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Analog Input and Output Connections 

The four analog inputs to the CS31412 are con­
nected to the CDB31412 via the BNC coaxial 
connectors labeled INO, INl, IN2, IN3. These 
inputs have locations· reserved for termination 
resistors if they are needed. The analog outputs 
from the CS31412 are available at the BNC 
coaxial connectors labeled OUTl, and OUT2. 

DIP-Switch Configuration 

The input mode is controlled by the D-SE switch 
of DIP-switch SW 4. If it is off, the part is in 
single-ended mode (4-to-l mux). If it is on, the 
part is in the differential mode (dual2-to-l mux). 
After changing the differential mode switch 
position, the CS pushbutton must be depressed to 
internally latch the part. The CS31412 must be 
calibrated after switching between single-ended 
and differential modes. 

The Al and AO switches of DIP-switch SW4 
control the CS31412's output control mux. The 
chart below summarizes the DIP-switch 
configurations. 

-
D-SE A1 AO 

off off off 
off off on. 
off on off 
off on on 
on off off 
on on off 

CDB31412 

Reset and Calibration 

The CS31412 will usually reset itself upon 
power-up. Since this function is not guaranteed, 
the chip must be reset upon power-up in system 
operation. The part can be reset on the 
CDB31412 board by momentarily depressing 
pushbutton SW3. After resetting the part, the 
LED will be on indicating that the part needs to 
be calibrated. To initiate a calibration, depress 
pushbutton SWI. After approximately 3.5 mil­
liseconds, the LED will tum off indicating that 
the part has been calibrated. The CS31412 is 
now ready for operation. 

Microprocessor Interface 

The �C�A�L�,�~�,� AO, AI, and D-SE inputs and the 
CALD output are available at the 10 pin IDC 
header. The five inputs are pulled low through 68 
til resistors placing the CS31412 in a 
microprocessor independent mode. These inputs 
may be pulled high by the DIP-switches and 
pushbutton or by driving the lO-pin IDC header. 
When using the header to externally drive these 
inputs, the three DIP-switches controlling AO, 
AI, and D-SE must be in the off position so that 
no loading will occur. All remaining pins of the 
IDC header are tied to DGND and cannot be 
driven. 

OUT1 OUT2 

INO O.OV 

IN1 O.OV 

IN2 O.OV 

IN3 O.OV 

INO IN1 

IN2 IN3 

Figure 1. Dip-Switch Configuration 
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Decoupling 

The CDB31412's decoupling scheme was 
designed to insure accurate evaluation of the 
CS31412's performance independent of the 
quality of the power supplies. Each supply is 
decoupled at the part with a 10 IJF electrolytic 
capacitor to filter low-frequency noise and a 
0.11JF ceramic capacitor to handle higher fre­
quencies. Depending on the quality of the 
system's power supplies, the decoupling scheme 
could be relaxed in actual use. 

CDB31412 

Ground Planes 

The CDB31412 has three separate ground planes 
which may be interconnected by the user to 
simulate actual system conditions. When shipped 
from the factory, the analog ground plane, the 
digital ground plane, and the hold ground plane 
are separate. Jumpers n, J2, J3, and J4 are used 
to interconnect these ground planes. Separate 
ground planes are the suggested configuration 
for best performance of the part. For more infor­
mation on grounding, Application Note: "Sug­
gested Grounding and Supply Arrangements for 
the CS31412" is recommended. 

COMPONENT LIST 

DS4DB2 

150 Q resistor 
4.7 kQ resistor 
10 ill resistor 
1 ill resistor 
68.0 ill sip resistor 
6.8 kQ sip resistor 
0.1 IJF capacitor 
10 IJF capacitor 
CS31412 TrackIHold 
2N3906 transistor 
LED 
3 pos. SPST DIP switch 
SPST pushbutton 
10 pin header 
PC-mount BNC 
red banana jack 
black banana jack 
green banana jack 
1" 4-40 spacer 
3/8" 4-40 screw 

Rl 
R2 
R3 
R9 
SIPI 
SIP2 
C3,C4,C5 
Cl,C2 
Ul 
Q1 
01 
SW4 
SW1,SW2,SW3 
P12 
P5,P6,P7,P8,P9,PI0,P11 
PI 
P3,P4 
P2 
POSTl, POSTI, POSTI, POST4 
SCI, SC2, SC3, SC4 
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Semiconductor Corporation 

CDB501X 

Evaluation Board for CS501X & CSZ511X ADC's 
Features 
• PC/uP-Compatible Header Connection 

16-Bit Parallel Data 
End-ot-Conversion Output 
CS, RD, and AO Control Inputs 

• DIP-Switch Selectable: 
Unipolar/Bipolar Input Range 
Burst & Interleave Calibration Modes 
Continuous Conversion 

• Adjustable Voltage Reference 

• Serial Data and Clock BNC Connections 

• Operation from Internally-Generated 
or Externally-Supplied Master Clock 

0 
AlN 

C5501X 

General Description 
The CDB501X is an evaluation board that eases the 
laboratory characterization of any of the CS501 X or 
CSZ511 X AID converters. The board can be easily 
reconfigured to simulate any combination of sampling, 
master clock, calibration, and input range conditions. 

The converter's parallel outpUt data and several control 
inputs and outputs are available at a 40 pin strip header 
allowing easy interfacing to PC's or microprocessor 
busses. Output data is also available in serial form at 
5ClK and SDATA coaxial BNC connectors. 

Evaluation can also be performed over a wide range 
of input spans using the on-board reference circuitry. 
Furthermore, the CDB501 X features DIP-switch 
selectable unipolar/bipolar input ranges and two 
calibration modes: burst and interleave cal. Calibration 
can be initiated at any time on the CDB501 X by 
momentarily depressing a reset pushbutton. 

DO - 015 r-

H 
EOC E 

HOLD CSZ511X 
A 

AUG '87 
D515DB7 

0 

0 

NJ 
AID RD 0 

ClKIN Converter E 
C5 R 

RESET SCLK 
'--

0 

5DATA @ 

I 
VOLTAGE -

REFERENCE 

+5V GND -5V 

C5501X=CS5012, C55014, or C55016 
C5Z511 X=CSZ5112, CSZ5114, or C5Z5116 

Crystal Semiconductor Corporation 
P.O. Box 17847, Austin, Texas 78760 

(512)445-7222 TWX:910-874-1352 
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Analog Input 

The analog input to the AID converter is sup­
plied through the BNC coaxial connector labeled 
AIN. Analog input polarity is controlled by the 
ftrst position switch on the DIP-switch, SW-l. If 
it is on, the input is unipolar ranging from GND 
to VREF. If the switch is off, the input range is 
bipolar with the magnitude of the reference volt­
age defining both zero- and full-scale (±VREF). 

VA-
VA+ 

CDB501X 

The AID CO{l.verter's internal analog input buffer 
requires a source impedance of less than 400 n 
at IMHz for stability. Acquisition and through­
put are specified assuming a dc source im­
pedance of less than 200 n. Infmitely large dc 
source impedances can be accomodated by ad­
ding capacitance (typically 200pF) from the 
analog input to ground. However, high de source 
resistances degrade acquisition time and conse­
quently throughput 

VO+ 

R10 

SW1-4 ~ ____ -. 

10-8 

30 25 X 
~0~0 ______ ~2~~~~~37EOT 
r:::>"!0..!..,.1 ___ 371 1 HOlO 
0><0 .... 2 ___ 4:::-1 39 SClK 

~0::3 ______ ~5::-t 40 SOATA 
~0~4 ______ ~6~ ~26~A~IN~_~ 
0><0><..5 ___ 7:-1 20 ClKIN 

06 8 
07 9 
08 12 
09 13 
010 14 U1 

011 15 
012 16 
013 17 
014 18 
015 19 

31 TST 

28 VREF 
32 RESET 
29 REFBUF L __ 

C7~ 

R23 (optional) 

VO+ R2 

~ 
VA-

~ 
R1 

Cl +5V 
Cl -5V 

EOC 38 24 BP/uP SW1-1 

35 CAL ~W1-2 CS 21 
RO 22 
AO 23 

R4 AS R7 

VO-

1"'3""4....::INc.:..TL=.:.V ____ --+ ____ +--__ ~r SW1-3 
33 BW 

Figure I. CDBSOIX Schematic 
(Reference Circuitry Appears in Figure 3) 
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Position 1 
Position 2 
Position 3 
Position 4 

OFF 
Bipolar 

Burst Cal 
Normal 
Normal 

CDB501X 

ON 
Unipolar 

Normal Operation 
Interleaved Cal 

Continuous Conversion 

Figure 2. DIP·Switch Defmitions 

Initiating Conversions 

A negative transition on the converter's HOLD 
pin places the device's analog input into the hold 
mode and initiates a conversion cycle. On the 
CDB50lX, this input .can be generated by one of 
two means. First, it can be supplied through the 
BNC coaxial connector appropriately labeled 
HOLD. Alternatively, switch position 4 of the 
DIP-switch can be placed in the on position, thus 
looping the converter's EOT output back to 
HOLD. This results in continuous conversions at 
a fraction of the master clock frequency (see 
"synchronous operation" in the converter's data 
sheet). 

The AID converter's EOT output is an indicator 
of its acquisition status; it falls when the analog 
input has been acquired to the specified ac­
curacy. If an external sampling clock is applied 
to the HOLD BNC connector, care must similar­
ly be taken to obey the converter's acquisition 
and maximum sampling rate requirements. A 
more detailed discussion of acquisition and 
throughput can be found in the converter's data 
sheet. 

The CDB50lX is shipped from the factory 
without the HOLD BNC input terminated for 
operation with an external sampling clock. 
However, location R23 is reserved for the inser­
tion of a 51 n resistor to eliminate reflections of 
the incoming clock signal. 

Voltage Reference Circuitry 

The CDB501X features an adjustable voltage 
reference which allows characterization over a 
wide range of reference voltages. The circuitry 
consists of a 2.5V voltage referenc~ (1403) and 
an adjustable gain block with a ,disc~te output 
stage (Figure 3). The output stage minimizes the 
output's headroom requirements allowing the 
reference voltage to come within 300m V of the 
positive supply. 

The coarse and fine trim potentiometers are fac­
tory calibrated to a reference voltage of 4.5V (a 
table of output code values for a reference volt­
age of 4.5V appears in the CS501X data sheets, 
but not in the CSZ5llX data sheets). When 
calibrating the reference, the voltage should be 
measured directly at the VREF input (pin 28) or 
at the ungrounded lead of decoupling capacitor 
C9. 

Figure 3. Voltage Reference Circuitry 
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ResetISel/-Calibration Modes 

The AID converter will usually reset itself upon 
power-up. Since this function is not guaranteed, 
the converter must be reset upon power-up in 
system operation. The converter can be reset on 
the CDB501X board by momentarily depressing 
pushbutton SW-2 thus initiating a full calibration 
cycle; 1,443,840 master clock cycles later the 
converter is ready for normal operation. 

The converters also feature two other modes of 
calibration: burst and interleave. Burst calibra­
tion can be initiated by moving switch position 2 
on the DIP-switch to the off position. In this 
mode (CAL high), the AID converter continually 
loops through calibration cycles until CAL 
ret~rns 10": .. Interleave can be initiated by setting 
SWitch posillon 3 to the on position. In the inter­
leave mode (INTRL V low), the converter ap­
pends one small portion of a calibration cycle 
(20 master clock cycles) to each conversion 
cycle. Thus, a full calibration cycle completes 
every 72,192 conversion cycles. 

A more detailed discussion of the converters' 
calibration modes and capabilities can be found 
in their data sheets. 

Parallel Output Data/Microprocessor Interface 

The co~verter's outputs DO-DI5, its CS, RD, 
and AO mputs, and its EOC output are available 
at the 40 pin header. The CS and RD inputs are 
pulled low through 10 kO resistors placing 
the converter in a microprocessor-independent 
mode. Control input AO is pulled up, insuring the 
converter's output word, rather than the status 
register, appears at the header. 

The converter's 3-s.tate output buffers and 
~c~oprocessor interfa~ can be exercised by 
dnvmg the CS and/or RD inputs at the header. 
Similarly, the converter's 8-bit status register can 
be obtained on DO-D7 by driving AO low. 

10-10 

OGNO 00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
010 
011 
012 
013 
014 
015 
EOC 
AO 
RO 

OGNO CS 

CDB501X 

Figure 4. Header Pin Definitions 

The converter's EOC and data outputs are not 
buffered on the CDB501X. Therefore, careful at­
tention should be paid to the load presented by 
any cabling, especially if the 3-state output buf­
fers are to be exercised at speed. Twisted ribbon 
cable is typically specified at IOpF/ft, so several 
feet can generally be accomodated. 

Serial Output Data 

Serial output data is available at the two BNC 
connections SCLK and SDATA. Data appears 
MSB first, LSB last, and is valid on the rising 
edge of SCLK. 

Master Clock 

The AID converter operates from a master clock 
which can either be internally-generated or exter­
nally-supplied. For operation with an external 
clock, the BNC connector labeled CLKIN 
should be driven with a TTL clock signal. The 
CDB501X is shipped from the factory with the 
CLKIN input terminated by a 51 0 resistor to 
eliminate line reflections of the incoming clock. 

DS15DB7 
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If the CLKIN BNC input is left floating, this 
resistor pulls the converter's clock input down to 
ground, thus activating its internal oscillator. 

Decoupling 

The CDB501X's decoupling scheme was 
designed to insure accurate evaluation of the 
converter's performance independent of the 
quality of the power supplies. Each supply is 
decoupled at the converter with a 10J,IF 

COMPONENT UST 

DS15DB7 

10.a resistor 
51 .a resistor 
4.7 .a resistor 
1 k.Q resistor 
560 .a resistor 
10 k.Q resistor 
2.43 k.Q resistor 
3.3 k.Q resistor 
240 k.Q resistor 
50 k.Q potentiometer 
50 k.Q potentiometer 
0.068 J,IF capacitor 
0.1 J,IF capacitor 
10 J,IF capacitor 
CS501X/511X AID converter 
1403 2.5V reference 
OP070pamp 
2N2907 A transistor 
4 pos. SPST DIP switch 
N.O. SPST pushbutton 
20 pin header 
bulkhead BNC 
red banana jack 
black banana jack 
green banana jack 
I" 4-40 spacer 
3/8" 4-40 screw 

CDB501X 

electrolytic capacitor to fIlter lowfrequency noise 
and a 0.1J,IF ceramic capacitor to handle higher 
frequencies. The auto-zeroing action of the 
converter's comparator provides extremely good 
power supply rejection at low frequencies. 
Depending on the quality of the system's power 
supplies, the decoupling scheme could be 
relaxed in actual use. 

R1,R2 
R3 
R18 
R9,R14 
R17 
R4, R5, R6, R7, R8, RIO, R11, R12, R13 
R19,R20 
R16 
R21 
R15 
R22 
C14 
Cl, C3, C5, C7, C9, C10, C12 
C2, C4, C6, C8, C11, C13 
Ul 
U2 
U3 
Q1 
SWI 
SW2 
CONI 
CON2, CON3, CON4, CON5, CON6 
CON7 
CON8 
CON9 
POSTl, POSTI, POSTI, POST4, POST5, POST6 
SCI, SC2, SC3, SC4, SC5, SC6 
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Semiconductor Corporation 

CDB5316 

CSZ5316 Evaluation Board 
Features 

• 'Easy To Use Digital Interface 
Parallel 16 Bits With Clock 
Serial Output With Clock 

• On-Board Clock Generation 
19.2 KHz Output Rate 

• Industry Standard Header Connector 
IDC Connector used to access 
Parallel Data, Serial Data, and 
Clock 

General Description 

The CDB5316 Evaluation Board is designed to allow the 
user to quickly evaluate the performance of the CSZ5316 
Delta-Sigma Analog-to-Digital Converter. All that is 
required to use this board is an external power supply, 
a Signal source and an ability to read either serial or 
parallel 16 bH data words. 

Note: The CSZ5316 was formerly designated as the 
CS5316 

ORDERING INFORMATION 

CDB5316 

Block Diagram 

·Ain@ 

T 
I CLOCK GENERATION I :: 

1 

SEP '87 
DS8DB3 

I5Ri'iY 

DACK 

+5V GND -5V 

'). 

J CSZ5316 

IDCHEADER 

1 

axour 

I DATA 

I 
~ 
~ 

Vee 

I SERIAL-TO-PARALLE~ 
CONVERTER 

1 

DO-DIS 

Crystal Semiconductor Corporation 
P.O. Box 17847, Austin, Texas 78760 

(512)445-7222 TWX:910-874-1352 
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GENERAL DESCRIPTION 

The CDBS316 Evaluation Board is a stand-alone 
environment for easy lab evaluation of the 
CSZ5316 Delta-Sigma Analog-to-Digital Con­
verter. Included on the board is the clock genera­
tion circuitry needed to drive the CSZ5316 and a 
serial-to-parallel converter which allows the user 
to access the data in either a parallel or serial 
mode. When supplied with the necessary +S 
volts and -S volts power supplies and an analog 
signal source, the CDBS316 will provide con­
verted data at the 40 pin header. 

