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15-3 Introduction 

15-3 Definitions 

15-4 GAP-Ol 
General-Purpose Analog Signal 
Processing Subsystem 

15 -19 PKD-Ol 
Monolithic Peak Detector 

15-2 

SPECIAL 
FUNCTIONS 



Precision Monolithics Inc. 

INTRODUCTION 
This section includes analog subsystems made 
up of standard integrated circuit building blocks 
such as op amps, comparators, analog switches, 
sample/hold, and buffers. 

The GAP-01 is a general-purpose analog signal 
processing subsystem. This precision circuit 
contains circuit building blocks used to 
construct synchronous demodulators, absolute 
value amplifiers, window comparators, a two­
channel S/H amplifier or a two-channel 
multiplexer with gain. 

15-3 

SPECIAL 
FUNCTIONS 

The PKD-01 functions as an analog peak 
detector. Peak detection, peak hold and reset 
are all digitally-contollable. Circuit gain is set by 
external resistor ratios. The PKD-01 configures 
into both positive or negative peak detector 
circuits. 

DEFINITIONS 
Refer to the sample-and-hold amplifer section of 
this catalog for the GAP-01 and PKD-01 circuit 
definitions. 

I' 

I~ 
I), 
" Il 

I 



Precision Monolithics [nco 

FEATURES 

• Low Offset Voltage , ...... , .. , .............. '.... 3mV 
• Low Zero-Scale Error " .. ", .... ", .. " .... , .. " 4mV 
• Low Droop Rate"",,"""""""""'" O.1mVlms 
• Wide Bandwidth .. , ...... ' .... , .... ' ........ , 400kHz 
• Digitally Selected Signal Path 
• Uncommitted Comparator On Chip 
• Wide Application Versatility 

• Synchronous Demodulator 
• Absolute Value Amplifier 
• Two-Channel S/H Amplifier 
• Two-Channel Multiplexer With Gain 

ORDERING INFORMATIONt 

Vos 
(mV) 

Vzs 
(mV) 

HERMETIC PLASTIC 
MILITARY INDUSTRIAL COMMERCIAL 

3 
6 

4 
7 

GAP01AX' 
GAP01BX' 

GAP01EX 
GAP01FX 

GAP01EP 
GAP01FP 

• For devices processed in total compliance to MIL-STD-883, add /883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
Designed as a general-purpose analog processing sub­
system, the GAP-01 combines many commonly used system 
building blocks within a single integrated circuit. 

The basic circuit versatility stems from the GAP-01 's archi­
tecture. The circuit features two differential input transcon­
ductance amplifiers, two low-glitch current mode switches, 
an output voltage buffer amplifier, and a precision comparator. 

Both transconductance amplifier outputs are switched by 
current-mode switches into the voltage follower output 
buffer, thus providing two digitally selectable signal paths 
through the device, Gain through the two channels may be 
different in both sign and magnitude depending upon feed­
back selection. An external capacitor provides loop compen­
sation and doubles as a hold or "memory" capacitor when the 
GAP-01 functions as a dual-channel sample/hold amplifier, 
Offset voltage and charge transfer errors are trimmed 
by using the "Zener-Zap" trim technique. The output buffer 
features a FET input stage to reduce droop rate error in S/H 
applications. A bias current cancellation circuit minimizes 
droop error at high ambient temperature. 

The inclusion of a precision comparator on chip increases 
the GAP-01's versatility and cost effectiveness in data 
conversion applications. The output high voltage level is set 
by external resistors. This scheme maximizes noise immun­
ity and permits interface to all standard logic families. 

Manufactured under the following patent: 4,285,051. 

15-4 

GAP-Ol 
GENERAL-PURPOSE ANALOG SIGNAL 

PROCESSING SUBSYSTEM 

Several applications exploit the ability to select the signal 
path through the GAP-01. As a two-channel multiplexer or 
analog switch, the GAP-01 high input impedance offers 
advantages when switching high impedance signals, Gain 
through the "MUX" is also possible, The GAP-01 operates as 
a sample/hold amplifier in the hold mode when both trans­
conductance amplifiers are unselected, With the on-board 
comparator, a two-channel successive approximation analog­
to-digital conversion (ADC) system may be constructed. 
Combining a sign-magnitude, digital-to-analog (DAC) con­
verter with the GAP-01 results in a four-quadrant multiplying 
DAC. The GAP-01 contains all the functional devices needed 
to perform synchronous demodulation or implement the 
absolute value function. 

FUNCTIONAL DIAGRAM 

AMPLIFIER A NULL 
v+ -INPUT +INPUT 

_INPUT 

+INPUT 

-INPUT 

AMPLIFIER B NULL 

CONTROL LOGIC 

ChA ChB 

0 0 
0 1 

0 
1 

SWiTCHES SHOWN FOR; 

CHANNElA=O 
CHANNEL B=O 

OUTPUT 
toC 

Channel A 
Sum 

Hold Last Input 
ChannelB 
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--------I~ GAP-01 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM 

ABSOLUTE MAXIMUM RATINGS (Note 2) 

Supply Voltage ................................... ± 18V 
Power Dissipation .•...•.•.•........•........•.. SOOmW 
Input Voltage. . . . . •• . . • . . . . . . . .. Equal to Supply Voltage 
Logic and Logic Ground 

Voltage •...•...•.......•.•... Equal to Supply Voltage 
Output Short-Circuit Duration .•...••...•...•.. Indefinite 
Amplifier A or B Differential Input Voltage .......... ±24V 
Comparator Differential Input Voltage .............. ±24V 
Comparator Output Voltage ... Equalto Positive Supply Voltage 
Hold Capacitor Short-Circuit Duration ..••..... Indefinite 
Storage Temperature ................. -6S' C to +1S0'C 
Lead Temperature (Soldering, 60 sec) ............. 300'C 

PIN CONNECTIONS 

INVERTING 
INPUT (A) 

NONINVERTING 
INPUT (A) 

LOGIC 
GROUND 

COMPARATOR 
OUTPUT 

INVERTING 
INPUT 

NONINVERTING 
INPUT 

18-PIN HERMETIC DIP 
(X-Suffix) 

EPOXY DIP 
(P-Sufflx) 

15-5 

Operating Temperature Range 
GAP01AX, BX ...................... -SS'C to + 12S'C 
GAP01EX, FX ....................... -2S'Cto+8S'C 
GAP01 EP, FP .......................... O' C to + 70' C 

DICE Junction Temperature (Ti) ....... -6S' C to + 1S0' C 

MAXIMUM AMBIENT DERATE ABOVE 
TEMPERATURE MAXIMUM AMBIENT 

(NOTE 1) FOR RATING TEMPERATURE 

IS-Pin DIP (X) l00'C 10mW/'C 

IS-Pin DIP (P) 50'C 10mW/'C 

NOTES: 
1. Maximum package power dissipation vs. ambient temperature. 
2. Absolute rating_apply to both DICE and packaged parts, unless otherwise 

noted. 

DICE CHARACTERISTICS 

DIE SIZE 0.090 X 0.100 Inch, 9,000 sq. mils 
(2.288 X 2.54; 5.8 Iq.mm) 

1. CHANNEL (8) 
2. V+ 
3. VOUT 
4. CH 
5. (A) NULL 
e. (A) NULL 
7. INVERTING INPUT (A) 
e. NONINVERTING INPUT (A) 
I. V-

10. NONINVERTING INPUT (8) 
11. INVERTING INPUT (a) 
12. (a) NULL 
13. (a) NULL 
14. COMPARATOR NONINVERTING INPUT 
15. COMPARATOR INVERTING INPUT 
1e. COMPARATOR OUTPUT 
17. LOGiC GND 
18. CHANNEL (A) 

For additional DICE Information refer to 
1986 Data Book, Section 2. 

1/86, Rev. A 



---------1~ GAP..Q1 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM 

ELECTRICAL CHARACTERISTICS at Vs= ±1SV, CH= 1000pF, TA= 2SoC. 

PARAMETER 

"Um" AMPLIFIERS A, B 

Zero-Scale Error 

Input Offset Voltage 

Input Bias Current 

Input Offset Current 

Voltage Gain 

Open-Loop 
Bandwidth 

Common-Mode 
Rejection Ratio 

Power Supply 
Rejection Ratio 

Input Voltage Range 

Slew Rate 

Feedthrough Error 

Acquisition Time to 
0.1 % Accuracy 

Acquisition Time to 
0.01% Accuracy 

COMPARATOR 

Input Offset Voltage 

Input Bias Current 

Input Offset Current 

Voltage Gain 

Common-Mode 
Rejection Ratio 

Power Supply 
Rejection Ratio 

Input Voltage Range 

Low Output Voltage 

"OFF" Output 
Leakage Current 

Output Short­
Circuit Current 

Response Time 

SYMBOL 

Vzs 

Vos 

IS 

lOS 

Av 

BW 

CMRR 

PSRR 

SR 

Vos 

Is 

lOS 

AV 

CMRR 

PSRR 

VOL 

ISC 

DIGITAL INPUTS-CHA, CHB (Note 3) 

Logic "I" Input Voltage 

Logic "a" Input Voltage 

Logie "1" Input Current 

Logic "a" Input Current 

MISCELLANEOUS 

Droop Rate 

Output Voltage Swing: 
AmplifierC 

Short-Circuit Current: 
AmplifierC ISC 

Switch Aperture Time tap 

Switch Switching Time ts 

Slew Rate: Amplifier C SR 

Power Supply Current ISY 

NOTES: 

CONDITIONS 

Av=1 

-10V 5 VCM 5 +10V 

± 9V5VS5±ISV 

(Note2) 

<1V,N = 20V, CHA = I, CHB = 0 (Note 2) 

20V Step, AVCL = +1 (Note 2) 

20V Step, AVCL = +1 (Note 2) 

2kO Pull-up Resistor to 5V (Note 2) 

±9V5VS5±18V 

(Note2) 

ISINK 5 5mA, Logic GND = OV 

5mV Overdrive, (Note 3) 
2kO Pull-up Resistor to 5V 

Tj = +25'C (Note I) 

RL = 2.5k 

RL =2.5k 

No Load 

1. Due to limited production test times the droop current corresponds to 
junction temperature (Tj). 

GAP01A1E GAP01B/F 
MIN TYP MAX MIN TYP MAX 

2 4 3 7 

2 3 3 6 

80 150 so 250 

20 40 50 100 

IS 25 10 25 

0.4 0.4 

SO 90 74 

S6 96 76 96 

±11.5 ±12 ±11.5 ±12 

0.5 0.5 

66 80 66 SO 

41 70 41 70 

45 45 

0,5 1.5 3 

700 1000 700 1000 

75 300 75 300 

5 7.5 3.5 7 

82 106 82 106 

76 90 76 90 

±11.5 ±12.5 ±11.5 ±12.5 

-0.2 0.15 0.4 -0.2 0.15 0.4 

25 80 25 SO 

12 45 12 45 

150 150 

2 

O.S O.S 

0.02 0.02 

1.6 10 2 10 

0.02 0.07 0.1 

±11.5 ±12.5 ±11 ±12 

15 40 7 15 40 

75 75 

50 50 

2.5 2.5 

5 7 6 9 

2. Guaranteed by design. 
3. Channel A = "1", Channel B = ''0''. 

UNITS 

mV 

mV 

nA 

nA 

V/mV 

MHz 

dB 

dB 

V 

dB 

I'S 

I'S 

mV 

nA 

nA 

V/mV 

dB 

dB 

V 

V 

rnA 

ns 

V 

V 

mV/ms 

V 

rnA 

ns 

ns 

mA 
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[fMD GAP-G1 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM 

ELECTRICAL CHARACTERISTICS at VS= ±15V, CH= 1000pF, -55°C ::;TA::; 125°C forGAP01AX & ax; -25°C::;TA::;85° C 

for GAP01 EX & FX, and 0° C ::; TA::; 70° C for GAP01 EP & FP. 

GAP01A1E GAP01B/F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

"g"," AMPLIFIERS A, B 

Zero-Scale Error Vzs 4 7 6 12 mV 

Input Offset Voltage Vos 3 6 5 10 mV 

Average Input 
TCVos (Note 1) -3 -6 -5 -6 p.V/'C Offset Drift 

Input Bias Current Is 160 250 160 500 nA 

Input Offset Current los 30 100 30 150 nA 

Voltage Gain Ay 7.5 9 5 9 V/mV 

Common-Mode 
CMRR -10V $ VCM $ +10V 74 82 72 80 dB Rejection Ratio 

Power Supply 
PSRR ±9V $ Vs $ ±18V 80 90 70 90 dB Rejection Ratio 

Input Voltage Range VCM (Note 1) ±11 ±12 ±10.5 ±12 V 

Slew Rate SR 0.4 0.4 V/p.s 

Acquisition Time to 
t.q 20V Step, AYCL = + 1 60 60 "s 0.1% Accuracy 

COMPARATOR 

Input Offset Voltage Vos 2 2.5 2 5 mV 

Average Input 
TCVos (Note 1) -4 -6 -4 -6 p.V/'C Offset Drift 

Input Bias Current Is 1000 2000 1100 2000 nA 

Input Offset Current los 100 600 100 600 nA 

Voltage Gain Ay 2kfl Pull-up Resistor to 5V, (Note 1 ) 4 6.5 2.5 6.5 V/mV 

Common-Mode 
CMRR -10V $ VCM$+10V 80 100 80 92 dB Rejection Ratio 

Power Supply 
PSRR ±9V$ Vs$±18V 72 82 72 86 dB Rejection Ratio 

Input Voltage Range VCM (Note 1) ±11 ±11 V 
c;n 

Low Output Voltage VOL ISINK $ 5mA, Logic GNo = 5V -0.2 0.15 0.4 -0.2 0.15 0.4 V Z 
"OFF" Output 

IL Vour=5V 25 100 25 160 ,..A 0 
Leakage Current ~ 

Output Short-
Isc Vour=5V 6 10 45 6 10 45 mA U 

Circuit Current Z 
Response Time t. 

5mV Overdrive. (Note 3) 
200 200 ns 

::J 
2kfl Pull-up Resistor to 5V j:.I., 

DIGITAL INPUTS-CHA, CHB (Note 3) ~ Logie "1" Input Voltage VH 2 V U 
Logic "0" Input Voltage VL 0.8 0.8 V j;.I..J 

I=l.o 
Logic "1"Input Current IINH VH =3.5V 0.02 0.02 ,..A c;n 

LogiC "0" Input Current IINL VL =O.4V 2.5 15 2.5 15 ,..A 

I MISCELLANEOUS 

Droop Rate VOR Tj = Max. Operating Temp., (Note 2) 10 10 mV/ms 

Output Voltage Swing: 
AmpliflerC VOP RL = 2.5k ±11 ±12 ±10.5 ±12 V 

Short-Circuit Current: 
Isc 6 12 40 6 12 40 mA AmpllfierC 

Switch Aperture Time tap 75 75 ns 

Slew Rate: Amplifier C SR RL =2.5k 2 2 V/p.s 

Power Supply Current IBY No Load 5.5 8 6.5 10 mA 

NOTES: See next page. 
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---------IIEMD GAP-01 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM 

WAFER TEST LIMITS at Vs = ±15V, CH = 1000pF, TA = 25°C. 

PARAMETER SYMBOL CONDITIONS 

"11m" AMPLIFIERS A, B 

Zero-Scale Error Vzs 

Input Offset Voltage Vos 

Input Bias Current 18 

Input Offset Current los 

Voltage Gain Av 

Common-Mode 
CMRR 

Rejection Ratio 

Power Supply 
PSRR 

Rejection Ratio 

Input Voltage Range VCM (Note 1) 

GAP-01N 
LIMIT UNITS 

7 mV MAX 

6 mV MAX 

250 nA MAX 

100 nAMAX 

10 VlmV MIN 

74 dBMIN 

76 dBMIN 

±11.5 VMIN 

Feedthrough Error &VIN = 20V. CHA = 1, CHB = 0 (Note 1) 66 dBMIN 

COMPARATOR 

Input Offset Voltage Vos 3 mVMAX 

Input Bias Current 18 1000 nAMAX 

Input Offset Current los 300 nAMAX 

Voltage Gain Av 2kn Pull-up Resistor to 5V (Note 1) 3.5 VlmV MIN 

Common-Mode 
CMRR 

Rejection Ratio 
dBMIN 82 

Power Supply 
PSRR 

Rejection Ratio 
76 dBMIN 

Input Voltage Range VCM (Note 1) ±11.5 VMIN 

Low Output Voltage VOL ISINK'; 5mA, Logic GND = 5V 
0.4 

-0.2 
V MAX 
VMIN 

"OFF" Output 
IL Leakage Current 

Output Short-
Isc Circuit CurrAnt 

VOUT =5V 

DIGITAL INPUTS-C"FiX, CHB (Note 3) 

Logic "1" Input Voltage VH 

Logic "0" Input Voltage VL 

Logic '"\"' Input Current IINH VH=3.5V 

Logic "0" Input Current IINL VL = O.4V 

MISCELLANEOUS 

Droop Rate VOR Tj = 25'C (S Note 2) 
T",=25'C ea 

Output Voltage Swing: 
VOP AmplifierC 

RL = 2.5k 

Short-Circuit Current: 
Isc AmplifierC 

Power Supply Current Isv No Load 

NOTES: 
1. Guaranteed by design. 
2. Due to limited production test times the droop current corresponds to 

junction temperature (TI). The droop current vs. time (after power-on) 
curve clarifies this pOint. Since mostdevices(in use) are onfor more than 

80 

45 

0.8 

10 

0.1 
0.20 

±11 

40 
7 

9 

~AMAX 

mAMAX 
mAMIN 

VMIN 

V MAX 

~AMAX 

"A MAX 

mVims MAX 
mVims MAX 

VMIN 

mAMAX 
mAMIN 

mAMAX 

1 second, PMI specifies droop rate for ambient temperature (TAl also. The 
warmed-up (TAl droop current specification is correlated to the junction 
temperature (TJI value. PMI has a droop current cancellation circuit which 
minimizes droop current at high temperatures. 

3. Channel A = "1", Channel B = "0". 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss. yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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---------l~ GAP-G1 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±15V, CH = 1000pF, TA = 25°C. 

PARAMETER SYMBOL CONDITIONS 

"am" AMPLIFIERS A, B 

Slew Rate SR 

Acquisition Time to 0.1 % Accuracy tag 20V step, AVCl = 1 

Acquisition Time to 0.01% Accuracy tag 20V step, AVCl = 1 

COMPARATOR 

Response Time ts 
5mV Overdrive 
2kn Pull-up Resistor to +5V 

MISCELLANEOUS 

Switch Aperture Time tap 

Switching Time ts 
Slaw Rate: Amplifier C SR Rl = 2.5kn 

TYPICAL PERFORMANCE CHARACTERISTICS 

~ 

SMALL-SIGNAL OPEN-LOOP 
GAIN/PHASE vs FREQUENCY 

45 

,~~~~~--~~~--l90 

FREQUENCY (Hz) 

135 

180 

AMPLIFIER CHARGE INJECTION 
ERROR VB INPUT VOLTAGE 

AND TEMPERATURE 
+1.0 

POLARITY OF ERROR 
MAY BE POSITIVE OR 

NEGATIVE 

CH = 1000pF 

TA =2SoC 

~ -10V 

Z 

-5V +5V +10V 

>" 

-0.6 +2s<'C 

-1,0 

ERROR (mV) 

ACQUISITION TIME vs 
INPUT VOLTAGE STEP SIZE 

oor---,---,---,--, 
TA = 25°C 

CH "" lDODpF 

40r-----~----_t----~~~~ 

100 

80 

60 

40 

20 

10 15 20 

INPUT STEP (VOLTS) 

HOLD-MODE POWER SUPPLY 
REJECTION vs FREQUENCY 

TA '" 25°C 

V1N"'OV 
CH = l000pF_ 

POSITIVE SUPPLY 
(+15v +lV SIN wT) 

- NEGATIVE SUPPLY 
(-15V +1V SIN wi 

'l\ 
~ 

CHANNEL A = 1 

o 
10 100 

CHAN~rL 8=0 

lk 10k tOOk 1M 

FREOUENCY (Hz) 

15-9 

0 

8 

6 

2 

0 

GAP-01N 
TYPICAL 

0.5 

41 

45 

150 

75 

50 

2.5 

DROOP CURRENT 
vs TEMPERATURE 

UJ'TS A~ OP~RATI~G 
TEMPERATURE 

I 
I 
I 

II 

/ 
,../ 

UNITS 

VII's 
p.s 

p.s 

ns 

ns 

ns 

VII's 

-75 -50 -25 0 25 50 75 100 125 150 

-2 

-3 

TEMPERATURE (OC) 

LOGIC INPUT CURRENT VB 
LOGIC INPUT VOLTAGE 

loj,e 1 

.1.-

h--551e 
I 

-:- +2SoC 

+12SOC 

1 
Teo LOGIC GRJUND = ov 

1 1 J 
-2 -1 

LOGIC INPUT VOLTAGE (VOLTS) 
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_______ ~P..Q1 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM 

TYPICAL PERFORMANCE CHARACTERISTICS 

;= 

~ 
ffi 
:J: 
I-

~ 

~ 
I-

15 
a: 
a: 
::> 
u 

::/ 
iii 
I-
~ 
;:; 

+3 

+2 

+1 

-1 

COMPARATOR INPUT BIAS 
CURRENT VB DIFFERENTIAL 

INPUT VOLTAGE 

Vs = 1±15V 
INPJr CURR1ENT MU~ 

TA =2s<'c BE LIMITED TO LESS-
THAN 1mA 

OTHER OTHER OTHE R 
!--'NPUT _INPUT 

AT-tOV ATOV 
!--'NPU 

AT +1 
T 

OV 

-15 -10 -5 10 15 

INPUT VOLTAGE (VOLTS) 

CHANNEL TO CHANNEL ISOLATION 
VB FREQUENCY 

120 

iii 
:!! 100 
Z 
0 
j: 

" 80 g 
... 
w 60 z z 

" :J: 
'I 40 

~ 
z 20 z 

" :J: 
U 

o 

T~' 26°~ 

" 
TEST CONDITION: l'\. -CH = 1000pf, AMPLIFIER 
A AND B CONNECTED ~ IN+1 GAIN 

AMPLIFIER A tB) OFf,lNPUT = 20V Pk-Pk 
AMPLIFIER B (8) ON, INPUT = OV 

1 10 100 1k 10k tOOk 1M 100M 

FREQUENCY (Hz) 

LARGE-SIGNAL 
INVERTING RESPONSE 

TIME (20~/DIV,) 

1l 
1! 
I-

~ 
::> 
0 
w 
CO 

~ 
0 
> 

COMPARATOR OUTPUT 
VOLTAGE VB OUTPUT 

CURRENT AND TEMPERATURE 
1.0 

+~25OC 
0.8 

0.6 

+2s<'~=", 
_66°C""""" 

0.' 
JJ.. 

