




























































































































































































































































































































































































































































































































































































































































































































































































































































WS59032 

COMPETITIVE TIMING ANAL YSIS 
The following analysis compares the critical timing paths of a WS59032E vs. the equivalent Bipolar circuit 
implementation using eight 2901C's, two 2902A's and three high speed logic gates (See Figure). 

As can be seen from the following comparison, the Data Path of the WS59032E is 44% faster than the Data Path 
of the Bipolar/ECl functional equivalent circuit. Additionally, the Control Path of the WS59032E is 50% faster 
than the Bipolar/ECl implementation. The actual values for the Bipolar/ECl circuit will be lengthened by the 
layout dependent interconnect delays between the individual devices. When these delays are taken into account, 
the WS59032E speed advantage becomes even greater. 

TIMING COMPARISON 
WS59032D vs Eight 2901 C's, Two 2902A's Plus High Speed Logic 

DATA PATH CONTROL PATH 

WS59032E WS59032E 

A,B Address • F =0 = 55ns 1012 I F =0 =,48ns 
interconnect delay = 0ns interconnect delay = IOns 
Total Delay :555ns Total Delay :5,48ns 

DISCRETE IMPLEMENTATION (See Figure) DISCRETE IMPlEMENTJ\TION (See Figure) 

A,B • P3,G 3 = 37ns 1012 • F = 0 = 37ns 
P3,G3 • P,G=11ns P3,G3 • P,G=11ns 
P,G • C16 = 10ns Fl,G • C16 = 10ns 
C16 .C281=14ns C16 • C28 = 14ns 
C28 • F = 0 = 25ns C28 • F = 0 = 251ns 
interconnect delay = Xns interconnect delay = Xns 

Total Delay >97ns Total Delay >97ns 

Look-Ahead carry Using Discrete Components 

Four 2901C. Four 2901Cs 

C •• 8, '2 Coo, 24,28 

2902A 2902A 

�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�~�J�r�i�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-6-32 



WS59032 

ORDERING INFORMATION 

SPEED PACKAGE PACKAGE 
OPERATING WSI 

PART NUMBER 
(ns) TYPE DRAWING 

TEMPERATURE MANUFACTURING 
RANGE PROCEDURE 

WS59032DG D 101 Pin Ceramic PGA G2 Comm'l Standard 
WS59032DGMB D 101 Pin Ceramic PGA G2 Military MIL-STD-883C 
WS59032EG E 101 Pin Ceramic PGA G2 Comm'l Standard 
WS59032EGMB E 101 Pin Ceramic PGA G2 Military MIL-STD-883C 

-----------------------~~i·----------------------6-33 



~6_3~4----------------------~Jri------------------------



iF==~~ . ..., - ..., ..... - _ ... 
'=_=-F.=_=-i-= = ----~~ --
WAFERSCALE INTEGRATION, INC. 

WS5910AIB 

CMOS MICROPROGRAM CONTROLLER 

• High Speed Operation 
- 50% Faster Than Bipolar 

• Low Power 
- 225 mW 

• On-Board Stack 
- 9 Words Deep 

• DESC SMD No. 5962-87708 

KEY FEATURES 

• Bipolar Replacement 
- Fully Compatible with AM2910A 

• Immune to Latch-Up 
- Over 200 mA 

• ESD Protection 
- Exceeds 2000 Volts 

GENERAL DESCRIPTION 
The WS5910NB microprogram controller is an address sequencer which provides addresses to a control store memory. 
These addresses can come from one of four internal sources: 1) the Microprogram Counter, 2) the 9 word x 12 bit 
stack, 3) the 12-bit Register/Counter, or 4) the Direct Data Input. The address source selected is dependent upon 
the instruction applied to the WS5910NB. 

The device can sequentially address memory or it can provide a conditional branch address anywhere within its 
addressing range. In addition, the WS5910NB also contains a last-in, first-out stack which provides capabilities for 
looping as well as providing the microsubroutine return linkage. The on-board register/counter provides loop count 
con.trol with a count capacity of 4096. 

The CMOS WS5910NB is a form, fit and function replacement for the bipolar/ECl AM2910A. A.C. performance and 
output drive capability, meet or exceed the specifications of its bipolar counterpart. The WS5910NB is also available 
as a macro cell in the WSI cell library. 

FUNCTIONAL BLOCK DIAGRAM 

r----------------------<~OE 
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PIN DESCRIPTION 

SIGNAL NAME I/O DESCRIPTION 

Di I Direct Input to Register/Counter and Multiplexer. Do is LSB. 

Ii I Instruction Inputs to the WS5910AlB 

CC I Condition Code Input. Pass Test is a LOW on CC. 

CCEN I When HIGH, CC Input is Ignored and Internally Forced LOW 

CI I Carry Input to the LSB of the Microprogram Counter 

RLD I When LOW, Register/Counter is Loaded Regardless of Instruction or Condition 

OE I Three State Control of Vi Outputs 

Vi 0 Address to Microprogram Memory. V 0 is LSB. 

CP I All Internal States Change at LOW-to-HIGH Edge 

FULL 0 Stack Full Indicator. (Stack is Nine Levels Deep.) 

PL 0 Active LOW Signal Used to Select the Pipeline Register as the Direct Input Source 

MAP 0 Active LOW Signal Used to Select the Mapping PROM (or PLA) as the Direct 
Input Source 

VECT 0 Active LOW Signal Used to Select the Interrupt Vector as the Direct Input Source 

PIN CONFIGURATION 

Y. Da 

D. Ya 

Y. O2 

D. Y2 

vEer 0, 

PI: Y, 

MAP D. 

la Y. 

12 CI 

vee CP 

I, GND 

I. OE 

ceEN Y11 

cc 0 11 

RLD Y,. 

FULL 0,. 

D. Yo 

Y. Do 

0 7 Y. 

Y7 D. 

TOP 
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INTRODUCTION 
The WS5910NB is a high performance CMOS microprogram controller that produces a sequence of addresses which 
control the execution of a microprogram. These 12-bit addresses are selected from one of the four sources which 
feed into a 12-bit 4 to 1 multiplexer. The source selected can be 1) the direct data inputs (Do-D11 ), 2) the 
Register/Counter, 3) the Microprogram Counter, or 4) the stack register. Selection is dependent upon which of the 
sixteen instructions is being executed as well as other external inputs. The selected source is used to drive the YO-Y11 

three state output buffers. 

External Inputs: Do-Dl1 
The external inputs can be used to supply the jump address for conditional branch types of instructions. They can 
also be used to load the register counter. 

Register Counter 
The RC is an edge triggered 12-bit register which is clocked on the LOW-to-HIGH (positive) transition of the clock, 
CPo The RC is loaded synchronously from the D inputs when the load control input, RLD, is LOW. The output of RC 
is referred to as R in the table of instructions. 

The RC operates as a 12-bit down counter and is decremented and tested for a zero result during instructions 8, 
9, and 15. If the RC is loaded with a number N, the sequence will be executed N + 1 times. This allows microinstructions 
to be repeated up to 4096 times. 

THE STACK AND STACK POINTER 
The last-in-first-out stack, which is 9 levels deep by 12-bits wide, provides return addresses from micro-subroutine 
or from loops. Integral to it is the stack pointer which points to the last word written. This allows data on the top of 
the stack to be referenced without having to perform a POP operation. 

There are five microinstructions during which a POP operation may occur (8,10, 11, 13, 15). A POP decrements the 
stack pointer at the next rising clock edge following the microinstruction causing the POP. The stack pointer pOints 
to zero when the stack is empty. A POP from an empty stock may place unknown data on the Y outputs. The stack 
pointer remains at zero if a POP is attempted on an empty stack. 

There are three operations during which a PUSH operation may occur (1, 3, and 5). A PUSH increments the stack 
pointer and the return linkage is then written into the stack at the location pointed to by the just incremented stack 
pointer. RESET (instruction 0) forces the stack pointer to zero, effectively emptying the stack. Each PUSH increments 
the stack pointer by one, each POP decrements the stack pointer by one. When the stack reaches the level of nine 
(stack pointer equals nine), the FULL flag goes low. This flag indicates that a POP should occur prior to the next 
PUSH. If a PUSH does occur on a full stack, the data is overwritten at the top of the stack (location nine) but the 
stack pointer remains unchanged. The operation will usually destroy useful information and is normally avoided. 

------------------------------~----------------------------------~JfAr-------------------------------------------------------6·37 
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TABLE OF INSTRUCTIONS 

REG! RESULT 

MNEMONIC 
CNTR FAIL PASS 13-10 NAME REG! CON- CCEN=L and CC=H CCEN=H or CC=L 

CNTR 
ENABLE 

TENTS Y STACK y STACK 

0 JZ Jump Zero X 0 Clear 0 Clear Hold PL 

1 CJS Cond JSB PL X PC Hold D Push Hold PL 

2 JMAP Jump Map X D Hold D Hold Hold Map 

3 CJP Cond Jump PL X PC Hold D Hold Hold PL 

4 PUSH Push/Cond LD CNTR X PC Push PC Push Note 1 PL 

5 JSRP Cond JSB R/PL X R Push D Push Hold PL 

6 CJV Cond Jump Vector X PC Hold D Hold Hold Vect 

7 JRP Cond Jump R/PL X R Hold D Hold Hold PL 

Repeat Loop, "* 0 F Hold F Hold Dec PL 
8 RFCT 

CNTR "* 0 = 0 PC Pop PC Pop Hold PL 

Repeat PL, "* 0 D Hold D Hold Dec PL 
9 RPCT 

CNTR "* 0 = 0 PC Hold PC Hold Hold PL 

10 CRTN Cond RTN X PC Hold F Pop Hold PL 

11 CJPP Cond Jump PL & Pop X PC Hold D Pop Hold PL 

12 LDCT LD Cntr & Continue X PC Hold PC Hold Load PL 

13 LOOP Test End Loop X F Hold PC Pop Hold PL 

14 CONT Continue X PC Hold PC Hold Hold PL 

TWB Three-Way Branch "* 0 F Hold PC Pop Dec PL 
15 

= 0 D Pop PC Pop Hold PL 

NOTE: 1) If CCEN = Land CC = H, hold; else load. H = HIGH L = LOW x = Don't Care 

ABSOLUTE MAXIMUM RATINGS· 
Operating Temp. (Comm'I) ........ O°C to + 70°C 

(Mil) ........ -55°C to +125°C 
Storage Temp. (No Bias) ....... -65°C to +150°C 
Voltage on any pin with 

respect to GND ............... -0.6V to +7V 
Latch Up Protection ................. >200 mA 

"Notice: Stresses above those listed here may cause 
permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or 
any other conditions above those indicated in the 
operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for 
extended periods of time may affect device reliability. 

ESD Protection ..................... > ±2000V 

DC CHARACTERISTICS Over Operating Temperature Range (See Note 1) 

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS 

VOH Output High Voltage Vee = Min. All Outputs 10H = -3.4 mA 2.4 
V1N = V1H or V1L 

VOL Output Low Voltage Vee = Min. All Outputs 10L = 12 mA 0.5 V 
VIN = VIH or VIL 

V1H Input High Voltage Guaranteed Input High Voltage 2.0 

VIL Input Low Voltage Guaranteed Input Low Voltage 0.8 

IBe Input Load Current Vee = Max, VIN = GND or Vee -10 10 

loz 
High Impedance Vee = Max, Vo = GND or Vee -50 50 

t.IA 
Output Current 

Icc Power Supply Current 
ooC to + 70°C (Comm'l) 45 

mA Vee = Max -55°C to +125°C (Mil) 70 

NOTES: 1) Commercial: Vce = +5V ± 5%, TA = OOC to lOoe. 2) Military: vee = +5V ± 10%, TA = -55°C to +125°C. 

----------------------------~jP:----------------------------~~ --_. 



WS5910A 
COMMERCIAL RANGE 
AC CHARACTERISTICS 

WS5910AlB 

The tables shown here specify the guaranteed performance of the WS5910A over the commercial operating range 
of O°C to +70°C and a power supply range of 5V ± 5%. 

Inputs are switching between 0 and 3V with rise and fall times of WIns and measurements made at 1.5V. All outputs 
have maximum DC load. 

CYCLE TIME AND CWCK CHARACTERISTICS 

Minimum Clock LOW Time 20 

Minimum Clock HIGH Time 20 ns 

Minimum Clock Period 50 

Maximum Clock Frequency 20 MHz 

COMBINATIONAL PROPAGATION DELAYS (CL = 50 pF) 

INPUT Y PL, VECT, MAP FULL UNITS 

00-011 20 - -
10-13 35 30 -
CC 30 - - ns 

CCEN 30 - -

CP 40 - 31 

OUTPUT ENABLE/DISABLE TIME 
Disable tests performed with CL = 5 pF and measured to 0.5V change of output Voltage. 

From OE LOW to Y Output Enable 25 
ns 

From OE HIGH to Y Output Disable 27 

SET UP AND HOLD TIMES 

INPUT ts tH UNITS 

Di - R 16 0 

Di - PC 30 0 

10-13 35 0 

CC 24 0 ns 

CCEN 24 0 

CI 18 0 

RLD 19 0 

-------------------------~Jr;-------------------------6-39 
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WS5910A 
MILITARY RANGE 

AC CHARACTERISTICS 
The tables shown here specify the guaranteed performance of the WS5910A over the military operating range of -55°C 
to +125°C and a power supply range of 5V ± 10%. 

Inputs are switching between 0 and 3V with rise and fall times of 1 V/ns and measurements made at 1.5V. All outputs 
have maximum DC load. 

CYCLE TIME AND CLOCK CHARACTERISTICS 

Minimum Clock LOW Time 25 

Minimum Clock HIGH Time 25 ns 

Minimum Clock Period 51 

Maximum Clock Frequency 19.6 MHz 

COMBINATIONAL PROPAGATION DELAYS (CL = 50 pF) 

INPUT V PL, VECT, MAP FULL UNITS 

Do-D11 25 - -
10-13 40 35 -
CC 36 - - ns 

CCEN 36 - -
CP 46 - 35 

OUTPUT ENABLE/DISABLE TIME 
Disable tests performed with CL = 5 pF and measured to 0.5V change of output Voltage. 

From OE LOW to Y Output Enable 25 
ns 

From OE HIGH to Y Output Disable 30 

SET UP AND HOLD TIMES 

INPUT ts tH UNITS 

Di - R 16 0 

Di - PC 30 0 

10-13 38 0 

CC 35 0 ns 

CCEN 35 0 

CI 18 0 

RLD 20 0 

-------------------------~Jr;-------------------------6-40 



WS5910B 
COMMERCIAL RANGE 
AC CHARACTERISTICS 

WS5910AlB 

The tables shown here specify the guaranteed performance of the WSS910B over the commercial operating range 
of O°C to +70°C and a power supply range of SV ± S%. 

Inputs are switching between 0 and 3V with rise and fall times of 1 V/ns and measurements made at 1.SV. All outputs 
have maximum DC load. 

CYCLE TIME AND CLOCK CHARACTERISTICS 

Minimum Clock LOW Time 13 

Minimum Clock HIGH Time 13 ns 

Minimum Clock Period 33 

Maximum Clock Frequency 30 MHz 

COMBINATIONAL PROPAGATION DELAYS (CL = 50 pF) 

INPUT V PL, VECT, MAP FULL UNITS 

00-0 11 18 - -
10-13 24 - -
CC 21 - - ns 

CCEN 21 - -
CP 27 - 20 

OUTPUT ENABLE/DISABLE TIME 
Disable tests performed with CL = S pF and measured to O.SV change of output Voltage. 