Suggested Evaluation Method 

An efficient evaluation of the CSZ5316 using the 
CDBS316 may be accomplished as described 
below. 

Equipment needed consists of the following: 

• The CDBS316 Evaluation Board 
• A power supply capable of supplying +SV and 
·SV 
• A spectrally pure sine wave generator such as 
the KrohnHite Model 4400A "Ultra-Low Distor­
tion Oscillator" 
• A PC equipped with a digital data acquisition 
board such as the Metrabyte Model PI012 "24 
Bit Parallel DigitallJO Interface" 
• A software routine to collect the data and per­
form a Fast Fourier Transform (FFT) 

The set-up is straightforward. Use the sine-wave 
generator to supply the analog signal to the 
CDBS316. Converted data will then appear at 
the header on the CpBS316. The header should 
be connected to the digital data acquisition board 
in the PC through an !DC 40 pin connector and 
cable. The software routine should collect the 
data from the CDBS316 and run a standard 1024 
point Fast Fourier Transform (FFT). Such an 
analysis results in a plot similar to Figure 1 using 
a 1kHz input signal and a Blackman-Harris win­
dow for the FFT. 

10-14 
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The signal to noise and signal to total harmonic 
distortion characteristics of the CSZ5316 may be 
easily measured in this way. The signal to total 
harmonic distortion value for a particular input is 
the ratio of the RMS value of the input signal 
and the sum of the RMS values of the harmonics 
shown in the diagram. The dynamic range of the 
CSZS316 can be measured by reducing the input 
amplitude so that distortion products become 
negligible. This allows an accurate measurement 
of the noise floor. 

More complex analysis such as intermodulation 
distortion measurements can be accomplished 
with the addition of more wave form generators. 

~B r-~------------------~ 
_.--••.•.•...• --............................... s/(N+D): 84.1 dB 

-2~B 

-4~B 

Signal -SOdB 
Amplitude 

~~lla~~ -BOdB 

-IOOdB 

-12~B 
de 1000 9600 

Input Frequency (Hz) 

Figure 1 •• FFT Plot Example 

Power SupplieS 

The power supply connections are fairly straight 
forward. A tracking split supply should be used 
to generate +S volts and -S volts. These should 
be connected to their respective inputs. A good 
quality low ripple, low noise supply will give the 
best performance. The +S volt supply can also be 
used for VCC and should be connected between 
the VCC board jack and the power supply, as op­
posed to connecting the VCC jack straight to the 
+SV jack. The +SV jack is the positive power 
source for the CSZ5316 IC whereas the VCC 
jack supplies power to all the digital IC's. Care 
should be taken that noise is not coupled be­
tween VCC and +SV; however, supply noise is 

DS8DB3 
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generally not a problem with the CSZ5316 since 
the on-chip decimation filter will remove any in­
terference outside of its passband (9.6kHz). 

CIRCUIT DESCRIPTION 

Clock Generation 

The time base for the CDB5316 is a 4.9152 MHz 
crystal oscillator as shown in Figure 1. A clock 
source may be input at the CLKIN BNC connec­
tor to override the crystal oscillator. The clock is 
divided by 256 through two four bit binary ripple 
counters and re-aligned by a D Flip-Flop. The 
result is the necessary master clock (4.9152 
MHz, CLKIN) and the frame synchronization 
signal (19.2 kHz, FSYNC). If an external clock 

Vee 

R6 

DACK 

Vee 

01 11 ~ 
o 10 \. ~ 

14 -
o 9 Vee 01 3 -

041-==-8 -.!<:I>ClK 0 4 
L.....-=i:;.-..... U2 0 5 

L.....-_-+ ___ -=--l2 RST 

CDB5316 

source is used, FSYNC will be the clock source 
divided by 256. Figure 2 depicts the clock 
generation circuitry. 

Two optional handshaking signals are shown 
with the clock generation circuitry. These signals 
are Data Ready (DRDY) and Data Acknowledge 
(DACK). DRDY makes a transition low with the 
falling edge of FSYNC indicating that parallel 
data is available. nRDY is reset high when 
DACK returns to a high state. The Parallel Data 
Tuning diagram, Figure 6, illustrates the opera­
tion of DRDY and DACK with the arrows in­
dicating control of each edge of DRDY. If 
DACK is not driven, it will be held high by a 
pull-up driving DRDY continuously high. These 
signals are designed for parallel 1/0 cards that 

Vee Vee 

Vee 

Vee 

0&-=----'-=-1 L.....-__ -' 

L.....--------------~~11~>ClK 
GND 0~9------~ FSYNC 

ClKIN 

DS8DB3 

7 

(O)-j)-"'--,.....':'i .)o()!.::'-t-="i .:x>'8~------------L) ClKIN 

i 

R3~: 
1 

R8 

I C1 C2I 

Figure 2. - Clock Generation Circuitry 
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support this type of handshaking such as the 
MetraByte PI012 Interface Card designed for 
use in an mM PC. 

Analog-To-Digital Conversion 

The analog-to-digital conversion is handled by 
the CSZ5316 which is shown in Figure 3 as U6. 
The signal level at AIN should not exceed the 
values indicated in the CSZ5316 Data Sheet 
Antialiasing requirements are a function of 
AIN's bandwidth and out-of-band energy. A full 
discussion can be found in Application Note 
"Antialiasing Considerations for the CSZ5316". 
Once the data is converted, it will be output to 
both the serial-to-parallel converter and the !DC 

Vet; 

ClKIN 

FSYNC 

AIN 

CDB5316 

header. The data is output from the CSZ5316 as 
a 16-bit burst of serial information with a data 
rate of 2.4576 MHz (clock source divided by 2) 
and a burst rate of 19.2 kHz (FSYNC rate). The 
burst starts after the rising edge of FSYNC. 
Figure 4 illustrates serial data timing but for 
more detailed timing information see the 
CSZ5316 data sheet 

Serial-To-Parallel Conversion 

The serial-to-parallel conversion is handled by a 
pair of 8-bit serial-to-parallel converters that are 
chained to handle the full 16-bit data word as 
shown in Figure 6. The serial data from the 
CSZ5316 is clocked into the converters with 

ClKIN 

Vet;~ 
'--_____ Jacka 11 7 9 
~ 1 AIN FSYNC ClKIN 

+5V 0 }--....--.----...>-----------'-lVA+ 

+ 

C16 

r-------------~2VD+ 
...----.... __ .....:1=/2 REF~UF+ 

4 DGND 

GND 0 1--+---+_-+-_-+-~_--+-_-+-....:.15=-jAGND U6 

+ C17 

'--__ --....:.13=-j REFBUF-
'--_____ ....:..1=-jO VD-

-5V OI--4-----<l>---+---------:...14-'-iVA-

Fig~~e 3 .• Analog-ta-Digital Converter 
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CLKOU r:5:...-------l 

DAT Ar:6:...-------l 

NC 8 

DOE 3 

TEST1 16 

TEST2 17 

TEST3 18 

CLKOUT 

DATA 
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DATA ____ ~ll~S~I~1~4~1~13~1~12~1~1~1~1~10~1~9~1~8~1~7~1~6~I~s~1 ~4~1~3~1~2~1~1~I~o~ ______________ __ 

FSYNC -.J 

Note: For a complete description of serial timing see the CSZ5316 Data Sheet 

Figure 4 •• Serial Data Timing 

CLKOUT. The output is always available so, as 
the data is being clocked in, the infonnation at 
the parallel interface will be changing. This data 
will change in a period that starts following the 
rising edge of FSYNC and lasts for about 6.5 
microseconds. The data is always stable when 
FSYNC is low and for this reason data should 
only be considered valid when FSYNC is low. 
Figure 5 illustrates when parallel data is valid 
and the operation of the handshaking signals. 
DRDY is output from the CDB5316 indicating 
parallel data is valid and DACK is used to reset 
DRDY acknowledging that data has been 
received. FSYNC may be used instead of DRDY 
if no acknowledgement signal is used. 

Both serial and parallel outputs are available 
through the 40 pin header which can be used 
with a standard IDC connector that has two rows 
of 20 pins spaced 0.100" apart. 

Components 

Table I below lists the major components on the 
CDB5316 Evaluation Board. All integrated cir­
cuits that are attached to the me header are 
socketed as a precaution. Since the IC's used are 
CMOS, standard CMOS precautions should be 
observed when handling the Evaluation Board. 
Figure 7, A bird's eye view of the CDB5316 
Board, will help in locating component posi­
tions. 

S~rilIl Data S~rial Data Shifting Out Parallel Data (DO-DI5) Valid Shifting Out Parallel Data Valid 

~ r..-----~A " ~ r-------"--
DATA · .. · ... ·· ... · ..... ·· .. ···· .. mrumm·· ...... · ... ··· .... ··· ... ·· ................ ·· .. ··· ...... ·· ... ··· .. ·· ..... · .. · ..... · .... · ..... ·· .... ·· .. unmmn ... ·· ... · .. ···· .. · ..... ···· .... ··· ... · ....................... .. 

FSYNC 
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Mnemonic 

U1 
U2 
U3 
U4,U5 
U6 
C1,C2 
C3-C13 
C14-C19 
R1,R2 
R3 
R4-R7 
R8 
XT 

FSYNC 

ClKOUT 

DATA 

~ 

~ 

0 

Part Descri tion 

74HCU04 - Octal Buffer 
74HCf393 - Ripple Counter 
74HCf74 - Dual D Flip-Flop 
74HCf299 - Shift RegIster 
CSZ5316 - Delta-Sigma ADC 
22 pF Capacitors 
0.1 uF Capacitors 
10 uF Capacitors 
10 ohm Resistors 

Comments 

Crystal Loading 
High Frequency Decoupling 
Low Frequency Decoupling 

51 ohm Resistor 
22 kohm Resistors 

Power Supply Decoupling 
Impedance Matching - optional, not supplied 
Pun-ups 
Crystal Loading 10 Mohm Resistor 

4.9152 MHz Crystal 

Table 1. - Parts List 
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Figure 6. - Serial·to·Parallel Converter 
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CDB5412 

CSZ5412 Evaluation Board 
Features General Description 

• Throughput Rates up to 1 MHz 
• PC/uP-Compatable Header Connection 

The CB05412 is a completed, tested evaluation board for 
the CSZ5412 12-bit high-speed analog-to-digital 
converter. It includes a socketed CSZ5412, and all of the 
components necessary to quickly and thoroughly verify 
converter performance under a wide variety of operating 
conditions. 

• Buffered 12-Bit Data 
• Jumper Selectable: 

Unipolar/Bipolar Input Range 
Continuous Convertion 

• Adjustable Voltage Reference 

On board circuitry includes voltage references and clock 
circuitry, plus data buffers, so that the user need only suppy 
power, and an input signal to exercise the CSZ5412. 

• Operation from On-Board Crystal or 
Externally-Supplied Master Clock 

ORDERING INFORMATION 

COB5412 

OCT '87 
OS20B1 

AIN 

@ 

I NEGATIVE I 
REFERENCE I 

I POSmVE I 
REFERENCE I 

-VREF 

+VREF 

Block Diagram 
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Crystal Semiconductor Corporation 
P.O. Box 17847, Austin, Texas 78760 
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Semiconductor Corporation 

PCM Line Interface Demonstration Board 
Features General Description 

• Socketed CS61534 The board comes with a socketed CS61534 IC plus all the 
discretes required so that the CS61534's performance can be 
verified in the lab without having to first build a breadboard. 

• Complete Line Interface Function 
The board has four banana connectors for connecting two 

• Slide Switch Control of Digital Inputs 
1 00-to-120 ohm twisted pair cables to the line transformers 
present on the board. Two other banana connectors allow 

• Reset Circuit 
for easy connection of an external five volt power supply. 
Power supply decoupling capacitors are resident on the board. 
BNC connectors allow easy access to the Received Clock and 
Data, the Transmit Clock and Data, and the AHemate Clock. 
Testing terminals provide access to the Serial Control Interface, 
DPM, MTIP, MRING, TTIP, TRING, LOS and center tap of the 
transmit transformer. 

• Mode Selection Circuit 

AUG '87 
DS16DB2 

Additional components provided on the board are a crystal, 
a reset circuit and a DIP switch for controlling the input pins: 
LENO, LEN1, LEN2, TAOS, RLOOP and LLOOP. 

ORDERING INFORMATION 
CDB61534 

BOARD LAYOUT 

e ~J:i~~;:::: l:~)~'~~; f:~~~~!~ 
·····················~·~·::::;:··~·R3·····T·············· ............... , l. ... = ............ j1D2! oTxREF 

RESET.... i ~C+2+Ct.~ 4il X~1IT I 
l..=..J CS61534 fi~! XFMR ° TxTIP e Reset Circuit CD 861534 i R 7 , ...... .,.. ..•..•.....••.•..•...• e. ..... . 

.......................... :.:.= ................. ..1 Eva!. Board· -o-! T~~;£iti ° LOS 
HOW HOST! 6.176 MHz L. ... 9.Jr./?.I!JL . .i oDPM I D Ir ............ · 

___ .R4 !~~li]li] li] ~ li] 
Mode ~ele.ctJon! ACLK TCLK TPOS TNEG RNEG RPOS RCLK 
e CirCUit I e LXMIT DATA·.l e i..fIEC DATA.l e 

Crystal Semiconductor Corporation 
P.O. Box 17847, Austin, Texas 78760 

(512)445-7222 TWX:910-874-1352 
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CIRCUIT DESCRIPTION 

The CDB61534 PCM Line Interface Demonstra­
tion Board is an evaluation tool for the CS61534. 
The board allows the CS61534 to be evaluated 
with no further breadboarding required. The 
CDB61534 comes with two crystals: a 
6.176 MHz crystal installed for T1 operation and 

a 8.192 MHz crystal which can be installed for 
CCITT operation. Alternatively, a clock of four 
times the TCLK frequency can be input to 
XTALIN, disabling the jitter attenuator 
(4xCLOCK must have the same phase as 
TCLK). 

+5V 

. i iToggle +5V 

R4 10 I() i ---l iSW~ChC31 .047 U 

H~R~wiRE I D2 
01 [:~: ~::~~}p Sw"" BNC's 

~ Alternate 
(~~E~x~te~rn~a~IC~I~oc=k~+-14ACLK T AOS/CLKE LO:2",-S+--+ __ -l..!.1--t'2=--j-,,-3-f4'---1-,,-5 ~ 6 ,- 10 Pin Header 
(~~T~rn=n~s~m~it~C~lo~~~~2~TCLK 
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Transmit Data 
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Receive Data Pos. 6 RPOS 

Receive Data Ne . 7 RNEG 

Receive Clock S RCLK 

9 XTALIN 

CS61534 
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3 4 5 6 7 S ' i INT 

R::: : 1--------1~7 :~;i" 
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RRINGf=2c.::.0+---------~--------____ 

RTIP 19 T ~RING 
Test Pins ~: ~~~ M:~I~ ~~ R1 2000 II I ' 

-=- 2:1 \ j 
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Figure 1. CDB61S34 Schematic 
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Transmit Circuit 

The transmit circuit consists of a 1:2 step-up 
transformer (Tl) and banana connectors (TTIP 
and TRING) for terminating a twisted pair. This 
circuit is activated by connecting pin 1 to pin 2, 
and pin 3 to pin 4 on pin header n. 

Additional circuitry is provided to support inter­
facing to a CCITT coax line (750 load, and 
2.37V pulse height). This circuit uses two 2.20 
resistors (R6 and R7) to control pulse amplitude, 
and is activated by removing the jumpers from 
pin header JI. 

TxTIP and TxRING can be used to directly 
access pins 13 and 16 of the CS61534. TxREF 
allows access to the center tap (line side) of the 
transmit transformer. 

Receive Circuit 

The receive circuit consists of a center-tapped 
transformer (T2) and banana connectors (RTIP 
and RRING) for connecting the receive twisted 
pair. Resistors Rl and R2 provide a proper ter­
mination load for twisted pair applications, and 
should be replaced by 1500 resistors for 750 
ccrn coax cable applications. 

Switch CS61534 Pin 

CDB61534 

Power Supply 

The power supply circuit consists of two banana 
connectors (GND and +5) for connecting to 
ground and plus five volts. A 0.1J.LF decoupling 
capacitor (Cl) is supplied for the receive power 
pins. 1.0J.LF and 68J.LF capacitors (C2 and C4) are 
supplied for the transmit power supply. 

Mode Selection Circuit 

The Mode Selection circuit controls pin 5 of the 
CS61534, and selects between host mode and 
hardware mode. The circuit consists of a toggle 
switch and a lOkO resistor (R4). 

