0211 C2 90 237 CLR SCL 
0213 ED 23S MOV A,DATAOUT 
0214 33 239 RLC A ;ROTATE NEXT BIT 
021S FD 240 MOV DATAOUT,A ; SAVE ROTATED DATA 
0216 DF F4 [020C) 241 DJNZ R7,CLOCKS ;READ 8 BITS OF DATA 
0218 31 CD [OlCD] 242 A CALL NO_ACK 
021A 31 Al [OlAl) 243 A CALL STOP_BIT 
021C 22 244 RET 

24S ;******************************************* 
246 
247 ;************** SEQUENTIAL READ ************ 
24S 
249 SEQ_RD: 

021D 31 9S [019S] 250 A CALL START_BIT ;START BIT 
2Sl 

021F 74 OS 252 MOV A, #SLV_ADDR ;DUMMY WRITE TO FIRST 
0221 7F 04 2S3 MOV R7,#4H ;2K BLOCK 
0223 31 89 [0189) 2S4 A CALL SHFTO 
022S ES 31 2SS MOV A,BLK_ADDR ;2K BLOCK ADDRESS 
0227 7F 03 2S6 MOV R7,#3H 
0229 31 89 [0189] 2S7 A CALL SHFTO 
022B 74 00 2S8, MOV A,#OOH ;R/W BIT SET TO 0 
022D 7F 01 2S9 MOV R7,#1H ;FOR WRITE 
022F 31 89 [0189) 260 A CALL SHFTO 
0231 31 AA [OlAA] 261 A CALL SLAVE_,ACK 

262 
0233 ES 32 263 MOV A,BYTE_ADDR ;ADDRESS TO READ 
023S 7F 08 264 MOV R7 ,#8H 
0237 31 89 (0189] 26S ACALL SHFTO 
0239 31 AA [OlAA] 266 A CALL SLAVE_,ACK 

267 
023B 31 9S [019S] 268 A CALL START_BIT ;NEW START BIT 

269 
023D 74 OS 270 MOV A, #SLV_,ADDR 
023F 7F 04 271 MOV R7 ,#4H 
0241 31 89 [0189] 272 A CALL SHFTO 
0243 ES 31 273 MOV A, BLK_,ADDR ;2K BLOCK TO READ 
024S 7F 03 274 MOV R7,#3H 
0247 31 89 [0189] 27S A CALL SHFTO 
0249 74 01 276 MOV A,#lH ;R/W BIT SET TO 1 
024B 7F 01 277 MOV R7,#1H ;FOR READ 
024D 31 89 (0189) 278 A CALL SHFTO 
024F 31 AA [OlAA] 279 A CALL SLAVE_,ACK 

280 
« ASMSl >> CROSS ASSEMBLER VER. 2 . SM ASSEMBLE LIST DATE: PAGE: 6 
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"oc. OBJECT LINE 

1251 7E OF 281 
1253 7F 08 282 
1255 D2 90 283 
1257 00 284 
1258 C2 90 285 
J25A 00 286 
J25B DF F8 [0255] 287 
J25D 31 BD [OlBD] 288 
J25F DE F2 [0253] 289 

290 
J261 7F 08 291 
J263 D2 90 292 
J265 00 293 
J266 C2 90 294 
J268 00 295 
0269 DF F8 [0263] 296 
026B 31 CD [OlCD] 297 
026D 31 Al [OlAl] 298 
02 6F 22 299 

300 
301 

SSEMBLY END , ERRORS:O 
AST CODE ADDRESS:026F 

12C Interface to 8051 Microcontroller 

STATEMENT I2C_8051.ASM 

MOV R6,#0FH 
NXT_BYTE: MOV R7,#8H 
ONE_BYTE: SETB SCL ;READ 16 BYTES OF DATA 

NOP 
CLR SCL 
NOP 
DJNZ R7,0NE_BYTE 
A CALL MSTR_ACK ;ACKNOWLEDGE 
DJNZ R6,NXT_BYTE 

MOV R7,#8H 
LST_BYTE: SETB SCL 

NOP ;READ LAST BYTE 
CLR SCL 
NOP 
DJNZ R7,LST_BYTE 
A CALL NO_ACK ;NO ACKNOWLEDGE 
A CALL STOP_BIT ;STOP BIT 
RET 

;******************************************* 
END 

• 
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:AT64LC10: A User-Friendly Serial E2PROM 
avid Wong 

ffRODUCTION 

ieCAT64LC10, a 1Kbitserial E2PROM device, has a 
>nfiguration of 64 registers by 16 bits<1>. Pin configura
>nsareprovided in Figure 1. The features that separate 
1is particular device from 2-Wire, 3-Wire and 4-Wire 
atalyst serial E2PROMs include: 

RESET pin which can inhibit any write/erase 
operation from being executed. It can also abort a 
write/erase operation that is in progress. This 
feature adds data protection from inadvertent write 
in addition to the erase/write enable (EWEN) 
instruction. 

Instructions and data are latched into the input of 
the device at the rising-edge of the SK clock. Data 
output from the device is clocked out at the falling
edge of the SK clock. This is useful for interfacing 
to the SPI bus of Motorola microprocessors. 

CS (Chip select) must be low to select the device. 
This is also useful for interfacing to the SPI bus of 
Motorola microprocessors. 

'igure 1. Pin Configurations for CAT64LCXX Devices 

• Two methods for displaying Ready/BUSY status: 

1. RDY /BUSY pin which normally outputs a logic low 
when the device is in a programming cycle. 

2. Enable CS which will cause DO to output a logic 
low while the device is programming. As soon as 
the programming cycle is completed, the DO pin 
will output a logic high if CS is enabled. This 
"READY" status will be available from the DO pin 
any time CS is enabled. To reset the "READY" 
status on the DO pin, simply enable CS, and then 
enter a logic high on the DI pin. The first rising edge 
of the SK clock after DI has become "high" will 
cause the DO pin to return to high impedance. 

• Every instruction is a multiple of 16 bits (8 bits of 
opcode and an 8 bit address or 8 dummy bits). 
READ or WRITE instructions require an additional 
16 bits of data. 

Every instruction begins with a start sequence of 
"101 O". Prior 4 bit sequences other than "101 O" will 
be ignored. For example, starting sequences such 
as "1000", "1100", "1001" or "1111", etc. will be ignored. 

DIP Package SO Package J so Packages 

cs Vee RDY/BUSY B RESET cs B Vee 
SK RDY/BUSY Vee 2 7 GND SK 2 7 RDY/BUSY 

DI RESET cs 3 6 DO DI 3 6 RESET 

DO GND SK 4 5 DI DO 4 5 GND 

5064 FHO F01 • 

fote: 
. 1) Catalyst SPI bus serial E2PROMs are available in densities of 1 K, 2K and 4K bits. See Section 4 of this data book. 

TD 5197 
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CAT64LC10: A User-Friendly Serial E2PROM 

WHY IS THE CAT64LC10 USER
FRIENDLY? 

• Can be configured in a Microwire 3-wire bus 
structure by simply connecting the DI and DO pins 
together (see Figure 2). The Ready/BUSY status is 
obtained from the DO pin. 

• Can be configured in a 4-wire bus structure (see 
Figure 3). In this instance, the Ready/BUSY status 
is available directly from the RDY/BUSY pin. 

• Shifts data in and out at opposite edges of the 
clock, which makes it easy to interface to 
microcontrollers by using the system clock instead 
of having to internally generate a separate clock for 

Figure 2. CAT64LC10 in a 3-Wire Bus Structure 

serial data transfer. This feature saves code spacl 
and effort in terms of software development. 

• Protocol is compatible with SPI interface. 

• Pin-controlled data protection. 

HOW IS THE CAT64LC10 COMPATIBLE ! 

WITH THE SPI BUS? 

• The CAT64LC10 accepts a logic low on CS to be i 
selected. Input of instructions and data are clockel 
in from the DI pin at the rising edge of the clock. 1 

When outputting data, the device will shift out dat~ 
at the falling edge of the clock (see Figure 4). Thi~ 
interface complies with Motorola's SPI interface. 

2.5V-5.5V 

CAT64LC10 

1------------1 cs vcc 

µ-Controller 
1------------1 SK ROY/BUSY 

1---------.-----1 DI 

DO 

RESET 

GND 

Figure 3. CAT64LC10 in a 4-Wire Bus Structure 
2.5V-5.5V 

µ-Controller 

CAT64LC10 

1------------1 cs vcc 
0-----------1 SK ROY/BUSY 

1---------.-----1 DI 

DO 

RESET 

GND 

Figure 4. CAT64LC10 in an SPI Bus Structure 
2.5V-5.5V 

CAT64LC10 

SS cs VCC 
SCK 

SK ROY/BUSY 
µ-Controller MOSI DI RESET r-

MISO DO GND r-

,:;:, 
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ATA PROTECTION 

Software Protection: EWEN/EWDS instructions 
are erase/write enabling and disabling instructions 
which can protect the device from inadvertently 
writing over the data. 

Pin Controlled Protection: By setting the RESET 
pin high, write instructions cannot be executed. The 
device will ignore the input of a WRITE or WRAL 

12-19 
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instruction if the RESET pin is held high anywhere 
during the input of instructions or addresses for 
more than one clock. However, if the RESET pin is 
held high after the input of the last address bit for 
more than one clock, the device will abort the 
WRITE or WRAL instruction and output a READY 
status. 

CAUTION: Interrupting a programming cycle which is in 
progress can have unpredictable results in terms of data 
integrity and is therefore not recommended . 

• 
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iow to Use Catalyst Secure Access Serial E2PROMs 
pplications Staff 

~TRODUCTION 

his application note is intended to be a tutorial on the 
se of CAT35C704/CAT35C804A-B Secure Access 
erial E2PROMs. Device operation and typical applica
:ms for the device are shown as well as examples for 
ach of the instructions available. Also included is 
formation on an evaluation board with software that 
:mnects to a PC and allows the user to quickly and 
asily evaluate and test the device(s). 

IEVICE OPERATION 

he CAT35C704/CAT35C804A-B is a 4K bit Secure 
ccess Serial E2PROM that can be used in applications 
1at require nonvolatile memory storage and a need to 
rotect the contents of that memory from unauthorized 
ccess. Two basic modes of operation are available, 
rotected and unprotected. In the unprotected mode, 
•ith the memory pointer set to "O", the device operates 
<ea standard E2PROM, allowing full read/write access 
>the entire array. 

Ising the memory pointer the user can determine how 
1uch memory needs protection. With the WMPR com-
1and, a pointer value can be set to split the memory 
rray into two blocks. Addresses above the pointer 

igure 1. Access Control Using No Access Code 

1·.---------- TOP OF ADDRESS 

IEAD/WRITE MEMORY ARRAY 

AC~~======:::ji- MEMORY POINTER 

'lEADONLY 

AC~'--------......Ja.-ADDRESS=O 
5195 FHD F02: 
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value offer full Read/Write access; addresses below and 
including the pointer are Read only (see Figure 1 ). 

In the protected mode, up to 8 bytes of password 
security are available. Once the password has been set 
and a disable access (DISAC) command (or power 
down) has been executed, the device becomes inacces
sible with only the portion of the array not protected by 
memory pointer readable (see Figure 2). Upon power 
up, the correct password must be sent to the device 
before any writing or moving of the memory pointer can 
be done. This scheme lends itself to applications where 
users are allowed to view only those portions of memory 
that is intended for them to see. For example, an 
application where data is uncovered in the array (by 
moving the memory pointer) to make available to the 
user certain features/options that they require, as in the 
cable TV industry (see Figure 3). 

Among the 19 instructions available with the CAT35C704/ 
CAT35C804A-B is a Read Status Register (RSA) in
struction, which lets a system interrogate the device and 
determine its working status. The 8 bit status register 
displays information regarding parity errors, instruction 
errors and RDY/BUSY status. An organization instruc
tion (ORG) is also available for organizing the memory 
into either 512x8 or 256x16 configurations depending on 
the application. 

Figure 2. Access Control Using Access Code 

,..----------TOP OF ADDRESS 

READ ONLY MEMORY ARRAY • 

=~t--------__,1f.--•. - MEMORY POINTER 

READ/WRITE 

PRO~'---------a.-ADDRESS=O 
5195 FHO F03 

TD5195 
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In addition, to allow for reading multiple words from the 
memory and minimize the overhead of repeated Read 
instructions, a Read Sequential (RSEQ) instruction al
lows you to specify a starting location and then continu
ously shift out data to the end of the array. 

The security code is entered/modified by sending the 
Modify Access Code (MACC) instruction followed by the 
length of the access code (1 to 8 bytes), the old access 
code (if needed), and then the new access code twice 
(for verification). Once power has been removed (or the 
DISAC instruction sent), the Enable Access (ENAC) 

instruction, followed by the correct access code, must t 
sent to the device or the memory array's protecte 
portion cannot be accessed, and the memory conten 
above the pointer remain Read only. 

A simple interface is shown in Figure 4 where t~ 
CA T35C704 is used in an electronic key applicatioi 
The device interfaces directly to a microprocessor and' 
used as the security portion of a door lock mechanisr 
The lock is only activated when the key's (hotel key, Ci, 
key, etc.) access code matches the one stored in tf 
CAT35C704. I 

Figure 3. Using CAT35C704/CAT35C804A-B for Protected Features 

F 
E 

1------1- ADDR = FD 

Figure 4. CAT35C704 in an Electronic Key 
~------------------, 
I I 
I I 
I I 
I I 

i DI I 1----i------ll 

I 
I 
I I L __________________ : 

LOCK MECHANISM 

F 
E 
A 
T 
u 

1------1- ADDR =AO 

F 
E 
A 
T 
u 
R 
E 
s 

µP 

~--~·- ADDR = 0 

~------------------, 
I I 

: CAT35C704 : 
I I 

1----+1 -!CS Vee : 
PORT 1----+-iSK 

X.X DI 

t----+--1DO 

I 
I 
I 
I 
I 
I 
I 
I 
I 

~------------------: 
KEY READER 
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JSTRUCTION SET 

1e following section describes the 19 instructions avail
Jle for the device and examples of each. 

ECURITY OR WRITE PROTECT 
JSTRUCTIONS 

MACC-Modify Access Code 

1is instruction allows the user to issue a new password 
, the device or modify an existing one. The password 
issued in the following manner: 

I§I] [Length of new pswrd] [old pswrd] [new pswrd] [new pswrd] 

:ir example, to issue the device a password for the first 
ne, send the following: 

3 AA55 D2 AA55 D2 

1struction Length 3-Byte Pswrd Repeat 
Code 3-Byte Pswrd 

he device now has a 3 byte password of AA 55 02. To 
1ange this password to a 5 byte password, send the 
>llowing: 

5 AA55 D2 010203 04 05 010203 04 05 

1struction Length Old Pswrd New Pswrd Repeat 
NewPswrd Code of 

New 
Pswrd 

he device now has a 5 byte password equal to 01 02 03 
4 05. This password can be modified in the same 
ianner to any length password you choose, up to 8 
ytes. 

inally, to modify the password back to a O length (no 
assword), send the device the following instruction: 

o:IQTI 0 
rystruction Length 

Code of 
New 

Pswrd 

01 02030405 

OldPswrd 

he device is now in the unprotected mode. 

. ENAC/DISAC-Enable/Disable Access 

hese two instructions permit the user to turn on or off 
1e password protection to the device. To disable any 
ccess to the device, send the following instruction: 

1000 I 1000 I 
Instruction 

Code 

12-23 

The device will give no indication that it has been disabled 
other than you now cannot Read or Write to the array. 

To enable the device operation, send the following 
instruction: 

I 1100 I 0101 I [Access Code] 

For example, to enable access to a device that has an 8 
byte password stored in the access code register, send 
the following: 

I 1100 I 0101 I 010203 04 AA BB cc DD 

Instruction 
Code 

8-Byte Pswrd 

Again, the device gives no indication that you have 
entered the correct password, however you now have 
full Read/Write capabilities. 

3. WMPR-Write Memory Pointer Register 

The Write Memory Pointer Register instruction allows 
you to modify the contents of the memory pointer regis
ter. The value of the register determines what portion of 
the memory array is protected from byte-writes during 
unprotected operation and what portion you are allowed 
to read puring protected operation. 

For example, if there is no password protection and the 
memory pointer is set to OOAA, then no byte-writes from 
address 0000 to address OOAA are allowed (unless the 
OVMPR instruction has been entered previously). In the 
protected mode, with the memory pointer set to the 
same value (OOAA), a Read Sequential (RSEQ) instruc
tion from address 0000 will not allow the user to read any 
of the array. The RSEQ instruction must begin at OOAA 
and will then allow read access from OOAA to the end of 
the array. Note: The memory pointer contents will not 
block Erase All or Write All operations . 

To change the contents of the register, send the 
following: 

I 1100 I 0100 I [A15-AB] [A7-AO] XB 

[A7-AO] x16 

This instruction is operational only after an ENAC in
struction (if a password has been set) and an EWEN 
(see EWEN section) instruction have been sent to the 
device. Once this is done, you can modify the register 
contents to the desired value. For example, to change 
the contents from 0000 to 0123, send the following: 

I 1100 I 0100 I 0123 

Instruction New Memory 
Code Pointer Value 

• 
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The memory pointer register now has a value of 0123 
(xa). 

4. RMPR-Read Memory Pointer Register 

The Write Memory Pointer Register instruction allows 
you to read the location in memory where the memory 
pointer resides. This tells you which portions of the 
memory are divided between read only and full read/ 
write access. To read the value of the register, send the 
following: 

I 1100 I 1010 I 
Instruction 

Code 

The device will then return the hex value of the memory 
pointer location. 

5. OVMPR-Override Memory Pointer Register 

This instruction allows the user to write data to a pro
tected area of memory on a one time basis, without 
having to uncover that area with the memory pointer. For 
example, to write data to an area protected by the 
memory pointer the OVMPR instruction would be is
sued, followed immediately by a write instruction. After 
the write has been completed, the area of memory is 
again protected. 

I 1000 I 0011 I 
Instruction 

Code 

READ/WRITE/ERASE INSTRUCTIONS 

1. READ-Read Memory 

This instruction outputs the data from memory at the 
specified location. 

I 1100 I 0101 I [A15-AB] [A7-AO] xB 

[A7-AO] X16 

Instruction 
Code 

Address 

For example, to Readthecontentsofaddress 1AH, send 
the following: 

I 1100 I 1001 I 00011010 

The device then outputs data located at this address on 
the DO pin. 

2. WRITE-Write Memory 

The Write instruction writes an a or 16 bit data word into 
a specified address of memory. Once the instruction, 

address, and data have been entered, the self-time 
program/erase cycle will start. The addressed memo' 
location is erased before data is written. For example, 
write the data 5A2D Hex to address Ca, send the followin\ 

I 1100 I 0001 I 11001000 0101101000101101 

Instruction Address (x16} Data (x16} 
Code 

After the specified Program/Erase pulse width, the da: 
5A2D is written to address Ca Hex. 

3. ERASE-Clear Memory 

The Erase instruction clears the specified memory locJ 
tion by setting all cells to a logic "1 ". Once the instructic 
and address have been entered, the self-timed eraE 
cycle will start. For example, to erase the data located; 
address 1234 Hex, send the following: 

I 1100 I ooool 0001001000110100 

Instruction Address (xB} 
Code 

After the specified Erase pulse width, the contents i 
address 1234 Hex will be FF Hex. 

4. ERAL-Erase All 

The Erase All instruction clears the data from all locations in th 
memory. To erase the entire device, send the following: 

I 1000 I 1001 I i 1000 ! 1001 I 
Instruction 

Code 
Instruction 

Code 

The code is required to be sent twice (to protect again: 
inadvertent chip clear) and, once sent, clears all loc~ 
lions to the FF Hex state. 

5. WRAL-Write All 

The Write All instruction is used to write the same dat 
byte to all locations in the memory. For example, to writ. 
the data AA Hex to all locations, send the following; 

I 1000 ! 1001 I I 1100 I 0011 I 10101010 

Instruction 
Code 

Instruction Data (xB) 
Code 

After the specified Program/Erase pulse width, all locc 
tions in the device will now have AA Hex written to th err 

12-24 

6. RSEQ-Read Sequential 

The Read Sequential instruction allows the user t,
1 

sequentially clock out data starting at a specified ao 
dress continuing until the end of memory or Chip Se lee, 
is brought low. For example, to read memory starting 8 
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ldress 4D Hex continuing to the end of the array, send 
e following: 

100 I 1011 I 01001101 

nstruction Address (x16) 
Code 

1e device will now clock out (SK pin must be clocked by 
>er) the contents of memory starting at address 4D and 
mtinuing to the end of memory. 

TATUS AND CONTROL INSTRUCTIONS 

EWEN-Erase/Write Enable 

his instruction is required to be entered before any 
·ogram/erase instruction will be carried out. Once it is 
1tered, it remains valid until a power down or a EWDS 
struction is sent. To enable the device for writing/ 
~asing, send the following: 

ooo I 0001 I 
Instruction 

Code 

he device is now ready to be erased or written to. 

. EWDS-Erase/Write Disable 

his instruction disables all writing or erasing of the 
evice. Once sent, the device must be sent an EWEN 
1struction before any erase/write instruction will be 
erformed. To disable erase/write instructions, send the 
>llowing: 

1000 I 0010 I 
Instruction 

Code 

he device is now protected from any erase or write 
istructions. 

. ORG-Select Memory Organization 

'his instruction allows the user to select a x16 or x8 
iemory organization. For example, to configure the 
.evice with a word length of 8 bits, send the following: 

1000 I 0110 I 
Instruction 

Code 

·o configure the device with a word length of 16 bits, 
;end the following: 
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I 1000 I 0111 I 
Instruction 

Code 

4. RSR-Read Status Register 

The Read Status Register instruction allows the user to 
determine the state of the device. To determine if the 
device is in an error condition, send the following: 

I 1100 I 1000 I 
Instruction 

Code 

The device then responds with an 8 bit status word that 
gives the following information: 

10100000 ·the device is operating normally 
10110000 ·the device has a parity error 
10101000 • the device has an instruction error 
10100100 ·the device is in the program/erase cycle 

5. DISBSY-Disable Busy 

The Disable Busy instruction disables the RDY/BUSY 
status on the DO (data out) pin. To disable the RDY/ 
BUSY function, send the following: 

I 1000 I 0101 I 
Instruction 

Code 

The RDY/BUSY status is now no longer available on the 
DO pin. 

6. ENBSY-Enable Busy 

The Enable Busy instruction enables the RDY/BUSY 
status on the DO pin. To enable this status, send the 
following: 

I 1000 I 0100 I 
Instruction 

Code 

The RDY/BUSY status is now enabled on the DO pin. 
This allows the user to tell ifthe device is in the program/ 
erase cycle (DO low) or has completed it (DO high). 

7. NOP-No Operation 

The NOP instruction leaves the device in an idle mode; 
no operation is executed. 

• 
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SECURE ACCESS SERIAL E2PROM 

EVALUATION KIT 

• Single Board Evaluation Kit for Secure Access 
Serial E2PR0Ms 

• Interfaces to IBM/Compatible PC via Serial 
Communication Port or Parallel Printer Port 

• Supports Both Synchronous and Asynchronous 
Communications 

OVERVIEW 

The Catalyst Secure Access Serial E2PROM Evaluation 
Kit is a simple, low cost solution to programming 
CAT35C704/CAT35C804A-B serial E2PROMs. The 
complete package consists of a 4" x 7" hardware board 
partitioned into two halves for either CAT35C704 or 
CAT35C804A-B programming. Each half contains an 8 
pin device socket, 1/0 connector, and all necessary 
interface chips and switches to completely evaluate the 
CAT35C704 synchronous device or the CAT35C804A
B UART compatible asynchronous device. A wall mount 
power supply is provided for board operation. MS/DOS 
compatible software is included for easy device instruc
tion execution. 

• Ideal as Application Design Tool 

• Comprehensive Users Manual 

• PC Communications Program and Power Supply i 

Included 

The kit enables you to use your IBM/Compatible PC 1 

a local evaluation station for device testing and applic; 
tion design. ' 

To test the CAT35C704, connect a standard print', 
cable (50 pin Centronix) to the "704" half of the evalui 
tion board, insert a device in the test socket and run n

1 

evaluation software provided. Similarly, for ti' 
CAT35C804A-B, connect a standard RS232 cable· 
the "804" half of the evaluation board, insert a devic 
and run the appropriate "804" software. 

The evaluation package allows the user a faster ar 
easier path to high security applications. 

Figure 5. Secure Access Serial E2PROM Evaluation Board 

TO PARALLEL PRINTER PORT'-~--------------

0 

w 
PC COMMUNICATIONS 

SOFTWARE 

0 

D 
CAT35C804A-B 

DEVICE SOCKET 
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D 
CAT35C704 

DEVICE SOCKET 

0 

0 

AC 

POWER MODULE 
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VALUATION BOARD INSTRUCTION SET: 

he evaluation kit comes with communication software 
iat allows you to exercise all 19 instructions for Catalyst 
ecure Access Serial E2PROMs. The first six are 
ilated to security or write protection: 

1ISAC: The Disable Access instruction locks the memory 
om all write/erase operations and once enabled, a 
•rite can only be accomplished by first sending the 
NAC (and access code) instruction. 

.NAC: The Enable Access instruction followed by a 
a lid access code unlocks the device for READ/WRITE/ 
HASE operations. 

l.'MPR: The Write Memory Pointer Register command 
ollowed by address) will move the memory pointer to 
1e newly specified address. 

IACC: The Modify Access Code instruction allows the 
ser to change the access code formerly entered or 
nter one for the first time. The new acce.os code must 
e entered twice for security measures. 

>VMPR: Override Memory Pointer Register allows the 
1ser to bypass the memory protection forone instruction 
inly, following its use, after which the memory is again 
1rotected from write/erase operations. 

IMPR: The Read Memory Pointer Register command 
1llows the userto interrogate the contents of the memory 
IOinter register. 

"he next six instructions are used for READ/WRITE/ 
:RASE operations: 

:RAL: The Erase All command lets you erase the 
:ontents of the entire memory. 

:RASE: The Erase command allows you to erase only 
1 specified address of the memory. 

~EAD: This instruction will output the contents of the 
1ddressed memory location to the serial port. 
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RSEQ: Read Sequential allows you to read the memory 
from the specified address to the end of memory. It 
terminates upon reaching the end of memory or when 
CS goes low. 

WRAL: The Write All instruction writes one (or two) 
bytes of data to all memory locations. An erase all is 
automatically performed before the WRAL is executed. 

WRITE: This command writes the 8 bit or 16 bit data to 
the addressed memory location. The location being 
written to is automatically erased before being written to. 

Seven instructions are used as control and status func
tions: 

DISBSY: Disables the status indicator on DO during a 
write/erase cycle. 

ENBSY: Enables the status indicator on DO during 
write/erase cycle. The data out pin goes LOW then 
HIGH once the write cycle is completed and will go to 
High-Z at the end of the next op-code transmission. 

EWEN: This command enables an erase or write to be 
performed on non-protected portions of the memory, 
and must be entered prior to any erase/write operations. 

EWDS: This instruction disables all erase and write 
functions. 

ORG: This organization command configures the 
memory as either a 256x16 or 512x8 array. 

RSR: This command outputs the contents of the 8 bit 
status register and allows the user to quickly determine 
the working status of a device. ROY/BUSY, instruction 
error and parity error status is displayed. 

NOP: No operation is performed. 

• 
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:atalyst Parallel E2PROMs Feature 
)oftware Data Protection 
Ian Apple 

, common concern among E2PROM users is data 
itegrity during power on/off transitions and system 
litchesthat may cause inadvertent writes to the memory 
rray. Hardware data protection schemes have been 
round for some time to reduce this problem. They 
iclude: 

. V cc lockout voltage below which writes are inhibited. 

. Power on delay mechanism where writing is inhibited 
a fixed time after Vee is stable. 

. Write inhibits by holding CE, OE or WE high. 

igure 1. CAT28C648 Write Sequence for 
.ctivating Software Data Protection 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

AA 

1555 

55 

OAAA 

Ao 

1555 

SOFTWARE DATA 
PROTECTION ACTIVATED 

WRITE DATA: xx 
TO ANY ADDRESS 

WRITE LAST BYTE 
TO 

LAST ADDRESS 
5094 FHD FOB 
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4. Noise pulses of less than 20 ns on the WE or CE 
inputs are ignored. 

Despite these hardware protection features, additional 
protection is being required by industry users. Catalyst 
has added Software Data Protection (SDP) to its 64K bit 
and 256K bit E2PR0Ms. The CAT28C64B and 
CAT28C256 parallel E2PROMs feature software con
trolled data protection that once enabled, requires a set 
write sequence to be sent to the device prior to any writes 
being performed. Figures 1 and 2 provide the software 
sequence required to activate Software Data Protection 
for both devices: 

Figure 2. CAT28C256 Write Sequence for 
Activating Software Data Protection 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

AA 

5555 

55 

2AAA 

AO 
5555 

SOFTWARE DATA 
PROTECTION ACTIVATED 

WRITE DATA: xx 
TO ANY ADDRESS 

WRITE LAST BYTE 
TO 

LAST ADDRESS 
5096 FHD FOB 

TD 5198 

,, 

lj 
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Once Software Data Protection has been activated, it 
remains activated through any power on/off transitions 
and, prior to any writing, the user must send the device 
this same algorithm. The addresses used are located on 
different page boundaries so that the data bytes used in 
the SDP algorithm are not actually written to the device. 

Figure 3. CAT28C64B Write Sequence 
for Deactivating Software Data Protection 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

AA 

1555 

55 

OAAA 

80 

1555 

AA 

1555 

55 

OAAA 

20 

1555 

SOFTWARE DATA 
PROTECTION DEACTIVATED 

5198 FHD F01 

In the event the user wishes to deactivate the SD 
feature a six step algorithm is provided. Figures 3 an 
4 provide this algorithm for both devices. 

Once issued the device returns to a normal operatir1 
condition and data already written to the device remairi 
unchanged. 

Figure 4. CAT28C256 Write Sequence 
for Deactivating Software Data Protection 
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WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

WRITE DATA: 

ADDRESS: 

AA 

5555 

55 

2AAA 

80 

5555 

AA 

5555 

55 

2AAA 

20 

5555 

SOFTWARE DATA 
PROTECTION DEACTIVATED 

5198 FHD F< 



!\dvantages of 5V Flash Memories 
1an Apple 

\ITRODUCTION 

lash memories continue to fill the void between con
entional one transistor cell EPROMs and byte-alter
ble two transistor cell E2PROMs. Since these nonvola
le memories have the same JEDEC pinouts as 
:PROMs, the devices are socket compatible in most 
ystems and require only simple software modifications. 
'rogramming of a Flash memory is done with the same 
ot-electron injection technique used on EPROMs, 
rhereas cell erasure is accomplished via the E2PROM 
owler-Norheim tunneling phenomenon. Thus, by com
ining these two technologies, Flash memories are able 
l provide the user competitive EPROM pricing capabil
Y along with the in-system reprogrammability that 
2 PROMs offer. 

igure 1. CAT28F010V5 Sector Erase Architecture 

FEATURES 

The CAT28F512V5 and CAT28F01 OVS offer features 
that nonvolatile memory users have been requesting for 
some time. The feature most attractive to users with 
small, portable, power-conscious systems is the SV 
operating supply. With an on-board charge pump to 
boost the voltage to the required level for erasing and 
programming, the user does not need an external 12V 
supply required on other Flash memories. Since the 
standard 5 to 12V converter chip (and associated com
ponents) is not required, overall system cost is reduced. 
Additionally, the memory is divided into 32 2K-byte 
sectors (64 for the 1 Megabit), and each sector can be 
randomly accessed for program/erase operations (see 
Figure 1 ). 

1FFFFH 

2K BYTES PER SECTOR 

-SOFTWARE 

WRITE PROTECTION FOR -

EACH SECTOR -
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017FFH 

OOFFFH 

007FFH 

OOOOOH 

5196 FHD F01 

TD 5196 
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Advantages of 5V Flash Memories 

With this flexible sector erase architecture, the user has 
the option of individual sector, multiple sector or bulk 
program/erase capability. Boot code can be stored in 
selected sectors to ensure system re-boot code does 
not get erased; a problem faced by 12V bulk-erase Flash 
users. Additionally, the CAT28F010V5 offers software 
controlled sector protection. This feature allows sector 
protection by write protecting individual or multiple sec
tors. Each sector has a nonvolatile bit that can be set via 
a software command, allowing the specified sector(s) to 
become read-only. 

The evolving portable computing market, currently di
vided between the notebook/pen-based machines and 
the handheld/palmtop computers, is an ideal match for 
Flash memories. The need for low-power lightweight 
systems allows Flash memories to be used as a hard 
disk replacement. The density, quality, reliability, com-

Note: 
( 1) All Catalyst Flash memories are offered in TSOP packaging. 

pactness(1 land low power dissipation are the attract iv 
features for computer manufacturers. Flash memorie 
do not have the power requirements of hard disk drive 
and the instant-on read capabilities are useful for storin 
application programs. 

Some of the applications that Flash memories are ta 
geting include: applications requiring selective reprc 
gramming, BIOS code storage, embedded control, lasE 
printers, medical equipment, PCMCIA memory card: 
control applications in disk drives, electronic engine! 
communications and networking. ' 

I 

Minor software algorithm changes are required whs 
replacing 12V bulk erase Flash devices with 5V sect~ 
erase Flash memories. Figure 2 details the Sector Eras 
Algorithm used on the CAT28F512V5 device. 
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igure 2. Random Access Sector Erase Algorithm 

INCREMENT 
ADDRESS 

START 
ERASURE 

PROG. ALL BYTES 
OF SECTOR TO 00 

INITIALIZE 
PLSCNT=OO 

WRITE ERASE 
SETUP COMMAND 

WRITE ERASE CMD 
WITH SECTORADDR 

TIME OUT 10µs 

WRITE ERASE 
VERIFY COMMAND 

TIMEOUT6µs 

READDATA 
FROM DEVICE 

WRITE READ 
COMMAND 

ERASURE 
COMPLETED 
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BUS 
COMMAND COMMENTS OPERATION 

ALL BYTES WITHIN 
SECTOR SHOULD BE 
PROGRAMMED TO oo 
BEFORE AN ERASE 

OPERATION 

PLSCNT =PULSE COUNT 

WRITE ERASE ACTUAL ERASE NEEDS 
10ms PULSE, DATA=60H 

WRITE ERASE DATA=60H 
ADDRESS= SECTOR ADDR 

WAIT 

WRITE 
ERASE 

ADDR =BYTE TO VERIFY VERIFY 
DATA=AOH 

WAIT 

READ READ BYTE TO VERIFY 
ERASURE 

STANDBY COMPARE OUTPUT TO FF 
INC PULSE COUNT 

DATA= OOH, RESETS • WRITE READ REGISTERS FOR READ 
OPERATION 

STANDBY 
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ITRODUCTION 

he Catalyst corporate mission statement is: 

-Use state of the art nonvolatile memory technology to 
reduce innovative leading edge products and obtain a 
>adership position in all reprogrammable product mar
ets. 

-Adopt a global manufacturing strategy by using stra
~gic partners to produce cost-effective, high quality 
roducts. 

-Provide excellent service to customers worldwide and 
nter into mutually beneficial, long term partnership 
greements. 

he Catalyst Quality and Reliability Policy Manual (avail
ble on request) contains the methods and philosophies 
) implement the corporate mission. Catalyst is utilizing 
quality system in accordance with the requirements of 

30-9001 "Quality Systems - Model for Quality Assur
nce in Design/Development, Production, Installation, 
nd Servicing" and the criteria of MIL-M-38510, appen
lix A "Product Assurance Program". 

nANUFACTURING TECHNOLOGY 

:atalyst fabricates all memory devices using a CMOS 
1rocess. The fundamental storage element in all Cata
/St reprogrammable nonvolatile memories is a floating 
1ate memory transistor. Details of various memory cells 
1peration are included in the Catalyst Quality and Reli-
1bility Application Notes in this section. 

~II wafer fabrication and package assembly processes 
1ave flow charts and baselines as controlled docu
nents. Basic descriptions of all Catalyst device con
;truction are available on request. Detailed descriptions 
ire proprietary; however, a nondisclosure agreement 
nay be used, if required. 

JUALIFICATION METHODOLOGIES 

=:atalyst qualifies reprogrammable nonvolatile memo
·ies in accordance with the guidelines of the IEEE 
3tandard Definitions and Characterization of Floating 
3ate Semiconductor Arrays (IEEE Std 1005-1991, avail
~ble from IEEE), MIL-STD-883, and JEDEC Standard 
22 (JESD-22). 

)evices are qualified by Design/Process and Package 
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families. This reduces the overall cost of qualification, 
while providing assurance that each combination of 
design, process, and package meets minimum reliability 
requirements. 

A Design/Process family consists of those devices using 
similar logic, layout, and design rules using the same 
wafer fabrication process and location. 

