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1. DESCRIPTION 

1.1 General 

The Linear Count-Rate Meter Module w a s  designed t o  provide an output 
de cur ren t  which i s  propor t iona l  t o  t h e  coimt,i.ng r a t e  of fnput pu l se s .  It 
cons i s t s  of a f l i p - f l o p ,  l i m i t i n g  ampl i f ie r ,  diode pump d r ive r ,  and diode 
pump. The cur ren t  output of t h e  diode pump feeds d i r e c t l y  i n t o  t h e  summing 
junc t ion  of an ex te rna l  ope ra t iona l  ampl i f i e r .  The conventional l e a k  
r e s i s t o r  and smoothing capac i tor  of t h e  pmxp a r e  t h e  feedback network of 
t h i s  ex te rna l  opera t iona l  ampl.if ier.  

1 . 2  Construction 

The Linear Count-Rate Meter. i s  constructed i n  a modulp 2.82 i n .  wide, 
4.72 i n .  high, and 11.90 i n .  deep. I t  i s  a s tandard "2-11.nit" plug-in 
module of t h e  ORML Modular Reactor Instrumentati-on s e r i e s  depicted on 
drawings Q-2600-1 through Q-2600-3. 

With the  exception of t h e  range and t ime-constant switch and t h e  out-  
pu t  meter, t h e  e n t i r e  c i r c u i t  i s  mounted on one p r in t ed  ci-rcuit  board.  
Tlnis p r in t ed  board i s  mounted v e r t i c a l l y  i n  t h e  module. 

The output meter, t h e  range s e l e c t i o n  swi-tch, and an input connector 
(BNC type )  a r e  mounted on t h e  f r o n t  panel .  
through t h e  r e a r  plug-in connector of t h e  module on a coaxi-a1 con-tdc-t. 

An a l t e r n a t e  input  i s  ava i l ab ie  

The switch f o r  t h e  smoothing t ime-constant i s  mounted i n t e r n a l l y  and 
i s  access ib le  when the drawer containing t h e  module i s  withdrawn, 

1 .3  Application 

The Linear Count-Hate Meter i s  intended t o  provide a more p r e c i s e  
readjng of count r a t e  i n  t h e  wide-range neutron couriting channel f o r  yeactor  
cont ro l .  An e x t e r n a l  operat i  onal ampl-if i e r  i s required t o  obta in  an output, 
s i g n a l  from t h e  u n i t .  

The module can be used i n  any app l i ca t ion  where an accurate  and s t a b l e  
A 3- t o  4-v p o s i t i v e  pu l se  T w i t h  l i n e a r  measure of counting r a t e  i s  needed. 

a 0.25 psec o r  less  r i se  time from a source impedance of 100 ohms or l e s s  
i s  requi red  t o  d r ive  t h e  u n i t .  

1 . 4  Spec i f ica t ions  

1. Range: 

2 .  Accuracy: 

100, LOOO, lo4,  and 10" counts/sec.  

all. po in t s  wi11 not devia te  by more 
than 0.27% of f u l l  s c a l e  reading 
from a s t r a i g h t  l i n e  drawn from 
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zero t o  f u l l - s c a l e  output for. 
r egu la r ly  spaced input pu l se s .  

3. Input x l s e  

a .  P o l a r i t y  and ampli-Lude: pos i t i ve ,  3 t o  4 v .  

b .  Rise birne (10% t o  9C%O>: 0.25 psec o r  l e s s .  

c e Width: any width. 

d. Soi~r.ce impedance : 100 ohms or  l e s s .  

4. Externa l  Operational Amplifier: 

a. Open loop gain: 10,000 minimum. 

b . Input o f f s e t  current: 0.5  x amp maximum. 

c .  Input impedance 
( r e s i s t i v e ) :  

io4  o~ims minirmm. 

d. OU'Lput: negative 10  v 3% 1. ma. 