RESET Circuit 

The RESET circuit consists of a switch, two 
diodes (Dl, D2), a capacitor (C3) and a resistor 
(R3). When in the hardware mode and the switch 
is pushed, the RLOOP and LLOOP pins are 
momentarily pulled high. RESET is invoked in 
the host mode by writing a command over SDI. 

Control Circuit -Hardware Mode Operation 

The control circuit consists of a set of 6 DIP 
slide switches which control pins 23 through 28 
of the CS61534 as shown in Table 1. Turning a 
switch on provides a 5 Volt signal to the cor­
responding pin. 

Switch Position 
Affected On (right, toward center of board) Off (left, toward edge of board) 

1 LENO (23) 

2 LENl (24) Logic High Logic Low 

3 LEN2 (25) 

4 RLOOP (26) 

5 LLOOP (27) 
Loopback selected Loopback not selected 

6 TAOS (28) Transmit all 1 's to the line Normal transmission 

Table 1. Switch Position Interpretation 

DS16DB2 10-25 
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Control Circuit -Host Mode Operation 

The serial bus pins of the CS61534 are accessed 
by connecting to the 10 pin header. Each pin on 
one side of the header is connected to the 
adjacent pin on the other side. The DIP slide 
switch is still used to control CLKE (pin 28). 
Placing the CLKE slide in the on position (right, 
toward the edge of the board), gives RCLK and 
SCLK polarity compatible with the DS2180. 
When CLKE is in the off position (left, toward 
the center of the board), RCLK has the same 
polarity as in the hardware mode (R8070 com­
patibility). All of the other DIP switches are 
disabled in the host mode. 

WATCH OUT! Do not switch the board to the 
hardware mode when it is connected to your 
serial interface. If any of the dip switches are on, 
the power supply will be connected to your 
serial interface, potentially damaging its output 
circuits. 

10-26 
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EVALUATION HINTS 

1. A lOOn load should be connected to the TIIP 
and TRING banana connectors when evaluating 
the transmitted signal. 

2. When externally implementing a loopback by 
connecting RPOSIRNEG to TPOSITNEG and 
RCLK to TCLK, be sure to insert an inverter be­
tween RCLK and TCLK (Le., when in the 
hardware mode, or when in the host mode and 
CLKE is low). 

3. If an excessive amount of ringing is 
experenced at TIIPI TRING due to the transmit 
transformer, try inserting a lOOn resistor at the 
R5 location. 

DS16DB2 
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PCM Line Interface Demonstration Board 
Features General Description 

• Socketed CS61544 The board comes with a socketed CS61544 IC plus all the 
discretes required so that the CS61544's performance can be 
verified in the lab without having to first build a breadboard. 

• Complete Line Interface Function 
The board has four banana connectors for connecting two 

• Slide Switch Control of Digital Inputs 
100 ohm twisted pair cables to the line transformers 
present on the board. Two other banana connectors allow 

• Reset Circuit 

OCT '87 
DS16DB1 

RESET 
Reset Circuit 

C3-if­
C4-if-

R3 ___ 
R4 ___ 

for easy connection of an external five volt power supply. 
Power supply decoupling capacitors are resident on the board. 
BNC connectors allow easy access to the Received Clock and 
Data, the TransmH Clock and Data, and the Alternate Clock. 
Testing terminals provide access to DPM, MTIP, MRING, niP, 
TRING, LOS and center tap of the transmit transformer. 

Additional components provided on the board are a crystal, 
a reset circuit and a 01 P switch for controlling the input pins: 
LENO, LEN1, LEN2, TAOS, RLOOP, LLOOP, BSZSAND RAOS. 

ORDERING INFORMATION 
CDB61544 

BOARD LAYOUT 
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Crystal Semiconductor Corporation 
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TOLLOOP 

TORLOOP 

02 01 

NEW AND IMPROVED RESET CIRCUIT 

(NOT PROVIDED, BUT RECOMMENDED FOR 
SIMILAR DESIGNS) 
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Semiconductor Corporation 

CDB7008 

CS700B Evaluation Board 
Features 

• Up to 64 Different Filters On-Board 

• Optional Input Antialiasing Filter 

• Optional Output Smoothing Filter 

• Operation from On-Board Crystal or 
Externally-Supplied Clock 

• Supports CRYSTAL-ICE Filter 
Development System 

General Description 
The CDB700S allows the user to quickly verify the per­
formance of the CS700S Universal Filter under a wide 
variety of operating conditions. The on-board EPROM 
contains a large variety of filters that are DIP switch 
selectable and loaded into the CS700S when RESET is 
pressed. 

Jumpers on the input and output filters can be configured 
to provide antialiasing and smoothing, or the filters can be 
bypassed altogether. 

ORDERING INFORMATION 

CDB700S 

Board Layout 
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Application Note 

Voltage References for the CS501X / CSZ511X 
Series of AID Converters 

SEP '87 
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INTRODUCTION 

This application note discusses voltage 
references for use with Crystal Semiconductor's 
CS501X series of AID converters and CSZ511X 
series of S-to-Z converters™. Reference design 
considerations, a design example and suggested 
reference circuits are explained in detail. 

Voltage references provide accurate voltages for 
use in data acquisition systems in order to 
establish a basis for conversion. In a data 
acquisition system, the value of the reference 
sets the gain of the AID stage since the digital 
output corresponds to the ratio of the analog 
input signal to the reference voltage. 

In static applications, information is contained in 
the signal amplitude, therefore the absolute value 
of the reference voltage is important. In many 
signal processing applications, information is 
contained in the frequency and phase of the 
signal. Here, absolute value is not as important 
as the stability of the reference voltage during 
conversion. 

Zener-diode Reference 

There are two major varieties of voltage referen­
ces. The first is the zener-diode based reference 
which uses a reverse-biased zener diode operated 
in its breakdown region. Most zeners breakdown 
at voltages of about 6.0V which limits the 
minimum supply voltage necessary for 
operation. When the diode is supplied with a 
constant current, it has a constant voltage drop. 
Zener references use a zener diode and an 
integrated feedback amplifier which provides 
constant current, gain, and buffering for the 
zener diode. 

Zener diodes exhibit two types of breakdown. 
The first is zener breakdown which has a 
negative temperature coefficient and is dominant 
at low current levels. The second, avalanche 
breakdown, occurs at higher current levels and 

11·4 

CS501X,f CSZ511X· 

has a positive temperature coefficient. At some 
specific current level, these two effects cancel 
each other and the temperature coefficient of the 
zener breakdown voltage is zero. As the ambient 
temperature changes, one of the breakdown 
mechanisms becomes dominant and the the 
reverse-biased diode voltage will exhibit a 
temperature coefficient. 

Bandgap Reference 

The second major type of reference is the 
bandgap reference. This reference uses the 
base-emitter voltage (Vbe) of a bipolar transistor 
as a basis for operation. The Vbe has a negative 
temperature coefficient (-2mV/oC). This 
negative temperature coefficient is balanced by a 
voltage with a positive temperature coefficient of 
the same magnitude. This voltage is usually 
obtained by using the difference of two Vbe'S of 
transis tors operating at different current 
densities. When both voltages are scaled and 
summed together, the result is a voltage which is 
less sensitive to temperature. The headroom 
required for bias and support circuitry is only a 
few volts over the output voltage. 

Reference Specifications 

Voltage references have six important specifica­
tions. These are absolute accuracy, temperature 
coefficient, long-term reference drift, power 
supply sensitivity, output impedance, and output 
noise. 

Absolute or untrimmed accuracy is the 
difference between the actual output voltage 
and the ideal output voltage. It is specified in 
millivolts. 

Temperature coefficient describes the drift in the 
output voltage with temperature. Since this drift 
is nonlinear, curve fitting is often used for all 
temperatures between those actually tested. 
Voltage references are available with temperature 
coefficients as low as 1 ppm/°C. Inexpensive 
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Figure 1. - Long Term Stability of a Typical Zener Reference 

references are available with 10 to 50 ppmJ°e 
drift which is comparable to on-chip references 
of bipolar AID converters. Temperature coeffi­
cient is specified in ppmJ°e. 

Long term stability is the drift in the reference 
voltage over time. Most references show minor 
deviations in voltage due to lIf noise in circuit 
components. These deviations are usually small 
and are superimposed on a larger drift charac­
teristic which is due to device aging. An example 
of this is seen in Figure 1. Long term drift is 
specified in ppmJlOOO hrs. 

Power supply sensitivity (line regulation) is the 
change in output voltage due to a change in 
power supply. Most references have good power 
supply rejection at dc, but ac power supply rejec­
tion is also important when power supplies are 
subject to high frequency coupling or noise 
spikes. PSRR (power Supply Rejection Ratio) is 
the ratio of the change in power supply to the 
change in output voltage. It is specified in dB. 

Output impedance is important because of the 
dynamic loads generated by the eS501X 

AN4REV2 

successive-approximation AID converters. When 
the reference is sourcing or sinking current, its 
output voltage will change due to non-zero 
output impedance. This impedance must be low 
enough at all frequencies of interest so the 
deviation in reference voltage when sourcing 
current is negligible. Output impedance is 
specified in ohms. 

Output noise can lead to comparison errors in the 
AID converter, and subsequently conversion 
errors. For the eS501X converters, reference 
noise is more evident with full scale inputs. It is 
specified in IlV peak-to-peak. 

Design Considerations 

When interfacing voltage references to the 
eS501X series of AID converters, their 
specifications should be robust enough so that 
the reference does not become a source of 
conversion error. During conversion, each 
capacitor of the calibrated capacitor array in the 
eS501X is switched between VREF and AGND 
in a manner determined by the successive­
approximation algorithm. The charging and 
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discharging of the array results in a current load 
at the reference. The CS501X AID converters 
include an internal buffer amplifier to minimize 
the external reference circuit's drive requirement 
and preserve the reference's integrity. Whenever 
the array is switched during conversion, the 
buffer is used to pre-charge the array thereby 
providing the bulk of the necessary charge. This 
buffer enlists the aid of an external O.l~ 
ceramic capacitor which must be tied between its 
output, REFBUF, and the negative analog 
supply, VA-. The appropriate array capacitors are 
then switched to the unbuffered VREF pin to 
avoid any errors due to offsets and/or noise in 
the buffer. The external reference circuitry need 
only provide the residual charge required to fully 
charge the array after pre-charging from the 
internal buffer. This creates an ac current load as 
the CS501X sequences through conversions. 

The reference circuitry must have a low enough 
output impedance to provide the requisite current 
without changing its output voltage significantly. 
As the analog input signal varies, the switching 
sequence of the internal capacitor array changes. 
The current load on the external reference 
circuitry thus varies in response with the analog 
input. Also with CS501X converters, bits are 
converted at a IMHz rate with a full speed 
(4MHz) clock. The reference must settle within 
one microsecond so that it will be accurate 
before the next bit is converted. Signal amplitude 
dependent loading and conversion settling time 
require the output impedance of the reference to 
remain low from dc to at least IMHz in order to 
ensure good converter performance. 

pa~Clk 4MHz 

CS5012/CSZ5112 (Vref=4.5V) 27 
CS5012/CSZ5112 (Vref=2.5V) 15 

CS5014/CSZ5114 (Vref=4.5V) 7 

CS5016/CSZ5116 (Vref=4.5V) 2 

CS501 X I CSZ511 X 

The CS501X series of converters can operate 
with a wide range of reference voltages, but 
signal-to-noise performance is maximized by 
using as wide a signal range as possible. All 
CS50lX converters can actually accept reference 
voltages up to the positive analog supply. 
However, the internal buffer's offset may 
increase as the reference voltage approaches 
VA+. This increases external drive requirements 
at VREF. Allowing 250m V headroom for the 
internal reference buffer is recommended. If the 
supplies are regulated specifically for the 
converter, 5.0 volt references may be used if the 
supply voltages for the CS501X are kept 
between ± 5.25 and ± 5.5 volts. 

The magnitude of the current load presented to 
the external reference circuitry by the CS50lX 
converters will vary with the master clock fre­
quency. At full speed (4MHz clock), the CS501X 
AID converters require maximum load currents 
of 10llA peak-to-peak (lJlA peak-to-peak 
typical). The voltage reference must supply this 
current and maintain adequate voltage regula­
tion. The load currents scale proportionately with 
the master clock frequency. Slower clocks can be 
used to relax maximum output impedance 
specification of the reference. 

When driving multiple AID converters from the 
same reference circuit, load currents will scale 
proportionally to the number of converters. 
Distribute the required decoupling components 
such that each ADC is locally decoupled. 

2MHz 1MHz 

54 108 
30 60 

14 28 

4 8 

500kHz 

216 
120 

56 

16 

All units 
in ohms 

Table 1. - Maximum Output Impedance for = 1/4 LSB Reference Deviation 
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A reference with a maximum output impedance 
of 2 n will yield a maximum error of 20J.l. V. This 
reference could drive a CSS016 (LSB=69J.1V 
with a 4.SV reference) and maintain 
approximately 1/4 LSB deviation during conver­
sion. Similarly for the CSS014 (LSB=276J.l.V 
with a 4.5V reference), and CSS012 
(LSB=613J.l.V with a 2.SV reference), maximum 
impedances of 7 and IS n respectively will 
maintain adequate regulation. Table 1 defines 
maximum reference impedances allowed for 
each of the Crystal AID's operating at different 
master clock frequencies in order to keep 
reference deviation approximately equal to 1/4 
LSB. 

All precision references exhibit extremely low 
output impedance at dc. However, as frequency 
increases the impedance also increases. A large 
capacitor connected between VREF and AGND 
can provide sufficiently low output impedance at 
the high end of the frequency spectrum where 
the reference impedance is too high. 

For example, the impedance of an ideal 10JJ.F 
capacitor drops below 1 n at frequencies greater 
than 16kHz. However, actual capacitors behave 
differently due to their physical structure. 
Tantalum-foil electrolytic capacitors begin to 
appear inductive at frequencies around 100kHz 
and as a result their impedance begins to rise at 
frequencies above this. Aluminum electrolytic 
capacitors appear inductive at frequencies 

C2 
0.01 
uF 

v-

CS501 X I CSZ511 X 

around 10kHz. Ceramic-disk capacitors behave 
much closer to ideal and begin to appear induc­
tive at frequencies around SMHz, but 10JJ.F 
ceramic-disk capacitors are quite rare. Therefore, 
a high-quality tantalum capacitor (l0JJ.F) in 
parallel with a smaller (0.1JJ.F) ceramic capacitor 
is recommended. This combination yields low 
impedance up to frequencies around SOMHz. 

Peaking 

The presence of large capacitors on the output of 
some voltage references may cause peaking in 
the output impedance at intermediate frequen­
cies. Care should be exercised to ensure that 
significant peaking does not exist or that some 
form of compensation is provided to reduce it. 

Most commercially available references use an 
integrated op-amp to buffer the actual reference 
generator. External capacitive loading will 
degrade performance of this op-amp. This 
degradation can be analyzed using classical 
analysis techniques. The open loop gain of an 
ideal op-amp is primarily determined by the 
internal compensation capacitor which generates 
a left-half-plane-pole (LHPP) at a very low 
frequency. The effect of this pole is to reduce the 
open loop gain by 20dB per decade and to add a 
-90 degree phase shift to the open loop transfer 
characteristic. Adding a capacitive load to the 
output of the op-amp generates another LHPP at 
a frequency inversely proportional to the 

Figure 2 •• Reference Connections 
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capacitor's value. An additional 20dB per decade 
reduction in gain and -90 degree phase shift 
result from the second LHPP. 

The unity gain bandwidth of an op-amp (fO), is 
the frequency at which the open loop gain goes 
to unity. If the total phase shift reaches -180 
degrees before fO is reached the op-amp will 
become unstable. The closed loop frequency 
response peaks at fo. As the total open loop 
phase shift at fo approaches -180 degrees, the 
closed loop peak at fO approaches infinity. The 
point of critical damping is the point where the 
peaking is precisely zero. Any phase shift less 
than this results in no peaking, and phase shift 
greater than this results in increased peaking. 

Any peaking that might occur can be reduced by 
placing a small resistor in series with the 
capacitors (Figure 2). This resistor adds a 
left-half-plane-zero (LHPZ) to the open loop 
characteristic of the op-amp. This zero increases 
the gain by 20dB per decade, and adds a +90 
degree phase shift. The resulting reduction in 
total phase shift at fO reduces peaking in the 
closed loop characteristic. The equation in 
Figure 2 can be used to help calculate the 
optimum value of R for a particular reference. 

iii' 

~ 
w 
f!l 
'" 0 
W 
0-
~ 

~ 
0-.... 
::> 
0 

1000 ,.---,-----.--,------r----, 

100 

10 

0.1 

f--+----t--+---+---"o/Y reference only 

reference with 
capacitors and 
resistors 

ref8reOc8w~h 
capacitors 

0.Q1 '--_-'-_---1. __ ...1...-_--'-_---' 
10 100 lK 10K lOOK 

FREQUENCY (Hz) 

Figure 3. - Output Impedance Curves for L TI019-S 
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The term "fpeak" is the frequency of the peak in 
the output impedance of the reference before the 
resistor is added. 