0.2 

0.0 

-0.2 

h ~ "/ 
~ 

p-

od 

~~ 

2.0 4.0 6.0 8.0 10.0 12.0 14.0 

10 - OUTPUT SINK CURRENT (mAl 

COMPARATOR TRANSFER 
CHARACTERISTIC 

I 
Vs = ±15V 
TA = 2SoC 

\ INVERTING INPUT = VIN 
NON-INVERTING INPUT· OV ~ 

~4f--\--+---I-+-+-+--f--\ 
w 

~ 
~ RL ~~.~~~ _ ~ ~~ :5~Okn 
5 21--\--+--\1-\-+-+--1--1 
§ \ 

\ " oL-~~_~~==~aE" 
-1.5 -1.0 -0.5 0.0 0.6 1.0 1.5 Z.O 

INPUT VOLTAGE (mV) 

COMPARATOR RESPONSE TIME va TEMPERATURE 

;; 

~ 
w 

5V 

4V 
pLLL-U~ J 

"'/ ", 
t-- RESISTOR· 2kn 

IV J-- TA '!25°C 1/ 
r- TA-1'j1; A;+1250C-

fj. / 

3V 

2V 

1V 

OV 
w 
~ +5mV 

~ 
g Omv 
I-

~ 
:!: -5mV-S0 60 100 150 200 250 300 

TIME (nsec) 

LARGE-SIGNAL 
NONINVERTING RESPONSE 

~ ov 
g 
I­
::> 

§ 

TIME (ZOps!DIV.) 

15-10 

Omvl-~r--+--~--1_--+_--~_1 

~mvL-~~~--~--~--~--~~ 
-60 50 100 160 200 250 300 

TIME (nsec) 

COMPARATOR OUTPUT 
RESPONSE TIME (2kO 

PULL-UP RESISTOR, TA = 25° C) 

5V 

w 'v 
~ g 3V 

I- 2V 

O~ lV 

OV 

TIME (50ns!DIV.) 

w 

+5mV ~ 
OmV g 

I­
-5mV ~ 

;:; 
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---------1~ GAP·01 GENERAL·PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM 

TYPICAL PERFORMANCE CHARACTERISTICS 
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----------l~ GAP·01 GENERAL·PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM 

TYPICAL PERFORMANCE CHARACTERISTICS 
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--------I~ GAP-01 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM 

APPLICATION CIRCUITS 

ALTERNATE GAIN CONFIGURATION 
,---------------_ .. _-_._ .. __ ._----_._------------------, 

R, 

CHANNELAo---------~------------, 

OUTPUT 

>-..--t-+--o 

R, 

CHANNEL B 0------------------------' 

IF BOTH CHANNEL A ANU CHANNEL B HAVE 
THE SAME POSITIVE VOLTAGE GAIN. A SIN­
GLE VOLTAGE DIVIDER SETS THE GAIN FOR 
BOTH CHANNELS. 

ABSOLUTE VALUE CIRCUIT WITH POLARITY PROGRAMMABLE OUTPUT 

INPUT 

~ o-~------------___ -, 
+sv 

4.7kn 

10k" 
1% 

10k" 
1% 

11 

,. 

R3>2.4kn 

R4>2.4kfl 

OUTPUT 

POLARITY 
CONTROL 

SIGNAL 

~ 500pF 
GAIN=:1 

* TRANSISTOR INCREASES COMPARATOR GAIN 

1,;:.1 L::.::.I 1,;:::.1' 

II! .-. ~ lflii 
~ 

I ~ a 
r.1l"I 

~ 

Ii 

.: Ii 

TRACE 1: INPUT SIGNAL 

TRACE 2: CHANNEL A/CHANNEL B 
CONTROL SIGNAL 

TRACE 3: OUTPUT. POLARITY CONTROL 
SIGNAL =0 

Iii ... 

~ ... 

=" 
~ 
rn,:::::"I 

15-13 

CHANNEL B 

.... 11,;=.1 

'-i ~ 
~ II 

;;OIl 

~ :!II 
Ri ~ :~ 

• 
II!: 

~ ~ 

TRACE 1: INPUT SIGNAL 

TRACE 2: CHANNEL AlCHANNEL a 
CONTROL SIGNAL 

TRACE 3: OUTPUT. POLARITY CONTROL 
SIGNAL = 1 
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--------I[fMD GAP-01 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM 

TWO-CHANNEL SAMPLE/HOLD AMPLIFIER 

5 '00 6 

+15V -15V 

R, 
INPUT A o-~MI'-+--""'~~ ,." 

INPUTBo-~MI'-----~1-l 

CHANNEL A/CHANNEL B 13 

SAMPLE/HOLD ~=:::==Jt'~2f'O~O~!.!.--d~ 

15-14 

CH • 
,. 

500PF~ 

CHANNEL A GAIN", - ~ = -10 

CHANNEL B GAIN=1 + ~ =2 

TRACE 1: INPUT SIGNAL B (1V/DIY.) 

TRACE 2: INPUT SIGNAL A (O.SYlDIY.) 

TRACE 3: CHANNEL AtCHANNEL B 
CONTROL SIGNAL (Sv/DIY.) 

TRACE 4: OUTPUT WITH SAMPLE/tmLD 
'" "'" (5VIDIY,") 

TRACE 1: INPUT SIGNAL 8 (lV/DIY.) 

TRACE 2: SAMPLE/HOLD (5V/DIY.) 
CONTROL SIGNAL 

TRACE 3: OUTPUT SIGNAL (2Y/DIY.) 
C'RAfiiN!tAICHANNEl B = "'" 
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---------t~ GAP-01 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM 

APPLICATION CIRCUITS 

DIGITAL GROUND CONNECTION FOR 
SINGLE SUPPLY OPERATION 

GAP-Dl 

L...-___ ---J 

17 

DIG 
GND 

FOUR QUADRANT MULTIPLYING DAC 

A INPUT 

V+ = lSV 

R = S.lkn 

LOGIC LEVEL TRANSLATION FOR 
GAP-01 SINGLE SUPPLY OPERATION 

CHJ 

15-15 

V+ = 1SV 

Rl = 3.3kn 
TO GAP-Ol 

t-----+ LOGIC 
CONTROL 

~ R2 = 390r! 

I TT0>---.-, 
~ R3 = lkf2 

COLLECTOR 

lOGIC HIGH VOLTAGE = 4.4V 
LOGIC LOW VOLTAGE = 1.S8V 

8, 810 

BINPUT 
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---------i~ GAPo01 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM 

APPLICATION CIRCUITS 

SYNCHRONOUS DEMODULATION OF LVDT SIGNAL 

2kn 10kn 
.1 '. 8UFFERED 

LVDT 

MODEL E1000 12 SIGNAL ., DISPLACEMENT !~E:~~:EE:~T~G 
rL;D~ ---, I '--I~----~~------------~ 

LVDT I I 
CEST) POINT 

c, ® 
EXCITATION I--<r-----:-,., I r------------~ 

L:~y:·C:p~~~:~~~::~)t1~t_----!I-J : 

1.5kn 

?V T 5V I 

: I L _____ ..J 

+15V 

4.7k{l 

1000pF ":'" 

SQUARED 
lYD'1' 

EXCITATION 

(TEST~OINT ) 

~~--~~-

--~ 

" ~" -, 
I 

0.1"F 

10 FILTERED DC 
>~--<l OUTPUT 20kn 20kn 

(TEST) 
POINT 

@ '. 

ov TRACE lA: LVDT SINEWAVE EXCITATION (TEST POINT 1) -2V/OIV: 
TRACE 18: GAp·(n COMPARATOR OUTPUT (TEST POINT 3) -6V/DIV. 

ov TRACE 2: BUFFERED LVDr OUTPUT AT GAP·en INPUT {TEST POINT 2} 
O.5V/DIV. 

OV TRACE 3A: LVDT SIGNAL AFTER GAP·e)1 SYNCHRONOUS DEMODULATION 
(TEST POINT 4) -o.6V/OIV. 

TRACE 38: DC OUTPUT LEVEL INDICATING LVDT CORe POSITION (TEST 
POINT 6) O.SV/DIV. 
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_______ ~~ GAP-01 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM 

APPLICATION CIRCUITS 

WINDOW COMPARATOR 

+15V 1"5V 

1.SkH rN914 lkU 

:> e DV 
;;: 

12 13 

~ 
AMPLIFIER 

B NULL 

lkH 

l/o1s!DIV. 

APPLICATION INFORMATION 

CAPACITOR RECOMMENDATIONS 

-15V 

GAP-01 

TRACE 1: 

COMPARATOR OUTPUT 
(Ve. PIN 16) 

TRACE 2: 

ANALOG 1 NPUT 
(Vx) 

The external capacitor (CH) serves as the compensation 
capacitor and hold capacitor in sample/hold applications. 
Stable operation requires a minimum value of 500pF. Larger 
capacitors may be used to lower droop rate errors. but acquisi­
tion time will increase and bandwidth decrease. 

The capacitor should have very high insulation resistance 
and low dielectric absorption. For temperatures below 85° C. 
a polystyrene capacitor is recommended. while a Teflon 
capacitor is recommended for high temperature environ­
ments. 

COMPARATOR 
The comparator output high level (VOH) is set by external 
resistors. It's possible to optimize noise immunity while inter­
facing to all standard logic families - TTL. DTL. and CMOS. 
Figure 1 shows the comparator output with external level 
setting resistors. Table I gives typical R, and R2 values for 
common circuit conditions. 

With the comparator in the low state (VoLl. the output stage 
will be required to sink a current approximately equal to 
Ve/R,. 

NON-INVERTING 
COMPARATOR 

INPUT 

GAP-01 

,--+---;---0 VOH 

INVERTING 
COMPARATOR 

INPUT 

DIGITAL v­
GROUND 

Figure 1 

Vc VOH R1 R2 

5 3.5 2.7K 6.2K 

5 5.0 2.7K 

15 3.5 4.7K 1.5K 

15 5.0 4.7K 2.4K 

15 7.5 7.5K 7.5K 

15 10.0 7.5K 15K 

Table I 

Ve 
R,"'--

Isink 

",o"{,'_) 
VOH 

The maximum comparator high output voltage (VOH) should 
be constrained to: VOH (max) < V+ -2V 

CAPACITOR GUARDING AND GROUND LAYOUT 
Ground planes are recommended to minimize ground path 
resistance. Separate analog and digital grounds should be 
used. The two ground systems are tied together only at the 
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---------I~ GAP-cJ1 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM 

common system ground. This avoids digital currents re­
turning to the system ground through the analog ground 
path. 

The CHterminal (Pin 4) is a high-impedance point. To minim­
ize gain errors and maintain the GAP-01's inherently low 
droop rate, guarding Pin 4 as shown in Figure 2 is recommended. 

,. 
17 

16 

15 

" 
13 

12 

11 

10 

Figure 2 

LOGIC CONTROL 

REPEAT ON 
"COMPONENT SIDE" OF 
PC BOARD I F POSSIBLE 

The transconductance amplifier outputs are switched by the 
digital logic signals applied at Channel A and Channel B pins. 
Two signal paths through the GAP-01 are possible. 

The logic threshold voltage is 1.4 volts when digital ground is 
at zero volts. Other threshold voltages (VTH) may be selected 
by applying the formula: 

VTH -1.4V + Digital Ground Potential. 

Figure 3 shows the simplified logic control circuit. For proper 
operation, digital ground must always be at least 3.5V below 
the positive supply and 2.5V above the negative supply. The 
logic signals must always be at least 2.SV above the negative 
supply. 

Operating the digital ground at other than zero volts does 
influence the comparator output low voltage. The VOL level is 
referenced to digital ground and will follow any changes in 
digital ground potential: 

VOL - O.2V + Digital Ground Potential. 

15-18 

CHANNEL A 
OR 

CHANNEL B 

Figure 3 

.-----------.----ov+ 

CURRENT TO 
CONTROL MODES 

DIGITAL 
GROUND 

ZERO-SCALE ERROR ADJUSTMENT 
For sample/hold applications the zero-scale error (Vos plus 
charge injection error) can be adjusted to zero. With the input 
to each channel equal to zero, the GAP-01 is switched 
between the sample mode (either channel A or channel B 
active) and the hold mode (channel A -1, channel B = 0). The 
output is adjusted to read zero when the unit is in the hold 
mode. 

The Vzs trim circuit is identical to the Vos trim circuit. 

OFFSET VOLTAGE ERROR ADJUSTMENT Offset voltage 
through either channel A or channel B may be nulled with an 
external 100kO potentiometer as shown below. 

J J 
15 100kn 1. I. 100." 

12 1,3 
ANULL B NULL 

GAP-01 

Figure 4 
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Precision MOflolithics Inc. 

FEATURES 
• Monolithic Design for Reliability and Low Cost 
• High Slew Rate ....................••.•...... O.SV/P.S 
• Low Droop Rate 

TA=2SoC ............................... O.1mVlms 
TA= 12SoC .............................. 10mV/ms 

• Low Zero-Scale Error . . . . . . . . . . . . . . . • . • • . . . . . . • .. 4mV 
• Digitally Selected Hold and Reset Modes 
• Reset to Positive or Negative Voltage Levels 
• Logic Signals TTL and CMOS Compatible 
• Uncommitted Comparator on Chip 

ORDERING INFORMATIONt 

2S'C PACKAGE OPERATING 

Vzs 14-PIN DUAL-IN·LINE PACKAGE TEMPERATURE 
(mV) HERMETIC· PLASTIC RANGE 

4 PKD01AY' MIL 
7 PKD01BY' MIL 
4 PKD01EY IND 
7 PKD01FY IND 
4 PKD01EP COM 
7 PKD01FP COM 

• For devices processed in total compliance to MIL-STD-663. add 1663 after 
part number. Consult factory for 663 data sheet. 

t All commercial and industrial temperature range parts Bre available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The PKD-01 tracks an analog input signal until a maximum 
amplitude is reached. The maximum value is then retained as 
a peak voltage on a hold capacitor. Being a monolithic circuit, 
the PKD-01 offers significant performance and package den­
sity advantages over hybrid modules and discrete designs 
without sacrificing system versatility. The matching charac­
teristics attained in a monolithic circuit provide inherent 
advantages when charge injection and droop rate error 
reduction are primary goals. 

Innovative design techniques maximize the advantages of 
monolithic technology. Transconductance (gm) amplifiers 
were chosen over conventional voltage amplifier circuit 
building blocks. The "gm" amplifiers simplify internal 
frequency compensation, minimize acquisition time and 
maximize circuit accuracy. Their outputs are easily switched 
by low glitch current steering circuits. The steered outputs 
are clamped to reduce charge injection errors upon entering 
the hold mode or exiting the reset mode. The inherently low· 
zero-scale error is reduced further by active "Zener-Zap" 
trimming to optimize overall accuracy. 

The output buffer amplifier features an FET input stage to 
reduce droop rate error during lengthy peak hold periods. A 
bias current cancellation circuit minimizes droop error at 
high ambient temperatures. 

Manufactured under the following patent: 4.265,051 

15-19 

PKD-Ol 
MONOLITHIC PEAK DETECTOR 

(WITH RESET-AND- HOLD MODE) 

Through the DET control pin, new peaks may either be 
detected or ignored. Detected peaks are presented as posi­
tive output levels. Positive or negative peaks may be detected 
without additional active circuits since amplifier A can oper­
ate as an inverting or non inverting gain stage. 

An uncommitted comparator provides many application 
options. Status indication and logic shaping/shifting are typ­
ical examples. 

PIN CONNECTIONS 

FUNCTIONAL DIAGRAM 

+IN -IN 

LOGIC 13 
GND 

DET 

-IN 

+1. 

-I. 

+1. 

RST 

RST DEl OPERATIONAL MODE 

o 0 PEAK DETECT 
1 PEAK HOLD 

RESET 
Indeterminate 

14-PIN HERMETIC DIP 
(Y-Sufflx) 

EPOXY DIP 
(P-Sufflx) 

OUTPUT V + v-

SWITCHES SHOWN FOR: 

RST = "0", DET="O" 

OUTPUT 
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-------------Im PKD-G1 MONOLITHIC PEAK DETECTOR 

ABSOLUTE MAXIMUM RATINGS (Note 2) 
Supply Voltage ••••••••••••••••••••••••••••••••••• ±18V 

Power Dissipation ••••••••••••••••••••• ,........ 500mW 

Input Voltage ••••••••••••••••••• Equal to Supply Voltage 

Logic and Logic Ground 
Voltage •••••••••••••••••••••• Equal to Supply Voltage 

Output Short-Circuit Duration ••••••••••••••••• Indefinite 

Amplifier A or B Differential Input Voltage •••••••••• ±24V 

Comparator Differential Input Voltage •••••••••••••• ±24V 

Comparator Output Voltage 

• • • • • • • • • • • • • • • • • • •• Equal to Positive Supply Voltage 
Hold Capacitor Short-Circuit Duration ••••••••• Indefinite 

Lead Temperature (Soldering, 60 sec) ••••••••••••• 300°C 

Storage Temperature Range 

PKD01AY, PKD01BY •••••••••••••••• -65°Cto+150°C 

PKD01EY, PKD01FY ................ -65°Cto+150°C 

PKD01EP, PKD01FP ................ -65°Cto+125°C 

Operating Temperature Range 
PKD01AY, PKD01BY •••••••••••••••• -55°C to +125°C 

PKD01EY, PKD01FY ••••••••••••••••• -25°C to +85°C 

PKD01 EP, PKD01 FP .................... 0° C to + 70° C 
Dice Junction Temperature •••••••••••• -65°C to +150°C 

PACKAGE 
(Nolel) 

'4-Pin DIP (Y) 

'4-Pln DIP (P) 

NOTES: 

MAXIMUM AMBIENT 
TEMPERATURE 

FOR RATING 

80·C 

50·C 

DERATE ABOVE 
MAXIMUM AMBIENT 

TEMPERATURE 

'OmW/·C 

6mW/·C 

1. Maximum package power dissipation YS. ambient temperature. 
2. Absolute ratings apply to both packaged parts and DICE, unless 

otherwise noted. 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, CH = 1000pF, TA = 25°C. 

PKD01A/E PKD01B/F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TVP MAX UNITS 

"am" AMPLIFIERS A, B 

Zero-Scale Error Vzs 3 mV 

Input Offset Voltage Vos 2 3 6 mV 

Input Bias Current Ie 80 '50 80 250 nA 

Input Offset Current los 20 40 20 75 nA 

Voltage Gain Av '8 25 '0 25 V/mV 

Open-Loop 
BW Av=1 0.4 0.4 MHz Bandwidth 

Common-Mode 
CMRR -'OV 5 VCM 5 +'OV 60 Rejection Ratio 90 74 90 dB 

Power Supply 
PSRR ±9V5VS5±'8V 86 96 76 96 dB Rejection Ratio 

Input Voltage Range VCM (Note 1) ±11.5 ±12 ±11.5 ±12 V 

Slew Rate SR 0.5 0.5 VII's 

Feedthrough Error aV'N = 20V, DET = I, RST = 0, (Note 1) 66 80 66 80 dB 

Acquisition Time to 
taq 20V Step, AVCL = +', (Note') 41 70 4' 70 I'S 0.' % Ace uracy 

Acquisition Time to 
taq 20V Step, AVCL = +', (Note 1 ) 45 45 I'S 0.01% Accuracy 

COMPARATOR 

Input Offset Voltage Vos 0.5 1.5 3 mV 

Input Bias Current Ie 700 1000 700 '000 nA 

Input Offset Current los 75 300 75 300 nA 

Voltage Gain Av 2kO Pull-up Resistor to 5V, (Note') 7.5 3.5 7.5 VlmV 

Common-Mode 
CMRR -10V5VCM 5+10V 82 106 82 '06 dB Rejection Ratio 

Power Supply 
PSRR ±9V5Vs 5±18V 76 90 76 90 dB Rejection Ratio 

Input Voltage Range VCM (Note 1) ±11.5 ±12.5 ±11.5 ±'2.5 V 

NOTES: 
1. Guaranteed by design. warmed-up (TA) droop current specification is correlated to the junction 
2. Due to limited production test times, the droop current corresponds to temperature (T)) value. PMI has a droop current cancellation circuit which 

junction temperature (Tjl. The droop current vs. time (after power-on) Minimizes droop current at high temperature. Ambient (TA) temperature 
curve clarifies this pOint. Since most devices (in use) are on for more than speCifications are not subject to production testing. 
, second, PMlspecifies droop rate for ambient temperature (TA) also. The 3. DET=I,RST=O. 
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IEMD PKD-01 MONOLITHIC PEAK DETECTOR 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V, CH = 1000pF, TA = 25° C. (Continued) 

PKD01A1E PKD01B/F 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Low Output Voltage VOL ISINK " SmA, Logic GND = SV -0.2 0.1S 0.4 -0.2 0.1S 0.4 V 

"OFF" Output 
IL VOUT= SV 25 80 25 80 I'A Leakage Current 

Output Short-
Iso VouT =5V 12 45 12 45 mA Circuit Current 

Response Time ts 
SmV Overdrive. (Note 3) 

1S0 150 ns 
2kn Pull-up Resistor to 5V 

DIGITAL INPUTS-RST, DET (See Note 3) 

Logic "1" Input Voltage VH 2 2 V 

Logie "0" Input Voltage VL 0.8 0.8 V 

Logie "1" Input Current I'NH VH=3.5V 0.02 0.02 I'A 

Logic "0" Input Current IINL VL =O.4V 1.6 10 1.6 10 I'A 

MISCELLANEOUS 

Droop Rate VOR 
Tj = 25'C. 

(See Note 2) 
0.01 0.07 0.01 0.1 

mVlms 
TA=25'C 0.02 0.15 0.03 0.20 

Output Voltage Swing: 
VOP 

DET=1 
±11.S ±12.S ±11 ±12 V 

AmpliflerC RL =2.5k 

Short-Circuit Current: 
Iso 15 40 15 40 mA AmpliflerC 

Switch Aperture Time tae 75 75 ns 

Switch Switching Time ts 50 50 ns 

Slew Rate: Amplifier C SR RL = 2.5k 2.5 2.5 VI,," 

Power Supply Current I .. No Load 5 7 6 9 mA 

ELECTRICAL CHARACTERISTICS at Vs=±15V, eH= 1000pF, -55°e:STA:S 125°C for PKD01AY, PKD01 BY, -25°C :s TA:S 85°C 

for PKD01 EY, PKD01 FY and ooe :s TA:S 70°C for PKD01 EP. PKD01 FP. 