A Package family consists of those devices using the 
same assembly package configuration, materials, and 
location. 

Once a representative device is qualified, other mem
bers of the Design/Process families are qualified in that 
package family. Thus, each possible combination of 
design, process, and package does not require stress
ing, in order to have each combination fully qualified or 
requalified after changes. Reference Catalyst specifica
tions (available on request) for Qualification Require
ments and Critical Process Change Notification. 

For example: It a serial E2PROM, built on a 1.5 µ 
process is qualified in a SOIC package; then, other serial 
E2PROMs (using the similar logic, layout, and design 
rules) built on the same 1.5µ process, are also qualified 
in the same SOIC package. 

Catalyst provides Reliability Summaries (upon request) 
for all devices. Reliability Summaries contain three 
sections: Design/Process Family, Package Family, and 
Device Specific. 

The Design/Process Family data summary includes the 
following sections: Reliability Stress, Stress Conditions, 
Device Hours,# Failures, Failure Rate at 90% C.I. (i.e., • 
at the stress temperature in %/1000 hours) and a Cause 
category for any failures. The Summary includes: the 
Device Hours (at the deaccelerated temperature of 
55°C), the Apparent Activation Energy and the failure 
rate at 90% C.1. in FITs (or FICs for endurance). The 
"Endurance Cycles to Time Conversion Nomograph" is 
included for the demonstrated endurance failure rate. 
This format is used for reporting Lite Test, Data Reten· 
tion and Endurance. 

The Package Family data summary includes the follow
ing sections: Reliability Stress, Stress Conditions, 
# Lots, Failures/Timepoint. This format is used for re
porting: Solder Heat Resistance, including subsequent 
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Life Test and Data Retention, HAST, Pressure Pot, 
Biased 85/85, Temperature Cycles, Thermal Shock, 
Marking Permanency, Lead Fatigue and Physical Di
mensions. 

The Device Specific data summary includes the follow
ing sections: Reliability Stress, Stress Conditions, 
#Lots, Failures/Timepoint. The data reported includes: 
Machine Model and Human Body Model ESD results 
and latch-up data. 

ENDURANCE AND DATA RETENTION 
GUARANTEE 

Endurance 

Endurance is the measure of the ability of a 
reprogrammable nonvolatile memory device to meet its 
data sheet specifications as a function of accumulated 
program/erase cycles. A device program/erase cycle is 
the act of changing data from original (e.g., erased) to 
opposite (e.g., programmed) back to original for all bits 
of the memory array. 

Catalyst provides an endurance lot acceptance guaran
tee of a 1 % AOQL (L TPD 5/1) forthe number of program/ 
erase cycles per byte as specified by the applicable data 
sheet. The endurance is independent of the program or 
erase method, e.g., byte, page, sector, block, chip. 
Endurance is verified by the customer with the Endur
ance, Data Retention and Steady State Life Test Meth
odology. 

Data Retention 

Data Retention is the measure of the integrity of the 
stored data as a function of time. Data retention is the 
time from data storage to the time at which a repeatable 
data error is detected. 

Catalyst provides a data retention lot acceptance guar
antee of a 1 % AOQL (L TPD 5/1) for the number of years 
per device as specified by the applicable data sheet. 
This applies across the operating temperature range 
and after the specified minimum number of endurance 
cycles. Data retention is verified by the customer with the 
Endurance, Data Retention and Steady State Life Test 
Methodology. 

13-2 

ENDURANCE, DATA RETENTION, AND STEADY 
STATE LIFE TEST METHODOLOGY 

An endurance test, reference Method 1033 of MIL-ST[ 
883, shall be added before performing the steady stat 
life test and extended data retention test. Cycling may b 
chip, sector, block, byte or page on finished devices. Th 
following conditions shall be met: 

(1) All bytes shall be cycled for a minimum of th 
specified number of cycles at equipment room ambieri 

(2) Perform parametric, functional and timing tests <, 

room temperature, after cycling. Devices having bits n~ 
in the proper state after functional testing shall constitut 
a device failure. Separate the devices into two groups fd 
extended data retention and steady state life test, the. 
write applicable data patterns. ' 

(3) Perform the extended data retention, consisting of, 
high temperature unbiased storage for 1000 hours min 
mum at 150°C minimum. The storage time may b, 
accelerated by using a higher temperature according t•, 
the Arrhenius relationship and an apparent activatio\ 
energy of .6eV. The maximum storage temperature i1 
an Nitrogen environment shall not exceed 175°C to 
hermetic or 160°C for plastic devices. All devices sha. 
be programmed with a charge on all memory cells ii 
each device, such that a loss of charge can be detecte1 
(e.g., worst case pattern). 1 

(4) Read the data retention pattern and perform para 
metric functional and timing tests at room temperature, 
after cycling and bake. Devices having bits not in tht 
proper state after functional testing shall constitute <, 

device failure. ' 

(5) Perform steady state life, reference method 1 00! 
condition D of MIL-STD-883, for 1000 hours at 125°C ir

1 

an Nitrogen environment. The steady state life time maj 
be accelerated by using an Arrhenius relationship anc 
apparent activation energy of .4 eV. The maximun 
operating junction temperature shall not exceed 175°C

1 

All devices shall be written with a checkerboard o; 
equivalent topological alternating bit pattern. 

(6) Read the steady state life pattern and perform para
metric, functional, and timing tests at room temperature1 

after cycling and steady state life. Devices having bit~ 
not in the proper state after functional testing shal

1 

constitute a device failure. I 

(7) The endurance, data retention, and steady state litd 
tests shall individually pass a sample plan to an L TPD o1, 
5/1 (sample size = 77, accept = 1), equivalent to ar1. 
AOOL=1%. I 
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igure 1. Qualification Requirements (Commercial Plastic Package) 

Joie: 

l 
ENDURANCE 

PRECONDITIONING 
DATA SHEET LIMIT 

REFTM1033 
LTFR = 5 

DEVICE TESTS 

ELECTRICAL TESTS 
MIN & MAX 

RATED TEMPS 

SOLDER HEAT 
PRECONDITIONING 

(AS APPLICABLE) 
REF JESD22-A112 

,.-i BIASED 85/85 ~ 
2000 HRS 

REF JESD22-A101 
LTFR = 5 

DHTL: 2000 HRS, 
150°C, 6 VOLTS 

REFTM1005 
LTFR=5 

1--+!+-1 PRESSURE POT ~ 
UPT0500 HRS 

REF JESD22-A102 
LTFR = 7 

H DATA RETENTION: 1--+!+-1 
2000 HRS, 150°c 

REFTM1008 
LTFR=5 

'--+j EXTENDED 1--1--1 
ENDURANCE 

UP TO 10X SPEC 
REFTM1033 

HAST ~ 
UPT0168HRS 

REF JESD22-A110 
LTFR=7 

TEMPCYCLE ~ 
--65 TO + 150°c 
1000 CYCLES 
REFTM1010 

LTFR = 7 

~ THERMAL SHOCK f+--J 
-55 TO +125°C 

100 CYCLES 
REFTM1011 

ELECTRICAL TESTS 
MIN &MAX 

RATED TEMPS 

LTFR= 7 

PACKAGE TESTS 

PHYSICAL 
DIMENSIONS 
REFTM2016 

LTFR= 15 

SOLDERABILITY 
REFTM2003 

LTFR = 15 

MARKING 
PERMANENCY 

REFTM2015 
LTFR = 15 

LEAD INTEGRITY 
REFTM2004 

LTFR = 15 

SOLDER HEAT 
RESISTANCE 

REF JESD22-A112 
LTFR = 10 

1) LTFR =Lot Tolerant Failure Rate or LTPD, sample sizes per MIL-M-38510, appendix B. 
2) TMxxxx refers to Test Methods per MIL-STD-883. 
3) JESD22 refers to the test methods per JED EC Standard 22. 
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DIE TESTS 

LATCH-UP 
JESD-17 (200 mA) 

LTFR = 50 

ESD 
HBM: 100 pF, 1.5 kn 

REFTM3015 
LTFR = 50 

ESD 
MM: 200 pF, o Q 

LTFR =so 

5215 FHD F01 
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Table 1. General Requirements 

Stress Codes Names of Stress Methods Standard Conditions 

DHTL Dynamic High Temperature Operating Life 2000 hours@ 150°C 

DRSL Data Retention Storage Life 2000 hours @ 150°C 

ENDR Endurance 1 OX Data Sheet @ 25°C 

THBS Temperature Humidity Bias Stress 2000 hours 85°C/85%RH 

PPOT Pressure Pot 

HAST Highly Accelerated Stress Test 

TMCL Temperature Cycling (air-to-air) 

TMSK Thermal Shock (liquid-to-liquid) 

RELIABILITY STRESS METHODS 

DHTL-Dynamic High Temperature Operating Life 

Description: This stress accurately replicates the users 
operating conditions for a device. All inputs are toggled 
in the read mode and outputs are loaded with an appro
priate worst case load. This stress maximizes the num
ber of nodes subjected to changing electric fields in 
order to optimize detection of latent failures caused by 
such problems as oxide faults, pinholes, or leaky junc
tions. 

Minimum Duration: 2000 hours at an ambient tempera
ture of 150°C. Catalyst CMOS devices have a small 
junction temperature rise in this stress, thus there is no 
concern for elevated temperatures creating packaging 
or silicon problems. 

DRSL-Data Retention Storage Life 

Description: This stress exposes the parts to unbiased 
storage at an elevated temperature, normally 150°C for 
plastic packages and 250°C for hermetic packages. 
These are the highest practical temperatures the appli
cable package can sustain to accelerate the loss of 
charge off the floating gate. 

Temperature: For plastic packages, 165°C is at the 
maximum safe storage temperature, because the glass 
transition temperature of most epoxies is below 165°C. 
Above 165°C, the mechanical and chemical stability of 
the plastic is uncertain, thus prolonged exposure can 
create failure mechanisms that would otherwise not be 
observed. For solder seal hermetic packages, 260°C is 
the maximum temperature before damaging the solder 
seal. For glass frit seal hermetic packages, 300°C is the 
maximum prolonged storage temperature before intro
ducing unpredictable effects in the silicon. 

Minimum duration: 2000 hours at 150°C. 

13-4 

500 hours @ 121°C 

168 hours @ 140°C 

1000 cycles -65°C/150°C 

100 cycles -55°C/125°C 

EN DR-Endurance 

Description: This stress replicates the user's writin 
conditions for the device. All bits are erased and pre 
grammed. The stress detects failures due to oxid 
rupture or charge trapping of the tunnel dielectric c 
failures in peripheral oxides. 

Minimum Duration: The data sheet specified number c 
cycles must be performed before DHTL or DRSL. E) 
tended endurance will be to at least 1 o times the spec 
tied number of cycles. 

THBS-Temperature Humidity Bias Stressing 

Description: This accelerated temperature and humid it 
bias stress is performed at 85°C and 85% Relativ1 
Humidity, reference JESD-22, Test Method A102. Ii 
general, the worst-case bias condition is the one tha 
minimizes the device power dissipation and maximize: 
the applied voltage. Higher power dissipations tend t1 
lower the humidity level at the chip surface and Jesse1 
the corrosion susceptibility. 

Minimum Duration: 2000 hours. As HAST become: 
more widely accepted, it may supplement or replac1 
THBS stressing. 

PPOT-Pressure Pot 

Description: This stress exposes the devices to satu 
rated steam at an elevated temperature and pressure 
The standard condition is 15 PSIG, at a temperature o 
121°C, reference JESD-22, Test Method A102. Th! 
plastic encapsulant is not a permanent moisture barrie1 
and will eventually saturate with moisture. Since the chir 
is not biased, the chip temperature and relative humid it~ 
will be the same as the autoclave once equilibrium i~ 

reached. ! 



fectivity: The steam environment has an unlimited 
pply of moisture and ample temperature to catalyze 
3rmally activated events, thus is effective at detecting 
rrosion problems, contamination-induced leakage 
:iblems, general glassivation stability and integrity, 
.ckage integrity (cracks in the package), and for die 
3cks (the moisture swells the plastic enough to stress 
9 die; also, the moisture causes leakage paths in the 
3ck itself.) 

·nimum Duration: 336 hours for surface mount pack-
1es and 500 hours for DIL packages. 

~ST-Highly Accelerated Stress Test 

3scription: This highly accelerated biased humidity 
mperature test combines the worst-case characteris
:s of 85/85 stressing and the high temperature, high 
essure characteristics of PPOT testing. The ambient 
saturated steam. The stress condition is 140°C and 
i% RH, referenceJESD-22, Test MethodA110. HAST 
often used in process control as a rapid test for 

oisture reliability assessment. Optimum bias condi
ms are the same as used for 85/85. 

3mperature: Bond integrity may be compromised for 
ctended HAST stressing at junction temperatures in 
ccess of 150°C. 

inimum Duration: 96 hours for surface mount pack
~es and 168 hours for DIL packages. 

MCL-Temperature Cycling, Air-to-air 

escription: The device is cycled between the specified 
:iper and lower temperature without power in an air or 
trogen environment. Normal temperature extremes 
·e -65°C and+ 150°C with a minimum 10 minute dwell 
1d 5 minute transition, per Ml L-STD-883, Method 1 010, 
ondition C. This is a good test to measure the overall 
:ickage to die mechanical compatibility. 

linimum Duration: 1000 cycles. 

MSK-Thermal Shock, Liquid-to-liquid 

1escription: Heating and cooling are done by immersing 
ie units in a hot and cold inert liquid. Normal tempera
ire extremes are -55°C to +125 with a minimum 5 
iinute dwell and less than a 1 O second transition per 
llL-STD-883, Method 1011, Condition C. 

·emperature: Heat transfer by conduction is much faster 
ian by convection, thus causing rapid temperature 
hanges in the part. This rapid changing in temperature 
reates temperature gradients across the part, which 
till produce additional mechanical stress compared 
1ith temperature cycling. This additional stress will 
1ccelerate mechanisms such as bond cratering and wire 
:reep. 
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Minimum Stress Duration: 100 cycles. 

Solderability Testing 

Description: This method, per MIL-STD-883, Method 
2003, is designed to determine the solderability of the 
device leads using a standardized soldering procedure 
after a specified pre-conditioning (steam aging). Rejec
tion criteria are based on physical appearance of the 
finished leads (porosity, pinholes, non-wetting, dewetting, 
foreign material, etc.) 

Lead Integrity 

Description: This method tests the leads of a device by 
bending them in a prescribed manner and rejecting the 
device if the specified stress results in a broken or 
loosened lead, or damage to the device hermeticity, per 
MIL-STD-883, Method 2004. 

Latch-up 

Description: CMOS devices contain parasitic PNPN 
structures which may act as SC R's, given the appropri
ate triggering event. The triggering event may be Gamma 
radiation or a voltage spike on the power bus or an input 
pin. Under normal operating conditions, these PNPN 
structures are reverse biased and quiescent. The latch
up may result in a temporary malfunction or permanent 
damage. Reference JESD-17 Latch-up in CMOS Inte
grated Circuits and Catalyst Specification #22009. 

ESD Testing 

ESD Specs: Catalyst ESD test standards are presented 
in Specification #22010. This specification includes the 
human body model based on MIL-STD-883, Method 
3015, Electrostatic Discharge Sensitivity Classification; 
and the machine model. 

The human body model uses a 100 pf capacitor with a 
1.5 Kn series resistor. The machine model uses a 200 
pf capacitor with no resistor. 

Surface Mount Package Solder Heat 
Preconditioning 

Industry Standards: Reference JESD-22, Test Method • 
A 112 proposal. 

The samples from each pin count of each applicable 
package family shall be subjected to the following 
stressing sequences: 

Note: Packages containing larger die-attach pads are 
expected to exhibit less durability when subjected to 
these same sequences of environmental exposures. 
Therefore, within a package/pin-count family, only the 
largest die-pad dimensions need be tested to establish 
the durability of that package family. 
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Example: 28 pin SOIC having three different die-attach 
pad qimensions. Only the largest die size need to be 
tested to ensure the integrity of the 28 pin SOIC family. 

Saturated samples:· Samples which have been satu
rated to a given level of humidity shall be subjected to the 
sequence listed below. Successful completion of these 
sequences represents the minimum durability require
ment for packages, which can be shipped without spe
cial dry-packing precautions. 

Sample 1 

125°C bake for 24 hours to dry the package 
168 hour 85/85 no bias to saturate the package 
2 60 second passes through vapor phase furnace at 

217°C 
Samples to DHTL, DRSL, and 85/85 

Sample 2 

125°C bake for 24 hours to dry the package 
168 hour 85/85 no bias to saturate the package 
2 60 second passes through infrared furnace at 

240°C 
Samples to DHTL, DRSL, and 85/85 
Electrical test 

Acceptable Performance: There should be NO failures 
from package degradation, cracks or internal corrosion. 
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Crack and Damage Inspection: Acoustical microsco~ 
• I 

and cross sections may be used to analyze samples f\ 
evidence of damage. 

I 

After electrical test and visual inspection, the sampl~ 
shall be exposed to DHTL, DRSL, and THBS for I 
minimum of 1000 hours. 1 

I 

Acceptable performance: Devices in each stress sh~ 
meet the applicable sample plan. I 
Sequence for HUMIDITY-PRECONDITIONE1 

SAMPLES (moisture content = 0.4% to 0.6%) • 

50samples I 
Precondition this sample as follows: I 
Weigh a sample of 1 O devices (record weight) , 
Bake in dry storage @ 150°C for 48 hours ' 
Weigh the sample of 10 devices again (record weighl 
Subject the sample to 85/85 (no bias) for 168 hour

1 

Weigh a sample of 10 devices (record weight) · 
I 

Acceptable Performance: There should be NO failure 
from package degradation, cracks or internal corrosioi. 

! 

Crack and Damage Inspection: Additional sequence 
and inspection techniques: Multiple exposures to vap~ 
phase and infrared reflow profiles may be conducteq 
Acoustical microscopy and cross sections may be use 
to analyze samples for evidence of damage. 
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::LIABILITY STRESS RESULTS 

Hial, by Design/Process Family 

1ble 2. Serial E2PROM Reliability Data Summary (Process/Design 1.Sµm CMOS) 

Apparent 
Reliability Stress # Device # Activation Failure Rate 

Stress Conditions L:>ts Hours Failures Energy @90%C.I. Cause 

Dynamic High @ 125°C & 5.0V 7 430,000 0 0.52%/1 ooo Hrs 
Temp. @ 150°C & 6.0V 3 198,000 0 1.15%/1000 Hrs 
Operating Life 
(DHTL) 
Summary @ 55°C 9.90e+06 0.4eV 234 FITs(4) 

Data Retention @ 150°C Post 123 6,104,000 10 .255%/1 000 Hrs 8 Oxide Rupture 
Storage Life 100K Cycles 2 Margin Fail 
(DRSL) 
Summary @ 55°C 7.20e+08 0.6eV 22 FITs 

Endurance in @Ambient+ 123 9.66e+08 6 .0011%/1000 Cyc. 5 Oxide Rupture 
Program/Erase 48 Hrs Bake @ 1 Margin Fail 
Cycles (ENDR) End Point 
Summary @ 55°C 6.30e+08 0.12 eV 17 FICs 

able 3. Serial E2PROM Reliability Data Summary (Process/Design 2.0 µm CMOS) 

Apparent 
Reliability Stress # Device # Activation Failure Rate 

Stress Conditions Lots Hours Failures Energy @90% C.I. Cause 

Dynamic High @ 125°C & 5.0V 25 1,478,000 2 0.36%/1000 Hrs Latent Oxide 
Temp. Operating Defect 
Life (DHTL) 

Summary @ 55°C 1.78e+07 0.4 eV 296 FITs(4) 

Data Retention @ 150°C Post 104 5,000,000 3 .135%/1000 Hrs 1 Oxide Rupture 
Storage Life 100k Cycles 2 Margin Fail 
(DRSL) 
Summary @ 55°C 5.90e+08 0.6 eV 11 FITs 

Endurance in @Ambient+ 98 8.34e+08 3 .0007%/1 OOOcyc. 3 Oxide Rupture 
Program/Erase 48 Hrs Bake@ 
Cycles (ENDR) End Point 
Summary @ 55°C 5.40e+08 0.12 eV 12 FICs 

• 
fote: 
4) Failure rates are lower bounded by sample size. 
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Figure 2. Endurance Cycles to Time Conversion Nomograph 

1000 
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z 
10 

.,,,...,,.. 

FITs L::_ 

z:: 
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0.001 0.01 

Parallel, by Design/Process Family 

0.1 

Program/Erase (Cycles/Hour) 

- Failure Rate 

Endurance= 0.001%/1000 Cycles 

Table 4. Parallel E2PROM Reliability Data Summary (Process/Design: 1.2 µm CMOS) 

Reliability Stress Device # Apparent Failure Rate 
Stress Conditions Hours Failures Energy @90%C.I. 

Dynamic High Temp. @ 1 so 0 c & 6.ov 714,000 0 O.Q13o/o/1 OOOhrs 
Operating Life 1 OK P/E Cycles 

134 F1Ts{4) Summary @ ss•c 1.71e+07 0.4eV 

Data Retention @ 1so0 c Post 712,000 0 0.003o/o/1 OOOhrs 
Storage Life 1 OK P/E Cycles 

27 F1Ts(4) Summary @ ss·c 8.38e+07 0.6eV 

Endurance @Ambient+ 4.67e+07 0 .002%/1 OOOcyc 
(Program/Erase Cycles) 168 Hrs. Bake @ 

End Point 
Summary @ ss·c 1.20e+08 0.12 eV 19 FICs(4) 

Note: 
(4) Failure rates are lower bounded by sample size. 
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ach Plastic Package Family 

able 5. 8 Pin Plastic SOK (EIAJ Small Outline 207 Mil) 

Reliability Stress Stress Conditions #Lots Failures/Timepoint 

168hrs 500hrs 1000hrs 
Dynamic High Temperature TA= 150°C,100K P/E 
Operating Life (DHTL) Vee= 6.ov 3 0/190 0/190 0/190 

Dynamic Read 
VP:215°C,60 Sec, 3x 1 0/20 0/20 0/20 
IR:245°C, 1 o Sec, 3x 1 0/20 0/20 0/20 
883/1005 

168hrs 500hrs 1000hrs 
Data Retention TA= 1so0 c 
Storage Life (DRSL) Post 100K P/E Cycle 6 0/300 0/300 0/300 

Unbiased Storage 
883/1008 

168hrs 500hrs 1000hrs 
Temperature Humidity 
Bias Stressing (THBS) TA =85°C, R.H.=85% 6 0/237 0/237 0/237 

JEDEC22-A 11 O/Cond.0 

150CY 500CY 1000CY 
Temperature Cycles -65°C to + 1 so 0 c 
(TMCL) 30 Min. Per Cycle 6 0/203 0/203 0/203 

883/1010/Cond. C 

96hrs 168hrs 220hrs 332hrs 
Pressure (PPOT) TA= 121°C 

PA= 30psia 6 0/204 0/204 0/204 0/204 
R.H.= 100% 
JEDEC22-A102-B 

Solderability 8 Hrs Steam Age 6 0/30 
883/2003 

3Cyc 
Lead Fatigue 90 Deg. Bend, 250gm 

3 Leads Per Device 6 0/30 
883/2004 B2 

3 Rubs 
Solvent Resistance 883/2015 6 0/30 

15 Qyc 
Thermal Shock (Tmsk) -55°C To +125°C 6 0/204 

1 O Min. Per Cycle 

Len_ll!h Width Thick 
Physical Dimensions 50 .2070 In .2065 In .0730 In 

6 Hrs Bake @ 1 so0 c Visual Elect. • Solder Heat Resistance 85°C/85%Rh, 24hrs 1 0/34 0/34 
350°C/3 Sec.Sol.Heat 
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Table 6. 8 Pin Plastic SOJ (JEDEC Small Outline) 

Reliability Stress Stress Conditions #Lots Failuresffimepoint 

168hrs 500hrs 1 OOOhrs 
Dynamic High Temperature TA= 150°C, 100K P/E 2 0/154 0/154 0/154 
Operating Life (DHTL) Vee= 6.o v I 

Dynamic Read 
VP:215°C,60 Sec, 3x 2 0/60 0160 1/60 
IR:245°C, 1 o Sec, 3x 2 0/60 0/60 0/60 
883/1005 

168hrs 500hrs 1000hrs ! 

Data Retention TA= 150°c 
Storage Life (D RSL) Post 100k P/E Cycle 4 0/200 0/200 0/200 

Unbiased Storage 
I 

883/1008 

24hrs 50hrs 1 OOhrs 
Humidity/Temperature 
With Bias (HAST) TA =140°C, R.H.=85% 4 0/136 0/136 0/136 

JEDEC22-A 11 O/Cond.D 

150CY 500CY 1000CY 
Temperature Cycles -65°C To + 150°C 
(TMCL) 30 Min. Per Cycle 4 0/136 0/136 0/136 

883/101 O/Cond. C I 
! 

96hrs 168hrs 220hrs 332hrs 
Pressure Pot (PPOT) TA= 121°C 

PA= 30psi 4 0/136 0/136 0/136 0/136 
R.H.= 100% 
JEDEC22-A 102-B 

Solderability 4 Hrs Steam Age 
Method 2003 4 0/20 

3 Cyc. 
Lead Fatigue 90 Deg. Bend, 250gm 

3 Leads Per Device 4 0/20 
883/2004 B2 

3 Rubs 
Solvent Resistance 883/2015 4 0/20 

15_.Qy_c I 

Thermal Shock -55°C to + 125°C 4 0/136 
(TMSK) 1 O Min. Per Cycle 

Le~h Width Thick 
Physical Dimensions 2 .196in .152in .058in 

6 Hrs Bake @150°C Visual Elect. I 

Solder Heat Resistance 85°C/85%Rh, 24hrs 1 0/33 0/33 
350°C/3 Sec.Sol.Heat 
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1ble 7. 8 Pin Plastic Dip 300 Mil 

Reliability Stress Stress Conditions #Lots Failuresffimepoint 

1 OOk P/E Cycles 168hrs 500hrs 1000hrs 
Dynamic High Temperature TA= 150°C,Vcc=6.0VOr 
Operating Life (DHTL) TA= 125°C,Vcc=5.0V 12 0/1362 0/1362 0/1362 

Dynamic Read 
883/1005 

168hrs 500hrs 1 OOOhrs 
Data Retention TA= 150°c 
Storage Life (DRSL) Post 1 OOk P/E Cycle 12 0/600 0/600 0/600 

Unbiased Storage 
883/1008 

24hrs 50hrs 
Humidity/Temperature 
With Bias (HAST) TA =140°C, R.H.=85% 12 0/340 0/340 

J EDEC22-A 11 O/Cond.D 

150CY 500CY 1000CY 
Temperature Cycles -65°C to + 150°C 
(TMCL) 30 Min. Per Cycle 12 0/340 0/340 0/340 

883/1010/Cond. C 

96hrs 168hrs 220hrs 332hrs 
Pressure Pot (Ppot) TA= 121°C 

PA= 30 psi 12 0/340 0/340 0/340 0/340 
R.H.= 100% 
JED EC22-A 102-B 

Solderability 4 Hrs Steam Age 
Method 2003 12 0/60 

3 Cyc. 
Lead Fatigue 90 Deg. Bend, 250gm 

3 Leads Per Device 12 0/60 
883/2004 B2 

3 Rubs 
Solvent Resistance 883/Method 2015 7 0/35 

15 Qyc 
Thermal Shock -55°C to + 125°C 7 0/238 
(TMSK) 1 o Min. Per Cycle 

Resistance To Solder Heat 260°C/ 1 o Sec 1 0/239 

Le~h Width Thick 
Physical Dimensions 1 .367in .251in .128in 

• 
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Table 8. 28 Pin Plastic DIP 

Reliability Stress Stress Conditions #Lots Failures/Timepoint 

TA= 150°C, 1 OK P/E 168hrs 500hrs 1 OOOhrs 2000hrs 
Dynamic High Temperature Vee= 6.o v 
Operating Life (DHTL) Dynamic Read 3 0/202 01202 0/202 0/202 

VP:215°C,60 Sec, 3x 
IR:245°C, 1 o Sec,3x 
883/1005 

TA= 150°C 168hrs 500hrs 1000hrs 2000hrs ! 

Data Retention Post 10K P/E Cycles 
Storage Life (DRSL) Unbiased Storage 3 0/160 0/160 0/160 0/160 

883/1008 

TA=140°C, R.H.=85% 24hrs 50hrs 1 OOhrs 
Humidity I Temperture 
With Bias (HAST) JEDEC22-A 11 O/Cond.D 3 0/96 0/96 0/96 

150CY 500CY 1000CY 
Temperature Cycles -65°C to + 150°C 
(TMCL) 30 Min. Per Cycle 2 0/30 0/30 0/30 

883/101 O/Cond. C 

Ta= 121°C 96hrs 168hrs 220hrs 332hrs 
Pressure Pot (PPOT) Pa= 30psi 

R.H.= 100% 1 0/34 0/34 0/34 0/34 
JEDEC22-A102-B 

Solderability 4 Hrs Steam Age 4 0/20 
Method 2003 

90 Deg.Bend,250gm 3 Cyc. 
Lead Fatigue 3 Leads Per Device 4 0/20 

883/2004 B2 

3 Rubs 
Solvent Resistance 883/2015 4 0/20 

15_Qyc. 
Thermal Shock -55°C to + 125°C 1 0/32 
(TMSK) 1 O Min. Per Cycle 

Length Width Thick 
Physical Dimensions 28 Pin PDIP 1 1.48 in 0.54 in 0.15 in I 

6 Hrs Bake @ 150°C Visual Elect 
Solder Heat Resistance 85°C/85%RH,24hrs 1 

350°C/3 Sec.Sol.Heat 0/22 0/22 
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able 9. 32 Pin PLCC 

Reliability Stress Stress Conditions #Lots Failures/Timepoint 

TA= 150°C, 10K P/E 168hrs 500hrs 1 OOOhrs 2000hrs 
Dynamic High Temperature Vee= 6.o v 
Operating Life (DHTL) Dynamic Read 2 0/155 0/155 0/155 0/155 

VP:215°C,60 Sec, 3x 
IR:245°C, 10 Sec, 3x 
883/1005 

TA= 150°C 168hrs 500hrs 1 OOOhrs 2000hrs 
Data Retention Post 1 OK P/E Cycles 
Storage Life (D RSL) Unbiased Storage 3 0/196 0/196 0/196 0/196 

883/1008 

T A=140°C, R.H.=85% 24hrs 50hrs 1 OOhrs 
Humidity I Temperture 
With Bias (HAST) JEDEC22-A 110/Cond.D 1 0/32 0/32 0/32 

-65°C to + 150°C 150CY 500CY 1000CY 
Temperature Cycles 30 Min. Per Cycle 
(TMCL) 883/101 O/Cond. C 1 0/32 0/32 0/32 

TA= 121°C 96hrs 168hrs 220hrs 332hrs 
Pressure Pot (PPOT) PA= 30psi 

R.H.= 100% 2 0/86 0/86 0/86 0/86 
JEDEC22-A102-B 

4 Hrs Steam Age 
Solderability Method 2003 1 0/5 

90 Deg.Bend,250gm 3 Cyc 
Lead Fatigue 3 Leads Per Device 

883/2004 B2 1 0/5 

883/2015 3 Rubs 
Solvent Resistance 

1 0/5 

-55°C to + 125°C 15 Cy_c 
Thermal Shock 10 Min. Per Cycle 1 0/32 
(TMSK) 

Length Width Thick 
Physical Dimensions 32 Pin PLCC 1 0.59 in 0.49 in 0.12 in 

6 Hrs Bake @ 150°C Visual Elect 
Solder Heat Resistance 85°C/85%RH,24hrs 1 

350°C/3 Sec.Sol.Heat 0/32 0/32 

• 
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Narranty Procedure 

1URPOSE 

'o define procedures to implement Catalyst lot accep
mce guarantee criteria (applicable at customer's in
oming inspection) and product warranty. To define the 
roduct warranties, lot acceptance guarantees, war
~nty periods and Catalyst's limitation of obligation un
er those guarantees and warranties for all Catalyst 
itegrated circuits and die. 

iCOPE 

"his procedure applies to all Catalyst manufactured 
levices and die. 

IEFERENCE DOCUMENTS AND STANDARDS 

:atalyst Standard Terms & Conditions of Sale. 

:atalyst Returned Material Authorization Procedure. 

1pplicable Catalyst Data Sheets. 

1pplicable Customer Specifications, Contracts or Pur
hase Orders as accepted by a duly authorized Catalyst 
epresentative. 

>EFINITIONS AND TERMS 

\OQ (Average Outgoing Quality)-The mean propor
ion non-conforming, often expressed in PPM, shipped 
1ythe manufacturer. JED EC Standard No. 16 describes 
1ow to assess AOQ in PPM for microcircuits. 

\OQL (Average Outgoing Quality Limit)-The maxi
num average proportion non-conforming shipped using 
1 given sampling system. 

.TPD (Lot Tolerant Percent Defective)-Where the 
:onsumer's risk, i.e., probability of having a bad lot 
1ccepted equals 10%. Often used as a single sampling 
>rocedure for isolated lots or reliability stress evaluation. 

:aUIPMENT AND MATERIALS 

fot applicable. 

::ALIBRATION 

~ot applicable. 

fote: 
1) This Warranty Procedure is Catalyst Specification #31000. 
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RECORDS AND FORMS 

Catalyst Return Material Authorization (RMA) Form. 
Catalyst Customer Failure Analysis Request (CFAR) 
Form. 

WARRANTY PROVISIONS/SEMICONDUCTOR 
DEVICES 

Warranty 

Catalyst warrants that standard integrated circuits deliv
ered pursuant to this procedure shall, at the time of 
shipment, and fora period of one year thereafter, be free 
from defects in material(s) and shall conform to Catalyst 
specifications or such specifications agreed upon by 
Catalyst in writing. Under this warranty, Catalyst obliga
tions, with respect to losses, and at Catalyst's option, 
shall be limited to; either replacement (by delivery F.0.8., 
Santa Clara, CA.) or refund of the purchase price of the 
non-conforming product. This warranty is subject to the 
following conditions and procedures: 

Customer Complaint. In the event a customer believes 
that product purchased from Catalyst is not in conform
ance with the Catalyst warranty for that product, the 
customer should notify Catalyst and, upon request from 
Catalyst, return a sample of the allegedly non-conform
ing devices. Following receipt of the sample of allegedly 
non-conforming devices, Catalyst will issue a CFAR 
number. Thereafter, failure analysis will be performed to 
determine whether the device is nonconforming to the 
applicable Catalyst specification and, if so, whether the 
non-conformance is covered by Catalyst warranty or 
whether the warranty is not applicable for some reason 
(e.g., the non-conformance resulted from misuse, ne-
glect, improper installation, repair, alteration, accident or • 
improper product handling, the warranty period has 
expired, the product was not purchased from 
Catalyst, etc.). 

Warranty Determination. Final determination of war
ranty coverage of all returns shall be by Catalyst Semi
conductor, Santa Clara, CA. Issuance of a CFAR num
ber does not imply acceptance of any warranty obliga
tion with respect to the returned material by Catalyst. An 
RMA number will be issued when Catalyst agrees that 
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Warranty Procedure 

material, other than the CFAR sample, should be re· 
turned. Issuance of an AMA number also does not imply 
acceptance of any warranty obligation, but an AMA 
number may be issued by Catalyst for any reason 
deemed by Catalyst to be appropriate. 

Responsibility. Catalyst's Sales/Marketing department 
shall notify the customer if a warranty claim is not 
accepted. Should the customer return product without 
an authorized AMA number, the product will be returned 
to the customer, freight collect, or if such request is not 
forthcoming when requested by Catalyst, then Catalyst 
shall be entitled to scrap the product at Catalyst without 
liability to the customer. 

The customer will be responsible for payment of product 
purchase price, and returned freight and handling costs. 

If the warranty claim is accepted, after verifying non· 
conformance, Catalyst will replace product or refund 
cost, within 90 days. Warranty replacement or refund will 
be based on final product count at Catalyst. 

Disclaimer 

This express warranty shall extend only to the customer 
and not the customer's end user; and is in lieu of all other 
warranties, express or implied, including the implied 
warranties being specifically disclaimed by Catalyst. In 
no event shall Catalyst's liability for any breach or 
alleged breach of an order by either party exceed the 
total extended price or prices shown on the goods in 
question; Catalyst shall not be liable for any special, 
incidental or consequential damages resulting from such 
breach or alleged breach. Furthermore, Catalyst shall, in 
no event, be obligated for any cost incidental to the 
replacement of non-conforming products. 