Design Example 

Figure 3 shows the output impedance charac­
teristic of an LT1019-5 reference trimmed to 
4.5V. The three curves represent impedances of 
the stand-alone reference, the reference with a 
10J.JF tantalum and a 0.1J.JF ceramic capacitor 
added in parallel to the output, and the reference 
with the capacitors and a 2.2 Q resistor in series 
with them (See Figure 2). Without loading, the 
reference impedance rises above 100 Q at 
50kHz. Adding the capacitors, peaking can be 
seen, but the maximum impedance is about 13 Q 
at 4kHz. As shown in Table 1, 13 Q is sufficient 
for use with the 12-bit converters and for the 14 
and 16-bit converters with slow master clocks. 
With the addition of the 2.2 Q resistor, the peak 
is reduced to 6 Q and the impedance approaches 
2.2 Q at high frequencies. 

Suggested Voltage Reference Circuits 

Seven references were characterized for use with 
the CS501X family of successive-approximation 
AID converters and the CSZ511X family of 
S-to-Z converters™. Important reference 
specifications such as output impedance and drift 
were measured for all references using standard 
test techniques. In addition, a Fast-Fourier 
Transform (FFT) test was performed to 
characterize the total dynamic performance of 
each reference circuit while driving a CSZ5116 
converter. The same CSZ5U6 was used for all 
tests yielding results which allow the comparison 
between different references. A summary of 
performance can be seen in the table on page 13. 
During the FFT test, a pure sine wave is applied 
to the CSZ5116 and a "time record" of 1024 
samples is captured and processed. The FFT al­
gorithm analyzes the spectral content of the 
waveform and distributes its energy among 512 
"frequency bins". Distribution of energy in bins 
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outside of the fundamental and dc can be 
attributed to errors in the AID converter's perfor­
mance, the reference, or the input sine wave. 

The result of the FFT test is the ratio of input 
signal amplitude to the combination of harmonic 
distortion and total integrated noise. It is referred 
to as S/(N+D) in all of the performance charts in 
Figures 4 to 10. This ratio is expressed in dB. If 
input sine wave distortion and the actual AID 

LT1019-S 

+10 -+1SV OUT 6 

o-----j IN 
2 

TRIM 1---< 
GND 5 

4 

CS501X I CSZ511X 

converter's distortion and noise are assumed to 
be negligible, the S/(N+D) is due to the reference 
only. In reality, this assumption can not be made. 
In the case of the Great Reference (See Figure 
10), performance matches or exceeds the 
capability of the test setup. S/(N+D) ratios of 72 
and 82 dB are sufficient for the 12-bit and 14-bit 
converters. For the 16-bit converters, 88 to 94 
dB is necessary. 

+4.SV Reference Type Bandgap 
Untrimmed Accuracy 2.SmV 

C2 Max Impedance 6.Sn @3.2kHz 
Total Output Drift Spprnl uC 
PSRR (SO Hz to SOOHz) 90dB 
Long Term Stability -
Output Noise (dc to 1 MHz 2S0uV pop 
S / ( N + D) (100Hz) 89dB R1: 2Skn Low Drift Pot C2: 0.1uF ceramic 

+7.S -+1SV 

C1: 10uF tantalum R2: 3.9n 1% S/(N+D) (1kHz) 

Figure 4. - LTI019-S Reference Trimmable to 4.5V 

LT1019-2.S 

OUT 6 

+2.SV Reference Type 
Untrimmed Accuracy 

o-----j IN Cl C2 Max Impedance 
2 

+10 -+1SV 
IN 

2 

AN4REV2 

GND 

4 

- C1:10uF tantalum R2:2.4n 1% 
C2: 0.1uF ceramic 

Total Output Drift 
PSRR (SO Hz to SOOHz) 
Long Term Stability 
Output Noise (dc to 1 MHz) 
S/(N+D) (100Hz) 
S/(N+D) (1kHz) 

Figure 5. - LTI019-2.5 Reference 

LT1021-S 
+S.OV Reference Type 

OUT 
6 

Untrimmed Accuracy 
Max Impedance 

TRIM 
GND 5 

Total Output Drift 
PSRR (SOHz to SOOHz) 

4 
Long Term Stability 
Output Noise 
S / ( N + D) (100Hz) 
S/(N+D) (1kHz) 

C1: 10uF tantalum R1: 27kn 1% 
C2: 0.1uF ceramic ~~~ ~b2kg l6~ Drift Pot 

F!gure 6. - L TI021 Reference 

89dB 

Bandgap 
1.2SmV 

4.0n @S.8kHz 
Spprnl OC 

90dB 
-

100uV pop 
87dB 
86dB 

Zener 
2.SmV 

3.8n @S.OkHz 
3pprnl°C 

86dB 
1Spprnl1000hr 

60uV pop 
90dB 

90dB 
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, VRE10S-3 
OUT 

4.S or 4.096 V Reference Type Zener 

+1SV 13 
Untrimmed Accuracy SOOuV 

Q----l+ps Max Impedance 2.Sn@20kHz 
11 GND Total Output Drift O.Spprn/°C 

PSRR (SOHz to SOOHz) 100dB REFGND 
7 

Long Term Stability 6pprn/1000hr 
6 

To AGND Total Output Noise 80uV pop 

C1: 10uF tantalum R2: 1.9€n 
C2: 0.1uF ceramic 

1% S / ( N + D) (100Hz) 90dB 
S/(N+D) (1kHz) 90dB 

Figure 7.· VREIOS·3 Reference 

FFf tests were performed at 100Hz and 1kHz. 
The 100Hz test checks the output impedance of 
the reference chip itself which dominates at low 
frequencies. At intermediate frequencies in the 
kHz range, highest output impedance was seen 
in all references. This was tested using the 1kHz 
FFT test Since the reference capacitors dominate 
the impedance at high frequencies, high freq"\len­
cy FFf tests were not necessary. Although not 
tested, the best reference is likely to yield the 
best DNL performance when using a CS501X 
part. The least complicated reference circuit is 
the stand-alone reference chip with a passive 
compensation network. Its temperature drift and 
noise performance is equal to the reference chip 
itself since the compensation network does not 
change the dc output voltage. Keeping the output 
impedance "low from dc to IMHz is not trivial 
however, since there is no additional active 
circuitry added to perform this task. Four 
references were tested in the stand-alone 
configuration. Figures 4, 5, 6, and 7 illustrate 

schematics and measured specifications for these 
references. All references are monolithic with the 
exception of the VRE105-3 reference which is a 
hybrid. The calculated value of R2 in each of the 
references above will change slightly between 
units. Since the actual variation is small, picking 
the closest 1 % tolerance resistor to the calculated 
value should give similar performance for all 
references of a particular manufacturer's model. 

Other stand-alone voltage references with similar 
specifications include the AD584, REF02, 
REF03, REFIO, and REF43. When designing 
with these references, the equation shown in 
Figure 2 should be used to calculate the approp­
riate value of R2 for each type of reference. 

For applications which use ± 5.0 volt supplies, 
the reference in Figure 8 can be used. This 
reference circuit, designed by PMI, takes 
advantage of their new low power op-amp in a 
novel feedback configuration to achieve a 4.5 

,.------_--~.----....--o +4.7 .... +15V 
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2 
VIN 

VOUT 6 

REF43 
GNO 

4 

R2 
2.51< 
1% 

Reference Type 
I untnmmea Accuracy 
Max Impedance 
Total Output Drift 

01 + 02 PSRR (50Hz to 100Hz) 

ouq1UF 

£~9 O.1uF 

R1 21< 1% 

Long Term Stability 
~utput-",--olse ~c to 1 MHZ 
S / ( N + D) (100Hz) 
S/(N+D) (1kHz) 

~--------~Ar----~ 

Figure 8 •• Low Power Supply Reference 

Zener 
1.5mV 

4.40@1kHz 
8.0ppm/o C 

SOdB 

-
400uV pop 

88dB 
88dB 
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r----------.--------.. __ ---Q+S.OV 

VIN Rl lk 
VOUT 

AD1403 2 2N2907A 

+4.SV 

Cl + 

Reference Type 
Untrimmed Accuracy 

Max Impedance 
Total Output Drift 

Zener 
SOmV 

6.9n@2kHz 
2Sppm/o C 

aOdS 

I\t----.t----I 'y" 
PSRR (SOHz to 100Hz) 

F Long Term Stability -
Output Noise (dc to 1 MHz) 30uV POp 
S I ( N + D) (100Hz) 90dS 

S I ( N + D) (1 kHz) 90dS 

Figure 9. - Low Headroom Reference 

volt reference which operates from 4.7 to 15 volt 
supplies. 

Since only a few microamps of quiescent current 
flows in the op-amp, it can be assumed that the 
only current flowing in R3 is the same as that 
flowing in R4. It can be shown that V6 = 

3.57(Vin-V7). For an output of 4.5 volts, and a 
supply of 4.7 volts,· the op-amp has a supply of 
approximately 4.0 volts and an output voltage of 
2.14 volts. This output voltage is well within the 
maximum specification of the OP-90 op-amp. 
Other references can be substituted for the 
REF43 if different drift or noise specifications 
are required. 

-15 V 

R2 
2.21k 
0.1% VIN 

VOUTf.-/\,/'V'-<_-<t--....-! 
REF10 6 

GND 
4 

Reference Type 
Untrimmed Accuracy 

Rl 

1.0k 

Zener 
2SmV 

Max Impedance O.SD@3kHz 
Total Output Drift 9ppm/oC 

The reference shown in Figure 9 is a low noise 
reference with less than 30llV peak-to-peak of 
noise from dc to IMHz. It uses a discrete output 
stage allowing Vref to come within 300m V of 
the positive supply. The filtering network Rl,CN 
reduces the bandwidth of the reference and 
therefore reduces the total output noise. The 
OP-07 is a low noise op-amp which buffers the 
filtered reference. This op-amp contributes very 
little noise to the entire reference circuitry. 

The temperature coefficient of this reference is 
primarily due to to the matching of the gain 
resistors R2 and R3, so low temperature drift 
resistors should be used. Long term drift is 
dominated by the AD1403's drift. Other 2.5 volt 

O.1U~OUF 
.. = ceramyntalum 

R4 47k R5 
22 

PSRR (SOHz to 100Hz) 
Long Term Stability 
Output Noise (dc to 1 MHz) 
S I ( N + D) (100Hz) 
S I ( N + D) (1 kHz) 

+4.SV 

9SdS 
SOppm/1000hr 

SuV p-p 
92Clts 

92dS 

Figure 10. - Great Reference 
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references can be used to improve this specifica­
tion. The output voltage can be changed by 
adjusting R2 and R3 according to the following 
equation: Vref = Vout*«R2+R3)/R2). Resistors 
with 0.1 % tolerance for R2 and R3 limit the 
reference's untrimmed accuracy only. Resistors 
with 1 % or 5% tolerance can be used if 
untrimmed accuracy less than 50mV is not 
necessary. The supplies of the OP-07 should be 
bypassed with 0.1~ capacitors to ground. 

The reference in Figure 10 exhibits very good 
noise, output impedance, and long term drift 
performance. It can be used in appications which 
have ± 15 volt supplies available. The reference 
has noise less than 1011 V peak-to-peak from dc to 
1 MHz. The filtering network R2, R3, and CN 
filters noise components greater than 10Hz from 
the output of the REFI0 reference. The OP-27 is 
a very low noise op-amp with excellent input 
offset drift over time and temperature. 

The temperature coefficient of this reference is 
primarily due to to the matching of the voltage 
divider R2 and R3. Matched, low temperature 
drift resistors should be used when absolute 
accuracy is required. Temperature drift of the 
reference chip plus input offset drift of the 
op-amp is about 9ppm/oC. Other 10 volt 
references can be used in place of the REFlO. 

The reference voltage can be changed by 
adjusting R2 and R3 according to the following 
equation. Vref = Vout*(R3/(R2+R3». 

This circuit has no protection against acciden­
tally applying ± 15V to the VREF pin. This 
could occur if the OP27 fails. 

Miscellaneous Applications Infonnation 

Thermal temperature gradients due to power 
dissipation on the voltage reference die can 
create output voltage shifts. Keeping the entire 
chip on an isothermal plane is helpful. Reference 
load conditions should be kept very close to 
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those specified, or degraded temperature perfor­
mance will result. Some references specify a 
thermal regulation in ppmlm W. This can be used 
to calculate voltage drift for a specific power 
dissipation due to loading. 

Overall die temperature change can cause 
thermally induced output voltage variations 
which can exceed electrical effects. Shifts in 
power dissipation on the board level are the 
major contributor to this error. In critical applica­
tions, using a heat-sink is recommended to keep 
the reference temperature deviations small. 

Thermocouple effects between package leads 
can also cause excessive output voltage drift and 
noise. Differences between materials in IC leads 
and PC-board traces can cause thermoelectric 
currents to flow. Ambient air turbulence around 
the leads causes mismatches in the temperature 
between the package leads. The resulting 
thermoelectric voltage contributes to noise. 
Using dual in-line packages (DIPs) is recom­
mended over using TO-5 type packages. The 
copper or Alloy 42 lead frames on DIPs are 
much less sensitive to thermocouple effects than 
the Kovar leads of the TO-5 packages. Using an 
enclosure such as a poly sulfone shield which 
blocks the air flow over the reference package 
will also reduce the problem by reducing air 
movement around the package leads. 

In reference circuits which have external gain 
setting resistors, tracking of the temperature 
coefficients of these resistors is vital. Wirewound 
resistors made of Evenohm or Mangarnin have 
the lowest temperature coefficients. Ceramic 
film resistors such as Vishay are also good. 
Matching in resistor temperature coefficients as 
good as 0.4 ppml°C can be achieved. Arranging 
these resistors in close proximity to one another 
also helps matching. SIP or DIP resistors by 
Beckman exhibit the best matching since all 
resistors are processed on the same substrate. 

AN4REV2 



.. -........ . . ~~- ._. 
~ ......... ~ CS501X I CSZ511X 

Part I 

VRE105-3 

LT1019-5 
LT1019-2.5 
LT1021-5 

OP07 
OP90 
REF02 
REF03 
REF43 

OP27 
REF10 

AD584 
AD1403 

Manufacturer Telephone Number 

Thaler Corporation (602) 742-5572 

Linear Technology (408) 942-0810 

Precision Monolithics Inc. (408) 727-9222 

Burr-Brown (602) 746-1111 

Analog Devices (617) 329-4700 

List or Manuracturers 

Untrimmed Maximum Output PSRR 
Reference Type Accuracy Impedance Drift (50Hz to 100Hz) 

LT1019-S Sandgap 2.SmV S.SO @ 3.2kHz Sppm/oC 90dS 

LT1019-2.S Sandgap 1.2SmV 4.00@ S.8kHz Spprnl°C 90dS 

LT1021-S Zener 2.SmV 3.80 @ S.OkHz 3ppm/oC 8SdS 

VRE10S-3 Zener SOOuV 2.S0@20kHz O.Sppm/oC 100dS 

Low Supply Zener 1.SmV 4.40@lkHz 8ppmfOC SOdS 

Low Headroom Zener SOmV 6.90@2kHz 2Sppm/oC 80dS 

Great Zener 2SmV 0.SO@3kHz 9ppm/oC 9SdS 

Long Term Output Noise S/(N+D) S/(N+D) 
Reference Stability· (dcto 1 MHz) (100Hz) (1kHz) 

LT1019-S - 2S0uVp-p 89dS 89dS 

LT1019-2.S - 100uVp-p 87dS 86dS 

LT1021-S lSppm/l000hr SOuVp-p 90dS 90dS 

VRE10S-3 6ppm/l000hr 80uVp-p 90dS 90dS 

Low Supply - 400uV p-p 88dS 88dS 

Low Headroom - 30uVp-p 90dS 90dS 

Great SOppm/l000hr 10uV p-p 92dS 92dS 

Performance Comparison Table 

* Taken from reference data sheets. All other parameters were measured. 

AN4REV2 

Information in this application note is believed to be accurate and reliable. However, Crystal 
Semiconductor Corporation assumes no responsibility for the use of any circuits described. 
No representation is made that the interconnection of these circuits will infringe on existing 
patent rights. 
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APPLICATION NOTE 

CS31412 Quad Track and Hold Amplifier 
Recommended Grounding and Supply Arran­
gements 

The CS31412 connections fall into 6 classes: 
analog inputs, analog outputs, non time-critical 
digital inputs, digital outputs, power supplies, 
and the hold signal. The fundamental guideline 
to follow is to think carefully about the currents 
flowing due to the above 6 classes of signals, 
and keep them separate. 