PKD01A1E PKD01B/F Z 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 0 
"8m" AMPLIFIERS A, B r:: 

Zero-Scale Error Vzs 4 6 12 mV U 
Input Offset Voltage Vos 3 6 10 mV Z 
Average Input ::J 

TCVos (Note 1) -9 -24 -9 -24 "V/'C ~ 
Offset Drll! g Input Bias Current Ie 160 250 160 500 nA 

Input Offset Current los 30 100 30 150 nA U 
~ 

Voltage Gain Av 7.5 9 9 VlmV t:l-. 
Vl 

Common-Mode 
CMRR -10V" VOM " +10V 74 82 72 80 dB Rejection Ratio 

Power Supply 
PSRR ±9V"Vs,,±18V 60 90 70 90 dB Rejection Ratio 

Input Voltage Range VOM (Note 1) ±11 ±12 ±10.5 ±12 V 

Slew Rate SR 0.4 0.4 VI"s 

Acquisition Time to 
taq 20V Step, AVOL = + 1, (Note 1 ) 60 60 "s 0.1 % Accuracy 

COMPARATOR 

Input Offset Voltage Vos 2 2.5 2 5 mV 

Average Input 
TCVos (Note 1) -4 -6 -4 -6 ,..VI'C Offset Dril! 

Input Bias Current Ie 1000 2000 1100 2000 nA 
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m PKD-G1 MONOLITHIC PEAK DETECTOR 

ELECTRICAL CHARACTERISTICS atVs= ±15V, C H = 1000pF, -55°C:5TA:5125°C for PKD01AY, PKD01 BY, -25°C:5TA:585°C 

for PKD01EY, PKD01 FY and O°C:5 TA :5 70°C for PKD01 EP, PKD01FP. (Continued) 

PKD01A/E PKD01B/F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Current los tOO 600 tOO 600 nA 

Voltage Gain Av 2kn Pull-up Resistor to 5V, (Note 1) 4 6.5 2.5 6.5 VlmV 

Common-Mode 
CMRR -10V';VCM ';+10V 80 100 60 92 dB 

Aejectlon Ratio 

Power Supply 
PSRR ±9V';Vs ';±18V 72 82 72 86 dB 

Rejection Ratio 

Input VOltage Range VCM (Note 1) ±11 ±11 V 

Low Output Voltage VOL ISINK '; 5mA, Logic GND = 5V -0.2 0.15 0.4 -0.2 0.15 0.4 V 

"OFF" Output 
IL Vour=5V 25 100 100 160 p.A 

Leakage Current 

Output Short-
Isc VouT =5V 6 to 45 6 10 45 mA Circuit Current 

Response Time ts 
5mV Overdrive, 
2kn Pull-up Resistor to 5V 

200 200 ns 

DIGITAL INPUTS-RST, DET (See Note 3) 

Logic "1" Input VOltage VH 2 V 

Logic "0" Input Voltage VL 0.8 0.8 V 

Logic "I" Input Current IINH VH =3.5V 0.02 0.02 p.A 

Logic "0" Input Current I'NL VL = O.4V 2.5 15 2.5 15 p.A 

MISCELLANEOUS 

T, = Max. Operating Temp 
1.2 10 3 15 

Droop Rate VOR TA = Max. Operating Temp. 
2.4 20 6 20 

mVlms 
i5Ef = 1, (Note 2) 

Output Voltage Swing: 
VOP RL =2.5k ±tl ±12 ±10.5 ±t2 V 

AmplifierC 

Short-Circuit Current: 
Ise 6 12 40 6 12 40 mA AmplifierC 

Switch Aperture Time tae 75 75 ns 

Slew Rate: Amplifier C SR RL =2.5k 2 2 VII'S 

Power Supply Current Isv No Load 5.5 8 6.5 10 mA 

NOTES: 
1. Guaranteed by design. 
2. Due to limited production test times, the droop current corresponds to 

junction temperature (Tj). The droop current VS. time (after power-on) 
curve clarifies this pOint. Since most devices (in use) are on for more than 
1 second, PMI specifies droop rate for ambient temperature (TA) also. 
The warmed-up (TA) droop current specllication is correlated to the 
junction temperature (T/) value. PMI has a droop current cancellation 
circuit which minimizes droop current at high temperature. Ambient (TA) 

temperature specifications are not subject to production testing. 
3. i5ET = 1, RST = O. 
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--------------1~ PKD-01 MONOLITHIC PEAK DETECTOR 

DICE CHARACTERISTICS 

1. RST (RESET CONTROL) 
2. V+ 
3. OUTPUT 
4. CH (HOLD CAPACITOR) 
5. INVERTING INPUT (A) 
6. NONINVERTING INPUT (A) 
7. V-
8. NONINVERTING INPUT (B) 

9. INVERTING INPUT (B) 
10. COMPARATOR NONINVERTING INPUT 
11. COMPARATOR INVERTING INPUT 
12. COMPARATOR OUTPUT 
13. LOGIC GROUND 
14. DET (PEAK DETECT CONTROL) 

A,B (A) NULL 
C,D (B) NULL 

DIE SIZE 0.090 X 0.100 Inch, 9000 sq. mil. 
(2.286 X 2.54mm, 5.8 sq mm) 

For additional DICE Information refer to 
1986 Data Book, Section 2. 

WAFER TEST LIMITS at Vs= ±15V, CH = 1000pF, TA = 25°C. 

PARAMETER 

"gm" AMPLIFIERS A, B 

Zero-Scale Error 

Input Offset Voltage 

Input Bias Current 

Input Offset Current 

Voltage Gain 

Common-Mode 
Rejection Ratio 

Power Supply 
Rejection Ratio 

Input Voltage Range 

SYMBOL 

Vzs 

Vos 

los 

Av 

CMRR 

PSRR 

PKD-01N 
CONDITIONS LIMIT UNITS 

7 mVMAX 

6 mVMAX 

250 nAMAX 

75 nAMAX 

10 VlmV MIN 

-10V!S VCM!S +10V 74 dBMIN 

±9V!S Vs!S ±18V 76 dB MIN 

(Note 11 ±11.5 VMIN 

Feedthrough Error aV,N = 2011, OET = 1, RST = 0, (Note 11 66 dBMIN 

COMPARATOR 

Input Offset Voltage 

Input Bias Current 

Input Offset Current 

Voltage Gain 

Common-Mode 
Rejection Ratio 

Power Supply 
Rejection Ratio 

Input Voltage Range 

Vos 

18 

los 

Av 2kn Pull-up Resistor to 5V, (Note 11 

CMRR 

PSRR ±9V!SVs !S±18V 

(Note 11 

3 mVMAX 

1000 nAMAX 

300 nAMAX 

3.5 VlmV MIN 

82 dBMIN 

76 dBMIN 

±11.5 VMIN 

0.4 V MAX 
-0.2 VMIN 

ISINK!S 5mA, Logic GND = 5V Low Output Voltage 

"OFF" Output 
Leakage Current 

Output Short­
Circuit Current 

NOTES: 
1. Guaranteed by design. 

VOUT= 5V 

ISC VOUT=5V 

2. Due to limited production test times, the droop current corresponds to 
junction temperature (Tjl. The droop current vs. time (after power-on I 
curve clarifies this pOint. Since most devices (in use) are on for more than 
1 second, PMI specifies droop rate for ambient temperature (TAl also. The 

15-23 

80 p.AMAX 

45 mAMAX 
7 mAMIN 

warmed-up (TAl droop current specification is correlated to the junction 
temperature (Tjl value. PMI has a droop current cancellation circuit which 
minimizes droop current at high temperature. Ambient (TA) temperature 
specifications are not subject to production testing. 

3. DET= 1. RST=O. 
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------------4W PKD-01 MONOLITHIC PEAK DETECTOR 

WAFER TEST LIMITS at Vs= ±1SV, CH= 1000pF, TA = 2SoC. (Continued) 

PARAMETER SYMBOL CONDITIONS 

DIGITAL INPUTS-RST, DET (See Note 3) 

Logic "1" Input Voltage VH 

Logic "0" I nput Voltage VL 

Logic "1" Input Current I'NH VH=3.5V 

Logic "0" Input Current I'NL VL = O.4V 

MISCELLANEOUS 

Droop Rate VOR 
Tj =25'C, 

(See Note 21 
TA=25'C 

Output Voltage Swing: 
VO? RL =2.5k 

AmplifierC 

Short-Circuit Current: 
Isc AmplifierC 

Power Supply Current ISY No Load 

NOTES: 
1. Guaranteed by design. 
2. Due to limited production test times, the droop current corresponds to 

junction temperature (Tj). The droop current vs. time (after power-on I 
curve clarifies this point. Since most devices (in use) are on for more than 

PKD-G1N 
LIMIT UNITS 

2 VMIN 

O.B V MAX 

p.AMAX 

10 p.AMAX 

0.1 mVlmsMAX 
0.20 mVlmsMAX 

±11 VMIN 

40 rnA MAX 
7 mAMIN 

9 rnA MAX 

1 second, PMI specifies droop rate for ambient temperature (TAl also. The 
warmed-up (TAl droop current specification is correlated to the junction 
temperature (Til value. PMI has a droop current cancellation circuit which 
minimizes droop current at high temperatures. Ambient (TAl temperature 
specifications are not subject to production testing. 

3. DET=l,RST=O. 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±1SV, CH = 1000pF, and TA = 2SoC, unless otherwise noted. 

PKD-01N 
PARAMETER SYMBOL CONDITIONS TYPICAL UNITS 

"Um" AMPLIFIERS A, B 

Slew Rate SR 0.5 Vlp.s 

Acquisition Time ta 0.1% Accuracy, 20V step, AVCL = 1, (Note 1 I 41 P.s 

Acquisition Time ta 0.01% Accuracy, 20V step, AVCL = 1, (Note 1 I 45 P.s 

COMPARATOR 

Response Time 
5mV Overdrive, 
2kO Pull-up Resistor to +5V 

150 ns 

MISCELLANEOUS 

Switch Aperature Time tae 75 ns 

Switching Time ts 50 ns 

Buffer Slew Rate SR RL = 2.5kO 2.5 Vlp.s 
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--------------1~ PKD-01 MONOLITHIC PEAK DETECTOR 

TYPICAL PERFORMANCE CHARACTERISTICS 
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-------------I(fMj) PKD·01 MONOLITHIC PEAK DETECTOR 

TYPICAL PERFORMANCE CHARACTERISTICS 
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--------------1~ PKD-01 MONOLITHIC PEAK DETECTOR 

TYPICAL PERFORMANCE CHARACTERISTICS 
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------------4~ PKD-01 MONOLITHIC PEAK DETECTOR 

TYPICAL PERFORMANCE CHARACTERISTICS 
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--------------1~ PKD-01 MONOLITHIC PEAK DETECTOR 

TYPICAL PERFORMANCE CHARACTERISTICS 
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--------------1~ PKD-II1 MONOLITHIC PEAK DETECTOR 

THEORY OF OPERATION 
The typical peak detector uses voltage amplifiers and a diode 
or an emitter follower to charge the hold capacitor, CH, 

unidirectionally (Figure 1). The output impedance of A plus 
0, 's dynamic impedance, r d, make up the resistance which 
determines the feedback loop pole. The dynamic impedance 

is r d =~. Id is the capacitor charging current. 
qld 

The pole moves toward the origin of the S plane as Id goes to 
zero. The pole movement in itself will not significantly 
lengthen the acquisition time since the pole is enclosed in the 
system feedback loop. 

When the moving pole is considered with the typical fre­
quency compensation of voltage amplifiers there is however, 
a loop stability problem. The necessary compensation can 
increase the required acquisition time. PMl's approach 
replaces the input voltage amplifier with a transconductance 
amplifier; Figure 2. 

The PKO-01 transfer function can be reduced to: 

VOUT 

Where: gm ~ 1 p.A/mV, ROUT ~ 20MO. 

The diode in series with A's output (Figure 2) has no effect 
because it is a resistance in series with a current source. In 
addition to simplifying the system compensation, the input 
transconductance amplifier output current is switched by 
current steering. The steered output is clamped to reduce 
and match any charge injection. 

Fig. 3 shows a simplified schematic of the reset "gm" ampli­
fier, B. In the track mode, 0, & 04 are ON and 02 & 0 3 are 
OFF. A current of 21 passes through 0" I is summed at "B" 
and passes through 0" and is summed with gmVIN. The 
current sink can absorb only 31, thus, the current passing 
through O2 can only be: 2K -gmVIN. The net current into the 
hold capacitor node then, is gmVIN (CH=21-(21-gmV1N ). The 
hold mode, O2 & 03 are ON while 0, & 04 are OFF. The net 
current into the top of 0, is-I until D3turns ON. With 0, OFF, 
the bottom of O2 is pulled up with a current I until 04 turns 
ON, thus D, & O2 are reverse biased by ~0.6V and charge 
injection is independent of input level. 

The monolithic layout results in pOints A and B having equal 
nodal capacitance. In addition, matched diodes D, and D2 
have equal diffusion capacitance. When the transconduc­
tance amplifier outputs are switched open, pOints A and Bare 
ramped equally but in opposite phase: mode clamps 0 3 and 
0 4 cause the swings to have equal amplitudes. The net 
charge injection (voltage change) at node C is therefore zero. 

The peak transconductance amplifier, A, is shown in Figure 
4. Unidirectional hold capacitor charging requires diode D, 
to be connected in series with the output. Upon entering the 
peak hold mode 0, is reverse biased. The voltage clamp 
limits charge injection to approximately 1 pC and the hold 
step to 0.6mV. 

Minimizing acquisition time dictated a small CH capacitance. 
A 1000pF value was selected. Droop rate was also minimized 

by providing the output buffer with an FET input stage. A 
current cancellation circuit further reduces droop current 
and minimizes the gate current's tendency to double for 
every 10° C temperature change. 

Figure 1. Conventional Voltage Amplifier Peak Detector 

Figure 2. Transconductance Amplifier Peak Detector 

A 

'--_+-____ ! } ~~~'i.OL 
A;:.B '" PEAK DETECT 
A<8=PEAK HOLD 

Figure 3. Transconductance Amplifier with Low Glitch 
Current Switch 

A 

~::-::t----t==~==----!} ~~~'i.OL 
-+-----4- v-

A> 8 '" PEAK DETECT 
A<:8=PEAK HOLD 

Figure 4. Peak Detecting Transconductance Amplifier with 
Switched Output 
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--------------1~ PKD-II1 MONOLITHIC PEAK DETECTOR 

APPLICATIONS INFORMATION 
OPTIONAL OFFSET VOLTAGE ADJUSTMENT 
Offset voltage is the primary zero scale error component 
since a variable voltage clamp limits voltage excursions at 
D1'S anode and reduces charge injection. The PKD-01 circuit 
gain and operational mode (positive or negative peak 
detection) determine the applicable null circuit. Figures A 
through D are suggested circuits. Each circuit corrects 
amplifier C offset voltage error also. 

A. NULLING GATED OUTPUT gm AMPLIFIER A. Diode D1 
must be conducting to close the feedback circuit during 

V,+ 

V'N 

100kn 
vs-

R, 

1kU 

R, VOUT 

'kn 

-15V 

PK ... ' 40 ~;"k. 
2Mn R 

I CH=1000pF B 
1kn 

NOTES: 

1.NULLRANGE:::::!:V&(~) ':'" ":" 

2. DISCONNECT Rc FROM eH AFTER AMPLIFIER A ADJUSTMENT. 
3. REPEAT NULL CIRCUIT FDA RESET BUFFER AMPLIFIER B IF REQUIRED. 

RAo AI A,ND Re NOT NECESSARY FOR AMPLIFIER B ADJUSTMENT. 

Figure A. Vos Null Circuit for Unity Gain Positive Peak 
Detector 

R, R, 
V'N o--""""I'--..... ------./W------, 

Vs-

2SkO ~-t-""'''I'-...,.--t---l 
VOUT 

Vs+ 

-15V 

PKD.o' 40 ::... 
2MQ R 

I CH=1DOOpF ':0 

NOTES: 

1. NULL RANGE= ±Va(';;) ":'" -=-
2. DISCONNECT ftc FROM eH AFTER AMPLIFIER A ADJUSTMENT. 
3. REPEAT NULL CIRCUIT FOR RESET BUFFER AMPLIFIER B IF REQUIRED. 

amplifier A Vos adjustment. Resistor network RA - Rc cause 
D1 to conduct slightly. With DET=O and VIN=OV monitorthe 
PKD-01 output. Adjustthe null potentiometer until VOUT=OV. 
After adjustment, disconnect Rc from CH. 

B. NULLING GATED gm AMPLIFIER B. Set amplifier B signal 
input to V1N= OV and monitor the PKD-01 output. Set DET= 1, 
RST = 1 and adjust the null potentiometer for VOUT= OV. The 
circuit gain - inverting or non inverting - will determine 
which null circuit illustrated in Figures A through 0 is 
applicable. 

R, 
VIN-

R, 
VIN+ 

>'ft~-<>VOUT 

Vs- R, 

25kn 
-15V 

Vs+ 

r·'·F 
'::' 

.KD·014o :;"'u 

2Mn 
R. I CH=1000pF ikO 

NOTES: 

1.NULLRANQE=±VS(~)(R1:1R3) "=' ":'" 
2. DISCONNECT Re FROM eH AFTER AMPLIFIER A ADJUSTMENT. 
3. REPEAT NULL CIRCUIT FOR RESET BUFFER AMPLIFIER B IF REQUIRED. 

Figure B. Vos Null Circuit for Differential Peak Detector 

Vs-

25kn 

Vs+ 

V'N 
R. 

NOTES: 

R, 

R, 
GAIN=1+ R1 + R3 

>-.-+ ...... --0 VOUT 

-15V 

.KD·01 40 :'.:,kn 

2MO A 

I CW'" 1000pF B 
1kU 

1. NULL RANGE=:: ±Vs(~) -::- -= 
2. DISCONNECT Rc FROM eH AFTER AMPLIFIER A ADJUSTMENT. 
3. REPEAT NULL CIRCUIT FOR RESET BUFFER AMPLIFIER B IF REQUIRED. 

Figure D. Vos Null Circuit for Positive Peak Detector With 
Figure C. Vos Null Circuit for Negative Peak Detector Gain 
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___________ -I~PKD..(J1 MONOLITHIC PEAK DETECTOR 

PEAK HOLD CAPACITOR RECOMMENDATIONS 
The hold capacitor (CH) serves as the peak memory element 
and compensating capacitor. Stable operation requires a 
minimum value of 1000pF. Larger capacitors may be used to 
lower droop rate errors, but acquisition time will increase. 

Zero scale error is internally trimmed for CH = 1000pF. Other 
CH values will cause a zero scale shift which can be approxi­
mated with the following equation. 

AVzs(mV) = 1 X 103(pC) -0.6mV 
CH(nF) 

The peak hold capacitor should have very high insulation 
resistance and low dielectric absorption. For temperatures 
below 85"C, a polystyrene capacitor is recommended, while 
a Teflon capacitor is recommended for high temperature 
envi ron ments. 

CAPACITOR GUARDING AND GROUND LAYOUT 
Ground planes are recommended to minimize ground path 
resistance. Separate analog and digital grounds should be 
used. The two ground systems are tied together only at the 
common system ground. This avoids digital currents return­
ing to the system ground through the analog ground path. 

The CH terminal (Pin 4) is a high-impedance point. To 
minimize gain errors and maintain the PKD-01's inherently 
low droop rate, guarding Pin 4 as shown in Figure 2 is 
recommended. 

Figure 2. CH terminal (Pin 4) guarding. See text. 

COMPARATOR 
The comparator output high level (VOH) is set by external 
resistors. It's possible to optimize noise immunity while inter­
facing to all standard logic families - TTL, DTL, and CMOS. 
Figure 1 shows the comparator output with external level 
setting resistors. Table I gives typical R, and R2 values for 
common circuit conditions. 

The maximum comparator high output voltage (VOH) should 
be limited to: 

VoH(maximum) < V+ -2.0V 

With the comparator in the low state (VOL), the output stage 
will be required to sink a current approximately equal to 
Ve/R ,. 

COMPARATOR INPUT Yo 

., 

., 

INVERTING 
COMPARATOR INPUT DIGITAL y-

GND 

Figure 1 

Table I. 

Ve VOH 

5 3.5 

5 5.0 

15 3.5 

15 5.0 

15 7.5 

15 10.0 

R, R2 
2.7K 6.2K 

2.7K 00 

4.7K 1.5K 

4.7K 2.4K 

7.5K 7.5K 

7.5K 15K 

R Ve 
''"ISINK 

R2'" (v~ ) 
V -1 

OH 

PEAK DETECTOR LOGIC CONTROL (RST, DET) 
The transconductance amplifier outputs are controlled by 
the digital logic signals RST and i5E"F. The PKD-01 opera­
tional mode is selected by steering the current (I,) through 
0, and 02, thus providing high-speed switching and a pre­
dictable logic threshold. The logic threshold voltage is 1.4 
volts when digital ground is at zero volts. 

Other threshold voltages (VTH) may be selected by applying 
the formula: 

VTH" 1.4V + Digital Ground Potential. 

For proper operation, digital ground must always be at least 
3.5V below the positive supply and 2.5V above the negative 
supply. The RST or i5E"F signal must always be at least 2.8V 
above the negative supply. 

Operating the digital ground at other than zero volts does 
influence the comparator output low voltage. The VOL level Is 
referenced to digital ground and will follow any changes in 
digital ground potential: 

VOL" 0.2V + Digital Ground Potential. 
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-------------I1fMD PKD-G1 MONOLITHIC PEAK DETECTOR 

PKD-01 LOGIC CONTROL 

r----------1----~v+ 

DEi' 
OR 

RST 

'----v----" 

CURRENT TO 
CONTROL MODES 

TYPICAL CIRCUIT CONFIGURATIONS 

UNITY GAIN POSITIVE PEAK DETECTOR 

INPUT 

OUTPUT 

DIGITAl 
GROUND 

-+10V 

-ov 

-+10V 

-ov -1 - I I I I t 

I _,_~l ~ ~ _ ,_ 1_ 
TIME (50jJs!DIV) 

POSITIVE PEAK DETECTOR WITH GAIN 

INPUT 

OUTPUT 

TIME (50jJs/DIV) 

BURN-IN CIRCUIT 

56kn 

5% 

,. 
PKD-01 

+18V 0-+----------"'\ 13 

DEi/RST 

5.11105% 

10kO 
1% 

3""" 
5% 

14 

INPUT o--I'II'I/'-+--+-=+--I 
(GAIN: +21 

4O.2kO 
1% 

10k01% 

'''0 
1% 

RESET 0--1'11'1/'-+----=-1--1 
VOLTAGE= + 1V 

(RESETS TO - 4V) 

15-33 

RST o-________ ..J 

14 

v+ v-

CH 

~'000PF 

v+ 

PKD-01 

v-

12 

11 

10 

OUTPUT 

OUTPUT 
>-......-1f.'-4-o 

A GAIN = +2 

BGAIN=-4 

CH 

,J'00OpF 

13 
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------------'-,1fMi) PKD-01 MONOLITHIC PEAK DETECTOR 

NEGATIVE PEAK DETECTOR WitH GAIN 

- , I -'-~~ 

I I l t-'-----t 

INPUT 

i I I 1 --, 

OUTPUT 

TIME 150/.tSIDIV) 

UNITY GAIN NEGATIVE PEAK DETECTOR 

INPUT 

OUTPUT 

TIME (SOps/DIV) 

ALTERNATE GAIN CONFIGURATION ., 
PKD-01 

_+2V 
-ov 

-ov 

--tOY 

-+10V 

-ov 

>.,-If-~-o OUTPUT 
., 

INPUT o-N>I'-+-+-~ 

•• 
VO~= O-N'I'-+-+-I 

., 
RS=R·=rt 

'R.j+R; 

DE1'/RST 

1Ok(J1% 

.... 
1% 

INPUT 0-"""'1'-+-...... +-1 
(GAlN= -2) 

3O.1kn 
1% 

10kn1% 

.ESET 
VOLTAGE", -1V 

(RESETS TO - 4Y) 

.ST 

10kD 
1% 

.. 

