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ABSTRACT 

Common-mode reject ion t e s t s  and in tegra l  bias  measu remen t s  with 

a f i ss ion  counter were  made with a different ia l  p reampl i f ie r  to ver i fy  i t s  

supe r io r  per formance  a s  compared  to a single-ended unit. The counter  

was constructed to provide sepa ra t e  s ignal  and high voltage connections.  

Tes t s  with a vacuum t e s t e r  coi l  used a s  a wideband noise  genera tor  show 

only a sl ight a l t e r a t ion  of the no rma l  noise  background curve  by the dif - 

fe ren t ia l  p reampl i f ie r  but a g rea t  a l te ra t ion  by a single-ended unit. 

in tegra l  bias  measu remen t s  show an  improvement  of signal - to-noise  ra t io  

f o r  e lectronic  noise  by the different ia l  operat ion by near ly  a fac tor  of a. 

The 
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1 .  INTRODUCTION 
r 

C u r r e n t  pulse preampl i f ie rs  a r e  des i r ab le  for  u s e  in sou rce  range  

moni tors  f o r  Liquid-Metal Fast B r e e d e r  Reac to r s .  

can b e  placed a t  any dis tance f r o m  the counter within the l imitat ion of cable  

l o s s e s  and degradat ion of the signal by noise  pick-up. 

These  preampl i f ie rs  

A differential  p reampl i f ie r  was developed (ORNL model  Q-5095) to 

reduce the effect  of this e l ec t r i ca l  pick-up when connected to the counter 

with a balanced cable.  

counter could improve  the signal-to-noise r a t io  fo r  e lectronic  noise  gen-  

e ra ted  in the input s tage  of the preampl i f ie r .  

Additionally, a differential  c u r r e n t  pulse f r o m  the 

The noise  re ject ion capabili ty of the different ia l  preamplif ier  was 

measu red  with a vacuum te s t e r  coil  used as a wideband noise sou rce .  These  

t e s t s  consis ted of simultaneously exposing a different ia l  preamplif ier  (with 

a balanced input cable)  and a single-ended preamplif ier  (with a single cable)  

to the e l ec t r i ca l  radiation of the t e s t e r  coil  and counting the noise pulses  a s  

a function of p d s e  height,  using identical  e lectronics .  

Integral  b i a s  cu rves  obtained with both differential  and single -ended 

operation of a f i ss ion  counter w e r e  used to de te rmine  the improvement  in  

signal - to-noise ra t io  due to the differential  operation. 

4 
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2 .  COMMON -MODE TESTS 

A different ia l  and a s ingle  -ended sys t em were  operated s imultaneously 

to obtain data to de t e rmine  the effectiveness of common-mode different ia l  

operat ion.  

of the noise  genera tor  and requi red  a duplicate s e t  of e lec t ronic  compo- 

nents ,  i. e . ,  ampl i f i e r ,  d i sc r imina to r ,  and s c a l e r  to obtain the data .  The 

single -ended preampl i f ie r  was an  O R N L  Q-5095 different ia l  unit with one 

half of i t s  input s tage deactivated.  

The s imultaneous operat ion el iminated the effects of var ia t ions  

Each  p reampl i f i e r  was connected with two coaxial  cab les  ( -  10 m long) 

to a sma l l  m e t a l  box which s imulated a f i ss ion  counter  and contained th ree  

capac i tors  to r e p r e s e n t  the the in te re lec t rode  capaci tance.  The two boxes 

w e r e  enclosed in a s t ee l  box and insulated f r o m  i t .  A l l  four cables  w e r e  

enclosed in  a common b ra id  to complete the shielding. Only one cable was 

act ive f o r  the single-ended p reampl i f i e r ,  and the second cable was connec-  

ted to i t s  deactivated input and te rmina ted  with 50 R .  

during operation of the sys t em with two a r r angemen t s  of the input cable  

bundle: a coi l  and a ha i rp in  ( F i g .  1 ) .  (These  two a r r angemen t s  were  a r -  

b i t r a r i l y  chosen and do not r ep resen t  any specif ic  application. ) 

Data were  recorded  

The noise genera tor  was a vacuum t e s t e r  coil ,  and m e a s u r e m e n t s  w e r e  

made a t  two positions of the coil  re la t ive to the input cable s y s t e m .  

location was selected s o  that the noise signals induced by the radiat ive 

in te r fe rence  would be close to the sa tura t ion  l imi t  of the input s tage of the 

One 
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preampl i f ie r .  

ended preampl i f ie r  with a n  osci l loscope,  and at  this  location of the coi l ,  

the output noise  s ignal  consis ted of peak-to-peak noise  b u r s t s  of -300 mV,  

with some  evidence of being l imited i n  the posit ive direct ion.  (The  output 

s tage of the Q -5095 preampl i f ie r  will t r ansmi t  negative pulses  l inear ly  to 

0 .  5 V and posit ive pulses  to -0.  2 V. ) 

range of the amplitude of the induced input noise  pulses  would be approxi -  

mately 1 .  0 to 2 . 0  m V .  