A good layout scheme will: 

a) Keep digital signal noise from the analog out­
put. 

CS31412 

b) Obtain the best possible accuracy. 
c) Minimize the aperture jitter. 
d) Minimize power supply noise affecting the 
output. 

The following guidelines will help to achieve 
these goals: 

1) Have separate analog and digital grounds. 
Only join these grounds together at one place, 
typically either at the power supply or at the 
ADC. 
2) Decouple the part with a lO~/O.l~ capacitor 
combination connected between V + and V-, as 
near to the part pins as possible 
3) Group all of the non time-critical digital signal 
traces together and keep them separated from the 
analog signals. Also use digital ground traces to 

',,;,,' 

!lil~lili,!ilillll~lili!!II;t;;j~ij~::i;;;:';:;;::'::;:/'~:,,:::: 
:. : ...... ,' ..... " 
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isolate this group of traces from the other sig­
nals. 
4) The high input impedance of the part on the 
analog input pins results in a very small input 
current Nevertheless, if termination resistors are 
used, the return currents for each resistor should 
be kept separate to avoid introducing crosstalk 
5) Connect the loads to the analog outputs such 
that the return currents do not flow in any input 
related ground leads. 
6) lYpically the hold signal will be terminated to 
ground near to the CS31412. This gives a clean 
edge and also minimizes the absolute amplitude 
of the hold signal. Both the hold signal and its 
return current trace should be brought back to 
the pins of the part generating the signal. 

The figure shows a possible ground plane layout, 
concentrating on the area around the CS31412. 

Notes: 

1) The CS31412 is grossly out of scale. It is en­
larged to highlight the grounding around the 
sample hold. 

2) The Analog and Digital ground planes should 
be joined together at the ADC or at the power 
supplies. 
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APPLICATION NOTE 

ANTIAUASING CONSIDERATIONS FOR 
THECSZS316 

Introduction: 

Delta-Sigma AID converters perform a rough 
AID conversion at a high rate and digitally filter 
the output to obtain an accurate low frequency 
conversion. Since the input is initially sampled at 
a high rate and followed by a digital filter, the 
majority of antialias filtering is performed by the 
digital filter. However, aliasing problems due to 

Double Integration 
Delta-Sigma 

Modulator 

CSZ5316 

decimation still remain. These aliasing issues can 
be addressed by analog and/or digital filters. In 
general, the antialias filtering requirements of the 
CSZ5316 are simpler than those of conventional 
AID converters. This application note describes 
the aliasing properties of the CSZ5316 and 
provides examples of filtering options. 

Note: Antialiasing requirements are a function of 
the desired signal bandwidth and out-of-band 
energy. For simplicity, a clock rate of 4.096 MHz 
has been chosen for this note. If the actual clock 
rate is different, all the frequency values in this 
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hen) 
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note should be scaled by (actual clock 
rate)/(4.096 MHz). 

Initial Sampling: 

The initial sampling of the analog input is done 
at 2.048 MHz. There is no internal filtering of 
frequencies at (2.048)n MHz + 8 kHz (where n = 
1,2,3 ... ). If signals in this band exist, an analog 
filter must attenuate them. Typically, a single­
pole RC filter will suffice (see CSZ5316 data 
sheet). 

Decimation: 

The process of digitally converting the sampling 
rate of a signal from a given rate F to a lower 
rate F' is called decimation. The decimation 
process is shown graphically in the frequency 
domain in Figure 1. The delta-sigma modulator 
output, x(n), sampled at frequency F is fed into a 
low-pass filter with response hen). The output of 
this filter is decimated by a factor M to a new 
sampling rate of F' = FIM. 

Mag IH (e jW) I (dB) 

0-+-__ 

-40 

-80 

-120 

o 4 8 12 16 20 

CSZ5316 

The analog modulator on the CSZ5316 is fol­
lowed by a digital filter that has the following 
frequency response: 

MagIH(ejW)1 =lsin,(NTf f/ fs~3 (1) 
N Sin (Tf f! fs~ 

where N = 128 and fs = elKIN 
2 

The digital filter's frequency response is plotted 
in Figure 2. The output rate of this digital filter is 
internally decimated to 16 kHz. Decimating to 
16 kHz implies that he output of the filter is 
effectively resampled at 16 kHz. Therefore, 
signals at multiples of 16 kHz will alias into the 
baseband after being attenuated according to the 
filter response defined in Equation 1. For 
example, an input tone at 28 kHz will be 
attenuated by 53.4 dB and will appear at 4 kHz 
in the output spectrum (2 (16 kHz) - 28 KHz = 

4kHz). 

Table 1 shows the anti aliasing rejection at a few 
key frequencies. 

24 28 32 36 40 44 48 

Frequency (kHz) 

Figure 2. - Low-Pass Filter Response 
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Input Frequency ( kHz) Output Frequency (kHz) 

10 6 
12 4 
14 2 
18 2 
20 4 
24 8 
28 4 
34 2 

Attenuation (dB) 

19.6 
31.4 
51.4 
57.9 
44.7 
40.4 
53.4 
74.5 

Table 1. - Antialiasing Rejection at Key 
Frequencies 

Note that the worst case rejection into the 0-4 
kHz band is 31.4 dB for input signals at 12 kHz. 
Also note that very little rejection is provided for 
signals that alias into the 4-8 kHz band. 

ANTIAUASING STRATEGIES 

One of the following three cases and associated 
antialiasing strategies should apply to any 
CSZ5316 application: 

Case I-No Out of Band Energy 

4 kHz Bandwidth: 

I~ ~ere is no incoming energy past 4 kHz, the 
dIgItal output can be decimated to 8 kHz by 
simply dropping every other output sample. In­
coming signals past 4 kHz can always be filtered 
by an analog filter prior to AID conversion. 
Since the digital output is not filtered prior ro 
decimation, the dynamic range will be 84 dB 
(see Data Sheet). 

8 kHz Bandwidth: 

When signals from 0 to 8 kHz are of interest, the 
incoming signals must be band-limited to 8 kHz. 
Since the CSZ5316 output rate is already at the 
Nyquist rate of 16 kHz, no further decimation is 
necessary'IThe dynamic range will be 84 dB. 

11-22 
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Case 2 -Limited Out of Band Energy 

Assume that the input signal has the following 
spectrum: 

Desired 
Signal 

4 kHz 12 kHz 

Figure 3. - Limited Out of Band Energy 

Two filtering methods are possible to prevent 
aliasing: 

Analog Filter on Input 

An analog filter can be used to remove the ener­
gy in the 4-12 kHz band prior to AID conversion. 
The digital output of the CSZ5316 can be 
decimated to 8 kHz. If decimation is done 
without digital filtering, the dynamic range will 
be 84 dB (see Data Sheet). 

Digital Filter on Output 

Unwanted noise from 8 to 12 kHz will alias into 
the 4-8 kHz band after internal decimation in the 
CSZ5316. A digital filter can be used at the out­
put of the CSZ5316 to remove energy in the 4-8 
kHz band. The output of this external digital fil­
ter can be decimated to 8 kHz. In this case, the 
dynamic range will be 90 dB (see Data Sheet). 

Case 3 -Lots of Out of Band Energy 

Assume that the input signal has the following 
spectrum: 

DesIred 

Signal 

4kHz 

Unwanted 

Noise 

2.048 MHz 

Figure 4 •• Lots of Out of Band Energy 
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The following filtering possibilities exist: 

Analog Filter 

An analog filter can be used to remove energy 
past 4 kHz. The digital output of the CSZ5316 
can be decimated (drop every other sample) to 8 
kHz. If decimation is done without a post digital 
filter, then the dynamic range will be 84 dB (see 
Data Sheet). 

Analog and Digitaljilters 

A combination of analog and digital filters can 
be used. The digital filter can remove signals that 
alias into the 4-8 kHz band. As seen from Table 
1, the frequencies that alias into the 4-8 kHz 
band are 8-12 kHz, 20-28 kHz, 36-44 kHz, and 
so on. The internal decimation filter on the 
CSZ5316 provides a minimum rejection of 
31.4 dB for components in the 12-20 kHz and 
28-36 kHz bands. Note that the requirements on 
this analog filter are significantly relaxed 
compared to the filter in the analog alone option 
(i.e. the transition band for this analog filter is 
much wider). Since a digital filter is used to 
remove energy in the 4-8 kHz band, the dynamic 
range will be 90 dB (see Data Sheet). 

AN1REV2 
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INTRODUCTION 

The CSZ5316 Delta-Sigma Analog to Digital 
converter is a high resolution AID converter with 
excellent AC characteristics for voice-band 
signal processing applications. This application 
note describes one way to interface the CSZ5316 
to the TMS32020 Digital Signal Processor. 

Functional Description 

The need for this interface logic is two-fold. 

First, the TMS32020 samples FSR on the falling 
edge of CLKR and must sample FSR high at 
least once. Therefore, CLKOUT cannot be 
directly used for CLKR because CLKOUT only 
occurs when data is output, which is one cycle 
too late. Part of the interface logic creates a 
synchronous clock, CLKR, which is in phase 
with CLKOUT. 

Second, the CSZ5316 uses a modulo-2 counter 
internally. This counter is half the frequency of 
CLKIN and generates DATA and CLKOUT. 
Since the phase of the internal clock is indeter­
minant, a random FSYNC could occur during 

CSZ5316 

either phase of the internal clock. The 
TMS32020 requires FSR (FSYNC) to transition 
in the low half-cycle of CLKR (derived from 
CLKOUT). Therefore, part of the interface logic 
synchronizes FSYNC to CLKR low. 

Circuit Description 

The oscillator block shown on page 25 must out­
put a clock in accordance with the specifications 
for CLKIN in the CSZ5316 Data Sheet. 

The interface logic block consists of three IC's 
and generates the control signals needed by the 
CSZ5316 and the TMS32020 serial interface. 
The IC's depicted in the diagram are "74HCT" 
CMOS which are quieter than "74LS" logic and 
are TIL compatible, but the latter will also work. 

The schematic diagram shown below is the 
entire interface for the CSZ5316-to-TMS32020 
interface. The circuit takes the master clock, 
eLKIN, and inverts it using one of the NOR 
gates. This is fed into the binary counters 
(HCT393) to produce a clock frequency of 
CLKIN divided by 256. 

r------------~------------------_c>CLKR 

A 1/2 

112 

CLKOUTc:>---j )0----1 D 01-------'1 
D O'P-----(::> FSR 

HCT 
74 " / 

(from CSZ5316) 

(from oscillator) 

, CLKINC>--I 
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04 

B (to TMS32020) 

(to CSZ5316) 

/ 
.------c::> FSYNC 
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The D flip-flop (HCT74) labeled "A" generates a 
continuous clock, and the NOR gate on the input 
forces the synchronous clock to the same phase 
as CLKOUT. Once the synchronous clock, 
CLKR, is in phase with CLKOUT it will stay 
that way. 

The D flip-flop labeled "B" synchronizes the 
output of the binary counters to the rising edge 
of CLKIN (the falling edge of CLKIN) but 
the NOR gate might delay that operation 
one CLKIN cycle if CLKR isn't low. This 
synchronizes FSYNC and FSR to CLKR low. 

Timing 

The diagram below illustrates the timing 
generated by the interface logic. On startup, two 
extra FSYNC cycles are needed to produce valid 
data. 

CLKIN 

FSYNC 

CLKOUT 

DATA XXXXXXXXJMSB15 I 14 
(DR) 

CLKR 

FSR 

13 12 11 

Note: Circuit guarantees: 1. FSR falls in the center of CLKR low 

10 

2. Data starts on the next rising edge of CLKR 

9 

CSZ5316 to TMS32020 Interface Timing 
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CS61534 DESIGN GUIDELINES TO INSURE 
COMPAT ABILITY WITH CS61574 

The following guidelines should be considered during board design for the CS61534 to facilitate 
changing to the 61574 when it becomes available. 

I. LINE LENGTHS: 
In the CS61574, line lengths, LEN2/110 = 001 
and LEN2/110 = 010 will be changed to 
provide additional ABAM pulseshapes. The 
simplest migration path results when those set­
tings are not used in the CS61534. 

2. HOST MODE: 
The CS61574 host mode has more 
functionality than the CS61534 host mode, but 
they are compatible, provided the codes 101, 
110, and 111 for bits 5, 6, and 7 are not used. 
These codes will have specific functions in the 
CS61574. 

In the CS61534, the INT pin stays low as long 
as a fault condition exists (e.g., LOS, DPM), 
and can not be cleared over the serial interface. 
In the CS61574, INT goes low whenever DPM 
or LOS changes state, and can be cleared using 
the serial interface. 

To select RLOOP on the CS61534, it is recom­
mended that code 100 be used, rather than 10 1 
(which can be used since RLOOP overrides 
TAOS). 

3.EXTERNAL CRYSTAL I 
ALTERNATE CWCK: 
To maintain board compatibility from the 
CS61534 to the CS61574, an external crystal 
should be used and the ACKLI input should 
either be tied to an external clock or tied to 
ground. Overdriving a crystal input of the 
CS61574 with a four-times clock is not sup­
ported. 

11-30 

4.LOSS OF SIGNAL TEST: 
The CS61534 determines loss of signal as 
either 32 zeroes in a row, or decay of the peak 
signal (low amplitude signal for about 200 bit 
periods). The CS61574 uses just the "decay" 
test. 

S.JITTER ATTENUATION: 
Note that the jitter attenuator in the CS61534 is 
moved to the recieve path on the CS61574 and 
is a more powerful circuit. 

6. RECOVERED CWCK 
UPON LOSS OF SIGNAL: 
Upon LOS, the CS61574 RCLK frequency will 
assume the center frequency of the external 
crystal (or ACKLI if present). This is in con­
trast to the CS61534 where RCLK could drift 
6% upon LOS. 

AN5REV1.1 
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RELIABILITY INFORMATION 

Concept of Reliability 

In general terms, the reliability of a semiconduc­
tor device is defined as the measure of the func­
tional stability of the device with respect to time. 
Expressed in more quantitive sense, it is the 
probability that the device will operate with a 
specified performance over a specified period of 
time under a given set of conditions. 

Reliability characteristics are usually stated in 
reverse terms as the loss of ability to function, or 
failure rate. The reliability performance of a 
device can be best summarized by the reliability 
life or "bathtub" curve (Fig. 1). The reliability 
performance is characterized by three phases: in­
fant mortality, useful life or random failure 
period, and wearout. Infant mortality failures can 
be reduced by proper manufacturing controls and 
screening techniques. The useful life period is 
typically a long period of time where only oc­
casional random failures occur. During this time 
the failure rate is usually very low. The final 
period, wearout, is that in which the device fails 
due to continuous phenomena that existed at the 
time of manufacture. Using proper design 
guidelines and device application, this period is 

REL1 

Infanl Mortality 
FailUres 

Reliability Life 
( Bathtub) Curve 

Random 
Failures 

Wearout 
Failures 

Operating Ufe __ _ 

Figure 1 

shifted well beyond the lifetime required by the 
user. 

Failure Rate Calculations 

Failures during typical reliability stressing 
generally are in the infant mortality and random 
failure sections of the "bathtub" curve. These 
failures can be stated in their accelerated stress 
condition term or they can be derated to actual 
operating conditions by commonly accepted 
mathematical models. 

Environmental stresses, such as autoclave, 
temperature cycling, thermal shock, storage life 
and 85 °C/85% R.H., usually have their failure 
rate expressed in accelerated condition terms, 
due to the lack of widely recognized derating 
models. These are usually expressed as 
% failure/stress time. An example of this would 
be a temperature cycling failure rate expressed as 
% / 1000 cycles. These failure rates should have 
a confidence level associated with the data given. 
For environmental stresses, Crystal publishes 
data with a 90% confidence level. To calculate 
this failure rate with confidence levels, the fol­
lowing calculations are made: 

I c ~ I a + Z V fa (~- fa) } 

Where: f c ~ failure rate with conlidence level 
la _ actual observed failure rate 
n = number 01 sample stressed 

EO. #1 

Z _ value of the standard normal probability 
distribution associated with the desired 
confidence level 

This calculation is based on binomial probability 
statistics. As can be seen in the equation, the 
sample size is a key contributor in determining 
the difference in the actual failure rate and that 
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of the failure rate with the desired confidence 
level. 

Operating life usually is reported in the derated 
form. Failure rates for other temperatures are cal­
culated using a computed acceleration factor. 
The thermal acceleration factor (AF) is related to 
the thermal activation energy (EA) by the Ar­
rhenius relationship: 

EQ.#2 

AF (Tl->T2) = e K 

Where: AF acceleration factor 

EA thermal activation energy (eV) 
k =' Boltzman's constant (8.63 E -5 eV I K) 

Tl test junction temperature (K) 

T2 desired junction temperature (K) 

It should be noted that junction temperature 
should be used in determining acceleration fac­
tors. This temperature can be obtained from Eq. 
#3. 