14 

y+ y-

c. 
~ 1000pF 

y+ y-

PKD-01 

PKD...Q1 

OUTPUT 

13 

>..,.-t"-4>-OVOUT 

c. *' .... F 

If BOTH INPUT SIGNAL (AMPLIfiER A INPUT) AND THE RESET 
VOLTAGE (AMPLIFIER 81NPUT HAVE THE SAME POSITIVE VOL T­
AGE GAIN THE GAIN CAN BE SET BY A SINGLE VOLTAGE DIVIDER 
FOR 80TH INPUT AMPLIFIERS. 

NOTE: 
Rt, R2. R3AND R4>6kn 
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____________ ~~ PKD-G1 MONOLITHIC PEAK DETECTOR 

PEAK· TO·PEAK DETECTOR 

PKD.ol 

POSITIVE VPK+ 

PEAK 
DETECTOR 

10ka 

V,. 
10kO 

PKD.o1 

NEGATIVE VPK-

PEAK 
DETECTOR 

10k" 

':" 

LOGIC SELECTABLE POSITIVE OR NEGATIVE PEAK DETECTOR 

poSlfilll 
PEAK DETECTOR 

+15V 

"'7 10.5 
kn 

+r l 16 -,'5 I. 13 11 10 0 

V.~· y~~ c..2 ..!-~ 
L...~-J ~ 

~ 
R SW-D2 PKO-Ol 

*S1i ;s.* ,--!! 

INPUT 

1 2 3 • 5 6 7 L-
6 ,I ~p R 

C l000pF HI POLVSTYRENE 

':" 

-15V NOTES: 
1. DEVICE IS RESET TO 0 VOLTS. 
2. DETECTED PEAKS ARE PRESENTED AS POSITIVE OUTPUT LEVELS. 
3.R"10HI.. 

15·35 

VOUT 

OUTPUT 

PEAK DETECTOR 
RESET 
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-------------l~ PKD-01 MONOLITHIC PEAK DETECTOR 

PEAK READING AID CONVERTER 

PORT 0 

I,PROCESSOR 

BIT 10 

PORT 1 

S.ov 

2.7kO 

INPUT 
SIGNAL 

"ST 

RESET 
VOLTAGE 

POSITIVE PEAK DETECTOR WITH SELECTABLE RESET VOLTAGE 

VrN 0-----------+-"-1-1 

A' 
A2 

A30-----' 

A40-----

P"i<i)'E'f/RST o----1~>O----..J 
+15V 

PKD-01 

15-36 

'3 

LOGIC 
GND 

NOTES: 
RESET VOLTAGE = -1.0V 
TRACE 1 = 2V!DIV. 
TRACE 2 = 5V JDIV. 
TRACE 3 '" 2V/o1V. 

OV 

OV 

ov 
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-------------I~ PKD-G1 MONOLITHIC PEAK DETECTOR 

PROGRAMMABLE LOW FREQUENCY RAMP GENERATOR 

AMPLITUDE I 
SELECTION 

LOGIC 

BUFFERED 

>--1~t--... -o O~~~T 

RAMP 
AMPLITUDE 

RAMP 
AMPLITUDE 

RAMP 
START 
PULSE 

RAMP JL 
START 0------' 
PULSE 

NOTES: 

RST 

-O.5VI1I8 

I -

SLOPE"" ~ 
C 

1. NEGATIVE SLOPE OF RAMP IS SET BY OAe-os OUTPUT CURRENT, 
2. OAC-OBIS DIGITALLY CONTROLLED CURRENT GENERATOR. 

THE MAXIMUM FULL SCALE CURRENT MUST BE LESS THAN O.SmA. 
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Precision MonolithlcS Inc. 

INTRODUCTION 
PCM repeater circuits are used to regenerate 
alternate-mark-inversion pulses in PCM carrier 
systems operating at the 1.444-2.048 Mega-bits­
per-second data rate. Information in a PCM 
system is transmitted over cable pairs by the 
presence or absence of pulses within specific 
time slots. A repeater-circuit amplifies degraded 
PCM pulses, sets an output flip-flop, and drives 
an output transformer that connects to the PCM 
cable pair. In addition, repeater amplifiers can 
be used for clock-recovery circuits in high-data­
rate pulse transmission systems. 

COMMUNICATIONS 
PRODUCTS 

16·3 

The PMI repeater amplifiers, RPT-82 and RPT-
83, are monolithic integrated circuits that 
perform all of the necessary active functions for 
a PCM repeater. RPT -82 and RPT -83 are very 
similar; the primary functional difference is the 
incorporation of an automatic-clock-shutdown 
circuit in the RPT-83. When the signal into the 
RPT-83 becomes too low, the clock amplifier is 
automatically shut down to prevent the 
transmission of erroneous data. Both repeaters 
are fully described and specified in this section 
of the catalog. 

I 



RPT-82/RPT-83 

Prt"cisioll M0l101ithics Inc. 

PCM 
REPEATERS 

FEATURES 

• Automatic ALBO Function 
• Clock-Shutdown Circuit (RPT-S3) 

drive if the incoming signal is below the level where accurate 
reconstruction is possible. This prevents noise or- cross-talk 
from appearing as a valid signal that would be retransmitted. 

• Low-Power Operation (1OOmW) 
• Pin Compatible with XR-C277 PIN CONNECTIONS & ORDERING INFORMATION 

GENERAL DESCRIPTION 

The RPT-82/83 are integrated circuits that perform the active 
functions required for regenerative PCM repeaters. They can 
operate from less than 100kHz to greater than 3M Hz. In PCM 
systems, information is transmitted by the presence or absence 
of bipolar pulses in specified time slots. The RPT-82/83 repeat­
ers automatically adjust gain to optimize signal levels, deter­
mine if a pulse is present or not, and retransmit the recon­
structed pulses. 

The difference between the RPT-82 and the RPT-83 is that the 
RPT-83 contains a clock-shutdown clrcuil. This shutdown 
circuit senses the incoming signal level and disables the clock 

RPT-83 SIMPLIFIED SCHEMATIC 

vee1 
\5 

al 
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TANK 

14 

OSCILLATOR 
CONTROL 

13 

)R3' 

DELAV 
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ALBO 
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OUTPUTS 12 ) PHASE 
SHIFT 
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~~~d::<v;;'50 
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_____________ --\~ RPT-82/RPT-83 PCM REPEATERS 

ABSOLUTE MAXIMUM RATINGS 
Pin 10 to Pin 7 or 6 .................................... 16.0V, -0.2V Operating Temperature Range ................. -40°C to +85°C 

Pin 15 to Pin 7 or 6 ..................................... 8.0V, -0.2V Storage Temperature Range ........•.......... -65° C to +150° C 

Maximum Voltage at Pins 8 or 9 ....................... 30V, -0.2V Power Dissipation .......................................... 500mW 

Maximum Voltage at Pins 2, 3, 4, 5, 11, 12, 14 .............. VCC2 Lead Soldering Temperature ................. '" ...•....... 300°C 

Maximum Sinking Current at Pin 8 or 9 ................. 300mA 

ELECTRICAL CHARACTERISTICS at VCC1 = 4.4V, V CC2 = 6.8V, -40°C:S TA:S +85°C, unless otherwise noted. 

Vpin 6 = Vpin 7 = Vpin 13 = GND. 

RPT-82/RPT-83 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

SUPPLY 

Supply Current Icc, TA = 25'C (Note 1) 5.0 8.5 9.5 mA 

Supply Current ICC2 TA = 25'C (Note 1) 1.0 2.5 3.5 mA 

Total Supply Current Icc, + ICC2 TA = 25'C (Note 1) 6 11 13 mA 

PREAMPLIFIER 

Preamplifier Open-loop Gain ~Vpin 5 Ao 
Measure .aVpin 2 necessary to change 

.6.Vpin 2 pins from 1.9V to 3.2V 
44 48 51 dB 

Preamplifier Bandwidth Bw 3dB Points (Note 2) MHz 

Preamplifier Input Impedance Z'N Shunted by 2pF 600 kO 

Preamplifier Input Offset Voltage Vos Vp,n2-Vp;n 3. (Note 1) 15 mV 

Preamplifier Output Impedance ZOUT (Note 2) 80 150 0 

Preamplifier Output High VOHA Vpin 4 with Vpin 2 == 2.5V, Vpin 3::: 2.7V, TA = 25°C. 3.35 3.45 3.75 V 

Preamplifier Output Low VOHL Vpin 4 with Vpin 2::: 2.5V, Vpin 3::: 2.3V, TA = 25°C. 1.0 1.4 1.45 V 

Preamplifier Input Bias Current IB lein 2 or 'pin 3 (Note 1) pA 

Preamplifier Input Offset Current los 'pin 2 -Ie:in 3 (Note 1) 0.05 pA 

OUTPUT DRIVE ~ 
Output Voltage Swing VOP Vpin 8 High - Vpin 8 Low. VE!in 9 High - Vpin 9 Low 6 V U 

~ 
Output Voltage, Low VOL TA = 25'C. 'LOAD = 15mA 0.5 0.8 1.1 V Cl 
Differential Output Voltage, Low VOLD TA = 25'C. ILOAD = 15mA 0.02 0.15 V ~ 
Output Leakage Current 10H 

Vpin 14 ::: 4.9V, Vpin 8 ::: Vpin 9 ::: 20V, (Note 1) 
0.05 50 pA ~ 

TA = 25'C en 
Output Pulse Rise-Time Tos (Note 2) 30 50 ns Z 

0 
Output Pulse Fall-Time To. (Note 2) 10 60 

....... 
ns 

~ Output Pulse Width Pw At f = 1.544 MHz 324 ns 
U 

Pulse-Width Differential PwD (Note 2) 3 12 ns ....... 

Bipolar Violations at Maximum Density BV, MAX 0 5 
Bipolar Violations with Quasi-Random 

BVA MAX 0 ~ Input Pattern 

CLOCK CIRCUIT 0 
Tank Emitter-Follower Base Current ITB Ip;n '4, Vp,n'4 = 4.9V (Note 1) 4 15 pA U 
Tank Input Impedance ZINT Measured from pin 14 to pin 15 300 kO 

II Oscillator Bias Current losc V~;n'4 = 3.9V (losC-ITS) (Note 1) 10 30 50 pA 

Oscillator Injection Current 'INJ 
Set Vpin 4 - Vpin 5 = ± 1.4V, Vpin 14 = 3.9V 

60 160 190 pA 
(I'NJ - losel 

Delay Circuit Resistor Rd 
Measured from pin 11 or pin 12 to pin 15, 

TA = 25'C 
3.2 4.0 4.8 kO 

NOTES: 
1. Vp1n 2 = 2.5V: adjust Vpin 3 until Vp1n 4 = Vpin 5. 
2. Sample tested. 

16-5 1/86, Rev. A 



---------------1~ RPT-821RPT-83 PCM REPEATERS 

ELECTRICAL CHARACTERISTICS at VCCI = 4.4V, VCC2 = 6.8V, -40·C::; TA::; +85·C, unless otherwise noted. 
Vpin 6 = Vpin 7 = Vpin 13 = GND. (Continued) 

RPT-821RPT-83 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

MISCELLANEOUS 

Differential voltage, measured between pins 4 
ALBO Threshold VTA and 5, required to activate the Peak Detector. 1.35 1.5 1.65 V 

TA = 25'C 

Differential voltage, measured between pins 4 
Clock Threshold VTC and 5. required to activate the Clock Detector. 0.85 1.0 1.2 V 

TA = 25'C 

Differential voltage, measured between pins 
Data Threshold VTL 4 and 5, requ!red to activate the Data Detector. 0.65 0.75 0.85 V 

TA = 25'C 

Clock Threshold as % of ALBO Voltage VTC TA = 25'C 67 73 78 % 

Data Threshold as % of ALBO Voltage VTL TA = 25'C 46 54 58 % 

ALBO ON Voltage V016 
Measured at pin 16, 1.0 1.7 2.5 V 
rVe4 - Ves] = ALBO Threshold 

ALBO OFF Voltage VF16 
Measured at pin 16 and pin 1 

75 mV 
TA = 25'C (Note 1) 

Minimum ALBO Diode Resistance RDMIN n 

Maximum ALBO Diode Resistance RDMAX 30 kn 

ALBO Gain Range Am (Note 3) 36 48 dB 
NOTES: 2. Sample tested. 
1. Vpin 2 = 2.SV; adjust Vpin 3 until Vp1n 4 = Vpin 5. 3. Guaranteed by design. 

FUNCTIONAL DESCRIPTION 
Bipolar-pulse transmission, the transmission of alternately 
positive and negative pulses, is used on repeater lines to 
remove the DC component present in unipolar PCM pulse 
trains. This also places the principal energy components in the 
0-1.544MHz band, as opposed to the D-3.088MHz band for 

unipolar pulse trains. The absence of a DC component in 
bipolar pulse trains permits the repeater to be transformer­
coupled to the repeater line and helps prevent time-shifting of 
the regenerator firing levels with variations in input pulse 
density (see Figure 1). 

ENERGY SPECTRA OF BIPOLAR AND UNIPOLAR PULSE TRAINS 

Figure 1 

/ 

PRINCIPAL FREQUENCY 
COMPONENT = 1.544MHz 

A A A ,~ ,-, A ,-
-} t:J '\:J ~ ~ UNIPOLAR 

722kHz 1.544MHz 

FREQUENCY 

PCM TRAIN 

AVERAGE DC 
- LEVEL 

3.088MHz 

16-6 

/ 

PRINCIPAL FREQUENCY 
COMPONENT = n2kHz 

, " , ... " , 
I , I BIPOLAR 

PCMTRAIN 

772kHz 1.544MHz 3.0B8MHz 

FREQUENCY 
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--------------I~ RPT-821RPT-83 PCM REPEATERS 

FUNCTIONAL BLOCK DIAGRAM 

The bipolar-PCM pulse train is transformer-coupled into the 
preamplifier as shown in the functional block diagram (Figure 
2). The secondary of the input transformer is loaded with the 
proper terminating resistor, RT, to match the line impedance. 
One side of the transformer secondary is AC-coupled to ground 
by capacitor C1; the other side of the secondary winding is in 
series with resistance Rs. Resistor Rs and the RC network RACA 
are AC-coupled to the ALBO input by capacitor C2. The impe­
dance of the ALBO (Automatic Line Build-Out) input to ground 
is governed by the amount of current through the ALBO diode. 
Rs, in series with RACA, provides signal attenuation propor­
tional to the current flowing through the ALBO diode. When 
minimum current flows through the ALBO diode, C2 is effec­
tively isolated from ground and the input signal attentuation is 
minimal. The ALBO diode range of 80 to 30kO provides com-
pensation for line losses of approximately 5dB to 41dB. 

The preamplifier stage amplifies the input signal and applies it 
to the three comparators labeled data detector, clock detector, 
and peak detector, respectively. Each comparator provides an 
output whenever the signal exceeds the trip pOint on both 
positive and negative pulses. Each comparator trips at a differ­
ent threshold. The data detector is set to trip at the 54% point; 
the clock detector trips at the 73% point; and the peak detector 
trips at peak amplitude. Thresholds and waveforms are shown 
in Figure 3. 

current to flow through the emitter follower and 01. In the 
RPT-83, a low voltage at the ALBO filter enables the clock­
shutdown circuit when there is no input signal. The clock­
shutdown circuit turns off the clock amplifier so that neither the 
regenerated clock, nor the strobe outputs, are sent to the flip­
flops. This prevents the RPT-83 from sending noise or cross­
talk out as valid-appearing data pulses when the incoming data 
level is too low. 

The clock detector output locks the oscillator to the input 
frequency. The following amplifier stages shape the oscillator 

THRESHOLDS AND WAVEFORMS 

n n n DATA DETECTOR 
.J LJ L-.J L OUTPUT 

n n n CLOCK DETECTOR 
...J L...J L--...J L OUTPUT 

n n n PEAK DETECTOR 
-IL-JL---..JL OUTPUT 

Current pulses from the peak detector are integrated by the Figure 3 
capacitor in the ALBO filter. This causes a relatively constant 
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output and shift it in time. The phase-shift capacitor is selected 
to provide additional phase-shift so that the strobe pulses will 
occur at the center of the incoming pulses. This provides 
optimum timing for determining if a "1" or a "0" is present. A 
0-to-30pF capacitor (10pF is typical at 1.544MHz) will optimize 
the performance of the complete repeater. 

The delayed regenerated clock and the data-detector outputs 
drive the input flip-flops and output transistors. The output 
transistors are coupled to the transmission line through an 
output transformer. 

DETAILED DESCRIPTION 
PREAMPLIFIER 
The preamplifier performs two basic functions. The first is to 
raise the level of the incoming signal to the correct level to trip 
the comparators. The second is to provide frequency/gain 
compensation to enhance the signal-to-noise ratio of the 
incoming signal. The preamp is designed to be operated in a 
near open-loop condition. A limited amount of feedback is used 
to control the frequency response. The gain-phase relationship 
of the preamp (see Figures 4 and 5) implies that the feedback 
network must have 40dB attenuation or more at 20MHz and 
above to ensure stability. 

ALBO 
To enable the preamp to operate open-loop with a wide range of 
signal levels, the ALBO diode is connected between the 
preamp input and ground. Since the ALBO-diode conductance 
is directly proportional to the ALBO-diode current, and the 
ALBO diode is driven by the peak detector, any signal in excess 
of that required to trip the peak detector will be shunted to 
ground through the ALBO diode. This automatic-gain-control 
function maintains the signal at the optimum level to operate 
the clock and data detectors. 

60 
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FREQUENCY RESPONSE 

~ 

+HlHI-

\ 
10 100 

FREQUENCY (MHz) 

,. 

The combination of Rs and RA, in parallel with both CA and the 
series impedance of the ALBO diode, perform the following two 
functions: 1) the automatic-gain-control function previously 
described, and 2) the frequency/phase compensation for trans­
mission-line losses. 

FREQUENCY/PHASE COMPENSATION 
Frequency/phase compensation is desirable for three reasons: 

1. If the bandwidth is wider than necessary, noise and cross­
talk outside of the signal-frequency band will appear at the 
threshold detectors. Out-of-band signals increase the prob­
ability that an incorrect logic decision will be made. These 
incorrect logic decisions will increase the bit error rate. 

2. Nonlinear phase-shifts in the transmission line may cause 
the signal to be distorted to the extent that bit errors occur. 
Phase compensation in the repeater can partly correct for 
this problem. 

3. Large phase-shifts in the preamplifier at high frequencies 
can cause instability if not compensated for by the feed­
back network. (See Figures 4 and 5). 

CLOCK DETECTOR 
The clock detector drives the clock-tank circuit with a pulse 
each time that the incoming signal is greater than 73% of the 
average peak signal. 

PEAK DETECTOR 
The peak detector drives the ALBO buffer and ALBO diode at 
the peak of the amplified "1" bits. Whenever the preamp AC­
signal-output exceeds about 1.5V peak-to-peak, the ALBO 
buffer becomes forward biased and drives current into both the 
ALBO diode and the ALBO filter. This closed-loop AGC action 
maintains the preamp input signal at about 5mVp-p. 
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Figure 4 Figure 5 
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RPT-82/83 IN TYPICAL 1.S44MHz Tl REPEATER SYSTEM 

T1 
INPUT 
TRANSFORMER 

430.11 

R3 

+ C2 

Is.SjJ.F 

ZD2 

R17 

VCC2 Vee1 
6.8V 4.4V 

R2 
3k" 

R6 
100kD. 

R7 

3kn 

C6 

100pF 

OSC 
CONTROL 13 

II 

R8 

S.H1: 

R9 
130n 

C9 
0.0039 
pF 

Cl0 

Figure 6 
IO.lp F 

APPLICATION 
In a typical Tl. 1.S44MHz repeater system (see Figure 6). the 
repeater is placed in series with a twisted-pair transmission line 
at distances of up to approximately 6000 feet. The power is 
supplied by a constant current of 60mA that is sent common­
mode down the transmission line. This constant current is 
separated from the signal by input transformer Tl and output 
transformer T2. and is converted to voltages VCC1 and VCC2 by 
zener diodes ZD1 and ZD2. The signal is coupled into the input 
network by Tl. One end of Tl is held at AC ground by C2; and 
the other end is terminated by the line-matching resistor Rl. 
The line-matching resistor is followed with a resistive attenuator 
consisting of R2 and R3. and the ALBa series impedance R4. 
The two resistors. R2 and R3. isolate the changing ALBa-diode 
impedance from the transmission line such that the transmission 
line is always correctly terminated. Resistor R4. in series with 
the shunt ALBa-diode impedance. determines the amount of 
attenuation provided at any given ALBa-diode current. 
Capacitor Cl provides a shunt path to ground for signals that 
are above the signal frequency. 

16-9 

All 

S.Sk.\1: 

." ) 556.0. EQUALIZING 
NETWORK 

APT..fI2! 
APT-B3 

43,uH 390.11 

NOTE: 
T1: BOURNSP/N4260-1520 
T2: BOURNS PIN 4285-2007 
Ll: BOURNSP/N4265-1199 

When the ALBa-diode impedance is high. the ALBa series and 
shunt impedances have very little effect. so the unattenuated 
signal is applied to the preamp input with only Cl affecting the 
frequency response. When the ALBa-diode input impedance is 
reduced by higher signal levels. more of the input signal is 
shunted to ground through the ALBa shunt impedance. 

The ALBa shunt impedance. C3 and RS. changes the input 
attenuation vs. frequency such that the system has more high 
frequency response at low signal levels. and less high fre­
quency response at high signal levels. This change in band­
width with signal level is intended to partially compensate for 
the increased high-frequency losses that occur in long trans­
mission lines. 

The bias feedback components between pin 4 and pin 2. con­
Sisting of C7. R7. and C2. operate as a DC self-biasing network. 
This C-R-C network prevents AC feedback and allows the 
preamp to establish a balanced input-and-output DC bias of 2.S 
to 2.6 volts. Resistor Rll provides the DC path for biasing 
between pins Sand 3. 
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Resistor R11 and capacitor C6 provide an AC feedback path. 
Resistors R10 and R11 act as an AC voltage divider that is 
shunted by the variable impedance of the resonant circuit com­
prised of L2 and C9. This frequency-selective feedback path, 
between pin 5 and pin 3, increases preamp gain at approxi­
mately 900kHz which further improves the system signal-to­
noise ratio. The beneficial effect of the frequency-selective 
network is shown In Figure 7. The lower trace is a typical input 
signal (all 1's in this example) and the upper trace is the pre­
amp output. 