Th i s  was  de te rmined  by observing the output of the s ingle-  

F o r  a single-ended gain of 200 ,  the 

Analysis  of the data plotted in F i g s .  2 and 4 shows that the e l ec t r i ca l  

in te r fe rence  only slightly inc reased  the e lec t ronic  noise background fo r  the 

differential  operation of the preampl i f ie r ,  but that  the count r a t e  was -10 

coun t s / sec  fo r  the single-ended operat ion a t  a pulse height level  of 10 uni ts  

and above. 

counters  and gamma leve ls  of 10  

The data of F i g .  2 r e p r e s e n t  that  of the coiled a r r angemen t .  

the hairpin a r r angemen t  w e r e  ve ry  s i m i l a r .  

4 

(A n o r m a l  operating pulse height leve l  with typical f i s s ion  

6 
R / h r  will  range between 20  and 30 uni ts .  ) 

Resul ts  with 

With the noise  genera tor  moved to a position n e a r e r  the input cable  

sys t em (approximately one -half the dis tance previously used) ,  the noise  

background of the differential  and single -ended preampl i f ie rs  i nc reased  

s imi l a r ly ,  as shown in F ig .  3 .  In this  c a s e ,  the output of the single-ended 

preampl i f ie r  showed noise  Eur s t s  with negative peaks to  nea r ly  1 .  0 V 

and positive peaks l imited to 0 .  2 V in ampli tude.  

noise  signals of near ly  5 mV were  being induced on the input cab le s .  

This implies  that  input 

t 
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Fig .  3.  Common-mode t e s t  noise  cu rve  fo r  n e a r  posit ion of noise  
gene ra to r .  
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3 .  INTEGRAL BIAS CURVES 

The enhancement  of the s ignal- to-noise  r a t io  by a different ia l  s ignal  

f r o m  a f i s s ion  counter  is i l lus t ra ted  in F ig .  4. 

no ise  curve  in t e rcep t s  the 10-count / sec  coordinate  a t  9. 3 pulse height  

units f o r  differential  operat ion and 13. 0 units f o r  the single -ended opera t ion ,  

The pulse height units w e r e  normal ized  to account  f o r  the difference i n  gain 

of the two p reampl i f i e r s .  was  used  

to obtain the data  f o r  these  t e s t s .  

the data  f o r  the single-ended operat ion.  

The "electronic  plus alpha" 

1 
The ORNL f i ss ion  counter  PCP-11-102 

One s e t  of plates  was  grounded to obtain 

4 .  DISCUSSION AND CONCLUSIONS 

The common-mode t e s t s  show that the effects  of e l ec t r i ca l  i n t e r f e rence  

can  be  reduced by a different ia l  p reampl i f ie r .  

with -40 dB common-mode re jec t ion  f r o m  50 kHz to 20 MHz, can  s u p p r e s s  

common-mode noise  spikes  as  l a r g e  as  2 m V  with a main  ampl i f ie r  R C - C R  

f i l t e r  t ime constant of 2 7  nsec.  From the r e su l t s  obtained with the n e a r -  

location of the noise  sou rce ,  the value of 2 m V  i s  c lose  to the l imit ing value 

fo r  common-mode reject ion.  This  value does not appear  to be consis tent  

with the value of s ignal  requi red  to sa tu ra t e  the input s t age - -  -20 m V - - i f  

the input s tage is expected to be the l imit ing element .  

The Q-5095 preampl i f ie r ,  

F u r t h e r  investigation 

1. D.  P. R o u x  e t  a l . ,  "A Neutron Detection Sys tem f o r  Operat ion in  
Very High G a m m a  F ie lds ,  Nucl. Appl. Technol. 9 (5 ) ,  736-43 (November 
10, 1970). 

- - 
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i s  requi red  to c la r i fy  th i s .  

the shielding t r ans fe r  impedance of a 10 m length of input cable  should not 

exceed 2 x 10 h /m a t  the center  f requency of the f i l t e r ,  in this c a s e ,  

5 . 9  MHz.  A s  a compar ison ,  fo r  single -ended operat ion this value of t r a n s  - 

f e r  impedance should not exceed 2 x 10 

Resul t s  of the common-mode t e s t s  imply that 

- 3  

-5 
Q / m  f o r  the same  length of cable .  

The in tegra l  b i a s  cu rves  f o r  the different ia l  and single -ended operat ion 

of the f i ss ion  counter show a significant improvement  for  different ia l  oper  - 

ation. The "electronic  plus alpha" noise cu rves  in te rcept  the 10 coun t / sec  

leve l  a t  13.  0 and 9. 3 pulse height units fo r  single-ended and different ia l  

operat ion,  respec t ive ly .  This  improvement  of near ly  &', however ,  i s  

obtained a t  the r i s k  of g rea t e r  suscept ibi l i ty  of the high voltage cable  to 

break-down noise .  
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