5 .  Smoothing Time Constant: 

a. 100 and 1000 count/sec 60, 2-5, and 3 see I- 207%. 
range: 

'u. lo4 and count/sec 6, l . 5 ,  and 0.3 sec + 2%. 
range : 

6. Temperature Ef fec t s  : 

a,. From 25 t o  5 0 ° C :  t h e  change i n  output, reading i s  l e s s  
t h a n  O.O~%/OC OQ Tifiiil-scaLe 
read.ing a t  25°C.  

t h e  change i n  OU'L~U'C reading L s  l ess  
than "r O.O6$/OC of f u l l - s c a l e  
reading a t  25'C. 

' 7 .  Power Requirenients : 

8,. Voltage: + 25 I 0.05 V;  - 25 t 0.05 V .  

b . Current  d ra in :  15 ma from + 25 v v supp1.y; 20 inas 
from - 25 v supply. 



1 .5  Appli-cable Dyawings and Spec i f ica t ions  

The following l i s t  gives  t h e  drawing numbers (ORNL Instrumentation 
and Controls Divis ion drawing numbers) and s u b t i t l e s  for t h e  Linear 
Count-Rate Meter Module: 

1. Q-2622-1 
2 .  Q-2622-2 
3 .  Q-2622-3 
4. Q-2622-4 
5. Q-2522-5 
6. Q-2622-6 

C i rcu i t  
Detai.Ls 
Mekalphoto Panel 
Pr in ted  C i r c u i t  Board 
A6 s emb S.y 
Pa r t s  L i s t .  

The fol.lowing l i s t  gives t h e  cirawing numbers and s u b t i t l e s  and t h e  
number of t h e  f a b r i c a t i o n  s p e c i f i c a t i o n  for t h e  Plug-In Chassis System: 

1. Q-2600-1 

4. ~-2600-)-1 

2 .  Q-2600-2 
3. &-2600-3 

5 .  Q-2600-5 
6.  SF-264 

A s  s enfo l y  
De ta i l s  
I) e t  a i l s  
D e t a i l s  
De t ai1.s 
Fabricati-on Spec i f i ca t ion .  

2 .  THEORY OF OPERATION 

2 . 1  General 

The princi.ple of operat ion of 'che Linear Count-Rate Meter Module i s  
descr ibed i n  d e t a i l  by Cooke-Yarborough .' 
l j-miting ampl i f ie r ,  diode pump d r i v e r  and. diode pump. An e x t e r n a l  
opera t iona l  amplif iey i s  required to obta in  an output s i g n a l .  The con- 
vent iona l  l e a k  r e s i s t o r  and smoothing capac i tor  of t h e  pump a r e  the  feedback 
network of t h i s  ex te rna l  ampl i f i e r .  This i s  show-n schematical ly  i n  P i g .  lA. 

It cons i s t s  of a flip-€.lop, 

2.2 C i r c u i t  Descr ipt ion 

2 .2 .1  Flip-Flop 
___ll_m 

Trans i s to r s  QL and Q2 (Fig .  2 )  form a b i s t a b l e  f l i p - f l o p  s t age  which 
i s  used t o  shxpe t h e  input  pu lse  p r i o r  t o  i t s  app l i ca t ion  to t he  diode pump. 
The output pu lse  of t h e  f l i p - f l o p  i s  rec tangular  shaped, where t h e  width 
equals tk time elapsed between two successive yulses. This  method of 
shay5.n-g automatical ly  provides t h e  pump c i r c u i t  with wide pulses  without 
any increase  i n  dead-time l o s s e s .  The consequent d iv i s ion  of pulse rate 
by a f ac to r  or two must, of course,  be considered i n  t h e  pump design.  

'E. H. Cooke-Yarborough and E .  W. Pulsford, "A Coimting-Hate Meter of 
High AccuTacy," Proc.  IEE,  Pa r t  11, Apr i l  1951, p .  191. 
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EXTERNAI.  O P E R A T l O N A t  AMPLIFIER 
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Pig. 1. Schematic Diagram Showing the P r inc ip l e  of Operation of 

the Linear Count-Rate Meter. 
OXWL Model Q-2622. B) Circuit; for  t h e  Conventional Linear Coumt-Rate 
Meter. 