TJ TA+ OJA • PO 
EQ.#3 

Where: TJ _ junction temperature (C) 
TA _ ambient temperature (C) 

OJA - package thermal dissipation (C I watt) 
PO - device power dissipation (watts) 

Three items play an important part in determin­
ing the fmal acceleration factor and must be con­
sidered when comparing derated failure rates. 
They are': 1) activation energy used, 2) derated 
from actual junction temperature vs. ambient 
temperature and 3) derated operating tempera­
ture. 
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TABLE 2 
ACCELERATED FACTORS FOR DIFFERENT ACTIVATION ENERGII 
125 "c --> 70 "C 

E.A. ACCELERAnON FACTOR 

1.0 106.0 
.9 66.7 
.8 41.7 
7 26.3 
6 16.4 
.5 10.3 
4 6.5 
.3 4.1 

Table 2 compares acceleration factors for dif­
ferent activation energies. As you can see using a 
1.0 eV activation energy versus a .7 eVactiva­
tion energy results in a factor of four increase in 
the acceleration factor. Crystal takes the conser­
vative approach, using an activation energy of .7 
e V. Table 3 compares acceleration factors for 
different operating temperatures. This shows 
how derating to a lower temperature or using 
ambient temperature can greatly affect the ac­
celeration factor of Arrhenius equation. Using 
ambient temperatures instead of junction 
temperature can affect acceleration factors by a 
multiple of about three on a high power device. 

TABLE 3 
ACCELERATION FACTORS FOR DIFFERENTTEMPERATURES 
E. A. = .7eV 

TEMPERATURE CHANGE ACCELERAnoN FACTOR 

125->7000 26.3 
125->5500 77.5 
125-> 25°C 933.0 
204 > 149°C 9.2 (Note 1) 

Note 1: This equivalent to an ambient temperature 
change from 125 ->70OC on a 40 pin ceramic 
device with a power dissipation of 1 Watt 

There are many probability models used in 
reliability analysis. The Weibull distribution is 
often used for product life prediction because it 
can describe increasing and decreasing failure 
rates. Also the Weibull distribution has both a 
shape parameter (B) and a scaling parameter (a). 
This is very useful in accurately describing the 
shape and scaling of the "bathtub" tub. 

REL1 
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h (I) = ..! 1(1.1) 

a Ea. #4 

The Weibull cumulative distribution function for 
population failing by time tis: 

t B 

F(t)- 1-e (8) = 1-R(t) Ea. #5 

Where: t- time a _ 
B _ 

F (t) _ 

R (t) -

h(t) -

alpha - the Weibull scale parameter 
beta - the Weibull shape parameter 
the failure distribution function 
the reliability function 
the instantaneous failure rate 

The function F(t) and R(t) are shown in Fig. 2. 

The Weibull PDF 
1.4 

1.2 

::- 1.0 

.a 

.. 

.4 

.2 
8.1 

Figure 2 

Mathematically these functions are described : 

F (I) = f: f (t) d t Ea. #6 

R(t) = l~(t) dl 
Ea. #7 

where f ( I) = failure rate probability distribution function 

REL1 
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Integration of the Weibu11 hazard function, fac­
toring for conversion to failure rate in fits 
(failure per billion device hours) and factoring 
for Arrhenius acceleration factors will result in 
the following failure rate equation: 

B B 

109 (~ ) - (~ ) 
{AF AF F. R.= 

t 2 - t 1 

t 2 = time 2 
t 1 = time1 
F.R. = Failure Rate in Fits 

a 

EO.#8 
} 

To correctly solve for the failure rate we must 
have a value for the shape parameter (B) and the 
scale parameter (a). To do this we twice take the 
natural logarithm of Eq. #5 above and obtain: 

In In 
B In(t) -In(a) EO.#9 

1-F(t) 

This equation takes the slope intercept form 

where y = In In (111 -F(t» 

x=In t 
B = slope of the line 
I = In a = y -intercept. 

Using linear regression techniques or Weibull 
plotting paper, we can obtain the shape 
parameter (B) and the scale parameter (a) by: 

B = Slope 
a = e-1 
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For B = 1, the Weibull distribution is the ex­
ponential distribution. In practice very few 
products have B = 1. Most semiconductor 
devices have a beta of less than 1 indicating the 
steep slope of the "bathtub" slope. A beta of 
greater than 1 indicates that the failure rate in­
creases with age. Fig. 2 gives shape of the 
Weibull distribution for dl'fferent B values. 

A confidence level must also be placed on this 
data. This is done by placing a confidence level 
on the scaling parameter(a) using chi-square 
statistics. The equation below gives the formula 
for obtaining this transformation: 

1 
2 B 

a(%C.L.) -a{ 2r Ix (C;2r + 2)} 

r - number of rejects in sample 
Ea. #10 

2 
X (C; 2 r + 2) = the c percentile of the chi-square 
distribution with (2r + 2) degree of freedom. 

These chi-squared percentile are tabulated in 
most statistics books. On operating life stresses, 
Crystal uses a 60% confidence level in reporting 
the failure rate. These failure rates are derated to 
70°C, 55 °C and 25°C. 

In summary, Crystal semiconductor uses conser­
vative models that are accepted throughout the 
semiconductor industry to determine the 
reliability failure rates of their devices. 

Accelerated Operating Life Stress 

Accelerated operating life stressing is performed 
to accelerate failure mechanisms, which are ther­
mally activated, through the application of ex­
treme temperature and dynamic biasing condi­
tions. The typical temperature and voltage condi­
tions used in the stress are 125°C with a bias 
level at the maximum data sheet specifications. 

12-6 
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Some devices may be stressed at an even higher 
voltage level, to further stress the oxides of the 
device. All devices used in life stressing are 
sampled directly from the production flow with 
no special processing or pre-screening. Stressing 
is performed per mil SID 883, method 1015 and 
condition D (dynamic signals) . These dynamic 
conditions simulate as much as possible actual 
operating conditions in an application. 

Both infant mortality operating life stress (168 
HRS) and long term operating life (typically 
1000 HRS) are reported. Infant mortality life 
simulates approximately 6-8 months in the field 
at 70°C and is reported as % 1168 HRS. Long 
term life simulates the total failure rate in the 
field and is expressed in FITs. (failures in time) 1 
FIT = 1 failure per billion device hours. Derating 
of long term operating life is done using Ar­
rhenius thermal equations along with Weibull 
statistics. A 60% upper confidence limit (UCL) 
and .7 electron Volts (eV) activation energy are 
used in this calculation. 

85 °C/85% RH. 

85 °CI 85% RH is an enviromental stress per­
formed at a temperature of 85°C and a relative 
humidity of 85%. The test is designed to 
measure the moisture resistance of plastic encap­
sulated devices. A nominal voltage static bias is 
applied, with minimum bias consumption, to the 
device, to create the electrolytic corrosion ac­
celeration of the metallization. Failures are ex­
pressed in % 1 time with 168,500 and 1000 hour 
results reported. 

Autoclave 

Autoclave is also an enviromental stress which 
measures the moisture resistance of plastic en­
capsulated devices. Conditions for this test are a 
temperature of 121°C and 100% relative 
humidity and 2 atmosphere of pressure (15 
PSIG), with no bias applied to the circuit Cor­
rosion of the die is the expected failure 

REL1 
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mechanism. Stressing is usually performed for 
144 hours. Failures are expressed in % / time 
with 48, 96 and 144 hour results reported. 

Temperature Cycling 

Temperature cycling typically accelerates the ef­
fects of thermal expansion mismatch among the 
different components within a specific package 
and circuit. The stress is performed per MIL 
SID 883, method 1010 and condition C. (-65°C 
to + 150 0q. Stressing is done in an air enviro­
ment. A cycle consists of ten minutes at -65°C, 
five minutes transfer time, and ten minutes at 
+ 150 °C. Stressing is typically performed for 
1000 cycles. Failures are expressed in % / cycles, 
with 100,500 and 1000 cycle results reported. 

Thermal Shock 

The objective of thermal shock is basically the 
same as that of temperature cycling to exercise 
the difference in thermal expansion coefficients 
in the integrated circuit system. Thermal Shock 
provides additional stress as the device is ex­
posed to a rapid change in temperature, due to a 
maximum transfer time of ten seconds, as well as 
the increased thermal conductivity of a liquid en­
vironment. This test is performed per MIL SID 
883, Method 1011, Condition B (-55°C to +125 
0q. Devices are placed in a fluorocarbon bath 
cooled to -55°C for five minutes, then trans­
ferred to an adjacent bath filled with fluorocar­
bon at 125 °C for five minutes. This is equal to 
one cycle of thermal shock. Stressing is per­
formed for 500 cycles. Failures are expressed in 
% / cycles, with results reported at 100, 200 and 
500 cycles. 

High Temperature Storage Life 

Storage life is an environmental stress where 
temperature is the only stress. Stressing is per­
formed per MIL SID 883, Method 1008, Condi­
tion C. (150 0q Stressing is performed to 1000 

REL1 
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hours. Failures are expressed in % / hours, with 
results reported at 100,500 and 1000 hours. 

Electrostatic Discharge Testing 

Electrostatic discharge testing is performed to 
determine the handling sensitivity of a semicon­
ductor device. This test is performed per MIL 
SID 883, Method 3015 which simulates the 
resistance (1500 Q) and capacitance (150 
picofarads) of the human body. 

CMOS Latchup Testing 

CMOS latchup testing is performed to ascertain 
the sensitivity of a devivce input to sustain a 
SCR latchup due to a DC current. The pin being 
tested has a DC current forced to it with the 
device power supplies at nominal voltage and in­
puts at ground state. Susceptibility of each input 
is tested with both a negative and positive cur­
rent forced to it. 

12-7 
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MECHANICAL DATA 

1 ::1 I 
to-I' --B ---1.1 

Ito-· --- B -----+1·1 

12·8 

24 pin 
Ceramic 
Side-Brazed 
DIP 

28 pin 
Ceramic 
Side-Brazed 
DIP 

40 pin 
Ceramic 
Side· Brazed 
DIP 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 

MECHANICAL DATA 

MILLIMETERS INCHES 
MIN MAX MIN I MAX 
14.73 15.34 0.580 I 0.604 
27.64 I 33.53 1.088 I 1.320 

2.54BSC 0.100 BSC 
0.76 1.40 0.030 0.055 
0.38 0.53 0.015 0.021 
1.02 1.52 0.040 0.060 
2.67 4.32 0.105 0.170 
2.54 4.57 0.100 0.180 
- 10· - 10· 

14.99 15.49 0.590 0.610 
0.20 0.30 0.008 0.012 

MILLIMETERS INCHES 
MIN MAX MIN I MAX 
14.73 15.34 0.580 I 0.604 
35.20 35.92 1.386 I 1.414 

2.54BSC 0.100 BSC 
0.76 1.40 0.030 0.055 
0.38 0.53 0.015 0.021 
1.02 1.52 0.040 0.060 
2.79 4.32 0.110 0.170 
2.54 4.57 0.100 0.180 
- 10· - 10· 

14.99 15.49 0.590 0.610 
0.20 0.30 0.008 0.012 

MILLIMETERS INCHES 
MIN I MAX MIN I MAX 
14.63 15.49 0.576 I 0.610 
50.29 51.31 1.980 I 2.020 

2.54BSC 0.100 BSC 
0.76 1.52 0.030 0.060 
0.38 0.53 0.015 0.021 
1.02 1.52 0.040 0.060 
2.79 4.32 0.110 0.170 
2.54 4.57 0.100 0.180 
- 10· - 10· 

14.99 15.65 0.590 0.616 
0.20 0.30 0.008 0.012 
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NOTES: 

14pin 
CerDIP 

"r1 
1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN 

0.13MM (0.005") AT MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND EACH OTHER. 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 

2. DIMENSION K TO CENTER OF LEADS WHEN FORMED PARALLEL. 

r- B----1 
~G F H 

-+lc '6 Ht SEATING 

NOTES: PLANE 

16 pin 
CerDIP 

1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN 
0.13MM (0.005") AT MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND EACH OTHER. 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 

2. DIMENSION K TO CENTER OF LEADS WHEN FORMED PARALLEL. 

NOTES: 

r-B---j 

~~ 
CD E SEATING 

PLANE 

18 pin 
CerDIP 

J} 
1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN 

0.13MM (0.005") AT MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND EACH OTHER. 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 

2. DIMENSION K TO CENTER OF LEADS WHEN FORMED PARALLEL. 

MD1 

MECHANICAL DATA 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
6.10 I 7.49 0.240 0.295 
19.05 19.94 0.750 0.785 

2.54 BSC 0.100 BSC 
1.40 1.78 0.055 0.070 
0.38 0.53 0.015 0.021 
0.51 1.02 0.020 0.040 
3.81 5.08 0.150 0.200 
2.92 4.32 0.115 0.170 
- 15" - 15" 
7.62 BSC 0.300 BSC 

0.20 0.30 0.008 I 0.012 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
6.10 I 7.49 0.240 I 0.295 
19.05 I 19.94 0.750 I 0.785 

2.54 BSC 0.100 BSC 
1.40 1.78 0.055 0.070 
0.38 0.53 0.015 0.021 
0.51 1.02 0.020 0.040 
3.81 5.08 0.150 0.200 
2.92 4.32 0.115 0.170 
- 15" - 15" 
7.62 BSC 0.300 BSC 

0.20 I 0.30 0.008 I 0.012 

MILLIMETERS INCHES 
MIN MAX MIN I MAX 
6.10 7.49 0.240 I 0.295 
22.35 23.11 0.880 0.910 

2.54 BSC 0.100 BSC 
1.40 1.78 0.055 0.070 
0.38 0.53 0.015 0.021 
0.51 1.02 0.020 0.040 
3.81 5.08 0.150 0.200 
2.92 4.32 0.115 0.170 

0" 15" O· 15" 
7.62 BSC 0.300 BSC 

0.20 I 0.30 0.008 I 0.012 
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NOTES: 

r--- B-----i 

~~ 
CD E SEATING 

PLANE 

20 pin 
CerDIP 

J} 
1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN 

0.13MM (0.005") AT MAXIMUM MATERIAL CONDITION; IN 
RELATION TO SEATING PLANE AND EACH OTHER. 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 

2. DIMENSION K TO CENTER OF LEADS WHEN FORMED PARALLEl. 

I' B 'I 

~~ 
CD E SEATING 

NOTES: PLANE 

24 pin 
CerDIP 

1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN 
0.13MM (O.OOS") AT MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND EACH OTHER. 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 

2. DIMENSION K TO CENTER OF LEADS WHEN FORMED PARALLEl. 

I' B 'I 

~~ 
CD E SEATING 

NOTES: PLANE 

28 pin 
CerDIP 

1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN 
0.13MM (O.OOS") AT MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND EACH OTHER. 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 

2. DIMENSION K TO CENTER OF LEADS WHEN FORMED PARALLEl. 

12·10 

MECHANICAL DATA 

MILLIMETERS INCHES 
MIN I MAX MIN I MAX 
6.60 I 7.49 0.260 I 0.295 
23.88 I 25.1S 0.940 I 0.990 

2.54BSC 0.100 BSC 
1.40 1.65 0.055 0.065 
0.38 0.56 0.015 0.022 
0.25 1.02 0.010 0.040 
3.81 5.08 0.150 0.200 
2.92 4.06 0.115 0.160 
0° 15° 0° 1SO 
7.62 BSC 0.300 BSC 

0.20 0.30 0.008 0.012 

MILLIMETERS INCHES 
MIN I MAX MIN I MAX 
12.70 J 15.49 0.500 I 0.610 
31.24 I 32.77 1.230 I 1.290 

2.54 BSC 0.100 BSC 
1.27 1.52 0.050 0.060 
0.41 0.51 0.016 0.020 
0.51 1.27 0.020 0.050 
4.06 S.59 0.160 0.220 
2.92 4.06 0.115 0.160 
0° 1SO 0° 15° 
15.24 BSC 0.600 BSC 

0.20 I 0.30 0.008 I 0.012 

MILLIMETERS INCHES 
MIN I MAX MIN I MAX 
12.70 I 15.37 0.500 I 0.605 
36.45 I 37.85 1.435 I 1.490 

2.S4BSC 0.100 BSC 
1.27 1.65 0.050 0.065 
0.38 0.56 0.015 0.022 
0.S1 1.27 0.020 0.050 
4.06 5.84 0.160 0.230 
2.92 4.06 0.115 0.160 
5° 15° 5° 1SO 
1S.24 BSC 0.600 BSC 

0.20 0.30 0.008 I 0.012 
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\' B '\ 