From OE LOW to V Output Enable 21 
ns 

From OE HIGH to V Output Disable 22 

SET UP AND HOLD TIMES 

INPUT ts tH UNITS 

Di - R 11 0 

Di - PC 20 0 

10-13 23 0 

CC 16 0 ns 

CCEN 16 0 

CI 12 0 

RLD 12 0 
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WS5910B 
MILITARY RANGE 

AC CHARACTERISTICS 
The tables shown here specify the guaranteed performance of the WS5910B over the military operating range of -55°C 
to +125°C and a power supply range of 5V ± 10%. 

Inputs are switching between 0 and 3V with rise and fall times of 1 V/ns and measurements made at 1.5V. All outputs 
have maximum DC load. 

CYCLE TIME AND CLOCK CHARACTERISTICS 

Minimum Clock LOW Time 17 

Minimum Clock HIGH Time 17 ns 

Minimum Clock Period 35 

Maximum Clock Frequency 29 MHz 

COMBINATIONAL PROPAGATION DELAYS (CL = 50 pF) 

INPUT V PL, VECT, MAP FULL UNITS 

Do·D11 22 - -
10.13 26 23 -
CC 24 - - ns 

CCEN 24 - -
CP 30 - 24 

OUTPUT ENABLE/DISABLE TIME 
Disable tests performed with CL = 5 pF and measured to 0.5V change of output voltage. 

From OE LOW to V Output Enable 24 
ns 

From OE HIGH to V Output Disable 25 

SET UP AND HOLD TIMES 

INPUT ts tH UNITS 

Di - R 11 0 

Di - PC 20 0 

10.13 25 0 

CC 23 0 ns 

CCEN 23 0 

CI 12 0 

RLD 13 0 

---------------------~Jr;.---------------------6-42 
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SWITCHING WAVEFORMS 

3V 

XXx , ) ~ I' 
INPUTS 

ov 

~ Is ., tH -
/ 
~ ~V 

3V 
CLOCK 

ov 

~tIN""" ... lao ~ 

~ 
, 

"Xxx xx 
3V 

OUTPUTS 
ov 

ORDERING INFORMATION 

PACKAGE PACKAGE 
OPERATING WSI 

PART NUMBER SPEED 
TYPE DRAWING 

TEMPERATURE MANUFACTURING 
RANGE PROCEDURE 

WS5910AP 20 MHz 40 Pin Plastic DIP, 0.6" P1 Comm'l Standard 
WS5910AYMB 20 MHz 40 Pin CERDIp, 0.6" Y1 Military MIL-STD-883C 
WS5910BP 30 MHz 40 Pin Plastic DIP, 0.6" P1 Comm'l Standard 
WS5910BYMB 30 MHz 40 Pin CERDIp, 0.6" Y1 Military MIL-STD-883C 

--------------------~~i--------------------6-43 
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WS59510 
WAFERSCALE INTEGRATION, INC. 

CMOS 16 x 16 MULTIPLIER ACCUMULATOR 
KEY FEATURES 

• 16 x 16 Bit Parallel Multiplication 
with Accumulation to 35-Bit Result 

• Fast 
- 30 ns Multiply Accumulate Time 

• Two's Complement or Unsigned 
Magnitude Operation 

• Immune to Latch-Up 
- Over 200 mA 

• Low Power 
- Icc = 30 mA (10 MHz) 

• Pin Compatible and Functionally 
Equivalent to Am29510 and TDC1010 

• DESC SMD No. 5962-88733 

FUNCTIONAL DESCRIPTION 
The WS59510 is a high-speed 16 x 16 parallel multiplier accumulator which operates at 30 ns clocked multiply 
accumulate (MAC) time (33 MHz multiply accumulate rate). The operands may be specified as either two's 
complement or unsigned magnitude 16-bit numbers. The accumulator functions include loading the 
accumulator with the current product, adding or subtracting the accumulator contents and the current product, 
or preloading the accumulator from the external world. 

All inputs (data and instructions) and outputs are registered. These independently clocked registers are positive 
edge triggered O-type flip-flops. The 35-bit accumulator/output register is divided into a 3-bit extended product 
(XTP), a 16-bit most significant product (MSP), and a 16-bit least significant product (LSP). The XTP and MSP 
have dedicated ports for three-state output; ·the LSP is multiplexed with the V-input. The 35-bit 
accumulator/output register may be preloaded through the bidirectional output ports. 

FUNCTIONAL BWCK DIAGRAM 

CLKX >--T----Ie~~ 
CLKY >-_-+------+---' 

TC 

RND 
ACe 
SUB 35 
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PRODUCT SELECTION GUIDE 

PARAMETER 59510-30 59510-35 59510-40 

Maximum Multiply-Accumulate Time (ns) 

PIN CONFIGURATIONS 

S 8 88 
51 50 48 46 

88 S 98 
53 52 49 47 45 
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55 54 
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PIN DESCRIPTION 

·Pin No. Name 1/0 Description 
54 RND I Round 

When RND is High, a bit with a weight of P15 is added to the multiplier product 
RND IS loaded on the rising edge of ClKx or ClKy 

48 TC I Two's Complement 
When High, the X and Y mputs are defmed as two's complement data, or as unsigned data when low. 
The TC control IS loaded on the rlsmg edge of ClKx or ClKy 

46 PREl I Preload 
When High, data IS preloaded mto the specific output register when ItS respective load Enable IS High 
When low, the accumulator register IS available at the P-port when the Output Enables are low 

47 lEx/OEx I load Enable Extended/Output Enable Extended 
Active High load Enable for the XTP port dUring preloadmg Active low three-state control for the 
XTP port dUring normal operation (see Preload Function) (TSX)" 

45 lEm/OEm I load Enable Most/Output Enable Most 
Active High load Enable for the MSP port dUring preloadmg Active low three-state 
control for the MSP port dUring normal operation (see Preload Function) (TSMj"' . 

55 LEL/OEL I Load Enable Least/Output Enable Least 
Active High Load Enable for the LSP port during preloadmg Active Low three-state 
control for the LSP port dUring normal operation (see Preload Function) (TSl)" 

51,50 ClKx, CLKy I CLOCKS 
Load X and Y data respectively and TC, RND, ACC and SUB/ADD on the rlsmg edge 

44 ClKp I CLOCK 
Loads data mto the XTP, MSP and LSP registers on the rising edge 

1-7, X15-XO I Multiplier Data Input 
56-64 Data IS loaded mto the X register on the rlsmg edge of CLKx 

8-15, Y15- Yo I/O Bidirectional Port 
17-24 P15-PO Data is loaded into the Y register on the rismg edge of ClKy Product output for least Significant 

Product (LSP) and mput to preload LSP register 

41-43 F'J4-P32 I/O Bidirectional Port 
Product output for extended Product (XTP) and mput to preload XTP register 

25-40 P31-P16 I/O Bidirectional Port 
Product output for the Most Significant Product (MSP) and mput to preload MSP register 

52 ACC I Accumulate 
When High, the multiplier product IS accumulated m the accumulator When low, the multiplier 
product IS written mto the accumulator (see Accumulator Function Table) The ACC control 
IS loaded on the rising edge of ClKx or CLKy 

53 SUB/ADD I Subtraction/Addition 
When High, the accumulator contents are subtracted from the multiplier product and the result 
written back mto the accumulator When low, the multiplier product IS added into the 
accumulator (see Accumulator Function Table) The SUB/ADD control is loaded on the 
rising edge of CLKx or CLKy 

'DIP Configuration 
""TRW TDC1010 Pm Designation 

_________________________________________ rarArSF~ ________________________________________ _ 
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ABSOLUTE MAXIMUM RATINGS"' 
Operating Temp (Comm'I) ........ O°C to +70°C 

(Mil) ......... -SsoC to +12SoC 
Storage Temp. (No bias) ....... -65°C to +150°C 
Voltage on any pin with 
respect to GND ..................... -0.6V to +7V 
Latch Up Protection ................... > 200 mA 
ESD Protection ........................ > ±2000V 

*Notice: Stresses above those listed here may 
cause permanent damage to the device. This is a 
stress rating only and functional operation of the 
device at these or any other conditions above those 
indicated in the operational sections of this 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods of 
time may affect device reliability. 

DC CHARACTERISTICS Over Operating Temperature Range (Note 1) 

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS 

VOH Output High Voltage Vcc = Min All Outputs IOH = -1.6 mA 2.4 
VIN = VIH or VIL 

IOL = 12 mA (Comm'l) 

VOL Output Low Voltage Vce = Min YO-Y31 
IOL = 9 mA (Military) O.S V 

VIN = VIH or VIL All Others 
IOL = 8 mA 

VIH Input High Voltage Guaranteed Input High Voltage 2.0 

VIL Input Low Voltage Guaranteed Input Low Voltage 0.8 

Ilx Input Load Current Vce = Max, VIN = Gnd or Vec -10 10 

loz 
High Impedance 

Vce Max, Vo = Gnd or Vec -so so 
IlA 

Output Current = 

OOC to + 70°C (Comm'l) 30 
Icc Power Supply Current Vcc = Max mA 

-SsoC to + 12SoC (Military) so 

NOTES: 
1. Commercial: Vee = +5V ± 5%, TA = OOC to +70°C. 
2. Military: Vee = +5V ± 10%, TA = -55°C to +125°C. 

DETAILED DESCRIPTION 

The WS59S10 is a high-speed 16 x 16-bit multiplier accumulator (MAC). It comprises a 16-bit parallel multiplier 
followed by a 35-bit accumulator. All inputs (data and instructions) and outputs are registered. The WS59510 is 
divided into four sections: the input section, the 16 x 16 asynchronous multiplier array, the accumulator, and the 
output/preload section. 

The input section has two 16-bit operand input registers for the X and Y operands, clocked by the rising edge of 
CLKX and CLKY, respectively. The four-bit instruction register (TC, RND, ACC, SUB) is clocked by the rising 
edge of the logical OR of CLKX, CLKY. 

The 16 x 16 asynchronous multiplier array produces the 32-bit product of the input operands. Either two's 
complement or unsigned magnitude operation is selected, based on control TC. If rounding is selected, (RND = 
1), a "1" is added to the MSB of the LSP (position P15). The 32-bit product is zero-filled or sign-extended as 
appropriate and passed as a 3S-bit number to the accumulator section. 

The accumulator function is controlled by ACC, SUB, and PREL. Four functions may be selected: the 
accumulator may be loaded with the current product; the product may be added to the accumulator contents; 
the accumulator contents may be subtracted from the current product; or the accumulator may be preloaded 
from the bidirectional ports. 

The output/preload section contains the accumulator/output register and the bidirectional ports. ThiS section IS 
controlled by the signals PREL, OEX, OEM, and OEL. When PREL is HIGH, the output buffers are in high 
impedance state. When the controls OEX, OEM, and OEL are also high, data present at the output pins will be 
preloaded into the appropriate accumulator register at the rising edge of CLKP. When PREL is.LOW, the signals 
OEX, OEM, and OEL are enable controls for their respective three-state output ports. 
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WS59510 

XIN 

WS59510 
Input Formats 

Fractional Two's Complement Input 

YIN 

115 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 I 
-202-1 2-22-32-42-52-62-72-82-92-102-11 2_122_132_142_15 
(Sign) 

115 14 13 12 11 10 9 8 7 6 5 4 3 2 1 01 

-202-12-22-32-42-52-62-72-82-92-102-11 2-122-132-14 2-15 
(Sign) 

Integer Two's Complement Input 

XIN YIN 

115 14 13 12 11 10 9 8 6 5 4 3 01 1 15 14 13 12 11 10 9 8 6 5 4 3 01 

-215 2'4 213 2'2 211 210 29 28 27 26 25 24 23 22 2' 20 -215 214 213 2'2 211 210 29 28 27 26 25 24 23 22 2' 20 

(Sign) (Sign) 

Unsigned Fractional Input 
XIN YIN 

115 14 13 12 11 10 9 8 765 4321 01 

2-12-22-32-42-52-62-72-82-92-102-11 2-122-132-142-152-16 

115 14 13 12 11 10 9 8 7 6 5 4 3 2 1 01 

2-12-22-32-42-52-62-72-82-92-102-11 2-122-132-142-152-16 

Unsigned Integer Input 

XIN YIN 

115 14 13 12 11 10 9 8 7 6 5 4 3 2 01 115 14 13 12 11 10 9 8 7 6 5 4 3 2 01 

2'5 2'4 2'3 212 211 2'0 29 28 27 26 25 24 23 22 2' 20 2 ' 5 214 213 212 2" 210 29 28 27 26 25 24 23 22 21 20 

WS59510 
Output Formats 

Two's Complemenl Fractional Output 

XTP MSP LSP 

/3433321 /31 3029282726252423222120191817161 115 14 13 12 11 10 9 8 7 6 5 4 3 2 1 01 

-24 23 22 2' 20 2-1 2-22-32-42-52-62-72-62-92-102-11 2-122-13 2-14 2-152-162-172-182-192-202-212-222-232-242-252-262-272-282-292-30 
(Sign) 

Two's Complement Integer Output 

XTP MSP LSP 

/3433321 131 30 29 28 27 26 25 24232221 20191817 161 115 14 13 12 11 10 9 8 7 6 5 4 3 2 01 

-234233232 231230229228227226225224223222221220219218217216 2'5 214 213 212 2" 2'0 29 28 27 26 25 24 23 22 21 20 
(Sign) 

Unsigned Fractional Output 

XTP MSP LSP 

13433321131302928272625242322212019181716111514131211 1098765432101 

222120 2-12-22-32-42-52-62-72-82-92-102-112-122-132-142-152_16 2-172-182-192-202-212-222-232-242-252-262-272-282_292_302-312-32 

XTP 

13433321 

Unsigned Integer Output 

MSP LSP 

131 30 29 28 27 26 25 24 232221 20191817161 115 14 13 12 11 10 9 8 7 6 5 4 3 2 01 

-234233232 23'23022922822722622522422322222'2202'92'82172'6 215 214 213 2'2 211 210 29 28 27 26 25 24 23 22 2' 20 
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SWITCHING CHARACTERISTICS Over Operating Range 

-30 -35 -40 -50 
PARAMETER SYMBOL UNITS 

MIN MAX MIN MAX MIN MAX MIN MAX 

Multiply Accumulate Time tMA 30 35 40 50 ns 

Setup Time (XIN,YIN,RND,TC,ACC,SUB) tS1 5 5 5 5 ns 

Setup Time (PREL,OEX,OEM,OEL) tS2 15 15 15 15 ns 

Hold time tH 2 2 2 2 ns 

Clock Pulse Width tpw 10 10 10 15 ns 

Output Clock to P tpDP 20 20 25 30 ns 

Output Clock to Y tpDY 20 20 25 30 ns 

OEX, OEM to P; High to Z tpHZ 20 20 25 30 ns 

OEL to Y (Disable Time) Low to Z tpLZ 20 20 25 30 ns 

OEX, OEM to P; Z to High tpZH 20 20 25 30 ns 

OEL to Y (Enable Time) Z to Low tpZL 20 20 25 30 ns 

Relative Hold Time tHCL 0 0 0 0 ns 

NOTE: Inputs are switching between 0 and 3V with rise and fall times of 1 Vlns and measurements made at 1.5V. All inputs have maximum 
DC load. 