Figures 8 and 9 show the appearance of different preamp inputs 
measured at pin 5. Figure 8 is typical of an all1's signal pattern 
with very little cross-talk or noise. Figure 9 shows a normal 
pattern of random "s and O's. 

Dueto the automatic-gain-control action ofthe ALBO circuitry, 
the peak amplitude is held constant for line losses of approxi­
mately 5dB to greater than 36dB. These signals are superim­
posed on a DC level of approximately 2.5V. 

The preamp output drives the clock detector (reference Figures 
2 and 6) which drives the clock-tank circuitry (L 1, C8, and R12). 
The signal at pin 14, a sine wave of 0.2 to 1.0Vp-p (depending 
upon the percentage of 1-bits), drives the clock amplifier. The 
phase-shift capacitor, C11, provides the additional phase shift 
so that this integrated and phase-shifted signal (Figure 10) will 
strobe the output flip-flops althe optimum timeto determine if a 
1-bit is present. If a 1-bit is present, outputs from the data 
detector and the strobe cause the flip-flops to drive alternate 
output transistors. This signal is coupled through the output 
transformer into the next section of transmission line (see Fig­
ure 11, all1's; and Figure 12, a random 1-0 pattern). 

Figure 8 

Figure 10 

Figure 13 is a scope photograph of the signals as observed at 
several locations in the system. All traces are DC coupled and 
referenced to zero volts at the bottom graticule line. All signals, 
except the output, are displayed at 1-volt-per-division. The out· 
put is shown at 2-volts-per-division. The signal is all 1's. The 
phase relationships are typical for this type of repeater. 

The signals shown are: 

1. The preamp output at pin 5. 

2. The clock-tank at pin 14. 

3. The phase-shifted clock at pin 11. 

4. The output signal at pin 8. 

R13, 14, 15, and C12 control ringing and overshoot in the output 
waveform. 

The fault-locating winding with L3 and R16 is used in long-line 
systems to determi ne wh ich repeater, in a large series of repeat­
ers, has become defective. 

The RPT-82 and RPT-83 can be used in a variety of systems over 
a wide range of frequencies. The low-frequency response is 
limited by the difficulty in maintaining useable Q in the clock­
tank circuit and by transformer-coupling losses. At high fre­
quencies, the major limitation is the output-pulse rise-and-fall 
time. 

The preamp is a high-gain, wide-bandwidth linear amplifier. 
Analog circuits do not have the noise rejection that is common 
with most digital circuits. To obtain best performance, certain 
precautions should be observed. 

Figure 9 

\rtj~ 
frl!ilI.;. 

Figure 11 
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Figure 12 

Circuit layout techniques used for R.F. amplifiers should be 
followed. Use of double-sided boards with all unused circuit­
board area made into a ground plane is highly recommended. 
Keep input and output leads as far apart as possible, and signal 
runs as short as possible. Locate the attenuator network and the 
ALBO series impedance R4 as close to pin 2 as possible. 

Power supply voltages VCC1 and VCC2 should be bypassed near 
pins 10 and 15. A bypass capacitor between the VCC2 connec­
tion on T2 and pin 7 is also recommended. 

REPEATER DEFINITIONS 
ALBO DIODE RESISTANCE 
The small-signal resistance of the ALBO diode measured 
between pins 1 and 6. The ALBO diode is a diode-connected 
transistor whose current-resistance relationship is Ro = 26/10 
where Ro is the ALBO-diode resistance in ohms and 10 is the 
ALBO-diode current in mAo 

ALBO THRESHOLD 
The differential voltage measured between pins 4 and 5 that is 
required to activate the internal peak detector. 

AMI 
Alternate Mark Inversion. A form of digital signal transmission 
where each successive 1-bit is of opposite polarity. 

AUTOMATIC LINE BUILD-OUT 
An automatic-gain-control circuit which operates by simulating 
a line "build-out" or extension. 

BIPOLAR VIOLATION 
Thetransmission of two consecutive pulses of the same polarity. 

CLOCK THRESHOLD 
The differential voltage measured between pins 4 and 5 that is 
required to activate the clock detector. 

16-11 

Figure 13 

DATA THRESHOLD 
The differential voltage measured between pins 4 and 5 that is 
required to activate the data detector. 

DIFFERENTIAL OUTPUT VOLTAGE 
The difference in voltage between the two outputs with a binary 
"1" output of either polarity. 

EQUALIZING NETWORK 
A network which compensates for the amplitude and phase 
response of the cable over the operating bandwidth. 

LINE BUILD-OUT 
The attenuation added to the output of a short line to increase 
the total attenuation. 

MAXIMUM DENSITY 
An input signal pattern consisting of all 1's. 

MINIMUM DENSITY 
A repeating signal pattern consisting of two 1's followed by 
fourteen zeros. 

OUTPUT-PULSE RISE (FALL) TIME 
Rise (Fall) time of regenerated pulse. Measured from the 10%to 
90% points. 

OUTPUT-PULSE-WIDTH DIFFERENTIAL 
In a T1 carrier system, a typical pulse width is 324nsec. The 
pulse-width differential is the difference in pulse width of two 
successive outputs. 

PREAMPLIFIER BANDWIDTH 
3dB bandwidth of the preamplifier circuit. 

QRSS 
QRSS is Quasi-Random Signal Source; a signal consisting of 
random 1's and O's. 
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PreCISIon Mo[)ohthlCS Inc. 

PMI Letter 
Designator 

Package 
Description 

38510 
Applicable 

Configuration 

Package Dimensions - Metal Cans 

Page 

H 6-Lead TO-78 17-3 
Metal Can 

J 8-Lead TO-99 A1 17-3 
Metal Can 

K 10-Lead TO-100 A2 17-3 
Metal Can 

Package Dimensions - Ceramic DIPs 
Z 8-Lead D4-1 

Ceramic DIP 
Y 14-Lead DH 

Ceramic DIP 
a 16-Lead D2-1 

Ceramic DIP 
X 18-Lead D6-1 

Ceramic DIP 
R 20-Lead D8-1 

Ceramic DIP 
V 24-Lead D3-1 

Ceramic DIP 
T 28-Lead 

Ceramic DIP 

Package Dimensions - Side-Brazed DIPs 
YB" 14-Lead D1-3 

Side-Brazed DIP 

aB" 16-Lead D2-3 
Side-Brazed DIP 

XB" 18-Lead D6-3 
Side-Brazed DIP 

RB" 20-Lead D8-3 
Side-Brazed DIP 

VB" 24-Lead D3-3 
Side-Brazed DIP 

TB" 28-Lead 
Side-Brazed DIP 

Package Dimensions - Epoxy DIPs 
P 8-Lead Epoxy DIP 

P 14-Lead Epoxy DIP 

P 16-Lead Epoxy DIP 

P 18-Lead Epoxy DIP 
P 20-Lead Epoxy DIP 

P 24-Lead Epoxy DIP 

Package Dimensions - Cerpacks 
L 1D-Lead Cerpack 
M 

F 
N 

14-Lead Cerpack 

16-Lead Cerpack 

24-Lead Cerpack 

17-4 

17-4 

17-5 

17-5 

17-6 

17-7 

17-8 

17-9 

17-9 

17-10 

17-10 

17-11 

17-12 

17-13 
17-13 
17-14 
17-14 
17-15 
17-16 

17-17 
17-17 
17-18 
17-18 

17-2 

PACKAGE 
INFORMATION 

PMI Letter Package 
38510 

Applicable 
Configuration Page DeSignator Description 

Package Dimensions - Flatpacks 
L" 10-Lead Flatpack F4-1 17-19 
LB" 10-Lead Flatpack, F4-2 17-19 

Bottom-Brazed 

M" 14-Lead Flatpack F1-1 17-19 
MB" 14-Lead Flatpack, F1-2 17-19 

Bottom-Brazed 

F" 16-Lead Flatpack F5-1 17-20 
FB" 16-Lead Flatpack, F5-2 17-20 

Bottom-Brazed 

N" 24-Lead FJatpack F8-1 17-20 
NB" 24-Lead Flatpack, F8-2 17-20 

Bottom-Brazed 

Package Dimensions - Leadless Chip Carriers 

RC" 20-Position C-2 17-21 
Chip Carrier 

TC" 28-Position C-4 17-22 
Chip Carrier 

"Special Order Only. 

Dimensioning Symbols 

The symbols to be used for dimensioning case outlines will 
be as listed below. To designate the dimension as a diameter, 
the lower-case Greek letter <fl(phi) will be added in front of the 
dimension symbol. 

A - Body dimensions. 
<flb - Terminal lead diameters. 

b - Terminal lead widths. 

c - Terminal lead thicknesses. 

<flD - Body diameters. 
D - Body lengths. 
E - Body widths. 

e - Terminal lead spacings. 

F - Flange dimensions. 
k - Index dimensions, length. 

L - Terminal lead lengths. 
a - Standoff height. The height from the seating 

plane or a reference plane parallel to the 
seating plane. 

R - Radius dimensions. 

S - Distance between terminal leads and the 
body end. 

ex - Angular dimensions. 

Standard lead finish is matte tin/lead. Other lead finishes per 
MIL-M-38510 are available on special orders. Standard 883 
product meets lead finish requirements per MIL-M-38510. 



Precision Monolithics Inc. 

PACKAGE DIMENSIONS - METAL CANS 

6-Lead TO-78 Metal Can (H-Suffix) 

j Re,erence Plane 

[
A _ r-~~ Seating Plane _0_ L2lJ el 

IT ,~~ v~" 
</>0</>01 I L </>0 llL!L 2 

~l~~</>bl 

8-Lead TO-99 Metal Can (J-Suffix) 

JgRe,erence Plane r-Base & Seating Plane 

[ A I Ln 
_0 fl el 

rr~+.~ 
j LYFt-~." 

10-Lead TO-100 Metal Can (K-Suffix) 

17-3 

PACKAGE 
INFORMATION 

6 & 8-Lead Can Dimensions 
INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.165 0.185 4.19 4.70 

4>b 0.016 0.019 0.41 0.48 

4>b1 0,016 0.021 0.41 0.53 

4>0 0.335 0.370 8.51 9.40 

4>01 0.305 0.335 7.75 8.51 

4>02 0.110 0.180 2.79 4.06 

e 0.200 sse 5.08 sse 3 

e1 0.100 sse 2.54 sse 3 

F 0.040 1.02 

0.027 0.034 0.69 0.86 

0.027 0.045 0.69 1.14 2 

L 0.500 0.750 12.70 19.05 

0.050 1.27 

0.250 6.35 

Q 0.010 0.045 0.25 1.14 

a 45' sse 45' sse 3 

10-Lead Can Dimensions 
INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.165 0.185 4.19 4.70 

4>b 0.Q16 0.019 0.41 0.48 

0.016 0.021 0.41 0.53 

0.335 0.370 8.51 9.40 

0.305 0.335 7.75 8.51 

0.110 0.180 2.79 4.06 

e 0.230 Bse 5.84 Bse 3 

0.115 Bse 2.92 Bse 3 

F 0.040 1.02 

0.027 0.034 0.69 0.86 

0.027 0.045 0.69 1.14 

L 0.500 0.750 12.70 19.05 

0.050 1.27 

0.250 6.35 

Q 0.010 0.045 0.25 1.14 

a 36' Bse 36' sse 3 

NOTES: 
1. (All leads) 4>b applies between L1 and L2. 4>b 1 applies between L2 

and 0.500 (12.70 mm) from the reference plane. Diameter is 
uncontrolled in L1 and beyond 0.500 (12.70 mm) from the 
reference plane. 

2. Measured from the maximum diameter of the product. 

3. Leads having a maximum diameter0.Q19 (0.48 mm) measured in 
gaging plane 0.054 (1.37 mm) + 0.001 (0.03 mm) - 0.000 
(0.00 mm) below the base plane of the product is within 0.007 
(0.18 mm) of theirtrue position relative to a maximum width tab. 

I 



Precision MOJlohthics Inc. 

PACKAGE DIMENSIONS - CERAMIC DIPS 

See 
Note 1 

SYMBOL 

A 

b 

c 

D 

E 

e 

L 

Q 

s 

a 

NOTES: 

8-Lead Ceramic Dip 

INCHES 

MIN MAX 

0.200 

0.014 0.023 

0.030 0.070 

0.008 0,015 

0.405 

0.220 0.310 

0.290 0.320 

0.100 sse 
0.125 0.200 

0.150 

0.015 0.060 

0.055 

0.005 

0' 15' 

r-E-j 

~~ ~b:~~c 
Nole7 

MILLIMETERS 

MIN MAX NOTES 

5.08 

0.36 0.58 

0.76 1.78 2 

0.20 0.38 

10.29 4 

5.59 7.87 4 

7.37 8.13 7 

2.54 sse 5 

3.18 5.08 

3.81 

0.38 1.52 3 

1.35 6 

0.13 6 

0' 15' 

1. Index area; a notch or a lead one identification mark is located 
adjacent to lead one and is within the shaded area shown. 

2. The minimum limit for dimension b1 may be 0.023 (0.58 mm) for 
all four corner leads only. 

3. Dimension Q shall be measured from the seating plane to the 
base plane. 

17-4 

SYMBOL 

A 

b 

D 

E 

e 

L 

Q 

s 

PACKAGE 
INFORMATION 

14-Lead Ceramic Dip 

INCHES MILLIMETERS 

MIN MAX MIN MAX NOTES 

0.200 5.08 

0.014 0.023 0.36 0.58 

0.030 0.070 0.76 1.78 2 

0.008 0.015 0.20 0.38 

0.785 19.94 4 

0.220 0.310 5.59 7.87 4 

0.290 0.320 7.37 8.13 

0.100 sse 2.54 sse 5 

0.125 0.200 3.18 5.08 

0.150 3.81 

0.015 0.060 0.38 1.52 3 

0.098 2.49 6 

0.005 0.13 6 

0' 15' 0' 15' 

4. This dimension allows for off-center lid, meniscus and glass 
overrun. 

5. The basic lead spacing is 0.100 (2.54 mm) between centerlines. 

6. Applies to all four corners. 

7. Lead center when a is 0'. El shall be measured at the centerline 
of the leads. 



PreciSIon Monolithics Inc. 

PACKAGE DIMENSIONS - CERAMIC DIPS 

16-Lead Ceramic Dip 
(a-Suffix) 

Plane 

r-E-I 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.200 5.08 

b 0.014 0.023 0.36 0.58 

b, 0.030 0.070 0.76 1.78 2 

c 0.008 0.015 0.20 0.38 

D 0.840 21.34 4 

E 0.220 0.310 5.59 7.87 4 

E, 0.290 0.320 7.37 8.13 7 

e 0.100 esc 2.54 esc 5 

L 0.125 0.200 3.18 5.08 

l, 0.150 3.81 

Q O.D1S 0.060 0.38 1.52 3 

5 0.060 2.03 6 

5, 0.005 0.13 6 

a O· '5· O· 15· 

NOTES: 
1. Index area; a notch or a lead one identification mark is located 

adjacent to lead one and is within the shaded area shown. 
2. The minimum limitfor dimension b, may be 0.023 (0.58 mm) for 

all four corner leads only. 

3. Dimension Q shall be measured from the seating plane to the 
base plane. 

17-5 

PACKAGE 
INFORMATION 

18-Lead Ceramic Dip 
(X-Suffix) 

I-E-l 

k-{t~t, 
Plane Nole7 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.200 5.08 

b 0.014 0.023 0.36 0.58 

b, 0.030 0.070 0.76 1.78 2 

0.008 O.D1S 0.20 0.38 

D 0.960 24.38 4 

E 0.220 0.310 5.59 7.87 4 

E, 0.290 0.320 7.37 8.13 7 

e 0.100 esc 2.54 esc 
l 0.125 0.200 3.18 5.08 

l, 0.150 3.81 

Q 0.015 0.060 0.38 1.52 3 

5 0.098 2.49 6 

5, 0.005 0.13 6 

a o· 15· o· 15· 

4. This dimension allows for off-center lid, meniscus and glass 
overrun. 

5. The basic lead spacing is 0.100 (2.54 mm) between centerlines. 

6. Applies to all four corners. 
7. Lead center when a is 0°. E1 shal' be measured at the centerline 

of the leads. 
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Precision MOJloJithics Inc. 

PACKAGE 
INFORMATION 

PACKAGE DIMENSIONS - CERAMIC DIPS 

INCHES 

SYMBOL MIN MAX 

A 0.200 

b 0.014 0.023 

b, 0.030 0.070 

c 0.008 0.015 

D 1.060 

E 0.220 0.310 

E, 0.290 0.320 

e 0.100 B5e 

L 0.125 0.200 

L, 0.150 

Q 0.015 0.060 

5 0.080 

5, 0.005 

a 0' IS' 

20-Lead Ceramic Dip 
(R-Sufflx) 

,0 

MILLIMETERS NOTES: 

MIN MAX 

5.08 

0.36 0.58 

0.76 1.78 

0.20 0.38 

26.92 

5.59 7.87 

7.37 8.13 

2.54 B5e 

3.18 5.08 

3.81 

0.38 1.52 

2.03 

0.13 

0' IS' 

NOTES 

4 

4 

7 

5 

3 

6 

6 

17-6 

1. Index area; a notch or a lead one identification mark is located 
adjacent to lead one and is within the shaded ansa shown. 

2. The minimum limitfordimension b, may be 0.023 (0.58 mm) lor 
all lour corner leads only. 

3. Dimension Q shall be measured from the seating plane to the 
base plane. 

4. This dimension allows lor oil-center lid, meniscus and glass 
overrun. 

5. The basic lead spacing is 0.100 (2.54 mm) between centerlines. 
6. Applies to all four corners. 
7. Lead center when a Is 0'. E, shall be measured althe centerline 

01 the leads. 



Precision Monolithics Jne. 

PACKAGE 
INFORMATION 

PACKAGE DIMENSIONS - CERAMIC DIPS 

SYMBOL 

A 

b1 

D 

E 

E, 

e 

L 

L, 

Q 

5 

5, 

a 

See 
Note 1 

INCHES 

MIN MAX 

0.225 

0.014 0.023 

0.030 0.070 

0.008 0.015 

1.290 

0.500 0.610 

0.590 0.620 

0.100 B5C 

0.120 0.200 

0.150 

0.015 0.075 

0.098 

0.005 

O· IS· 

24-Lead Ceramic Dip 
(V-Suffix) 

~E---J 

~ 
~ ffFE1-!\ 

Seating --1al:=:see --I\-"c 
Plane Note 7 

MILLIMETERS NOTES: 

MIN MAX 

5.72 

0.36 0.58 

0.76 1.78 

0.20 0.38 

32.77 

12.70 15.49 

14.99 15.75 

2.54 B5C 

3.05 5.08 

3.81 

0.38 1.91 

2.49 

0.13 

o· IS· 

NOTES 

2 

4 

4 

5 

6 

17-7 

1. Index area; a notch or a lead one identification mark is located 
adjacent to lead one and is within the shaded area shown. 

2. The minimum limit for dimension bl may be 0.023 (0.58 mm) for 
all four corner leads only. 

3. Dimension Q shall be measured from the seating plane to the 
base plane. 

4. This dimension allows for off-center lid, meniscus and glass 
overrun. 

5. The basic lead spacing is 0.100 (2.54 mm) between centerlines. 
6. Applies to all four corners. 
7. Lead center when a isO·. El shall be measured atthe centerline 

of the leads. 

I 



Prt.·Cl~lon MO]1o)ithlCS Inc. 

PACKAGE 
INFORMATION 

PACKAGE DIMENSIONS - CERAMIC DIPS 

INCHES 

SYMBOL MIN MAX 

A 0.225 

b 0.014 0.023 

bl 0.030 0.070 

c 0.008 O.ot5 

MILLIMETERS 

MIN MAX 

5.72 

0.36 0.58 

0.76 1.78 

0.20 0.38 

28-Lead Ceramic Dip 
(T-Suffix) 

NOTES 

2 

NOTES: 
1. Index area; a nolch or a lead one identification mark is located 

adjacent to lead one and Is within the shaded area shown. 
2. The minimum limit for dimension bl may be 0.023 (0.58 mm) for 

all four corner leads only. 
3. Dimension Q shall be measured from the seating plane to the 

base plane. 
4. This dimension allows for off-center lid, meniscus and glass 

overrun. 
D 1.490 37.85 ____________________ 4__ 5. The basic lead spacing is 0.100 (2.54 mm) between centerlines. 

E 0.500 0.610 12.70 15.49 4 6. Applies to all four corners. 

El 0.590 0.620 14.99 15.75 
---------------------- 7. Lead center when 01 isO·. El shall be measured at the canterline 

of the leads. 

e 0.100 esc 2.54 esc 5 

L 0.120 0.200 3.05 5.08 

Ll 0.150 3.81 

Q O.ot5 0.075 0.38 1.91 3 

5 0.098 2.49 6 

51 0.005 0.13 6 

01 O· 15· O· 15· 
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Precision MOllolithics Inc. 

PACKAGE 
INFORMATION 

PACKAGE DIMENSIONS - SIDE-BRAZED DIPS 

See 

14-Lead Side-Brazed Dip 
(VB-Suffix) 

Nole 1 

U 
tEj 

A -r -f.l L ~ 
-~ b--!i.:::j r-e b Sealing ~El~ 1 Plane 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.200 5.08 

b 0.014 0.023 0.36 0.58 

b1 0.030 0.070 0.76 1.78 2 

c 0.008 0.Q15 0.20 0.38 

D 0.785 19.94 4 

E 0.220 0.310 5.59 7.87 4 

E1 0.290 0.320 7.37 8.13 7 

e 0.100 BSC 2.54 BSC 5 

L 0.125 0.200 3.18 5.08 

L1 0.150 3.81 

Q 0.015 0.060 0.38 1.52 3 

S 0.098 2.49 6 

S1 0.005 0.13 6 

a O· 15· O· 15· 

NOTES: 
1. Index area; a notch or a lead one identification mark is located 

adjacent to lead one and is within the shaded area shown. 

2. The minimum limitfor dimension b1 may beO.023 (0.58 mm) for 
all four corner leads only. 

3. Dimension Q shall be measured from the seating plane to the 
base plane. 

17-9 

16-Lead Side-Brazed Dip 
(OB-Sufflx) 

D j tEj 
-T fi 1 Ll 
-~ 

Sealing 
I-El-J Plane 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.200 5.08 

0.014 0.023 0.36 0.58 

b1 0.030 0.070 0.76 1.78 2 

0.008 0.Q15 0.20 0.38 

D 0.840 21.34 4 

E 0.220 0.310 5.59 7.87 4 

E1 0.290 0.320 7.37 8.13 7 

0.100 BSC 2.54 BSC 5 

L 0.125 0.200 3.18 5.08 

L1 0.150 3.81 

Q 0.Q15 0.060 0.38 1.52 3 

S 0.060 2.03 6 

S1 0.005 0.13 6 

a O· 15· O· 15· 

4. This dimension allows for off-center lid, meniscus and glass 
overrun. 

5. The basic lead spacing is 0.100 (2.54 mm) between centerlines. 
6. Applies to all four corners. 

7. Lead center when a is 0°. E, shall be measured attha centerline 
of the leads. 

Z 
0 ...... 