~~ 
CD E SEATING 

NOTES: PLANE 

40 pin 
CerDIP 

1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN 
0.13MM (0.005") AT MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND EACH OTHER. 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 

MECHANICAL DATA 

MILLIMETERS INCHES 
MIN 1 MAX MIN .1 MAX 
12.70 I 15.37 0.500 I 0.605 
50.29 J 52.57 1.980 -.l 2.070 

2.54 BSC 0.100 BSC 
1.27 1.65 0.050 0.065 
0.38 0.56 0.Q15 0.022 
0.51 1.27 0.020 0.050 
4.06 5.84 0.160 0.230 
2.92 4.06 0.115 0.160 
5· 15" 5· 15" 
15.24 BSC 0.600 BSC 

0.20 -.l 0.30 0.008 i 0.012 

2. DIMENSION K TO CENTER OF LEADS WHEN FORMED PARALLEL. 

NOTES: 

r-B-; 
~~H j W ~I~ .• U_G J 
C D E F SEATING 

PLANE 

14 pin 
Plastic DIP 

1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN 
0.13MM (0.005") AT MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND EACH OTHER. 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
M 

2. DIMENSION L TO CENTER OF LEADS WHEN FORMED PARALLEL. 
3. DIMENSION A DOES NOT INCLUDE MOLD FLASH. 

NOTES: 

r---- B---\ 

Jtt.~ 
C D E F SEATING 

PLANE 

16pin 
Plastic DIP 

1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN 
0.13MM (0.005") AT MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND EACH OTHER. 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
M 

2. DIMENSION L TO CENTER OF LEADS WHEN FORMED PARALLEL. 
3. DIMENSION A DOES NOT INCLUDE MOLD FLASH. 

MD1 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
6.10 6.60 0.240 0.260 
18.54 19.56 0.730 0.770 
1.65 2.16 0.065 0.085 

2.54 BSC 0.100 BSC 
1.02 1.78 0.040 0.070 
0.38 0.53 0.015 0.021 
0.51 1.02 0.020 0.040 
3.81 5.08 0.150 0.200 
2.92 3.43 0.115 0.135 
O· 10" O· 10" 
7.62BSC 0.300BSC 

0.20 1 0.38 0.008 1 0.015 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
6.10 6.60 0.240 0.260 
18.80 19.30 0.740 0.760 
1.32 2.89 0.Q15 0.035 

2.54BSC 0.100 BSC 
1.02 1.78 0.040 0.070 
0.38 0.53 0.Q15 0.021 
0.51 1.02 0.020 0.040 
3.81 5.08 0.150 0.200 
2.92 3.43 0.115 0.135 
O· 10· O· 100 
7.62BSC 0.300BSC 

0.20 0.38 0.008 0.Q15 

12·11 
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NOTES: 

r- B---1 

j~~ 
C D E F SEATING 

PLANE 

18 pin 
Plastic DIP 

1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN 
0.25MM (0.010") AT MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND EACH OTHER. 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
M 

2. DIMENSION L TO CENTER OF LEADS WHEN FORMED PARALLEL. 
3. DIMENSION A DOES NOT INCLUDE MOLD FLASH. 

I' B 'I 

Juttttm~~ 
C D E F SEATING 

NOTES: PLANE 

20 pin 
Plastic DIP 

1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN 
0.25MM (0.010") AT MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND EACH OTHER. 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
M 

2. DIMENSION L TO CENTER OF LEADS WHEN FORMED PARALLEL. 
3. DIMENSION A DOES NOT INCLUDE MOLD FLASH. 

I' B 'I 

JtfOOJj~Gt t~ 
C DE F SEATING 

NOTES: 
. PLANE 

24 pin 
Plastic 
Skinny DIP 

1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN 
0.25MM (0.010") AT MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND EACH OTHER. 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
M 

2. DIMENSION L TO CENTER OF LEADS WHEN FORMED PARALLEL. 
3. DIMENSION A DOES NOT INCLUDE MOLD FLASH. . 

12-12 

MECHANICAL DATA 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
6.10 6.60 0.240 0.260 
22.22 23.24 0.875 0.915 
1.02 1.52 0.040 0.060 

2.54 BSC 0.100 BSC 
1.27 1.78 0.050 0.070 
0.36 0.56 0.014 0.022 
0.51 1.02 0.020 0.040 
3.56 4.57 0.140 0.180 
2.92 3.43 0.115 0.135 
0° 15° 0° 15° 
7.62BSC 0.300BSC 

0.20 I 0.38 0.008 I 0.015 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
6.10 6.60 0.240 0.260 
25.65 26.42 1.010 1.040 
1.27 1.78 0.050 0.070 

2.54 BSC 0.100 BSC 
1.27 1.78 0.050 0.070 
0.38 0.56 0.015 0.022 
0.51 1.02 0.020 0.040 
3.94 4.57 0.155 0.180 
2.79 3.56 0.110 0.140 
0° 15° 0° 15° 
7.62BSC 0.300BSC 

0.20 I 0.38 0.008 0.015 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
6.10 6.60 0.240 0.260 
31.37 32.13 1.235 1.265 
1.65 2.16 0.065 0.085 

2.54 BSC 0.100 BSC 
1.02 1.52 0.040 0.060 
0.36 0.56 0.014 0.022 
0.51 1.02 .0.020 0.040 
3.94 4.57 0.155 0.180 
2.92 3.43 0.115 0.135 
0° 15° 0° 15° 
7.62 BSC 0.300 BSC 

0.20 0.38 0.008 0.015 

MD1 
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MILLIMETERS 

I' B 'I 

j~-tt~ 
C DE F SEATING 

NOTES: PLANE 

24 pin 
Plastic DIP 

1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN 
0.25MM (0.010") AT MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND EACH OTHER. 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
M 

MIN MAX 
13.72 14.22 
31.37 32.13 
1.65 2.16 

2.54 SSC 
1.02 1.52 
0.36 0.56 
0.51 1.02 
3.94 5.08 
2.92 3.43 
o· 15" 
15.24 SSC 

0.20 I 0.38 

2. DIMENSION L TO CENTER OF LEADS WHEN FORMED PARALLEL. 
3. DIMENSION A DOES NOT INCLUDE MOLD FLASH. 

I' S 'I 

j~~. 
C D E F SEATING 

NOTES: PLANE 

28 pin 
Plastic DIP 

1. POSITIONAL TOLERANCE OF LEADS SHALL SE WITHIN 
0.25MM (0.010") AT MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND EACH OTHER. 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
M 

2. DIMENSION L TO CENTER OF LEADS WHEN FORMED PARALLEL. 
3. DIMENSION A DOES NOT INCLUDE MOLD FLASH. 

I' S 'I 

J b-tt~ 
C DE F SEATING 

NOTES: PLANE 

40 pin 
Plastic DIP 

1. POSITIONAL TOLERANCE OF LEADS SHALL SE WITHIN 
0.25MM (0.010") AT MAXIMUM MATERIAL CONDITION,IN 
RELATION TO SEATING PLANE AND EACH OTHER. 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
M 

MILLIMETERS 
MIN MAX 
13.72 14.22 
36.45 37.21 
1.65 2.16 

2.54 SSC 
1.02 1.52 
0.36 0.56 
0.51 1.02 
3.94 5.08 
2.92 3.43 
O· 15· 
15.24 BSC 

0.20 I 0.38 

MILLIMETERS 
MIN MAX 
13.72 14.22 
51.69 52.45 
1.65 2.16 

2.54 SSC 
1.02 1.52 
0.36 0.56 
0.51 1.02 
3.94 5.08 
2.92 3.43 
O· 15" 
15.24 SSC 

0.20 I 0.38 

2. DIMENSION L TO CENTER OF LEADS WHEN FORMED PARALLEL. 
3. DIMENSION A DOES NOT INCLUDE MOLD FLASH. 

MD1 

INCHES 
MIN MAX 
0.540 0.560 
1.235 1.265 
0.065 0.085 

0.100 SSC 
0.040 0.060 
0.014 0.022 
0.020 0.040 
0.155 0.200 
0.115 0.135 

o· 15" 
0.600 SSC 

0.008 I 0.015 

INCHES 
MIN MAX 
0.540 0.560 
1.435 1.465 
0.065 0.085 

0.100 SSC 
0.040 0.060 
0.014 0.022 
0.020 0.040 
0.155 0.200 
0.115 0.135 

o· 15· 
0.600 BSC 

0.008 0.015 

INCHES 
MIN MAX 
0.540 0.560 
2.035 2.065 
0.065 0.085 

0.100 SSC 
0.040 0.060 
0.014 0.022 
0.020 0.040 
0.155 0.200 
0.115 0.135 

o· 15" 
0.600 SSC 

0.008 0.015 
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--------- --------------- MECHANICAL DATA 

~EN~MI~~L I MIN A MAX I MIN B MAX I MIN C MAX I 
28 12.32 12.57 11.43 11.58 9.91 10.92 

(0.485) (0.495) (0.450) (0.456 ) (0.390) (0.430) lTI 

12·14 

44 17.40 17.65 
(0.685) (0.695) 

16.51 16.66 14.98 16.00 
(0.650) (0.656) (0.590) (0.630) 

4.62 (0.182) 

0.63 (0.025) 

2.41 (0.095) 

28/44 pin 
PLCC 

I 1.14 (0.045) x 45deg. 10-
• B NOM 

0.25 (0.010) R 

~X ~~~~~~~~~ 

] ~
4'11 (0.162) 

1.27(0.050) 1 1.14 (0.045) 

x45c1eg.NOM 1 
MIN 

-.::::::~ 

~o / 
A 

.:::::;=:::t:::~-=::::"!:J 

T 
C 

4 ~46 (0.018) 
~33(0.013) 

3· NOM ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES. 

B A 

L .35 (0.053) 
1.19 (0.047) 

MD1 
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WESTERN AREA 
Crystal Semiconductor Corp. 
51 East Campbell Ave. 
Suite 101B 
Campbell, CA 95008 
Ph: 408-866-4456 
FAX: 408-370-3155 

ALABAMA 
The Novus Group 
2905 Westcorp Blvd., Suite 120 
Huntsville, AL 35805 
Ph: 205-534-0044 
TWX: 910-380-6329 
Easylink: 62849023 

ALASKA 
Electronic Engineering Sales 
17020 S.W. Upper Boones Ferry Rd., 
Suite 301 
Portland, OR 97224 
Ph: 503-639-3978 
FAX: 503-684-3326 

ARIZONA 
Luscombe Engineering Company 
7533 East First Street 
Scottsdale, AZ 85251 
Ph: 602-949-9333 
TWX: 910-950-1333 
FAX: 602-949-9095 

ARKANSAS 
1L Marketing, Inc. 
12200 Stemmons Frwy, Suite 317 
Dallas, TX 75234 
Ph: 214-484-6800 
TWX: 910-681-4149 
Telex: 853683 
FAX: 214-241-9315 
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UNITED STATES 

CENTRALAREA 
Crystal Semiconductor Corp. 
2401 East Randol Mill Rd 
Suite 100 
Arlington, Texas 76011-6388 
Ph: 817-640-5641 
F~ 817-649-1324 

CAUFORNIA 
Earle Associates, Inc. 
7585 Ronson Road, Suite 200 
San Diego, CA 92111 
Ph: 619-278-5441 
Telex: 314285 
TWX: 910-335-1585 
F~ 619-278-5443 
Easylink: 62835672 

Bager Electronics 
17220 Newhope St, Suite 209 
Fountain Valley, CA 92708 
Ph: 714-957-3367 
FAX: 714-546-2654 
TWX: 910-596-2638 

Bager Electronics 
21133 Victory Blvd., Suite 225 
Canoga Park, CA 91303 
Ph: 818-712-0011 
FAX:818-712~ 

NORCOMP 
3350 Scott Blvd., #24 
Santa Clara, CA 95054 
Ph: 408-727-7707 
FAX: 408-986-1947 

NORCOMP 
6600 Shady Lake Lane 
Loomis, CA 95650 
Ph: 916-652-0077 
FAX: 916-652-0077 

SALES REPRESENTATIVES 

EASTERN AREA 
Crystal Semiconductor Corp. 
The Musgrove Building 
Two Elm Square 
Andover, MA 01810 
Ph: 617-470-1490 
FAX: 617-470-0499 

COWRADO 
Candal, Inc. 
7500 W. Mississippi Ave, Ste. A-2 
Lakewood, CO 80226 
Ph: 303-935-7128 
F~ 303-935-7310 
TWX: 703771 

CONNECTICUT 
Alpha-Omega Sales Corp. 
10-0 Roessler Road, Suite 502 
Woburn, MA 01801 
Ph: 617-933-0237 
TWX: 910-997-1119 

Alpha-Omega Sales Corp. 
76 Chapin Rd. 
P.O. Box 1514 
North Milford, CT 06776 

DELAWARE 
Vantage Sales Company 
1930 E. Marlton Pike 
Cherry Hill, NJ 08003 
Ph: 609-424-6777 
FAX: 609-424-8909 

DISTRICT OF COLUMBIA 
New Era Sales, Inc. 
678 Ritchie Highway 
Severna Park, MD 21146 
Ph: 301-544-4100 
ELN: 62796162 
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FLORIDA 
CM Marketing, Inc. 
1435-D Gulf to Bay Boulevard 
Clearwater, FL 33515 
Ph: 813-443-6390 
FAX: 813-443-6312 

CM Marketing, Inc. 
2111 E. Michigan, Suite 101 
Orlando, FL 32806 
Ph: 305-841-7423 

CM Marketing, Inc. 
6091-ABuckeye Court 
Tamarac, FL 33319 
Ph: 305-722-9369 

GEORGIA 
The Novus Group 
4556 Canda Drive 
Ulburn, GA 30247 
Ph: 404-381-1015 
TWX: 910-380-6330 
Easylink: 62849042 

HAWAII 
Call Crystal Head Office 
Ph: 512-445-7222 

IDAHO 
Anderson Associates 
270 South Main Street, Suite 108 
Bountiful, UT 84010 
Ph: 801-292-8991 
Telex: 7149911594 

Electronic Engineering Sales 
17020 S.W. Upper Boones Ferry Rd, 
Suite 301 
Portland, OR 97224 
Ph: 503-639-3978 
FAX: 503-684-3326 

ILUNOIS 
Micro Sales Inc. 
54 West Seegers Road 
Arlington Heights, n... 60005 
Ph: 312-956-1000 
TWX: 910-222-1833 
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INDIANA 
JMK Electronics 
P.O. Box 43193 
6547 Willowhollow Lane 
Cincinnati, OH 45243 
Ph: 513-271-3860 
FAX: 513-271-6321 

IOWA 
Seltee Sales Corp. 
316 2nd St., S.E., Suite 416 
Cedar Rapids, IA 52406 
Ph: 319-364-7660 
FAX: 319-364-7906 

KANSAS 
Contact Crystal Central Office 
Ph: 817-640-5641 

KENTUCKY 
JMK Electronics 
P.O. Box 43193 
6547 Willowhollow Lane 
Cincinnati, OH 45243 
Ph: 513-271-3860 
FAX: 513-271-6321 

WUISIANA 
TL Marketing, Inc. 
810 Hwy 6, Suite 120 
Houston, Texas 77079 
Ph: 713-589-2763 
TWX: 510-601-8351 
Telex: 989475 
FAX: 713-496-9311 

MAINE 
Alpha-Omega Sales Corp. 
10-0 Roessler Road, Suite 502 
Woburn,MA 01801 
Ph: 617-933-0237 
TWX: 910-997-1119 

MARYLAND 
New Era Sales, Inc. 
678 Ritchie Highway 
Severna Park, MD 21146 
Ph: 301-544-4100 
ELN: 62796162 

SALES REPRESENTATIVES 

MASSACHUSETTS 
Alpha-Omega Sales Corp. 
10-G Roessler Road, Suite 502 
Woburn,MA 01801 
Ph: 617-933-0237 
TWX: 910-997-1119 
FAX: 617-938-8416 

MICHIGAN 
Contact Crystal Eastern Office 
Ph: 617-470-1490 

MINNESOTA 
The 'l\vist Company 
10125 Crosstown Circle, 
Suite 200 
Eden Prairie, MN 55344 
Ph: 612-941-2040 
FAX: 612-941-9326 

MISSISSIPPI 
The Novus Group 
2905 Westcorp Blvd, Suite 120 
Huntsville, AL 35805 
Ph: 205-534-0044 
TWX: 910-380-6329 
Easylink: 62849023 

MISSOURI 
Contact Crystal central Office 
Ph: 817-640-5641 

MONTANA 
Electronic Engineering Sales 
8405 165th Avenue NE 
Redmond, WA 98052 
Ph: 206-883-3374 
Fax: 206-882-1347 

Candal, Inc. 
7500 W. Mississippi Ave, Ste. A-2 
Lakewood, CO 80226 
Ph: 303-935-7128 
FAX: 303-935-7310 
TWX: 703771 