TEST WAVEFORMS 

Test 

All tPD'S 

tPHZ 

tPLZ 

tPZH 

tPZL 

Setup and Hold Time 

Vx OUTPUT WAVEFORM - MEASUREMENT LEVEL 

VOH * 1.5V 
VCC 

VOL 

VOH J 
O.OV lrqO.5V 

O.OV 

0.5V?¥ 

2.6V 
2.6V 

VOL 

f 1.5V 
VOH 

O.OV 
O.OV 

2.6V 1: 1.5V 2.6V 
VOL 

Pulse Width 

-'~~-t=~~ ____ 1'5V 

Notes: 
1 Diagram shown for HIGH data only Output transition may be 

oPPosite sense 
2 Cross hatched area is don't care condition 
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WS59510 TIMING DIAGRAM 

CLKX 

CLKY --------"""'l 

CLKP -------------------------'1 
OUTPUT ~~~~~~7t~~~~7t~~~~~~~~7\."'~~7t~~~V_--------­
~Y~~~~~~~~~~~~~~~~~~~~~~~~~~~-------------

CLKP 

PREL 
OEX 

OEM ----...... ;iJ OEL 

PRELOAD TIMING DIAGRAM 

...... --IPW 

OUTPUT 

PINS-'~~~~~--------~~~~~~~~~~~~~~~~~~~~~~~ 

3-STATE 
CONTROL 

3-STATE 
OUTPUT 

(HIGH LEVEL) 

(LOW LEVEL) 

THREE-STATE TIMING DIAGRAM 

~ IpHZ- r-- IpzH _ 
(DISABLE) 

"'Ir VOH -O.5V 
(ENABLE), Ito 

(HIGH IMPEDANCE) 

, VOL +O.5V -' ~ 
I-- IPZL -

(DISABLE) ENABL E) 

VOH 
1.5V 
VOL 

VOH 
1.5V 

1.5V 
VOL 
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ACCUMULATOR FUNCTION 
TABLE 

SUB/ 
PREL ACC ADD P OPERATION 

L L X Q Load 

L H L Q Add 

L H H Q Subtract 

H X X PL Preload 

ORDERING INFORMATION 

SPEED PACKAGE 
PART NUMBER 

(n8) TYPE 

WS59510-30J 30 68 Pin PLOCC 
WS59510-35G 35 68 Pin Ceramic PGA 
WS59510-40G 40 68 Pin Ceramic PGA 
WS59510-40GMB 40 68 Pin Ceramic PGA 
WS59510-40J 40 68 Pin PLDCC 
WS59510-40P 40 64 Pin Plastic DIP, 0.9" 
WS59510-50G 50 68 Pin Ceramic PGA 
WS59510-50GMB 50 68 Pin Ceramic PGA 
WS59510-50J 50 68 Pin PLDCC 
WS59510-50P 50 64 Pin Plastic DIP, 0.9" 

PREWAD FUNCTION 

LEx/ LEM/ LEL/ Output Register 

PREL 0Ex OEM OEL XTP MSP LSP 

0 0 0 0 Q Q Q 
0 0 0 1 Q Q Z 
0 0 1 0 Q Z Q 
0 0 1 1 Q Z Z 
0 1 0 0 Z Q Q 
0 1 0 1 Z Q Z 
0 1 1 0 Z Z Q 
0 1 1 1 Z Z Z 
1 0 0 0 Z Z Z 
1 0 0 1 Z Z PL 
1 0 1 0 Z PL Z 
1 0 1 1 Z PL PL 
1 1 0 0 PL Z Z 
1 1 0 1 PL Z PL 
1 1 1 0 PL PL Z 
1 1 1 1 PL PL PL 

Z output buffers at High Impedance (disabled). 
Q output buffers at Low Impedance. Contents of output 

register available through output ports 
PL output disabled Preload data supplied to the output 

PinS will be loaded Into the output register at the rising 
edge of CLKp. 

PACKAGE 
OPERATING WSI 

TEMPERATURE MANUFACTURING 
DRAWING 

RANGE PROCEDURE 

J1 Comm'l Standard 
G1 Comm'l Standard 
G1 Comm'l Standard 
G1 Military MIL-STD-883C 
J1 Comm'l Standard 
P4 Comm'l Standard 
G1 Comm'l Standard 
G1 Military MIL-STD-883C 
J1 Comm'l Standard 
P4 Comm'l Standard 
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ii' i!-ii=_i!-ii.= = MVS59520lMVS59521 ---- ~ ~ ~ ------------------------------
WAFERSCALE INTEGRATION, INC. 

MULTILEVEL PIPELINE REGISTER 
KEY FEATURES 

• Four 8-Bit Registers 

• Contents of Each Register Available 
at Output 

• 24-Pin 300 Mil Package 

• Dual Two Stage or Single Four Stage 
Push Only Stack Operation 

• Hold, Transfer and Load Instructions 

• High Performance CMOS 

• TTL Compatible 

GENERAL DESCRIPTION 
The WS59520 and WS59521 are CMOS drop-in replacements for the bipolar AM29520 and AM29521 devices offered 
by Advanced Micro Devices. The high performance CMOS process with which these products are manufactured enables 
them to operate at bipolar speeds while consuming one tenth the power of the bipolar circuits. 

The WS59520/521 consists of four a-bit registers which can be configured as a single four level pipeline or two dual 
level pipelines. The architectural configuration is determined by the instruction inputs (10 and 11), 

Each of the four registers contents is available at the multiplexed output. The register to be used as the output register 
is determined by the control inputs (So and S1)' The output is a-bits wide and is enabled by the OE input. 

The WS59520 and WS59521 differ only in the dual two level stack mode of operation. 

FUNCTIONAL BLOCK DIAGRAM 

MUX 
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WS59520/521 

ABSOLUTE MAXIMUM RATINGS· 
Operating Temp (Comm'l) ....... 0 °C to + 70°C 

(Mil) ....... -55°Cto+125°C 
Storage Temp. (No bias) .... - 65°C to + 150°C 
Voltage on any pin with 
respect to GNO ............... - 0.6V to + 7V 
Latch Up Protection ................. >200 mA 
ESO Protection ..... . . . . . . . . . . . .. > ± 2000V 

PIN DESCRIPTION 
SIGNAL NAME 110 

0 0-07 I Data input port 

YO-Y7 0 Data output port 

* Notice: Stresses above those listed here may 
cause permanent damage to the device. This is a 
stress rating only and functional operation of the 
device at these or any other conditions above 
those indicated in the operational section of this 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods 
of time may effect device reliability. 

DESCRIPTION 

CLK I Data Latches on Low-to-High Transition 

10-11 

So, S1 

OE 

PIN CONFIGURATION 

(INSTRUCTION) 10 

(INSTRUCTION) I, 

Do 

0, 

O2 

0, 

D. 

0, 

0, 

0, 

elK 

GND 

WS5952D 
or 

WS59521 

REGISTER SELECT 

I 

I 

I 

Instruction inputs. Refer to Instruction Control Tables. 

Selects one of four registers to be read at the output port. 

Active Low, output enable. A high signal disables the output port. 

Vee 

So (MUX SELl 

S, (MUX SELl 

Yo 

Y, 

Y2 

Y, 

Y. 

Y, 

Y, 

Y, 

OE 

INSTRUCTION CONTROL 

11 10 WS59520 

~ 0 0 

A2 82 

[EJ ~ 0 1 

~ 82 

[jU 

WS59521 

W A2 82 

lliJ dJ 
@] ~ 

cfu [E] 
S1 SO WS59520 or WS59521 ~ 1 0 

~ 0 0 82 A2 @] [ill 
0 1 81 

1 0 A2 1 1 ALL REGISTERS HOLD ALL REGISTERS HOLD 
1 1 A1 

"'''.~ -----------------------------------~ .. -------------------------------------6-54 



WS59520/521 

DC CHARACTERISTICS Over Operating Range (See Notes) 

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS 

VOH Output High Voltage Vee = Min 
IOH = -6.5 rnA 2.4 

VIN = VIH or VIL 

VOL Output Low Voltage Vee = Min IOL = 20 rnA (Comm'l) 
0.5 V 

VIN = VIH or VIL IOL = 16 rnA (Military) 

VIH Input High Voltage Guaranteed Input High Voltage 2.0 

VIL Input Low Voltage Guaranteed Input Low Voltage 0.8 

Ilx Input Load Current Vee = Max, VIN = Gnd or Vee -10 10 

High Impedance ItA 
loz Output Current Vee = Max, Vo = Gnd or Vee -50 50 

Dynamic Power 0° to +70°C (Comm'l) 12 
Icc Vee = Max rnA 

Supply Current -55° to +125°C (Military) 15 

Static Power 0° to +70°C (Comm'l) 100 
Icc Supply Current 

Vee = Max 
-55° to +125°C (Military) 200 

J.1A 

NOTES: 1. Commercial: Vee = +5V ± 5%, TA = 0° to +700 C. 
2. Military: Vee = +5V ± 10%, TA = -55°C to +125°C. 
3. CL = 50 pF except for tDF where CL = 5 pF. 

SWITCHING CHARACTERISTICS Over Operating Range (See Notes) 

WS59520/wS59521 

PARAMETER DESCRIPTION COMMERCIAL MILITARY UNITS 

MIN MAX MIN MAX 

tpD Clock to Data Out 22 24 

tSEL Mux Select to Data Out 20 22 

ts Input (Datallnstr.) Set Up 10 10 

tH Input (Data/lnstr.) Hold 3 3 ns 

tDF Output Disable 15 16 

tOE Output Enable 21 22 

tPWH Clock Pulse Width High 10 10 

tPWL Clock Pulse Width Low 10 10 

TIMING DIAGRAM OUTPUT TIMING DIAGRAM 

I--- IPWH-=::J 

CLOCK _Is -f.IH. k::-IPWL~ OE 

i J INSTR ~ VALID 

DATA IN-"" 

_Is __ 
~IH. 

VALID 

_ISEL t----- OUTPUT 

IDF~ t= t-~ MUX SEL VALID 

!-olpD. 

DATA OUT VALID 

Inputs are switching between 0 and 3V with rise and fall times of 1 V/ns and measurements made at 1.5V, All outputs 
have maximum DC load. 
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ORDERING INFORMATION 

SPEED PACKAGE PACKAGE OPERATING WSI 
PART NUMBER 

(ns) TYPE DRAWING TEMPERATURE MANUFACTURING 
RANGE PROCEDURE 

WS59520S 22 24 Pin Plastic DIP, 0.3" S1 Comm'l Standard 
WS59520K 22 24 Pin CERDIp, 0.3" K1 Comm'l Standard 
WS59520KMB 24 24 Pin CERDIP, 0.3" K1 Military MIL-STD-883C 
WS59521S 22 24 Pin Plastic DIP, 0.3" S1 Comm'l Standard 
WS59521K 22 24 Pin CERDIp, 0.3" K1 Comm'l Standard 
WS59521KMB 24 24 Pin CERDIp, 0.3" K1 Military M IL-STO-883C 
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WAFERSCALE INTEGRATION, INC. 

CMOS/BI-DIRECTIONAL BUS INTERFACE REGISTERS 
KEY FEATURES 

• Two Banks of a x 16 Registers 

• Contents of Each Register Available 
at Output 

• Provides Temporary Address or Data 
Storage Between Two Processor Ports 
or Buses 

• Bi-Directional Buses Interface - Dual 
4-Deep or a-Deep Registers in Each 
Direction ' 

• Separate Control for Each Register Bank 
• Direct Processor Bus-to-Bus Interface 

• TTL Compatible 
• Replaces Eight WS59520's 

GENERAL DESCRIPTION 
The WS59820/WS59820B consists of two banks of registers, eight registers in each bank, each register 16 bits wide. 
A single bank can be configured as an eight level pipeline or two each four level pipelines. The architectural configuration 
is determined by the instruction inputs (10 and 11) for each register bank. 

Each of the eight registers in each bank is available at the multiplex output. The output register is determined by 
the control inputs (SO, 81, and S2) for each register bank. The multiplexed output is 16 bits wide and is enabled by 
the OEN signal. Each bank of registers has its own clock (elK), instruction inputs (10-1) and multiplex controls. 

The WS59820 and WS59820B differ only in pin assignments. The W859820B has additional Vee and ground pin 
assignments and is recommended for new designs. 

BLOCK DIAGRAM 

IA •. 1 

SAO,1,2 

CLKA--t--~ EIGHT 
A 

REGISTERS 

DBYA 
(15:0) 

DAYB 
(15:0) 

EIGHT 
B 

REGISTERS 

t---+-CLKB 

IB •• 1 

SB •• 1•2 
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DAYB (15:0) 

1 

2 ~~~ 
A r. INSTRUCTIO~ ~ 

lAo" r. A 

/ REGISTER MUX BYPASS 
CONTROL r. t 

SBo", 

CLKA~ r. 
j 

V 1 / 8:1 MUX 

+ t 
I HEX REG A7 I I HEX REG Bo I 

t 
t 

I HEX REG A • I r HEX REG B, -1 
.I. " t 

I HEX REG A. I I HEX REG B, I 
i 

t 

I HEX REG A. I I HEX REG B3 I 

• • t 
"- MUX / / MUX "\. 

+ • t 

I HEX REG A3 I I HEX REG B. 1 
• 6 

I HEX REG A, I r HEX REG B. I 
i 

t 

I HEX REG A, I I HEX REG B. I 
i 

t 
T 

I HEX REG Ao I I HEX REG B7 I 

• t 

S 
t 8:1 MUX / 2 

+ := ~ !NSTRUCTION 

AO,1,2 B lBo" 

BYPASS~ MUX / := REGISTER 
CONTROL 

~ 
~CLKB 

1 

OENA 

T 
DBYA (15:0) 
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SELECTION TABLE FOR 
REGISTER A OR B 

SX2 SX1 SXO 
REGISTER 
SELECTED 

0 0 0 REG 0 
0 0 1 REG 1 
0 1 0 REG 2 
0 1 1 REG 3 
1 0 0 REG 4 
1 0 1 REG 5 
1 1 0 REG 6 
1 1 1 REG 7 

x = Register A or B. 

MULTIPLEX CONTROL 

OENA OENB BYPASS 

0 0 1 

0 0 0 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 X 

PIN DESCRIPTION 

SIGNAL NAME 110 

IAO.IA1 I 

IBo.IB1 I 

SAo-SA2 I 

SBo-SB2 I 

OENA I 

OENB I 

ClKA I 

ClKB I 

DBYA 15:0 1/0 

DAYB 15:0 1/0 

BYPASS I 

WS59820/WS59820B 

REGISTER SHIFT OPTIONS FOR 
REGISTERS A OR B 

IX •• IX, = 0 

DATA 

SINGLE 
8-LEVEL 

x = Register A or B. 