Commercial Incoming Inspection 

Incoming inspection, if any, must be completed by t~ 
customer within the warranty period. Product not r1 

jected as a result of incoming inspection and noti~ 
thereof given to Catalyst on or before the expiration , 
the warranty period shall be conclusively deemed a: 
cepted. If the customers's incoming inspection is basE 
on lot acceptance sampling, then the following establi~ 
the agreed upon sample plan levels. Any lot failing i 
meet the sample plan is eligible for return to Cataly~ ' 
provided an AMA is obtained. : 

Data Sheets/Control Specifications I 
Catalyst data sheets are controlled specifications appl 
cable to product at the time of shipment. Catalyst ri 
serves the right to revise published data sheets and/t 
make changes in the product. Catalyst assumes ~ 
responsibility for the use of any circuits described : 
published data sheets, and conveys no license und1 
any patent. Applications for any integrated circuits co1 
tained in publications are for illustration pu~ses onlj 
and Catalyst makes no representation or warranty thi 
such applications will be suitable for the use specifiei 

Third Party Warranty Restrictions 

Unless previously reviewed and accepted in writing by' 
duly authorized Catalyst representative, environment; 
screening or testing, or failure analysis of products t 
the customer or a third party laboratory voids the w~ 
ranty of those devices. 

Unsalable or Untestable Product 

Returned product received in an unsalable or untestabi 
condition, or such condition that verification of the n 
ported discrepancy is impractical or impossible, void, 
the warranty. · 

Table 1 Lot Acceptance Guarantee Criteria for Commercial Standard Integrated Circuits 

Condition Reference Sample Plan ! 

Timing, parametric and functional Data Sheet 1%AOQL I 

functional electrical, cumulative i 

! across temperature 
I 

Mechanical/Visual Ext. Vis. Spec 1%AOQL I 
Endurance/Data Retention Coml End/DR Spec 1%AOQL 

One-time Programmability Data Sheet 2.5%AOQL l 
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:ritical Components/Life Support Systems 

:atalyst products are not authorized for use as critical 
omponents in Life Support Devices or Systems. If any 
uch use is intended then provision must be made in a 
eparate agreement, signed by the President and Vice 
resident of Quality & Reliability of Catalyst, which will 
rovide for special terms and provisions relating to 
isling required because of the nature of such use. 

, critical component is defined as any component whose 
iilure to perform an intended function, could possibly 
~ad to loss of life or bodily harm. 

ife Support Systems that may include critical compo
ents, are defined as, but not necessarily limited to: 

(1) Surgical implants in a human body, 

(2) Equipment used to sustain human life, or 

(3) Equipment used to monitor and/or measure 
human body conditions. 

lilitary Incoming Inspection 

lcoming inspection, if any, must be completed by the 
ustomer within the warranty period. Product not re
icted as a result of incoming inspection and notice 
lereof given to Catalyst on or before the expiration of 
le warranty period shall be conclusively deemed ac
epted. If the customers's incoming inspection is based 
•n lot acceptance sampling, then the following establish 
le agreed upon sample plan levels. Any lot failing to 
1eet the sample plan is eligible for return to Catalyst, 
1rovided an RMA is obtained. 

fanufactured Devices 

~Hilary devices are manufactured in accordance with 
1e applicable detail specification, (i.e., Catalyst compli-
1nt device specification for MIL-STD-883 compliant 
levices, or the Standardized Military Drawing) as ac
.nowledged and accepted by Catalyst in the customer's 
1urchase order. 

DIE WARRANTY POLICY 

Warranty Limitations 

Warranty Procedure 

The warranty on die is limited to 90 days from the date 
of shipment. 

Die lots will, at incoming inspection, meet the visual 
requirements of Catalyst Second Optical Inspection 
Criteria of MIL-STD-883, Method 201 O Condition B, to a 
1 % AOQL sample plan. 

Die lots not rejected as a result of incoming inspection 
and notice thereof given to Catalyst ·on or before the 
expiration of the warranty period shall be conclusively 
deemed accepted. Any lot failing to meet the sample 
plan is eligible for return to Catalyst, provided an RMA is 
obtained. 

The warranty on die is not applicable to die that receive 
any additional electrical, mechanical or environmental 
testing, processing or other handling by the customer or 
a third party. 

Catalyst does not grant reliability approval on die be
cause of additional assembly and test processing re
quired when die are integrated into the customer's 
product where testing and assembly is performed by, or 
contracted out by the customer, unless it is expressly 
defined in a customer specification, and accepted in 
writing by a duly authorized Catalyst representative. 

NON-STANDARD PRODUCT 

Development 

Any product designated for "developmental" or "experi
mental use" is sold "as is" with no warranty whatsoever 
except the warranty of title; the implied warranties of 
fitness for a particular purpose and merchantability are 
expressly disclaimed. The customer shall indemnify 
Catalyst from any claim that the product infringes upon 
in any United States patent, copyright or mask work 
right. 

"able 2. Lot Acceptance Criteria for Military Microcircuits 

Condition Reference Sample Plan 

Group A Electrical Applicable Detail Specification LTPD 2/0 

MechanicalNisual MIL-STD-883, Method 2009 1%AOQL 

Hermeticity MIL-STD-883, Method 1014 1% AOQL 

Endurance/Data Retention Applicable Detail Specification L TPD 5/1 (1 % AOQL) 
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Warranty Procedure 

Development product shall be marked with the standard 
Catalyst marking plus block letters ES instead of the 
date code. 

Pre-Production 

Pre-production product is lot guaranteed per paragraph 
Commercial Incoming Inspection to electrical param
eters of the preliminary data sheet or errata sheet 
specifications only. Reliability testing is in progress, but 
no reliability approvals are offered to the customer. 

Pre-production product shall be marked with the stan
dard Catalyst marking and an MS instead of the date 
code. 

Custom Products 

Custom products are manufactured to meet non-stan
dard requirements as specified in a customer's 
specification.which is accepted in writing by Catalyst. 

Any lot failing the specified sample plan and/or failing a 
customer's screen to a specified test criteria, an agreed 
to in writing by a duly authorized Catalyst representative 
is eligible for return to Catalyst in accordance with return 
provisions. 

WARRANTY POLICY FOR DISTRIBUTORS 

Products shipped by distributors are subject to a one 
year warranty by Catalyst from the date of first shipment 
from the distributor. This warranty by Catalyst expires if 
the distributor does not ship product within two years 
from data of shipment from Catalyst. 

Distributor returns will be honored only if an RMA form 
or RMA number is issued by a duly authorized Catalyst 
representative within the applicable warranty period. 

Where distributors remark product, the Catalyst symbol 
and date code shall not be altered. A record of any 
remarking operation must accompany material returned 
to enable traceability to the original shipment. 

All distributor returns for stock rotation, obsolete product 
or other policy reasons must be received with an RMA 
form or RMA number issued by the responsible Catalyst 
sales representative. 

Distributors must return devices, in accordance with the 
Return Provisions within 30 days of the issuance of an 
RMA form or RMA number, otherwise returned devices 
will not be honored for credit or replacement. 

RETURN PROVISIONS 

Condition of Received Returned Materials 

Returned material must be packed in a manner 1 
prevent damage to the device(s) (electrical or mechan 
cal) under normal commercial carrier handling con( 
lions. Products received in a damaged condition due I. 

improper packing for shipment by the customer are t~ 
customer's responsibility. · 

All products, manufactured by Catalyst, must be r\ · 
turned in containers that prevent static damage. Failu1 
to provide static handling protection, or material four 
damaged as the result of user negligence, are tr. 
responsibility of the customer. 

Rework Costs 

In the event the customer unilaterally elects to rewo1 
material which fails customer incoming inspection, tr 
cost and liability of such rework shall be the sole respo1 
sibility of the customer. Rework of material by th 
customer shall nullify the Catalyst warranty. 

When a customer requests authorization and rein 
bursement for rework costs, prior written approval sh~ 
be obtained from Catalyst Marketing and the Q & R Yid 
President before the customer rework commences. 

RETURNS METHODOLOGY: 

Refer to Catalyst's Returned Material Authorizatio 
(RMA) Procedure for instructions on completion of th 
Returned Material Authorization Form and instruction 
on material return. 
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DISQUALIFICATION OF CATALYST PRODUCT 
BY PURCHASER 

In the event that the customer determines incomin 
Catalyst product to be unacceptable and establishe 
thatthe product is disqualified, the responsible salespe 
son must communicate specifically if the return is f~ 
nonconformance to agreed specifications or being rE 
turned for other reasons. 

Other reasons for disqualification may include: 

(A) Unapproved vendor. 

(B) Disqualification for repeated delinquencies b) 
Catalyst. · 

(C) Non-performance in the customer's system, 
although the product meets Catalyst's electrid 
specifications. 

If the customer purchases products for production prid 
to completion of his own qualification tests, such proc 
ucts cannot be classified as "disqualified". 



~eliability Considerations for E2PROMs 

/hen acquiring a microcircuit, many considerations 
bove and beyond the purchase price are important. 
mong these are quality, reliability, delivery, service 
nd product assurance. The lowest cost of ownership for 
le user is a result of the proper balance and specifica
on of the above considerations. E2PROMs contain 
iliability considerations that can significantly affect the 
ost of ownership if the E2PROM is incorrectly used in 
le application. 

or E2PROMs, whether serial, parallel, flash or other, 
iii ability is the summation of the factors of operating life 
·ead), data retention and endurance. 

:2PROM Device Failure Rate 

'.R.oEVICE = F.R.READ + F.R.ENDURANCE + F.R.RETENTION 

'.R. =FAILURE RATE 

ead, Endurance, and Retention mechanisms are thermally 
ccelerated; therefore, failure rates must be stated with tempera
ire, confidence interval, and apparent activation energy. 

:ndurance is the most important because the endur
.nce reliability is a direct function of the application, 
e., the number of times the device is rewritten during 

system operation. In other words, the total system life 
can be compromised by the endurance capability of the 
E2PROM. (Figure 1). For applications not requiring 
many rewrites or that must have byte clear, e.g., pro
gram storage, flash E2PROMs provide the best combi
nation of cost and reliability. For applications requiring 
many rewrites, e.g., data storage or configuration, par
allel E2PROMs provide the best combination. For appli
cations requiring direct access to the controller, e.g., 
traceability, and lowest cost per device, serial E2PROMs 
are appropriate. Quality, delivery, service and product 
assurance are identical for all Catalyst E2PROMs. 

Endurance is defined as: "The measure of the ability of 
a nonvolatile memory device to meet its data sheet 
specifications as a function of accumulated nonvolatile 
data changes," per IEEE "Standard Definitions and 
Characterization of Floating Gate Semiconductor Ar
rays." The data sheet specifications include write func
tionality, data retention and read access time. For a 
Catalyst E2PROM, a nonvolatile data change is the 
completion of a program/erase cycle for each byte, i.e., 
transferring charge to and from the floating gate in the 
memory storage transistor. 

:igure 1. Endurance Cycles to Time Conversion Nomograph 

FITs 

1,000 

100 

10 

0.1 

0.01 

0.001 

1.0E--04 1.0E--03 1.0E--02 1.0E--01 1.0E+OO 

Program/Erase Cycles/Hour 

Endurance= .001%/1000 cycles 
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Reliability Considerations for E2PROMs 

Endurance has two primary fciilure me9hanisms (Figure 
2) which can result in any of three failure modes, i.e., 
data retention degradation, access time degradation or 
loss of write functionality. The charge is transferred on 
and off the floating gate through an oxide, resulting in the 
failure mechanisms of oxide damage and charge trap
ping. These mechanisms are caused by the cumulative 
effects of passing a current through a nominal insulator 
and placing a high electric field across an oxide. Thicker 
oxides have a greater likelihood of measurable charge 
trapping. Thinner oxides require greater care in process
ing to reduce initial oxide defects, which cause yield loss. 
Endurance cycling over the lifetime of the system will 
cause random oxide damage and charge trapping at 
some constant low level. Design and processing must 
be such to minimize initial defects and reduce generated 
defects to the lowest possible level. 

When a high number of endurance cycles before the 
onset of wearout is desired, error correction is suitable 
for oxide damage induced failures. Catalyst uses a byte 
error correction method to achieve extended endurance 
for high density parallel E2PR0Ms, e.g., the CAT28C256. 
Error correction is unnecessary for flash E2PROMs, 
which have a lower total number of endurance cycles 

Figure 2. Endurance Failure Definition 

FAILURE CAUSES 

PASSING CURRENT THROUGH AN OXIDE 
ELECTRIC FIELD ACROSS AN OXIDE 

FAILURE MECHANISMS 

CHARGE TRAPPING 
OXIDE RUPTURE 

FAILURE MODES 

LOSS OF WRITE FUNCTIONALITY 
DATA RETENTION DEGRADATION 

READ SPEED DEGREDATION 
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specification or serial E2PROMs of low density. Er~ 
correction is not practical for charge trapping induc\ 
failures. A low failure rate during the useful life regionl 
achieved by proper design, processing, and screenirl 

Endurance follows the "bathtub" curve, with a knov 
infant mortality region, a useful life region, and a predic 
able wearout region. Endurance cycling has historical 
been the preferred method for screening and for p7rio1 
qualification testing. Cycling can be performed m r 
time and is the actual operating mode of the device .. ·• 

I 

Although intrinsic data retention is essentially infini~ 
the extrinsic data retention is a function of endurancl 
The endurance failure rate contains the extrinsic da 
retention failure rate induced by endurance. The intrin~ 
data retention failure fate is reported independent 1 

endurance. 

Test Method 1033 of M IL-STD-883 (Figure 3) describe 
the procedures to be used when performing enduran~ 
cycling for _screening or ~ndura~c7 perf?rmance ve~i:1 
cation. Vanous means exist to eliminate infant mortaht1 
which will be a function of product design and t~ 
dominant failure mechanism of the process. For e: 
ample, floating gate devices usually contain an infa\ 

Figure 3. Endurance Testing Procedure 
MIL-STD-883, Method 1033 

PROGRAM/ERASE CYCLING 

OPTIONAL ELECTRICAL TEST 
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DATA RETENTION BAKE 

PATIERN VERIFY 
SPEED, FUNCTIONALITY TEST 
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1ortatity data retention unbiased bake screen. Normal 
iliability monitoring on E2PR0Msverifiesoperating life, 
ata retention and endurance. 

andom defects, occurring naturally in the wafer fabri
;ition process, will cause infant mortality endurance or 
ata retention failures. In neither case is there an explicit 
ilationship that correlates infant mortality with device 
erformance in the useful life or wearout regions. To 
nprove yields, redundant memory in the device is used 
> repair initial or infant mortality failures in large or 
:implex memory arrays. Due to the localized nature of 
1e random defects that cause initial or infant mortality 
1ilures, the reliability of repaired and non-repaired de
ices is equivalent. 
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Reliability Considerations for E2PROMs 

The endurance failure rate of the E2PROMs in a system 
will increase in importance as a function of the number 
of times the system rewrites the E2PROM during system 
life. System reliability is a function oft he failure rate in the 
specified useful life region of the device, not when the 
onset of wearout occurs. Given the operating life failure 
rate of an MOS memory isintheorderof 100 FITs (.01 %/ 
1000 hours), the endurance failure rate contribution 
should be an order of magnitude or more lower, (Figure 
1). Catalyst serial, parallel and flash E2PROMs will meet 
system reliability requirements by providing the lowest 
endurance and total device failure rate for the specified 
system lifetime. The greater system reliability lowers the 
cost of ownership of a Catalyst E2PROM. 

• 
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:2PROM Reliability: On-Chip Error Code 
:orrection for E2PROMs 

~TRODUCTION 

2PROMs are reprogrammable nonvolatile rewritable 
~miconductor memories suitable for applications re
LJiring in system periodic writing of new data. A write 
1cle requires standard TIL (transistor-transistor logic) 
:vels available from the system 5 volt power supply. 
2P ROMs have electrical timing and parametric charac
!ristics similar to other CMOS memories. 

1 addition to the read failure rate, the reliability of the 
2PROM is a function of the data retention and endur
nce failure rates. The read failure rate is less than the 
iad failure rate of comparable density volatile memo
es and intrinsic data retention is essentially infinite, i.e., 
undreds to thousands of years. Endurance is the failure 
lte component that varies across technology and manu-
1cturer. 

ndurance, defined as the number of program/erase 
ycles before failure of any data sheet parameter, is 
Tiited by the mechanisms which transfer charge within 
ie device. For a given design and technology, the 
2PROM will have a predictable endurance failure rate 
nd a finite limitto the usefullife region (i.e., measurable 
nset of wearout). Thus, the reliability of the system is a 
mction of the endurance capability of the E2PROM. 

1 order to enhance endurance for high reliability 
pplications, E2PROM on-chip ECC (Error Code Cor
~ction) can be used. The benefits and constraints of the 
:cc method used for the CAT28C256 will be dis
ussed. 

:AILURE MECHANISMS 

'arious works have demonstrated that intrinsic E2PROM 
1emory transistor endurance is limited by the build-up 
,f negative charge in the tunnel dielectric and the time 
1reakdown of the tunnel dielectric. The initial fabricated 
~vel of defects, the tunnel dielectric composition and 
. tructure, and memory circuit design will affect the 
1eneration rate of failing memory transistors during 
:lear/.write cycling. The endurance of the floating gate 
nemory transistorfollows the classic bathtub curve, with 
1fant mortality, useful life, and wearout regions. The 
1bility of ECC to improve endurance can be predicted 
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during the useful life region when the memory transistor 
failure rate is constant. 

The charge trapping and/or oxide damage mechanisms 
will eventually cause loss of functionality of the memory 
transistor, degradation in read access time, or extrinsic 
data retention degradation. These effects will occur 
randomly during the useful life of the E2PROM, prior to 
the onset of wearout. The failures (i.e., bit errors) are 
correctable by ECC. ECG will also correct normal MOS 
failures that affect the memory transistor. 

Peripheral failures caused by endurance cycling are not 
correctable by on-chip ECC. Examples include failure in 
the charge pump, an address decoder, or output buffer. 
Test method 1033 of MIL-STD-883 provides the frame
work for establishing and verifying the endurance char
acteristics of E2PROMs, with or without ECC. 

ERROR CORRECTION CODES 

ECC is implemented using an element of length n 
consisting of k data bits and p check bits. When the 
element is accessed during a read cycle, the data and 
check bits are compared through an algorithm (ECG 
tree) to determine if an error exists and then to correct 
the error. Catalyst uses a modified Hamming code 
scheme to correct a single memory transistor error per 
byte. 

The CAT28C256 memory element is a byte which 
consists of n = 12 bits, with k = 8 data bits and p = 4 check 
bits. During a read access all 12 bits are sensed and 
latched. The latched data is decoded to correct any 
single-bit error to provide to the 8 bit output byte. Similar 
circuitry is used to generate the check bits during write. 
The 8 bits of data in the input byte are latched and the 
4 check bits are generated. The total of 12 bits per byte 
are loaded into registers for transfer to the memory 
transistors during the write cycle . 

TD 5207 
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ECC MODEL 

The ECC model calculates the probability of a device 
exhibiting no errors after some number of endurance 
caused memory transistor errors. Although, there may 
be some initial errors after manufacturing screening, 
these are usually replaced with redundancy; thus, at the 
beginning of the user's system life the device has no 
memory transistor errors. The purpose of ECC is to 
improve reliability, not manufacturing yield. 

The device contains a number of ECC elements as a 
function of the device density, organization, and ECC 
scheme. All single bit errors within each memory ele
ment (byte) are correctable, regardless if the error 
occurs in the data or the check bits. An element with 2 or 
more errors is not correctable. If a memory element 
should have 2 or more memory transistor errors, the byte 
could read up to 8 bit errors. This requires that any 
system error detection and/or correction scheme not 
use the E2PROM byte as the basic element for ECC. 

Given that: 

B = number of bytes (ECC elements) in a device 
n = number of bits in an ECC element (data+ check) 
c = number of endurance (program/erase) cycles 
T = constant memory transistor failure rate 

The device hazard rate in %/1000 cycles is appro: 
mated by: 

h(c) = n x (n -1) x Bx c x 1 2 

The cumulative per cent failed is approximated by: 

H(c) = (1/2) x n x (n -1) x Bx (TX c)2 

For Catalyst, the appropriate values are: 

B = 32K = 32 x 1024 = 32768 
n = 12 
't z 1.4 x 1 o-7 %/1000 cycles 

Figures 1 and 2 show the predicted memory array failu 
rates and cumulative per cent failures for a CAT28C2! 
E2PROM with and without ECC, as a function of pr 
gram/erase cycles. The historical Catalyst memory Ira 
sistor failure rate is lower than what has been report I 
by others, thus a Catalyst device with or without ECI 
has superior endurance reliability. . 

Figure 1. Predicted CAT28C256 Endurance Rate With and Without ECC 
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igure 2. Predicted CAT28C256 Cumulative Endurance With and Without ECC 
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>rocurement Considerations for Reprogrammable 
Jonvolatile Microcircuit Memories 

IVERVIEW 

/hen procuring a microcircuit, many considerations are 
nportant. These may be divided into two categories: 
:Jministrative and technical. Administrative issues, such 
s price, delivery, service and product assurance are not 
>pies for discussion herein. Technical issues, such as 
erformance, quality, and reliability will be addressed. 

he performance of a microcircuit is evaluated on pa-
1meters specified in a data sheet. Quality is a measure 
f conformance to specification, typically expressed in 
PM (Parts Per Million) nonconforming. Quality levels, 
s maximum PPM lot acceptance guarantees, are usu
lly provided in manufacturers' warranty policies. Reli
bility is an expectation of quality over time, typically 
)(pressed as a failure rate in %/1000 hours or FITs 
=ailures In Time), or as an MTBF (Mean Time Between 
ailure). Reliability expectations are usually provided in 
ianufacturers' reliability reports for device or process 
1milies. 

.eprogrammable nonvolatile semiconductor memories 
ave performance values, data sheets, and quality 
~vels similar to other microcircuits. Reliability expecta
ons are complicated by considerations of endurance 
nd data retention, which have failure mode character
•tics not applicable to other microcircuits. Thus, non
olatile memories have additional procurement consid
rations that will affect manufacturing methods, data 
heet specifications, quality levels and reliability. 

he following sections discuss the elements necessary 
>r a complete data sheet, critical parameters for evalu
ting the quality of a device and a reliability evaluation 
iethodology. 

;QMMERCIAL SPECIFICATION 
'RACTICES 

IATASHEETS 

~icrocircuit electrical performance is specified by a data 
heet. Data sheets may be very simple expressions of 
nominal" performance levels or extensive listing of 
1inimum and/or maximum performance levels under all 
.llowed conditions. The magnitude of testing by the 
nanufacturer usually correlates with the stringency of 
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the specification. The most thorough' and detailed de
vice specifications are military (MIL-M-38510) slash 
sheets. 

The device data sheet contains a description of how the 
device performs its intended function, e.g., how to write 
and to read from a memory; and a list of parameters with 
performance limits and conditions that define and specify 
how each function is implemented. Testing is utilized to 
validate the circuit performs as specified. Data sheet 
limits and values are based on considerations of device 
performance, system requirements and test capability. 
The ability to test parameter performance is critical in 
understanding various data sheet limits and values. 

Device performance will predictably change as a func
tion of environmental parameters. For example, with 
MOS devices, speed will be slower at high temperatures 
and power supply current will be higher at low tempera
tures. Therefore, the environment is specified. Device 
testing is performed at worst case conditions by the 
manufacturer to assure the user of device conformance 
to the data sheet under all allowable conditions. The 
power supply level directly affects the performance to 
the device; a lower value is worst case for most param
eters because of the poorer conductivity of the MOS 
transistor. This is most evident for access times, which 
are generally slower at low Vee. 

Temperature is typically specified as: commercial Oto 
70°C; industrial-40to+85 °C; ormilitary-55to + 125 °C, 
reflecting the severity of the expected application. Com-
mercial and industrial temperatures are ambient tern- • 
peratures; therefore, the junction temperature of an 
operating device will be higherthan the ambient and the 
device must be tested at other than the specified limits. 
The test temperature can be calculated as a function of 
the specified temperature, the device power dissipation 
at the temperature limit, and the thermal resistance of 
the package. Military temperatures are case tempera-
tures; therefore, the junction temperature will be the 
same as the case test temperature, e.g., the test tem-
perature and the specified case temperature are the 
same, excluding guardbands. Ambient humidity is a test 
concern because at lowtemperatures condensation can 
freeze up in the equipment or cause leakage paths. 
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MOS devices are typically specified with ± 10% power 
supplies; however, both extremes need not be tested for 
all parameters. A worst case power supply condition, 
based on characterization, can be stipulated for most 
parameters. That is the only condition that should be 
tested in production. 

MOS nonvolatile memory test parameters fall into three 
categories: AC or timing, DC or parametric, and func
tional. AC parameters are the maximum or minimum 
timing conditions needed for the device to function, 
e.g., address set-up times, data hold times; as well as 
the minimum/maximum responses from the device, 
e.g., access times. DC parameters are the static levels 
on each pin in the various operational modes, 
e.g., power supply current, input levels, output leakage. 
Functional includes those timing and static conditions, 
i.e., AC and DC parameters, necessary for the device to 
function in a given mode, e.g., read or write. The condi
tions, under which each parameter is specified, are 
usually included in the data sheet and should reflect how 
the device is tested. 

Conventions for measuring parameters should be clearly 
stated, as device performance can change significantly 
for apparently minor differences in measuring methods. 
The most critical reference points are for AC or timing 
measurements. Timing limits are minimum and/or maxi
mum timing values for each parameter. Input require
ments for the device are specified from the external 
system point of view, i.e., what the system must provide 
to the device. Responses from the device are specified 
from the device point of view, i.e., what the device 
provides to the system. Timing edge reference points 
are required to differentiate between the input pulse 
levels or output levels and their respective (as recog
nized by the device) valid reference points. Edge refer
ence points must be specified relative to where the 
device recognizes a valid signal level. Actual test speci
fication edge reference points will generally indicate 
those points that the tester recognizes as the beginning 
of a transition for timing measurement, not where the 
device recognizes a valid signal. The difference pro
vides a built-in guardband between test conditions and 
actual performance requirements. The levels specified 
for DC or static performance may not be the same levels 
specified for AC or timing performance. 

Integral to the testing of an integrated circuit is the test 
philosophy utilized to determine which parameters are 
tested and in what manner. Included in the philosophy 
will be guardbanding methodologies, interface hard
ware design rules, test routine algorithms and character
ization requirements. 

Guardbanding is the off-setting of a parameter, condi
tion, or attribute acceptance level from the specified 
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value. This isdonetoaccountforvariability in equipme, 
and device performance or to make test programs mo 
efficient and effective. Machine guardbands, impl 
mented in the forcing, measured or external conditiori 
are required to account for the accuracy and precisi~ 
capabilities of testers, interface hardware and handle( 
Device guardbands are implemented where device p~ 
formance greatly exceeds the parameter limit; thus, 1 

early warning of a change in performance is availabl 
Test program guardbands are implemented to speed t 
device testing, where worst case conditions can t 
applied based on predictable device behavior, e.g., f 
pattern sensitivities. 

Parameter conformance to specification can be me 
sured in a variety of ways. In variate testing, which 
usually only used for characterization, the actual valL 
of the parameter is determined. For DC parameters, th 
is relatively simple because the measurement is effe 
lively the output of a voltmeter or ammeter. For A. 
parameters, this can be very complex, depending on ti 
timing signal measured, because a narrow strobe mu, 
be continuously repositioned until the desired transitic 
is detected or the reference edge must be continuous. 
repositioned until the desired output is obtained. Varia' 
testing, whether on an automated tester or a bend 
setup, is used primarily to validate the design a~ 
performance models for initial device release or aft! 
design changes. 

Attribute testing is the comparison of a measured p. 
rameter under given conditions to a specified limit. Tf 
tested parameter then either passes or fails-go/no g 
Some parameters are directly compared with the lirn 
while others must be "tested by inference" or ''tested t 
the application of specified signals and conditiom 
Tested by inference is the validation of the performanc 
of a parameter by the measurement of the corre 
performance of a correlated parameter or functio

1 

Tested by inference also applies when testing a wor 
case condition; therefore, all other conditions need n' 
be tested. Tested by the application of specified signa 
and conditions is the applying of input parameters , 
their specified minimum or maximum and measuring t~ 
correct performance of a dependent parameter or fun: 
lion. Parameters that are outputs from the device a1 
compared with standards or measured. Inputs to H

1 

device are tested by inference or application of specifi1 
signals and conditions. 

Data sheets usually reference mechanical specific< 
lions for the packages containing the microcircuits. Mol 
packages conform with either JEDEC Publication 95 I 
MIL-STD-1835. Otherwise, the manufacturer shou 
have a similar specification providing all dimension

1 

and material requirements. Visual and mechanical pe 
formance criteria per applicable specification are usu all 
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5pected for by the manufacturer before shipment of 
e devices. Dimensions, such as package thickness 
id lead spacing, may be critical for automatic insertion 
1uipment operation. Composition, such as lead finish, 
ay be critical for solderabilty. Explicit methodology for 
llidating mechanical and visual performance is con
ined in MIL-STD-883, which is generally used as the 
1seline for all mechanical or visual inspection criteria. 

ELIABILITY PARAMETERS 

eliability evaluation may be divided into two catego
~s: mechanical and electrical. Nonvolatile semicon
Jctor memories are assembled in packages using 
milar materials and processes as other microcircuits; 
1us, the mechanical reliability is the same. Mechanical 
iliability evaluations typically use JEDEC Standard 22 
r MIL-STD-883 for test methods. 

lectrical reliability for nonvolatile semiconductor memo
es is different from reliability for other microcircuits 
ecause reprogrammable nonvolatile memory reliability 
•the summation of the factors of operating life (read), 
ata retention and endurance. 

.A.device= F.R.read + F.R.endurance + F.R.data retention 

. R. = Failure Rate 

he read, endurance and data retention failure rates are 
1ermally accelerated; therefore, must be given stating 
1e temperature, confidence interval and apparent acti
ation energy or alternative deacceleration technique. 

:ndurance is the most important because the endur-
1nce reliability is a direct function of the application, i.e., 
he number of times the device is rewritten during 
•ystem operation. In other words, the total system life 
:an be compromised by the endurance capability of the 
: 2PROM. Floating gate devices have a known endur-
1nce wearout mechanism, which is not a factor in normal 
>peration, but can affect system performance if the 
;pecified number of endurance cycles is greatly ex
:eeded. 

~ndurance is defined as: "The measure of the ability of 
1 nonvolatile memory device to meet its data sheet 
;pecifications as a function of accumulated nonvolatile 
:lata changes", per IEEE STD-1005-1991 "Standard 
)efinitions and Characterization of Floating Gate Semi
;onductor Arrays". The data sheet specifications in
;lude write functionality, data retention, and read access 
time. Typically, a nonvolatile data change is the comple
tion of a program/erase cycle for each byte, i.e., transfer
ring charge to and from the storage node in the memory 
transistor. 

Endurance has two primary failure mechanisms, charge 
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trapping or oxide damage, which can result in any of 
three failure modes, data retention degradation, access 
time degradation, or loss of write functionality. The 
charge is transferred to and from the storage node 
through an oxide, resulting in the failure mechanisms of 
oxide damage and charge trapping. These are caused 
by the cumulative effects of passing a current through a 
nominal insulator and placing a high electric field across 
an oxide. Thicker oxides have a greater likelihood of 
measurable charge trapping. Thinner oxides require 
greater care in processing to reduce initial oxide defects, 
which cause yield loss. Endurance cycling over the 
lifetime of the system will cause random oxide damage 
and charge trapping at some constant low level. Design 
and processing by the manufacturer must be such to 
minimize initial defects and reduce generated defects to 
the lowest possible level. Stressing and testing must be 
performed to separate devices with various levels of 
endurance performance. 

When a high number of endurance cycles or a very low 
endurance cycle failure rate is desired, error correction 
is suitable for oxide damage induced failures. Bit or byte 
error correction methods are used to extend the endur
ance of devices whose dominant failure mode is oxide 
damage in the storage node. Error correction is not 
practical for uniform charge trapping induced failures . 
However, a low failure rate during the stipulated useful 
life region may be achieved by proper design, process
ing and screening. 

Endurance follows the "bathtub" curve, with an infant 
mortality region governed by defects, a useful life region 
governed by the intrinsic integrity of the design and 
process, and a predictable wearout region governed by 
the cumulative effects of transferring charge through an 
oxide. Infant mortality is eliminated by the manufacturer 
during screening and testing. The useful life region 
failure rate level is assessed by way of product monitors. 
The onset of wearout is determined by extended endur
ance cycling, including stressing devices past the initial 
failure. Endurance cycling as a periodic qualification test 
has historically been considered the preferred means of 
verifying capability because cycling can be performed in • 
real time and is the actual operating mode of the device. 

Data retention has infant mortality, which must be 
screened in the manufacturing flow. There is a useful life 
region that is governed by the intrinsic integrity of the 
design and process. Wearout does not occur (in the 
sense that permanent, nonreversable degradation is 
present) because the storage node may be refreshed. 
Intrinsic data retention, the time the storage node is 
capable of retaining charge independent of the applica-
tion, may vary by device design and process technology, 
but is essentially very long compared with real world 
operating conditions. The extrinsic data retention is a 
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function of endurance. Endurance failure rate expecta
tions should contain the extrinsic data retention failure 
rate induced by endurance. The intrinsic data retention 
failure rate should be considered independent of 
endurance. 

Test Method 1033 of MIL-STD-883 describes the proce
dures to be used when performing endurance cycling for 
screening or endurance performance verification. Vari
ous means exist to eliminate infant mortality, which will 
be a function of product design and the dominant failure 
mechanism of the process. For example, some devices 
use endurance cycling and others use a margin test to 
screen out infant mortality. Most device manufacturing 
flows contain an infant mortality data retention unbiased 
bake screen. Military requirements contain a periodic 
Quality Conformance Inspection (QCI) which must be 
performed on JAN, SMD, or 883 compliant E2PR0Msto 
verify operating life, data retention and endurance. A 
similar requirement could be added for other 
reprogrammable nonvolatile devices. 

Random defects, occurring naturally in the wafer fabri
cation process, will cause infant mortality endurance or 
data retention failures. In neither case is there an explicit 
relationship that correlates infant mortality with device 
performance in the useful life or wearout regions. To 
improve yields, manufacturers may include redundant 
memory in the device, used to repair initial or infant 
mortality failures. For large and complex memory ar
rays, e.g., RAMs, EPROMs, or E2PROMs, few devices 
are shipped that do not include some level of redun
dancy repair. Due to the localized nature of the random 
defects that cause initial or infant mortality failures, 
the reliability of repaired and non-repaired devices is 
equivalent. 

The endurance failure rate of the reprogrammable non
volatile memories in a system will increase in importance 
as a function of the number of times the system rewrites 
the memory during system life. System reliability is a 
function of the failure rate in the specified useful life 
region of the device, not when the onset of wearout 
occurs. Given the operating life failure rate of an MOS 
memory is in the order of 100 FITs (.01%/1000 hours), 
the endurance and intrinsic data retention failure rate 
contributions should be an order of magnitude or more 
lower. 

WARRANTY POLICIES 

All microcircuit manufacturers provide warranty policies. 
These documents are typically broken into three catego
ries: the warranty, the guarantee and the applicable 
conditions. 

The warranty typically states that any nonconforming 
device may be returned to the manufacturer for credit or 

replacement. Conformance is to the data sheet or oth1 
applicable specification and is usually for a term of on 
year from date of shipment. ! 

The guaranty is for lot acceptance and typically state 
that any lot that fails the lot acceptance sampling pla 
per the applicable specification may be returned to th 
manufacturer for credit or replacement, within one ye1 
from shipment. 

The warranty policy will define those conditions und~ 
which devices may be returned, including administrativ 
and technical requirements. Administrative requirement 
define the logistics and methodology of documentin 
and returning the affected devices, e.g., so that cred 
may be applied to the correct order. Technical require 
ments include: defining the condition of returned de 
vices, e.g., must be testable, and the amount of correla 
lion needed to validate nonconformance. 

Lot acceptance guaranties, specified per the applicabl1 
lot acceptance sampling plan, will define guarantee1 
quality levels. Typically the quality level applies to a 
data sheet electrical parameters and the applicabl1 
mechanical/visual requirements but does not apply tc. 
reliability expectations. Parameters such as data reten 
lion and endurance, which although reliability expecta 
tions, can be treated as quality parameters; thus, ofter 
have a quality level or lot acceptance guaranty. 

Quality levels, measured in PPM nonconforming, ari 
estimates of the AOQ (Average Outgoing Quality) of th1, 
manufacturers' production line, post all screening, test 
ing and sampling. JEDEC Standard 16 defines how tc 
assess AOQ in PPM for microcircuit manufacturing 
Transformation of AOL (Acceptable Quality Level) 01 

LTPD (Lot Tolerant Percent Defective) sampling plam 
and lot guaranty levels to AOQ values are treated ir 
standard texts on acceptance sampling. 