~ 
2 
Z ...... 
~ 

~ 
~ 
~ 



PreciSIon Monolithlcs Inc. 

PACKAGE 
INFORMATION 

PACKAGE DIMENSIONS - SIDE-BRAZED DIPS 

18-Lead Side-Brazed Dip 
(XB-Sufflx) 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.200 5.08 

b 0.014 0.023 0.36 0.58 

b1 0.030 0.070 0.76 1.78 2 

c 0.006 0.015 0.20 0.38 

0 0.960 24.38 4 

E 0.220 0.310 5.59 7.87 4 

E1 0.290 0.320 7.37 8.13 7 

e 0.100 esc 2.54 esc 5 

L 0.125 0.200 3.18 5.08 

L1 0.150 3.81 

Q 0.015 0.060 0.38 1.5~ 3 

S 0.098 2.49 6 

S1 0.005 0.13 6 

a 0" 15· O· 15· 

NOTES: 
1. Index area; a notch or a lead one identification mark Is located 

adjacent to lead one and is within the shaded area shown. 
2. The minimum Iimilfordimension b1 may be 0.023 (0.58 mm) for 

all four corner leads only. 

3. Dimension Q shall be measured from the seating plane to the 
base plane. 
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20-Lead Side-Brazed Dip 
(RB-Sufflx) 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.200 5.08 

b 0.014 0.023 0.36 0.58 

b1 0.030 0.070 0.76 1.78 2 

c 0.008 0.015 0.20 0.38 

0 1.060 26.92 4 

E 0.220 0.310 5.59 7.87 4 

E1 0.290 0.320 7.37 8.13 7 

e 0.100 esc 2.54 esc 5 

L 0.125 0.200 3.18 5.08 

L1 0.150 3.81 

Q 0.015 0.060 0.38 1.52 3 

S 0.060 2.03 6 

S1 0.005 0.13 6 

a O· 15· O· 15· 

4. This dimension allows for off-center lid, meniscus and glass 
overrun. 

5. The basic lead spacing is 0.100 (2.54 mm) between centerllnes. 

6. Applies to all four corners. 

7. Lead center when a isOO • E, shall be measured at the centerline 
of the leads. 



Precisioll MOI1ohthics Inc. 

PACKAGE 
INFORMATION 

PACKAGE DIMENSIONS - SIDE-BRAZED DIPS 

INCHES 

SYMBOL MIN MAX 

A 0.225 

b 0.014 0.023 

bl 0.030 0.070 

c 0.008 0.Q15 

D 1.290 

E 0.500 0.610 

El 0.590 0.620 

0.100 sse 
L 0.120 0.200 

Ll 0.150 

Q 0.015 0.075 

5 0.098 

51 0.005 

Q O· 15' 

24-Lead Side-Brazed Dip 
(VB-Suffix) 

MILLIMETERS NOTES! 
1. Index area; a notch or a lead one identification mark is located 

MIN MAX NOTES adjacent to lead one and is within the shaded area shown. 

5.72 2. The minimum limitfordimension bl may be 0.023 (0.58 mm) for 

0.36 0.58 
all four corner leads only. 

3. Dimension Q shall be measured from the seating plane to the 
0.76 1.78 2 base plane. 

0.20 0.38 4. This dimension allows for off-center lid, meniscus and glass 
overrun. 

32.77 4 5. The basic lead spacing is 0.100 (2.54 mm) between centerllnes. 

12.70 15.49 4 6. Applies to all four corners. 

14.99 15.75 7 
7. Lead center when Q isO·. El shall be measured at the centerline 

of the leads. 
2.54 sse 5 

3.05 5.08 

3.81 

0.38 1.91 3 

2.49 6 

0.13 6 

A· 15' 
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Preclsioll Monolithics Inc. 

PACKAGE 
INFORMATION 

PACKAGE DIMENSIONS - SIDE-BRAZED DIPS 

INCHES 

SYMBOL MIN MAX 

A 0.225 

b 0.014 0.023 

b, 0.030 0.070 

c 0.008 0.015 

D 1.490 

E 0.500 0.610 

E, 0.590 0.620 

e 0.100BSC 

L 0.120 0.200 

L, 0.150 

Q 0,015 0.075 

S 0.098 

S, 0.005 

a O· 15· 

28-Lead Side-Brazed Dip 
(TB-Suffix) 

D '4 

MILLIMETERS 
NOTES: 
1. Index area; a notch is or a lead one identification mark is located 

MIN MAX NOTES adjacent to lead one and is within the shaded area shown. 

5.72 2. The minimum limit for dimension b , may beO.023 (0.58 mm) for 

0.36 0.58 3. 

all four corner leads only. 
Dimension Q shall be measured from the seating plane to the 

0.76 1.78 2 base plane. 

0.20 0.38 
4. This dimension allows for off·center lid, meniscus and glass 

overrun. 

37.85 4 5. The basic lead spacing isO.l00 (2.54 mm) between centerlines. 

12.70 15.49 4 6. Applies to all four corners. 

7. Lead center when a is 0·. E, shall be measured althe centerline 
14.99 15.75 7 of the leads. 

2.54 BSC 5 

3.05 5.08 

3.81 

0.38 1.91 3 

2.49 6 

0.13 6 

O· 15· 
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Precision Monolithics Inc. 

PACKAGE DIMENSIONS - EPOXY DIPS 

A 

8-Lead Epoxy Dip 
(P-Sufflx) 

en 
r-D -----1 

~ ~~,~\(~I~~~ L1 
L 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.148 0.152 3.76 3.86 

b 0.Q16 0.020 0.406 0.508 

b1 0.058 0.062 1.47 1.58 

0.008 0.012 0.203 0.304 

D 0.370 0.382 9.47 9.70 

E 0.246 0.254 6.25 6.45 

E1 0.298 0.302 7.57 7.67 2 

0.100 sse 2.54 sse 
L 0.128 0.132 3.25 3.35 

L1 0.148 0.152 3.76 3.86 

Q 0.020 TYP 0.508 TYP 

a O· 15' O· 15' 

NOTES: 
1. Minor changes in dimensions may occur without advance 

notice. 
2. Dimension "E,"' to center of leads when formed parallel. 
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SYMBOL 

A 

b 

b1 

c 

D 

E 

E1 

e 

L 

L1 

Q 

a 

PACKAGE 
INFORMATION 

14-Lead Epoxy Dip 
(P-Suffix) 

INCHES MILLIMETERS 

MIN MAX MIN MAX 

0.200 5.08 

0.014 0.023 0.36 0.58 

0.030 0.070 0.76 1.78 

0.008 0.015 0.20 0.38 

0.748 0.754 18.99 19.1 

0.220 0.310 5.59 7.87 

0.290 0.320 7.37 8.13 

0.100 sse 2.54 sse 
0.125 0.200 3.18 5.08 

0.150 3.81 

0.Q15 0.060 0.38 1.52 

O· 15' O· 15' 

NOTES 

NOTES: 
1. Minor changes in dimensions may occur without advance 

notice. 
2. Dimension "E{ to center of leads when formed parallel. 

I 



Precision Monolithics Inc. 

PACKAGE DIMENSIONS - EPOXY DIPS 

A 

L 

16-Lead Epoxy Dip 
(P-Suffix) 

~------D------~ 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX 

A 0.200 5.08 

b 0.014 0.023 0.36 0.58 

b, 0.030 0.070 0.76 1.78 

c 0.008 0.015 0.20 0.38 

D 0.748 0.754 18.99 19.1 

E 0.220 0.310 5.59 7.87 

E, 0.290 0.320 7.37 8.13 

e 0.100 esc 2.54 esc 
L 0.125 0.200 3.18 5.05 

Ll 0.150 3.81 

Q 0.D15 0.060 0.38 1.52 

0< 0" 15· O· 15· 

NOTES: 

NOTES 

1. Minor changes in dimensions may occur without advance 
notice. 

2. Dimension "E{ to center of leads when formed parallel. 
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SYMBOL 

A 

b 

b, 

c 

D 

E 

El 

L 

Ll 

Q 

0< 

NOTES: 

PACKAGE 
INFORMATION 

18-Lead Epoxy Dip 
(P-Suffix) 

INCHES MILLIMETERS 

MIN MAX MIN MAX 

0.200 5.08 

0.014 0.023 0.36 0.58 

0.030 0.070 0.76 1.78 

0.008 0.D15 0.20 0.38 

0.898 0.904 22.81 22.91 

0.220 0.310 5.59 7.87 

0.290 0.320 7.37 8.13 

0.100 esc 2.54 esc 
0.125 0.200 3.18 5.08 

0.150 3.81 

0.D15 0.060 0.38 1.52 

O· 15· O· 15· 

NOTES 

1. Minor changes in dimensions may occur without advance 
notice. 

2. Dimension "E{ to center of leads when formed parallel. 



Precision MOllo1ithics Inc. 

PACKAGE 
INFORMATION 

PACKAGE DIMENSIONS - EPOXY DIPS 

INCHES 

SYMBOL MIN MAX 

A 0.255 

b 0.014 0.023 

bl 0.030 0.070 

0.008 0.015 

0 1.029 1.035 

E 0.220 0.310 

El 0.290 0.320 

e 0.100 BSC 

L 0.125 0.200 

Ll 0.150 

Q 0.015 0.060 

III 0° 15° 

MILLIMETERS 

MIN MAX 

5.08 

0.36 0.58 

0.76 1.78 

0.20 0.38 

26.14 26.24 

5.59 7.87 

7.37 8.13 

2.54 BSC 

3.18 5.08 

3.81 

0.38 1.52 

0° 15° 

20-Lead Epoxy Dip 
(P-Suffix) 

NOTES: 

NOTES 
1. Minor changes in dimensions may occur without advance 

notice. 
2. Dimension "E{ to center of leads when formed parallel. 
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PrecIsion Monohth ics Inc. 

PACKAGE 
INFORMATION 

PACKAGE DIMENSIONS - EPOXY DIPS 

INCHES 

SYMBOL MIN MAX 

A 0.225 

b 0.014 0.023 

bl 0.030 0.070 

c 0.008 0.015 

D 1.248 1.254 

E 0.536 0.542 

El 0.598 0.602 

e 0.100 BSe 

L 0.125 0.200 

Ll 0.150 

Q 0.015 0.060 

a 0" 15° 

MILLIMETERS 

MIN MAX 

5.08 

0.36 0.58 

0.76 1.78 

0.20 0.38 

31.7 31.8 

13.67 13.77 

15.19 15.29 

2.54 BSe 

3.18 5.08 

3.81 

0.36 1.52 

0° 15° 

24-Lead Epoxy Dip 
(P-Suffix) 

NOTES: 

NOTES 1. Minor changes in dimensions may occur without advance 
notice. 

2. Dimension "E{ to center of leads when formed parallel. 

2 
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Precision Monobthics Inc. 

PACKAGE DIMENSIONS - CERPACKS 

SYMBOL 

A 

b 

D 

E 

L 

Q 

5 

5, 

10-Lead Cerpack 
(L-Suffix) 

I I -.lc 
!--E--1-L--!l 

INCHES MILLIMETERS 

MIN MAX MIN MAX NOTES 

0.030 0.085 0.76 2.16 

0.010 0.019 0.25 0.48 

0.003 0.006 0.08 0.15 

0.290 7.37 3 

0.240 0.260 6.10 6.60 

0.050 sse 1.27 sse 4 

0.008 0.015 0.20 0.38 8 

0.250 0.370 6.35 9.40 

0.010 0.040 0.25 1.02 2 

0.045 1.14 

0.005 0.13 5,6 

NOTES: 
1. Index area; a notch or a lead one identification mark is located 

adjacent to lead one and shall be located within the shaded area 
shown. Alternatively, a tab (dim. k) may be used to identify lead 
one. This tab may be located on either side as shown. 

2. Dimension Q shall be measured at the point of exit of the lead 
from the body. 

3. This dimension allows for off-center lid, meniscus and glass 
overrun. 

4. The basic lead spacing is 0.050 (1.27 mm) between centerlines. 

5. Applies to all four corners. 
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PACKAGE 
INFORMATION 

14-Lead Cerpack 
(M-Suffix) 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.030 0.085 0.76 2.16 

b 0.010 0.019 0.25 0.48 

0.003 0.006 0.08 0.15 

D 0.280 7.11 3 

E 0.240 0.260 6.10 6.60 

e 0.050 sse 1.27 sse 4 

0.008 0.Q15 0.20 0.38 8 

L 0.250 0.370 6.35 9.40 

Q 0.010 0.040 0.25 1.02 

5, 0.005 0.13 5,6 

52 0.004 0.10 

6. Dimension S, (See 40.3) may be 0.000 (0.00 mm) if corner leads 
bend toward the cavity of the package within one lead's width 
from the point of entry of the lead into body. 

7. Optional configuration. If this configuration is used, no organic 
or polymeric materials are molded to the bottom of the package 
to cover the leads. 

8 Optional, see note 1. If a lead one identification mark is used in 
addition to this tab, the minimum limit of dimension k does not 
apply. 

Z 
0 ...... 

~ 
0 
~ 
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~ 

~ 
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Pre .. ISlOU Monolithics Inc. 

PACKAGE DIMENSIONS - CERPACKS 

16-Lead Cerpack 
(F-Suffix) 

I I -1c 
I-E-f--L -----l t 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.045 0.085 1.14 2.16 

0.015 0.019 0.38 0.48 

0.003 0.006 0.08 0.15 

0 0.440 11.18 3 

E 0.245 0.285 6.22 7.24 

e 0.050 sse 1.27 sse 4 

0.008 0.015 0.20 0.38 8 

L 0.250 0.370 6.35 9.40 

Q 0.010 0.040 0.23 1.02 2 

S 0.045 1.14 5 

S, 0.005 0.13 5,6 

NOTES: 
1. Index area; a notch or a lead one identification mark is located 

adjacent to lead one and is located within the shaded area 
shown. Alternatively, a tab (dim. k) may be used to identify lead 
one. This tab may be located on either side as shown. 

2. Dimension Q shall be measured at the point of exit of the lead 
from the body. 

3. This dimension allows for off-center lid. meniscus and glass 
overrun. 

4. The basic lead spaCing is 0.050 (1.27 mm) between centerlines. 
5. Applies to all four corners. 
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e 

s 

PACKAGE 
INFORMATION 

24-Lead Cerpack 
(N-Suffix) 

k 

I I --*-c 
I-E4~L-lt 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.045 0.090 1.14 2.29 

b 0.015 0.019 0.38 0.48 

0.003 0.006 0.08 0.15 

0 0.430 10.92 3 

E 0.245 0.285 6.22 7.24 

e 0.050 sse 1.27 sse 4 

0.008 0.015 0.20 0.38 8 

0.250 0.370 6.35 9.40 

Q 0.010 0.040 0.25 1.02 

S 0.005 0.13 5,6 

S2 0.004 0.10 

6. Dimension S, (See 40.3) may be 0.000 (0.00 mm) if corner leads 
bend toward the cavity of the package within one lead's width 
from the point of entry of the lead into body. 

7. Optional configuration. If this configuration is used, no organic 
or polymeric materials are molded to the bottom of the package 
to cover the leads. 

8 Optional, see note 1. If a lead one identification mark is used in 
addition to this tab, the minimum limit of dimension k does not 
apply. 



PrecIsion Monolithics Inc. 

PACKAGE DIMENSIONS - FLATPACKS 

10-Lead Flatpack (L-Suffix) 

Bottom-Brazed (LB-Sufflx) 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.030 0.085 0.76 2.16 

b 0.010 0.019 0.25 0.48 

c 0.003 0.006 0.08 0.15 

D 0.290 7.37 3 

E 0.240 0.260 6.10 6.60 

E, 0.280 7.11 3 

E2 0.125 3.18 

E3 0.030 0.76 

e 0.050 Bse 1.27 Bse 4 

k 0.008 0.D15 0.20 0.38 8 

L 0.250 0.370 6.35 9.40 

a 0.010 0.040 0.25 1.02 2 

5 0.045 1.14 5 

5, 0.005 0.13 5,6 

NOTES: 
1. Index area; a notch or a lead one identification mark is located 

adjacent to lead one and shall be located within the shaded area 
shown. Alternatively, a tab (dim. k) may be used to Identify lead 
one. This tab may be located on either side as shown. 

2. Dimension a shall be measured at the point of exit of the lead 
from the body. 

3. This dimension allows for off-center lid, meniscus and glass 
overrun. 

4. The basic lead spaCing isO.050 (1.27 mm) between centerlines. 

5. Applies to all four corners. 
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PACKAGE 
INFORMATION 

14-Lead Flatpack (M-Suffix) 

Bottom-Brazed (MB-Suffix) 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.030 0.085 0.76 2.16 

b 0.010 0.019 0.25 0.48 

c 0.003 0.006 0.08 0.15 

D 0.280 7.11 3 

E 0.240 0.260 6.10 6.60 

E, 0.280 7.11 3 

E2 0.125 3.18 

E3 0.030 0.76 

e 0.050 Bse 1.27 B5e 4 

0.008 0.D15 0.20 0.38 8 

L 0.250 0.370 6.35 9.40 

a 0.010 0.040 0.25 1.02 

5, 0.005 0.13 5,6 

52 '0.004 0.10 

6. Dimension 5, (5ee40.3) may be 0.000 (0.00 mm) if corner leads 
bend toward the cavity of the package within one lead's width 
from the point cif entry of the lead into body. 

7. Optional configuration. If this configuration is used, no organic 
or polymeric materials are molded to the bottom of the package 
to cover the leads. 

8 Optional, see note 1. If a lead one identification mark is used In 
addition to this tab, the minimum limit of dimension k does not 
apply. 



Precision Monolithics Inc. 

PACKAGE DIMENSIONS - FLATPACKS 

16-Lead Flatpack (F-Sufflx) 

b 
16 f1 

o 

~~11 
9~ 

Bottom-Brazed (FB-Suffix) 

Ll F~111 +c 

t t $eeJ~ ~ ~L----P 
A Q Nole7 E3 E2 E3 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.045 0.085 1.14 2.16 

b 0.015 0,019 0.38 0.48 

0.003 0.006 0.08 0.15 

0 0.440 11.18 3 

E 0.245 0.285 6.22 7.24 

E, 0.305 7.75 3 

E2 0.130 3.30 

E3 0.030 0.76 

e 0.050 BSe 1.27 BSe 4 

0.008 0.015 0.20 0.38 8 

L 0.250 0.370 6.35 9.40 

a 0.010 0.040 0.23 1.02 2 

S 0.045 1.14 

S, 0.005 0.13 5,6 

NOTES: 

1. Index area; a notch or a lead one identification mark is locsted 
adjacent to lead one and is located within the shaded area 
shown. Alternatively, a tab (dim. k) may be used to identify lead 
one. This tab may be located on either side as shown. 

2. Dimension a shall be measured at the point of exit of the lead 
from the body. 

3. This dimension allows for off-center lid, meniscus and glass 
overrun. 

4. The basic lead spacing is 0.050 (1.27 mm) between centerlines. 

5. Applies to all four corners. 
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PACKAGE 
INFORMATION 

24-Lead Flatpack (N-Suffix) 

Bottom-Brazed (NB-Suffix) 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.045 0.090 1.14 2.29 

b 0.015 0.Q19 0.38 0.48 

c 0.003 0.006 0.08 0.15 

0 0.430 10.92 

E 0.245 0.285 6.22 7.24 

E, 0.305 7.75 3 

E2 0.125 3.18 

E3 0.030 0.76 

e 0.050 BSe 1.27 BSe 4 

0.008 0.015 0.20 0.38 8 

L 0.250 0.370 6.35 9.40 

a 0.010 0.040 0.25 1.02 2 

S 0.005 0.13 5,6 

$. 0.004 0.10 

6. Dimension S, (See 40.3) may be 0.000 (0.00 mm) if corner leads 
bend toward the cavity of the package within one lead's width 
from the point of entry of the lead into body. 

7. Optional configuration. If this configuration is used, no organic 
or polymeric materials are molded to the bottom of the package 
to cover the leads. 

8 Optional. see note 1. If a lead one identification mark is used in 
addition to this tab. the minimum limit of dimension k does not 
apply. 



PACKAGE 
INFORMATION 

PreCISIon Monolithics Inc. 

PACKAGE DIMENSIONS - LEAD LESS CHIP CARRIERS 

20-Position Chip Carrier 
(RC-Suffix) 

R TYP «Plane 2 
See I . 0 Plane 1 02- e1 

Note7~1J ~ ~ L-to;~ I ~ TrlO r~ ";;c' ~O 0 CPo, I IL!LJ ' cIt 
E E2 E4 E2 LJ C e 

~ l I~ 0 "1 E, ±gDDoDD~ 
I I~ ~AI= f ----I 05 I~ 45°TYP 
-04 A, L, 

Top View Side View Bottom View 

INCHES MILLIMETERS NOTES: 

SYMBOL 
1. A minimum clearance of 0.015" (0.381 mm) is maintained 

MIN MAX MIN MAX NOTES between corner terminals. 

A 0.084 0.100 1.63 2.54 5 2. Electrical connection ;s required on plane 1. Metallization is 

A, 0.054 0.088 1.37 2.24 -
optional on plane 2. However, if plane 2 is metallized it must be 
electrically connected. 

B, 0.022 0.028 0.56 0.71 2 3. A minimum clearance of 0.020" (0.508 mm) is maintained 

0 0.342 0.358 8.69 9.09 -
between overall dimensions D4 x E4 and all other features. 
including metallization. chamfers and edges. 

0, 0,075 REF 1.91 REF - 4. Non-electrical features for No.1 terminal identification, optical 

O2 0.200 REF 5.08 REF -
orientation or handling purposes shall be within the shaded 
area shown on plane 2. 

0 3 0.100 REF 2.54 REF - 5. Dimension A controls the overall package thickness. 

°4 - 0.358 - 9.09 3 6. Length of pad metallization may increase only toward package 
periphery. 

°5 0.150 BSe 3.81 BSe - 7. When space is available. the index corner may be metallized on 

E 0.342 0.358 8.69 9.09 - either or both planes 1 and 2. The package edge at the index 
corner shall not be metallized. 

E, 0,075 REF 1.91 REF -
E2 0.200 REF 5.08 REF -
E3 0.100 REF 1.91 REF -

E4 - 0.358 - 9.09 3 

e 0.050 BSe 1.27 BSe -

e, 0.015 - 0.38 - 1 

L, 0.045 0.055 1.14 1.40 -

L2 0.077 0.093 1.96 2.36 4 

R 0.007 0.011 0.18 0.28 -
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Precision M0l101ithlcS Inc. 

