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1.0  TRANSISTOR AMPLIFER - -  DOUBLE LIFE (TPDL) 

1.1 General Descript ion 

The TADL, a l i n e a r  pulse  a m p l i f i e r  us ing  double, de l ay - l ine  c l i p p i n g  
( ~ i g s .  1.11 and 1 . ~ 2 ) ~  can be used wi th  e i t h e r  s c i n t i l l a t i o n  counters  o r  
semiconductor d e t e c t o r s  by us ing  t h e  proper p reampl i f i e r .  Preampl i f ie r  
power i s  suppl ied  through t h e  s i g n a l  cable,  which i s  t h e  only cable r e -  
qui red .  

With t h r e e  feedback-amplif ier  groups and two de lay - l ine  compensators 
(of t h e  d i f f e r e c t i a l - a m p l i f i e r  type,  each having a ga in  of l) ,  the  ampli- 
f i e r  has a t o t a l  ga in  of 560 ( ~ i ~ .  1.13) .  To prevent  excess ive  overload-  
ing, each feedback-amplif ier  group i s  preceded by a l i m i t e r .  The output ,  
normally terminated i n  100 ohms, i s  l i n e a r  t o  i 10 v .  

A double-regulated power supply increases  s t a b i l i t y  and reduces no i se .  

1 .2  Spec i f i ca t ions  

1. Gain: 560 with a b ina ry ,  32-to-1 s t e p  a t t e n u a t o r  (coarse g a i n )  and a 
continuous , 2 - to  -1 f i n e  ga in .  

2 .  Output: 0 -  t o  + 10-v i n t o  100 ohm terminat ion .  

3 .  Input:  0 -  t o  4-v maximum ilegative pulse  having g r e a t e r  than  50-psec 
decay t ime.  

4 .  I n t e g r a l  Nonlineari ty:  + 0.2% ( see  Fig.  1 .21 ) .  

5 .  Gain S t a b i l i t y :  0.03'$loF (see  Fig.  1 .22 ) ;  and 0.12% p e r  10% change i n  
l i n e  vol tage .  

6 .  Recovery Time: l e s s  than  1 2 p  sec  f o r  200X overload ( see  Fig .  1 . 2 3 ) .  

7. Counting Rate Limi ta t ions :  see Fig.  1 .24 .  

8. Resolut ion and Noise: 1 0 p  v f o r  t h e  s c i n t i l l a t i o n  p reampl i f i e r ;  and 
26 kev with no e x t e r n a l  input  capaci ty  f o r  t h e  semiconductor d e t e c t o r  
p reampl i f i e r  ( see  F igs .  1.25, 1 .26,  and 1 . 2 7 ) .  

1 . 3  C i r c u i t  Eescr ip t ion  (Q-2205 -1 ) 

Negative input  pulses  from t h e  p reampl i f i e r  a r e  c l ipped  by t h e  f i r s t ,  
shorted de lay  l i n e  and appl ied  t o  t h e  base  of  Q1. The unclipped input  
pulses  a r e  a t t enua ted  by ~8 and R9 and appl ied  t o  t h e  e m i t t e r  of Q1. The 
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Fig. 1.11. TADL Amplifier, a Scintillation Pre:mplifier, a Semiconductor Detector Preamplifier, 
and a Snip-Snap Single-Channel Analyzer Chacais. 
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Fig. 1.12. Front Panel f o r  a TADL Amplifier and a Snip-Snap 
Single-Channel Analyzer. 
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Fig. 1.U. Block Diagram of t h e  Trans i s to r  Amplifier - Double 
Line. 
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Fig. 1.21. Integral Nonlinearity of the Transistor Amplifier - 
Double Line. 
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Fig. 1.22. Gain Stability of the Transistor Amplifier - Double 
Line with Changes in Temperature and Line Voltage. 



Fig. 1.23. Oscillogram Showing the  Overload Character is t ics  of a 
Transistor Amplifier - Double Line. The top  wave shows x l  overload 
and the  bottom wave shows x200 overload. The hor izontal  scale  i s  1 
psec/cm and the v e r t i c a l  scale  i s  10 v/cm. 

Fig. 1.24. Oscillogram Showing Counting Rate Limitations of the  
Transistor Amplifier - Double Line. The top wave shows pulses from a 
mercury pulser  which have been amplified by a TADL. The bottom wave 
shows the  same pulses with l o 5  counts/sec from co60 background, 50% 
i n  overload. The hor izontal  scale  i s  1 psec/cm and the  v e r t i c a l  scale  
i s  10 v/cm. 