The warranty policy should contain a definition an~, 
statement of guaranty for endurance and data retention 
An example: 

Endurance is the measure of the ability of a 
reprogrammable nonvolatile memory device to meet its. 
data sheet specifications as a function of accumulated, 
program/erase cycles. A program/erase cycle is the acl 
of changing data from original (e.g., erased) to opposite 
(e.g., programmed) back to original for all bits of th~ 
memory array. 

The memory shall be capable of the specified number of1 

program/erase cycles per specified memory element,' 
e.g., byte sector, page, independent of the programmingi 
or erase method, e.g., byte, page, sector, chip. 
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Data retention is the measure of the integrity of the 1 

stored data as a function of time. Data retention time is 1 
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9 time from data storage to the time at which a 
peatable data error is detected. 

1e device shall be capable of the specified number of 
ms of data retention. This applies across the opera!
~ temperature range and after the specified minimum 
1mber of endurance cycles. 

ie memory has a lot acceptance guaranty of a 1 % 
)QL (L TPD 5/1) for the specified number of endurance 
cles and data retention years, as verified by the 
,ecified test methodology (see the Verification section 
Qualification Testing). 

RITICAL DEVICE PARAMETERS 

LECTRICAL 

II electrical parameters are important for the correct 
nctioning of the device in the application; however, a 
w tend to be more visible because they are the 
uameters that most often appear to fail. 

ritical DC parameters are input/output leakage and 
)Wer supply currents. High input/output leakage levels, 
pically caused by ESD (Electro-Static Discharge) or 
OS (Electrical Over-Stress) will cause non-functional
{ by address lines, control pins or outputs being unable 
, go to correct levels. High power supply currents, either 
:::live or standby, typically caused by EOS, may over-
1ad supply lines and damage other components. 

ritical AC parameters are access timing values and 
1put/output level conditions. Access times are sensitive 
> data and address patterns; if the device is inad
quately tested by the manufacturers, i.e., not using 
rorst case data and address patterns, the device may 
ccasionally read incorrectly in the application. Input/ 
utput level test conditions differ widely from device to 
evice and manufacturer to manufacturer. Timing val
es are extremely sensitive to the applied input/output 
wels; thus, devices with supposedly the same timing 
alue may function differently in the application because 
,f different levels used during manufacturer's testing. 

111 parameters should be controlled by the manufacturer's 
1ternal documentation for how they are tested. Some 
,arameters, e.g., capacitance, are only tested initially 
ind after a design change that affects capacitance. 
)thers should indicate if tested by inference or 
tpplication of specified signals and conditions. The 
tddress and data patterns used for verifying write and 
ead functionality as well as appropriate machine, 
est or device guardbands should be included in the 
locumentation. 

VIECHANICALNISUAL 

::ritical mechanical parameters are: the package dimen-
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sions of thickness and lead spacing, which can affect 
how devices interact with automatic insertion equipment 
or the dimensions of the application; and solderability, 
which affects the mechanical, thermal and electrical 
connection of the device to the application. 

Critical visual parameters are the marking of the device 
and the marking permanency. These are important to 
clearly and permanently identify the device, e.g., part 
number, date code, orientation. 

RELIABILITY 

Critical reliability parameters include endurance, data 
retention and package integrity. Endurance will be appli
cation dependent, i.e., how often the device is rewritten, 
will affect the overall failure rate. Data retention will be 
application sensitive, i.e., the intrinsic data retention 
failure rate of some devices or technologies may pre
clude some applications. Package integrity is not unique 
to nonvolatile memories but is also application sensitive, 
i.e., concerns with hermeticity especially for glass sealed 
packages and concerns with cumulative exposure to 
temperature and humidity for plastic packages. 

Although not exactly reliability concerns, two other is
sues may be of concern when using nonvolatile memo
ries: radiation tolerance and declassification ability. Ra
diation tolerance is a measure of how much radiation 
a device may receive and continue functioning. In some 
cases for similartechnologies, radiation tolerance corre
lates with reliability performance, but is not always a 
means for comparing different nonvolatile technologies 
for reliability. Declassification ability is a measure of the 
difficulty or possibility of recovering information suppos
edly removed from the device. 

MANUFACTURER'S SCREENING 

ELECTRICAL 

Manufacturing of microcircuits consists of three major 
steps: fabrication, assembly and test. Fabrication con
sists of various physical, chemical, photolithographic 
and inspection operations to form die on the microcircuit • 
wafer. Assembly consists of placing microcircuit die in a 
package for connection to other elements. Test consists 
of identifying the conformance level of each microcircuit. 

Normal microcircuit manufacturing practices include 
one or more 100% electrical tests, e.g., each device is 
tested for DC, AC and functional parameters, separating 
devices by performance level. For complex microcircuits 
such as nonvolatile memories, electrical testing before 
assembly is done at room temperature and electrical 
testing post assembly is at high and/or cold temperature. 
Military devices require testing at high, low, and room 
temperatures. MOS devices are worst case at higher 
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temperatures; thus, commercial devices may have a 
single insertion at high temperature and be guardbanded 
for parameters that are adversely affected by lower 
temperatures. 

Complex devices are tested using automated testers 
(ATE-Automated Test Equipment) and test handlers 
with suitable interface hardware. The ATE is controlled 
by software, called a test program, which contains the 
various algorithms for testing a device. These will in
clude the forced and measured values, guardbands, 
data and address patterns in a sequence sufficient to 
exercise all functions at applicable data sheet limits. In 
addition, manufacturer's test programs typically include 
special modes that allow operation of the device in a 
non-data sheet specified manner to improve test effec
tiveness or efficiency, e.g., apply an accelerating stress 
or reduce test time. Handlers will control the ambient 
temperature for test and segregate devices to various 
bins by test results. 

Users should verify the manufacturer has fully docu
mented the test program, interface hardware, the accu
racy and precision of the test setup and the operating 
procedures for performing test. 

RELIABILITY 

Although microcircuits are designed for reliability, vari
ability in the manufacturing processes could cause 
sooner than expected degradation of performance. This 
infant mortality is usually the result of random defects in 
manufacturing material or processes and may be de
tected by accelerated stresses. 

Nonvolatile memories have two reliability parameters, 
endurance and data retention, which require evaluation 
and possible additional screening to remove infant mor
talities. Screening of other reliability parameters should 
be consistent with that of other microcircuits fabricated 
with similar processes and assembled in similar pack
ages. Test methods should reference MIL-STD-883 
for hermetic devices or JEDEC Standards for plastic 
devices. 

The manufacturer's test flow should include screens for 
endurance and data retention. Endurance screening is 
typically performing some number of endurance (pro
gram/erase) cycles or other oxide stress to accelerate 
defects in the charge transmission oxide. This is usually 
followed by a data, retention stress, e.g., a high tempera
ture unbiased bake, for a data retention screen. The 
manufacturer should be able to provide a methodology 
and data to support whatever endurance and data 
retention screens are used. Test Method 1033 of 
MI L-STD-883 provides a format for defining the require
ments for an endurance and data retention screen. 

QUALIFICATION TESTING 

CHARACTERIZATION 

Upon identification of a potential device for an applb 
lion, the adequacy of the device for the application mul 
be verified. Given the application constraints are know1 
this usually consists of characterizing the electrical ar: 
reliability performance of the proposed device. Befot 
embarking on the very expensive effort of device cha 
acterization, several other activities should be performe\ , 

The manufacturer should be audited by the user < 

users' representative, e.g., DESC or the NSI (Nation; 
Supervising Inspectorate for th~ .IS0-9000 series Qu1 
ity Systems}, for general capab1hty to manufacture cor 
sistently a device that conforms to applicable specific< 
lions. This will include system capability as well a 
specific technical abilities. Then the manufacturer shoul 
provide information to the user, detailing the manufac 
luring technology and device performance specific< 
lions and reliability expectations. 

Once satisfied that the manufacturer and device comp! 
with the application requirements, the user should 09 
tain some devices for validation of promised result~ 
User testing should verify performance to the data she~ 
or other applicable specification and should be used t1 
establish correlation between the manufacturer's in 
spection and the user's application. Critical electric~ 
and mechanical/visual parameters should require extri 
attention to assure consistency in measurement. 

Reliability parameters should receive characterization 
in particular endurance and data retention. Program 
erase cycling and data retention bake should continw, 
until the onset of endurance wearout, i.e., where thi 
endurance failure rate increases with additional cycles 
Verification of the intrinsic data retention failure rati 
should establish, using standard deacceleration tech' 
niques, that the MTBF of the nonvolatile memory i\ 
greater than the application's required storage time 
Other reliability parameters, such as life test, may ust 
data provided by the manufacturer. 

A typical endurance and data retention characterizatio~ 
test would consist of choosing two samples; then: sub· 
ject the first sample to the number of endurance cycle~ 
at the temperature used in the application followed bye 
data retention bake that correlates to the storage timj 
required o~ the application. Subject the second sa.mpl 

1 

to increasing numbers of program/erase cycles, inter· 
leaved periodically with short data retention bakes unti\ 
the majority of devices have failed two or more bits~ 
Analysis of this data in conjunction with the manufacturJ 
ers supplied data should validate the feasibility of thel 
proposed device in the application. . 
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:RIFICATION 

ter characterization verifies the microcircuit is capable 
meeting the application requirements, some ongoing 
:;ting will be required to assure production deliveries 
ntinue to conform to specification. Commonly used 
3thods include: source inspection, incoming inspec
n, regular audits and periodic monitors. 

>urce inspection requires the user or designate to 
tness critical manufacturing or quality assurance op
ations to verify shipped product conforms to the appli-
1ble specification. Incoming inspection accomplishes 
:;imilar purpose by having the user inspect production 
aterial upon receipt. 

3gular audits are the occasional assessment of the 
anufacturer by the user to assure that manufacturing 
ethods, systems, procedures and specifications are 
iing adhered to in the ongoing production of the 
irchased microcircuits. Periodic monitors are the sub
cting of a sample to an incoming test or a characteriza
>n evaluation. 

coming inspection is probably the least productive of 
e various verification methodologies and certainly the 
;OSI expensive. Regular audits, combined with periodic 
1onitors is probably the most effective but requires a 
<illed and trained audit and evaluation team to imple-
1ent. Source inspection is the simplest and probably 
ast expensive means to verify product conformance to 
Jecification. The means that are most appropriate to 
tuation depend on the relationship of manufacturer 
nd user, the capabilities of both parties, and any other 
verriding considerations, e.g., government require-
1ents. In all cases, regular communication between 
1anufacturer and user is vital to assure ongoing perfor-
1ance improvement. 

:eliability parameters should be monitored by the 
1anufacturer's reliability reports. In addition, endur
nce, data retention, and steady state life performance 
an be periodically validated by the following methodol
gy: 

,n endurance test, reference Method 1033 of MIL-STD-
83, shall be added before performing the steady state 
le test and extended data retention test. Cycling may be 
hip, sector, block, byte or page on finished devices. The 
:>llowing conditions shall be met: 

. All bytes shall be cycled for a minimum of the speci
fied number of cycles at equipment room ambient. 
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2. Perform parametric, functional and timing tests at 
room temperature, after cycling. Devices having bits 
not in the proper state after functional testing shall 
constitute a device failure. Separate the devices into 
two groups for extended data retention and steady 
state life test, then write correct data patterns. 

3. Perform the extended data retention, consisting of a 
high temperature unbiased storage for 1000 hours 
minimum at+ 150°C minimum. The storage time may 
be accelerated by using a highertemperature accord
ing to the Arrhenius relationship and an apparent 
activation energy of .6eV. The maximum storage 
temperature in a Nitrogen environment shall not ex
ceed + 175°C for hermetic or + 160°C for plastic de
vices. All devices shall be programmed with a charge 
on all memory cells in each device, such that a loss of 
charge can be detected e.g., worst case pattern. 

4. Read the data retention pattern and perform para
metric, functional and timing tests at room tempera
ture, after cycling and bake. Devices having bits not 
in the proper state after functional testing shall consti
tute a device failure. 

5. Perform steady state life, reference method 1005 
condition D of MIL-STD-883, for1000 hours at+ 125°C 
in a Nitrogen environment. The steady state life time 
may be accelerated by using an Arrhenius relation
ship and apparent activation energy of .4 eV. The 
maximum operating junction temperature shall not 
exceed + 175°C. All devices shall be written with a 
checkerboard or equivalent topological alternating bit 
pattern. 

6. Read the steady state life pattern and perform para
metric, functional and timing tests at room tempera
ture, after cycling and steady state life. Devices 
having bits not in the proper state after functional 
testing shall constitute a device failure. 

7. The endurance, data retention and steady state life 
tests shall individually pass a sample plan to an L TPD 
of 5/1 (sample size= 77, accept= 1 ), equivalentto an 
AOQL = 1%. 

SUMMARY lllm 
Reprogrammable nonvolatile memories should be pro-
cured with the same care as other microcircuits. The 
additional application dependent reliability parameters 
of endurance and data retention require careful consid-
eration of device design, manufacturing methodology, 
reliability criteria and documented performance. 
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:ull-Featured E2PROM Cell Operation 

ie Catalyst full-featured E2PROM memory cell, used 
r both serial and parallel devices, consists of an MOS 
>ating gate memory transistor, a select transistor and 
1pport circuitry (Figure 1). The memory cell defines a 
gic state, either a "1" or a "O," by storing negative or 
>sitive charge on the floating polysilicon gate of 01. 
ie status of the gate is sensed during the read opera
>n. 

harge is transferred to and from the floating gate 
,rough the thin tunnel dielectric by Fowler-Nordheim 
1nneling; i.e., the quantum-mechanical transmission of 
l electron through the oxide bandgap. Tunneling oc
Jrs when a high voltage, generated within the die, is 
aced across the tunnel dielectric region of the memory 
ansistor. 

or a logic "1," electrons are stored on the floating gate, 
sing the conditions defined for "program" (Table 1 ). 01 
as the high voltage placed on the top polysilicon gate, 
a the sense line through 04 and 05. The source and 
rain are grounded, through array Vss, 02 and 03 
ispectively. Fowler-Nordheim tunneling, generated by 
ie high field from the top gate to the drain, will transfer 
lectrons to the floating gate. The net negative charge 
•ill raise the 01 threshold to a value greater than the 
lference voltage. 

igure 1. Generic Full-Featured E2PROM 
lemory Cell 

SENSE AMP 

COLUMN SELECT LINE 

05 

SENSE LINE 

04 

:::!1•MEMORY TRANSISTOR 
:::!2•ROW SELECT TRANSISTOR 
:::!3•COLUMN SELECT TRANSISTOR 
Cl4•BYTE SELECT TRANSISTOR 
Q5•SENSE SELECT TRANSISTOR 

ARRAYVss 
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For a logic "O," holes (absence of negative charge) are 
stored on the floating gate, using the conditions defined 
for "erase" (see attached table). 01 has a high voltage 
place on the drain, via the bit line through 02 and 03. 
The top gate is grounded through 04 and 05, and the 
source is floating. Fowler-Nordheim tunneling transfers 
electrons off the floating gate. The net positive charge 
will lower the 01 threshold to a value less than the 
reference voltage. 

During the read operation, the reference voltage is 
applied to the top gate of 01 via the sense line. For 01 
thresholds greater {less} than the reference voltage, the 
selected 01 will {will not} conduct. The cell current on the 
bit line is detected by the sense amplifier and the 
resulting output is a logic "1" {"O"}. 

02 isolates unselected memory transistors on the same 
bit line, eliminating program and read disturb. 04 iso
lates unselected bytes on the same sense line, eliminat
ing DC program, DC erase and read disturbs. 

Support circuitry is used to input and output data to and 
from the memory in various modes, e.g., serial, parallel, 
page. Error correction can be implemented using mul
tiple cells and an ECC algorithm. 

Table 1. Full-Featured E2PROM Memory Cell 

PROGRAM ERASE READ 

Bit Line 0 20V 1.5 v 
Column Select 0 0 5V 

Word Line 20 +Vt V 20 +VtV 5V 

Sense Line 20V 0 2V 

Array VSS Ground Floating Ground 

TD 5209 
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:1ash Memory Cell Operation 

1e patented Catalyst flash memory cell consists of an 
:>S Floating Gate memory transistor and support 
·cuitry (Figure 1). The memory cell defines a logic 
:i.te, either a "1" or a "O," by storing two different levels 
negative charge on the floating polysilicon gate of Q1. 
ie status of the gate is sensed during the read opera
>n. 

1arge is transferred to the floating gate through the 
1te oxide by channel hot electron injection. Charge is 
rnsferred from the floating gate by Fowler-Nordheim 
nneling; i.e., the quantum-mechanical transmission of 
1 electron through the oxide bandgap. Both transmis
on mechanisms require the application of a high volt
~e. which may be supplied externally or generated 
ithin the die. 

Jr a logic "O," electrons are stored on the floating gate, 
>ing the conditions defined for "program" (Table 1). Q1 
:i.s the high voltage placed on the top polysilicon gate, 
a the word line, and the drain, via the bit line. Q1 's 
Jurce is connected to array source, which is at ground, 
1rough Q2. Channel hot electrons, generated by the 
:iurce-drain potential, are swept to the floating gate by 
ie top gate to substrate field. The excess negative 

l1 •MEMORY TRANSISTOR 
l2 • PASS GATE (EACH 16 COLUMNS) 
l3 •SECTOR SELECT (EACH 16 ROWS) 

EVERY 16 ROWS• 2K BYTES• 1 SECTOR 

5210 FHD F01 
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charge will raise the Q1 threshold to a value greaterthan 
the reference voltage. 

For a logic "1," a reduced quantity of electrons is stored 
on the floating gate, using the conditions defined for 
"erase" (see attached table). Q1 has a high voltage 
placed on the source, via the erase source through Q3. 
The top gate is grounded, via the word line, and thedrain 
is floating. Fowler-Nordheim tunneling transfers elec
trons off the floating gate. The Q1 threshold is lowered 
to a value less than the reference voltage. 

During the read operation, the reference voltage is 
applied to the top gate of Q1, via the word line. For Q1 
thresholds greater {less} than the reference voltage, the 
selected Q1 will {will not} conduct. Thecellcurrentonthe 
bit line is detected by the sense amplifier and the 
resulting output is a logic "O" {"1 "}. 

Q2 isolates unselected memory transistors on the same 
bit line, eliminating program disturb. Q2 also isolates 
every 16 memory transistors along the word line, pre
venting DC program and DC erase disturbs. Q3 isolates 
each sector for erasure, preventing overerase of 
unselected sectors. 

TD 5210 
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'ailure Rate Prediction 

:egrated circuits have no moving parts, yet like all 
1ctional devices have a possibility of failure. Although 
e future of an individual device cannot be predicted, 
e lifetime of a population of devices will have predict-
1le behavior. The expected lifetime will be a function of 
e design, manufacturing, screening and testing history 
the population. 

1ilure rate predictions are used to estimate the longev
, of applications using the devices. Reliability is often 
iscribed as device performance over time; thus, the 
ihavior of populations of devices is mathematically 
iscribed using probability models. Probability density 
nctions and cumulative distribution functions are used 
r predictions of failure. Some commonly used terms 
id definitions are: 

Mortality Function (Probability Density Function 
f Time-to-Failure); f(t): 

he rate at which devices are failing referenced to the 
riginal population. f(t)dt is the probability the device will 
iii in the interval ''t" to ''t + dt." 

. Cumulative Mortality Function (Cumulative Distri
ution Function of Time-to-Failure), F(t): 

1] the integral of f(t). 
J] the probability that a device will have failed by time "t"; 
;] the fraction of units that have failed by time "t." 

. Cumulative Reliability Function; R(t) = 1 - F(t): 

~]the probability that a device will function at time "t"; 
'J] the fraction of units that have survived to time "t." 

,, Hazard Rate (Instantaneous Failure Rate); h(t): 

rhe rate at which devices are failing referenced to the 
;urvivors. 

1(t) = f(t) I R(t). 

i. Cumulative Hazard Function; H(t): 

rhe integral of h(t). 

>.FIT: 

Failure In Time: the number of failures per 1a9 hours. 
Typically used to express the failure rate. 
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7. %/1000 hours: 

An alternative expression of the failure rate. 

Many population failure distributions have been utilized; 
e.g., the normal, lognormal, weibull, exponential ex
treme value. The exponential (similar to the weibull with 
B = 1) is often used for modeling because of its ease of 
use and applicability. The exponential is appropriate for 
failures caused by random latent defects or a compo
nent of many constituents. 

The failure rate of devices is expected to vary over the 
lifetime of the population. This behavior is modeled by 
the classic "bathtub curve"; which includes an infant 
mortality region, an intrinsic or useful life region and a 
wearout region. 

Infant mortalities are a result of latent defects or poor 
manufacturing practices, which result in early failures 
and a sharply declining failure rate. The device manu
facturershould eliminate this region by design or screens, 
i.e., accelerated stresses that are part of the manufac
turing flow . 

The wearout region is caused by an accumulation of 
stress during the operation of the device, resulting in an 
increasing failure rate. This region is eliminated by the 
user choosing a device of sufficient reliability for the 
application. 

The useful life region is a function of the intrinsic capa
bility of the device including the design, construction 
materials, manufacturing, and screening flow. This re
gion is characterized by a relatively constant failure rate; 
thus, the exponential is an appropriate distribution: f(t) = 
t e(-<t) and h(t) = t; where t is the constant hazard rate. 

The reliability performance of a microcircuit population is 
evaluated by stressing a sample. The stress is per
formed at conditions which should accelerate the failure 
rate during the stress, relative to normal operating 
conditions. Because a sample is used, the estimate (t) 
of the population hazard rate (t) is derived by statistics. 
The X2 (chi-squared) distribution is used to determine 
the t confidence interval. 

t = x I {2 x L.ntA} 
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where x is the tabular value of the x2 for the desired 
confidence (a), with 2r + 2 degrees of freedom (r =the 
number of failures in the sample). 

n =the number of devices on stress. 
t = the duration of the stress for each passing device. 
A = the acceleration factor. 

The failure mechanisms that contribute to the failure rate 
vary with temperature. The mortality function is the 
probability distribution that represents the aggregate of 
these mechanisms; thus, the mortality rate will vary with 
temperature. Analogous to modeling the rate of a chemi
cal reaction, the Arrhenius equation is used to model the 
shift in the mortality distribution. The apparent activation 
energy, associated with various failure mechanisms, 
quantifies the temperature dependence of the 
distribution's shift. 

The acceleration factor, A, is calculated by the Arrhenius 
equation and the apparent activation energy: 

A= exp{[Ea/k][(1/Tn) - (1/Tj)]} where, 

Ea= the apparent activation energy. 

k = Boltzman's constant (8.62 x 105) 

Tn = normalized junction temperature °K. 

Tj = stress junction temperature in °K. 

Models for infant mortality and wearout have been 
derived, but are not pertinent to useful life failure rate 
prediction. 

EXAMPLE 

A sample of 77 devices is submitted to dynamic burn 
at an ambient oven temperature of 150°C for 20 
hours, with 1 failure at 1000 hours. What is the 9C 
confidence interval estimation of the failure rate at 55 
ambient operating. 

t150 = XI {2 x Lnt} 

where X = 7.779 for oc = .90 and degrees of freedorr 
= 4 [(2x1) + 2] 

Lnt = (76 x 2000) + (1 x 1000) = 153,000 

thus 

t150 = 7.779 I (2 x 153,000) = 25,422 FITs 

t55 =t150/ A 

Notes: The typical Ea for an MOS device in dynarr 
burn-in is .4. Ambient temperatures were given and H 
equation requires junction temperatures. For this d, 
and package, assume the junction temperature rise 
5°C; therefore, 

A= exp{[.4/8.62x105] x {[1/(55+273+5)] 
- [1/(150+273+5)]}} 

=22 

t55 = 25,422 I 22 = 1156 FITs 

The estimation of a failure rate based on a single smE 
sample is limited by the statistics of the sample size. I 
order to have true representations of the populatic 
failure rate, data must be combined from several sample: 
Therefore, typical failure rates are given for devic. 
families or technologies, not individual device types. 
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;ingle Transistor 5V Flash Technology, 
vith Sector Erase 

1.0µm Flash technology has been developed, for full 
3Vice operation with one external 5V power supply. 
he single transistor Flash cell has been used to obtain 
high density with the smallest possible die size, which 
1inimizes cost. 

he use of a 5V power supply enlarges the range of 
pplications and reduces cost, by eliminating the need 
>ran additional power supply. 

he use of sector erase is particularly suited to applica
ons where a boot program must remain unchanged 
rhile the program memory or remaining data is updated. 
>ne chip providing both functions will reduce the num
er of chips on the board. Otherwise, a standard design 
/Ould use an E2PROM or battery backed-up RAM, for 

:igure 1. Block Diagram 

updalable memory, anda PROM or EPROMto store the 
boot program. 

The advantages of one 5V power supply, one chip for 
boot and updatable memory, and device price will sig
nificantly reduce the cost of an application. 

The 5V functionality is achieved by means of 2 charge 
pumps: 

a. one providing 10 mA at 7V during programming and 
5 mA at 13V during erase, 

b. one providing 100 µA at 13V, during programming to 
pump up the Word Lines and during erase to control 
the sector decoder. 

l/Oo-1/07 

1l 
r1_ INPUT/OUTPUT BUFFERS J 

~ CHARGE PUMP 1 ERASE VOLTAGE SWITCH J 
Q ER 1 

l 
STATE CONTROL ~ PGM VOLTAGE SWITCH} [CE, OE LOGIC J DATA SENSEAMP .IE COMMAND REGISTER H LATCH 

.t JJ 
~ 

STB 
Y-DECODER ::c ~ Y-GATING COUNTER () 

~ .... 14--1 
~ Ao-A15 en 

524,288 BIT SECTOR 
/ 

en X-DECODER w CELL MATRIX ERASE t-J a: 
0 DECODER 0 
< 14--1 

L.___.j_ VERIFY VOLTAGE SWITCH f J" 
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Single Transistor 5V Flash Technology, with Sector Erase 

The design of a 5V to 13V converter with high output 
current implies not only a careful sizing of the capacitors 
and diode mounted transistors, but requires noise re
ductionfeatures, such as separate ground lines, stepped 
clocks and pump output regulation (Figure 1, Block 
diagram). 

The array consists of 8 blocks, one for each 1/0 pin. To 
ground the cell source during read and program, pass 
gates are regularly distributed along each word line. To 
bring the cell source to a high voltage during erase, each 
source is tied, through an erase decoder, to the erase 
voltage internal supply. The sector size is 2K bytes, 
consisting of 16 rows in each block. 

The addition in the array of the pass gates and erase 
gates allows the erase of single sectors. These gates 
decrease the leakage on each bit line, since only 16 cells 
on one bit line have their source grounded at one time. 
This provides extra protection against the risk of "over
erase," e.g., disturb of the accessed cell by unselected 
depleted cells (Figure 2, array structure). 

The sectors can either be erased one by one at random, 
or sequentially. One by one, an erase pulse is sent 

Figure 2. Array Structure 

selectively to the chosen sector. The sector data is th\ 
verified and other erase pulses are sent, if necessai 
Sequentially, each erase pulse increments the sect 
pointer, so that all sectors erase within the same su; 
routine. A reset command initializes the sector point~ 
The sequential erase is faster for a program memo! 
update, with boot sectors unchanged. The random sel 
tor erase is faster for a data memory update, with oth 
data sectors unchanged. ' 

Preliminary reliability evaluations verify the usual flo~ 
ing gate data retention of greaterthan 100 years. Endu 
ance is specified at 1 % AOQL for 1000 cycles, which 

1 

more than adequate for program memory and ma~ 
data memory applications. The technology is intrins 
cally capable of high endurance; however, the potentii 
additional screening requirements are not compatibl 
with making a low cost device. 

The circuitry and technology have been developed for' 
high density, reliable, cost effective 5V only Flas, 
memory. 

A 512K bit, CAT28F512V5, has been designed with thi 
technology, and is now in pre-production. A 1 Megabi 
CAT28F010V5, is in development. 

ERASE SOURCE 

SECTOR DECODER 

ARRAY SOURCE 

WL 

BL SECTOR SOURCE 

PASS GATE MEMORY CELLS ERASE GATES 
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Single Transistor 5V Flash Technology, with Sector Erase 

ble 1. Device Characteristics (Typical) Table 2. Process Characteristics 

:cess Time 120 ns Erase Mechanism Tunneling 

:::; Standby 10 µA Program Mechanism Hot Electron Injection 

:::; Read (8.3 MHz) 30mA Tunnel Oxide 11 nm 

c Program 50mA Gate Oxide 25 nm 

c Erase 20mA Polysilicon Layers 2 

ogram Time 10 µs/byte Metal Layer 

ase Time 1 00 ms/sector Metal Thickness 1.0 µm 

Metal Width 1.4 µm 

Metal Spacing 1.2 µm 

Cell Size 16.8 µm2 

• 
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:eatures and Performance of Reprogrammable 
Jonvolatile Floating Gate Memories 

ITRODUCTION 

lfer the past 15 years, various floating gate devices 
1ve been increasingly used for reprogrammable non
>latile memory (NVM) applications. The UV-EPROM, 
weloped as an engineering prototype tool, gradually 
placed the original IC memory for program storage, 
e ROM. The UV-EPROM technology evolved into the 
1PROM technology, and the two have recently merged 
create the flash E2PROM and EPROM technology. 

1e floating gate MOS transistor allows the use of a 
ultitude of design approaches to satisfy user needs. 
he major device categories are NVRAM, serial 
2PROM, parallel E2PROM, flash, UV-EPROM and the 
TP-EPROM. This paper will compare the features and 
~rformance of these categories. 

.PPLICATIONS 

omparisons must start with the application perspec
te. Reprogrammable nonvolatile memories are re
uired where information may be changed during opera
)n and must be retained during power-off. The two 
1ajor types of information are data and program, each 
pe contains several classifications. 

1ata memory includes infomiation from recorders or 
ensors that is required for historical purposes or to 
laintain continuity of operation after power loss. 

rogram memory can be classified as configuration, 
aceability, boot program or main program. Configura
on contains look-up tables or other settings to control 
ie features and set-up of different equipment and 
)rmats within the system. Traceability includes calibra
on and maintenance settings and history, as well as 
elf-test vectors. The boot program is the series of 
istructions necessary to start the system. The main 
irogram is the algorithm or operating system, containing 
1e instructions to operate the system. 

Vithin each classification of memory, the actual applica-
1on requirements may vary. Intrinsically, floating gate 
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memories have different performance characteristics 
and limitations. These must be carefully matched with 
the application. Some of the most important system 
considerations are: how many times must the memory 
be reprogrammed, what is required to change the 
memory, what voltages must the system supply, how 
much memory is required and how much does the 
memory function cost? 

These system considerations can be directly compared 
with NVM features and performance. How many times 
the memory must be reprogrammed is related to device 
endurance, i.e., the minimum number of program/erase 
cycles at a given failure rate (or cumulative percent fail). 
What is required to change the memory relates ease of 
erasing and reprogramming the device, i.e., the level, 
timing, and sequence of waveforms. What voltages the 
system must supply for device operation relates to 
tradeoffs in cost and performance issues of the circuit 
board. 

How much memory is required varies by memory clas
sification and available device density. How much the 
memory function costs depends on what categories and 
densities of memory and support devices are required. 

DEVICE FEATURES AND PERFORMANCE 

Important device parameters include speed, write 
method, power supply requirements, endurance, data 
retention, density, package pin count and types of us
able packages. Speed involves both read and write time 
impact on system performance. The erasing and pro
gramming method, e.g., pulse or algorithmic, affects the 
total time to change the system memory. Some devices 
require the system to be interactive with the device 
during writing, while other devices allow alternate sys
tem operations to be performed in parallel. 

The endurance capability, typically the number of pro
gram/erase cycles to meet a 1 % AOQL guarantee, is 
normally much greater than the system update fre
quency requirement. Data retention of floating gate 
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Features and Performance of Reprogrammable Nonvolatile Floating Gate Memories 

devices is essentially infinite compared to alternates 
such as batteries or SNOS. The power supply voltage 
and power dissipation relate to circuit board design and 
the types of other components required, e.g., a 3 volt 
device may be more suitable for portable applications. 

The number of transistors per memory cell relates 
directly to density and die size, thus cost. The die 
function and size also determine what package types 
and pin counts are suitable. 

Table 1. Application Comparisons 

Update 
Application Frequency 

NV RAM Data Store or 
Power Down 

Serial Configuration Power Down 

Parallel Data, 1-5/day 
Boot Program, 1-2/year 
Main Program, 1-2/year 
Configuration, Power Down 
Traceability 2-6/year 

Flash Main Program, 1-2/year 
Boot Program, 1-2/year 
Data 1-4/month 

UV-EPROM Main Program, 1-3/decade 
Window Boot Program 1-3/decade 

EPROM Main Program, N/A 
OTP Boot Program N/A 

Table 2. Performance Comparisons 

NV NV 

CONCLUSION 

Selection of a device for an NVM application is a comf 
cated task. A number of floating gate reprogrammab 
nonvolatile memory devices exist, with a wide variety 
features and performance, which further complicat 
the selection. This paper has summarized the status

1 

existing devices, comparing critical features and perf< 
mance to simplify the choice of the most appropriE 
device for a given application. I 

Ease of Density Cost/ Cost/: 
Write Range Bit DevicJ 

Very Easy 256 bit to 1K High High I 

Easy 256 bit to 16K Medium Low 
' Easy 4K to 1M Medium High. 

I 

Moderate 64K to 2M Low Mediu~ 

Difficult 256K to 4M Low Mediurr 
i 

N/A 256K to 4M Low Low 

Power Typical 
Read Write Write Supply Power 

Speed Speed Method Endurance Required Dissipation 

NV RAM 200nsto 10ms Store 10,000 5V 100mwto 
100 KHz /device Device 200mw 

Serial 250 KHz to 5-10ms Pulse: 10,000 2,3,5V 15mw 
2 MHz /address Address 100,000 

Parallel 35nsto 1-10ms Pulse: 10,000 3, 5V 100mwto 
250ns /byte,page Byte, Page 100,000 500mw 

Flash 150nsto 10-100 µs Algorithmic 1,000 5Vor 150mwto 
250ns /byte Chip, Sector 10,000 5V & 12V 500mw 

I 

! 

I 

I 
I 

UV-EPROM 55nsto 10-100 µs Algorithmic 100 5V & 12V 150mw to I 
Window 250ns /byte Chip 500 mw 

I 

.EPROM 55nsto 10-100 µs Algorithmic N/A 5V & 12V 150mwto 
OTP 250hs /byte Chip 500mw 
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able 3. Technology Comparisons 

Data Density Transistors Package Package 
Endurance Retention Range Per Cell & Pins Types1 

NV RAM 10,000 >100 years 256 bit 9-13 8-18 SMT,TH,MOD 
to 1K 

Serial 10,000 >100 years 256 bit 2 8-14 SMT,TH,MOD 
100,000 to 16K 

Parallel 10,000 >100 years 4K to 1M 2-6 24-44 SMT,TH,MOD 
100,000 

Flash 1,000 >100years 64Kto 2M 1 28-44 SMT,TH,MOD 
10,000 

UV-EPROM 100 >100 years 256K 1 28-44 TH 
Window to4M 

EPROM N/A >100 years 256K 1 28-44 SMT,TH 
OTP to 4M 

oles 
SMT =Surface Mount Technology, TH= Through Hole, MOD= Module or Hybrid 

• 
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:atalyst Die Products 

HRODUCTION TO UNENCAPSULATED DIE 

his document provides the user with guidelines for 
rocesses, testing, and application issues associated 
1ith purchasing unencapsulated E2PROM die or wa
irs. Product electrical specifications, functional de
criptions, and bonding diagrams are not included. This 
iformation is available in the appropriate sections of the 
:atalyst Data Book or directly from Catalyst. 

he guide provides recommendations for die attach and 
lire bonding methods. Typicals for die thickness, top 
lassivation composition and thickness, and metalization 
omposition and thickness are included. The Catalyst 
roduction flow is outlined herein showing the steps 
iken for each die or wafer shipment. In addition, appli
ation information covering some common issues en
ountered when using E2PROM die is provided. 

'roperly packaged die and wafers will perform accord-
1g to the parametric, AC, and DC parameters listed in 
1e device data sheet. Procedures to demonstrate 
onformance to these specifications should be estab
shed contractually with Catalyst on an individual basis. 

iTANDARD DIE SALES GUIDELINES 

leliability Expectations: 

1. Endurance/Data Retention: 5% AOQL. 

2. Life Test: Same as packaged units; see reliability 
reports. 

iuarantees: 

1. 1 % AOQL for Visual per MIL-STD-883, Method 
2010, Condition B for plated and inspected die. 

2. Packing/Shipping per "Packaging" Section, in ac
cordance with Catayst shipping specification 17001. 

;orrelated Yields: 

1. Expect initial yields while doing correlation to be: 

A. =70% for high density devices(~ 64K bits). 

B. =90% for low density devices (s:: 16K bits). 

2. After correlation, yields should be: 

A. =90% for high density devices(~ 64K bits). 

B. =95% for low density devices (s:: 16K bits). 

14-1 

Test Modes: 

Catalyst uses control fuses for various built-in test modes 
and other functions within some devices. Exposure to 
UV light or misapplications of high voltages can erase or 
reprogram the fuses, causing loss of functionality. Con
trol fuses are used for redundancy repair to improve 
manufacturing yield and chip functions to reduce test 
time. Catalyst strongly recommends the use of control 
fuses. 