PACKAGE 
INFORMATION 

PACKAGE DIMENSIONS - LEAD LESS CHIP CARRIERS 

INCHES 

SYMBOL MIN MAX 

A 0.064 0.100 

AI 0.054 0.088 

Bl 0.022 0.028 

0 0.442 0.456 

0 1 0.075 REF 

O2 0.300 REF 

0 3 0.150 REF 

0 4 0.458 

0 5 0.200 BSe 

E 0.442 0.458 

El 0.075 REF 

E2 0.300 REF 

E3 0.150 REF 

E4 0.458 

e 0.050 

el 0.015 

Ll 0.045 0.055 

L2 0.077 0.093 

R 0.007 0.011 

28-Position Chip Carrier 
(TC-Sufflx) 

Top View Side View BollomView 

MILLIMETERS NOTES: 

MIN MAX NOTES 
1. A minimum clearance of 0.015" (0.381 mm) is maintained 

between corner terminals. 
1.63 2.54 5 2. Electrical connection is required on plane 1. Metallization is 

1.37 2.24 
optional on plane 2. However, if plane 2 is metallized it must be 
electrically connected. 

0.56 0.71 2 3. A minimum clearance of 0.020" (0.508 mm) is maintained 

11.23 11.63 
between overall dimensions 0 4 x E4 and all other features, 
including metallization, chamfers and edges. 

1.91 REF 4. Non-electrical features for No.1 terminal Identification, optical 

7.62 REF 
orientation or handling purposes shall be within the shaded 
area shown on plane 2. 

3.81 REF 5. Dimension A controls the overall package thickness. 

11.63 3 6. Length of pad metallization may increase only toward package 
periphery. 

5.08 BSe 7. When space is available, the index corner may be metallized on 
11.23 11.63 either or both planes 1 and 2. The package edge at the index 

corner shall not be metallized. 
1.91 REF 

7.62 REF 

3.81 REF 

11.63 3 

1.27 

0.38 

1.14 1.40 

1.96 2.36 4 

0.18 0.28 
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CORPORATE 
HEADQUARTERS 
PMI 
1500 Space Park Drive 
P.O. Box 58020 
Santa Clara, CA 95052-8020 
(408) 727-9222 TWX 910-338-0218 
TLX 172070 

ALABAMA 
HUNTSVILLE 
EMA 
309 Jordan Lane, Northwest 
Huntsville, AL 35805-2621 
(205) 830-4030. (800) 633-2920 
TWX 810-728-2110 

ALASKA 
Contact Bellevue, WA Office 

ARIZONA 
SCOTTSDALE 
PMI SALES OFFICE 
8526 E. Monterey Way 
Scottsdale. AZ 85251-5926 
(602) 941-1946 

SCOTTSDALE 
SUMMIT SALES 
7825 E. Redfield Rd. 
Scottsdale, AZ 85260-3486 
(602) 998-4850 TWX 910-950-1283 

ARKANSAS 
Contact Genzel Sales & Assoc .• Inc. 
Tulsa, OK Office 

CALIFORNIA 
LOS ANGELES 
PMI SALES OFFICE 
4026 E. La Palma Ave. 
Anaheim, CA 92807-1716 
(714) 666-0140. (213) 642-0142 
TWX 910-328-6591 

SAN DIEGO 
L & S ASSOCIATES 
11772 Sorrento Valley Rd., Suite 235 
San Diego, CA 92121-1017 
(619) 455-0055 TWX 910-322-1730 

SAN JOSE 
QUADREP INC. 
2713 N. First St. 
San Jose, CA 95134-2099 
(408) 946-4000 TWX 910-338-0207 

SANTA CLARA 
PMI SALES OFFICE 
4633 Old Ironsides Dr., Suite 312 
Santa Clara, CA 95054-1806 
(408) 727-6616 TWX 910-338-2102 
TLX 172 070 

COLORADO 
BOULOER 
FRONT RANGE MARKETING 
3100 Arapahoe Ave., Suite 404 
Boulder, CO 80303-1082 
(303) 443-4780 TWX 910-940-3442 

LITTLETON 
PMI SALES OFFICE 
7488 W. Roxbury PI. 
Littleton, CO 80123-4738 
(303) 979-8533 

CONNECTICUT 
UNIONVILLE 
PMI SALES OFFICE 
P.O. Box 43 
Unionville, CT 06085-0043 
(203) 673-9995 

DELAWARE 
Contact Philadelphia, PA Office 

DISTRICT OF COLUMBIA 
Contact Philadelphia, PA Office 

FLORIDA 
ALTAMONTE SPRINGS 
PMI SALES OFFICE 
Bldg. II. Suite 2505-5 
405 Douglas Ave. 
Altamonte Springs. FL 32714-2505 
(305)788-1403. (800)223-6147 
TWX 910-861-4079 

ALTAMONTE SPRINGS 
LAWRENCE ASSOCIATES. INC. 
711 Turnbull Ave. 
Altamonte Springs. FL 32701-6420 
(305) 339-3855 TWX 510-953-7602 

BOCA RATON 
LAWRENCE ASSOCIATES. INC. 
2151 N.W. 2nd, Suite 104 
Boca Raton. FL 33431-7405 
(305) 368-7373 TWX 510-953-7602 

CLEARWATER 
LAWRENCE ASSOCIATES. INC. 
1605 Missouri Ave. 
Clearwater, FL 33516-1220 
(813) 584-8110 TWX 510-953-7602 

MELBOURNE 
LAWRENCE ASSOCIATES. INC. 
1101 W. Hibiscus Blvd .. Suile EllS 
W. Melbourne, FL 32901-2745 
(305) 724-8294 TWX 510-953-7602 
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SALES OFFICES 
REPRESENTATIVES 

GEORGIA 
ATLANTA 
EMA 
620 Colonial Park Dr. 
Roswell, GA 30075-3746 
(404)992-7240 TWX 810-726-2110 

HAWAII 
Contact Los Angeles, CA Office 

IDAHO 
Contact Bellevue, WA Office 

ILLINOIS 
CHICAGO 
PMI SALES OFFICE 
1325 Remington Rd., Suite "0" 
Schaumburg. IL 60195-4813 
(312) 885-8440. (800) 323-8755 
TWX 910-222-1808 

INDIANA 
CARMEL 
TECHNOLOGY MARKETING CORP. 
599 Industrial Dr. 
Carmel, IN 46032-4207 
(317) 844-8462 TWX 910-997-0194 

FT. WAYNE 
TECHNOLOGY MARKETING CORP. 
3428 W. Taylor St. 
Ft. Wayne, IN 46804-2142 
(219) 432-5553 TWX 910-997-0195 

IOWA 
DAVENPORT 
RUSH & WEST ASSOCIATES, INC. 
3 Columbia Ct., Northwest 
Davenport, IA 52804-2416 
(319) 326-3091 

KANSAS 
KANSAS CITY/WICHITA 
RUSH & WEST ASSOCIATES. INC. 
107 N. Chester SI. 
Olathe, KS 66061-3690 
(913)764-2700 TWX 910-380-8110 

KENTUCKY 
LOUISVILLE 
TECHNOLOGY MARKETING CORP. 
8819 Roman Ct. 
P. O. Box 91147 
Louisville, KY 40291-0147 
(502) 499-7808 TWX 810-535-3757 

LOUISIANA 
Contact Houston, TX Office 

NORTH AMERICA 

MAINE 
Contact Boston, MA Office 

MARYLAND 
BALTIMORE 
CONROY SALES 
26 W. Pennsylvania Ave. 
Baltimore, MD 21204-5058 
(301) 296-2444 

MASSACHUSETTS 
BOSTON 
PMI SALES OFFICE 
209 W. Central St. 
Natick, MA 01760-3716 
(617)655-8900 TWX 710-386-0114 

MICHIGAN 
DETROIT 
PMI SALES OFFICE 
722 Grand River Rd .. Suite 6 
Brighton, MI 48116-1820 
(313) 227-2190. (312)885-8440 
(800) 323-8755 TWX 910-222-1808 

BRIGHTON 
ELECTRONIC SOURCE. INC. 
8014 W. Grand River, Suite 6 
Brighton, MI 48116-9302 
(313) 227-3598 TLX 298 269 

MINNESOTA 
MINNEAPOLIS 
MEL FOSTER TECH. SALES. INC. 
7611 Washington Ave., South 
P.O. Box 35216 
Edina, MN 55435-0216 
(612) 941-9790 TWX 910-576-2746 

MISSISSIPPI 
Contact EMA, Huntsville, AL Office 

MISSOURI 
BALLWIN 
RUSH & WEST ASSOCIATES. INC. 
720 W. Manchester Rd., Suite 200 
Ballwin, MO 63011-3027 
(314) 394-7271 TLX 752 653 

MONTANA 
Contact Littleton, CO Office 
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NEBRASKA 
Contact Rush & West Associates, 
Davenport, tA Office 

NEVADA 
Contact Santa Clara, CA Office 

NEW HAMPSHIRE 
Contact Boston, MA Office 

NEW JERSEY (NORTHERN) 
Contact J-Square Marketing, 
Hicksville, NY Office 

NEW JERSEY (SOUTHERN) 
Contact Philadelphia, PA Office 

NEW MEXICO 
ALBUQUERQUE 
BFA CORPORATION 
1704 Moon, Northeast 
Albuquerque, NM 87112-3936 
(505) 292-1212 TWX 910-989-1157 

NEW YORK 
SYRACUSE 
L-MAR ASSOCIATES, INC. 
216 Tilden Dr. 
East Syracuse, NY 13057-1630 
(315) 437-7779 

METRO NY, LONG ISLANO 
J-SQUARE MARKETING, INC. 
161-C Levitown Pkwy. 
Hicksville, NY 11801-4421 
(516) 935-3200 TWX 510-221-2136 

ROCHESTER 
L-MAR ASSOCIATES, INC. 
4515 Culver Rd. 
Rochester, NY 14622-1497 
(716) 323-1000 TWX 510-253-0943 

NORTH CAROLINA 
PINEVILLE 
EMA 
8539 Glenway Ct. 
Pineville, NC 28134-8326 
(704) 541-2628 TWX 810-726-2110 

WINSTON SALEM 
EMA 
3463 Kernerville Rd. 
Winston Salem, NC 27107-1750 
(919) 784-7304 TWX 810-726-2110 

NORTH DAKOTA 
Contact Mel Foster Tech. Sales, Inc., 
Edina, MN Office 

OHIO 
CLEVELANO 
DEL STEFFEN & ASSOCIATES 
69 Alpha Park 
Cleveland, OH 44143-2296 
(216) 461-8333 TWX 810-427-9272 

COLUMBUS 
DEL STEFFEN & ASSOCIATES 
355 W. Main St. 
Lexington, OH 44904-9767 
(419) 884-2313 TWX 810-427-9272 

DAYTON 
DEL STEFFEN & ASSOCIATES 
1201 E. David Rd. 
Dayton, OH 45429-5701 
(513) 293-3145 TWX 810-427-9272 

OKLAHOMA 
TULSA 
GENZEL SALES & ASSOC., INC. 
4135 S. lODth East Ave., Suite 101 
Tulsa, OK 74146-3635 
(918) 622-7744 TLX 312 394 

OREGON 
PORTLAND 
NORTHWEST MARKETING 
Suite 330 
6975 S.W. Sandburg Rd. 
Portland, OR 97223-8010 
(503) 820-0441 TWX 910-464-5157 

PENNSYLVANIA 
PHILADELPHIA 
PMI SALES OFFICE 
431 Lakeside Dr. 
Horsham, PA 19044-2320 
(215) 675-7800 TWX 710-670-0021 

PITTSBURGH 
DEL STEFFEN & ASSOCIATES 
Carnegie Office Park 
Bldg. 1, Rm. 116K 
600 N. Belt Ave. 
Pittsburgh, PA 15106-4363 
(412) 276-7366 TWX 810-427-9272 

SELLERSVILLE 
TECH-COM MARKETING 
P.O. Box 460 
Sellersville, PA 18960-0460 
(215) 453-0711 

RHODE ISLAND 
Contact Boston, MA Office 

SOUTH CAROLINA 
Contact EMA, Winston Salem, NC 
Office 

SOUTH DAKOTA 
Contact Mel Foster Tech. Sales, Inc., 
Edina, MN Office 
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SALES OFFICES 
REPRESENTATIVES 

TENNESSEE 
DONELSON 
EMA 
118 Spring Valley 
Donelson, TN 37214-2822 
(615) 883-1414 

JONESBORO 
EMA 
Route 8, Dogwood Vlg. 
Jonesboro, TN 37659-9807 
(615) 753-8081, (800) 633-2920 

TEXAS 
DALLAS 
PMI SALES OFFICE 
11325 Pegasus St., Suite E-102 
Dallas, TX 75238-3228 
(214) 341-1742, (800) 223-6147 
TWX 910-861-4079 

HOUSTON 
PMI SALES OFFICE 
P. O. Box 262423 
Houston, TX 77207-2423 
(713) 481-6460, (214) 341-1742 
(800) 223-6147 TWX 910-861-4079 

UTAH 
SALT LAKE CITY 
FRONT RANGE MARKETING 
2520 S. State St., Suite 117 
Salt Lake City, UT 84115-3110 
(801) 364-6481 TWX 910-925-4117 

VERMONT 
Contact Boston, MA Office 

VIRGINIA 
Contact Conroy Sales, 
Baltimore, MD Office 

WASHINGTON 
BELLEVUE 
NORTHWEST MARKETING 
Suite 330N 
12835 Bellevue Redmond Rd. 
Bellevue, WA 98005-2625 
(206) 455-5846 TWX 910-443-2445 

WEST VIRGINIA 
Contact Del Steffen & Associates, 
Pittsburg, PA Office 

NORTH AMERICA 

WISCONSIN (EASTERN) 
Contact Chicago, tL Office 

WISCONSIN (WESTERN) 
Contact Mel Foster Tech. Sales, Inc., 
Edina, MN Office 

WYOMING 
Contact Littleton, CO Office 

CANADA 
ALBERTA 
HI-TECH SALES LIMITED 
P.O. Box 115 
339 10th Ave. Southeast 
Calgary, Alberta T2G OW2 
(403) 239-3773 

BRITISH COLUMBIA 
HI-TECH SALES LIMITED 
7510 B Kingsley 
Burnaby, British Columbia V3N 3C2 
(604) 524-2131 

MANITOBA 
HI-TECH SALES LIMITED 
#102-902 St. James St. 
Winnipeg, Manitoba R3G 3J7 
(204) 786-3343 

NEW BRUNSWICK 
Contact Source Electronics Ltd., 
Rexdale, Ontario Office 

NEWFOUNDLANO 
Contact Source Electronics ltd., 
Rexdale, Ontario Office 

NOVA SCOTIA 
Contact Source Electronics Ltd., 
Rexdaie, Ontario Office 

ONTARIO 
SOURCE ELECTRONICS LTD. 
P.O. Box 13235 
Kanata, Ontario K2K 1X4 
(613) 592-5392 

ONTARIO 
SOURCE ELECTRONICS LTD. 
83 Galaxy Blvd., Unit 9 
Rexdale, Ontario M9W 5X6 
(416) 675-6235 

QUEBEC 
Contact Source Electronics Ltd., 
Rexdale. Ontario Office 

SASKATCHEWAN 
Contact Hi-Tech Sales Limited 
Winnipeg, Manitoba Office 

II 
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ALABAMA 
HUNTSVILLE 
HALL-MARK ELECTRONICS 
4900 Bradford Dr. 
Huntsville, AL 35805-1951 
(205) 837-8700 TWX 810-726-2187 

HUNTSVILLE 
PIONEER 
4825 University Square 
HUntsville. AL 35805-6041 
(205) 837-9300 TWX 810-726-2197 

ARIZONA 
PHOENIX 
HALL-MARK ELECTRONICS 
4040 E. Raymond 
Phoenix, AZ 85040-1983 
(802) 437-1200 TWX 910-951-1325 

TEMPE 
ANTHEM ELECTRONICS 
1727 E. Weber Dr. 
Tempe, AZ 852BH841 
(602) 966-6600 TWX 910-950-0110 

TEMPE 
BELL INDUSTRIES 
1705 W. 4th 8t. 
Tempe, AZ 85281-2403 
(602) 866-7800 TWX 910-950-0133 

CALIFORNIA 
CANOGA PARK 
HALL-MARK ELECTRONICS 
8130 Remmet Ave. 
Canoga Park, CA 91304-4129 
(818) 716-7300 

CHATSWORTH 
ANTHEM ELECTRONICS 
20640 Bahama St. 
Chatsworth, CA 91311-6101 
(818) 700-1000 TWX 910-493-2083 

GARDEN GROVE 
BELL INDUSTRIES 
12322 Monarch SI. 
Garden Grove, CA 92641-2909 
(714) 220-0681 TWX 910-596-2362 

GARDENA 
BELL INDUSTRIES 
306 E. Alondra Blvd. 
Gardena, CA 90248-2810 
(213) 515-1800 TWX 910-346-6336 

IRVINE 
ANTHEM ELECTRONICS 
1 Oldfield Dr. 
Irvine, CA 92718-2809 
(714) 768-4444 TWX 910-595-1583 

LOS ALAMITOS 
SEMI DICE INC. 
10961 Bloomfield St. 
L.os Alamitos, CA 90720-2586 
(213) 594-4631 TWX 910-341-7710 

CALIFORNIA continued 
SACRAMENTO 
BELL INDUSTRIES 
500 Giuseppe Ct., Suite 6 
Roseville, CA 95678-6305 
(916) 969-3100 

SAN DIEGO 
ANTHEM ELECTRONICS 
9639 Carroll Park Dr. 
San Diego, CA 92121-1406 
(619) 453-9005 TWX 910-335-1515 

SAN DIEGO 
BELL INDUSTRIES 
7450 Ronson Rd. 
San Diego, CA 92111-1508 
(619) 268-1277 

SAN DIEGO 
HALL-MARK ELECTRONICS 
3878 Ruffin Rd., Suite lOB 
San Diego, CA 92123-1849 
(619) 268-1201 

SAN JOSE 
ANTHEM ELECTRONICS 
1040 E. Brokaw Rd. 
San Jose, CA 95131-2309 
(408) 295-4200 TWX 910-338-2038 

SAN JOSE 
HALL-MARK ELECTRONICS 
1110 Ringwood Ct. 
San Jose, CA 95131-1726 
(408) 946-0900 TWX 910-339-9505 

SUNNYVALE 
BELL INDUSTRIES 
1161 N. Fairoaks Ave. 
Sunnyvale, CA 94089-2102 
(408) 734-8570 TWX 910-339-9378 

THOUSAND OAKS 
BELL INDUSTRIES 
1829A De Havilland Dr. 
Thousand Oaks, CA 91320-1702 
(805) 499-6821 TWX 910-321-3799 

TORRANCE 
HALL-MARK ELECTRONICS 
19220 S. Normandie 
Torrance, CA 90502-1011 
(213) 217-8400 

TUSTIN 
HALL-MARK ELECTRONICS 
14831 Franklin Ave. 
Tustin, CA 92680-7292 
(714) 669-4700 TWX 910-997-0523 

COLORADO 
DENVER 
ANTHEM ELECTRONICS 
8200 S. Akron St. 
Englewood, CO 80112-3505 
(303) 790-4500 

DENVER 
HALL-MARK ELECTRONICS 
6950 S. Tucson way, Suite G 
Englewood, CO 80112-3922 
(303) 790-1662 TWX 910-931-0472 

WHEAT RIDGE 
BELL INDUSTRIES 
8155 W. 48th Ave. 
Wheat Ridge, CO B0033-3199 
(303) 424-1985 TWX 910-938-0393 
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AUTHORIZED 
DISTRIBUTORS 

CONNECTICUT 
NORWALK 
PIONEER 
112 Main SI. 
Norwalk, CT 06851-4617 
(203) 853-1515 TWX 710-468-3373 

WALLINGFORD 
HALL-MARK ELECTRONICS 
33 Village Lane 
Wallingford, CT 06492-2426 
(203) 269-0100 TLX 314-207 

FLORIDA 
CLEARWATER 
HALL-MARK ELECTRONICS 
15301 Roosevelt Blvd., Suite 303 
Clearwater, Fl 33520-3561 
(813) 530-4543 

FT. LAUDERDALE 
PIONEER 
674 S. Military Trail 
Deerfield Beach, FL 33442-3023 
(305) 428-8877 TWX 510-955-9653 

FT. LAUDERDALE 
HALL-MARK ELECTRONICS 
3161 S.W. 15th St. 
Pompano Beach, FL 33069-4806 
(305) 971-9280 TWX 510-956-9720 

ORLANDO 
HALL-MARK ELECTRONICS 
7648 Southland Blvd., Suite 100 
Orlando, FL 32809-6993 
(305) 855-4020 TWX 810-850-0105 

ORLANDO 
PIONEER 
221 N. Lake Blvd. 
Altamonte Springs, FL 32701-4399 
(305) 834-9090, (800) 432-6094 
TWX 810-853-0284 

GEORGIA 
NORCROSS 
HALL-MARK ELECTRONICS 
6410 Atlantic Blvd., Suite 115 
Norcross, GA 30071-1241 
(404) 447-8000 TWX 810-766-4510 

NORCROSS (ATLANTA) 
PIONEER 
Peachtree CrOSSing Bus. Park 
5835B Peachtree Corners, East 
Norcross, GA 30092-3404 
(404) 448-1711 TWX 810-766-4515 

NORTH AMERICA 

ILLINOIS 
WODDDALE 
HALL-MARK ELECTRONICS 
210 Mite! Dr. 
Wood Dale, IL 60191-1120 
(312) 860-3800 TWX 910-651-0185 

CHICAGD 
PIONEER 
1551 Carmen Dr. 
Elk Grove Village, fL 60007-6581 
(312) 437-9680 TWX 910-222-1834 

INDIANA 
INDIANAPDLIS 
HALL-MARK ELECTRONICS 
4275 W. 96th St. 
Indianapolis, IN 46268-1113 
(317) 872-8875 

INDIANAPDLIS 
PIONEER 
6408 Castleplace Dr. 
Indianapolis, IN 46250-1914 
(317) 849-7300 TWX 610-260-1794 

KANSAS 
LENEXA (KANSAS CITY) 
HALL-MARK ELECTRONICS 
10815 Lakeview Ave. 
Lenexa, KS 66219-1329 
(913) 888-4747 TWX 910-749-6620 

MARYLAND 
BALTIMORE 
HALL-MARK ELECTRONICS 
10240 Old Columbia Rd. 
Columbia, MD 21046-1218 
(301) 988-9800 TWX 710-862-1907 

GAITHERSBURG 
PIONEER 
9100 Gaither Rd. 
Gaithersburg, MD 20877-1422 
(301) 921-0660 TWX 710-828-0545 

MASSACHUSETTS 
LEXINGTON 
PIONEER 
44 Hartwell Ave. 
Lexington, MA 02173-3103 
(617) 861-9200 TWX 710-326-6617 

NORWOOD 
GERBER ELECTRONICS 
128 Carnegie Row 
Norwood, MA 02062-5010 
(617) 769-6000 TWX 710-336-1987 