IX •• IX, = 1 IX •• IX, = 2 

DATA 

DUAL 
4-LEVEL 

OPERATION 

DATA 

Pass Output of 8:1 Muxes to Outputs 

Not Allowed (Input is Preferred) 

IX •• IX, = 3 

NO LOAD 
OR 

SHIFTING 

Pass Input From DAYB (15:0) to Output DBYA (15:0) 

Pass Output From 8:1 Mux to Outputs DBYA (15:0) 

Pass Input From DBYA (15:0) to Output DAYB (15:0) 

Pass Output From 8:1 Mux to Outputs DAYB (15:0) 

Inhibit Outputs (High Impedance) 

DESCRIPTION 

Instruction Inputs for Register Bank A 

Instruction Inputs for Register Bank B 

Multiplex Select for Register Bank A 

Multiplex Select for Register Bank B 

Output Enable for Output Port DBYA 

Output Enable for Output Port DAYB 

Clock Input for Register Bank A 

Clock Input for Register Bank B 

Register Bank B Input Port, Register Bank A Output Port 

Register Bank A Input Port, Register Bank B Output Port 

BYPASS Control (Active lOW). See Table on Output Control 
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WS59820/WS59820B 

PACKAGE ORIENTATION (WS59820) 

68 PIN CPGA 
(Top Through Package View) 

7 8 9 10 11 

A ..... 0 
.+- -+- -~- -4--+-

0 
.+- - +- -t-

B -+- -.. - -+- -+- -.. - -+- -+- -+- -+- -+- -+~ 0 

C -... - -t- -;- --t-
D -+- ..... - 0 

-+- --;-

E ·t- -t- -"t- -+-

0 

F . ..,.. -+-- -+- -i-

G -+- -+- --t- -+-

0 

H -+- -+- -+- -+-

J -+- -... - --t- -t-o 0 

K -+- -... - -+- -t- -t- -t- .+- -+- --t- -+-

L -t- --t- .4.- --+.- .+- -+- -+- -t-o 0 

/ 

68 PIN PLDCC 
(Top Through Package View) 

1,1 II II I 1,1,1 " 'I I 1,1 I I I I " II II I 
1_ '-_ L_ I _ 1_ L_ L_ I _ I I '-_ I_\,._ L_ L_ L_ I _ 

98765432':68676665646362 
N~ ~~ro ~ 
N.C. -:~ 11 

DBVA3 -:":12 

DBVA, -:":13 

DBVA, -:..: 14 

DBVA. -:~ 15 

DBVA7 -:~16 

DBVA, -:..: 17 

DBVA. -:~18 

DBVA,. -:~19 

DBVA" -:":20 

DBVA'2 -:":21 

DBVA'3 -:~22 

DBVA" -:~23 

DBVA" -:..: 24 

N.C. -:":25 

N.C. :":26 
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 

q 
z 

0 0 

"-61 60r: 
59r: 
58~: 

57~: 

56r: 
5Sr: 
54~: 

53~: 

52r: 
51r: 
50~: 

49~: 

4Sr: 
47r: 
46r: 
45~: 

44r: 
43 

-j -, -', - I - I -, -, - I -, -., - I - I -., -., - I - I - I 
I II I I II I t ,I II I I II II II II II II II II II I 

N.C 

N.C 

DAYB" 

DAYB" 

DAYB'3 

DAYB" 

DAYB" 
DAVB,. 

DAVB. 

DAVB, 

DAVB7 

DAVB. 

DAVB, 

DAVB, 

DAVB3 

N.C. 

N.C. 
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WS59820/WS59820B THREE STATE TIMING 

3V 
3-STATE -; ~ .....:: 

~ 1.5V 
CONTROL 

OE 7slb~ - lo~.-=--
OV 

...:::::. 
(ENABLE) VOH 

I<- _ VoH -O.5V ---,10£- -1.5V 
3-STATE 
OUTPUT 

PORT 
'7 F- -VoH +O.5V --.::::. 

~ -1.5V 

-IDE.:-=:-- -IOE -
VOL 

(DISABLE) 

WS59820/WS59820B TIMING DIAGRAM 

IPWH 

~ CLOCK 
14- Is - IH .. IPWL 

INSTR X VALID 

·~IS -.IH .. 

DATA IN VALID 

tDye 

~ISEL 

MUX SEL VALID 

I pD i--
DATA OUT VALID 

t--- ISEL 
BYPASS 

tByP 

68 PIN CPGA PIN DESIGNATOR (WS59820) 

PIN SIGNAL PIN SIGNAL PIN SIGNAL PIN SIGNAL 
NAME NAME NAME NAME NAME NAME NAME NAME 

As IAI Bs BYPASS As DENA Bs DBYAo 

A4 DBYA1 B4 DBYA2 A3 GND B3 Not Used 

A2 Not Used Bl Not Used B2 Not Used C1 DBYA3 
C2 DBYA4 Dl DBYAs D2 DBYAs El DBYA7 

E2 DBYAa Fl DBYAg F2 DBYAlO G1 DBYA11 

G2 DBYA12 HI DBYA13 H2 DBYA14 J1 DBYA1S 

J2 Not Used Kl Not Used L2 Not Used K2 Not Used 

L3 Vee K3 CLKB L4 SBo K4 SB1 

Ls SB2 Ks IBo Ls IBI Ks GND 

L7 DENB K7 DAYBo La DAYB1 Ka DAYB2 

Lg GND Kg Not Used LlO Not Used Kll Not Used 

KlO Not Used J11 DAYB3 JlO DAYB4 Hll DAYBs 

H10 DAYBs Gil DAYB7 GlO DAYBa Fll DAYBg 

Flo DAYBlO Ell DAYB11 ElO DAYB12 Dll DAYB13 

D10 DAYB14 C11 DAYB1S ClO Not Used Bll Not Used 

AlO Not Used BlO Not Used Ag Vee Bg CLKA 

Aa SAo Ba SAl A7 SA2 B7 lAo 
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ABSOWTE MAXIMUM RATINGS* 
Operating Temp. (Comm'I) ........ O°C to +70°C 

(Mil) ........ -55°C to + 125°C 
Storage Temp. (No Bias) ....... -65°C to +150oC 
Voltage on any pin with 

respect to GND ............... -0.6V to +7V 
Latch Up Protection ................. > 200 rnA 

*Notice: Stresses above those listed here may cause 
permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or 
any other conditions above those indicated in the 
operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for 
extended periods of time may affect device reliability. 

ESD Protection ..................... > ±2000V 

DC CHARACTERISTICS Over Operating Range (See Notes) 

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS 

VOH Output High Voltage Vce = Min. 
IOH = -6.5 rnA 2.4 

VIN = VIH or VIL 

IOL = 20 rnA Comm'l 
V 

VOL Output Low Voltage Vee = Min. 0.5 
VIN = VIH or VIL IOL = 16 rnA Mil 

VIH Input High Voltage Guaranteed Input High Voltage 2.0 
V 

VIL Input Low Voltage Guaranteed Input Low Voltage 0.8 

IIX Input Load Current Vee = Max, VIN = GND or Vee -10 10 

loz 
High Impedance !IA 
Output Current Vee = Max, Vo = GND or Vee -50 50 

Icc Power Supply Current Vee = Max 
I cac to +70oC (Comm'l) 12 

rnA 
I -55°C to +125°C (Mil) 15 

NOTES: 1) Commercial: Vee = +5V ± 5%, TA = O·C to 7O·C. 3) CL = 50 pF except for tOF where CL = 5 pF. 
2) Military: Vee = +5V ± 10GAl, TA = -55°C to +125·C. 

SWITCHING CHARACTERISTICS Over Operating Range (See Notes) 

VVS59820nNS59820B 

PARAMETER DESCRIPTION COMMERCIAL MILITARY UNITS 

MIN MAX MIN MAX 

tpD Clock to Data Out 20 22 

tSEL Mux Select to Data Out 20 22 

ts Input (DataJlnstr.) Set Up 6 6 

tH Input (DataJlnstr.) Hold 5 5 

tOF Output Disable 7 15 16 ns 

tOE Output Enable 7 18 22 

tPWH Clock Pulse Width High 10 12 

tPWL Clock Pulse Width Low 11 12 

teyp Bypass to Data Out 17 20 

Data Via BYPASS 
toye (Data In to Data Out When 13 16 

BYPASS is Active' Low) 

NOTE: Inputs are switching between 0 and :N with rise and fall times of 1 Vlns and measurements made at 1.5V. All outputs have 
maximum DC load. 
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68 PIN CPGA PIN DESIGNATOR (WS59820B) 

PIN SIGNAL PIN SIGNAL PIN SIGNAL PIN SIGNAL 
NAME NAME NAME NAME NAME NAME NAME NAME 

A6 IA1 B6 BYPASS A5 OENA B5 DBYAo 

A4 DBYA1 B4 DBYA2 A3 GND B3 GND 

A2 Not Used B1 GND B2 GND C1 DBYA3 

C2 DBYA4 D1 DBYA5 D2 DBYA6 E1 DBYA7 

E2 DBYAa F1 DBYAg F2 DBYAlO G1 DBYA11 

G2 DBYA12 H1 DBYA13 H2 DBYA14 J1 DBYA15 

J2 Vee K1 Vee L2 Not Used K2 Vee 
l3 Vee K3 ClKB l4 SBo K4 SB1 

l5 SB2 K5 IBo L6 IB1 K6 GND 

l7 OENB K7 DAYBo La DAYB1 Ka DAYB2 

19 GND Kg GND l10 Not Used K11 GND 

KlO GND J 11 DAYB3 J 10 DAYB4 H11 DAYB5 

HlO DAYB6 G11 DAYB7 GlO DAYBa F11 DAYBg 

F10 DAYBlO E11 DAYB11 ElO DAYB12 D11 DAYB13 

DlO DAYB14 C11 DAYB15 ClO Vee B11 Vee 
AlO Not Used B10 Vee Ag Vee Bg CLKA 

Aa SAo Ba SA1 A7 SA2 B7 lAo 
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PACKAGE ORIENTATION (W559820B) 
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68 PIN CPGA 
(Top Through Package View) 
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ORDERING INFORMATION 

SPEED PACKAGE PACKAGE 
OPERATING WSI 

PART NUMBER 
(ns) TYPE DRAWING 

TEMPERATURE MANUFACTURING 
RANGE PROCEDURE 

WS59820J 23 68 Pin PLOCC J1 Comm'l Standard 
WS59820G 23 68 Pin Ceramic PGA G1 Comm'l Standard 
WS59820GMB 25 68 Pin Ceramic PGA G1 Military MIL-STO-883C 
WS59820BJ 23 68 Pin PLOCC J1 Comm'l Standard 
WS59820BG 23 68 Pin Ceramic PGA G1 Comm'l Standard 
WS59820GMB 25 68 Pin Ceramic PGA G1 Military MIL-STO-883C 

------------------------~Jr;------------------------
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MILITARY PRODUCTS 
WAFERSCALE INTEGRATION, INC. 

Waferscale Integration, Inc. (WSI) is committed to supplying products that meet the demands of the Military/Hi-Reliability 
marketplace. WSI's very high performance CMOS EPROM (with its patented Split-Gate design) and Logic technology 
offers an intrinsic reliability that, when coupled with Military screening and testing, produces an extremely enhanced 
and reliable product. All WSI products can be procured fully compliant to Paragraph 1.2.1 of MIL-STD-883C. 

The WSI Quality Assurance Program has been designed and implemented to maintain the high standards needed 
to repeatedly produce these products. The cohesiveness of the Program is accomplished through a comprehensive 
Document Control system that assures the repeatability of the process. 

State-of-the-art equipment and techniques are being used extensively throughout Design, Wafer Fabrication, Assembly, 
Screening and Testing (Method S004), and Quality Conformance Inspections (Method SOOS) to produce the highest 
yields possible with their associated reliability enhancement. 

The tables below describe the program in detail. Worthy of notation is the fact that WSI UV EPROMs are subjected 
to a 100% data retention test in wafer form (72 hours at 22S°C). This wafer data retention test, with its high activation 
temperature, assures that data retention problems are reduced and virtually eliminated. 

TABLE I. 100% SCREENING TO METHOD 5004 
All product is subjected to the following 100% screening flow. Screening test methods are in 
accordance with MIL-STD-883, Method S004. (Latest issues in effect.) 

SCREEN TEST METHOD/CONDITION 
QUALITY 

LEVEL 

Data Retention (EPROMs Only) 72 Hours at 22SoC 100% 

Visual and Mechanical 5004 
Internal Visual 2010/Condition B 100% 
Temperature Cycle 1010/Condition C 100% 
Constant Acceleration 2001/Condition D or E (Y1 Axis) 100% 
Hermeticity 1014 

Fine Condition A or B 100% 
Gross Condition C 100% 

External Visual 2009 100% 

Burn-In 5004 
Pre-Burn-In Electrical Per Applicable WSI Device Specifications or 100% 

Military Drawing. T A = +2SoC. 
Burn-In 101S/Condition D, TA = +12SoC Minimum 100% 

Final Electrical Tests (See Note 1) 5004 
Static (DC) a) TA = +2SoC, +12SoC, and -SsoC 100% 
Functional b) Power Supply Extremes 100% 
Switching (AC) 

Percent Defective Allowable (PDA) 5004 S% 
Paragraph 3.S.1 

Quality Conformance Inspection 5005 
Sample Selection See Tables II Through V Sample 

External Visual 2009 100% 

NOTE: 1. Per applicable WSI device speCification or Military Drawing. 
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Military Products 

TABLE II. GROUP A QUALITY CONFORMANCE INSPECTION 
Group A Inspection is performed on each inspection lot per MIL-STD-883, Method 5005, Table I. 

TEST (See Note 1) 

Subgroup 1 
Static Tests at T A = +25°C 

Subgroup 2 
Static Tests at Maximum Rated Operating Temperature 

Subgroup 3 
Static Tests at Minimum Rated Operating Temperature 

Subgroup 4 (See Note 2) 
Dynamic Tests at T A = +25°C 

Subgroup 5 (See Note 2) 
Dynamic Tests at Maximum Rated Operating Temperature 

Subgroup 6 (See Note 2) 
Dynamic Tests at Minimum Rated Operating Temperature 

Subgroup 7 
Functional Tests at T A = +25°C 

Subgroup 8 
Functional Tests at Maximum and Minimum Rated Operating Temperatures 

Subgroup 9 
Switching Tests at T A = +25°C 

Subgroup 10 
Switching Tests at Maximum Rated Operating Temperature 

Subgroup 11 
Switching Tests at Minimum Rated Operating Temperature 

NOTES: 1. Per applicable WSI device specification or Military Drawing. 
2. Subgroups 4, 5, and 6 are not applicable to WSI products. 

MAXIMUM 
LTPD SAMPLE ACCEPT 

SIZE NUMBER 

2 116 0 

2 116 0 

2 116 0 

2 116 0 

2 116 0 

2 116 0 

2 116 0 

2 116 0 

2 116 0 

2 116 0 

2 116 0 

-------------------------------------~-.~~ ~aJ~:--------------------------------------
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Military Products 

TABLE III. GROUP B QUALITY CONFORMANCE INSPECTION 
Group B quality conformance tests are performed on each inspection lot in accordance with 
MIL-STD-883, Method 5005, Table lib. 

TEST 
QUALITY LEVEll 

TEST 
METHOD 

TEST CONDITIONS MAXIMUM ACCEPT 
NUMBER 

Subgroup 2 
Resistance to Solvents 2015 4 Chemical Solutions 4 Devices (No 

Failures) 

Subgroup 3 
Solderability 2403 Soldering Temperature of LTPD 10/Accept = 2 

+245°C ± 5°C 38 Leads From 3 
Devices Minimum 

Subgroup 5 
Bond Strength 2011 Condition C or D LTPD 15/Accept = 1 

Ultrasonic or Wedge 34 Bonds From 4 
Devices Minimum 

Subgroup 8 
Electrostatic Discharge 3015 Unless Otherwise Specified, This Test LTPD 15/Accept = 0 
Sensitivity Classification Will be Performed for Initial Qualifi-

cation of New Product or Redesign. 