STANDARD DIE PACKAGING 

All die shipped by Catalyst will be packaged per the 
following: 

1 . The die will be placed in a "waffle pack" with a cavity 
of proper size to restrain the die without causing 
damage and without allowing the die to change 
orientation. 

2. A lint-free paper insert is placed over the "waffle 
pack". The waffle pack lid is placed on top and then 
secured with plastic locking clips. 

3. A set of waffle packs (as required) are stacked. 

4. A label with Jot number, quantity, part number, and 
packing date is placed on the waffle pack. 

5. Die do not require cleaning prior to assembly. 

STANDARD WAFER PACKAGING 

All wafers shipped by Catalyst will be packaged per the 
following: 

1. Wafers will be separated by lint-free paper. 

2. Wafers will be packed in an appropriately sized 
shipping container to minimize movement. 

3. A label with lot number, quantity, part number, and • 
packing date is placed on the shipping container. • 
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GENERAL DIE or WAFER SPECIFICATIONS 

1. Thickness: 430 to 51 O µm (17 to 20 mils). 

Otherthicknessesdown to 280 µm (11 mils) can be 
accomplished. Please contact Catalyst for this 
price adder. 

2. X-Y Dimensions: Per each device (contact Cata
lyst). Wafer diameter: 125 or 150 mm (5 or 6 
inches). 

SUGGESTED ASSEMBLY FLOW AND CONDITIONS 

3. Top Glassivation: Varies according to device a~ 
manufacturing location. Typically 1 µm of SiO 
(oxynitride). 

4. Metalization: Varies according to device and mani 
facturing location. Typically 1 µm of Al/Si {99/1) 1 
Al/Si/Cu (98.5/1/.5). . 

OPERATION CONDITIONS 

HERMETIC PLASTIC 

DIE ATTACH DIE ATTACH 

WIRE BOND WIRE BOND 

SEAL MOLD 

TEST TEST 

Note: 

DOCUMENTATION CHECK. OPTIONAL 

VISUAL - 1% AOQL 
MECHANICAL/FUNCTIONAL - 2.5% AOQL 

HERMETIC: SILVER-GLASS WITH VENDOR 
RECOMMENDED CURE PROFILE. 

PLASTIC: EPOXY WITH VENDOR RECOMMENDED 
CURE PROFILE. 

MIL-STD-883, METHOD 2010, CONDITION B 

HERMETIC: 99%/1% AUSI 1.25 MIL WIRE 
ULTRASONIC WEDGE BOND. 

PLASTIC: GOLD 1.3 MIL WIRE, 200°C 
THERMASONIC BALL BOND. 

MIL-STD-883, METHOD 2010, CONDITION B 

HERMETIC: GLASS FRIT, PEAK TEMP< 430°C 
SOLDER SEAL, PEAK TEMP < 370°C 

PLASTIC: LOW STRESS MOISTURE RESISTANT 
MOLDING COMPOUND. 

TIMING, PARAMETRIC, FUNCTIONAL 
5223.FHO F< 

( 1) Final electrical screen and test yield will vary with device type data sheet performance limits (i.e. access time, temperature range, V cc 
range and use of redundancy). 

(2) For some devices, test yields may be improved by the use of redundancy repair. Information on how to use redundancy repair is available 
from Catalyst. 
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\PPLICATION INFORMATION 

•ower Up and Power Down Consideration: 

:atalyst E2PROMs contain circuitry to minimize false 
trite during power up or power down. This circuitry 
1revents writing under the following conditions: 

. Vee is less than Vw1. 

'. A write pulse of less than 20ns duration. 

:atalyst recommends the following power up/power 
lown sequence, applicable. 

1ower Up Sequence: 

. All addresses and data lines to OV. 

'. Chip Enable (CE) and Output Enable (OE) to OV. 

I. Write Enable (WE) to 3V or TIL high. 

I. Vee to Supply Value. 

i. Chip Enable (CE) and Output Enable (OE) to high. 

1ower Down Sequence: 

. All addresses and data lines to OV. 

~- Chip Enable (CE) and Output Enable (OE) to OV. 

I. Write Enable (WE) to 3V or TIL high. 

k Vee to OV. 

i. Wait longer than 1 O ms. 

l. Write Enable (WE) to OV. 

)ome devices provide a Software Data Protect (SDP) 
eature. When activated, this feature disables write 
>perations through software, by accessing an internal 
:ontrol register. Software control of write operations can 
educe the possibility of inadvertent writes resulting from 
>0wer up, power down, or momentary power distur
iances. Consult the Catalyst Data Book for the availabil
ty and specifics on the use of this feature. 
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Signal Lines Above Vee 

Some devices incorporate built-in test modes to aid in 
testing or modify device functions. These test modes are 
accessed by taking one or more device pins above the 
maximum recommended input level to enable the mode, 
then operating other pins as necessary. Although un
likely, a noise "spike" of sufficient duration and amplitude 
can enable a test mode. If this occurs, device operation 
may be changed. The device may be reset by turning 
power off; however, in some cases a change to device 
functionality occurs. Consult Catalyst for recommended 
preventative measures and recovery procedures. 

Substrate Grounding 

Some devices require a substrate ground connection for 
proper operation. If the die attach pad is not grounded or 
has a high resistance path to ground, the device timing 
or functionality performance may be affected. Other 
devices are designed using a back- bias generator; thus, 
requiring isolation of the die attach pad. Consult Cata
lyst forthe recommended die attach and pad design per 
device. 

Effects of UV Light or X Rays 

E2PROM cells as control fuses are used to select or 
modify various internal device functions. If die are ex
posed to UV (ultra- violet) light or X-Rays of sufficient 
intensity and duration, these cells could be erased. This 
erasure is the same mechanism as used by UV EPROMs 
and is non-destructive, but could cause a change in 
functionality of the device. Consult Catalyst for recom
mended preventative measures and recovery tech
niques. 

Built-in Test Modes 

Contact Catalyst for additional information of how to 
utilize the built-in test modes previously mentioned. 

• 
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)rdering Information 

IERIAL E2PROMs 
-Wire Bus Structure (Data Book Section 2) 

Device Package 
Order Number Org. J J14 s K p 

CAT24C02P 256x8 x 
CAT24C02PI 256x8 x 
CAT24C02J 256x8 x 
CAT24C02J-TE7 256x8 x 
CAT24C02J-TE13 256 x 8 x 
CAT24C02JI 256x8 x 
CAT24C02Jl-TE7 256x8 x 
CAT24C02Jl-TE13 256x8 x 
CAT24C02J14 256x8 x 
CAT24C02J14-TE7 256x8 x 
CAT24C02J14-TE13 256x 8 x 
CAT24C02J141 256x 8 x 
CAT24C02J141-TE7 256x 8 x 
CAT24C02J141-TE13 256x 8 x 

CAT24C02ZP 256x 8 x 
CAT24C02ZPI 256x 8 x 
CAT24C02ZJ 256 x 8 x 
CAT24C02ZJ-TE7 256 x 8 x 
CAT24C02ZJ-TE13 256 x 8 x 
CAT24C02ZJI 256x8 x 
CAT24C02ZJl-TE7 256x8 x 
CAT24C02ZJl-TE13 256xB x 
CAT24C02ZJ14 256x8 x 
CAT24C02ZJ 14-TE7 256x8 x 
CAT24C02ZJ14-TE13 256x8 x 
CAT24C02ZJ 141 256x8 x 
CAT24C02ZJ141-TE7 256x8 x 
CAT24C02ZJ 141-TE13 256x 8 x 

Joie: 
1) Contact factory for High Endurance device availability. 
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Special Temp Clock # Tape Rail 
Features Range Freq. of Pins &Reel Qty. 

t 100kHz 8 50 
I 100kHz 8 50 
t 100kHz 8 100 
t 100kHz 8 TE7 500 
t 100kHz 8 TE13 2000 
I 100kHz 8 100 
I 100kHz 8 TE7 500 
I 100kHz 8 TE13 2000 
t 100kHz 14 56 
t 100kHz 14 TE7 500 
t 100kHz 14 TE13 2000 
I 100kHz 14 56 
I 100kHz 14 TE7 500 
I 100kHz 14 TE13 2000 

z t 100kHz 8 50 
z I 100kHz 8 50 
z t 100kHz 8 100 
z t 100kHz 8 TE7 500 
z t 100kHz 8 TE13 2000 
z I 100kHz 8 100 
z I 100kHz 8 TE7 500 
z I 100kHz 8 TE13 2000 
z t 100kHz 14 56 
z t 100kHz 14 TE7 500 
z t 100kHz 14 TE13 2000 
z I 100kHz 14 56 
z I 100kHz 14 TE7 500 
z I 100kHz 14 TE13 2000 

Key: 

t = Blank= Commercial= 0°C to +70°C 
I = Industrial = -40°C to +85°C 
A = Advanced Device or Special Assembly 
B = Advanced Device 
L = Low Voltage 
Z = Zero Power™ 
J = S.O. (JEDEC) 
J14 = S.O. (JEDEC) 
K = S.O. (EIAJ) 
P = Plastic DIP • 
S = S.O. Non-Rotated (JEDEC) 
TE7 = Tape Embossed 7' Reel, Min. Order500 Pcs/Reel 
TE13 = Tape Embossed 13' Reel, Min. Order 2000 Pcs/Reel 
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Ordering Information 

SERIAL E2PROMs 
2-Wire Bus Structure (Data Book Section 2) 

Device Package 
Order Number Org. J J14 s K p 

CAT24LC02P 256x 8 x 
CAT24LC02PI 256x 8 x 
CAT24LC02J 256x8 x 
CAT24LC02J-TE7 256 x 8 x 
CAT24LC02J-TE13 256x 8 x 
CAT24LC02JI 256 x 8 x 
CAT24LC02Jl-TE7 256 x 8 x 
CAT24LC02Jl-TE13 256x a x 
CAT24LC02J 14 256 x 8 x 
CAT24LC02J14-TE7 256x 8 x 
CAT24LC02J14-TE13 256x a x 
CAT24LC02J141 256 x 8 x 
CAT24LC02J141-TE7 256 x 8 x 
CAT24LC02J141-TE13 256 x 8 x 

CAT24LC02ZP 256 x 8 x 
CAT24LC02ZPI 256x 8 x 
CAT24LC02ZJ 256 x 8 x 
CAT24LC02ZJ-TE7 256 x 8 x 
CAT24LC02ZJ-TE13 256 x 8 x 
CAT24LC02ZJI 256 x 8 x 
CAT24LC02ZJl-TE7 256 x 8 x 
CAT24LC02ZJl-TE13 256x 8 x 
CAT24LC02ZJ14 256 x 8 x 
CAT24LC02ZJ14-TE7 256 x 8 x 
CAT24LC02ZJ14-TE13 256 x 8 x 
CAT24LC02ZJ141 256 x 8 x 
CAT24LC02ZJ141-TE7 256 x 8 x 
CAT24LC02ZJ141-TE13 256 x 8 x 

CAT24C02AP 256x a x 
CAT24C02API 256 x 8 x 
CAT24C02AJ 256 x 8 x 
CAT24C02AJ-TE7 256 x 8 x 
CAT24C02AJ-TE13 256x 8 x 
CAT24C02AJI 256 x 8 x 
CAT24C02AJl-TE7 256 x 8 x 
CAT24C02AJl-TE13 256x 8 x 
CA T24C02AJ 1 4 256 x 8 x 
CAT24C02AJ 14-TE7 256x a x 
CA T24C02AJ 14-TE1 3 256x a x 
CAT24C02AJ141 256x 8 x 
CAT24C02AJ141-TE7 256x 8 x 
CAT24C02AJ141-TE13 256x8 x 

Note: 
(1) Contact factory for High Endurance device availability. 
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Special Temp Clock # Tape Rail 
Features Range Freq. of Pins &Reel aty.I 

L t 1 OOkHz 8 50 
L I 100kHz 8 50 
L t 100kHz 8 100 
L t 100kHz 8 TE7 500 
L t 100kHz 8 TE13 20001 
L I 100kHz 8 100 
L I 100kHz 8 TE7 500 ! 

L I 100kHz 8 TE13 2000, 
L t 100kHz 14 56 I 

L t 100kHz 14 TE7 500 I 

L t 100kHz 14 TE13 2000: 
L I 100kHz 14 56 
L I 100kHz 14 TE7 500 
L I 100kHz 14 TE13 2000 

L,Z t 100kHz 8 50 
L,Z I 100kHz 8 50 
L,Z t 100kHz 8 100 I 

L,Z t 100kHz 8 TE7 500 ' 
L,Z t 100kHz 8 TE13 2000 
L,Z I 100kHz 8 100 I 
L,Z I 100kHz 8 TE7 500 
L,Z I 100kHz 8 TE13 2000 
L,Z t 100kHz 14 56 
L,Z t 100kHz 14 TE7 500 ' 
L,Z t 100kHz 14 TE13 2000 
L,Z I 100kHz 14 56 
L,Z I 100kHz 14 TE7 500 
L,Z I 100kHz 14 TE13 2000 

A t 100kHz 8 50 
A I 100kHz 8 50 
A t 100kHz 8 100 
A t 100kHz 8 TE7 500 
A t 100kHz 8 TE13 2000 
A I 100kHz 8 100 
A I 100kHz 8 TE7 500 I 
A I 100kHz 8 TE13 2000 I 
A t 100kHz 14 56 
A t 1ookHz 14 TE7 500 
A t 100kHz 14 TE13 2000 
A I 100kHz 14 56 
A I 100kHz 14 TE7 500 
A I 100kHz 14 TE13 2000 : 

Key: 

t = Blank= Commercial= 0°C to +70°C 
I = Industrial = -40°C to +85°C 
A = Advanced Device or Special Assembly 
B = Advanced Device 
L = Low Voltage 
Z = Zero Power™ 
J = S.O. (JEDEC) 
J14 = S.O. (JEDEC) 
K = S.O. (EIAJ) 
P = Plastic DIP 
S = S.O. Non-Rotated (JEDEC) 
TE7 = Tape Embossed 7" Reel, Min. Order 500 Pcs/Reel 
TE13 = Tape Embossed 13' Reel, Min. Order 2000 Pcs/Reel 



ERIAL E2PROMs 
Wire Bus Structure (Data Book Section 2) 

Device Package 
Order Number Org. J J14 s K p 

:::AT24C02AZP 256x a x 
:::AT24C02AZPI 256x8 x 
:::AT24C02AZJ 256 x 8 x 
:::AT24C02AZJ-TE7 256x 8 x 
:::AT24C02AZJ-TE13 256x 8 x 
:::AT24C02AZJI 256 x 8 x 
:::AT24C02AZJl-TE7 256 x 8 x 
:::AT24C02AZJl-TE13 256 x 8 x 
:::AT24C02AZJ 14 256 x 8 x 
::A T24C02AZJ 14-TE7 256 x 8 x 
:::AT24C02AZJ 1 4-TE1 3 256 x 8 x 
:::AT24C02AZJ141 256x 8 x 
:::AT24C02AZJ141-TE7 256x8 x 
CAT24C02AZJ141-TE13 256 x 8 x 

CA T24LC02AP 256 x 8 x 
CAT24LC02API 256 x 8 x 
CAT24LC02AJ 256 x 8 x 
CAT24LC02AJ-TE7 256 x 8 x 
CAT24LC02AJ-TE13 256 x 8 x 
CAT24LC02AJ I 256x a x 
CAT24LC02AJ l-TE7 256x8 x 
CAT24LC02AJ l-TE13 256x 8 x 
CAT24LC02AJ 14 256x a x 
CAT24LC02AJ 14-TE7 256 x 8 x 
CAT24LC02AJ14-TE13 256x8 x 
CAT24LC02AJ 141 256x8 x 
CAT24LC02AJ 141-TE7 256x8 x 
CAT24LC02AJ141-TE13 256x8 x 

CAT24LC02AZP 256x8 x 
CAT24LC02AZPI 256x8 x 
CA T24LC02AZJ 256x8 x 
CA T24LC02AZJ-TE7 256x 8 x 
CAT24LC02AZJ-TE13 256x a x 
CAT24LC02AZJ I 256x a x 
CAT24LC02AZJ l-TE7 256x8 x 
CAT24LC02AZJl-TE13 256x 8 x 
CAT24LC02AZJ 14 256x 8 x 
CAT24LC02AZJ14-TE7 256 x 8 x 
CAT24LC02AZJ14-TE13 256 x 8 x 
CAT24LC02AZJ 141 256 x 8 x 
CAT24LC02AZJ 141-TE7 256x8 x 
CAT24LC02AZJ141-TE13 256x8 x 

Iota: 
1) Contact factory for High Endurance device availability. 
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Ordering Information 

Special Temp Clock # Tape Rail 
Features Range Freq. of Pins &Reel Qty. 

A,Z t 100kHz 8 50 
A,Z I 100kHz 8 50 
A,Z t 100kHz 8 100 
A,Z t 100kHz 8 TE7 500 
A,Z t 100kHz 8 TE13 2000 
A,Z I 100kHz 8 100 
A,Z I 100kHz 8 TE7 500 
A,Z I 100kHz 8 TE13 2000 
A,Z t 100kHz 14 56 
A,Z t 100kHz 14 TE7 500 
A,Z t 100kHz 14 TE13 2000 
A,Z I 100kHz 14 56 
A,Z I 100kHz 14 TE7 500 
A,Z I 100kHz 14 TE13 2000 

L,A t 100kHz 8 50 
L,A I 100kHz 8 50 
L,A t 100kHz 8 100 
L,A t 100kHz 8 TE7 500 
L,A t 100kHz 8 TE13 2000 
L,A I 100kHz 8 100 
L,A I 100kHz 8 TE7 500 
L,A I 100kHz 8 TE13 2000 
L,A t 100kHz 14 56 
L,A t 100kHz 14 TE7 500 
L,A t 100kHz 14 TE13 2000 
L,A I 100kHz 14 56 
L,A I 100kHz 14 TE7 500 
L,A I 100kHz 14 TE13 2000 

L,A,Z t 100kHz 8 50 
L,A,Z I 100kHz 8 50 
L,A,Z t 100kHz 8 100 
L,A,Z t 100kHz 8 TE7 500 
L,A,Z t 100kHz 8 TE13 2000 
L,A,Z I 100kHz 8 100 
L,A,Z I 100kHz 8 TE7 500 
L,A,Z I 100kHz 8 TE13 2000 
L,A,Z t 100kHz 14 56 
L,A,Z t 100kHz 14 TE7 500 
L,A,Z t 100kHz 14 TE13 2000 
L,A,Z I 100kHz 14 56 
L,A,Z I 100kHz 14 TE7 500 
L,A,Z I 100kHz 14 TE13 2000 

Key: 

t = Blank= Commercial= 0°C to +70°C 
I = Industrial = -40°C to +85°C 
A = Advanced Device or Special Assembly • 
B = Advanced Device 
L = Low Voltage 
Z = Zero Power'™ 
J = S.O. (JEDEC) 
J14 = S.O. (JEDEC) 
K = S.O. (EIAJ) 
P = Plastic DIP 
S = S.O. Non-Rotated (JEDEC) 
TE7 = Tape Embossed 7' Reel, Min. Order 500 Pcs/Reel 
TE13 = Tape Embossed 13' Reel, Min. Order2000 Pcs/Reel 



Ordering Information 

SERIAL E2PROMs 
2-Wire Bus Structure (Data Book Section 2) 

Device Package 
Order Number Org. J J14 s K p 

CAT24C04P 512x8 x 
CAT24C04PI 512 x 8 x 
CAT24C04J 512x8 x 
CA T24C04J-TE7 512x8 x 
CAT24C04J-TE13 512x8 x 
CAT24C04JI 512x8 x 
CAT24C04Jl-TE7 512x a x 
CAT24C04Jl-TE13 512x 8 x 
CA T24C04J 14 512x 8 x 
CA T24C04J 14-TE7 512x 8 x 
CAT24C04J14-TE13 512 x 8 x 
CAT24C04J 141 512x 8 x 
CAT24C04J141-TE7 512x 8 x 
CAT24C04J141-TE13 512x 8 x 

CAT24C04ZP 512x8 x 
CAT24C04ZPI 512x 8 x 
CAT24C04ZJ 512 x 8 x 
CAT24C04ZJ-TE7 512x 8 x 
CAT24C04ZJ-TE13 512x8 x 
CAT24C04ZJI 512x 8 x 
CAT24C04ZJl-TE7 512x 8 x 
CAT24C04ZJl-TE13 512x 8 x 
CAT24C04ZJ14 512x 8 x 
CAT24C04ZJ14-TE7 512x 8 x 
CAT24C04ZJ14-TE13 512x 8 x 
CAT24C04ZJ141 512x 8 x 
CAT24C04ZJ141-TE7 512x8 x 
CAT24C04ZJ141-TE13 512x8 x 

CAT24LC04P 512 x 8 x 
CAT24LC04PI 512x8 x 
CAT24LC04J 512x8 x 
CAT24LC04J-TE7 512x8 x 
CAT24LC04J-TE13 512x8 x 
CAT24LC04JI 512x 8 x 
CAT24LC04Jl-TE7 512x 8 x 
CAT24LC04Jl-TE13 512x 8 x 
CAT24LC04J 14 512 x 8 x 
CAT24LC04J14-TE7 512 x 8 x 
CAT24LC04J14-TE13 512x8 x 
CAT24LC04J 141 512 x 8 x 
CAT24LC04J141-TE7 512x 8 x 
CAT24LC04J141-TE13 512x 8 x 

Note: 
{1) Contact factory for High Endurance device availability. 

15-4 

Special Temp Clock # Tape Rail 
Features Range Freq. of Pins &Reel Qty. 

t 100kHz 8 50: 

I 100kHz 8 50; 
t 100kHz 8 100, 
t 100kHz 8 TE7 5001 
t 100kHz 8 TE13 2000 
I 100kHz 8 100 ;, 
I 100kHz 8 TE7 500 
I 100kHz 8 TE13 20001 
t 100kHz 14 56 
t 100kHz 14 TE7 500 
t 100kHz 14 TE13 2000 
I 100kHz 14 56 : 
I 100kHz 14 TE7 500 
I 100kHz 14 TE13 2000 

z t 100kHz 8 50 
z I 100kHz 8 50 
z t 100kHz 8 100 
z t 100kHz 8 TE7 5001 
z t 100kHz 8 TE13 2000 
z I 100kHz 8 100 I 
z I 100kHz 8 TE7 500• 
z I 100kHz 8 TE13 2000 
z t 100kHz 14 56 ! 

z t 100kHz 14 TE7 500: 
z t 100kHz 14 TE13 2000 
z I 100kHz 14 56 
z I 100kHz 14 TE7 500 

I 

z I 100kHz 14 TE13 2000 

L t 100kHz 8 50 
L I 100kHz 8 50 
L t 100kHz 8 100 
L t 100kHz 8 TE7 500' 
L t 100kHz 8 TE13 2000 
L I 100kHz 8 100 I 
L I 100kHz 8 TE7 500 
L I 100kHz 8 TE13 2000' 
L t 100kHz 14 56 i 

L t 100kHz 14 TE7 500 
L t 100kHz 14 TE13 2000' 
L I 100kHz 14 56 
L I 100kHz 14 TE7 500 
L I 100kHz 14 TE13 2000 ! 

Key: 

t = Blank= Commercial= 0°c to +70°C 
I = Industrial = -40°C to +85°C 
A = Advanced Device or Special Assembly 
B = Advanced Device 
L = Low Voltage 
Z = Zero Power™ 
J = S.O. (JEDEC) 
J14 = S.O. (JEDEC) 
K = S.O. (EIAJ) 
P = Plastic DIP 
S = S.O. Non-Rotated (JEDEC) 
TE? = Tape Embossed 7' Reel, Min. Order 500 Pcs/Reel 
TE13 = Tape Embossed 13" Reel, Min. Order 2000 Pcs/Reel 



,ERIAL E2PROMs 
-Wire Bus Structure (Data Book Section 2) 

Device Package 
Order Number Org. J J14 s K p 

CAT24LC04ZP 512x8 x 
CAT24LC04ZPI 512x 8 x 
CAT24LC04ZJ 512x8 x 
CAT24LC04ZJ-TE7 512x 8 x 
CAT24LC04ZJ-TE13 512x 8 x 
CAT24LC04ZJ I 512x 8 x 
CAT24LC04ZJl-TE7 512X 8 x 
CAT24LC04ZJ l-TE13 512 x 8 x 
CAT24LC04ZJ 14 512x8 x 
CAT24LC04ZJ14-TE7 512x8 x 
CAT24LC04ZJ14-TE13 512 x 8 x 
CAT24LC04ZJ141 512x8 x 
CAT24LC04ZJ 141-TE7 512x 8 x 
CAT24LC04ZJ141-TE13 512x8 x 

CAT24C08P 1024x 8 x 
CAT24C08PI 1024x 8 x 
CAT24C08J 1024x 8 x 
CAT24C08J-TE7 1024 x 8 x 
CAT24C08J-TE13 1024 x 8 x 
CAT24C08JI 1024 x 8 x 
CAT24C08Jl-TE7 1024 x 8 x 
CAT24C08Jl-TE13 1024x 8 x 
CAT24COSJ14 1024x a x 
CAT24C08J 14-TE7 1024x 8 x 
CAT24C08J14-TE13 1024x8 x 
CAT24C08J141 1024x 8 x 
CAT24COSJ141-TE7 1024 x 8 x 
CAT24C08J141-TE13 1024x 8 x 

CAT24C08ZP 1024 x 8 x 
CAT24C08ZPI 1024 x 8 x 
CAT24C08ZJ 1024 x 8 x 
CAT24C08ZJ-TE7 1024 x 8 x 
CAT24C08ZJ-TE13 1024 x 8 x 
CAT24C08ZJI 1024x a x 
CAT24C08ZJ l-TE7 1024X 8 x 
CAT24C08ZJl-TE13 1024x 8 x 
CAT24C08ZJ14 1024 x 8 x 
CAT24C08ZJ 14-TE7 1024 x 8 x 
CAT24C08ZJ14-TE13 1024 x 8 x 
CAT24C08ZJ 141 1024 x 8 x 
CAT24C08ZJ 141-TE7 1024x 8 x 
CAT24C08ZJ 141-TE13 1024x 8 x 

~ote: 

:i) Contact factory for High Endurance device availability. 

15-5 

Ordering Information 

Special Temp Clock # Tape Rail 
Features Range Freq. of Pins &Reel Qty. 

L,Z t 100kHz 8 50 
L,Z I 100kHz 8 50 
L,Z t 100kHz 8 100 
L,Z t 100kHz 8 TE7 500 
L,Z t 100kHz 8 TE13 2000 
L,Z I 100kHz 8 100 
L,Z I 100kHz 8 TE7 500 
L,Z I 1ookHz 8 TE13 2000 
L,Z t 100kHz 14 56 
L,Z t 100kHz 14 TE7 500 
L,Z t 100kHz 14 TE13 2000 
L,Z I 100kHz 14 56 
L,Z I 1ookHz 14 TE7 500 
L,Z I 100kHz 14 TE13 2000 

t 100kHz 8 50 
I 1ookHz 8 50 
t 100kHz 8 100 
t 100kHz 8 TE7 500 
t 100kHz a TE13 2000 
I 100kHz 8 100 
I 100kHz 8 TE7 500 
I 100kHz 8 TE13 2000 
t 100kHz 14 56 
t 100kHz 14 TE7 500 
t 100kHz 14 TE13 2000 
I 1ookHz 14 56 
I 100kHz 14 TE7 500 
I 100kHz 14 TE13 2000 

z t 100kHz 8 50 
z I 100kHz 8 50 
z t 100kHz 8 100 
z t 100kHz 8 TE7 500 
z t 100kHz 8 TE13 2000 
z I 100kHz 8 100 
z I 100kHz 8 TE7 500 
z I 100kHz 8 TE13 2000 
z t 100kHz 14 56 
z t 100kHz 14 TE7 500 
z t 100kHz 14 TE13 2000 
z I 100kHz 14 56 
z I 100kHz 14 TE7 500 
z I 100kHz 14 TE13 2000 

Key: 

t = Blank= Commercial = 0°C to + 70°C 
I = Industrial = -40°C to +85°C 
A = Advanced Device or Special Assembly 
B = Advanced Device 
L = Low Voltage 
Z = Zero Power'™ 
J • S.O. (JEDEC) 
J14 = S.O. (JEDEC) 
K = S.O. (EIAJ) 
P = Plastic DIP 
S = S.O. Non-Rotated (JEDEC) 
TE7 = Tape Embossed 7' Reel, Min. Order 500 Pcs/Reel 
TE13 = Tape Embossed 13' Reel, Min. Order 2000 Pcs!Reel 

• 



Ordering Information 

SERIAL E2PROMs 
2-Wire Bus Structure (Data Book Section 2) 

Device Package 
Order Number Org. J J14 s K p 

CAT24LC08P 1024x 8 x 
CAT24LC08PI 1024 x 8 x 
CAT24LC08J 1024 x 8 x 
CAT24LC08J· TE7 1024x 8 x 
CAT24LC08J-TE13 1024x 8 x 
CAT24LC08JI 1024x 8 x 
CAT24LC08Jl-TE7 1024x 8 x 
CAT24LC08Jl-TE13 1024x 8 x 
CAT24LC08J 14 1024x 8 x 
CAT24LC08J14-TE7 1024x 8 x 
CAT24LC08J14-TE13 1024 x 8 x 
CAT24LC08J 141 1024 x 8 x 
CAT24LC08J141-TE7 1024 x 8 x 
CAT24LC08J 141-TE13 1024 x 8 x 

CAT24LC08ZP 1024 x 8 x 
CAT24LC08ZPI 1024 x 8 x 
CAT24LC08ZJ 1024 x 8 x 
CAT24LC08ZJ-TE7 1024 x 8 x 
CAT24LC08ZJ-TE13 1024 x 8 x 
CAT24LC08ZJI 1024 x 8 x 
CAT24LC08ZJl-TE7 1024 x 8 x 
CAT24LC08ZJl-TE13 1024 x 8 x 
CAT24LC08ZJ14 1024 x 8 x 
CAT24LC08ZJ 14-TE7 1024 x 8 x 
CAT24LC08ZJ14-TE13 1024 x 8 x 
CAT24LC08ZJ141 1024 x 8 x 
CAT24LC08ZJ141-TE7 1024 x 8 x 
CAT24LC08ZJ141-TE13 1024 x 8 x 

CAT24C16P 2048 x 8 x 
CAT24C16PI 2048 x 8 x 
CAT24C16J 2048 x 8 x 
CAT24C1 6J-TE7 2048 x 8 x 
CAT24C16J-TE13 2048 x 8 x 
CAT24C16JI 2048 x 8 x 
CAT24C16Jl-TE7 2048 x 8 x 
CAT24C16Jl-TE13 2048 x 8 x 
CAT24C16J14 2048 x 8 x 
CAT24C16J14-TE7 2048 x 8 x 
CAT24C16J14-TE13 2048 x 8 x 
CAT24C16J141 2048 x 8 x 
CAT24C16J141-TE7 2048 x 8 x 
CAT24C16J141-TE13 2048 x 8 x 

Note: 
(1) Contact factory for High Endurance device availability. 

15-6 

Special Temp Clock # Tape Rail 
Features Range Freq. of Pins & Reel Qty. 

L t 100kHz 8 50 
L I 100kHz 8 50 I 

L t 100kHz 8 100: 
L t 100kHz 8 TE7 500: 
L t 100kHz 8 TE13 20001 
L I 100kHz 8 100 i 1 

L I 100kHz 8 TE7 500' 
L I 100kHz 8 TE13 20001 
L t 100kHz 14 56 ' 
L t 100kHz 14 TE7 500 I 
L t 100kHz 14 TE13 2000, 
L I 100kHz 14 56 ! 

L I 100kHz 14 TE7 500 
L I 100kHz 14 TE13 2000, 

L,Z t 100kHz 8 50 
L,Z I 100kHz 8 50 
L,Z t 100kHz 8 100 
L,Z t 100kHz 8 TE7 500 I 
L,Z t 100kHz 8 TE13 2000 1 

L,Z I 100kHz 8 100 
L,Z I 100kHz 8 TE7 500 I 

L,Z I 100kHz 8 TE13 2000 
L,Z t 100kHz 14 56 
L,Z t 100kHz 14 TE7 500 
L,Z t 100kHz 14 TE13 2000 ! 

L,Z I 100kHz 14 56 
L,Z I 100kHz 14 TE7 500 i 

L,Z I 100kHz 14 TE13 2000 

t 100kHz 8 50 I 

I 100kHz 8 50 
t 100kHz 8 100 

t 100kHz 8 TE7 500 

t 100kHz 8 TE13 2000 
I 100kHz 8 100 ' 
I 100kHz 8 TE7 500 I 
I 100kHz 8 TE13 2000 
t 100kHz 14 56 
t 100kHz 14 TE7 500 i 

t 100kHz 14 TE13 2000 
I 100kHz 14 56 ! 

I 100kHz 14 TE7 500 
' I 100kHz 14 TE13 2000 

Key: 

t = Blank= Commercial= 0°C to +70°C 
I = Industrial = -40°C to +B5°C 
A = Advanced Device or Special Assembly 
B = Advanced Device 
L = Low Voltage 
Z = Zero Power™ 
J = S.O. (JEDEC) 
J14 = S.O. (JEDEC) 
K = S.O. (EIAJ) 
P = Plastic DIP 
S = S.O. Non-Rotated (JEDEC) 
TE? = Tape Embossed 7" Reel, Min. Order 500 Pcs/Reel 
TE13 = Tape Embossed 13" Reel, Min. Order 2000 Pcs/Reel 



ERIAL E2PROMs 
Wire Bus Structure (Data Book Section 2) 

Device Package 
Order Number Org. J J14 s K p 

:::AT24C16ZP 2048 x 8 x 
:::AT24C16ZPI 2048 x 8 x 
:::AT24C16ZJ 2048 x 8 x 
:::AT24C1 6ZJ-TE7 2048 x 8 x 
:::AT24C16ZJ-TE13 2048 x 8 x 
:::AT24C16ZJI 2048 x 8 x 
:::AT24C16ZJl-TE7 2048 x 8 x 
:::AT24C16ZJl-TE13 2048 x 8 x 
:::AT24C16ZJ14 2048 x 8 x 
:::AT24C16ZJ14-TE7 2048 x 8 x 
8AT24C16ZJ14-TE13 2048 x 8 x 
8AT24C16ZJ141 2048 x 8 x 
8AT24C16ZJ141-TE? 2048 x 8 x 
8AT24C16ZJ141-TE13 2048 x 8 x 

8AT24LC16P 2048 x 8 x 
8AT24LC16PI 2048 x 8 x 
8AT24LC16J 2048 x 8 x 
CAT24LC16J-TE7 2048 x 8 x 
CAT24LC16J-TE13 2048 x 8 x 
CAT24LC16JI 2048 x 8 x 
CAT24LC16Jl-TE7 2048 x 8 x 
CAT24LC16Jl-TE13 2048 x 8 x 
CAT24LC16J14 2048 x 8 x 
CAT24LC16J14-TE7 2048 x 8 x 
CAT24LC16J14-TE13 2048 x 8 x 
CAT24LC16J141 2048 x 8 x 
CAT24LC16J1 41-TE? 2048 x 8 x 
CAT24LC16J141-TE13 2048 x 8 x 

CA T24LC16ZP 2048 x 8 x 
CAT24LC16ZPI 2048 x 8 x 
CAT24LC16ZJ 2048 x 8 x 
CAT24LC16ZJ-TE7 2048 x 8 x 
CAT24LC16ZJ-TE13 2048 x 8 x 
CAT24LC16ZJI 2048 x 8 x 
CAT24LC16ZJl-TE7 2048 x 8 x 
CAT24LC16ZJl-TE13 2048 x 8 x 
CAT24LC16ZJ14 2048 x 8 x 
CAT24LC16ZJ14-TE7 2048 x 8 x 
CAT24LC16ZJ14-TE13 2048 x 8 x 
CAT24LC16ZJ141 2048 x 8 x 
CAT24LC16ZJ141-TE7 2048 x 8 x 
CAT24LC16ZJ 141-TE13 2048 x 8 x 

ote: 
I) Contact factory for High Endurance device availability. 