Fig. 1.25. Oscillogram Showing, a t  the  Top, Spectrum of G m a  
Rays from ~s~~~ and, a t  the  Bottom, Spectrum of Alpha Pa r t i c l e s  from 
po210. The hor izontal  scale  i s  0.5 psec/cm and the  v e r t i c a l  scale  i s  
5 v/cm. 
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Fig. 1.26. Alpha-Particle Resolution of the TADL-1 and Q-2069 
Amplifier Using a 16-mm2 AwSi Surface Barrier Detector with 200-v Bias. 
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Fig. 1.27. Comparison of Resolution Spread Between the Transistor 
Amplifier - Double Line (TADL) and a Low-Noise Vacuum-Tube Amplifier 
(Q-2069). The TADL uses 2N779 transistors and the Q-2069 uses 417~/5842 
tubes. 





a c t i o n  of t h e  feedback from t h e  c o l l e c t o r  of Q1 t o  t h e  base of Q2 and a l s o  
from t h e  c o l l e c t o r  of Q2 t o  t h e  e m i t t e r  of Q1 i s  t o  make t h e  cur rent  i n  
Q 1  cons tan t .  Therefore, t he  output  a t  t h e  c o l l e c t o r  of Q2 i s  -the d i f f e r -  
ence between the  e m i t t e r  and base pulses  a t  Q1. By proper adjustment of 
Rg, t h e  r e s i s t a n c e  l o s s e s  i n  t h e  de lay  l i n e  can be cancel led  ou t .  

The f i r s t  l i m i t e r  ( ~ 1 )  i s  a s i l i c o n  diode,  which conducts whenever 
t h e  output  pulse  from Q2 exceeds 0.75 v .  The output  from D l  i s  l i m i t e d  t o  
l e s s  than 1 v f o r  input  pulses  of b v o r  l e s s .  

The f i r s t  ampl i f i e r  i s  a  two-stage a m p l i f i e r  wi th  negat ive  feedback 
from the  c o l l e c t o r  of Qb t o  t h e  base of Q3. Since t h e  f i r s t  s tage  i s  a  
PNP t r a n s i s t o r  and t h e  second s tage  i s  an NPN t r a n s i s t o r ,  bo th  s t ages  con- 
duct  more cu r ren t  dur ing  t h e  negat ive  input  pu l ses .  The maximum gain i s  
17.7, which equals  ( ~ b  + R22/R22), and t h e  f i n e  ga in  allows about a f a c  - 
t o r  of two decrease i n  ga in .  Since t h e  input  pulses  a r e  l imi t ed  by  D l ,  
t h e  excessive s a t u r a t i o n  of Q4 i s  prevented, r e s u l t i n g  i n  a f a s t  recovery 
from overload.  

With t h e  coarse  ga in  adjustment,  t he  output  of t h e  f i r s t  a m p l i f i e r  
may be a t t enua ted  a maximum of  32 t o  1. The a t t e n u a t o r  output  i s  coupled 
t o  an emi t te r - fo l lower  ( ~ 5 )  t h a t  d r i v e s  the  second l i m i t e r  and second 
ampl i f i e r .  The output  of t h e  second ampl i f i e r ,  which i s  i d e n t i c a l  t o  t h e  
f i r s t  a m p l i f i e r  except t h a t  t h e  second a m p l i f i e r  c a r r i e s  h igher  e m i t t e r  
cur rent  i n  t h e  second s t age  Q7, i s  used t o  d r i v e  the  second de lay  l i n e .  By 
use of a switch, t he  second de lay  l i n e  may be removed; t h i s  gives a s i n g l e -  
s l ipped ,  u n i p o l a r i t y  pulse  having a  s igna l - to -no i se  r a t i o  of about a  f a c t o r  
of two b e t t e r  than f o r  a double-clipped pu l se .  This lower no i se  r a t i o  i s  
u s e f u l  when semiconductor d e t e c t o r s  a r e  used.  

The second emi t te r - fo l lower  ( ~ 8  and ~ 9 )  i s  used t o  compensate f o r  
l o s s e s  i n  the  second de lay  l i n e ,  a s  descr ibed  previous ly .  

The output  of t h e  second emi t te r - fo l lower  i s  fed  t o  the  d r i v e r  ampli- 
f i e r  through a 2000-ohm r e s i s t o r  ( ~ 5 4 ) .  The d r i v e r  a m p l i f i e r  c o n s i s t s  of 
a s i n g l e  s t age  i n v e r t e r  ( ~ 1 0  ) and a double, complementary emi t te r - fo l lower  
(~11, Q12, 6/13, and ~ 1 4 )  from which t h e  output  i s  fed  back t o  t h e  input  
through t h e  20-kilohm r e s i s t o r  ( ~ 5 8 ) .  The gain of t he  s t age  i s  10, which 
equals  ~ 5 8 1 ~ 5 4 .  The d r i v e r  a m p l i f i e r  can d r i v e  the  output ,  terminated i n  
100 ohms, t o  +lo v wi th  0.1% i n t e g r a l  n o n l i n e a r i t y .  Since the  output  i s  
dc coupled t o  the  input ,  potent iometer  R ~ O  a d j u s t s  t he  dc gain and, t h e r e -  
f o r e ,  t h e  dc l e v e l  a t  t h e  output .  