TABLE IV. GROUP C QUALITY CONFORMANCE INSPECTION 
Group C quality conformance tests are performed on inspection lots every 52 weeks in accordance 
with MIL-STD-883, Method 5005, Table III. 

TEST 
QUALITY LEVELl 

TEST 
METHOD 

TEST CONDITIONS MAXIMUM ACCEPT 
NUMBER 

Subgroup 1 
Steady-State Life Test 1005 Condition D, 1000 Hours at T A = 125°C LTPD 5/Accept = 2 

or Equivalent 
End-Point Electrical Per WSI Specification or Military Drawing 

•• lIIIr SF~ 
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Military Products 

TABLE V. GROUP D QUALITY CONFORMANCE INSPECTION 
Group D quality conformance tests are performed on inspection lots every 52 weeks in accordance 
with MIL-STD-883, Method 5005, Table IV. 

TEST 
QUALITY LEVELl 

TEST 
METHOD 

TEST CONDITIONS MAXIMUM ACCEPT 
NUMBER 

Subgroup 1 
Physical Dimensions 2016 Per WSI Outline Drawing and LTPD 15/Accept = 2 

Appendix C of MIL-M-38510 

Subgroup 2 
Lead Integrity 2004 or Test Condition B2 (Lead Fatigue) or D LTPD 15/Accept = 2 

2028 
Hermeticity, Fine and Gross 1014 Condition A or Band C 

Subgroup 3 
Thermal Shock 1011 Condition B Minimum 
Temperature Cycling 1010 Condition C Minimum 
Moisture Resistance 1004 LTPD 15/Accept = 2 
Hermeticity, Fine and Gross 1014 Condition A or Band C 
Visual Examination 1004, 

1010 
End-Point Electrical Parameters Per WSI Specification or Military 

Drawing 

Subgroup 4 
Mechanical Shock 2002 Condition B Minimum 
Vibration, Variable Frequency 2007 Condition A Minimum 
Constant Acceleration 2001 Condition D or E LTPD 15/Accept = 2 
Hermeticity, Fine and Gross 1014 Condition A or Band C 
Visual Examination 2009 
End-Point Electrical Parameters Per WSI Specification or Military 

Drawing 

Subgroup 5 
Salt Atmosphere 1009 Condition A Minimum 
Hermeticity, Fine and Gross 1014 Condition A or Band C LTPD 15/Accept = 2 
Visual Examination 1009 

Subgroup 6 
Internal Water Vapor 1018 5,000 ppm Maximum Water Content 3 Devices, 0 Failures 

at 100°C or 5 Devices, 1 Failure 

Subgroup 7 
Adhesion of Lead Finish 2025 LTPD 15/Accept = 2 

Subgroup 8 
Lid Torque 2024 As Applicable to Glass-Frit Packages LTPD 15/Accept = 0 
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Military Products 

WSI'S SMD PRODUCTS 
WSI supports the Standardized Military Drawings (SMD) program sponsored by the Defense Electronics Supply Center 
(DESC), Dayton, Ohio 45444-5277, and has submitted Certificates of Compliance for the following products: 

ESTIMATED DESC 
SMD NO. WSI PART NO. PUBLICATION DATE 

85102 WS27C64F/WS27C64L1WS57C64F Available Now 
5962-86063 WS27C256F/WS27C256L1WS57C256F Available Now 
5962-87515 WS57C49B Available Now 
5962-87529 WS57C45 Available Now 
5962-87614 WS27C010L Available Now 
5962-87648 WS27C512L Available Now 
5962-87650 WS57C191 B/WS57C291 B Available Now 
5962-87661 WS27C128F/WS27C128L1WS57C128F Available Now 
5962-87708 WS591 0 Available Now 
5962-88733 WS59510 Available Now 
5962-88734 WS57C191B/WS57C291B OTP Available Now 
5962-87735 WS57C45 OTP Available Now 
5962-88736 WS59520 04, 1989 
5962-88535 WS5901 Available Now 
5962-89538 WS57C51B 04, 1989 
5962-86805 WS27C210L 04, 1989 

Copies of the SMD may be obtained by calling DESC at Tel. 513-296-6095. Any of the above products can also be 
obtained compliant to MIL-STD-883C. 

WSI'S MIL-STD-883C COMPLIANT PRODUCTS 
When Standardized Military Drawings are not yet available for new products offered by WSI, military versions of these 
products may be obtained compliant to MIL·STD·883C: 

FASTEST 
MILITARY SPEED 

WS27C010L 128K x 8 CMOS EPROM 150 ns 
WS27C040L 512K x 8 CMOS EPROM 150 ns 
WS27C210L 64K x 16 CMOS EPROM 120 ns 
WS27C512F 64K x 8 CMOS EPROM 90 ns 
WS57C43B 4K x 8 CMOS PROM/RPROM 30 ns 
WS57C51B 16K x 8 CMOS PROM/RPROM 35 ns 
WS57C65 4K x 16 CMOS EPROM 70 ns 
WS57C256F 32K x 8 CMOS EPROM 55 ns 
WS57C257 16K x 16 CMOS EPROM 55 ns 
WS59016 16-Bit CMOS Bit Slice Processor 27 MHz 
WS59032 32-Bit CMOS Bit Slice Processor 29 MHz 
WS59520/21 CMOS Pipeline Register 24 ns 
WS59820 CMOS Bi-Directional Register 22 ns 
MAP168 User-Configurable Peripheral with Memory 45 ns 
PAC1000 User-Configurable 16-Bit Microcontroller 16 MHz 
SAM448 User-Configurable Microsequencer 20 MHz 
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QUALITY STATEMENT 

WaferScale Integration, Inc. is committed to 
producing and delivering defect-free products 
and services that meet or exceed the specified 
requirements. We are dedicated to a system of 
defect prevention and an attitude of zero defects 
through management example. 

The management of WaferScale Integration, 
Inc. pledges this to you ... our CUSTOMER. 

8-1 
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QUALITY & RELIABILITY PROGRAM 
INTRODUCTION 
The Quality & Reliability (Q & R) Program at WSI is intended to comply with the latest requirements of: MIL-I-45208, 
"Inspection System Requirements;" MIL-Q-9858, "Quality Program Requirements;" and Appendix A of MIL-M-38510, 
"Quality Assurance Program." 

The task of the Q & R Program is to assure that all delivered products conform to the requirements of each order 
placed with the company and to drive the quality and reliability improvement process to optimize product performance 
and market acceptance. 

In order to support the above, WSI has organized its Q & R Department into four main sections: 

1.0 Quality Control (QC) - The main functions of QC are: 
1.1 QC Engineering - To provide the Quality Control function and the manufacturing function with technical 

support. 

1.2 Materials Quality Control - Assures that all raw materials used in the manufacture of the final product 
meet WSI specified requirements. 

1.3 Process Quality Control - Assures that all WSI manufacturing processes are within their specified control 
limits and that in-process product maintains the highest quality level. 

2.0 Quality Assurance (QA) - The main functions of QA are: 
2.1 QA Engineering - To provide a factory interface for customers on all field returns and corrective action 

requests; to provide technical assistance to other QA functions and engineering functions in matters of 
product quality. 

2.2 QA Inspection - To assure that the final product meets the internal product specifications, applicable 
customer specifications, and/or other contractual requirements. 

2.3 Calibration - To provide a function that assures all equipment used to test or accept product is properly 
calibrated at set intervals to assure product quality. 

3.0 Reliability - The main functions of Reliability are: 
3.1 Reliability Engineering (RE) - To assure that all manufactured products reflect the highest reliability stan­

dards and to measure this with in-house programs to compare against these standards; to provide technical 
assistance to other engineering functions in matters of product reliability; to prepare and execute Qualifica­
tion plans for new or revised designs, packages and processes. 

3.2 Reliability Test Lab - To provide suitable step/stress facilities in-house, or at an appropriate vendor, for 
the purpose of conducting qualifications or quality conformance inspections. 

3.3 Failure Analysis Lab - To provide and maintain a Failure Analysis function in-house, or at an appropriate 
vendor, for the purpose of investigating the cause(s) of failure(s) and for their systematic elimination from 
the product. 

4.0 Configuration Control - The main functions are: 
4.1 Document Control- To provide an organized, systematic function for originating, changing and distributing 

internal specifications and drawings; to provide for the prompt notification of changes to customers with 
Change Notification ReqUirements. 

4.2 Audits - To provide a system for periodically checking WSI's and vendor's quality programs for compliance 
with stated policies, procedures and contractual requirements. 

4.3 Specification Review and Writing - To provide a function for reviewing customer documentation and con­
verting those requirements to in-house requirements. 

5.0 For detailed coverage of WSl's total Q & R System, write or call for our "Quality & 
Reliability Policy Manual." 
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QUALITY 
What Is Quality? 
Quality is something we all strive for, but seem at a loss to define simply. At WSI we have chosen to adopt Phil 
Crosby's definition because it is the simplest and to-the-point. 

Quality is: "Conformance to the requirements." 
Quality is not relegated only to the state of the product. It encompasses all administrative areas also. At WSI we strive 
for zero defects and our programs are geared to attain this. 

Product Flows 
WSI offers five standard product flows which are shown below: 

1.0 Flows 
883 Mil:remp Standard Standard Standard Class B 

2.0 Packages Hermetic Hermetic Hermetic Hermetic Plastic 

3.0 Operating Temperature Range 
Military Industrial Commercial 

-SsoC to + 12SoC -40°C to +8SoC OOC to +70°C 

SCREENS & MIL-STD-883 METHOD/CONDITION 
883 MIL-TEMP STANDARD STANDARD STANDARD 

INSPECTIONS OR WSI REQUIREMENT 

Preseal M2010/Condition B 100% N/A N/A N/A N/A 
4.0 

Inspection WSI Requirement N/A 100% 100% 100% 100% 

6.0 
Temperature M1010/Condition C 

100% N/A N/A N/A N/A 
Cycle 10 Cycles, -6SoC to + 1S0°C 

7.0 
Constant M2001/Condition D or E 

100% N/A N/A N/A N/A 
Acceleration Y1 :20K Gs or 30K Gs 

8.0 Hermeticity 
8.1 Fine Leak M1014/Condition A or B 100% 100% 100% 100% N/A 
8.2 Gross Leak M1014/Condition C 100% 100% 100% 100% N/A 

9.0 
Data Retention 

Wafers - 72 Hours at 22SoC 100% 100% 100% 100% 100% 
(EPROMs only) 

10.0 
Pre Burn-In 

Per Applicable Data Sheet 100% 100% 100% 100% N/A Electricals 

M101S/Condition A or D 
11.0 Burn-In 160 Hours at +12SoC or 100% Note 1 Note 1 Note 1 N/A 

Equivalent 

12.0 
Post Burn-In 

Per Applicable Data Sheet 100% 100% 100% 100% N/A 
Electricals 

13.0 
% Defective 

MS004, Paragraph 3.S.1 S% N/A N/A N/A N/A 
Allowable 

14.0 
Final 

Per Applicable Data Sheet 100% 100% 100% 100% 100% 
Electricals 

1S.0 
Quality 

QCI per MSOOS/Group A Sample Sample Sample Sample Sample 
Conformance 

External * M2009 100% N/A N/A N/A N/A 
16.0 

Visual WSI Requirement N/A 100% 100% 100% 100% 

17.0 
Quality QCI per MSOOSI Sample N/A N/A N/A N/A Conformance Group B, C and 0 

18.0 Shipping 
Every Shipment 100% 100% 100% 100% 100% Inspection 

* WSI ships visual and mechanical criteria to a 0.1% AQL. Note: 1. 6-21 hours at 150·C depending on product family. 
Consult factory for details. 
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RELIABILITY 
INTRODUCTION 
WSI is committed to serving its customers with the most 
reliable products available. From the onset, products are 
designed, manufactured and tested to rigorous WSI 
standards which culminate in devices that are better in 
both performance and reliability. 

RELIABILITY GOALS 
The failure rate for any integrated circuit has been 
classically described as having a "bathtub" curve (see 
Figure 1). The "bathtub" curve shows three main stages 
of a product's life: 1) A very high failure rate in the begin­
ning, known as the infant mortality period, which normally 
represent the first 300 hours in a system. 2) A constant 
failure rate period, with relatively few failures, known as 
the intrinsic failure rate or useful life. This period 
represents the next 20 years or more of operation. 3) 
Eventually, the devices enter the wearout region where 
failures begin to occur very rapidly again. The mean time 
to failure for wearout is >20 years. 

WEAR OUT 
INTRINSIC 

TIME 

Figure 1 - Bathtub Curve 

WSI has established the following Reliability Goals at 
TA = 55°C: 

• Infant Mortality 
• Intrinsic Failure 

Rate 
• Wear Out 

0-300 Hours ';;0.1% 
300 Hours- ';;100 FITs 
20 Years 

MTTF >20 Years 

In order to meet the infant mortality goal of 0.1%, an ap­
propriate burn-in screen may be implemented. Data col­
lected on 10,000 EPROMs, from various wafer fab runs, 
showed the failure rate to be 0.23% during the first six 
hours of burn-in which then dropped to 0.02% over the 
next 21 hours. This demonstrated that a proper burn-in 
(150°C, 6.5V) for six hours was sufficient to lower the 
failure rate to less than 0.1%. This screen is revisited 
on a periodic basis to determine whether or not it is 
continuing to meet the stated goal. Similar data is col­
lected when a new process is released to production. 

RELIABILITY PREDICTION 
The life expectancy of an integrated circuit can be ac­
celerated by both temperature and voltage. At WSI, both 
are used extensively in assessing product reliability. 

Temperature 
For many years, temperature had been known to be an 

accelerator of various types of failure mechanisms. By 
increasing the temperature, it was observed that the 
devices took less time to fail. By elevating the tem­
perature, long term reliability data can be collected in a 
relatively short time. Failure rate calculations are based 
upon data collected from accelerated life testing. 

The temperature dependence on accelerating failures 
has been shown to be exponential. The acceleration 
factor between two temperatures can be calculated by 
using the Arrhenius equation: 

A = Exp Ea (~ _ ~) 
k T1 T2 

T1 = Application Junction Temperature 
T 2 = Accelerated Stress Junction Temperature 
k = 8.62 X 10-5 eV/oK 
Ea = Thermal Activation Energy 

Each failure mechanism is accelerated differently by 
temperature. The thermal activation energy is a constant 
which adjusts for the temperature dependence for the 

, various failure mechanisms. The following activation 
energies are used for each failure mechanism: 

Failure Mechanism Activation Energy (Ea) 

Oxide Defects 0.3 eV 

Masking Defects 0.5 eV 

Assembly Defects 0.5 eV 

Bulk Silicon Defects 0.5 eV 

Electromigration 0.5-0.9 eV 

Charge Loss 0.6 eV 

Contamination 1.0 eV 

Voltage 
Oxide defects are more highly accelerated by voltage 
than by temperature (note the low activation energy for 
oxide defects). To obtain a higher acceleration for oxide 
defects during a IifeteSl, the supply voltage is increased 
by 6.5 volts when possible. By increasing the supply 
voltage, an additional acceleration of 55x is obtained for 
oxide defects. 
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FAIWRE RATE CALCULATIONS 
Failure rate calculations are based on a summary of the 
life test results. Typically, the failure rate is calculated for 
a family of devices manufactured on a given process. To 
calculate a failure rate, the acceleration factor for each 
activation energy must be calculated between the 
accelerated stress temperature and the application 
temperature. Junction temperatures are used rather than 
ambient temperatures. The junction temperature is the 
temperature at the die surface due to the heat generated 
by the device itself. The junction temperature is the 
product of the power dissipation multiplied by the thermal 
resistance of the package and is then added to the 
ambient temperature. 