Jl) C i r c u i t  f o r  t h e  Linear Coiunt-Kate Meter, 

The f l ip-f l .op design as shown is a sat iwated tyjpe (i .e ., t he  "on1' 
t rans j . s tor  is  driven i n t o  s a t u r a t i o n )  with 10' caun.t/sec resr3lutioii capad- 
b i l i t y .  E i the r  &I or  Q2 is hard "on," and .the other i s  o f f .  The positive 
input  p-u.lse a c t s  t o  , tu rn  t h e  "on" 'wansis tor  off, and t he  regenerat ive 
nature  of t h e  c i r c u i t  then swi.tc'nes tlrie s t a t e  of t h e  f l i p - f l o p .  Diodes D% 
and Dr[ serve t o  s t e e r  o r  apply t h e  pr i se  t o  t h e  base of' the  "on" t r a n s i s t o r .  
To mderstai?.d how t h e  s t e e r i n g  :is achieved, assume t h a t  Q1 i s  011 and &2 off. 
The co l l ec to r  of Q;? %ill be near ground.. Diodes D6 and D7 arc i n  serj-es 
and are back biased- by t h e  dj-fference i n  potentiaf-  between t h e  col.lecl;o:r 
and the base of &2 (about 8 v ) .  
(TIE a:d.y purpose Tor ~3 and ~5 is t o  1hmi.t the b ~ . c k  bias applied t o  QI.. and 
Q2 when they am tu rned  off. W i t h  -these diodes, it can L ~ ~ V F ? P  exceed about 
0.5 v.) In con-trast ,  diodes D1. arid D2> which are also i n  serj-es, a r e  back 
biased only by a. f ex  tenth:: o f  a v o l t ,  s ince  Ql i s  i n  a sa tura ted  s t a t e .  
Thus, a positive input  pu l se  w i l l  take the route  tbrough D2 i n  pxfefereace 
t o  through D7 because of t h e  greater  b i a s  on D'[. 

The base of &2 i s  clamped t o  + 8.5 v by UT. 

Diodes D1 and U6 aid in another m;3,nc1.er. These diotles he lp  discharge 
capac i tors  C2 and CI., respectively, by providi.ng a low-irripedance path to 
C 4  (a 2.2-pf cayact tor)  through t h e  c o l l e c t o r  of t h e  rronsr t r a n . s i s t ~ ~ -  he- 
tween h p u t  piilses . 'Ynese capnci.t;ors vri.1-3.. acquire some charge as t h e  
input s i g n a l  proceeds t o  t u r n  o-fp the  "on" transistor and9 Tf' permitted to 
accmda-Le or  t o  not s u f f i c i e n t l y  recover, can caiise a rnal_fimction of t h e  
f l i p - f l o p .  



2.2.2 Limiting Amplifier 

The col. lector swing of Q1 and Q2 i s  approximate3-y 8 v. 
marginal t o  provide r e l i a b l e  operat ion of a diode p m p  c i r c u i t .  
pump-circuit input  impedaiice i s  q u i t e  low and would d r a s t i c a l l y  load t h e  
f l i p - f l o p  and impair i t s  speed. Thus, f u r t h e r  anpi i f i .cat ion and. some i m -  
pedance matching a r e  requi red .  It sh0ul.d. be recognized t h a t  any amplifi- 
ca t ion  process must also achieve high amplitude s tab i l . i ty  t o  achieve good 
pump performance. 