The c o l l e c t o r  of Q10 i s  a l s o  connected t o  a s e r i e s  of b iased  d iodes .  
When the  output  pu l ses  exceeds * 10 v i n  amplitude, t hese  diodes conduct, 
sho r t ing  out  t h e  feedback and reducing t h e  gain of t h e  d r i v e r  a m p l i f i e r  t o  
l e s s  than  u n i t y  f o r  t h e  time t h a t  t he  output pulses  exceed 5 10 v .  This 
diode network then a c t s  a s  t h e  t h i r d  l i m i t e r .  The potent iometer  ( ~ 6 0 )  of 
t h e  t h i r d  l i m i t e r  a d j u s t s  t h e  dc l e v e l ,  a s  explained previous ly ,  so  t h a t  
t h e  l i m i t n g  a c t i o n  i s  symmetrical. 



The power supply i s  double-regulated.  Negative 40 v i s  suppl ied  t o  
t h e  output  s t a g e ,  and t h e  second r egu la to r ,  which supp l i e s  nega.tive 30 v 
t o  t h e  o t h e r  s t a g e s ,  a c t s  a s  both  a  r e g u l a t o r  f o r  e x t r a  regulat . ion and a s  
a f i l t e r  f o r  t h e  f a s t - r i s e ,  h igh-current  pulses  developed by th.e d r i v e r  
a m p l i f i e r .  

1 . 4  Preampl i f ie r  C i rcu i t  Descript ion (Q-2205 -5 ) 

The p reampl i f i e r  f o r  s c i n t i l l a t i o n  counters  c o n s i s t s  of a  t r i p l e  
emi t te r - fo l lower  (~1 ,  Q2, and Q3);  t h e  output  impedance from t h e  e m i t t e r -  
fo l lower  plus t h e  '75-ohm r e s i s t o r  (W ) i s  used t o  te rminate  t h e  output  f o r  
t he  100-ohm cab le .  The input  impedance, which i s  about 1 megohm wi th  a 
p a r a l l e l  capac i ty  of 100 ppf (C2), i s  used t o  i n t e g r a t e  t h e  input  s i g n a l .  
The main advantage of t h i s  c i r c u i t  i s  t h a t  it works w e l l  a t  h igh  counting 
r a t e s .  

The power f o r  t h e  p reampl i f i e r  i s  suppl ied  through t h e  output cable  
and ~ 8 ,  and i s  regula ted  by a  12-v Zener diode (Dl ) .  

A p u l s e r  i npu t ,  which can be used i n  p a r a l l e l  with t h e  s c i n t i l l a t i o n  
counter ,  i s  provided. 

The p reampl i f i e r  f o r  semiconductor d e t e c t o r s  has al 'charge s e n s i t i v e "  
input t h a t  c o n s i s t s  of an  emi t t e r - f  ollower ( ~ 1 )  d r i v i n g  a boot s t rapped 
cascode c i r c u i t  (Q2 and Q 3 )  wi th  an emi t te r - fo l lower  output  ( ~ 4 ) .  The 
output  i s  f ed  back t o  the  input  through t h e  100-psec t ime cons tant  ( C 4  and 
R4), which determines t h e  charge ga in  of t h i s  s t age  and f a l l  t ime of t h e  
output pu l se .  The charge ga in  of t h i s  s t a g e  i s  1 mv pe r  100-ke-v energy 
l o s s  i n  a s i l i c o n  semiconductor d e t e c t o r .  The b i a s  potent iometer  ( ~ 2 5 )  
allows c o n t r o l  of t h e  base  cu r ren t  of t h e  input  t r a n s i s t o r  and can be  used 
t o  optimize t h e  s ignal - to-noise  r a t i o  f o r  d i f f e r e n t  s i z e s  of  d e t e c t o r s .  

An i n v e r t i n g  ampl i f i e r  wi th  a low impedance output  ( ~ 5 ,  Q6, and Q7) 
i s  used t o  f u r t h e r  amplify t h e  s i g n a l  and d r i v e  t h e  100-ohm output  cab le .  
A choice of X 1  o r  X25 ga in  i s  ava i l ab le  by changing t h e  feedback of t h i s  
a m p l i f i e r .  The dc power f o r  t h i s  p reampl i f i e r  i s  suppl ied  by t h e  output  
cable,  and dc r egu la t ion  i s  provided by t h e  12-v Zener diode ( D l ) .  