NEBRASKA 
Contact Crystal Central Office 
Ph: 817-640-5641 
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NEVADA 
Luscombe Engineering Co. 
7533 East First Street 
Scottsdale, AZ 85251 
Ph: 602·949·9333 
TWX: 910·950·1333 
FAX: 602·949·9095 

NEW HAMPSHIRE 
Alpha·Omega Sales Corp. 
10·G Roessler Road, Suite 502 
VVoburn,~)\ 01801 
Ph: 617·933·0237 
TWX: 910·997·1119 

NEW JERSEY (NORTH) 
HLM )\ssociates 
1300 Route 46 
Parsippany, NJ 07054 
Ph: 201·263·1535 
FAX: 201·263·0914 

NEW JERSEY (SOUTH) 
Vantage Sales Company 
1930 E. ~arlton Pike 
Cherry Hill, NJ 08003 
Ph: 609-424·6777 
FAX: 609-424·8909 

NEW MEXICO 
Luscombe Engineering Co. 
7533 East First Street 
Scottsdale, AZ 85251 
Ph: 602·949·9333 
TWX: 910·950·1333 
FAX: 602·949·9095 

NEW YORK 
HLM )\ssociates 
64 ~ariner Lane 
Northport, NY 11768 
Ph: 516·757·1606 
FAX: 516·757·1636 

HLM Msociates 
3 Pembroke Road 
Danbury, CT 06810 
Ph: 203·791·1878 
FAX: 203·791·1876 
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Bob Dean, Inc. 
2415 North Triphammer Road 
P.O. BoxE 
Ithaca, NY 14851 
Ph: 607·257·1111 
TWX: 914·297·6406 
FAX: 607·257·5579 

Bob Dean, Inc. 
Suite 10, Hollowbrook Park 
15 ~yers Comer Road 
VVappingers Falls, NY 12590 
Ph: 914·297·6406 
FAX: 914·297·5676 
TWX: 510·255·5876 

NORTH CAROliNA 
The Novus Group 
5337 Trestlewood Lane 
Raleigh, NC 27610 
Ph: 919·833·7771 
ELN: 62895431 
TWX: 510·600·0558 
FAX: 919·856·1644 

OHIO 
~K Electronics 
P.O. Box 43193 
6547 VViliowhollow Lane 
(UPS Shipping )\ddress) 
Cincinnati, Ohio 45243 
Ph: 513·271·3860 
FAX: 513·271·6321 

~K Electronics 
3750 Jeanne Drive 
Cleveland, Ohio 44134 
Ph: 216·886·7100 
FAX: 216·234·6366 

OKLAHOMA 
TL~arketing, Inc. 
12200 Stemmons Frwy, Suite 317 
Dallas, Texas 75234 
Ph: 214-484·6800 
TWX: 910·861·4149 
Telex: 853683 
FAX: 214·241·9315 

SALES REPRESENTATIVES 

OREGON 
Electronic Engineering Sales 
17020 S.VV. Upper Boones Ferry Rd., 
Suite 301 
Portland, OR 97224 
Ph: 503·639·3978 
FAX: 503·684·3326 

PENNSYLVANIA 
~ Electronics 
3750 Jeanne Drive 
Cleveland, Ohio 44134 
Ph: 216- 886-7100 
FAX: 216·234·6366 

Vantage Sales Company 
1930 E. ~arlton Pike 
Cherry Hill, NJ 08003 
Ph: 609-424-6777 
FAX: 609·424·8909 

RHODE ISLAND 
Alpha·Omega Sales Corp. 
10-0 Roessler Road, Suite 502 
VVoburn,~)\ 01801 
Ph: 617·933-0237 
TWX: 910·997·1119 

SOUTH CAROLINA 
The Novus Group 
5337 Trestlewood Lane 
Raleigh, NC 27610 
Ph: 919·833-7771 
Easylink: 62895431 
TWX: 510·600·0558 

SOUTH DAKOTA 
The Twist Co. 
10125 Crosstown Circle, 
Suite 200 
Eden Prairie, ~ 55344 
Ph: 612·941·2040 
FAX: 612·941·9326 
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TENNESSEE 
The Novus Group 
2905 Westcorp Blvd., Suite 120 
Huntsville, AL 35805 
Ph: 205-534-0044 
TWX: 910-380-6329 
Easylink: 62849023 

The Novus Group 
4556 Canda Drive 
Lilburn, GA 30247 
Ph: 404-381-1015 
TWX: 910-380-6330 
Easylink: 62849042 

TEXAS 
1L Marketing, Inc. 
7745 Chevy Chase, Suite 360 
Austin, Texas 78752 
Ph: 512-453-4586 
TWX: 910-350-2182 
Telex: 853688 
FAX: 512-467-7370 

TL Marketing, Inc. 
810 Hwy 6, Suite 120 
Houston, Texas 77079 
Ph: 713-589-2763 
TWX: 510-601-8351 
Telex: 989475 
FAX: 713-496-9311 

TLMarketing 
12200 Stemmons Frwy, Suite 317 
Dallas, Texas 75234 
Ph: 214-484-6800 
TWX: 910-861-4149 
Telex: 853683 
FAX: 214-241-9315 

UTAH 
Anderson Associates 
270 South Main Street, Suite 108 
Bountiful, UT 84010 
Ph: 801-292-8991 
Telex: 714991594 
FAX: 801-298-1503 
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VERMONT 
Alpha-Omega Sales Corp. 
10.0 Roessler Road, Suite 502 
Woburn, MA 01801 
Ph: 617-933-0237 
TWX: 910-997-1119 

VIRGINIA 
New Era Sales, Inc. 
678 Ritchie Highway 
Severna Park, MD 21146 
Ph: 301-544-4100 
Easylink: 62796162 

WASHINGTON 
Electronic Engineering Sales 
8405 165th Avenue NE 
Redmond, WA 98052 
Ph: 206-883- 3374 
FAX: 206-882-1347 

WEST VIRGINIA 
JMK Electronics 
P.O. Box 43193 
6547 Willowhollow Lane 
Cincinnati, Ohio 45243 
Ph: 513-271-3860 
Fax: 513-271-6321 

WISCONSIN (SE.) 
Micro Sales, Inc. 
N-81 W-12920LeonRoad, S.115 
Menomonee Falls, WI 53051 
Ph: 414-251-0151 

WISCONSIN (N.W.) 
The Twist Co. 
10125 Crosstown Circle, 
Suite 200 
Eden Prairie, MN 55344 
Ph: 612-941-2040 
FAX: 612-941-9326 

SALES REPRESENTATIVES 

WYOMING 
Candal, Inc. 
7500 W. Mississippi Ave., 
SuiteA-2 
Lakewood, CO 80226 
Ph: 303-935-7128 
FAX: 303-935-7310 

SRL1.1 
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ALBERTA 
Hi Tech Sales 
#23 4040 Blackfoot Tr. S.E. 
Calgary, Alberta T2G 4E6 
Ph: 403-228-1011 
FAX: 403-255-7809 

BRITISH COLUMBIA 
Hi Tech Sales 
8523-132nd Street 
Surrey, BC V2W 4N8 
Ph: 604-596-1886 
FAX: 604-596-5992 

MANITOBA 
Hi Tech Sales 
#17 360 Keewatin St 
Winnipeg, Manitoba R2X 243 
Ph: 204-694-0000 
FAX: 204-694-0433 
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CANADA 

MONTREAL 
ESP 
116 McKee Street 
Chateauguay, Quebec J61 3N2 
Ph: 514-848-7064 
Toll Free: 1-800-387-7604 

ONTARIO 
ESP 
5200 Dixie Road, Suite 201 
Mississauga, Ontario LAW lE4 
Ph: 416-626-8221 
Telex: 06966899 
FAX: 416-238-3277 
Toll Free: 1-800-387-7604 

SALES REPRESENTATIVES 

QUEBEC 
ESP 
Suite 3, 447 McLeod 
Ottawa, Ontario KIR 5P5 
Ph: 613-236-1221 
FAX: 613-236-7119 
Toll Free: 1-800-387-7500 

ESP 
116 McKee Street 
Chateauguay, Quebec J61 3N2 
Ph: 514-848-7064 
Toll Free: 1-800-387-7604 

SASKATCHEWAN 
Hi Tech Sales 
147 Reindeer Road 
Saskatoon, Sask. S7K 4W8 
Ph: 306-933-4101 
FAX: 306-933-4104 
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EUROPE 

AUSTRIA HOLLAND SWEDEN 
Hitronik Alcorn Electronics Ab Gosta Backstrom 
St. Veitgasse 51 Essebaan 1 Alstromergatan 22 
A-1130Wien 2908 U Capelle NO USSEL P.O. Box 12009 
Austria Holland 10221 Stockholm 
Ph: 43-222-824199 Ph: 3110-451-9533 Sweden 
FAX: 43-222-826440 FAX: 3110-458-6482 Ph: 468-541-080 
TLX: 847-134404 TLX: 26160 FAX: 468-531-251 

TLX: 10135 

BEWIUM ISRAEL 
D & D Electronics Telsys SWITZERlAND 
VII Olympiadelaan 93 Atidirn Industrial Park Bldg. 3 Memotek 
B-2020 Antwerp Dvora Hanevia St., Neve Share!, Ch-4901 Langenthal 
Belguirn Tel-Aviv 61431, Israel Switzerland 

Ph: 323-827-7934 Ph: 972-349-2001 Ph: 41-63-281-122 
TLX: 73121 TLX: 32392 FAX: 41-63-223-506 

TLX: 845-982550 

DENMARK ITALY 
Scansupply Cramer Italla UNITED KINGDOM 
Nannasgade 18-20 134 Via Cristof Colombo Sequoia 
DK-2200 Copenhagen-N, 00147 Rorna, Italia Unit 2 First Avenue 
Denmark Ph: 396-517-981 Globe Business Park 
Ph: 45-183-5090 TLX: 611517 MarlowBucks SL71YA 
FAX: 45-183-2540 United Kingdom 
TLX: 855-263046 Ph: 446-284-76726 

NORWAY FAX: 446-288-90104 
OTE Komponent TLX: 851-846536 

FINLAND P.O. Box 200, Leirdal 
Oy Ferrado AB 1011 Oslo 10, Norway 
Valimotie 1A Ph: 02-30-66-00 W.GERMANY 
P.O. Box 54 FAX: 01.32-13-60 Astek 
SF-00381 Helsinki TLX: 78-955 Gottlieb-Daimler Strasse, 
Finland 2358 Kaltenkirchen 
Ph: 358-055-0002 W.Germany 
FAX: 358-055-1117 SPAIN Ph: 49-4191-871115 
TLX: 122214 Serniconductores, SA TLX: 841-2180120 

Rda. General Mitre, 240 
08006 Barcelona Atlantik Elektronik 

FRANCE Spain Fraunhofer Strasse, 11A 
Newtek Ph: 93-217-2340 8033 Martinsried 
8, Rue De L'Esterel FAX: 93-217-6598 Munich, W. Germany 
Silic 583 TLX: 97787 SMCDE Ph: 4989-857-0000 
F-94633 Rungis Cedex FAX: 4989-857-3702 
France TLX: 841-521-5111 
Ph: 331-4687-2200 
FAX: 331-4687-8049 
TLX: 842-263046 
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AUSTRALIA 
Rita Pty. Ltd. 
202 Bell Street, Preston 
Victoria 3072 
Australia 
Ph: 61-3-480-1211 
1LX: FIFMEL AA31001 
FAX: 61-3-484-3645 

HONG KONG 
Electrocon Products Limited 
5th Floor, Perfect Commercial Bldg. 
20 Austin Avenue 
Tsimshatsui, Kowloon 
HongKong 
Ph: 852-3-687214-6 
Ph: 852-3-7392023 
1LX: 39916 EPLET HX 
FAX: 852-3-7220869 

Iiason OffICe (Miti Electronic Co.) 
703A Opulent Bldg. 
402-406 Hennessy Rd. 
Hong Kong 
Ph: 852-5-8336973 
FAX: 856-5-8933674 

Dynatek: Electronics Ltd. 
Unit 1, 7/Fl, 
Hong Leong Industrial Complex 
4 Wang Kwong Rd. 
Kowloon Bay, Hong Kong 
Ph: 852-3-7966689 
FAX: 852-3-7966109 
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FAR EAST 

JAPAN 
Asahi Kasei Microsystems 
Yoyogi Community Bldg. 
11-2, Yoyogi 1-Chorne 
Shibuya-ku, Tokyo 151, Japan 
Ph: 813-320-2062 
FAX: 813-320-2072 
1LX: 222-2792 - AKMC J 

KOREA 
Kortronics Enterprise 
Rm. 307, 9-Dong, B-Block 
#604-1, Guro-dong, Guro-Gu 
Seoul, Korea 
Ph: 82-2-635-1043 
Ph: 82-2-634-5497 
1LX: KORlRON K26759 
FAX: 82-2-675-0514 

NEWZEAUND 
Electronics limited 
35 Rawene ~oad 
Birkenhead, Auckland 10 
New Zealand 
C.P.O. Box 2630 , Auckland 
Ph: 64-9-488049 
1LX: DAVREDAK NZ2612 
FAX: 64-9-4190766 

SINGAPORE 
Tokyo Components Co. Pte. Ltd. 
III North Bridge Road 
#07-16 Peninsula Plaza 
Singapore 0617 
Ph: 65-3364395 
1LX: RS 35116 TCCSIN 
FAX: 65-3372347 

SALES REPRESENTATIVES 

TAIWAN 
Idealtech Industry Co., Ltd. 
11-3 Fl. No. 415, Sec. 4 
HsinYiRoad 
Taipei, Taiwan, R.O.C. 
Ph: 886-2-703-2196 
1LX: 22928 IDEALTEC 
FAX: 886-2776-2219 

The Oak Trading Corp. 
8F, No. 180, Sec. 4 
Chung Hsiao E. Road 
Taipei, Taiwan, R.O.C. 
Ph: 886-2-772-6372 
FAX: 886-2-771-8413 

Pensound International Corp. 
FI. 6th Nr.218 Tun-Hwa North Rd. 
Taipei, Taiwan R.O.C. 
Ph: 886-2-716-9056 
FAX: 886-2-717-1647 
1LX: 21980 PENSOUND 
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DEFINITION OF PREUMINARY PART 
TYPES 

Before a part is in full production, Crystal will 
supply preliminary parts. There are two varieties: 

LEngineering Sample (ES) 

Engineering sample "ES" is a product which has 
not been completely characterized or where 
qualification has not reached the first lot 500 
hours read point. ES product will be assembled 
per manufacturing specs at qualified assembly 
sites. All units will be tested to a published data 
sheet and applicable errata sheet (if needed). 
Any ES units which are tested only at room 
temperature will receive a supplemental brand 
"25°". As soon as automated temperature testing 
is available for this device, all subsequent ES 
units will be 100% temperature tested. 

The following premium - temperature product 
grades will always be 100% tested at tempera­
ture: 

TELECOMMUNICATIONS - "M' grade 
DATA ACQUISmON - "A", "B", "C", "S", 
"T", and "U' grades 

II. Engineering Prototype (EP) 

Engineering Prototype is an engineering 
prototype of a device which works sufficiently 
for beta site purposes. 
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DEFINITIONS 

DEFINITION OF DATA SHEET TYPES 

Each product developed by Crystal will be 
supported by technical literature where the data 
sheets progress through the following levels of 
refmement: 

L Product Preview 

This is a 1-to-4 page document which describes 
the main features and specifications for a product 
that is under development. Some specifications 
such as exact pin-outs may not be finalized at 
time of publication. The p~se of this docu­
ment is to provide customers with advance 
product planning information. 

II. Preliminary Product Information 

This is the first document completely describing 
a new product. It contains an overview, 
specifications, timing diagrams, theory of 
operation, pin-out diagram, applications infor­
mation, ordering guide and mechanical informa­
tion. The numbers in this data sheet are based on 
prototype silicon performance and on worst-case 
simulation models. The specifications represent 
the designer's best estimate for the "real" 
numbers. Min and max values are included 
where possible. The purpose of this document is 
to provide system designers with technical infor­
mation sufficiently detailed to guarantee that 
they can safely begin active development. 

IlL Final Data Sheet 

This is an updated version of the preliminary 
data sheet reflecting actual production 
performance of the fmal product. Updates 
include tighter specifications, more min and max 
values, and any application information that has 
arisen during the early life of the part. The pur­
pose of this document is to communicate the 
confrrmed performance of products which have 
passed qualification, been fully characterized, 
and are in production. 



Crystal Semiconductor Corporation 
P.O. Box 17847 
2024 E. St. · Elmo Road 
Austin, Texas 78760-7847 
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Tel: (512) 445-7222 
Telex: (910) 874-1352 

Fax: (512) 445-7581 