15-7 

Ordering Information 

Special Temp Clock # Tape Rail 
Features Range Freq. of Pins & Reel Qty. 

z t 100kHz 8 50 
z I 100kHz 8 50 
z t 100kHz 8 100 
z t 100kHz 8 TE? 500 
z t 100kHz 8 TE13 2000 
z I 100kHz 8 100 
z I 100kHz 8 TE? 500 
z I 100kHz 8 TE13 2000 
z t 100kHz 14 56 
z t 100kHz 14 TE? 500 
z t 100kHz 14 TE13 2000 
z I 100kHz 14 56 
z I 100kHz 14 TE? 500 
z I 100kHz 14 TE13 2000 

L t 100kHz 8 50 
L I 100kHz 8 50 
L t 100kHz 8 100 
L t 100kHz 8 TE? 500 
L t 100kHz 8 TE13 2000 
L I 100kHz 8 100 
L I 100kHz 8 TE? 500 
L I 100kHz 8 TE13 2000 
L t 100kHz 14 56 
L t 100kHz 14 TE7 500 
L t 100kHz 14 TE13 2000 
L I 100kHz 14 56 
L I 100kHz 14 TE? 500 
L I 100kHz 14 TE13 2000 

L,Z t 100kHz 8 50 
L,Z I 100kHz 8 50 
L,Z t 100kHz 8 100 
L,Z t 100kHz 8 TE7 500 
L,Z t 100kHz 8 TE13 2000 
L,Z I 100kHz 8 100 
L,Z I 100kHz 8 TE? 500 
L,Z I 100kHz 8 TE13 2000 
L,Z t 100kHz 14 56 
L,Z t 100kHz 14 TE7 500 
L,Z t 100kHz 14 TE13 2000 
L,Z I 100kHz 14 56 
L,Z I 100kHz 14 TE? 500 
L,Z I 100kHz 14 TE13 2000 

Key: 

t = Blank= Commercial= 0°C to +?O"C 
I = Industrial = -40°C to +85°C • 
A = Advanced Device or Special Assembly 
B = Advanced Device 
L = Low Voltage 
Z = Zero Power™ 
J S.O. (JEDEC) 
J14 S.O. (JEDEC) 
K = S.O. (EIAJ) 
P = Plastic DIP 
S = S.O. Non-Rotated (JEDEC) 
TE? = Tape Embossed 7" Reel, Min. Order 500 Pcs/Reel 
TE13 = Tape Embossed 13" Reel, Min. Order2000 Pcs/Reel 



Ordering Information 

SERIAL E2PROMs 
3-Wire Bus Structure (Data Book Section 3) 

Device Package 
Order Number Organization J J14 s K p 

CAT93C46P 128 x 8/64 x 16 x 
CAT93C46PI 128 x 8/64 x 16 x 
CAT93C46K 128 x 8/64 x 16 x 
CAT93C46K-TE7 128 x 8/64 x 16 x 
CAT93C46K-TE13 128 x 8/64 x 1 6 x 
CAT93C46KI 128 x 8/64 x 1 6 x 
CAT93C46Kl-TE7 128 x 8/64 x 16 x 
CAT93C46Kl-TE13 128 x 8/64 x 16 x 
CAT93C46J 128 x 8/64 x 16 x 
CAT93C46J-TE7 128 x 8/64 x 16 x 
CAT93C46J-TE13 128 x 8/64 x 16 x 
CAT93C46JI 128 x 8/64 x 16 x 
CAT93C46Jl-TE7 128 x 8/64 x 1 6 x 
CAT93C46Jl-TE13 128 x 8/64 x 16 x 
CAT93C46S 128 x 8/64 x 16 x 
CAT93C46S-TE7 128 x 8/64 x 16 x 
CAT93C46S-TE13 128 x 8/64 x 16 x 
CAT93C46SI 128 x 8/64 x 16 x 
CA T93C46S 1-TE7 128 x 8/64 x 1 6 x 
CA T93C46S I-TE 13 128 x 8/64 x 16 x 

CAT93C46AP 64x 16 x 
CAT93C46API 64x 16 x 
CAT93C46AK 64x 16 x 
CAT93C46AK-TE7 64x 16 x 
CAT93C46AK-TE13 64 x 16 x 
CAT93C46AKI 64x16 x 
CAT93C46AKl-TE7 64 x 16 x 
CAT93C46AKl-TE13 64x16 x 
CAT93C46AJ 64x 16 x 
CAT93C46AJ-TE7 64 x 16 x 
CAT93C46AJ-TE13 64x 16 x 
CAT93C46AJ I 64x 16 x 
CAT93C46AJl-TE7 64x 16 x 
CAT93C46AJl-TE13 64x 16 x 
CAT93C46AS 64x 16 x 
CAT93C46AS-TE7 64x 16 x 
CAT93C46AS-TE13 64x 16 x 
CAT93C46ASI 64x 16 x 
CAT93C46ASl-TE7 64x 16 x 
CAT93C46ASl-TE13 64x 16 x 

Note: 
(1) Contact factory for High Endurance device availability. 

15-8 

Special Temp Clock # Tape Rail' 
Features Range Freq. of Pins & Reel Qty. 

t 1 MHz 8 50 
I 1 MHz 8 50 I 

t 1 MHz 8 94 I 
t 1 MHz 8 TE7 5001 
t 1 MHz 8 TE13 2000! 
I 1 MHz 8 94 ' 
I 1 MHz 8 TE7 500 
I 1 MHz 8 TE13 20001 

t 1 MHz 8 100 
t 1 MHz 8 TE7 500 
t 1 MHz 8 TE13 2000 
I 1 MHz 8 100 I 

I 1 MHz 8 TE7 500 
I 1 MHz 8 TE13 2000 
t 1 MHz 8 100 i 

t 1 MHz 8 TE7 500 I 

t 1 MHz 8 TE13 2000 
I 1 MHz 8 100: 
I 1 MHz 8 TE7 500 
I 1 MHz 8 TE13 20001 

A t 1 MHz 8 50 
A I 1 MHz 8 50 I 

A t 1 MHz 8 94 I 

A t 1 MHz 8 TE7 500 i 

A t 1 MHz 8 TE13 2000 
A I 1 MHz 8 94 I 

A I 1 MHz 8 TE7 500 . 
A I 1 MHz 8 TE13 2000 
A t 1 MHz 8 100 : 
A t 1 MHz 8 TE7 500 
A t 1 MHz 8 TE13 2000 1 

A I 1 MHz 8 100 
A I 1 MHz 8 TE7 500 I 
A I 1 MHz 8 TE13 2000 
A t 1 MHz 8 100 . 

A t 1 MHz 8 TE7 500 I 

A t 1 MHz 8 TE13 2000 
A I 1 MHz 8 100 I 

A I 1 MHz 8 TE7 500 
A I 1 MHz 8 TE13 2000' 

Key: 

t = Blank= Commercial= 0°C to +70°C 
I = Industrial = -40°C to +85°C 
A = Advanced Device or Special Assembly 
B = Advanced Device 
L = Low Voltage 
Z = Zero Power™ 
J = S.O. (JEDEC) 
J14 = S.O. (JEDEC) 
K = S.0. (EIAJ) 
P = Plastic DIP 
S = S.O. Non-Rotated (JEDEC) 
TE? = Tape Embossed 7" Reel, Min. Order 500 Pcs/Reel 
TE13 = Tape Embossed 13" Reel, Min. Order 2000 Pcs/Reel' 



:RIAL E2PROMs 
Vire Bus Structure (Data Book Section 3) 

Device Package 
Order Number Organization J J14 s K 

AT93C46BP 128 x 8/64 x 16 
AT93C46BPI 128 x 8/64 x 1 6 
AT93C46BK 128 x 8/64 x 1 6 x 
AT93C46BK-TE7 128 x 8/64 x 16 x 
AT93C46BK-TE13 128 x 8/64 x 1 6 x 
AT93C46BKI 128 x 8/64 x 16 x 
AT93C46BKl-TE7 128 x 8/64 x 16 x 
AT93C46BKl-TE13 128 x 8/64 x 1 6 x 
AT93C46BJ 128 x 8/64 x 1 6 x 
:AT93C46BJ-TE7 128 x 8/64 x 1 6 x 
:AT93C46BJ-TE13 128 x 8/64 x 16 x 
:AT93C46BJI 128 x 8/64 x 16 x 
:AT93C46BJl-TE7 128 x 8/64 x 16 x 
:AT93C46BJl-TE13 128 x 8/64 x 16 x 
:AT93C46BS 128 x 8/64 x 1 6 x 
:AT93C46BS· TE7 128 x 8/64 x 16 x 
:AT93C46BS-TE13 128 x 8/64 x 16 x 
:AT93C46BSI 128 x 8/64 x 16 x 
:A T93C46BS l-TE7 128 x 8/64 x 16 x 
;AT93C46BSl-TE13 128 x 8/64 x 16 x 

;AT33C101P 128 x 8/64 x 16 
;AT33C101 Pl 128 x 8/64 x 16 
;AT33C101 K 128 x 8/64 x 16 x 
;AT33C101 K-TE7 128 x 8/64 x 16 x 
;AT33C101K-TE13 128 x 8/64 x 16 x 
;A T33C101 Kl 128 x 8/64 x 16 x 
;AT33C101 Kl-TE7 128 x 8/64 x 1 6 x 
;AT33C101Kl-TE13 1 28 x 8/64 x 16 x 
;AT33C101J 1 28 x 8/64 x 16 x 
;AT33C101J-TE7 128 x 8/64 x 1 6 x 
;AT33C101J-TE13 128 x 8/64 x 1 6 x 
;AT33C101JI 128 x 8/64 x 16 x 
:;AT33C1 01 J l-TE7 128 x 8/64 x 16 x 
:;AT33C101Jl-TE13 128 x 8/64 x 16 x 
:;AT33C101S 128 x 8/64 x 16 x 
:;AT33C101 S-TE7 128 x 8/64 x 16 x 
:;AT33C101S-TE13 1 28 x 8/64 x 1 6 x 
:::AT33C101SI 128 x 8/64 x 16 x 
:::AT33C101 Sl-TE7 128x8/64x16 x 
::;AT33C101Sl-TE13 128 x 8/64 x 1 6 x 

Jte: 
) Contact factory for High Endurance device availability. 

15-9 
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Ordering Information 

Special Temp Clock # Tape Rail 
Features Range Freq. of Pins &Reel Qty. 

B t 1 MHz 8 50 
B I 1 MHz 8 50 
B t 1 MHz 8 94 
B t 1 MHz 8 TE7 500 
B t 1 MHz 8 TE13 2000 
B I 1 MHz 8 94 
B I 1 MHz 8 TE7 500 
B I 1 MHz 8 TE13 2000 
B t 1 MHz 8 100 
B t 1 MHz 8 TE7 500 
B t 1 MHz 8 TE13 2000 
B I 1 MHz 8 100 
B I 1 MHz 8 TE7 500 
B I 1 MHz 8 TE13 2000 
B t 1 MHz 8 100 
B t 1 MHz 8 TE7 500 
B t 1 MHz 8 TE13 2000 
B I 1 MHz 8 100 
B I 1 MHz 8 TE7 500 
B I 1 MHz 8 TE13 2000 

t 250 kHz 8 50 
I 250 kHz 8 50 

t 250 kHz 8 94 

t 250 kHz 8 TE7 500 
t 250 kHz 8 TE13 2000 
I 250 kHz 8 94 
I 250 kHz 8 TE7 500 
I 250 kHz 8 TE13 2000 

t 250 kHz 8 100 

t 250 kHz 8 TE7 500 
t 250 kHz 8 TE13 2000 
I 250 kHz 8 100 
I 250 kHz 8 TE7 500 
I 250 kHz 8 TE13 2000 

t 250 kHz 8 100 

t 250 kHz 8 TE7 500 

t 250 kHz 8 TE13 2000 
I 250 kHz 8 100 
I 250 kHz 8 TE7 500 
I 250 kHz 8 TE13 2000 

Key: 

t = Blank= Commercial= 0°C to +70°C 
I = Industrial = -40°C to +85°C 
A = Advanced Device or Special Assembly 
B = Advanced Device • 
L = Low Voltage 
Z = Zero Power™ 
J = S.0. (JEDEC) 
J14 = S.O. (JEDEC) 
K = S.0. (EIAJ) 
P = Plastic DIP 
S = S.0. Non-Rotated (JEDEC) 
TE7 = Tape Embossed 7" Reel, Min. Order 500 Pcs/Reel 
TE13 = Tape Embossed 13" Reel, Min. Order 2000 Pcs/Reel 



Ordering Information 

SERIAL E2PROMs 
3-Wire Bus Structure (Data Book Section 3) 

Device Package 
Order Number Organization J J14 s K p 

CAT32C101P 128 x 8/64 x 16 x 
CAT32C101K 128x8/64x16 x 
CAT32C101 K-TE7 128 x 8/64 x 16 x 
CAT32C101K-TE13 128 x 8/64 x 16 x 
CAT32C101J 128 x 8/64 x 16 x 
CAT32C101 J-TE7 128x8/64x16 x 
CAT32C101J-TE13 128 x 8/64 x 16 x 

CAT93CS6P 2S6 x 8/128 x 16 x 
CAT93CS6PI 2S6 x 8/128 x 1 6 x 
CAT93CS6K 2S6 x 8/128 x 1 6 x 
CAT93CS6K-TE7 2S6 x 8/128 x 16 x 
CAT93CS6K-TE13 2S6 x 8/128 x 1 6 x 
CAT93CS6KI 2S6 x 8/128 x 16 x 
CAT93CS6Kl-TE7 2S6 x 8/128 x 16 x 
CAT93CS6Kl-TE13 2S6 x 8/128 x 16 x 
CAT93CS6S 2S6 x 8/128 x 1 6 x 
CA T93CS6S-TE7 2S6 x 8/128 x 16 x 
CA T93CS6S-TE 13 2S6 x 8/128 x 16 x 
CAT93CS6SI 2S6 x 8/128 x 1 6 x 
CAT93CS6Sl-TE7 2S6 x 8/128 x 16 x 
CAT93CS6Sl-TE13 2S6x8/128x16 x 

CAT93LCS6P 2S6 x 8/128 x 16 x 
CAT93LCS6PI 2S6 x 8/128 x 16 x 
CAT93LCS6K 2S6 x 8/128 x 16 x 
CAT93LCS6K-TE7 2S6 x 8/128 x 16 x 
CAT93LCS6K-TE13 2S6 x 8/128 x 16 x 
CAT93LCS6KI 2S6 x 8/128 x 16 x 
CAT93LCS6Kl-TE7 2S6 x 8/128 x 16 x 
CAT93LCS6Kl-TE13 2S6 x 8/128 x 16 x 
CAT93LCS6S 2S6 x 8/128 x 16 x 
CAT93LCS6S-TE7 2S6 x 8/128 x 16 x 
CAT93LCS6S-TE13 2S6 x 8/128 x 16 x 
CAT93LCS6SI 2S6 x 8/128 x 16 x 
CAT93LCS6Sl-TE7 2S6 x 8/128 x 16 x 
CAT93LCS6Sl-TE13 2S6 x 8/128 x 16 x 

Note: 
(1) Contact factory for High Endurance device availability. 

1S-10 

Special Temp Clock # Tape Ral 
Features Range Freq. of Pins & Reel Ot}I 

t 2SO kHz 8 so' 

t 2SO kHz 8 94 1 

t 2SO kHz 8 TE7 soc 
t 2SO kHz 8 TE13 2001 
t 2SO kHz 8 10C 
t 2SO kHz 8 TE7 soq 
t 2SO kHz 8 TE13 200( 

t 1 MHz 8 sol 
I 1 MHz 8 so 
t 1 MHz 8 941 
t 1 MHz 8 TE7 sod 
t 1 MHz 8 TE13 200( 
I 1 MHz 8 94 
I 1 MHz 8 TE7 soo 
I 1 MHz 8 TE13 2000 
t 1 MHz 8 100 
t 1 MHz 8 TE7 sool 

t 1 MHz 8 TE13 200( 
I 1 MHz 8 1001 
I 1 MHz 8 TE7 soo 
I 1 MHz 8 TE13 2ood 

L t 2SO kHz 8 so 
L I 2SO kHz 8 so 
L t 2SO kHz 8 94 

I 
L t 2SO kHz 8 TE7 soo 
L t 2SO kHz 8 TE13 2000 
L I 2SO kHz 8 94 
L I 2so kHz 8 TE7 soo 
L I 2SO kHz 8 TE13 2000 
L t 2SO kHz 8 100 
L t 2SO kHz 8 TE7 soo 
L t 2SO kHz 8 TE13 2000 
L I 2SO kHz 8 100, 
L I 2SO kHz 8 TE7 sool 
L I 2SO kHz 8 TE13 2000 

Key: 

t = Blank= Commercial= 0°C to +70°C 
I = Industrial = -40°C to +85°C 
A = Advanced Device or Special Assembly 
B = Advanced Device 
L = Low Voltage 
Z = Zero Power™ 
J = S.O. (JEDEC) 
J14 = S.O. (JEDEC) 
K = S.O. (EIAJ) 
P = Plastic DIP 
S = S.O. Non-Rotated (JEDEC) 
TE? = Tape Embossed 7" Reel, Min. Order 500 Pcs/Reel 
TE13 = Tape Embossed 13' Reel, Min. Order 2000 Pcs/Reel 



:RIAL E2PROMs 
II/ire Bus Structure (Data Book Section 3) 

Device Package 
Order Number Organization J J14 s K p 

:AT35C102P 256 x 8/128 x 1 6 x 
:AT35C102PI 256 x 8/128 x 16 x 
:AT35C102K 256 x 8/128 x 16 x 
:AT35C102K-TE7 256 x 8/128 x 16 x 
:AT35C102K-TE13 256 x 8/128 x 1 6 x 
:AT35C1 02KI 256 x 8/128 x 16 x 
:AT35C1 02Kl-TE7 256 x 8/128 x 16 x 
:AT35C102Kl-TE13 256 x 8/128 x 16 x 
:AT35C102S 256 x 8/128 x 1 6 x 
:AT35C102S-TE7 256 x 8/128 x 16 x 
:AT35C102S-TE13 256 x 8/128 x 16 x 
:AT35C10281 256 x 8/128 x 1 6 x 
:AT35C102Sl-TE7 256 x 8/128 x 16 x 
:AT35C102Sl-TE13 256 x 8/128 x 1 6 x 

:AT33C104P 512 x 8/256 x 16 x 
:AT33C104PI 512 x 8/256 x 16 x 
:AT33C104K 512x 8/256x 16 x 
:AT33C104K-TE7 512 x 8/256 x 1 6 x 
::AT33C104K-TE13 512 x 8/256 x 1 6 x 
::AT33C104KI 512x8/256x16 x 
::AT33C104Kl-TE7 51 2 x 8/256 x 1 6 x 
::AT33C104Kl-TE13 512 x 8/256 x 16 x 
:::AT33C104S 512 x 8/256 x 1 6 x 
::AT33C104S-TE7 512 x 8/256 x 1 6 x 
CAT33C104S-TE13 512 x 8/256 x 16 x 
CAT33C104SI 512 x 8/256 x 16 x 
CAT33C104Sl-TE7 512 x 8/256 x 16 x 
CAT33C104Sl-TE13 512 x 8/256 x 16 x 

CAT35C104P 512 x 8/256 x 16 x 
CAT35C104PI 512 x 8/256 x 1 6 x 
CAT35C104K 51 2 x 8/256 x 16 x 
CAT35C104K-TE7 512 x 8/256 x 16 x 
CAT35C104K-TE13 512 x 8/256 x 16 x 
CAT35C104KI 51 2 x 8/256 x 16 x 
CAT35C104Kl-TE7 51 2 x 8/256 x 1 6 x 
CAT35C104Kl-TE13 51 2 x 8/256 x 16 x 
CAT35C104S 512 x 8/256 x 16 x 
CAT35C104S-TE7 512 x 8/256 x 1 6 x 
CAT35C104S-TE13 512 x 8/256 x 16 x 
CAT35C104SI 512 x 8/256 x 16 x 
CAT35C104Sl-TE7 512 x 8/256 x 16 x 
CAT35C104Sl-TE13 512 x 8/256 x 16 x 

late: 
1) Contact factory for High Endurance device availability. 

15-11 

Ordering Information 

Special Temp Clock # Tape Rail 
Features Range Freq. of Pins &Reel Qty. 

t 1 MHz 8 50 
I 1 MHz 8 50 

t 1 MHz 8 94 

t 1 MHz 8 TE7 500 

t 1 MHz 8 TE13 2000 
I 1 MHz 8 94 
I 1 MHz 8 TE7 500 
I 1 MHz 8 TE13 2000 

t 1 MHz 8 100 

t 1 MHz 8 TE7 500 

t 1 MHz 8 TE13 2000 
I 1 MHz 8 100 
I 1 MHz 8 TE7 500 
I 1 MHz 8 TE13 2000 

t 250 kHz 8 50 
I 250 kHz 8 50 

t 250 kHz 8 94 

t 250 kHz 8 TE7 500 
t 250 kHz 8 TE13 2000 
I 250 kHz 8 94 
I 250 kHz 8 TE7 500 
I 250 kHz 8 TE13 2000 

t 250 kHz 8 100 

t 250 kHz 8 TE7 500 

t 250 kHz 8 TE13 2000 
I 250 kHz 8 100 
I 250 kHz 8 TE7 500 
I 250 kHz 8 TE13 2000 

t 1 MHz 8 50 
I 1 MHz 8 50 

t 1 MHz 8 94 

t 1 MHz 8 TE7 500 

t 1 MHz 8 TE13 2000 
I 1 MHz 8 94 
I 1 MHz 8 TE7 500 
I 1 MHz 8 TE13 2000 

t 1 MHz 8 100 

t 1 MHz 8 TE7 500 

t 1 MHz 8 TE13 2000 
I 1 MHz 8 100 
I 1 MHz 8 TE7 500 
I 1 MHz 8 TE13 2000 

Key: 

t = Blank= Commercial= 0°C to +70°C 
I = Industrial= -40°C to +85°C • 
A = Advanced Device or Special Assembly 
B = Advanced Device 
L = Low Voltage 
Z = Zero Power™ 
J S.0. (JEDEC) 
J14 S.O. (JEDEC) 
K = S.0. (EIAJ) 
P = Plastic DIP 
S = S.0. Non-Rotated (JEDEC) 
TE7 = Tape Embossed 7" Reel, Min. Order 500 Pcs/Reel 
TE13 = Tape Embossed 13" Reel, Min. Order 2000 Pcs/Reel 



Ordering Information 

SERIAL E2PROMs 
3-Wire Bus Structure (Data Book Section 3) 

Device Package 
Order Number Organization J J14 s K p 

CAT33C10BP 1024xB/512x16 x 
CAT33C1 OBPI 1024xB/512x16 x 
CAT33C108K 1 024 x 8/512 x 16 x 
CAT33C108K-TE7 1024 x 8/512 x 16 x 
CAT33C108K-TE13 1024 x 8/512 x 16 x 
CAT33C108KI 1024 x 8/512 x 16 x 
CAT33C108Kl-TE7 1024 x 8/512 x 16 x 
CAT33C108Kl-TE13 1024x8/512x 16 x 
CAT33C10BS 1024xB/512x 16 x 
CAT33C10BS-TE7 1024 x 8/512 x 16 x 
CAT33C10BS-TE13 1024 x B/512 x 16 x 
CAT33C10BSI 1024xB/512x 16 x 
CAT33C108Sl-TE7 1024 x B/512 x 16 x 
CAT33C1OBSl-TE13 1024x8/512x16 x 

CAT35C108P 1024x8/512x16 x 
CAT35C10BPI 1024xB/512x16 x 
CAT35C108K 1024xB/512x16 x 
CAT35C1 08K-TE7 1024xB/512x16 x 
CAT35C1OBK-TE13 1024x B/512x 16 x 
CAT35C108KI 1024x B/512x 16 x 
CAT35C1 OBKl-TE7 1024x8/512x16 x 
CAT35C10BKl-TE13 1024x8/512x16 x 
CAT35C108S 1024xB/512x16 x 
CAT35C1 OBS-TE? 1024 x B/512 x 16 x 
CAT35C1OBS-TE13 1024x8(512x16 x 
CAT35C1 08SI 1024x B/512x 16 x 
CAT35C108Sl-TE7 1024 x 8/512 x 16 x 
CAT35C108Sl-TE13 1024x8/512x16 x 

CAT33C116P 2048 x 8/1 024 x 16 x 
CAT33C116PI 2048 x 8/1024 x 16 x 
CAT33C116K 2048 x B/1024 x 16 x 
CAT33C116K-TE7 2048 x 8/1024 x 16 x 
CAT33C116K-TE13 2048 x B/1024 x 16 x 
CAT33C116KI 2048 x 8/1024 x 16 x 
CAT33C116Kl-TE7 2048 x B/1024 x 16 x 
CAT33C116Kl-TE13 2048 x B/1024 x 16 x 
CAT33C116S 2048 x 8/1024 x 16 x 
CAT33C116S-TE7 2048 x B/1 024 x 16 x 
CAT33C116S-TE13 2048 x B/1024 x 16 x 
CAT33C116SI 2048 x B/1024 x 16 x 
CAT33C116Sl-TE7 2048 x B/1024 x 16 x 
CAT33C116Sl-TE13 2048 x 8/1024 x 16 x 

Note: 
(1) Contact factory for High Endurance device availability. 

15-12 

Special Temp Clock # Tape Rail 
Features Range Freq. of Pins &Reel Qty., 

t 1 MHz B 50: 
I 1 MHz 8 50 
t 1 MHz 8 94 
t 1 MHz B TE? 500 
t 1 MHz 8 TE13 2000 
I 1 MHz 8 94 
I 1 MHz 8 TE? 5ool' 
I 1 MHz 8 TE13 2000 
t 1 MHz B 100 
t 1 MHz B TE? 5001 
t 1 MHz 8 TE13 2000, 
I 1 MHz 8 100 
I 1 MHz B TE? 500 
I 1 MHz 8 TE13 2000 

t 3 MHz B 50 
I 3 MHz B 50 
t 3 MHz B 94 
t 3 MHz B TE? 500 
t 3 MHz 8 TE13 2000 1 

I 3 MHz B 94 
I 3 MHz B TE? 500, 
I 3 MHz B TE13 2000' 

t 3 MHz B 100 
t 3 MHz B TE? 500 
t 3 MHz B TE13 2000 
I 3 MHz B 100 I 

I 3 MHz 8 TE? 500 
I 3 MHz 8 TE13 2000, 

t 1 MHz 8 50 
I 1 MHz B 50 
t 1 MHz B 94 
t 1 MHz B TE? 500 
t 1 MHz B TE13 2000 
I 1 MHz B 94 
I 1 MHz 8 TE? 500 
I 1 MHz 8 TE13 2000 
t 1 MHz B 100 
t 1 MHz 8 TE? 500 
t 1 MHz 8 TE13 2000 
I 1 MHz 8 100 
I 1 MHz 8 TE? 500 
I 1 MHz 8 TE13 2000 

Key: 

t = Blank= Commercial= 0°C to +70°C 
I = Industrial = -40°C to +85°C 
A = Advanced Device or Special Assembly 
B = Advanced Device 
L = Low Voltage 
Z = Zero Power™ 
J = S.O. (JEDEC) 
J14 = S.O. (JEDEC) 
K = S.O. (EIAJ) 
P = Plastic DIP 
S = S.0. Non-Rotated (JEDEC) 
TE? = Tape Embossed 7" Reel, Min. Order 500 Pcs/Reel 
TE13 = Tape Embossed 13" Reel, Min. Order2000 Pcs/Reel 1 



ERIAL E2PROMs 
Wire Bus Structure (Data Book Section 3) 

Device Package 
Order Number Organization J J14 s K p 

)AT35C116P 2048 x 8/1024 x 16 x 
)AT35C116PI 2048 x 8/1024 x 16 x 
)AT35C116K 2048 x 8/1024 x 16 x 
)AT35C116K-TE7 2048 x 8/1024 x 16 x 
~AT35C116K-TE13 2048 x 8/1024 x 16 x 
~AT35C116KI 2048 x 8/1024 x 16 x 
~AT35C116Kl-TE7 2048 x 8/1024 x 16 x 
~AT35C116Kl·TE13 2048 x 8/1024 x 16 x 
'.:AT35C116S 2048 x 8/1024 x 16 x 
'.:AT35C116S-TE7 2048 x 8/1024 x 16 x 
'.:AT35C116S-TE13 2048 x 8/1024 x 16 x 
'.:AT35C116SI 2048 x 8/1024 x 16 x 
'.:AT35C116Sl-TE7 2048 x 8/1024 x 16 x 
'.:AT35C116Sl-TE13 2048 x 8/1024 x 16 x 

>le: 
) Contact factory for High Endurance device availability. 

15-13 

Ordering Information 

Special Temp Clock # Tape Rail 
Features Range Freq. of Pins &Reel Qty. 

t 3MHz 8 50 
I 3MHz 8 50 

t 3MHz 8 94 

t 3MHz 8 TE7 500 

t 3MHz 8 TE13 2000 
I 3 MHz 8 94 
I 3 MHz 8 TE7 500 
I 3 MHz 8 TE13 2000 

t 3 MHz 8 100 

t 3MHz 8 TE7 500 

t 3MHz 8 TE13 2000 
I 3 MHz 8 100 
I 3 MHz 8 TE7 500 
I 3MHz 8 TE13 2000 

Key: 

t = Blank= Commercial= 0°C to +70°C 
I = Industrial = -40°C to +85°C 
A = Advanced Device or Special Assembly 
B = Advanced Device 
L = Low Voltage 
Z = Zero Power™ 
J = S.O. (JEDEC) 
J14 = S.O. (JEDEC) 
K = S.O. (EIAJ) 
P = Plastic DIP 
S = S.0. Non-Rotated (JEDEC) 
TE7 = Tape Embossed 7' Reel, Min. Order 500 Pcs/Reel 
TE13 = Tape Embossed 13' Reel, Min. Order 2000 Pcs/Reel 

• 



Ordering Information 

SERIAL E2PROMs 
SPI Bus Structure (Data Book Section 4) 

Device Package 
Order Number Organization J J14 s K p 

CAT64LC10P 64x 16 x 
CAT64LC10PI 64x 16 x 
CAT64LC10J 64x 16 x 
CAT64LC1 OJ-TE? 64x 16 x 
CAT64LC10J-TE13 64x 16 x 
CAT64LC10JI 64x 16 x 
CAT64LC10Jl-TE7 64 x 16 x 
CAT64LC10Jl-TE13 64x 16 x 
CAT64LC10S 64x 16 x 
CAT64LC1 OS-TE? 64x 16 x 
CAT64LC10S-TE13 64x 16 x 
CAT64LC10SI 64x 16 x 
CAT64LC10Sl-TE7 64x 16 x 
CAT64LC10Sl-TE13 64x 16 x 

CAT64LC10ZP 64x 16 x 
CAT64LC10ZPI 64x 16 x 
CAT64LC10ZJ 64x 16 x 
CAT64LC10ZJ-TE7 64x 16 x 
CAT64LC10ZJ-TE13 64x 16 x 
CAT64LC10ZJ I 64x 16 x 
CAT64LC1 OZJl-TE7 64x 16 x 
CAT64LC10ZJl-TE13 64x 16 x 
CAT64LC10ZS 64x 16 x 
CAT64LC1 OZS-TE7 64x 16 x 
CAT64LC10ZS-TE13 64x 16 x 
CAT64LC10ZSI 64x 16 x 
CAT64LC10ZSl-TE7 64x 16 x 
CAT64LC10ZSl-TE13 64x 16 x 

CAT64LC20P 128 x 16 x 
CAT64LC20PI 128x16 x 
CAT64LC20J 128 x 16 x 
CAT64LC20J-TE7 128x16 x 
CAT64LC20J-TE13 128 x 16 x 
CAT64LC20JI 128 x 16 x 
CAT64LC20Jl-TE7 128x 16 x 
CAT64LC20Jl-TE13 128x16 x 
CAT64LC20S 128 x 16 x 
CAT64LC20S-TE7 128 x 16 x 
CAT64LC20S-TE13 128x16 x 
CAT64LC20SI 128 x 16 x 
CAT64LC20Sl-TE7 128 x 16 x 
CAT64LC20Sl-TE13 128 x 16 x 

Note: 
(1) Contact factory for High Endurance device availability. 

15-14 

Special Temp Clock # Tape Ra iii 
Features Range Freq. of Pins &Reel Qty. 

L t 1 MHz 8 50 
L I 1 MHz 8 50' 
L t 1 MHz 8 100, 
L t 1 MHz 8 TE? 500 
L t 1 MHz 8 TE13 2000 
L I 1 MHz 8 1001 
L I 1 MHz 8 TE? 500, 
L I 1 MHz 8 TE13 2000 
L t 1 MHz 8 1001 
L t 1 MHz 8 TE? 500 
L t 1 MHz 8 TE13 2ood 
L I 1 MHz 8 100 
L I 1 MHz 8 TE? 500 1 

L I 1 MHz 8 TE13 2000' 

L,Z t 1 MHz 8 50 : 
L,Z I 1 MHz 8 50 
L,Z t 1 MHz 8 100 
L,Z t 1 MHz 8 TE? 500 
L,Z t 1 MHz 8 TE13 2000 
L,Z I 1 MHz 8 100 
L,Z I 1 MHz 8 TE? 500 
L,Z I 1 MHz 8 TE13 2000, 
L,Z t 1 MHz 8 100 
L,Z t 1 MHz 8 TE7 500 
L,Z t 1 MHz 8 TE13 2000 
L,Z I 1 MHz 8 100 
L,Z I 1 MHz 8 TE7 500 
L,Z I 1 MHz 8 TE13 2000 

L t 1 MHz 8 50 
L I 1 MHz 8 50 
L t 1 MHz 8 100 
L t 1 MHz 8 TE7 500 
L t 1 MHz 8 TE13 2000 
L I 1 MHz 8 100 
L I 1 MHz 8 TE7 500 
L I 1 MHz 8 TE13 2000 
L t 1 MHz 8 100 
L t 1 MHz 8 TE7 500 
L t 1 MHz 8 TE13 2000 
L I 1 MHz 8 100 
L I 1 MHz 8 TE7 500 
L I 1 MHz 8 TE13 2000 

Key: 

t = Blank= Commercial= 0°C to +70°C 
I = Industrial = -40°C to +85'C 
A = Advanced Device or Special Assembly 
B = Advanced Device 
L = Low Voltage 
Z = Zero Power™ 
J = S.O. (JEDEC) 
J14 = S.O. (JEDEC) 
K = S.O. (EIAJ) 
P = Plastic DIP 
S = S.O. Non-Rotated (JEDEC) 
TE? = Tape Embossed 7' Reel, Min. Order 500 Pcs/Reel 
TE13 = Tape Embossed 13' Reel, Min. Order 2000 Pcs/Reel 



ERIAL E2PROMs 
'I Bus Structure (Data Book Section 4) 

Device Package 
Order Number Organization J J14 s K p 

~AT64LC20ZP 128 x 16 x 
~AT64LC20ZPI 128 x 16 x 
~AT64LC20ZJ 128 x 16 x 
:::AT64LC20ZJ-TE7 128 x 16 x 
::;AT64LC20ZJ-TE13 128 x 16 x 
:::AT64LC20ZJ I 128 x 16 x 
::AT64LC20ZJl-TE7 128 x 16 x 
::AT64LC20ZJl-TE13 128 x 16 x 
::AT64LC20ZS 128 x 16 x 
CAT64LC20ZS-TE7 128 x 16 x 
CAT64LC20ZS-TE13 128 x 16 x 
CAT64LC20ZSI 128 x 16 x 
CAT64LC20ZSl-TE7 128 x 16 x 
CAT64LC20ZSl-TE13 128 x 16 x 

CAT64LC40P 256 x 16 x 
CAT64LC40PI 256 x 16 x 
CAT64LC40J 256 x 16 x 
CAT64LC40J-TE7 256 x 16 x 
CAT64LC40J-TE13 256 x 16 x 
CAT64LC40JI 256 x 16 x 
CAT64LC40Jl-TE7 256 x 16 x 
CAT64LC40Jl-TE13 256 x 16 x 
CAT64LC40S 256 x 16 x 
CAT64LC40S-TE7 256 x 16 x 
CAT64LC40S-TE13 256 x 16 x 
CAT64LC40SI 256 x 16 x 
CAT64LC40Sl-TE7 256 x 16 x 
CAT64LC40Sl-TE13 256 x 16 x 

CAT64LC40ZP 256 x 16 x 
CAT64LC40ZPI 256 x 16 x 
CAT64LC40ZJ 256 x 16 x 
CAT64LC40ZJ-TE7 256 x 16 x 
CAT64LC40ZJ-TE13 256 x 16 x 
CAT64LC40ZJI 256 x 16 x 
CAT64LC40ZJl-TE7 256 x 16 x 
CAT64LC40ZJl-TE13 256 x 16 x 
CAT64LC40ZS 256 x 16 x 
CAT64LC40ZS-TE7 256 x 16 x 
CAT64LC40ZS-TE13 256 x 16 x 
CAT64LC40ZSI 256 x 16 x 
CAT64LC40ZSl-TE7 256 x 16 x 
CAT64LC40ZSl-TE13 256 x 16 x 

~ate: 

:1) Contact factory for High Endurance device availability. 