1 . 5  I n i t i a l  Tes t ing  

1. F i r s t  check t h e  power supp l i e s  and wi th  only  the  power suppl-y t r a n -  
s i s t o r s  i n s t a l l e d ,  a d j u s t  t h e  power supp l i e s  t o  t h e i r  proper  vo l t ages .  

2 .  Test  and i n s e r t  t r a n s i s t o r s  Q1 through Qg, and check vol tages  accord-  
i n g  t o  t h e  c i r c u i t  drawing. A l l  t r a n s i s t o r s  except Q5 should have a 
@ of g r e a t e r  t han  100 at I, = 1 m a .  Q5 should have a @ of 35 o r  more. 
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2 . 0 SNIP - SNAP SINGE3 -CHANNEL AI\IALYZER 

2  General Descript ion 

The Snip-Snap Single-Channel Analyzer, a  companion u n i t  t o  t h e  TADL, 
a c t s  as a  crossover  pick-off  and has  a f a s t ,  r e l a t i v e l y  j i t t e r - f r e e  output  
which can be used i n  fas t -co inc idence  experiments ( ~ i g .  2 .11) .  Both u n i t s  
a r e  cons t ruc ted  on t h e  same c h a s s i s .  

The s ingle-channel  ana lyzer  c o n s i s t s  of a lower d i sc r imina to r  and an 
upper d i sc r imina to r ,  whose outputs  a r e  i n  a n t  i co inc  iderice . When an input  
pulse  t r i g g e r s  t h e  lower d i sc r imina to r ,  a  feedback system, which i s  inco r -  
porated i n  t h e  d i sc r imina to r  l e v e l  c o n t r o l ,  changes t h e  d i sc r imina to r  
h y s t e r e s i s  so t h a t  t h e  d i sc r imina to r  r e t u r n s  t o  t h e  normal s t a t e  a s  t h e  i n -  
put  pulse  changes p o l a r i t y .  An output  pu l se  i s  generated when t h e  d iscr im-  
i n a t o r  r e t u r n s  t o  t h e  normal s t a t e ,  so t h a t  t h e  s ingle-channel  ana lyzer  
a l s o  a c t s  a s  a  crossover  p i ckof f .  The output  pulse  has  s u f f i c i e n t l y  f a s t  
r i s e  t ime f o r  use  i n  fas t -co inc idence  experiments.  

2 .2 Spec i f  i c a t  ions 

1. Input : 0 - t o  10-v p o s i t i v e  , double -de lay- l ine  c l ipped  pu l ses .  

2 .  E Dial  Range : 0 t o  10  v .  

3. D ia l  Range: 0  t o  10 v. 

4. Output Pulse: 3-v p o s i t i v e  pu l se ,  12-nanosec r i s e  t ime,  and 0.3-Vsec 
width when terminated i n  100 onms. 

5 .  I n t e g r a l  Nonlineari ty:  0.1% with 0.1% n o n l i n e a r i t y  potent iometers  
(0.5% potent iometers  a r e  normally suppl ied  ) . 

6. Time S h i f t  of Output Pulse: l e s s  than 10-nanosec time s h i f t  f o r  input  
pulses  of 1- t o  10-v amplitude and 0.1-psec r i s e  t ime (see  Fig. 2 . 2 1 ) .  

2 .3 C i rcu i t  Descript ion (Q-2205 -1 ) 

The lower d i sc r imina to r  c o n s i s t s  of an ac-coupled Schmitt t r i g g e r  
( ~ 1 9  and Q20); 420 normally conducts 2  m a ,  a s  determined by t h e  negat ive  
15-v base  vo l t age .  This vol tage ,  Eo, i s  suppl ied  by t h e  b l eede r  s t r i n g  
through two complementary emi t te r - fo l lowers  ( ~ 2 1  and Q22) which compensate 
each o t h e r  f o r  e f f e c t s  of base- to-emi t te r  vol tage  changes with temperature.  