WESTBOROUGH 
FUTURE ELECTRONICS 
133 Flanders Rd. 
Westborough, MA 01581-1005 
(617) 366-2400 TWX 710-390-0374 

WOBURN 
HALL-MARK ELECTRONICS 
6 Cook St. 
Billerica, MA 01821-6036 
(617) 935-9777 TLX 929 419 
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MICHIGAN 
LIVONIA 
PIONEER 
13485 Stamford 
Livonia, MI 48150-1598 
(313) 525-1800 TWX 810-242-3271 

MINNESOTA 
BLOOMINGTON 
HALL-MARK ELECTRONICS 
7838 12th Ave., South 
Bloomington, MN 55420-1477 
(612) 854-3223 TWX 910-576-3187 

MINNEAPOLIS 
MERIT ELECTRONICS CORP. 
Warehouse Suite 210 
2525 Nevada Ave., North 
Minneapolis, MN 55427-3662 
(612) 546-5383 

MINNETONKA (TWIN CITIES) 
PIONEER 
10203 Bren Rd., East 
Minnetonka, MN 55343-9072 
(612) 935-5444 TWX 910-576-2738 

MISSOURI 
EARTH CITY 
HALL-MARK ELECTRONICS 
13750 Shoreline Dr. 
Earth City, MO 63045-1224 
(314) 291-5350, (800) 325-1021 
TWX 910-762-0672 

NEW JERSEY 
FAIRFIELD 
HALL-MARK ELECTRONICS 
107 Fairfield Rd. 
Fairfield, NJ 07006-2412 
(201) 575-4415 TWX 710-734-4409 

FAIRFIELD 
NU-HORIZONS ELECTRONICS 
CORP. 
258 Route 46 
Fairfield, NJ 07006-2324 
(201) 882-8300 

MT. LAUREL 
HALL-MARK ELECTRONICS 
1000 Midlantic Dr. 
Mt. Laurel, NJ 08054-1511 
(609) 235-1900 TWX 710-940-0660 

PINE BROOK 
PIONEER 
45 Route 46 
Pine Brook, NJ 07058-9607 
(201) 575-3510 TWX 710-734-4382 

NEW MEXICO 
ALBUQUERQUE 
BELL INDUSTRIES 
11728 Linn, Northeast 
Albuquerque, NM 87123-2943 
(505) 292-2700 TWX 910-989-0625 

NEWYDRK 
BINGHAMTON 
PIONEER 
1806 Vestal Pkwy .• East 
Vestal, NY 13850-1942 
(607) 748-8211 TWX 510-252-0893 

FAIRPORT 
PIONEER 
840 Fairport Park 
Fairport, NY 14450-2012 
(716) 381-7070 TWX 510-253-7001 

LONG ISLAND 
HALL-MARK ELECTRONICS 
1 Comac Loop 
Ronkonkoma, NY 11779-6816 
(516) 737-0600 TWX 510-222-0162 

NO. AMITYVILLE 
NU-HORIZONS ELECTRONICS 
CORP 
6000 New Horizons Blvd. 
No. Amityville, NY 11701-1130 
(516) 22&-6000, (800) 645-9222 
TLX 221228 

WOODBURY (LONG ISLANO) 
PIONEER 
60 Crossways Park, West 
Woodbury, NY 11797-2019 
(516) 921-8700 TWX 510-221-2184 

NORTH CAROLINA 
CHARLOTTE 
PIONEER 
9801-A Southern Pine Blvd. 
Charlotte, NC 28210-5562 
(704) 527-8188 TWX 810-621-0366 

RALEIGH 
HALL-MARK ELECTRONICS 
5237 North Blvd. 
Raleigh, NC 27604-2925 
(919) 872-0712 TWX 510-928-1831 

OHIO 
CLEVELAND 
PIONEER 
4800 E. 131st SI. 
Cleveland, OH 44105-7132 
(216) 587-3600 TWX 610-422-2210 

DAYTON 
PIONEER 
4433 Interpoint Blvd. 
PO. Box 291 
Dayton, OH 45424-5708 
(513) 236-9900 
TWX 810-459-1622/1623 

SOLON 
HALL-MARK ELECTRONICS 
5821 Harper Rd. 
Solon, OH 44139-1832 
(216) 349-4632 

WORTHINGTON 
HALL-MARK ELECTRONICS 
Suite "S" 
400 E. Wilson Bridge Rd. 
VVorthington, OH 43085-2321 
(614) 688-3313 
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OKLAHOMA 
TULSA 
HALL-MARK ELECTRONICS 
5460 S. 103rd East Ave. 
Tulsa, OK 74146-5815 
(916) 665-3200 TWX 910-845-2290 

OREGON 
LAKE OSWEGO 
ANTHEM ELECTRONICS, INC. 
15812 S.w. Upper Boones Ferry Rd. 
Lake Oswego, OR 97034-4066 
(503) 684-2661 

PORTLAND 
BELL INDUSTRIES 
6024 S.W. Jean Rd. 
Lake Oswego, OR 97034-5390 
(503) 241-4115 TWX 910-455-8177 

PENNSYLVANIA 
HORSHAM 
PIONEER 
261 Gibralter Rd. 
Horsham, PA 19044-2377 
(215) 674-4000 TWX 510-665-6778 

PITTSBURGH 
PIONEER 
259 Kappa Dr. 
Pittsburgh, PA 15238-2817 
(412) 762-2300 TWX 710-795-3122 

TEXAS 
AUSTIN 
HALL-MARK ELECTRONICS 
12211 Technology BlVd. 
Austin, TX 78727-6102 
(512) 258-6848 TWX 910-847-2031 

AUSTIN 
PIONEER 
9901 Burnet Rd. 
Austin, TX 78758-5239 
(512) 835-4000 TWX 910-874-1323 

DALLAS 
HALL-MARK ELECTRONICS 
10375 Brockwood Rd. 
Dallas, TX 75238-1656 
(214) 341-1147 TWX 910-867-4775 

DALLAS 
PIONEER 
13710 Omega Rd. 
Dallas, TX 75244-4516 
(214) 386-7300, (800) 492-9027 
TWX 910-860-5563 

HOUSTON 
HALL-MARK ELECTRONICS 
8000 Westglen 
P.O. Box 42190 
Houston, TX 77063-6485 
(713) 781-6100 TWX 910-881-2711 

HOUSTON 
PIONEER 
5853 Point West Dr. 
Houston, TX 77036-2611 
(713) 988-5555 TWX 910-881-1606 

NORTH AMERICA 

UTAH 
SALT LAKE CITY 
ANTHEM ELECTRONICS 
1615 W. 2200, South, Suite A 
Salt Lake City, UT 84119-1456 
(801) 973-8555 TWX 910-925-5273 

SALT LAKE CITY 
BELL INDUSTRIES 
3639 W. 2150, South 
Salt Lake City, UT 84120-1286 
(801) 972-6969 TWX 910-925-5686 

WASHINGTON 
REDMOND 
ANTHEM ELECTRONICS 
5020 148th Ave., Northeast 
Redmond, WA 98052-5171 
(206) 881-0850 

SEATTLE 
BELL INDUSTRIES 
1900 132nd Ave., Northwest 
Bellevue, WA 98005-2288 
(206) 747-1515 TWX 910-443-2482 

WISCONSIN 
NEW BERLIN 
HALL-MARK ELECTRONICS 
16255 W. Lincoln Ave. 
New Berlin, WI 53151-2834 
(414) 797-7844, (800) 242-5252 
TLX 323 062 

CANADA 
ALBERTA 
FUTURE ELECTRONICS, INC. 
5809 MacLeod Trail South, Unit 109 
Calgary, Alberta T2H OJ9 
(403) 259-6408 TWX 610-821-1927 

BRITISH COLUMBIA 
FUTURE ELECTRONICS, INC. 
3070 Kingsway 
Vancouver, British Columbia 
V5R 5J7 
(604) 438-5545 TWX 610-922-1668 

BRITISH COLUMBIA 
INTEK ELECTRONICS LTD. 
8385 SI. George St. -10 
Vancouver, British Columbia 
V5X 4P3 
(604) 324-6831 TWX 610-922-5032 
TLX 04-507578 

ONTARIO 
FUTURE ELECTRONICS, INC. 
Baxter Centre, 1050 Baxter Rd. 
Ottawa, Ontario K2C 3P2 
(613) 820-8313 TWX 610-563-1697 

ONTARIO 
FUTURE ELECTRONICS, INC. 
82 St. Regis Crescent N. 
Downsview, Ontario M3J 1 Z3 
(416) 638-4771 TWX 610-491-1470 

QUEBEC (MONTREAL) 
FUTURE ELECTRONICS, INC. 
237 Hymus Blvd. 
Pointe Claire, Quebec H9R 5C7 
(514) 694-7710 TWX 610-421-3251 

II 
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EUROPEAN 
HEADQUARTERS 
BOURNSAG 
Zuger.tr •••• 74 
8340 Baar 
Switzerland 
Phone: 042~33 33 33 
Telex: 868 722 

ARGENTINA 
Noise S.R.L 
V. Cevallos 239 
(1077) Buenos Aires 
Argentina 
Phone: 46-5776/0628/0664/2214 
Telex: 22892 Noise AR 

AUSTRALIA 
VICTORIA 
RIFA Pty. ltd. 
202 Bell St. 
Preston, Victoria 3072 
Phone: (03) 480 1211 
Telex: AA 31001 
Cable: RIFMEL 

NEW SOUTH WALES 
RIFA Pty. Ltd. 
2 Cross St. 
Hurstville, 2220 N.S.W. 
Phone: (02) 570-8122 
Telex: 22515 

AUSTRIA 
Ing. Otto Folger 
Elektronische Geraete 
Blindengasse 36 
1080 Vienna 
Phone: 0222-4326 39 
Telex: 131 882 

BENELUX 
Bourns Benelux B.V. 
Van Tuyl van Serooskerkestr. 81-85 
P.O. Box 37 
2270 AA Voorburg 
Phone: 070-87 54 04 
Telex: 32023 

DENMARK 
E. Friis-Mikkelsen A/S 
Krogshojvej 51 
2880 Bagsvaerd-Copenhagen 
Phone: 02-986333 
Telex: 37350 

EASTERN EUROPE 
DipL Ing. 
Gerhard Stolts 
Nordbahnstrasse 44/15 
1020 Vienna 
Austria 
Phone: 0222-24 71 37 
Telex: 134 171 

FINLAND 
Insele OY 
Kumpulantie 1 
00520 HelSinki 52 
Phone: 90-750600 
Telex: 122 217 

FRANCE 
Bourns OHMIC SA 
21/23 rue des Ardennes 
75019 Paris 
Phone: 01-42039633 
Telex: 230008 

GERMANY 
Bourns GmbH 
Postfach 1155 
Brelte Strasse 2 
7000 Stuttgart 1 
Phone: 0711-22930 
Telex: 721 556 

REGIONAL OFFICE 
Bourns GmbH 
Bahnhofstrasse 4b 
8057 Eching 
Phone: 089-319 12 70 

GREECE 
Germanis Co. 
Trade of Electronic Gear 
Aristotelous S1. 47-49 
P.O. Box 8209 
10010 Athens 
Phone: 01-821 58 25 
Telex: 219179 

HONG KONG 
Components Agent Ltd. 
Unit 2301 C-2, Nan Fung Centre 
298 Castle Peak Road, N. T. 
Phone: 0-4992688 
Telex: 30398 Comag HX 

INDIA 
Sujata Sales & Electronics 
141-A Mittal Ct. 
Nariman Point 
Bombay 40021 
Phone: 222-999 
Telex: 0113855 

ISRAEL 
AVIV Electronics Ltd. 
12, Kehilat Venecia SI. 
P.O.B.24190 
Tel-Aviv 61241 
Phone: 03-494450 
Telex: 33572 maviv il 
Fax: 3-494065 

ITALY 
TECHNIC S.r.L. 
Via Brambo 21 
20139 Milan 
Phone: 02-5695746 
Telex: 316651 

REGIONAL OFFICE 
TECHNIC S.LL. 
Via Ipponio 2 
00183 Rome 
Phone: 06-77 83 94 
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JAPAN 
Nippon PMI Corporation 
Haratetsu Building 
4-1-11, Kudan Kita 
Chiyoda-ku, Tokyo 
102 Japan 
Phone: (03) 234-1411 
Telex: 781 J 27632 

KOREA 
Yeonil & Company, Ltd. 
#498-5 Dapsipri-Dong 
Dongdaemoon-Ku, Seoul 
Phone: (02) 244-7492 
Telex: K24123 YEONIL 

NORWAY 
AlS Kiell Bakke 
Ovre Raelingsvei 20 
P.O. Box 27 
2001 Lillestrom 
Phone: 02-83 02 20 
Telex: 19 407 

PORTUGAL 
Telectra S.A.R.L 
Rua Rodrrgo da Fonseca 103 
Lisbon 1 
Phone: 19-68 60 72 
Telex: 42827 

SINGAPORE 
Dynamar International Ltd. 
12, Lorong Bakar Batu, #65-11 
Kolam Ayer Industrial Park 
Singapore 1534 
Phone: 747-6188 
Telex: RS26283 Dynama 

SOUTH AFRICA 
JOHANNESBURG 
Associated Electronics (pty) Ltd. 
P.O. Box 31094, Braamfontein 2017 
Associated House, 150 Caroline SI. 
Srixton, Johannesburg 
Phone: 011-8391824 
Telex: 425586 

OUNSWART 
Allied Electronic Components 
(Ply) Ltd. 
PO. Box 6387 
Dunswart 1508 
Phone: 52-8661 
Telex: 425559 

INTERNATIONAL 

SPAIN 
Selco SA 
Paseo de la Habana, 190 
28036 Madrid 
Phone: 01-4054213 
Telex: 45458 

REGIONAL OFFICES 
BARCELONA 
Selco S.A. 
Gran via de las cortes catalanas, 
1176 bis 
080020 Barcelona 
Phone: 03-314 74 11 

BILBAO 
Selco SA 
Rodriguez Arias, 71 bis 
48013 Bilbao 
Phone: 04-442 46 00 

SWEDEN 
Bexab Elektronik AB 
P.O. Box 516 
18325 Taeby 
Phone: 08-768 05 60 
Telex: 10912 

SWITZERLAND 
Bourns (Schweiz) AG 
Zugerstrasse 74 
6340 Baar 
Phone: 042-333333 
Telex: 868722 

TAIWAN 
Monihan International Corporation 
9F No. 176 Fu-Hsing N. Rd. 
Taipei, Taiwan, R.O.C. 
Telex: (785) 20422 Morrihan 

TURKEY 
NEL Elektronik 
Suemer Sokak No. 42/1 
Yenisehir-Ankara 
Phone: 041-301510 
Telex: 42 229 

REGIONAL OFFICE 
NEL Elektronik 
lnonu Cad Dumen Sokak 1/15 
Takslm-Istanbul 
Phone: 01-144 06 36 
Telex: 24549 

UNITED KINGDOM 
Bourns Electronics Ltd. 
Hodford House 
17/27 High St. 
Hounslow, Middlesex TW3 HE 
Phone: 01-5726531 
Telex: 264485 

YUGOSLAVIA 
Jugomineral 
Sektor inozemna zastupstva 
lIica 34111 
P.O. Box 376 
41000 Zagreb 
Phone: 041-423746 
Telex: 21 194 
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BELGIUM FRANCE continued 

Auriema Belgium BOROEAUX CEDEX 
rue Brognlezstraat 172 a S.C:r. Toutelectric 
1070 Brussels aO/83, quai de Queyries 
Phone: 02M523 62 95 33072 Bordeaux Cedex 
Telex: 21646 Phone: 56 86 50 31 

Telex: 550 988 

FRANCE SAINT PRIEST 
MAISONS-LAFITTE DIMACEL 

I.S.A. Electroniqu8 Cerisioz 2-Tour 5 

50/52, rue d'Acheres 32bis, Boulevard des Roses 

78600 Maisons-Lafitte 69800 Saint Priest 
Phone: 1-39 122452 Phone: 78 21 3721 

Telex: 695 877 Telex: 380 010 

SURESNES SAINT MARTIN d'HERES CEDEX 

I.S.C. DIMACEL 
International Semi-Conductor 21, rue Beal 

Corp. France Z.1. Sud 

28/30 rue de la Procession B.P.155 
B.P118 38404 Saint Martin d'Heres Cedex 

92153Suresnes LYON CEDEX 
Phone: 1-45 06 42 75 RADIALEX 
Telex: 614 596 74, rue Vendome 

VERRIERES LE BUISSON B.P. 6003 
HYBRITECH (for dice only) 69411 lyon Cedex 06 

Z.l. des Godets Phone: 78 89 45 45 
Route de Bua Telex: 300 238 

CE421 GRENOBLE 
91374 Verrieres Ie Suisson RADIALEX 
Phone: 1-69 20 22 10 6, rue Georges Jacquet 
Telex: 300315 B.P. 866 
CHATILLON CEDEX 38036 Grenoble 
BANELEC Phone: 76 49 49 92 
90, rue Pierre Sernard Telex: 320 378 
B.P. 83 TOULOUSE CEDEX 
92322 Chatillon Cedex S.C.1: Toutelectric 
Phone: 1-46554343 37, avo Emile Dewoitine 
Telex: 204 874 B.P. 2167 
CLiCHYCEDEX 31022 Toulouse Cedex 
DIMACEL Phone: 61 220422 
11, rue Jean d'Asnieres Telex: 530 219 
B.P. 280 TOULOUSE 
92113 Clichy Cedex DIMACEL 
Phone: 1-4730 15 15 284, route de St Simon 
Telex: 610 652 31100 Toulouse 
BONNEUIL CEDEX Phone: 61 409650 
SYSCDM Telex: 521 364 
Z.A. des Petits-Carreaux LES MILLES 
12, avo des Coquelicots DIMACEL 
94385 Bonneuil Cedex 64, rue Georges Claude 
Phone: 1-43 77 84 88 Z.L Aix en Provence 
Telex: 231 568 13763 Les Milles 
LlLLE Phone: 42 39 85 50 
DIMACEL Telex: 441 569 
78, rue Boucher-de-Perthes TOULON CEDEX 
59800 Lille DIMEL 
Phone: 20 30 85 aD "le Marino" 
Telex; 110 173 Avenue Claude Farrere 
STRASBOURG B.P 1153 
DIMACEL 83058 Toulon Cedex 
17, Boulevard de Nancy Phone: 94 414963 
6700 Strasbourg Telex: 430 093 
Phone; 88 22 07 19 
Telex: 880372 GERMANY 
RENNES BERLIN 
DIMACEL Spoerle Electronic KG 
5, rue Louis Turban Gneisenaustrasse 2 
35100 Rennes 1000 Berlin 61 
Phone: 99 50 25 92 Phone: 030-693 40 90 
Telex: 950 466 Telex: 186 029 

BORDEAUX BERLIN 
DIMACEL Distron GmbH & Co. 
137/139, rue Croix-de-Seguey Behaimstrasse 3 
33000 Bordeaux 1000 Berlin 10 
Phone: 56 81 14 40 Phone: 030-342 10 41 45 
Telex: 540 579 Telex: 185 478 
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INTERNATIONAL 

GERMANY continued ITALY 
BREMEN MILAN 
Assmy & Bottger Camprel S.P.A. 
Ingolstadlerstrasse 1/3 Viale F. Testi, 115 
2800 Bremen 1 20092 Ciniselto Balsamo 
Phone: 0421-38 94 1 Mitan 
Telex: 244363 Phone: 02-612 06 41/5 

HAMBURG Phone: 02-612 66 41/5 
Telex: 332 484 Walter Kulxen GmbH 

Nordkanalstrasse 52 ROME 
2000 Hamburg 1 Camprel S.P.A. 
Phone: 040-2 37 01 0 Via Fernesina, 224 
Telex: 2 162074 00194 Rome 

HANNOVER Phone: 06-328 67 39 

Elkose GmbH 
Phone: 06-328 68 89 

Vahrenwalderstrasse 205/207 VICENZA 
3000 Hannover 1 Comprel S.P.A. 
Phone: 0511-6 78 05 0 Via Paslni 18 
Telex: 921 501 36100 Vicenza 

DORTMUND 
Phone: 0444-3 39 12 

Elkose GmbH 
Lindenhorsterstrasse 38 NETHERLANDS 
4600 Dortmund HAAKSBERGEN 
Phone: 0231-8 40 50 Texim Electronics B.V. 
Telex: 8 227 882 Albert Cuyplaan 4 

DREIEICH 7482 JA Haaksbergen 

Spoerle Electronic KG Phone: 05427-333 33 

Max-Planck-Strasse 1/3 Telex: 448 08 

6072 Dreieich STADSKANAAL 
Phone: 06103-3 04 0 Elincomb B. V. 
Telex: 417 972 Oosterkade 33, 

MOGLINGEN PO. Box 248 

Elkose GmbH 9500 AE Stadskanaal 

Sahnhofstrasse 44 Phone: 05990-148 30 

7141 Moglingen Telex: 533 78 

Phone: 07141-48 70 
Telex: 7264472 SWEDEN 

STUTTGART Elta Radio and Television AS 
DACOM Electronic Vertriebs GmbH 17117 Solna 
Hutteneichenweg 10 Phone: 08-7300700 
7000 Stuttgart 80 
Phone: 0711-74 10 21 SWITZERLAND 
Telex: 7 255 309 Distrelec AG 
MUNICH Hardturmstrasse 131 
Astronic 8037 Zurich 
Winzererstrasse 47 D Phone: 01-276 22 11 
8000 Munchen 40 Telex; 823 045 
Phone: 089-30 90 31 
Telex: 5216 187 UNITED KINGDOM 
KIRCH HElM CAMBRIDGE 
MeS Electronic Hi-Tek Electronics Ltd. 
Benzstrasse 1 Ditton Walk 
8011 Kirchheim Cambridge CB5 800 
Phone: 089-903 85 51 Phone: 0223-21 3333 
Telex: 5 215 555 Telex: 817 347 

PUTZBRUNN BEDFORD 
Sasco GmbH RR Electronics Ltd. 
Hermann-Oberth-Strasse 16 Sf. Martins Way Industrial Estate 
8011 Putzbrunn Cambridge Road 
Phone: 089-4 61 10 Bedford MK42 OlF 
Telex: 529 504 Phone: 0234-47 188 

NUERNBERG Telex: 826 251 

Semtech GmbH KENT 
Hallerweiherstrasse 5 Jermyn Distribution Ltd. 
8500 Nuernberg 50 Vestry Estate 
Phone: 0911-83 10 03 Sevenoaks 
Telex: 623 960 Kent TN 14 5EU 

Phone: 0732-45 01 44 

ISRAEL Telex: 95 142 

AVIV Electronics Ltd. ESSEX 
12, Kehilat Venecia SI. STC Electronics Services 
PO. Box 24190 Edinburgh Way 
Tel-Aviv 61241 Harlow 
Phone: 03-49 44 50 Essex CM20 2DF 
Telex: 33 572 Phone: 0279-26 777 

Telex: 81 525 
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