TJ = TA + (9JA>(P); where P = (lcd(Vcd 

The next step is to calculate the number of accelerated 
device hours from the lifetest data. The number of device 
hours is the product of the sample size multiplied by the 
hours of the lifetest. The equivalent device hours for each 
activation energy is calculated by multiplying the device 
hours by the acceleration factor. The failure rate for each 
activation energy is computed by dividing the total 
number of failures with the same activation energy by 
the equivalent device hours. Typically a 60% confidence 
level is used for calculating failure rates. The total failure 
rate is the summation of all the failure rates for each ac­
tivation energy. The failure rate is expressed in FITs which 
is the number of failures per 109 device hours: 

F(Ea, 60% UCL) 
Failure Rate = L x 109 FITs 

A(Ea' T1, T2) x 0 

F(Ea, 60% UCL) = 1.049 (Failures with same EJ + 1.0305 
A(Ea , T1, T2) = Acceleration Factor 
o = Device Hours 

RELIABILITY DATA SUMMARY 
The Reliability Data Summary is a quarterly publication 
which presents all WSI reliability data and is available 
to WSI customers. The data is presented with the test 
results at each timepoint with accompanying failure 
analysis where applicable. In this manner, the customer 
can compute the failure rate for his own application. For 
convenience, the failure rates have been computed to 
55°C using the previous method discussed. 

Current life test results show a failure rate of 63 FITs at 
55°C on EPROMs with a density of 64K and higher. This 
data was computed from approximately 9 million device 
hours. The failure rate for Bit Slice products was approx­
imately 106 FITs after 2 million device hours. 

PRODUCT RELIABILITY 
ElectroStatic Discharge Sensitivity (ESDS) 
WSI products are tested for ESOS in accordance with 
Method 3015 of MIL-STO-883. Typical inputs fail around 
5,000 volts and outputs fail in the range of 3,000 to 5,000 

volts. Testing is performed on new products or when 
changes occur that can influence the ESOS of a device 
(Le., redesign, new process, etc.). 

Latch-Up 
Latch-up is a condition that occurs due to excessive cur­
rent (spikes) in the circuit periphery and creates a large 
potential that triggers a parasitic SCR inherent to all 
CMOS processes. Latch-up can be destructive to the 
device. To reduce latch-up, WSI employs an epitaxial 
layer above a low resistivity substrate. This diverts the 
current to the substrate, away from the active circuitry, 
reducing the lateral potential which triggers the latch-up. 
WSI products are tested for latch-up between -1.0 and 
+7.0 volts with currents up to 200 mA forced on any 
one pin. 

Qualifications 
All new processes, major process changes, or new 
design rules must pass a reliability qualification. One to 
three lots are used depending on the reliability risk 
involved. Qualification requires a minimum 1000-hour life 
test at 125°C. EPROMs are stressed dynamically at 
150°C with an overvoltage condition of 6.5 volts. (The 
overvoltage accelerates oxide defects an additional 55x.) 
Qualifications place heavy emphasis on the first 48 hours 
(infant mortality) of the life test. Larger sample sizes are 
used initially with the number decreasing as the qualifica­
tion progresses. If other reliability stresses are to be used 
in the qualification, those units will receive a 48-hour 
burn-in prior to starting those stresses in order to 
eliminate any unrelated failures. 

Logic and EPROM products run on the same fab pro­
cess with the Logic products lacking the steps for the 
EPROM products. The peripheral circuitry of the 
EPROM, decoders, 1I0s, etc., have the identical deSign 
rules as the Logic products. Every reliability evaluation 
on an EPROM product also evaluates the Logic product 
line. Testing and failure analysis is easier on an EPROM. 
Because of the large availability of EPROM burn-in 
boards, larger sample sizes can be used. Also, the 
straightforward operation of an EPROM allows 100% 
dynamic stressing during burn-in at a higher temperature 
and Voltage. 

EPROMs are subjected to special qualification re­
quirements to study the data retention characteristics.of 
the EPROM cell. These devices are programmed With 
a 100% zero pattern and then baked at 150°C, 200°C, 
and 250°C for 1000 hours. These tests are performed to 
insure that WSI reliability goals have been met. 

Other tests include Temperature Cycle from -65°C to 
+150°C for 1000 cycles. In addition, plastic packaged 
products must pass 1000 hours of Temperature Humidity 
Bias at 85°C and 85% relative humidity or 100 hours of 
HAST (High Accelerated Stress Test) at 120°C and 85% 
relative humidity, and 168 hours of Pressure Pot at 15 
PSIG. 
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EPROMs 
Because of the floating gate storage cell, EPROMs have 
unique reliability considerations. Data retention is related 
to the ability to store a charge on the floating gate of the 
EPROM cell. Charge loss can shift the threshold of the 
EPROM cell from a programmed state to an unpro­
grammed state, i.e., from a logical 0 to a 1. Charge loss 
is the result of defects in the oxide surrounding the 
floating gate. These defects occur during wafer process­
ing and generally affect a single bit in the array. It has 
been shown that defective bits of this type lose their 
charge very rapidly with high temperature. For this 
reason, they can be effectively screened out with a high 
temperature bake. 

EPROM Screening 
Data retention screening is performed on all EPROM 
products. Screening is at the wafer level so that higher 
temperatures can be used without the fear of affecting 
the solderability of a packaged unit. The screen consists 
of programming each device 100% and then baking the 
wafers for 72 hours at 225°C. After the bake, the 100% 
pattern is verified. This screen is equivalent to 11.5 years 
of continuous operation at 55°C. 

Charge can also flow electrically to the floating gate. 
Charge gain is charge transfer from either the word line 
or the bit line to the floating gate such that an unpro­
grammed device becomes programmed. To date, charge 
gain has not been observed on any WSI EPROM. 

EPROM Programming 
Electrical charge loss is the major cause for program­
ming failure. Program Disturb is charge transfer from the 
floating gate to the bit line. This charge loss mechanism 
occurs during programming due to the high electrical 
fields present. Failure occurs when an already pro­
grammed cell loses charge as other cells, with the same 
bit line, are being programmed. This failure mechanism 
is the result of oxide defects at the edge of the floating 
gate. 

DC Erase is electrical charge loss to the word line. DC 
Erase is the result of defects in the oxide between the 
floating gate and the word line above. Like Program 
Disturb, DC Erase occurs during programming when an 
already programmed cell losses charge as adjacent cells 
on the same word line are programmed. 

The WSI split gate EPROM has matured to the point that 
programmability by the customer can be >99.9%. 
Product Assurance data collected on over 5000 units 
showed programmability to be 99.98%. The most recent 
Program/Erase cycling data had no fails out to 100 cycles. 
By focusing on eliminating Program Disturb and DC 
Erase, the threshold of a programmed EPROM cell is 
consistently well above 7.0 volts and typically above 
8.0 volts. This provides additional operating margin 
and reliability. 

---------~-----.- -

Quality and Reliability 

Split Gate vs. Traditional EPROMs 
The patented WSI split gate EPROM (Patent Numbers 
4,328,565; 4,361,847; 4,409,723; 4,639,893; 4,795,719; 
4,649,520; 4,758,869) has several inherent advantages 
over the traditional stacked gate EPROM. One major 
advantage is better control over the etching of the floating 
gate during wafer processing. With the traditional stacked 
gate EPROM, a self-aligning process is used to define 
the floating gate. That is, a layer of poly is first deposited 
for the floating gate, followed by an oxide layer, and finally 
another poly layer for the control gate. To define and etch 
the floating gate, the control gate poly and poly-poly oxide 
are first etched and are used as the mask to define the 
floating gate. This means that the etching of the control 
gate and the poly-poly oxide must be very well controlled 
in order to achieve good definition of the floating gate. 
For the WSI split gate EPROM, the floating gate is etched 
using conventional methods in the step following the poly 
deposition of the floating gate. This way the floating gate 
etch is very well controlled and is not dependent upon 
both a poly and an oxide etch. 

This leads to another advantage for the WSI split gate 
EPROM. Because of the critical etching involved with the 
traditional stacked gate EPROM, it is difficult to use a 
silicide on the control gate to reduce the poly resistance 
and speed up the device. The conventional processing 
steps used to make the WSI split gate EPROM does allow 
for the successful use of silicide and is used on many 
products. 

JW//~A~ 
POLY-POLY 

EDGE OXIDE 
OXIDE 

TRADITIONAL STACKED GATE EPROM 

GATE OXIDE 

WSI SPLIT GATE EPROM 
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Quality and Reliability 

Another advantage lies in the quality of the oxide sur­
rounding the floating gate. Following the floating gate 
etch on the stacked gate EPROM, a third oxide is grown 
which contacts the edge of the floating gate as well as 
the poly-poly oxide. The floating gate is now surrounded 
by three separate oxides (gate oxide, poly-poly oxide and 
edge oxide), all of which contribute to defects. On the 
other hand, the WSI split gate EPROM has a 
homogeneous poly-poly oxide which contacts the floating 
gate at the top as well as the edges. Because the floating 
gate of the split gate EPROM is surrounded by only two 
oxides, neither of which are etched, better oxide integrity 
is obtained. Oxide integrity is the key in reducing relia­
bility problems such as: Data Retention, Program Disturb 
and DC Erase. 

PROCESS RELIABILITY 
WSI utilizes a Class 10 wafer fab facility for all its wafer 
processing. Most processing is performed by robotics 
which reduces the human factors such as contamination 
and handling from contributing to reliability failures. 
Photolithography is performed using state-of-the-art step­
pers which eliminates marginal mask defects from 
becoming reliability hazards. Passivation cracks and 
metal shifting on double layer metal devices are minimiz­
ed on even large die through a planarization process. 
When processing is completed, the back of the wafer is 
polished to remove oxides and other processing artifacts. 
This results in better eutectic die attach at assembly and 
reduces the chances of die cracking. 

The CMOS Advantage 
The low power characteristics of CMOS greatly enhance 
the reliability of any system. This can be demonstrated 
by comparing the thermal characteristics of WSI's 
RPROM vs a Bipolar PROM and applying it to reliability. 

For instance, if we assume a 24-pin CERDIP package 
with a thermal resistance of 63°C in an ambient temper­
ature of 55°C, the following junction temperatures are 
obtained: 

WS57C49 WS57C49 
64K Bipolar 

CMOS RPROM CMOS RPROM 
(Standby) (18 MHz) 

PROM 

Icc = 15 rnA Icc = 50 rnA Icc = 150 rnA 

P = 75 mW P = 250mW P = 750 mW 

TR = 5°C TR = 16°C TR = 47°C 

TJ = 60°C TJ = 71°C TJ = 102°C 

Calculating the acceleration factor of the Bipolar PROM 
over the WSI EPROM, using an activation energy of 
0.5 eV, we find that the acceleration is 7x in the standby 
mode and 4x at 18 MHz. This means that by running 
cooler, the WSI RPROM will have a life expectancy of 
4 to 7 times greater than its Bipolar PROM equivalent. 

The following tables show reliability results obtained on various WSI products. 

TABLE 1. EPROM RELIABILITY DATA 

DYNAMIC HIGH TEMPERATURE LIFE TEST 

CONDITIONS 48 HOURS 168 HOURS 

125°C/6.5V 0/450 0/450 
150°C/6.5V 13/15,479 519385 

Total Device Hours: 9,088,228 @ 150°C 
450,000 @ 125°C 

Junction Temperature Above Ambient: +5°C 

Ea Accelerated Device Hours 

0.3 eV x 55 5.11 x 10 E9 
0.5 eV 4.43 x 10 E8 
0.6 eV 9.58 x 10 E8 
1.0 eV 2.09 x 10 E10 

500 HOURS 

0/450 
13/8344 

# Failures 

1 
7 

39 
2 

Total Failure Rate: 62.6 FITs (55°Cj 60% Confidence Level) 

1000 HOURS 1500 HOURS 2000 HOURS 

0/450 
18/7923 01486 0/486 

Failure Rate 

0.4 FITs 
19 FITs 
43 FITs 
0.2 FITs 
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Quality and Reliability 

TABLE 1. EPROM RELIABILITY DATA (Cant.) 

HIGH TEMPERATURE STORAGE LIFE TEST 

CONDITIONS 48 HOURS 72 HOURS 168 HOURS 

150°C 01375 01375 
170°C 0/144 0/144 
200°C 1/1630 9/1629 
225°C 0/416 5/416 

500 HOURS 1000 HOURS 

0/375 01375 
1/144 1/143 

11/1620 12/1609 
9/411 9/402 

Product Types: W827C64F, W857C64F, W857C49, W827C128F, W827C256F, W827C256L, 
W857C43B, W857C49B, W857C256F. 

TABLE 2. OTP EPROM RELIABILITY DATA 

DYNAMIC HIGH TEMPERATURE LIFE TEST 

DHTL 150°C 
6.5 Volts 

48 Hours 
4/3495 

TEMPERATURE/HUMIDITY WITH BIAS 

THB 
168 Hours 

85°C/85% RH 
5.0 Volts 

0/287 

HIGHLY ACCELERATED STRESS TEST (HAST) 

CONDITIONS 100 HOURS 

120°C/85% RH 0/351 

PRESSURE POT 

PPOT 96 Hours 
15 PSIG/121°C 1/734 

TEMPERATURE CYCLE 

TC 100 Cycles 
-55°C/+150°C 0/572 

168 Hours 
0/1252 

500 Hours 
0/287 

200 HOURS 

0/39 

168 Hours 
1/733 

500 Cycles 
3/572 

500 Hours 
0/1183 

1000 Hours 
0/287 

240 Hours 
8/732 

1000 Cycles 
12/569 

Products: W857C64F, W827C256L, W857C49B, W827C64F, W827C256F, W857C49, 
W857C256F 

1000 Hours 
6/1175 
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Quality and Reliability 

TABLE 3. BIT SLICE RELIABILITY DATA 

DYNAMIC HIGH TEMPERATURE LIFE TEST 

CONDITIONS 48 HOURS 168 HOURS 500 HOURS 

125°C/6.5V 1/1550 0/1382 1/1246 
150°C/6.5V 1/1842 1/1170 2/642 

1000 HOURS 

0/848 
0/639 

Failure Rate 
Product Hours Failures Act. Eng. 60% Conf at 55°C 

1,197,912 at 125°C 1 1.0 eV 0.9 FITs 
761,460 at 150°C 5 0.5 eV 105 FITs 

Combined Failure Rate: 105.9 FITs 

HIGH TEMPERATURE STORAGE LIFE 

CONDITIONS 168 HOURS 336 HOURS 500 HOURS 1000 HOURS 

150°C 01145 0/145 01145 0/145 
200°C 11180 0/179 1/179 

TEMPERATURE HUMIDITY BIAS 

CONDITIONS PACKAGE 168 HOURS 500 HOURS I 1000 HOURS J 
85°C/85% RH PLASTIC 1/473 0/473 I 4/473 I 

PRESSURE POT 

CONDITIONS PACKAGE 96 HOURS 168 HOURS 240 HOURS 

121°C/15 PSIG PLASTIC 2/609 0/607 0/182 
121°C/15 PSIG PPGA 0/52 0/52 

TEMPERATURE CYCLE (AIR TO AIR) 

CONDITIONS PACKAGE 100 CYCL 500 CYCL 1000 CYCL 

-65°C/+ 150°C CERDIP 0/78 0/78 0178 
- 65°CI + 150°C PLASTIC 0/572 2/572 3/570 

Products: WS5901, WS59016, WS5910A, WS59520, ASIC1004 

1500 HOURS 2000 HOURS 

0/120 0/120 
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WAFERSCALE INTEGRATION, INC. 