15-15 

Ordering Information 

Special Temp Clock # Tape Rail 
Features Range Freq. of Pins & Reel Qty. 

L,Z t 1 MHz 8 50 
L,Z I 1 MHz 8 50 
L,Z t 1 MHz 8 100 
L,Z t 1 MHz 8 TE7 500 
L,Z t 1 MHz 8 TE13 2000 
L, Z I 1 MHz 8 100 
L,Z I 1 MHz 8 TE7 500 
L, Z I 1 MHz 8 TE13 2000 
L,Z t 1 MHz 8 100 
L,Z t 1 MHz 8 TE7 500 
L,Z t 1 MHz 8 TE13 2000 
L,Z I 1 MHz 8 100 
L,Z I 1 MHz 8 TE7 500 
L,Z I 1 MHz 8 TE13 2000 

L t 1 MHz 8 50 
L I 1 MHz 8 50 
L t 1 MHz 8 100 
L t 1 MHz 8 TE7 500 
L t 1 MHz 8 TE13 2000 
L I 1 MHz 8 100 
L I 1 MHz 8 TE7 500 
L I 1 MHz 8 TE13 2000 
L t 1 MHz 8 100 
L t 1 MHz 8 TE7 500 
L t 1 MHz 8 TE13 2000 
L I 1 MHz 8 100 
L I 1 MHz 8 TE7 500 
L I 1 MHz 8 TE13 2000 

L, Z t 1 MHz 8 50 
L,Z I 1 MHz 8 50 
L, Z t 1 MHz 8 100 
L,Z t 1 MHz 8 TE7 500 
L,Z t 1 MHz 8 TE13 2000 
L,Z I 1 MHz 8 100 
L,Z I 1 MHz 8 TE7 500 
L, Z I 1 MHz 8 TE13 2000 
L,Z t 1 MHz 8 100 
L,Z t 1 MHz 8 TE7 500 
L,Z t 1 MHz 8 TE13 2000 
L,Z I 1 MHz 8 100 
L,Z I 1 MHz 8 TE7 500 
L,Z I 1 MHz 8 TE13 2000 

Key: 

t = Blank= Commercial= 0°C to +70°C 
I = Industrial = -40°C to +85°C • 
A = Advanced Device or Special Assembly 
B = Advanced Device 
L = Low Voltage 
Z = Zero Power™ 
J S.O. (JEDEC) 
J14 S.O. (JEDEC) 
K = S.O. (EIAJ) 
P = Plastic DIP 
S = S.0. Non-Rotated (JEDEC) 
TE7 = Tape Embossed 7" Reel, Min. Order 500 Pcs/Reel 
TE13 = Tape Embossed 13" Reel, Min. Order 2000 Pcs/Reel 



Ordering Information 

SERIAL E2PROMs 
4-Wire Bus Structure (Data Book Section 5) 

Device Package 
Order Number Organization J J14 s K p 

CAT59C11P 128 x 8/64 x 16 x 
CAT59C11PI 128 x 8/64 x 16 x 
CAT59C11K 128 x 8/64 x 16 x 
CAT59C11 K-TE7 128 x 8/64 x 1 6 x 
CAT59C11K-TE13 128 x 8/64 x 16 x 
CAT59C11KI 128 x 8/64 x 16 x 
CAT59C11 Kl-TE7 128 x 8/64 x 16 x 
CAT59C11Kl-TE13 128 x 8/64 x 16 x 

CAT35C202P 128 x 8/64 x 16 x 
CAT35C202PI 128 x 8/64 x 16 x 
CAT35C202K 128 x 8/64 x 16 x 
CAT35C202K-TE7 128 x 8/64 x 16 x 
CAT35C202K-TE13 128 x 8/64 x 16 x 
CAT35C202KI 128 x 8/64 x 16 x 
CAT35C202Kl-TE7 128 x 8/64 x 1 6 x 
CAT35C202Kl-TE13 128 x 8/64 x 1 6 x 

Note: 
(1) Contact factory for High Endurance device availability. 

15-16 

Special Temp Clock # Tape Rail 
Features Range Freq. of Pins &Reel Qty. 

t 1 MHz 8 50 i 

I 1 MHz 8 50 
t 1 MHz 8 94 
t 1 MHz 8 TE7 500 
t 1 MHz 8 TE13 20001' 
I 1 MHz 8 94 
I 1 MHz 8 TE7 500 
I 1 MHz 8 TE13 2000 

t 1 MHz 8 50 i 

I 1 MHz 8 50 

t 1 MHz 8 94 
t 1 MHz 8 TE7 500 
t 1 MHz 8 TE13 2000 
I 1 MHz 8 94 
I 1 MHz 8 TE7 500 
I 1 MHz 8 TE13 2000 

Key: 

t = Blank= Commercial= 0°C to +70°C 
I = Industrial = -40°C to +85°C 
A = Advanced Device or Special Assembly 
B = Advanced Device 
L = Low Voltage 
Z = Zero Power™ 
J S.O. (JEDEC) 
J14 S.O. (JEDEC) 
K = S.O. (EIAJ) 
P = Plastic DIP 
S = S.O. Non-Rotated (JEDEC) 
TE? = Tape Embossed 7" Reel, Min. Order 500 Pcs/Reel 
TE13 = Tape Embossed 13" Reel, Min. Order 2000 Pcs/Reel 



Ordering Information 

ECURE ACCESS SERIAL E2PROMs (Data Book Section 6) 

Device Package 
Order Number Organization J J14 s K p 

:::AT33C704P 512 x 8/256 x 16 x 
:::AT33C704PI 512 x 8/256 x 16 x 
:::AT33C704J 512 x 8/256 x 16 x 
:::AT33C704J-TE7 512 x 8/256 x 1 6 x 
::A T33C704J-TE1 3 512 x 8/256 x 16 x 
:::AT33C704JI 512 x 8/256 x 16 x 
:::AT33C704Jl-TE7 512 x 8/256 x 1 6 x 
:::AT33C704Jl-TE13 512 x 8/256 x 16 x 

:::AT35C704P 512 x 8/256 x 16 x 
:::AT35C704PI 512 x 8/256 x 16 x 
:::AT35C704J 512 x 8/256 x 16 x 
:::AT35C704J-TE7 512 x 8/256 x 16 x 
'.::AT35C704J-TE13 512 x 8/256 x 1 6 x 
'.::AT35C704JI 512 x 8/256 x 16 x 
'.::AT35C704Jl-TE7 512 x 8/256 x 16 x 
CAT35C704Jl-TE13 512x 8/256x16 x 

CAT33C804AP 512 x 8/256 x 1 6 x 
CAT33C804API 512 x 8/256 x 16 x 
CAT33C804AJ 512x8/256x 16 x 
CAT33C804AJ-TE7 51 2 x 8/256 x 1 6 x 
CAT33C804AJ-TE13 512 x 8/256 x 16 x 
CAT33C804AJI 512 x 8/256 x 16 x 
CAT33C804AJl-TE7 512 x 8/256 x 16 x 
CAT33C804AJ l-TE13 512 x 8/256 x 16 x 

CAT33C804BP 512 x 8/256 x 1 6 x 
CAT33C804BPI 512 x 8/256 x 16 x 
CAT33C804BJ 512 x 8/256 x 16 x 
CAT33C804BJ-TE7 512 x 8/256 x 16 x 
CAT33C804BJ-TE13 512 x 8/256 x 16 x 
CA T33C804BJ I 512 x 8/256 x 1 6 x 
CAT33C804BJl-TE7 512 x 8/256 x 16 x 
CAT33C804BJ l-TE13 512 x 8/256 x 16 x 

ate: 
) Contact factory for High Endurance device availability. 
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Special Temp Clock # Tape Rail 
Features Range Freq. of Pins &Reel Qty. 

t 1 MHz 8 50 
I 1 MHz 8 50 
t 1 MHz 16 47 
t 1 MHz 16 TE7 250 
t 1 MHz 16 TE13 1000 
I 1 MHz 16 47 
I 1 MHz 16 TE7 250 
I 1 MHz 16 TE13 1000 

t 3MHz 8 50 
I 3 MHz 8 50 
t 3 MHz 16 47 
t 3 MHz 16 TE7 250 
t 3 MHz 16 TE13 1000 
I 3 MHz 16 47 
I 3 MHz 16 TE7 250 
I 3 MHz 16 TE13 1000 

A t 5 MHz 8 50 
A I 5 MHz 8 50 
A t 5 MHz 16 47 
A t 5 MHz 16 TE7 250 
A t 5 MHz 16 TE13 1000 
A I 5 MHz 16 47 
A I 5 MHz 16 TE7 250 
A I 5MHz 16 TE13 1000 

B t 5 MHz 8 50 
B I 5 MHz 8 50 
B t 5 MHz 16 47 
B t 5 MHz 16 TE7 250 
B t 5 MHz 16 TE13 1000 
B I 5 MHz 16 47 
B I 5 MHz 16 TE7 250 
B I 5 MHz 16 TE13 1000 

Key: 

t = Blank= Commercial= O"C to +70"C 
I = Industrial = -40°C to +85°C 
A = Advanced Device or Special Assembly 
B = Advanced Device 
L = Low Voltage 
Z = Zero Power™ 
J = S.O. (JEDEC) 
J14 = S.O. (JEDEC) 
K = S.O. (EIAJ) 
P = Plastic DIP 
S = S.O. Non-Rotated (JEDEC) 
TE? = Tape Embossed 7" Reel, Min. Order 500 Pcs/Reel 
TE13 = Tape Embossed 13" Reel, Min. Order 2000 Pcs/Reel • 



Ordering Information 

SECURE ACCESS SERIAL E2PROMs (Data Book Section 6) 

Device Package 
Order Number Organization J J14 s K p 

CA T35C804AP 512 x 8/256 x 16 x 
CAT35C804API 512 x 8/256 x 16 x 
CAT35C804AJ 512 x 8/256 x 16 x 
CAT35C804AJ-TE7 512 x 8/256 x 16 x 
CAT35C804AJ-TE13 512 x 8/256 x 16 x 
CAT35C804AJI 512 x 8/256 x 16 x 
CA T35C804AJ I-TE? 512 x 8/256 x 16 x 
CAT35C804AJl-TE13 512 x 8/256 x 16 x 

CAT35C804BP 512 x 8/256 x 16 x 
CAT35C804BPI 512 x 8/256 x 16 x 
CA T35C804BJ 512 x 8/256 x 16 x 
CA T35C804BJ-TE7 512 x 8/256 x 16 x 
CAT35C804BJ-TE13 512 x 8/256 x 16 x 
CAT35C804BJI 512 x 8/256 x 16 x 
CAT35C804BJl-TE7 512 x 8/256 x 16 x 
CAT35C804BJl-TE13 512 x 8/256 x 16 x 

Note: 
(1) Contact factory for High Endurance device availability. 
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Special Temp Clock # Tape Rail 
Features Range Freq. of Pins &Reel Qty; 

A t 5MHz 8 50 
A I 5MHz 8 50 
A t 5MHz 

I 
16 47 

A t 5 MHz 16 TE? 2501 
A t 5MHz 16 TE13 100( 
A I 5MHz 16 47 1 

A I 5 MHz 16 TE? 2501 
A I 5 MHz 16 TE13 100~ 

B t 5 MHz 8 501 
B I 5 MHz 8 501 
B t 5 MHz 16 47! 
B t 5MHz 16 TE7 250 
B t 5 MHz 16 TE13 100( 
B I 5 MHz 16 47 
B I 5 MHz 16 TE? 250: 
B I 5 MHz 16 TE13 1000 

Key: 

t = Blank= Commercial= O"C to +70"C 
I = Industrial = -40"C to +85"C 
A = Advanced Device or Special Assembly 
B = Advanced Device 
L = Low Voltage 
Z = Zero Power™ 
J = S.O. (JEDEC) 
J14 = S.O. (JEDEC) 
K = S.O. (EIAJ) 
P = Plastic DIP 
S = S.O. Non-Rotated (JEDEC) 
TE7 = Tape Embossed 7" Reel, Min. Order 500 Pcs/Reel 
TE13 = Tape Embossed 13' Reel, Min. Order 2000 Pcs/Re~ 



Ordering Information 

ARALLEL E2PROMs (Data Book Section 7) 

Device Package Special Temp Access # Rail 
Order Number Organization CD E J KN p T Features Range Time (ns) of Pins Qty 

:::AT28C16AP-20 2Kx8 x t 200 24 16 
:::AT28C16APl-20 2Kx8 x I 200 24 16 
:::AT28C16AK-20 2Kx8 x t 200 24 30 
:::AT28C16AKl-20 2Kx8 x I 200 24 30 
:::AT28C16AJ-20 2Kx8 x t 200 24 30 
:::AT28C16AJl-20 2Kx8 x I 200 24 30 
:::AT28C16AN-20 2Kx8 x t 200 32 32 
:::AT28C16AN 1-20 2Kx8 x I 200 32 32 

::A T28C17 AP-20 2Kx 8 x t 200 28 14 
:::AT28C17APl-20 2Kx8 x I 200 28 14 
:::AT28C17AK-20 2Kx8 x t 200 28 27 
:::AT28C17AKl-20 2Kx8 x I 200 28 27 
:::AT28C17AJ-20 2Kx8 x t 200 28 27 
:::AT28C17AJl-20 2Kx8 x I 200 28 27 
:::AT28C17AN-20 2Kx8 x t 200 32 32 
:::AT28C17AN1-20 2Kx8 x I 200 32 32 

:::AT28C16V3P-70 2Kx8 x v t 700 24 16 
:::AT28C16V3K-70 2Kx8 x v t 700 24 30 
:::AT28C16V3N-70 2Kx 8 x v t 700 32 32 

:::AT28C64AP-15 8Kx 8 x t 150 28 14 
:::AT28C64AP-20 8Kx8 x t 200 28 14 
:::AT28C64AP-25 8Kx8 x t 250 28 14 
:::AT28C64APl-15 8Kx8 x I 150 28 14 
:::AT28C64APl-20 8Kx8 x I 200 28 14 
:::AT28C64APl-25 8Kx8 x I 250 28 14 
:::AT28C64AN-15 8Kx8 x t 150 32 32 
:::AT28C64AN-20 8Kx 8 x t 200 32 32 
::AT28C64AN-25 8Kx8 x t 250 32 32 
::AT28C64AN 1-15 8Kx 8 x I 150 32 32 
::AT28C64AN 1-20 8Kx8 x I 200 32 32 
::AT28C64AN 1-25 8Kx8 x I 250 32 32 
::AT28C64AJ-15 8Kx8 x t 150 28 27 
::AT28C64AJ-20 8Kx8 x t 200 28 27 
::AT28C64AJ-25 8Kx8 x t 250 28 27 
::AT28C64AJl-15 8Kx8 x I 150 28 27 
::AT28C64AJl-20 8Kx8 x I 200 28 27 
::AT28C64AJl-25 8Kx8 x I 250 28 27 
::AT28C64AK-15 8Kx8 x t 150 28 27 
::AT28C64AK-20 8Kx8 x t 200 28 27 
CAT28C64AK-25 8Kx8 x t 250 28 27 
CAT28C64AKl-15 8Kx8 x I 150 28 27 
CAT28C64AKl-20 8Kx 8 x I 200 28 27 
CAT28C64AKl-25 8Kx 8 x I 250 28 27 

Jte: Key: 
) Contact factory for High Endurance device availability. 

t = Blank= Commercial= 0°C to +70°C 
I = Industrial = -40°C to +85°C 
A = Advanced Device or Special Assembly 
B = Advanced Device 
L = Low Voltage • v = Special Voltage 
c = Sidebraze 
D = CERDIP 
E = LCC 
J = S.O. (JEDEC) 
K = S.O. (EIAJ) 
N = PLCC 
p = Plastic DIP 
T = TSOP 
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Ordering Information 

PARALLEL E2PROMs (Data Book Section 7) 

Device Package Special Temp Access # Rail 
Order Number Organization c DfE J iK NIP T Features Range Time (ns) of Pins Qty 

CAT28C65AP-15 8Kx8 x t 150 28 14 
CAT28C65AP-20 8Kx8 x t 200 28 14 
CAT28C65AP-25 8Kx8 x t 250 28 14 
CAT28C65APl-15 8Kx8 x I 150 28 14 
CAT28C65APl-20 8Kx8 x I 200 28 14 
CAT28C65APl-25 8Kx8 x I 250 28 14 
CAT28C65AN-15 8Kx8 x t 150 32 32 
CAT28C65AN-20 8Kx8 x t 200 32 32 
CAT28C65AN-25 8Kx 8 x t 250 32 32 
CAT28C65AN 1-15 8Kx8 x I 150 32 32 
CA T28C65AN 1-20 8Kx8 x I 200 32 32 
CA T28C65AN 1-25 8Kx8 x I 250 32 32 
CAT28C65AJ-15 8Kx8 x t 150 28 27 
CAT28C65AJ-20 8Kx8 x t 200 28 27 
CAT28C65AJ-25 8Kx8 x t 250 28 27 
CAT28C65AJl-15 8Kx8 x I 150 28 27 
CAT28C65AJl-20 8Kx8 x I 200 28 27 
CAT28C65AJl-25 8Kx8 x I 250 ~8 27 
CAT28C65AK-15 8Kx8 x t 150 28 27 
CAT28C65AK-20 8Kx8 x t 200 28 27 
CAT28C65AK-25 8Kx 8 x t 250 28 27 
CAT28C65AKl-15 8Kx8 x I 150 28 27 
CAT28C65AKl-20 8Kx8 x I 200 28 27 
CAT28C65AKl-25 8Kx8 x I 250 28 27 I 

Note: 
( 1) Contact factory for High Endurance device availability. Key: 

t = Blank= Commercial= 0°c to +70°C 
I = Industrial = --40°C to +B5°C 
A = Advanced Device or Special Assembly 
B = Advanced Device 
L = Low Voltage 
V = Special Voltage 
C = Sidebraze 
D = CERDIP 
E = LCC 
J = S.O. (JEDEC) 
K = S.O. (EIAJ) 
N = PLCC 
P = Plastic DIP 
T = TSOP 
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Ordering Information 

~RALLEL E2PROMs (Data Book Section 7) 

Device Package Special Temp Access # Rail 
Order Number Organization CD E J KN p T Features Range Time (ns) of Pins Qty 

:AT28C64BP-12 8Kx 8 x B t 120 28 14 
:AT28C64BP-15 8Kx 8 x B t 150 28 14 
.:AT28C64BP-20 8Kx 8 x B t 200 28 14 
:AT28C64BPl-15 8Kx 8 x B I 150 28 14 
:AT28C64BPl-20 8Kx 8 x B I 200 28 14 
:AT28C64BN-12 8Kx 8 x B t 120 32 32 
:AT28C64BN-15 8Kx 8 x B t 150 32 32 
:AT28C64BN-20 8Kx8 x B t 200 32 32 
:AT28C64BNl-15 8Kx 8 x B I 150 32 32 
~AT28C64BNl-20 8Kx 8 x B I 200 28 32 
~AT28C64BJ-12 8Kx8 x B t 120 28 27 
~AT28C64BJ-15 8Kx 8 x B t 150 28 27 
~A T28C64BJ-20 8Kx 8 x B t 200 28 27 
~AT28C64BJl-15 8Kx 8 x B I 150 28 27 
~AT28C64BJl-20 8Kx 8 x B I 200 28 27 
~AT28C64BT-12 8Kx8 x B t 120 32 15 
~A T28C64BT-15 8Kx 8 x B t 150 32 15 
~AT28C64BT-20 8Kx8 x B t 200 32 15 
~AT28C64BTl-15 8Kx8 x B I 150 32 15 
~AT28C64BTl-20 8Kx 8 x B I 200 32 15 
~AT28C64BK-12 8Kx 8 x B t 120 28 27 
~AT28C64BK-15 8Kx 8 x B t 150 28 27 
~AT28C64BK-20 8Kx 8 x B t 200 28 27 
~AT28C64BKl-15 8Kx 8 x B I 150 28 27 
~AT28C64BKl-20 SK x 8 x B I 200 28 27 

ite: 
) Contact factory for High Endurance device availability. Key: 

t = Blank = Commercial = 0°C to + 70°C 
I = Industrial = -40°C to +B5°C 
A = Advanced Device or Special Assembly 
B = Advanced Device 
L = Low Voltage 
V = Special Voltage 
C = Sidebraze 
D = CERDIP 
E = LCC 
J = S.O. (JEDEC) 
K = S.O. (EIAJ) 
N = PLCC 
P = Plastic DIP 
T = TSOP 

• 
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Ordering Information 

PARALLEL E2PROMs (Data Book Section 7) 

Device Package Special Temp Access # Rail: 
Order Number Organization CD IE J KN p T Features Range Time (ns) of Pins Qty 

CAT28C658P-12 8Kx8 x B t 120 28 14 I 

CAT28C65BP-15 8Kx8 B t 150 28 14 
I 

x 
CAT28C658 P-20 8Kx8 x B t 200 28 14 
CAT28C65BPl-15 8Kx 8 x B I 150 28 14 
CAT28C65BPl-20 8Kx8 B I 200 28 14 

I 
x I 

CAT28C65BN-12 8Kx8 x B t 120 32 32 
CAT28C65BN-15 8Kx8 x B t 150 32 32 

I CAT28C658N-20 8Kx8 x B t 200 32 32 I 

CAT28C65BNl-15 8Kx8 x B I 150 32 32 
' 

CAT28C65BNl-20 8Kx8 x B I 200 28 32 
CAT28C65BJ-12 8Kx 8 x B t 120 28 27 
CAT28C658J-15 8Kx8 x B t 150 28 27 
CAT28C658J-20 8Kx8 x B t 200 28 27 ' 

CAT28C65BJl-15 8Kx8 x B I 150 28 27 
CAT28C65BJl-20 8Kx8 x B I 200 28 27 
CAT28C65BT-12 8Kx8 x B t 120 32 15 

I 
CAT28C65BT-15 8Kx8 x B t 150 32 15 
CAT28C65BT-20 8Kx8 x B t 200 32 15 
CAT28C65BTl-15 8Kx8 x El' I 150 32 15 
CAT28C65BTl-20 8Kx8 x B I 200 32 15 
CAT28C65BK-12 8Kx8 x B t 120 28 27 
CAT28C65BK-15 8Kx8 x B t 150 28 27 
CAT28C65BK-20 8Kx8 x B t 200 28 27 

i CAT28C65BKl-15 8Kx8 x B I 150 28 27 
CAT28C65BKl-20 8Kx8 x B I 200 28 27 

CAT28C256P-20 32Kx8 x t 200 28 14 
CAT28C256P-25 32Kx8 x t 250 28 14 
CAT28C256P-30 32Kx8 x t 300 28 14 
CAT28C256Pl-20 32Kx8 x I 200 28 14 
CAT28C256Pl-25 32Kx8 x I 250 28 14 
CAT28C256Pl-30 32Kx8 x I 300 28 14 
CAT28C256N-20 32Kx8 x t 200 32 32 
CAT28C256N-25 32Kx 8 x t 250 32 32 
CAT28C256N-30 32Kx8 x t 300 32 32 
CAT28C256Nl-20 32Kx 8 x I 200 32 32 
CAT28C256Nl-25 32Kx 8 x I 250 32 32 
CAT28C256Nl-30 32Kx8 x I 300 32 32 

Note: 
(1) Contact factory for High Endurance device availability. Key: 

t = Blank = Commercial = 0°C to + 70°C 
I = Industrial = -40°C to +85°C 
A = Advanced Device or Special Assembly 
B = Advanced Device 
L = Low Voltage 
V = Special Voltage 
C = Sidebraze 
D = CERDIP 
E = LCC 
J = S.O. (JEDEC) 
K = S.O. (EIAJ) 
N = PLCC 
P = Plastic DIP 
T = TSOP 
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Ordering Information 

_ASH MEMORIES (Data Book Section 8) 

Device Package Special Temp Access # Rail 
Order Number Organization CD E J KN p T Features Range Time (ns} of Pins Qty 

:AT28F512P-12 64Kx8 x t 120 32 12 
:AT28F512P-15 64Kx8 x t 150 32 12 
:AT28F512P-20 64Kx8 x t 200 32 12 
:AT28F512Pl-12 64Kx8 x I 120 32 12 
:AT28F512Pl-15 64Kx 8 x I 150 32 12 
:AT28F512Pl-20 64Kx8 x I 200 32 12 
:AT28F512N-12 64Kx8 x t 120 32 32 
:AT28F512N-15 64Kxa x t 150 32 32 
:AT28F512N-20 64Kx8 x t 200 32 32 
:AT28F512Nl-12 64Kx8 x I 120 32 32 
:AT28F512Nl-15 64Kxa x I 150 32 32 
:AT28F512Nl-20 64Kx 8 x I 200 32 32 
:AT28F512T-12 64Kx 8 x t 120 32 15 
:AT28F512T-15 64Kx 8 x t 150 32 15 
:AT28F512T-20 64KxB x t 200 32 15 
:AT28F512Tl-12 64KxB x I 120 32 15 
:AT28F512Tl-15 64KxB x I 150 32 15 
:AT28F512Tl-20 64Kx8 x I 200 32 15 

:AT28F512V5P-12 64Kx 8 x v t 120 32 12 
:AT2BF512V5P-15 64Kx 8 x v t 150 32 12 
:::AT28F512V5P-20 64KxB x v t 200 32 12 
:::AT28F512V5Pl-12 64KxB x v I 120 32 12 
:::AT28F512V5Pl-15 64KxB x v I 150 32 12 
:::AT28F512V5Pl-20 64Kx8 x v I 200 32 12 
:::AT28F512V5N-12 64Kx 8 x v t 120 32 32 
:::AT28F512V5N-15 64Kx 8 x v t 150 32 32 
:::AT2BF512V5N-20 64Kx 8 x v t 200 32 32 
:::AT28F512V5Nl-12 64Kx 8 x v I 120 32 32 
:::AT2BF512V5Nl-15 64Kx 8 x v I 150 32 32 
:::AT2BF512V5Nl-20 64Kx8 x v I 200 32 32 
:::AT2BF512V5T-12 64Kx 8 x v t 120 32 15 
:::AT2BF512V5T-15 64Kx 8 x v t 150 32 15 
:::AT2BF512V5T-20 64Kx 8 x v t 200 32 15 
:::AT28F512V5Tl-12 64KxB x v I 120 32 15 
:::AT28F512V5Tl-15 64Kx 8 x v I 150 32 15 
:::AT28F512V5Tl-20 64Kx B x v I 200 32 15 

>te: 
) Contact factory for High Endurance device availability. Key: 

t = Blank= Commercial = 0°c to + 70°C 
I = Industrial = -40°C to +85°C 
A = Advanced Device or Special Assembly 
B = Advanced Device 
L = Low Voltage 
V = Special Voltage 
C = Sidebraze 
D = CERDIP 
E = LCC 
J = S.0. (JEDEC) 
K = S.0. (EIAJ) 
N = PLCC 
P = Plastic DIP 
T = TSOP • 
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Ordering Information 

FLASH MEMORIES (Data Book Section 8) 

Device Package Special Temp Access # Rail 
Order Number Organization c D E J KN p T Features Range Time (ns) of Pins Qty 

' CAT28F010P-12 128Kx 8 x t 120 32 12 
CAT28F01 OP-15 128Kx 8 x t 150 32 12 ' 
CAT28F01 OP-20 128Kx 8 x t 200 32 12 i 

CAT28F01 OPl-12 128Kx 8 x I 120 32 12 
CAT28F010Pl-15 128Kx 8 x I 150 32 12 
CAT28F010Pl-20 128Kx 8 x I 200 32 12 
CAT28F01 ON-12 128K x 8 x t 120 32 32 
CAT28F010N-15 128K x 8 x t 150 32 32 I 

CAT28F010N-20 128K x 8 x t 200 32 32 
CAT28F010Nl-12 128K x 8 x I 120 32 32 
CAT28F010Nl-15 128K x 8 x I 150 32 32 

I CAT28F010Nl-20 128Kx 8 x I 200 32 32 
CAT28F010T-12 128Kx 8 x t 120 32 15 
CAT28F010T-15 128Kx 8 x t 150 32 15 
CAT28F01 OT-20 12BKx 8 x t 200 32 15 
CAT28F010Tl-12 128Kx 8 x I 120 32 15 
CAT28F010Tl-15 128Kx 8 x I 150 32 15 
CAT28F01 OTl-20 128Kx 8 x I 200 32 15 

CAT28F01 OV5P-12 128Kx 8 x v t 120 32 12 
CAT28F01 OV5P-15 128Kx 8 x v t 150 32 12 
CAT28F01 OV5P-20 128Kx 8 x v t 200 32 12 
CAT28F010V5Pl-12 128Kx 8 x v I 120 32 12 
CAT28F010V5Pl-15 128Kx 8 x v I 150 32 12 
CAT28F010V5Pl-20 128K x 8 x v I 200 32 12 
CAT28F01 OV5N-12 128Kx 8 x v t 120 32 32 
CAT28F010V5N-15 128K x 8 x v t 150 32 32 
CAT28F01 OV5N-20 128Kx 8 x v t 200 32 32 
CAT28F010V5Nl-12 128K x 8 x v I 120 32 32 
CAT28F010V5Nl-15 128Kx 8 x v I 150 32 32 
CAT28F010V5Nl-20 128Kx 8 x v I 200 32 32 
CAT28F010V5T-12 128K x 8 x v t 120 32 15 
CAT28F01 OV5T-15 128Kx 8 x v t 150 32 15 
CAT28F01 OV5T-20 12BKx 8 x v t 200 32 15 
CAT28F010V5Tl-12 128Kx 8 x v I 120 32 15 
CAT28F010V5Tl-15 128Kx 8 x v I 150 32 15 
CAT28F010V5Tl-20 128Kx 8 x v I 200 32 15 

Note: 
{1) Contact factory for High Endurance device availability. Key: 

t = Blank= Commercial = 0°C to+ 70°C 
I = Industrial = -40°C to +85°C 
A = Advanced Device or Special Assembly 
B = Advanced Device 
L = Low Voltage 
V = Special Voltage 
C = Sidebraze 
D = CERDIP 
E = LCC 
J = S.O. (JEDEC) 
K = S.O. (EIAJ) 
N = PLCC 
P = Plastic DIP 
T = TSOP 
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Ordering Information 

=LASH MEMORIES (Data Book Section 8) 

Device Package Special Temp Access # Rail 
Order Number Organization C D E J KN p T Features Range Time (ns) of Pins Qty 

CAT28F020P-12 256Kxa x t 120 32 12 
CAT28F020P-15 256Kx 8 x t 150 32 12 
CAT28F020P-20 256Kx8 x t 200 32 12 
CAT28F020Pl-12 256Kx 8 x I 120 32 12 
CAT28F020Pl-15 256Kx 8 x I 150 32 12 
CAT28F020Pl-20 256Kx 8 x I 200 32 12 
CAT28F020N-12 256Kx 8 x t 120 32 32 
CAT28F020N-15 256Kx 8 x t 150 32 32 
CAT28F020N-20 256Kx 8 x t 200 32 32 
CAT28F020Nl-12 256Kx 8 x I 120 32 32 
CAT28F020Nl-15 256Kx 8 x I 150 32 32 
CAT28F020Nl-20 256Kx 8 x I 200 32 32 
CAT28F020T-12 256Kx 8 x t 120 32 15 
CAT28F020T-15 256Kx 8 x t 150 32 15 
CAT28F020T-20 256Kx 8 x t 200 32 15 
CAT28F020Tl-12 256Kx a x I 120 32 15 
CAT28F020Tl-15 256Kx 8 x I 150 32 15 
CAT28F020Tl-20 256Kx 8 x I 200 32 15 

late: 
1) Contact factory for High Endurance device availability. Key: 

t = Blank= Commercial= 0°C to +70°C 
I = Industrial = -40°C to +85°C 
A = Advanced Device or Special Assembly 
B = Advanced Device 
L = Low Voltage 
V = Special Voltage 
C = Sidebraze 
D = CERDIP 
E = LCC 
J = S.O. (JEDEC) 
K = S.O. (EIAJ) 
N = PLCC 
P = Plastic DIP 
T = TSOP 

• 
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Ordering Information 

EPROMs (Data Book Section 9) 

Device Package 
Order Number Organization CD E J 

CAT27HC256LP-55/5 32Kx8 
CA T27HC256LP-70 32Kx8 
CAT27HC256LP-90 32Kx8 
CAT27HC256LP-12 32Kx8 
CAT27HC256LPl-70 32Kx8 
CAT27HC256LPl-90 32Kx8 
CAT27HC256LPl-12 32Kx8 
CAT27HC256LD-55/5 32Kx8 x 
CAT27HC256LD-70 32Kx8 x 
CAT27HC256LD-90 32Kx8 x 
CAT27HC256LD-12 32Kx8 x 
CAT27HC256LDl-70 32Kx8 x 
CAT27HC256LDl-90 32Kx8 x 
CAT27HC256LDl-12 32Kx8 x 
CAT27HC256LN-55/5 32Kx8 
CAT27HC256LN-70 32Kx8 
CAT27HC256LN-90 32Kx8 
CAT27HC256LN-12 32Kx8 
CAT27HC256LN I-70 32Kx8 
CAT27HC256LNl-90 32Kx8 
CAT27HC256LNl-12 32Kx8 
CAT27HC256LE-55/5 32Kx8 x 
CAT27HC256LE-70 32Kx8 x 
CAT27HC256LE-90 32Kx8 x 
CAT27HC256LE-12 32Kx8 x 
CAT27HC256LEl-70 32Kx8 x 
CAT27HC256LEl-90 32Kx 8 x 
CAT27HC256LEl-12 32Kx8 x 

Note: 
(1) Contact factory for High Endurance device availability. 
(2) Vee= 5V±5% for CAT27HC256L·55. 

KN 

x 
x 
x 
x 
x 
x 
x 

f P 
x 
x 
x 
x 
x 
x 
x 

Special Temp Access # Rail 
T Features Range Time(ns) of Pins Qty 

I 

t 55 28 14 
t 70 28 14 
t 90 28 14 
t 120 28 14 
I 70 28 14 
I 90 28 14 
I 120 28 14 
t 55 28 14 
t 70 28 14 
t 90 28 14 
t 120 28 14 
I 70 28 14 I 

I 90 28 14 
I 120 28 14 
t 55 32 32 
t 70 32 32 
t 90 32 32 
t 120 32 32 
I 70 32 32 
I 90 32 32 
I 120 32 32 
t 55 32 34 
t 70 32 34 
t 90 32 34 
t 120 32 34 
I 70 32 34 
I 90 32 34 
I 120 32 34 

Key: 

t = Blank= Commercial = 0°c to +70°C 
I = Industrial = -40°C to +85°C 
A = Advanced Device or Special Assembly 
B = Advanced Device 
L = Low Voltage 
V = Spacial Voltage 
C = Sidebraza 
D = CERDIP 
E = LCC 
J = S.O. (JEDEC) 
K = S.O. (EIAJ) 
N = PLCC 
P = Plastic DIP 
T = TSOP 
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Ordering Information 

:PROMS (Data Book Section 9) 

Device Package Special Temp Access # Rail 
Order Number Organization C D E J KN P T Features Range Time (ns) of Pins Qty 

CAT27C210P-15 64K x 16 x t 150 40 9 
CAT27C210P-17 64K x 16 x t 170 40 9 
CAT27C210P-20 64K x 16 x t 200 40 9 
CAT27C21 OP-25 64K x 16 x t 250 40 9 
CAT27C210Pl-17 64K x 16 x I 170 40 9 
CAT27C21 OPl-20 64K x 16 x I 200 40 9 
CAT27C210Pl-25 64K x 16 x I 250 40 9 
CA T27C210D-1 5 64K x 16 x t 150 40 9 
CAT27C210D-17 64K x 16 x t 170 40 9 
CAT27C21 OD-20 64Kx 16 x t 200 40 9 
CAT27C210D-25 64K x 16 x t 250 40 9 
CAT27C210Dl-17 64K x 16 x I 170 40 9 
CAT27C210Dl-20 64Kx 16 x I 200 40 9 
CAT27C210Dl-25 64K x 16 x I 250 40 9 
CAT27C210N-15 64Kx 16 x t 150 44 28 
CAT27C210N-17 64K x 16 x t 170 44 28 
CAT27C21 ON-20 64K x 16 x t 200 44 28 
CAT27C21 ON-25 64K x 16 x t 250 44 28 
CAT27C210Nl-17 64K x 16 x I 170 44 28 
CAT27C210Nl-20 64K x 16 x I 200 44 28 
CAT27C210Nl-25 64Kx 16 x I 250 44 28 

ate: 
) Contact factory for High Endurance device availability. Key: 

t = Blank= Commercial= 0°C to +70°C 
I = Industrial = -40"C to +85°C 
A = Advanced Device or Special Assembly 
B = Advanced Device 
L Low Voltage 
V Special Voltage 
C Side braze 
D CERDIP 
E LCC 
J S.O. (JEDEC) 
K S.O. (EIAJ) 
N PLCC 
P Plastic DIP 
T = TSOP 

• 
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Ordering Information 

NVRAMs (Data Book Section 10) 

Device Package Special Temp Access # Rail 
Order Number Organization C D E J K N p T Features Range Time (ns) of Pins Qty 

CAT22C1 OP-20 64x 4 x t 200 18 22 
CAT22C1 OP-30 64x 4 x t 300 18 22 
CAT22C1 OPl-20 64x 4 x I 200 18 22 
CAT22C10Pl-30 64x 4 x I 300 18 22 
CAT22C1 OJ-20 64x 4 x t 200 20 47 
CAT22C1 OJ-30 64x 4 x t 300 20 47 
CAT22C1 OJl-20 64x 4 x I 200 20 47 
CAT22C1 OJl-30 64x 4 x I 300 20 47 

CAT22C12P-20 256 x 4 x t 200 18 22 
CAT22C12P-30 256 x 4 x t 300 18 22 ! 

