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A P u l s e  Amplifier Using Integrated Circuits 

W. H .  Tyree 

Abstract .  A 0-10 vol t  pu lse  amplifier ut i l iz ing low ' 

c o s t  l inear  and logic  integrated c i rcu i t s  and p las t i c  
e n c a s e d  t rans i s to rs  w a s  built .  T h e  uni t  had a 
maximum gain of 350 ,  no ise  input of 1 5  microvolts,  
adjustable  r iset ime,  and a coincident  logic s igna l .  

INTRODUCTION 

Several  companies  have made ava i lab le  for industr ia l  
use  medium ga in ,  high frequency, l inear  integrated 
circui ts .  T h e s e  a r e  ava i lab le  for a s  low a s  $2.50 
per unit. T h e  t y p e s  of li'near integrated c i rcu i t s  

' which were ava i lab le  through loca l  e lectronic  supply  
were compared for frequency response ,  ga in ,  s im- 
plicity of ins ta l l a t ion ,  and un i t  cos t .  T h e  Westing- 
house  Type  WC-1146T w a s  chosen  for t h i s  
appl icat ion.  

DESCRIPTION 

another  emit ter  follower Q4 which h a s  a n  output l eve l  
control.  A trigger amplifier Q 5  w a s  located between 
the emitter follower Q4 and  the t r igger  circui t  Q6 t o  
improve the trigger s e n s i t i v i t y  t o  low amplitude 
p u l s e s  from the amplifier.  T h e  pu lse  from the logic  
circui t  Q6, a univibrator, w a s  approximately 1.5 
to 2 microseconds.1ong. Emit ter  fol lowers  Q7 and Q8 
were used  t o  decouple  the trigger circui t  from the 
output logic l ines .  

E L E C T R I C A L  CHARACTERISTICS 

The  amplifier l ineari ty  w a s  t e s t e d  over a wide range 
of input pu lse  ampli tudes.  T h e  following curves  
demonstrated the overa l l  linearity'. 

A 
/ A=Minirnum .Input Coarse Atten. 

The amplifier ( ~ i ~ u r e  1)  w a s  des igned  for u s e  a s  a 
B=Mid Coarse Atten. 

I- C=Max Coarse Atten. general  purpose nuclear  pu lse  amplifier.  T h e  input . a 
and output pulse l e v e l s  and po la r i t i es  conform t o  6 3 
the guides s e t  for the  AEC module s e r i e s .  A logic 0 

s i g n a l  (Figure 2)  w a s  included for u s e  with a Nuclear  
Data ND-120 multichannel pu lse  height  analyzer .  

T h e  amplifier c i rcu i t  inc ludes  a n  11-s tep  course-  
control a t tenuator  and  a 10-turn wire-wound fine control 
a t tenuator  a t  the input  t o  the integrated circuit.  T h e  
fine control a l l o w s  a cont inuous adjustment  of the 
voltage leve l  with the maximum input vol tage deter-  
mined by the coarse  control  posi t ion.  A pulse 
integrator control w a s  connec ted  t o  pin 7 of the inte- 
g a t e d  circui t  for app l ica t ions  requiring optimum pulse 
s h a p e .  T h e  output of the  WC-1146T w a s  taken a s a  
negative pulse from pin 6 of the  integrated circuit.  
An amplifier s t a g e  Q 2  produced a n  output vol tage 
swing  capabi l i ty  of greater  than 10 volts. An addi- 
t ional  s t a g e  Q3 w a s  included in the amplifier t o  
decouple the  amplifier output s t a g e  from a s i g n a l  
l i n e  ~ l n d  provide a low impedance driving oircui t  for 
ex te rna l  equipment. 

T h e  l inear  s igna l  w a s  a l s o  u s e d  t o  produce a coincident  

pulse with a uniform pulse waveform. T h e  emitter 
follower Q 3  in the l inear  amplifier w a s  connected t o  

0 2 0  40 60 80 100 120 140 160 
MILLIVOLTS ,INPUT 

The no ise  output vol tage from the  amplifier with 
r e s p e c t  t o  the input i s  

E out  
E noise  =- 

A 

A = 330  
E O U ~  = , 4 x i ~ - 3  
E noise  = 15 microvolts  referred to  the input. 

The  .maximum gain of the  amplifier w a s  

E out 
A = - = 350 

E in 



- 
w 

- 
v W+ 2 4 V .  

I + 
0 0 

I- f 7 ~  
- 

V) - 
IN1524 e 3 

0 0 rn - 
I- - - 
V) a - - W 
V) I- 
W 0 V) 

+I 1 -  
[Z I I 
z 100 
I 
0 

0 
0 - I  K 
Z 
W TEN 

0 TURN l- 

o 

0 

0 

I 1 - - 
NOTES : 

I .  CAPACITOR VALUES IN MFD U N L E S S  NOTED. 

2. RESlSTORS ARE 1/4 W VALUE IN OHMS. 

. . FIGURE 1. 0-10 Volt Amplifier. 



FIGURE 2. Logic Circuit .  
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NOTES : 

I .  CAPACITORS ARE M F D  UNLESS NOTED.  

2 .  RESISTORS A R E  1/4 W VALUE IN OHMS U N L E S S  N O T E D .  
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SUMMARY 

A 0-10 volt amplifier which provides pulses for 
nuclear instrumentation was designed and built. 

, The unit was housed in a single width AEC bin 
: mounted module. The amplifier had a maximum. 

gain of 350'with an input noise level referred to 
the input of 15 microvolts. 

The amplifier featured a $3.45 linear integrated 
circuit and a $1.08 plastic encased quad 2 input 

' gate logic circuit. 

BIBLIOGRAPHY 

1. westinghouse Electric Corporation. "Wide Band 
Amplifier Type WC-1146T." Technical Data 

Sheet No. 91-161. May 1966. , 

/ 

2. R .  B. Hurley . "Junction Transistor Electronics." 
Third Printing. John Wiley and Sons, Inc. 1960. 

3. Motorola Corporation. "MRTL Integrated Circuits 
Type MC717P." Technical Data Sheet. May 1966. 