WSI offers its integrated circuit products in a wide variety of package styles. Hermetic, 
plastic, through-board, surface mount, windowed and windowless package types are all 
available. 

Hermetic: 

Plastic: 

Surface Mount: 

Side Brazed Ceramic DIP, 0.6"/0.9" 
CERDIp, 0.3"/0.6" 
Ceramic Flatpack 
Ceramic Quad Flatpack, Gullwing 
Ceramic PGA 
Ceramic Leaded Chip Carrier 
Ceramic Leadless Chip Carrier 

Plastic Leaded Chip Carrier 
Plastic DIP, 0.3"/0.6"/0.9" 
Plastic Quad Flatpack, Gullwing 

Ceramic Leadless Chip Carrier 
Ceramic Leaded Chip Carrier 
Ceramic Quad Flatpack, Gullwing 
Plastic Quad Flatpack, Gullwing 
Plastic Leaded Chip Carrier 
Ceramic Flatpack 

For information concerning packages available for a particular product, please consult 
the Ordering Information chart included on each Preliminary and Final product data sheet. 
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PACKAGE INFORMATION 
(By Drawing Number) 

Pins Package Window Package Type Drawing 

64 Side Brazed Ceramic DIP, 0.9" No B B1 

(28) Ceramic Leadless Chip Carrier Yes C C1 
(32) Ceramic Leadless Chip Carrier Yes C C2 
(44) Ceramic Leadless Chip Carrier Yes C C3 

24 CERDIP, 0.6" Yes D D1 
28 CERDIp, 0.6" Yes D D2 
40 CERDIp, 0.6" Yes D D3 
32 CERDIp, 0.6" Yes D D4 

24 Ceramic Flatpack Yes F F1 
28 Ceramic Flatpack Yes F F2 
100 Ceramic Quad Flatpack, Gullwing Yes F F3 

68 Ceramic PGA No G G1 
101 Ceramic PGA No G G2 

24 Ceramic Flatpack No H H1 
28 Ceramic Flatpack No H H2 
100 Ceramic Quad Flatpack, Gullwing No H H3 

68 Plastic Leaded Chip Carrier No J J1 
44 Plastic Leaded Chip Carrier No J J2 
28 Plastic Leaded Chip Carrier No J J3 
32 Plastic Leaded Chip Carrier No J J4 

24 CERDIp, 0.3" No K K1 

28 Ceramic Leaded Chip Carrier Yes L L2 
32 Ceramic Leaded Chip Carrier Yes L L3 
44 Ceramic Leaded Chip Carrier Yes L L4 

68 Ceramic Leaded Chip Carrier No N N1 
32 Ceramic Leaded Chip Carrier No N N2 

40 Plastic DIP, 0.6" No P P1 
24 Plastic DIP, 0.6" No P P2 
28 Plastic DIP, 0.6" No P P3 
64 Plastic DIP, 0.9" No P P4 
32 Plastic DIP, 0.6" No P P5 

100 Plastic Quad Flatpack, Gullwing No Q Q1 

40 Side Brazed Ceramic DIP, 0.6" Yes (2) R R1 (Module) 
32 Side Brazed Ceramic DIP, 0.6" Yes (2) R R2 (Module) 

24 Plastic DIP, 0.3" No S S1 
28 Plastic DIP, 0.3" No S S2 

24 CERDIP, 0.3" Yes T T1 
28 CERDIP, 0.3" Yes T T2 

88 Ceramic PGA Yes X X1 
44 Ceramic PGA Yes X X2 

40 CERDIP, 0.6" No Y Y1 
32 CERDIP, 0.6" No Y Y2 
24 CERDIP, 0.6" No Y Y3 

(68) Ceramic Leadless Chip Carrier No Z Z1 
(28) Ceramic Leadless Chip Carrier No Z Z2 
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PACKAGE INFORMATION 
(By Pin Count) 

Pins Package Window Package Type Drawing 

24 CERDIp, 0.3" No K K1 
24 Plastic DIP, 0.3" No S S1 
24 CERDIP, 0.6" Yes D D1 
24 CERDIP, 0.6" No Y Y3 
24 Ceramic Flatpack Yes F F1 
24 Ceramic Flatpack No H H1 
24 CERDIP, 0.3" Yes T T1 
24 Plastic DIP, 0.6" No P P2 

28 Plastic DIP, 0.3" No S S2 
28 Plastic DIP, 0.6" No P P3 

(28) Ceramic Leadless Chip Carrier Yes C C1 
(28) Ceramic Leadless Chip Carrier No Z Z2 
28 CERDIP, 0.6" Yes D D2 
28 Plastic Leaded Chip Carrier No J J3 
28 Ceramic Leaded Chip Carrier Yes L L2 
28 CERDIp, 0.3" Yes T T2 
28 Ceramic Flatpack Yes F F2 
28 Ceramic Flatpack No H H2 

(32) Ceramic Leadless Chip Carrier Yes C C2 
32 CERDIp, 0.6" Yes D D4 
32 CERDIp, 0.6" No Y Y2 
32 Plastic Leaded Chip Carrier No J J4 
32 Ceramic Leaded Chip Carrier Yes L L3 
32 Ceramic Leaded Chip Carrier No N N2 
32 Plastic DIP, 0.6" No P P5 
32 Side Brazed Ceramic DIP, 0.6" Yes (2) R R2 (Module) 

40 CERDIP, 0.6" No Y Y1 
40 Plastic DIP, 0.6" No P P1 
40 CERDIp, 0.6" Yes D D3 
40 Side Brazed Ceramic DIP, 0.6" Yes (2) R R1 (Module) 

44 Ceramic PGA Yes X X2 
(44) Ceramic Leadless Chip Carrier Yes C C3 
44 Plastic Leaded Chip Carrier No J J2 
44 Ceramic Leaded Chip Carrier Yes L L4 

64 Side Brazed Ceramic DIP, 0.9" No B B1 
64 Plastic DIP, 0.9" No P P4 g 68 Ceramic PGA No G G1 

(68) Ceramic Leadless Chip Carrier No Z Z1 
68 Plastic Leaded Chip Carrier No J J1 
68 Ceramic Leaded Chip Carrier No N N1 

88 Ceramic PGA Yes X X1 

100 Ceramic Quad Flatpack, Guliwing Yes F F3 
100 Ceramic Quad Flatpack, Guliwing No H H3 
100 Plastic Quad Flatpack, Guliwing No Q Q1 

101 Ceramic PGA No G G2 
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DRAWING B1 64 Pin Side Brazed Ceramic Dip (Package Type B) 
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DRAWING C1 28 Pad Ceramic Leadless Chip Carrier (CLLCC) (Package Type C) 
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Package Drawings 

DRAWING C2 32 Pad Ceramic Leadless Chip Carrier (CLLCC) (Package Type C) 
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DRAWING C3 44 Pad Ceramic Leadless Chip Carrier (CLLCC) (Package lYpe C) 
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Package Drawings 

DRAWING D1 24 Pin CERDIP (Package Type D) 

DRAWING D2 28 Pin CERDIP (Package Type D) 
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Package Drawings 

DRAWING D3 40 Pin CERDIP (Package Type D) 
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DRAWING D4 32 Pin CERDIP (Package Type D) 
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Package Drawings 

DRAWING F1 24 Pin Ceramic Flatpack (Package Type F) 
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DRAWING F2 28 Pin Ceramic Flatpack (Package Type F) 
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Package Drawings 

DRAWING .F3 100 Pin Ceramic Quad Flatpack (with window), Gullwlng, Fine Pitch (Package Type F) 
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Package Drawings 

DRAWING G1 68 Pin Ceramic PGA (Package Type G) 
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Package Drawings 

DRAWING G2 101 Pin Ceramic PGA (Package Type G) 
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DRAWING H1 28 Pin Ceramic Flatpack (Package Type H) 
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DRAWING H2 28 Pin Ceramic Flatpack (Package Type H) 
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Package Drawings 

DRAWING H3 100 Pin Ceramic Quad Flatpack, Gullwing, Fine Pitch (Package Type H) 
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DRAWING J1 68 Pin Plastic Leaded Chip Carrier (PLDCC) (Package Type J) 
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Package Drawings 

DRAWING J2 44 Pin Plastic Leaded Chip Carrier (PLDCC) (Package Type J) 
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DRAWING J3 28 Pin Plastic Leaded Chip Carrier (PLDCC) (Package Type J) 
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Package Drawings 

DRAWING J4 32 Pin Plastic Leaded Chip Carrier (PLOCC) (Package Type J) 
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Package Drawings 

DRAWING L2 28 Pin Ceramic Leaded Chip Carrier (CLDCC) with Window (Package Type L) 
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DRAWING L3 32 Pin Ceramic Leaded Chip Carrier (CLDCC) with Window (Package Type L) 
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Package Drawings 

DRAWING L4 44 Pin Ceramic Leaded Chip Carrier (CLDCC) with Window (Package Type L) 
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DRAWING Nl 68 Pin Ceramic Leaded Chip Carrier (CLDCC) (Package Type N) 
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Package Drawings 

DRAWING N2 32 Pin Ceramic Leaded Chip Carrier (CLDCC) (Package Type N) 

21 0.025R 3 PL"" 29 
~..I.I.I..I.I.I...I.l.!'-I.I.I.I.~"'" 

8+--+ ----l0l-

I + 
-L 0.300 1 6 spaces 

0.017 at 0.050 
0.021 * 

f 
0.410 0.478 
0.430 0.498 

1 1 
0.560 ti°·544~ 

0.028- __ -'-* 

L 0.006 lead thickness, 
32PL 

r-I==!t!rnrn=rl'FnrFrRiF~L 
I I 

~0'400'8S~P' T1 0.150TYP 
at 0.050 L n n-::' 
0.510 0.040 TYP 
0.530 
0.578 
0.598 

DRAWING P1 40 Pin Plastic DIP (Package Type P) 
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Package Drawings 

DRAWING P2 24 Pin Plastic DIP (Package Type P) 
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Package Drawings 

DRAWING P4 . 64 Pm Plastic DIP (Pack age Type P) 
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Package Drawings 

DRAWING Q1 100 Pin Plastic Quad Flatpack (PQFP), Gullwing, Fine Pitch (Package Type Q) 
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Package Drawings 

DRAWING R1 40 Pin Side Brazed Ceramic DIP (Package Type R) 
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DRAWING R2 32 Pin Side Brazed Ceramic DIP (Package Type R) 

32 17 

I 
0.580 
0.610 

.......... .,..,...,.....,..,...,.....,..,...,......,.,.....,.,...,..,...,.....,..,...,......,......,......,...l~ 
16 

r
1.640~ 

T685 00'01 r-I 

rn 
0.600 
REF 

UJL 
0.009 J 
0.012 

0.125 fo.,., 

-~ I 0040 
0.060 

0.125 MIN 

_______________________________ f;JF~~ ______________________________ __ 
iihri;:" i# • 

9-23 



Package Drawings 

DRAWING S1 24 Pin Plastic .300 DIP (Package Type S) 
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DRAWING T1 24 Pin CERDIP (Package Type T) 
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Package Drawings 

DRAWING Xl 88 Pin Ceramic PGA (Package 1\'pe X) 
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DRAWING X2 44 Pin Ceramic PGA (Package "TYpe X) 
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Package Drawings 

DRAWING Y1 40 Pin CERDIP (Package Type V) 
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DRAWING Y2 32 Pin CERDIP (Package Type V) 
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Package Drawings 

DRAWING Y3 24 Pin CERDIP (Package Type V) 
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DRAWING Z1 68 Pad Ceramic Leadless Chip Carrier (CLLCC) (Package Type Z) 
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Package Drawings 