When t h e  double-clipped input  pulse,  which i s  ac  coupled t o  t h e  base 
of Qlg,  exceeds t h e  t r i g g e r  l e v e l  (E0-E), Qlg  conducts.  The negat ive  



Fig. 2.11. Oscillogram Showing Output Pulses for ~s~~~ Gzma Rays 
from TADL ( ~ o p  Wave) and from the Snip-Snap Single-Channel Analyzer 
i~ottom wave). The horizontal scale is 0.5 ysec/cm and the vertical 
scale is 5 v/cm. 
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pulse a t  t h e  c o l l e c t o r  of Q 9  i s  t r ansmi t t ed  t o  t h e  base of Q2O through 
emit ter-fol lower Q22, causing Q2O t o  s top  conducting. The p o s i t i v e  pulse 
generated at t h e  c o l l e c t o r  of Q2O then  causes Q25 t o  s t o p  conducting, and 
the  c o l l e c t o r  vol tage of Q25 drops u n t i l  t h e  clamp (Q24) s t a r t s  t o  conduct. 
This negat ive pulse a t  the  c o l l e c t o r  of Q25 i s  t r ansmi t t ed  t o  t h e  base of  
Q2O by emi t te r - fo l lower  Q23. Since t h e  voltage at which t h e  clamp t r a n -  
s i s t o r  ( ~ 2 4 )  s t a r t s  conducting i s  E, t h e  base of Q20 i s  now a t  vol tage E, 
which i s  a l s o  t h e  base - l ine  vol tage  of the  input  pu l se .  Therefore, the  
lower d iscr iminator  w i l l  r e t u r n  t o  i t s  normal s t a t e  when t h e  input pulse 
crosses  t h e  base l i n e ,  regardless  of where t h e  d iscr iminator  l e v e l  ( E )  i s  
s e t .  

When Q20 re tu rns  t o  i t s  conducting s t a t e  ( the  crossover poin t  ), t he  
r e s u l t i n g  negat ive pulse i s  t r ansmi t t ed  t o  t h e  ant icoincidence gate through 
t h e  emi t t e r  of Q25 and the  d i f f e r e n t i a t i n g  network ( ~ 5 0  and R92). I f  t h e  
upper l e v e l  d i sc r imina to r  has not t r igge red ,  Q27 i s  sa tu ra t ed  and a c t s  l i k e  
a  very low impedance. The negat ive pulse at the  base of ~ 2 6  then  d r ives  
~ 2 6  i n t o  s a t u r a t i o n ,  and s ince  the  c o l l e c t o r  vol tage of ~ 2 6  i s  l imi t ed  t o  
3 v, a p o s i t i v e  3-v output  pulse i s  generated.  

The upper d iscr iminator  cons i s t s  of Q15 and Q16. Since t h e  base of 
~ 1 6  i s  at OE while t h e  base of Q15 i s  a t  E, a6 i s  normally conducting. 
When the  input  pulse exceeds &3-E, &15 conducts and Q16 i s  cut  o f f .  The 
p o s i t i v e  pulse  generated a t  the  c o l l e c t o r  of Q16 causes t h e  pulse length-  
ener  t r i g g e r  ( ~ 1 7  and ~ 1 8 )  t o  t r i g g e r ,  and a 2-psec p o s i t i v e  pulse  i s  
generated a t  t h e  output  of ~18. This p o s i t i v e  pulse  causes $27 t o  s top  
conducting; t h e r e f o r e  no current  flows i n  $26 when it i s  turned on by t h e  
negat ive pulse  from t h e  lower d iscr iminator ,  and no output  pulse i s  gen- 
e r a t e d .  

The upper d iscr iminator  can be switched o f f  by Sw2, which drops t h e  
base voltage of Q17, so t h a t  t h e  p o s i t i v e  pulse  from Q16 has i n s u f f i c i e n t  
amplitude t o  cause Ql7 t o  conduct. 

2 . 4  I n i t i a l  Test ing 

1. Match t h e  f3 of each t r i g g e r  p a i r  t o  lo$  a t  I, = 3 ma ,  with Ql9 matched 
t o  Q20, Q15 matched t o  ~ 1 6 ,  and Q17 matched t o  Q18. These t r a n s i s t o r s  
should have normal o r  l e s s  Ico . 

2 .  Match t h e  f3 of the  four en i t t e r - fo l lowers  ( ~ 2 1 ,  Q22, Q23, and Q24) t o  
lo$  at I, = 5 m a .  

3. The p of Q25 should be g r e a t e r  than  40 a t  I, = 3 m a .  

4. Observe the  output pulse f o r  a  10-v input  pulse  from a TADL ampl i f i e r .  
Trigger  t h e  osc i l loscope  frorn t h e  pu l ses  t h a t  i s  used t o  d r i v e  the  
TADL preampl i f i e r .  There should be no observable s h i f t  of t h e  output 
pulses  a s  t h e  E d i s c r i n i n a t o r  i s  v~ar ied  from 0 t o  10 v .  





5 .  With E a t  maximun and a 10-v input ,  t h e  base - to -emi t t e r  vol tage of 
Ql9 should not  break down dur ing  t h e  negat ive swing of t h e  input  pulse .  
Breakdown w i l l  show up on t h e  e m i t t e r  of 419. 