CAT22C12Pl-20 256 x 4 x I 200 18 22 
CAT22C12Pl-30 256 x 4 x I 300 18 22 

CAT22C44P 16 x 16 x t 8 50 
CAT22C44PI 16 x 16 x I 8 50 
CAT22C44J 16 x 16 x t 8 100 
CAT22C44JI 16 x 16 x I 8 100 

Note: 
(1) Contact factory for High Endurance device availability. Key: 

t = Blank= Commercial= 0°C to +70°C 
I = Industrial = -40°C to +B5°C 
A = Advanced Device or Special Assembly 
B = Advanced Device 
L Low Voltage 
V Special Voltage 
C Sidebraze 
D CERDIP 
E LCC 
J S.O. (JEDEC) 
K S.O. (EIAJ) 
N = PLCC 
P = Plastic DIP 
T = TSOP 
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Ordering Information 

1ACs-High Speed 
Device Settling 
Order Resolution Accuracy Time Special Package Temp #of DACs/ Rail 

Number (bits) (LSB) (ns) Feature c D J p Range Pins Pkg Qty 

CAT104AC 12 1/2 40 A x t 24 1 16 
CAT104BC 12 1 40 B x t 24 1 16 
CAT1048CI 12 1 40 B x I 24 1 16 
CAT105AC 12 1/2 40 A x t 24 1 16 
CAT105BC 12 1 40 B x t 24 1 16 
CAT1058CI 12 1 40 B x I 24 1 16 
CAT506AC 12 1/2 25 A x t 24 1 16 
CAT5068C 12 1 25 B x t 24 1 16 
CAT5068CI 12 1 25 B x I 24 1 16 

Key: 

t = Blank= Commercial= 0°C to +70°C 
I = Industrial = -40°C to +85°C 
A = 1/2 LSB 
B = 1 LSB 
C = Sidebraze 
D = CERDIP 
J = S.O. (JEDEC) 
P = Plastic DIP 

IACs-Low Speed DACpot 
Device Settling Tape 
Order Resolution Accuracy Time Package Temp #of DA Cs/ & Rail 

Number (bits) (LSB) (µs) Vpp c D J p Range Pins Pkg Reel Qty 

CAT504P 8 1 10 Ext. x t 14 4 25 
CAT504PI 8 1 10 Ext. x I 14 4 25 
CAT504J 8 1 10 Ext. x t 14 4 TE? 94 
CAT504JI 8 1 10 Ext. x I 14 4 TE13 94 
CAT505P 8 1 10 Int. x t 20 4 18 
CAT505PI 8 1 10 Int. x I 20 4 18 
CAT505J 8 1 10 Int. x t 20 4 TE? 47 
CAT505JI 8 1 10 Int. x I 20 4 TE13 47 

Key: 

t = Blank= Commercial= 0°C to +70°C 
I = Industrial = -40°C to +85°C 
C = Sidebraze 
D = CERDIP 
J = S.O. (JEDEC) 
P = Plastic DIP 

• 
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Ordering Information 

VOLTAGE REFERENCES 
Device Output 
Order Output Accuracy Drift Adj. Special Package Temp #of Rail 

Number Voltage (%) (ppm) (%) Feature c D J p Range Pins Qty' 

CAT507AP 5.000 0.300 3 3.0 A x t 8 50 I 
CAT507API 5.000 0.300 3 3.0 A x I 8 50. 
CAT507ADI 5.000 0.300 3 3.0 A x I 8 50 
CAT507BP 5.000 0.500 10 3.0 B x t 8 50 
CAT507BPI 5.000 0.500 10 3.0 B x I 8 50 
CAT507BDI 5.000 0.500 10 3.0 B x I 8 50 
CAT508AP -5.000 0.300 3 3.0 A x t 8 50 
CAT508API -5.000 0.300 3 3.0 A x I 8 50' 
CAT508ADI -5.000 0.300 3 3.0 A x I 8 50 I 
CAT508BP -5.000 0.500 10 3.0 B x t 8 50 I 
CAT508BPI -5.000 0.500 10 3.0 B x I 8 5o I 
CAT508BDI -5.000 0.500 10 3.0 B x I 8 50 

Key: 

t = Blank= Commercial = 0°C to + 70°C 
I = Industrial = -40°C to +85°C 
A = 0.300% Accuracy 
B = 0.500% Accuracy 
C = Sidebraze 
D = CERDIP 
J = S.O. (JEDEC) 
P = Plastic DIP 

VOLTAGE REFERENCES 
Device Output I 

Order Output Accuracy Drift Adj. Special Package Temp #of Rail! 
Number Voltage (%) (ppm) (%) Feature c D J p Range Pins atyl 

CAT2700AP 10.000 0.025 3 0.2 A x t 14 25 ! 

CAT2700API 10.000 0.025 3 0.2 A x I 14 25 ! 

CAT2700ADI 10.000 0.025 3 0.2 A x I 14 25 ' 
CAT2700BP 10.000 0.050 10 0.2 B x t 14 25 I 

CAT2700BPI 10.000 0.050 10 0.2 B x I 14 25 
CAT2700BDI 10.000 0.050 10 0.2 B x I 14 25 
CAT2701AP -10.000 0.025 3 0.2 A x t 14 25 ' 
CAT2701API -10.000 0.025 3 0.2 A x I 14 25 ! 

CAT2701ADI -10.000 0.025 3 0.2 A x I 14 25 i 

CAT2701BP -10.000 0.050 10 0.2 B x t 14 25 
CAT2701BPI -10.000 0.050 10 0.2 B x I 14 25 
CAT2701BDI -10.000 0.050 10 0.2 B x I 14 25 

Key: 

t = Blank= Commercial= 0°C to +70°C 
I = Industrial = -40°C to +85°C 
A = 0.025% Accuracy 
B = 0.050% Accuracy 
C = Sidebraze 
D = CERDIP 
J = S.O. (JEDEC) 
P = Plastic DIP 
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ackaging Information 

_EAD 150 MIL WIDE SOIC (S) 

f 1 
0, 1497 (3.80) 0.2284 (5.80) 

ites: 

0.1574 (4.00) 

1--0 --l_j 
,., .. r,,, 

0.1890 (4.80) 1 0.1968(5.00) 1-- + m_J_ 0.0532 (1.35) 
0.0688 (1.75) 

0.050 (1.27) BSC j LL 0.004! (0.10) 
0,013 (0.33) 0.0098 (0.25) 
0.020 (0.51) 

110.0099 (0.25) x 450 
0.0196 (0.50) 

0.0075 (0.19) 

L ~ 0.0090(0.25) 

O"-S"~~L ~ ~ 0,016 (0.40) 
0.050 (1.27) 

Complies with JEDEC publication 95 MS-012 dimensions; however, some dimensions may be more stringent. 
All linear dimensions are in inches and parenthetically in millimeters. 
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PACKAGING INFORMATION 

8, 14 AND16-LEAD 150 MIL WIDE SOIC (J) 

1 l 
0.1497 (3.80) 0.2284 (5.80) 

Notes: 

0.1574 (4.00) 

,....___..... r-----i_l 
,.,..r,., 

I.. @J .. I + mm_j_ ~:~::: i~:~~~ 
0.050(1.27)BSCJ L '-' J L ~(0.10) 

0,013 (0.33) 0.0098 (0.25) 
0.020 (0.51) 

11-- 0.0099 (0.25) x 450 
I 0.0196 to.5o) 

0.0075 (0.19) 

L ~ 0.0090(0.25) 

0°-a0'~L ~ ~ 0.016 (0.40) 
0.050 (1.27) 

Dimension D 

Pkg Min 

8L 0.1890(4.80) 

14L 0.3367(8.55) 

16L 0.3859(9.80) 

Max 

0.1968(5.00) 

0.3444(8.75) 

0.3937(10.00) 

1. Complies with JEDEC publication 95 MS-012 dimensions; however, some dimensions may be more stringent. 
2. All linear dimensions are in inches and parenthetically in millimeters. 
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PACKAGING INFORMATION 

-28-LEAD 300 MIL WIDE SOIC (J) 

oles: 

nl 
0.2914 (7.40) 0.394 (10.00) 

1-----''1<-----I '""'("" '·'" "·'" 

1· @J .. I t 

mm_i ~:~~~:~~::~~ 
0.050(1.27)BSC_..J i-'-' j L ~(0.10) 

0,013 (0.33) 0.0118 (0.30) 
0.020 (0.51) 

110.010 (0.25) x 450 
0.029 (0.75) 

0.0091 (0.23) 

L ~ 0.0125(0.32) 

oo-ao ~o:---i 

~ L 0,016 (0.40) -r 
0.050 (1.27) 

Dimension D 

Pkg Min Max 

16L 0.3977 (10.10) 0.4133 (10.50) 

18L 0.4469 (11.35) 0.4625 (11. 75) 

20L 0.4961 (12.60) 0.5118 (13.00) 

24L 0.5985 (15.20) 0.6141 (15.60) 

28L 0.6969 (17.70) 0.7125 (18.10) 

Complies with JEDEC publication 95 MS-013 dimensions; however, some dimensions may be more stringent. 
All linear dimensions are in inches and parenthetically in millimeters. 
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PACKAGING INFORMATION 

8-LEAD 210 MIL WIDE SOIC (K) 

0.205 (5.20) 
0.213 (5.40) 

_o....,..._...... ........ _l 
0.0267 (0.68) J ' 
0.0303 (0.77) 

0.205 (5.15)--+------
0.210 (5.35) 

0.046(1.17) j L 
0.054 (1.37) 

0.0137 (0.35) 
0.0177 (0.45) 

0.303 (7.70) 

'·"r"' 

L rrrrt:(===*-} 0.008 (0.20> 

4° REF -r-;::V,L ~=+ 
~ 0.025 (0.65) 

Note: 
1. All linear dimensions are in inches and parenthetically in millimeters. 
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PACKAGING INFORMATION 

-28-LEAD 300 MIL WIDE EXTENDED FOOTPRINT SOIC (K) 

ote: 

1· [QJ ·1 J 

0.450 (11.43) 

0.477 (12.12) 

u=a ~_i ~:~~!~ ~~::~~ 
0.050(1.27)BSCJ L~ IL ~(0.10) 

0.013 {0.33) _..j 0.0118 (0.30) 
0.020 (0.51) 

Dimension D 

Pkg Min 

24L 0.5985 (15.20) 

28L 0.6969 (17.70) 

0.0091 {0.23) 

0.0125 {0.32) 

=+ 

Max 

0.6141 (15.60) 

0.7125 (18.10) 

All linear dimensions are in inches and parenthetically in millimeters. 
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PACKAGING INFORMATION 

28-LEAD PLASTIC LEADED CHIP CARRIER (N) 

Notes: 

0.49 (12.32) 
0.50 (12.57) 

0.45 (11.43) 
0.45 (11.48) 

LJ.~..,....,...,... 

~' '" "'"' 

__j_ O.Q13 (0.33) I 0.021 (0.53) 

0.026 (0.66) 
0.032 (0.81) 

1. Complies with JEDEC Publication 95 M0-052 dimensions; however, some dimensions may be more stringent. 
2. All linear dimensions are in inches and parenthetically in millimeters. 
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-LEAD PLASTIC LEADED CHIP CARRIER (N) 

ates: 

0.453 (11.50) 

---- 0.485 (12.32) J 
~:::~ ~~~:::;~ 

~~~~~~-+-+-~ 

0.585 (14.85) 
Q.595 (15.11) 

0.547 (13.89) 
0.553 (14.04) 

J~~·~ 

PACKAGING INFORMATION 

r--10.100 (2.54) 

I~ 0.140(3.55) 

0.026 (0.66) 
0.032 (0.81) 

i::i__ 0.060 (1.52) 
0.095 (2.41) 

__l 0.013 (0.33) I 0.021 (0.53) 

Complies with JEDEC Publication 95 M0-052 dimensions; however, some dimensions may be more stringent. 
All linear dimensions are in inches and parenthetically in millimeters. 

15-37 

• 



PACKAGING INFORMATION 

44-LEAD PLASTIC LEADED CHIP CARRIER (N) 

Notes: 

0.685 (17.40) 
0.695 (17.65) 

0.650 (16.51) 
0.656 (16.66) 

Li~.,..,........,. 

rT 0.165 (4.20) 

I~ 0.180 (4.57) 

_J_ 0.013 (0.33) I 0.021 (0.53) 

0.026 (0.66) 
0.032 (0.81) 

1. Complies with JEDEC Publication 95 M0-047 dimensions; however, some dimensions may be more stringent. 
2. All linear dimensions are in inches and parenthetically in millimeters. 
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-LEAD 8MM X 14MM TSOP (T) 

_________ 0.486 (12.35) --------1~ 
0.490 (12.45) 

+--------+ + 

PACKAGING INFORMATION 

I--+ 0.043 (1.09) 

I_ I 0.047(1.19) 

0.0177 (0.45) 

- [ 0.0217 (0.55) 

0.0075 (0.187) 
_f 0.0085 (0.213) 

t 

12°TYP. 

12°TYP. 

A~f; ~ 
SEt~l%i ~tj};.,.0 tL 

.... f--------- 0.512 (13.00) REF.-------J~ I 
i.--------- 0.552 (14.02) REF. ., 

DETAIL"A" 

ote: 
. All linear dimensions are in inches and parenthetically in millimeters. 
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0,038 (0.96) 
0.042 (1.06) 
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PACKAGING INFORMATION 

32-LEAD 8MM X 20MM TSOP (T) 

~-------0.720 (18.30} _______ ~ 
0.728 (18.50} 

12°TYP. 

l,.. ________________ --1_.t;J,,,,,, 
0.004 (0.10} i_J \ hj.041 (1.05} 

0.008 (020) T t 
0.780 (19.80} 

i.----------0.795 (20.20} 

Note: 
1. All linear dimensions are in inches and parenthetically in millimeters. 

15-40 

_ l 0.018 (0.45) 

-f 0.022 (0.55) 

_i 0.006 (0.15) 

t 0.010 (0.25) 



PACKAGING INFORMATION 

ite: 

LEAD 1 OMM X 14MM TSOP (T) 

0.386 (9.80) 

0.402 {10.20) 

_________ 0.484 {12.30) ______ __,~ 

0.492 {12.50) 

12° TYP. 

A 1· \ -r--d, {oOO) 
0.004 {0.10) liJJ""?\ =I=, ===============~hJP,, 0.041 {1.05) 

0.008 {0.20) tt-:-·./ t 
i..~..__ ________ 0.543 {13.80) ________ -.i 

0.559 {14.20) 

DETAIL"A" 

All linear dimensions are in inches and parenthetically in millimeters. 
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_ l 0.0197 {0.50) 
BSC 

SEATING 

~
LANE 

0.006 {0.15) 
MAX 

0.047 {1 .20) 
MAX 

• 



PACKAGING INFORMATION 

40-LEAD 1 OMM X 20MM TSOP (T) 

Note: 

0.386 (9.80) 
0.402 (10.20) 

___________ o_.7_2_0~(1_8_.3~0l ______ ___,~ 

0.728 (18.50) 

12°TYP. 

A~·~ -\[o:ot,,,,,, 
0.004 (0.10) liJJr;=l=\ =1*'. ================*'-hj,.041 (1.05) 

0.008 (0.20) ,~ •• ./ ---, 
.... ~,,_ ________ 0.780 (19.80) ________ __ 

0.795 (20.20) 

DETAIL"A" 

1. All linear dimensions are in inches and parenthetically in millimeters. 
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_ l 0.0197 (0.50) ' 
SSC ' 

SEATING 

~
LANE 

0.006 (0. 15) 
MAX 

0.047 (1.20) 
MAX 



PACKAGING INFORMATION 

·LEAD 12MM X 20MM TSOP (T) 

ote: 

0.465 (11.80) 
0.480 (12.20) 

_________ 0.720 (18.30) ______ --1.i 

0.728 (18.50) 

12° TYP. 

JA .-rr*=[ =· ~*================--1=*'-f;J,(o") 
0.004 (0.10) ll.J \ :: hj.041 (1.05) 

0.008 (0.20} tr":··/ t f.- 0.780 (19.80} 
0.795 (20.20} 

DETAIL "A" 

00-50 

L 

J 

0.029 (0.75) 
0.033 (0.85) 

O.Q16 (0.40} 
0.024 (0.60} 

All linear dimensions are in inches and parenthetically in millimeters. 
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_ l 0.0197 (0.50) 
SSC 

_j_ 0.006 (0.15) t 0.010 (0.25) 
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PACKAGING INFORMATION 

32-TERMINAL LEADLESS CHIP CARRIER· LCC (E) 

TOP n 
0.540 {13.72) 
0.560 {14.22) 

Notes: 
1. Complies with MIL-STD-1835 C-12A dimensions; however, some dimensions may be more stringent. 
2. All linear dimensions are in inches and parenthetically in millimeters. 

15-44 

~ 0.060 {1.52) 
I 0.014 {1.88) 

I o.o5o (1.21i 
1-- 0.065 (1.65) 



·TERMINAL LEADLESS WINDOWED CERAMIC LCC (E) 

BOTTOM 

ote: 

PIN#1 
0.045 (1.14) 
0.055 (1.40) 

--10.022 (0.56) 

t0.028 (0.71) 

L 0.008 (0.20) R 
28 PLACES 

All linear dimensions are in inches and parenthetically in millimeters. 
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PACKAGING INFORMATION 

1-- 0.060 (1.52) 
I 0.115 (2.92) 

I o.o5o (1.21> 
f.- 0.088 (2.24) 

• 



PACKAGING INFORMATION 

32-TERMINAL LEADLESS LARGE WINDOWED CERAMIC LCC (E) 

Note: 

PIN #1 

BOTIOM 
0.045 (1.14) 
0.055 (1.40) 

TOP~n 

0.540 (13.72) 
0.560 (14.22) 

1. All linear dimensions are in inches and parenthetically in millimeters. 
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~ 0.060 (1.52) 
I 0.115(2.92) 

I o.o5o (1.21) 
1-- 0.088 (2.24) 



-TERMINAL LEADLESS CHIP CARRIER· LCC (E) 

PIN#1 

BOTTOM 

oles: 

0.045 (1.14) 
0.055 (1.40) 

0.640 (16.26) 
0.662 (16.81) 

Complies with MIL-STD-1835 C-5 dimensions; however, some dimensions may be more stringent. 
. All linear dimensions are in inches and parenthetically in millimeters. 
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PACKAGING INFORMATION 

1-- 0.064 (1.63) 

I 0.120 (3.o5) 

I o.054 (1.37) 

1-- 0.088 (2.24) 

• 



PACKAGING INFORMATION 

8-32-LEAD 300 MIL WIDE PLASTIC DIP (P) 

Notes: 

t 
0.275 (6.99) 
0.295 (7.49) 

.......___........,__.,_,_l 

0.10~i~·54) -0-1.0 ... 4!-5-1(1~.14) ~ ~ 
0.060 (1.52) 

0.014 (0.36) 
0.022 (0.56) 

Pkg 

BL 

14L 

16L 

18L 

20L 

22L 

24L 

28L 

32L 

l 
0.015 (0.38) 

o. "' ('r MAX 

0.110(2.79) 
0.150 (3.81) 

Dimension D 

Min Max 

0.355 (9.02) 0.375 (9.53) 

0.645 (16.38) 0.685 (17.40) 

0.745 (21.45) 0. 785 (19.94) 

0.845 (21.46) 0.885 (22.48) 

0.945 (24.00) 0.985 (25.02) 

1.045 (26.54) 1.085 (27.56) 

1.145 (29.08) 1.185 (30.01) 

1.345 (34.16) 1.385 (35.18) 

1.545 (39.75) 1.585 (40.26) 

I o.310 (7.87) I 
f.-- 0.380 (9.65) -----! 

1. Complies with JEDEC Publication 95 M0-95 dimensions; however, some of the dimensions may be more stringent. 
2. AH linear dimensions are in inches and parenthetically in millimeters. 
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-40-LEAD 600 MIL WIDE PLASTIC DIP (P) 

l 
0.530 (13.46) 
0.550 (13.97) 

~o ~J 

100 (2.54) --1-41-->l 
BSC 

0.050(1.27) j t 
0.054 (1.37) 

0.014 (0.36) 
0.020 (0.51) 

• 0.150 (3.81) 

0.160 (4.06) 

__i 

• 0.020 (0.51) 
0.050 (1.27) 

t 
'·"''I" MAX 

0.125 (3.18) 

0.150 (3.81) 

PACKAGING INFORMATION 

'""1-----0.610 (15.49) ___ __,,.~I 
0.680 (17.27) 

Dimension D 

Pkg Min Max 

24L 1.240 (31.50) 1.270 (32.25) 

28L 1.420 (36.06) 1.470 (37.33) 

32L 1.640 (41.65) 1.670 (42.41) 

40L 2.040 (51.81) 2.070 (52.57) 

otes: 
Complies with JED EC Publication 95 M0-015 dimensions; however, some dimensions may be more stringent. 
All linear dimensions are in inches and parenthetically in millimeters. 
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PACKAGING INFORMATION 

8 AND 14-LEAD 300 MIL WIDE CERDIP (D) 

1 
0.220 (5.59) 
0.310 (7.87) 

..,._..._..,_.. .....,..__,...._l 

Notes: 

0.100 (2.54) BSC--<O .... Of--14__,(000) j L 
0.026 (0.66) 

Pkg 

BL 
14L 

0.045 (1.14) 
0.065 (1.65) 

I o.36 (9.14) I 
i---0.41 (10.42)___, 

Dimension D 

Min 

~ O.D1
5 

(0.
38

)0.200 (5r) MAX 

0.060(1.52) 0.125(3.18) 
0.200 (5.08) 

Max 

0.405(10.28) 

0.785(19.93) 

1. Complies with MIL-STD-1835 (D-4, D-1) Configuration A dimensions; however, some dimensions may be more stringent. 
2. All linear dimensions are in inches and parenthetically in millimeters. 
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-40-LEAD 600 MIL WIDE CERDIP (D) 

l 
0.500 (12.70) 
0.610 (15.49) 

..,.._.,__,._.. ~J 

~ '"'" (0.00)""' 'T' MAX 

0.070 (1.78) 0.125 (3.18) 
0.200 (5.08) 

PACKAGING INFORMATION 

100 (2.54) ---<----- J L BSC 
~-----o_.6_3_0~(1..,..6_.o~o) ___ _,.,~I 

0.690 (17.53) 

ate: 

0.014 (0.36) 
0.026 (0.66) 

0.045 (1.14) 
0.065 (1.65) 

Pkg 

24L 

28L 

32L 

40L 

Dimension D 

Min Max 

1.235 (31.36) 1.285 (32.63) 

1.440 (36.57) 1.485 (37.71) 

1.635 (41.52) 1.685 (42.79) 

2.035 (51.68) 2.085 (52.95) 

Complies with MIL-STD-1835 (D-3, D-10, NIA, D-5) Configuration A dimensions; however, some dimensions may be more stringent. 
All linear dimensions are in inches and parenthetically in millimeters. 
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PACKAGING INFORMATION 

28-40-LEAD 600 MIL WIDE WINDOWED CERDIP (D) 

l 
0.500 (12.70) 
0.620 (15.75) 

~ .............. ......--.--.--.J 

0.100 (2.54) --1..--- J L BSC 
0.014 (0.36) 
0.026 (0.66) 

0.045(1.14) 
0.065 (1.65) 

Pkg 

28L 

32L 

40L 

Notes: 

f 
[ '-"' (O.,.)""' "[' MAX 

0.070 (1.78) 0.125 (3.18) 
0.200 (5.08) 

Dimension D 

Min 

1.440 (36.57) 

1.635 (41.52) 

2.035 (51.68) 

.... 1 .. ______ 0.630 (16.00) -----1)1~1 
0.690 (17.52) 

Max 

1.485 (37.71) 

1.685 (42.79) 

2.085 (52.95) 

1. Complies with MIL-STD-1835 (D-10, N/A, D-5) Configuration A dimensions; however, some dimensions may be more stringent. 
2. All linear dimensions are in inches and parenthetically in millimeters. 
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PACKAGING INFORMATION 

-LEAD 300 MIL WIDE SIDEBRAZE (C) 

ates: 

r--
0.150 {3.51) 

MIN 

0.030 (0.76) 
0.065 (1.65) 

1 
0.220 (5.59) 

0.310 (7.87) 

........,_..,........-'r---r--....,..........--.--.---'T'""" _J 

! j t 0.045 (1.14) 

0.100 (2.54) 
0.200 (5.72) 

~ 
0.125 (3.05) 

0.200 (5.08) 

t 

0.065 (1.65) 
0.100 (2.54) ,__ _ _,__ BSC 

0.014 {0.36) 0.015 {0.38) 
0.026 (0.66) 0.060 (1.52) 

~ i..- 0.008 (0.20) 

11- 0.015 (0.38) 

--------I-- 0.290 (7.36) 
0.320 (8.13) 

f 
0.290 (7.37) 

0.320 (8.13) 

i 

Complies with MIL-STD-1835 D-1, Configuration C dimensions; however, some dimensions may be more stringent. 
All linear dimensions are in inches and parenthetically in millimeters. 
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PACKAGING INFORMATION 

24-LEAD 300 MIL WIDE SIDEBRAZE (C) 

! 
0.220 (5.59) 
0.310 (7.87) 

~~~~;:=r=;::=;=;:=;:=r=;::~,--,--,--r--i--l_J_ 

1.290 (32.77) ___________ -..i ,_____________ MAX 

Notes: 

0.030 (0.76) 
0.065 (1 .65) 

0.005(0.13) 
MIN 

1 J l 0.045(1.14~l I 
0.065 (1.65) 

0.015 (0.38) 

0.060 (1.52) 0.014 (0.36) 

0.026 (0.66) 

~ f.- 0.008 (0.20) 
JI - 0.015 (o.30) 

0.290 (7.36) 
_______ __.. __ 0.320(8.13) 

0.100 (2.54) 
0.200 (5.72) 

~ 
0. 125 (3.05) 
0.200 (5.08) 

' 0.100 (2.54) 
BSC 

1. Complies with MIL-STD-1835 09, Configuration C dimensions; however, some dimensions may be more stringent. 
2. All linear dimensions are in inches and parenthetically in millimeters. 
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f 
0 .290 (7 .37) 
0.320(8.13) 
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PACKAGING INFORMATION 

-48-LEAD 600 MIL WIDE SIDEBRAZE (C) 

1r 
0.610 (15.49) 0.580 (14.73) 

,.::::..-.-.-.-..-..-~:;=:;=:;=-;?.~:;=:;::::;::::;::::;::::;::::;:::..I~ ........................... ..,...~ _I ·~ !"'~ 
------------~101--------------~ 

oles: 

0.030 (0.76) 
0.065 (1.65) 

0.005 (0.13) 
MIN 

1 J l0,045(1.14) Jl I 
0.065 (1.65) 

O.D15 (0.38) 

0.060 (1.52) 0.014 (0.36) 

0.026 (0.66) 

Dimension D 

Pkg Min Max 

28 1.390(35.30) 1 .430(36.32) 

32 1.590(40.38) 1.630(41.40) 

40 1.990(50.54) 2.030(51.56) 

44 2.190(55.62) 2.230(56.64) 

48 2.390(60. 70) 2.430(61.72) 

--I~ 0.008 (0.20) 
11- 0.015 (0.38) 

0.100(2.54) 
0.200 (5.72) 

~ 
0.125 (3.05) 
0.200 (5.08) 

+ 
0.100(2.54) --1 

BSC 

0.610 (15.49) L-
BSC r-

. Complies with MIL-STD-1835 (D-10, N/A, D-5, N/A, D-14) Configuration C dimensions; however, some dimensions may be more stringent. 

. All linear dimensions are in inches and parenthetically in millimeters. 
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PACKAGING INFORMATION 

TAPE AND REEL 
Catalyst surface mount devices, which are normally 
shipped in antistatic plastic tubes, are also available 
mounted on embossed tape for customers using auto
matic placement systems. The tape is wound on 178mm 
(7 inch) or 330mm (13 inch) reels and individually pack
aged for shipment. 

Direction of Feed 

Device Orientation 

The following tables and diagrams provide general t; 
and reel specification data and indicate the tape size~ 
various package types. Further tape and reel specifi 
tions can be found in the Electronic Industries Associa1 
(EIA) standard 481. 

EMBOSSMENT 

0 0 0 

88 
DEVICE ORIENTATION 

£J c 
PLCC 

PIN 1 

Note: 
( 1) Metric dimensions will govern; English measurements rounded, for reference only and in parentheses. 
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PACKAGING INFORMATION 

~PE AND REEL 
!el Dimensions<1> 

rr::1; 
A D' 1'~ (i\ 

I \ _'.~'-' I ~:;u:· 

40mm (1.575) MIN. 
ACCESS HOLE 
AT SLOT LOCATION 

TAPE SLOT IN CORE 
FOR TAPE START. 
2.5mm (0.098) MIN WIDTH 

T_, r 

Lt 
C N r _J_ 

' DRIVE SPOKES OPTIONAL, IF USED 
ASTERISKED DIMENSIONS APPLY. 

10mm (0.394) MIN DEPTH I I 
G (MEASURED AT HUB)--! I--

rape A B c D* N G 
Size Max. Qty/Reel Max. Qty/Reel Min. Min. Min. 

2mm 178 500 2000 12.4 (0.488) 
(7.00) 14.4 (0.558) 

6mm 178 500 330 2000 1.5 12.80 (0.504) 20.2 50 16.4 (0.646) 
(7.00) (13.00) (0.059) 13.20 (0.520) (0.795) (1.969) 18.4 (0.724) 

:4mm 
N/A 

500 24.4 (0.961) 
26.4 (1.039) 

omponent/Tape Size Cross-Reference 

Package Tape Size Part Pitch 
Component Type (W) (P) 

8-Lead SOIC J, s 12mm 8mm 
8-Lead SOIC K 16mm 12mm 

14-Lead SOIC J14 16mm 8mm 
16-Lead SOIC J 16mm 12mm 
20-Lead SOIC J 24mm 12mm 
24-Lead SOIC J, K 24mm 12mm 
28-Lead SOIC J, K 24mm 16mm 
32-Lead PLCC N 24mm 16mm 

ate: 
) Metric dimensions will govern; English measurements rounded, for reference only and in parentheses. 
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T 
Max. 

18.4 
(0.724) 

22.4 
(0.882) 

30.4 
(1.197) 
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PACKAGING INFORMATION 

TAPE AND REEL 

Embossed Carrier Dimensions (12, 16, 24mm Tape Only) 

T 

TOP 
COVER 
TAPE 

D 

p 

EMBOSSMENT 

FOR MACHINE REFERENCE ONLY 
INCLUDING DRAFT AND RADII 
CONCENTRIC ABOUT Bo 

USER DIRECTION OF FEED 

Embossed Tape-Constant Dimensions<1l 

Tape Size D E Po TMax. 

12, 16, 1.5 (0.059) 1.65 (0.065) 3.9 (0.153) 0.400 
24mm 1.6 (0.063) 1.85 (0.073) 4.1 (0.161) (0.016) 

Embossed Tape-Variable Dimensions(1) 

Tape Size B1 Max. F KMax. P2 R Min. 

12mm 8.2 (0.323) 5.45 (0.215) 4.5 (0.177) 1.95 (0.077) 30 (1.181) 
5.55 (0.219) 2.05 (0.081) 

16mm 12.1 (0.476) 7.4 (0.291) 40 (1.575) 
7.6 (0.299) 6.5 (0.256) 1.9 (0.075) 

24mm 20.1 (0.791) 11.4 (0.449) 2.1 (0.083) 50 (1.969) 
11.6 (0.457) 

Note: 

D1 
FOR COMPONENTS 
2.0mm X 1.2mm 
AND LARGER 

01 Min. Ao Bo Ko<2> 

1.5 
(0.059) 

w p 

11.7 (0.460) 7.9 (0.275) 
12.3 (0.484) 8.1 (0.355) 

15.7 (0.618) 11.9 (0.468) ' 
16.3 (0.642) 12.1 (0.476) 

23.7 (0.933) 11.9 (0.468) 
24.3 (0.957) 12.1 (0.476) 

15.9 (0.623) 
16.1 (0.634) 

(1) Metric dimensions will govern; English measurements rounded, for reference only and in parentheses. 
(2) Ao Bo Ko are determined by component size. The clearance between the component and the cavity must be within 0.05 (0.002) min. to 

0.65 (0.026) max. for 12mm tape, 0.05 (0.002) min. to 0.90 (0.035) max. for 16mm tape, and 0.05 (0.002) min. to 1.00 (0.039) max. for 
24mm tape and larger. The component cannot rotate more than 20" within the determined cavity, see Component Rotation. 
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~PE AND REEL 

>mponent Rotation 

1pe Camber (Top View) 

20° MAXIMUM 
COMPONENT ROTATION 

TYPICAL 
i.--\---1- COMPONENT CAVITY 

CENTER LINE 

TYPICAL 
COMPONENT 
CENTER LINE 

100mm~ (3.937) 

1mm 
(0.039) MAX 

250mm 

PACKAGING INFORMATION 

Bending Radius 

R MIN 

BENDING RADIUs(2) 

----------(9.843) --------------

ALLOWABLE CAMBER TO BE 1 mmi100mm NONACCUMULATIVE OVER 250mm 

ate: 
) Metric dimensions will govern; English measurements rounded, for reference only and in parentheses. 
:) Tape and components shall pass around radius "R" without damage. 
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PACKAGING INFORMATION 
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)ales Offices 

:orporate Headquarters 

:atalyst Semiconductor, Inc. 
231 Calle de Luna 
anta Clara, California 95054 
hone: 408/748-7700 
AX: 408/980-8209 

U.S. Sales Offices 

Northeast Area 
Catalyst Semiconductor, Inc. 
71 Spit Brook Road 
Suite 306 
Nashua, NH 03060 
Phone: 603/888-9053 
FAX: 603/888-9066 

Southeast Area 
Catalyst Semiconductor, Inc. 
455 Douglas Avenue 
Suite 2155-1 
Altamonte Springs, FL 32714 
Phone: 407/682-1995 
FAX: 407/682-6643 

Central Area 
Catalyst Semiconductor, lnc. 
1000 E. Woodfield Road 
Suite 102 
Schaumburg, IL 60173 
Phone: 708/240-1253 
FAX: 708/517-1447 

Southwest Area 
Catalyst Semiconductor, Inc. 
2231 Calle de Luna 
Santa Clara, California 95054 
Phone: 408/748-7700 
FAX: 408/980-8209 

Northwest Area 
Catalyst Semiconductor, Inc. 
2231 Calle de Luna 
Santa Clara, California 95054 
Phone: 408/7 48-7700 
FAX: 408/980-8209 
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International Sales Offices 

Southern Europe Area 
Catalyst Semiconductor, Inc. 
Sint Amand straat 45 
1853 Strombeek 
BELGIUM 
Phone: 32.2.267.7025 
FAX: 32.2.267.9731 

Central Europe Area 
Catalyst Semiconductor, Inc. 
Blumenau 166 
2000 Hamburg 76 
GERMANY 
Phone: 49.40.209.9955 
FAX: 49.40.209.9956 

Northern Europe Area 
Catalyst Semiconductor, Inc. 
Sint Amand straat 45 
1853 Strombeek 
BELGIUM 
Phone: 32.2.267.7025 
FAX: 32.2.267.9731 

Japan Area 
Nippon Catalyst K.K. 
1-31-10 Higashinakano 
Anex G 401 
Nakano-ku, Tokyo 164 
JAPAN 
Phone: 81.3.5389.6311 
FAX: 81.3.5389.6320 

Far East Area 
Catalyst Semiconductor, Inc. 
2231 Calle de Luna 
Santa Clara, California 95054 
Phone: 408/748-7700 
FAX: 408/980-8209 
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