DRAWING Z2 28 Pad Ceramic Leadless Chip Carrier (CLLCC) (Package Type Z) 
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-- - - ~--=r == == ==4: ;' -= -=..s == Sales Representatives and Distributors 
~~~ ==------------------------------------------------------------------------------

WAFERSCALE INTEGRATION, INC. 

Domestic ALABAMA FLORIDA MINNESOTA OHIO 

Representatives Southern Tech. Sales Sales Engineering HMR Giesting & ASSOCiates 
Huntsville Concepts, Inc. Minneapolis Cincinnati 
Tel: (205) 539-4789 Fort Lauderdale Tel: (612) 988-2122 Tel: (513) 385-1105 
Fax: (205) 539-7449 Tel: (305) 426-4601 Fax: (612) 884-4768 Fax: (513) 385-5069 

Fax: (305) 427-7338 
Giesting & Associates ARIZONA MISSOURI 

Summit Sales 
Sales Engineering 

John G. Macke Company 
Cleveland 

Concepts, Inc. Tel: (216) 261-9705 
Scottsdale Altamonte Springs SI. Louis Fax: (216) 261-5624 
Tel: (602) 998-4850 Tel: (407) 682-4800 Tel: (314) 432-2830 
Fax: (602) 998-5274 Fax: (407) 682-6491 Fax: (314) 432-1456 OREGON 

CALIFORNIA Sales Engineering NEW JERSEY Thorson Company 

Bager Electronics Inc. Concepts, Inc. Strategic Sales, Inc. 
Northwest 

Beaverton 
Fountain Valley Tampa Teaneck Tel. (503) 644-5900 
Tel: (714) 957-3367 Tel: (407) 682-4800 Tel: (201) 833-0099 

Fax: (407) 854-3127 Telex: 294835 
Fax: (714) 546-2654 Fax: (201) 833-0061 Fax: (503) 644-5919 

Bager Elecronlcs Inc. ILLINOIS S.J. ASSOCiates, Inc. 
Woodland Hills Sieger Associates Mt. Laurel, NJ 08084 PENNSYLVANIA 
Tel: (818) 712-0011 Schaumburg Tel: (609) 866-1234 Giesting & Associates 
Fax: (818) 712-0160 Tel: (708) 310-8844 Fax: (609) 866-8627 Pittsburgh 

Earle Assoc. Inc. Telex: 206248 Tel: (412) 828-3553 

San Diego Fax: (708) 310-9530 NEW MEXICO Fax: (412) 828-5861 

Tel: (619) 278-5441 S & S Technologies 
PUERTO RICO 

Fax: (619) 278-5443 INDIANA Albuquerque 

Giesting & Associates Tel: (505) 255-5599 G & A Associates 
Criterion Carmel Fax: (505) 255-5944 Milaville, Rio Piedras 
Santa Clara Tel: (317) 844-5222 Tel: (809) 758-7001 
Tel: (408) 988-6300 Fax: (317) 844-5861 NEW YORK Fax: 809-754-0421 
Fax: (408) 986-9039 Tri-Tech Electronics, Inc. 

Technology Sales IOWA East Rochester TEXAS 

Kentfield Gassner & Clark Co. Tel: (716) 385-6500 Southwestern 

Tel: (415) 459-2661 Cedar Rapids Twx: 62934993 Technical Sales 

Fax: (415) 459-3341 Tel: (319) 393-5763 Fax: (716) 385-7655 Dallas 

Twx: 62950087 Tri-Tech Electronics Inc. 
Tel: (214) 369-0977 

CANADA Fax: (319) 393-5799 Endwell 
Fax: (214) 369-2903 

Har'l"ech Electronics, Ltd. Tel: (607) 754-1094 Southwestern 
Toronto KANSAS Twx: 5102520891 Technical Sales 
Tel: (416) 665-7773 C. Logsdon & Assoc. Fax: (607) 785-4557 Austin 
Fax: (416) 665-7290 Prairie Village 

Tn-Tech Electronics Inc. 
Tel: (512) 440-0499 

Har-Tech Electronics, Ltd. Tel: (913) 381-3833 
Fayetteville Southwestern 

Montreal Fax: (913) 381-9774 
Tel: (315) 446-2881 Technical Sales 

Tel: (514) 694-6110 MARYLAND Twx: 7105410604 Houston 
Telex: 05-822679 Fax: (315) 446-3047 Tel: (713) 440-9200 
Fax: (514) 694-8501 Logical Technology, Inc. 

Glen Burnie Tri-Tech Electronics Inc. UTAH Har'l"ech Electronics, Ltd. Tel: (301) 766-7444 Fishkill 
Ottawa Fax: (301) 760-2054 Tel: (914) 897-5611 Butterworth Marketing 

Tel: (613) 726-9410 Twx: 62906505 West Valley 

Fax: (613) 726-8834 MASSACHUSETTS Fax: (914) 897-5611 Tel: (801) 972-5566 

mI Advanced Tech Sales, Inc. 
Fax: (801) 972-5573 

COLORADO NORTH CAROLINA 
Waugaman Associates, Inc 

North Reading WASHINGTON 
Tel: (508) 664-0888 Rep, Inc. 

Thorson Company Wheat Ridge Fax: (508) 664-5503 Morrisville 
Tel: (303) 423-1020 Tel: (919) 469-9997 Northwest 

Fax: (303) 467-3095 MICHIGAN Twx: 821765 Bellevue 

Giesting & Associates Fax: (919) 481-3879 Tel: (206) 455-9180 

CONNECTICUT Livonia 
Twx: 9104432300 

Advanced Tech Sales Tel: (313) 478-8106 
Rep, Inc. Fax: (206) 455-9185 
Charlotte 

Wallingford Fax: (313) 477-6908 Tel: (704) 563-5554 
Tel: (203) 284-0838 

Giesting & Associates Twx: 821765 
Fax: (203) 284-8232 

Coloma Fax: (704) 535-7507 

Tel: (616) 468-4200 
Fax: (616) 468-6511 
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Sales Representatives and Distributors 

Domestic ALABAMA CANADA IOWA Schweber Electronics 

Distributors Schweber Electronics Time Electronics Schweber Electronics Hauppauge 
Huntsville 2798 Thamesgate Drive, #5 Cedar Rapids Tel: (516) 231-2500 
Tel: (205) 895-0480 Mississauga, Tel: (319) 373-1417 Schweber Electronics 

Ontario L4T 4E8 Westbury 
ARIZONA Tel: (416) 672-5300 MARYLAND Tel: (516) 334-7555 
Schweber Electronics Schweber Electronics 
Tempe COLORADO Columbia Time Electronics 

Tel: (602) 431-0030 Schweber Electronics Tel: (301) 596-7800 Hauppauge 

Time Electronics 
Englewood 

Time Laboratories 
Tel: (516) 273-0100 

Tempe 
Tel: (303) 799-0258 

Columbia Time Electronics 

Tel: (602) 967-2000 Time Electronics Tel: (301) 964-3090 Fairport 

Wyle Laboratories 
Englewood 

Vantage Components 
Tel: (716) 383-8853 

Phoenix 
Tel: (303) 799-8851 

Columbia 
Fax: (716) 383-8863 

Tel: (602) 431-0030 Wyle Laboratories Tel: (301) 720-5100 Time Electronics 

Thornton Tel: (301) 621-8555 East Syracuse 

CALIFORNIA Tel: (303) 457-9953 Tel: (315) 432-0355 

Schweber Electronics MASSACHUSSETTS Vantage Components 
Calabasas CONNECTICUT Schweber Electronics Smithtown 
Tel: (818) 880-9686 Schweber Electronics Bedford Tel: (516) 543-2000 

Schweber Electronics 
Oxford Tel: (617) 275-5100 

Irvine 
Tel: (203) 264-4700 

Time Electronics 
NORTH CAROLINA 

Tel: (714) 863-0200 FLORIDA Peabody Schweber Electronics 

Tel: (508) 532-9900 Raleigh 
Schweber Electron ics Schweber Electronics Tel: (919) 876-0000 
Sacramento Altamonte Springs Wyle Laboratories 
Tel: (916) 364-0222 Tel: (305) 331-7555 Burlington Time Electronics 

Tel: (617) 272-7300 Charlotte 
Schweber ElectroniCS Schweber Electronics Tel: (704) 522-7600 
San Diego Largo MICHIGAN 
Tel: (619) 495-0015 Tel: (813) 541-5100 

Schweber Electron ics 
OHIO 

Schweber Electronics Schweber Electronics Livonia Schweber Electronics 
San Jose North Pompano Beach Tel: (313) 525-8100 Beachwood 
Tel: (408) 432-7171 Tel: (305) 997-7511 Tel: (216) 464-2970 

Time Electronics Time Electronics 
MINNESOTA Schweber Electronics 

Torrance FI. Lauderdale Schweber Electronics Dayton 
Tel' (213) 320-0880 Tel: (305) 974-4800 Edina Tel: (513) 439-1800 

Time Electronics 
Tel: (612) 941-5280 

Time Electronics Time Electronics 
Sunnyvale Orlando Time Electronics Dublin 
Tel: (408) 734-9888 Tel: (305) 841-6565 Edina Tel: (614) 761-1100 

Time Electronics 
Tel: (612) 835-1250 

GEORGIA OKLAHOMA 
Chatsworth MISSOURI Schweber Electronics 
Tel: (818) 998-7200 Schweber Electronics 

Norcross Schweber Electronics Tulsa 
Time ElectrOniCs Tel: (404) 449-9170 Earth City Tel: (918) 622-8000 
San Diego Tel: (314) 739-0526 
Tel: (619) 586-1331 Time Electronics 

Time ElectrOnics 
OREGON 

Norcross 
Time Electronics Tel: (404) 448-4448 SI. Louis Time Electronics 

Anaheim Tel: (314) 391-6444 Portland 

Tel: (714) 937-0911 KANSAS 
Tel: (503) 684-3780 

Wyle Laboratories Schweber Electronics 
NEW HAMPSHIRE 
Schweber ElectrOniCs 

PENNSYLVANIA 
Santa Clara Overland Park 

Manchester Schweber Electronics 
Tel: (408) 727-2500 Tel: (913) 492-2922 

Tel: (603) 625-2250 Horsham 

Wyle Laboratories ILLINOIS 
Tel: (215) 441-0600 

Rancho Cordova 
Schweber Electronics 

NEW JERSEY Schweber Electronics 
Tel: (916) 638-5282 

Elk Grove Village Schweber Electronics Pittsburgh 

Wyle Laboratories Tel: (708) 364-3750 Pinebrook Tel: (412) 963-6804 

Irvine Tel: (201) 227-7880 
Time ElectrOniCs 

Tel: (714) 863-9953 Time Electronics 
Wooddale Time Electronics King of Prussia 

Wyle Laboratories Tel: (708) 350-0610 Pinebrook Tel: (215) 337-0900 

Irvine Tel: (201) 882-4611 

Tel: (714) 851-9953 INDIANA Vantage Components 
TEXAS 

Wyle Laboratories Schweber Electronics Clifton Schweber Electronics 

Indianapolis Tel: (201) 777-4100 Austin 
Calabasas Tel: (512) 339-0088 
Tel: (818) 880-9001 Tel: (317) 843-1050 

NEW YORK Schweber Electronics 
Wyle Laboratories Schweber Electronics Dallas 
San Diego Rochester Tel: (214) 247-6300 
Tel: (619) 565-9171 Tel: (716) 424-2222 

WI; 
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Sales Representatives and Distributors 

Domestic TEXAS Wyle Laboratories Wyle Laboratories Wyle Laboratories 

Distributors Schweber Electronics Houston West Valley Redmond 

(Cont.) 
Houston Tel: (713) 879-9953 Tel: (801) 974-9953 Tel: (206) 881-1150 

Tel: (713) 784-3600 Wyle Laboratories WASHINGTON WISCONSIN 
Time Electronics Austin 

Time Electronics Schweber Electronics 
Carrollton Tel: (512) 834-9957 

Redmond New Berlin 
Tel: (214) 241-7441 

UTAH Tel: (206) 882-1600 Tel: (414) 784-9020 
Wyle Laboratories Time Electronics 
Richardson West Valley 
Tel: (214) 235-9953 Tel: (801) 973-8181 

International AUSTRALIA GERMANY ISRAEL NORWAY 

Distributors Energy Control Topas Electronic GmbH Vectronics OTE AfS 
Brisbane 3000 Hannover 1 60 Medinat Hayehudim SI. N-0617 Oslo 6 
Tel: 61-7-376-2955 Tel: (0511) 13 12 17 P.O. Box 2024 Tel: 47 2 306600 
Fax: 61-7-376-3286 Tlx: 9218176 Herzlia B 46120, Israel Tlx: 85678955 
Tlx: 43778 Fax: (0511) 13 12 16 Tel: 972 52 556070 Fax: 47 2 321360 

Scantec GmbH 
Tlx: 922342579 

BELGIUM Fax: 972 52 556508 SPAIN 
Inelco 

0-33 Planegg 
Unitronics, SA Tel: (089) 859-8021 

Brussels Tlx: 5213219 
ITALY 28008 Madrid 

Tel: 32 2 216 0160 Fax: (089) 857-6574 Silverstar Tel: 34 1 542 5204 
Tlx: 84-22090 20146 Milano Tlx: 83122596 
Fax: 32 2 2164606 HOLLAND Tel: 39 2 661251 Fax: 34 1 248 4228 

Maxtronix 
Tlx: 843332189 

DENMARK Fax: 39-2-66101359 SWEDEN 
Distributoren Intereiko, AfS 

Savannahweg 60 
Traco AB 3542 AW UTRECHT 

DK-2690 Karlslunde Tel: (31) 30-420340 
JAPAN S-123 22 Farsta 

Tel: 45-53-140700 Fax: (31) 30-422440 Nippon Imex Corporation Tel: 468 930011 
Tlx: 85543507 Setagaya-ku, Tokyo Tlx: 85410689 
Fax: 45-53-146805 HONG KONG Tel: 321 4415 Fax: 468 947732 

Components Agent Ltd. 
Tlx: 781 23444 

ENGLAND Fax: 81 3 325 0021 SWITZERLAND 
Micro Call Ltd. 

New Territories 
Laser & Electronic Tel: 0-499-2688 Kyocera Corporation 

Thame, Oxon OX9 3XD Tlx: 78030398 Setagaya-ku, Tokyo Equipment 
Tel: 44 84 426 1939 Fax: 852 0-4136080 Tel: 3-708-3111 8053 Zurich 
Fax: 44 84 426 1678 Tlx: 7812466091 Tel: 41 (1) 55 3330 

INDIA Fax: 81-3-708-3864 Tlx: 816801 
FINLAND 

Pamir Electronics Corp. 
Fax: 41 (1) 55 3458 

OY Comdax AB 400 West Lancaster KOREA 
SF-00210 Helsingfors Suite 202 Eastern Electronics, Inc. 

TAIWAN 
Tel: 358 067 02 77 Devon, PA 19333 USA Sungdong-Ku, Seoul Sertek International, Inc. 
Tlx: 857125876 Tel: 215-688-5299 Tel: 82 2 463-2266 Taipei, 10479, Taiwan 
Fax: 358 06922326 Fax: 215-688-5382 Tlx: 78727381 Tel: 2-501-0019 

Tlx: 210656 Pamir UR Fax: 82 2 465-2607 Tlx: 78523756 
FRANCE 
MICROEL 
Imeuble MICRO 
Cedex 
Tel: 33 (1) 69.07.08.24 
Tlx: 692493F 
Fax: 33 (1) 69.07.17.23 

WSI Direct REGIONAL SALES EUROPE SALES mJ Sales Offices Northeast Southwest Southeast Excelsiorlaan 53 
North Andover, MA Huntington Beach, CA Huntsville, AL 1930 Zaventem 
Tel: (508) 685-6101 Tel: (714) 848-6968 Tel: (205) 539-7406 Belgium 
Fax: 508/685-6105 Fax: 7141848-5648 Fax: 205/539-7449 Tel: 32-2-725-0546 

Midwest Mid·Atlantic Northwest 
Fax: 32-2-725-1146 

Hoffman Estates, IL Trevose, PA Fremont, CA 
Tel: (708) 490-5318 Tel: (215) 638·9617 Tel: (415) 656·5400 
Fax: 708/882-1881 Fax: 215/638-7326 Telex: 289255 

Fax: 415/657-5916 

For additional information or assistance, call 800:rEAM-WSI (800-832-6974). In California, call 800-562-6363. 

_11_/1_5/_89 ___ Re_v_._l._23 ____________________________ ~~Jr----------------------________________ _ 
10-3 



LIFE SUPPORT POLICY: 
WaferScale Integration, Inc. (WSI) products are not authorized for use as critical components in life support systems or devices without the express 
written approval of the President of WSI. As used herein: 

A) Life support devices or systems are devices or systems which 1) are intended for surgical implant into the body, or 2) support or sustain life 
and whose failure to perform when properly used in accordance with instructions for use provided in the labeling can be reasonably expected 
to result in a significant injury or death to the user, 

B) A critical component is any component in 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. 

Information furnished herein by WaferScale Integration, Inc. (WSI) is believed to be accurate and reliable. However, no responsibility is assumed 
for its use. WSI makes no representation that the use of its products or the interconnection of its circuits, as described herein, will not infringe 
on eXisting patent rights. No patent liability shall be Incurred by WSI for use of the circUits or devices described herein. WSI does not assume 
any responsibility for use of any circuitry described, no circuit patent rights or licenses are granted or implied, and WSI reserves the right without 
commitment, at any time without notice, to change said circuitry or specifications. The performance characteristics listed in this book result from 
specific tests, correlated testing, guard banding, design and other practices common to the industry. Information contained herein supersedes 
previously published specifications. Contact your WSI sales representative for specific testing details or latest information. 

Products in this book may be covered by one or more of the following patents. Additional patents are pending. 

USA: 4,328,565; 4,361,847; 4,409,723; 4,639,893; 4,649,520; 4,795,719; 4,763,184; 4,758,869 
West Germany: 3,103,160 
Japan: 1,279,100 
England: 2,073,484; 2,073,487 

PAL is a registered trademark of Monolithic Memories, Inc. 
SAM and SAM+PLUS are trademarks of Altera Corporation. 
MagicPro'" and Programmable System'" Devices are trademarks of WaferScale Integration, Inc. 
ASMILE, SAMSIM and SAM PLUS are trademarks of WaferScale Integration, Inc. and Altera Corporation. 
MS-DOS is a trademark of Microsoft Corporation. 
IBM and IBM Personal Computer is a registered trademark of International Business Machines Corporation. 

Copyright © 1989 WaferScale Integration, Inc. All Rights Reserved. 

Patents Pending 
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WAFERSCALE INTEGRATION, INC. 

47280 Kato Road, Fremont, CA 94538-7333 
415-656-5400 FAX: 415-65 7-5916 TELEX: 289255 
800-TEAM-WSI (800-832-6974) 
IN CALIFORNIA 800-562-6363 

Printed in U.S.A. 