6. With E a t  0 and A3 a t  maximum, and with a 10-v input  pulse ,  check f o r  
breakdown of Q15. 

7. Cneck opera t ion  of the  d i f f e r e n t i a l - i n t e g r a l  switch.  

3.0 FAST COINCIDERCE UNIT 

3 . 1  General Descript ion 

The Fast  Coincidence U n i t  ( ~ i g .  3 .11)  was designed f o r  use with Snip- 
Snap Single -Channel Arlalyzers i n  coincidence experiments.  The s i n g l e  -chan- 
n e l  analyzers  determine t h e  energy i n t e r v a l s  of i n t e r e s t  and generate ou t -  
put pulses which a re  used by the  coincidence u n i t  f o r  determining t h e  time 
coincidence of events  i n  these  energy i n t e r v a l s .  

Miniature coax ia l  cables a re  used a s  shorted de lay  l i n e s  t o  shape t h e  
input pulses  and determine t h e  i n t e r v a l  of time coincidence. The f a s t -  
coincidence u n i t  can be used as  a slow-coincidence u n i t  when the  de lay  
l i n e s  a r e  replaced with 100-ohm r e s i s t o r s  and input  pulses  of  t h e  proper  
width a r e  used.  The cables a re  coi led  at t h e  back of t h e  chass is  and can 
be changed t o  s u i t  t h e  experiment. Three coincidence inputs  and one a n t i -  
coincidence input  a r e  provided. For a double coincidence, one of t h e  delay 
cables i s  disconnected.  

Fas t  s i l i c o n  diodes a r e  used t o  determine t h e  coincidence. The 
spec t ra  of coincidence pulses a r e  amplif ied and s t r e t c h e d  by a b iased  
ampl i f i e r ,  which increases  the  s e n s i t i v i t y ,  and used t o  t r i g g e r  a one-shot 
mul t iv ib ra to r  which generates  t h e  coincidence output  pu l se .  

3.2 Speci f ica t ions  

1. Inputs : Snip-Snap Gingle -Channel Analyzer output pulses o r  any pos i -  
t i v e  pulse  g r e a t e r  than 1 v i n  amplitude. h p u t  pulses must be wider 
than  o r  equal  t o  t h e  coincidence t ime.  

2. Coincidence Output: 3-v p o s i t i v e  pulse of  1/2-psec dura t ion  when 
terminated i n  100 ohms. 

3. Time Resolution: b e t t e r  than  1 nanosec f o r  pulses  having 12-nanosec 
o r  l e s s  r i s e  t ime.  



4. Coincidence Time: determined by the  length  of coax ia l  cable (cable  
de lay  i s  1 .6  nanosec / f t )  o r  by the  width of input  pulses  when 100-ohm 
r e s i s t o r s  a r e  s u b s t i t u t e d  f o r  t h e  de lay  cab les .  

3 .3 C i rcu i t  Descript ion (Q-2213-1) 

The shaper  t r a n s i s t o r s  (~1 ,  @, and Q3 ) normally conduct 30 m a .  A 
p o s i t i v e  input  pulse  (from a Snip-Snap Single -Channel Analyzer ) t o  any 
channel w i l l  cause t h a t  t r a n s i s t o r  t o  s top  conducting, and a negat ive  
current  pulse  w i l l  be generated a t  the  c o l l e c t o r  of t h a t  t r a n s i s t o r .  
Since t h i s  cu r ren t  pulse  appears across  a terminated,  shor ted  de lay  l i n e ,  
a negat ive-voltage pulse  w i l l  be generated, which has a width of twice 
t h e  de lay  time of t h e  cable .  

If  p o s i t i v e  pulses  t o  each coincidence input a r r i v e  wi th in  a time 
i n t e r v a l  such t h a t  a l l  de lay  l i n e s  have a negat ive  pulse  ac ross  t h e i r  
te rminat ion ,  t h e  coincidence diodes (~1 ,  D2, and ~ 3 )  a r e  cu t  o f f ,  and a 
negat ive pulse  i s  generated a t  t he  base of Q5. If t h i s  negat ive pulse  i s  
of s u f f i c i e n t  amplitude t o  overcome t h e  b i a s  vol tage  (determined by t h e  
b leede r  s t r i n g ,  Fi22, FC.23, and ~4 ), b iased  ampl i f i e r  Q5 conducts.  If t h e  
p o s i t i v e  pulse  generated a t  t h e  c o l l e c t o r  of Q5 i s  of s u f f i c i e n t  amplitude, 
the  coincidence t r i g g e r  ( ~ 6  and Q7) i s  t r i g g e r e d  and a negat ive pulse  of 
1/2-psec dura t ion  i s  generated a t  t he  c o l l e c t o r  of Q7. This pulse  d r i v e s  
Q8 i n t o  s a t u r a t i o n ,  and a 3-v p o s i t i v e  output  pu l se  i s  generated.  

3.4 Ini t ia l  Tes t ing  

1. With only t h e  power supply t r a n s i s t o r s  i n s t a l l e d ,  check t h e  power 
supply and a d j u s t  t h e  supply vol tage  t o  negat ive 12 v .  

2. Se lec t  those  t r a n s i s t o r s  having a f3 of 30 o r  more a t  I, = 10  ma f o r  
use a s  Ql., Q2, and Q3.  I n s t a l l  t hese  t r a n s i s t o r s  and check t h e i r  
e m i t t e r  and c o l l e c t o r  vo l t ages .  

3. Selec t  f o r  t h e  o the r  t r a n s i s t o r s  those  having a f3 of greater .  than  80 
a t  I, = 1 ma, and i n s t a l l .  

4. Check Ike  vol tages  i n  the  r e s t  of t h e  c i r c u i t .  

5 .  I n s t a l l  tlie sl-iorted de lay  l i n e s  . 
6. Connect the  output  of t h e  Snip-Snap Single-Channel Analyzer t o  a l l  

t h r e e  coincidence inpu t s ,  and a d j u s t  t h e  b iased  a m p l i f i e r  adjustment 
(~24) u n t i l  an  output  pulse is observed. 

7.  When one of  t h e  input  leads is disconnected,  the  coincidence output  
pulse  should d isappear .  Check a l l  inputs  f o r  t h i s  condi t ion .  





8. Connect t h e  output  f  roni t h e  Snip -Snap Single  -Cnannel Aiialyzer t o  t h e  
s:lt icoincide-rlce input  . The coincidence output  pulse  should then  d i s  - 
appear .  

4 . 0  BIASED AMPLIF lER AND LINEAR GATE 

4 . 1  General I k s c r i p t  ion 

When a pulse-he ight  ana lyzer  i s  used t o  accumulate s p e c t r a  from semi- 
conductor d e t e c t o r s ,  t h e  ana lyze r  channels a r e  o f t e n  too  wide t o  provide 
an adequate d i s p l a y  of t h e s e  s p e c t r a .  A b i a sed  a m p l i f i e r  overcomes t h i s  
d i f f i c u l t y  by  provid ing  f a c i l i t i e s  f o r  a l a r g e  zero o f f s e t  (b i a s  l e v e l )  
and pos t ampl i f i ca t ion  of  t h e  s p e c t r a  above t h e  b i a s  l e v e l .  

This b i a sed  ampl i f i e r ,  F ig .  4.11,  has two cascaded, b i a s e d  a m p l i f i e r  
s t a g e s .  When t h e  input  pu l se  exceeds t h e  b i a s  l e v e l ,  t h a t  p o r t i o n  exceed- 
ing  t h e  b i a s  l e v e l  i s  ampl i f ied  by t h e  f i r s t  b i a sed  a m p l i f i e r  and used t o  
t u r n  on t h e  second b ia sed  a m p l i f i e r ,  from which t h e  output  i s  f ed  back t o  
t h e  f i r s t  b i a sed  a m p l i f i e r .  Once t h e  feedback i s  app l i ed ,  t h e  output  i s  
l i n e a r  wi th  r e s p e c t  t o  t h e  i n p u t .  By vary ing  t h e  feedback, a pos tga in  of 
1 t o  16 can be  obta ined .  

In t h e  l i n e a r - g a t e  mode of ope ra t ion ,  t h e  f i r s t  b i a sed  a m p l i f i e r  ou t -  
put i s  clamped by a one-shot m u l t i v i b r a t o r .  When a ga te  t r i g g e r - p u l s e  
a r r i v e s ,  t h e  one-shot m u l t i v i b r a t o r  i s  t r i g g e r e d  and t h e  clamp r e l e a s e d .  
The b i a sed  a m p l i f i e r  then  ope ra t e s  a s  normal. 

4.2 S p e c i f i c a t i o n s  

1. Input :  0-  t o  10-v p o s i t i v e  p u l s e s .  

2 .  Gate Tr igger :  3-v p o s i t i v e  p u l s e .  

3. Bias Level: 0  t o  10  v .  

4 .  Post Gain: 1, 2,  4,  8, and 16. 

5 .  Output: 0-  t o  10-v p o s i t i v e  pu l ses  i n t o  100 ohms. 

6.  I n t e g r a l  Nonl inear i ty :  0 .5% f o r  e i t h e r  b i a s  l e v e l  o r  output  pu l se .  

7 .  S t a b i l i t y :  0 .5  mv/Oc t imes  t h e  pos t  ga in .  





4 .3  C i rcu i t  & s c r i p t  ion  (Q-2238-1 ) 

The f i r s t  b i a s e d  a m p l i f i e r  c o n s i s t s  of Q10 and Q11. Q11 i s  normally 
conducting, and Q10 i s  cu t  o f f  by a vol tage  determined by t h e  b i a s  l e v e l .  
The c o l l e c t o r  cu r r en t  of Q11 i s  d iv ided  equa l ly  between R30 and t h e  clamp 
t r a n s i s t o r  Q9. When a p o s i t i v e  input  pu l se  exceeds t h e  b i a s  l e v e l ,  t h e  
cu r r en t  i n  Q10 inc reases  u n t i l  Q10 has about t h e  same cu r ren t  a s  Q11. 
Then t h e  cu r r en t  through Q9 i s  zero,  and t h e  c o l l e c t o r  of Q11 r i s e s .  

This p o s i t i v e  pulse  i s  app l i ed  t o  t h e  second b i a sed  a m p l i f i e r  ( ~ 1 3  
and ~ 1 4 )  by t h e  emi t te r - fo l lower  ( ~ 1 2 ) .  Since Q13 i s  normally c u t  o f f ,  
t h e  p o s i t i v e  input  pu lse  causes Q13 t o  conduct,  and negat ive  feedback i s  
app l i ed  t o  t h e  base of Q11 through t h e  feedback network. The a c t i o n  of  
t h e  feedback i s  t o  tend  t o  make t h e  base  of Q11 follow t h e  input  pu l se ,  
and t h e r e f o r e  t h e  e m i t t e r  of Q13 a l s o  fol lows t h e  input  pu l se  a t  an  a m -  
p l i f i e d  l e v e l .  This b i a sed ,  ampl i f ied  pu l se  i s  app l i ed  t o  t h e  output  
through t h e  double,  complementary e m i t t e r  - fol lower ( ~ 1 5 ,  ~ 1 6 ,  Q17, and 
Ql8 ) . 

When t h e  u n i t  i s  i n  t h e  l i n e a r - g a t e  mode, Q8 i s  conduct ing and i t s  
c o l l e c t o r  cu r r en t  flows through clamp Q9. Therefore,  t h e  c o l l e c t o r  of 
Q 1 1  cannot r i s e  u n t i l  t h i s  cu r r en t  i s  removed. Since Q8 i s  p a r t  of a 
one-shot m u l t i v i b r a t o r  ( ~ 7  and ~ 8 ) ,  a p o s i t i v e  g a t e - t r i g g e r  pu l se  w i l l  
cause Q7 t o  conduct and remove t h e  clamp c u r r e n t .  The b i a s e d  a m p l i f i e r  
w i l l  then  opera te  e x a c t l y  t h e  same a s  i n  t h e  nongating mode j u s t  desc r ibed .  

4 .4  I n i t i a l  Tes t ing  

1. Tes t  t h e  t r a n s i s t o r s  i n  t h e  power supply f o r  a B g r e a t e r  t han  50 a t  
I, = 1 m a .  

2 .  I n s t a l l  t h e  power supply t r a n s i s t o r s  and a d j u s t  t h e  negat ive  40-v and 
negat ive  30 -v r e g u l a t o r s  . 

3. Test  t h e  o t h e r  t r a n s i s t o r s  and i n s t a l l .  A l l  t h e s e  t r a n s i s t o r s  should 
have a B of g r e a t e r  than  100 a t  I, 1 ma, except Ql7 and 918 which 
should have a B of g r e a t e r  than  25. These t r a n s i s t o r s  should b e  
matched f o r  B: ~8 t o  Q9, Q10 t o  Q11, Q13 t o  Q14, Q15 t o  ~ 1 6 ,  and Q17 
t o  $18. 

4 .  Using pulses  from t h e  TADL and t r i g g e r i n g  t h e  osc i l l o scope  from t h e  
pulse  genera tor  used t o  d r i v e  t h e  TADL, check t h e  ope ra t ion  of t h e  
b i a s  l e v e l  and pos t  -gain swi tch .  

5.  Connect t he  p o s i t i v e  (p lus  ga t e  main sweep ) pulse  from t h e  o s c i l l o -  
scope t o  t h e  g a t e - t r i g g e r  input  through a 20-picof s e r i e s  c a p a c i t o r .  
Check t h e  a c t i o n  of t h e  g a t e  t r i g g e r .  
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