This value i s  
A l s o ,  t he  

Ampli f i  c a t  <.on with eont r o l l e  d amplitude i. s ac  c 0mpli.s hed by t r a n s  i s  t or  
Q3 and diodes D 4 ,  D 8 ,  D 9 ,  Dl0, D11, and D12. Diodes D4, D8, and D 9  a r e  fast 
recovery, conventional. diodes,  and D 1 0 ,  B11, and D 1 2  are 5.2 v Zener dtodes.  
When Q2 i s  on, i t s  co l l ec to r  cur ren t  forward b iases  Db., which t u n s  Q3 hard 
o f f .  The col.l.ect,or of Q3 i s  caught a t  approximately -1'7 v by t h e  s e r i e s  
s t r i n g  of D 8 ,  D9, D10, D11, and D12. 
out of clamp and &3 i s  dri-ven i n t o  s a t u r a t i o n  by base d r ive  through R4. 
Thus, t h e  c o l l e c t o r  swing of  Q3 i s  from -1.7 v t o  e s s e n t i a l l y  0 v. With t h i s  
scheme, t he  cur ren t  of Q2 i s  sampled m t h e r  than i t s  c o l l e c t o r  vol tage,  and 
amp]-ification i s  no t  achieved i n  the  usua l  sense. However, t h e  method used 
does not  load t h e  f l i p - f lop ,  permi t t ing  it t o  operate  a t  maximum speed. 

When Q2 i s  turned o f f ,  Dh i s  brought 

The two fast-recovery diodes i.n s e r i e s  with t h e  Zener diodes i s o l a t e  
t h e  l a r g e  capac i ty  of the Zener di-odes from t h e  col-lector of Q3, permi-tt ing 
fast  r i s e  and fall .  t imes .  One fast  diode i s  adequate, but  two di.od.es g ive  
b e t t e r  temperature compensation for t h e  diodes i n  t h e  pump c i r c u i t .  

2,2.3 Pump Driver 

Trans is tors  Q4 and Q5 a r e  3 complementary p a i r  emit ter-fol lower which 
isol.at,es the low impedance of t h e  diode pwnp from the  l i m i t i n g  ampl i f ie r  
s t age .  The necess i ty  of complementary design over t h a t  of a s i n g l e  emi t te r  
fol.l-ower can be e . q l a i n e d  i f  we momentaril-y include t h e  pump c i r c u i t .  
negative-going s t e p  of t h e  17-v pulse  from the l i m i t i n g  ampl i f i e r  s t age  
charges t'ne feed capac i tor  of the pump ( C 8 ,  Cg, and C l O ,  depending oil range) 
through. diode D l 3  Lo near ly  17 v wj.th conduction through &I+. On the  pos i -  
t ixe-going edge of t h e  pulse ( o r  r e tu rn  t o  ground), this capac i tor  must iiow 
be discharged. quickly t o  0 v t o  be prepared for t h e  next pulse. This d i s -  
charge pa th  must proceed through t h e  second diode of t h e  pump 1114 i n t o  t h e  
smoothing capac i tor  (CL2!, C l 3 ,  and C14, depending on time cons tan t )  f o r  
proper ac t ion  of t h e  pump. A t  t h i s  t i m e ,  Q4 i s  b iased  of f  and. cannot pro- 
vide t h i s  discharge.  
c lose  t o  -17 v, became t h e  feed capac i tor  j.s behavtng as a b a t t e r y .  With 
Q5 i.n the  circu-i'c as t h e  NPN complement, i t  w i l l  be biased "on" and w i l l .  
permit the feed capac i tor  to discharge.  

'i'ize 

Q4 i s  off s ince  i t s  base i s  near  ground and. i t s  emi t te r  

2 a 2 .)-I Pump Circu i t  

The operat ion of  t h e  pump c i r c u i t  w a s  partially covered i n  t h e  pre- 
ceding sec t ion  and w i l l  be extended here .  Figure lB represents  t h e  conven- 
t i o n a l  c i r c u i t  of a l i n e a r  count-rate  meter.  E i ther  io  or vo can be scnsed 
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M i  M€T€+? SCALE 

3. R/6, R/9, ZZ4 and 1729 are $ y, :3% and are 
used fo adjust s p n  of' /O: 1 9 ,  /O: /Os range3 
respeclivdy. They wiN vary from om modu:e 
fu another. 

Fig .  2 .  Llriear Comt-Rate Meter Clrcui" ; .  
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a s  t h e  output s i g n a l .  
-Lo the  smoothing capaci-tor Cs, t h e  vol tage  vo is developed, causing io t o  
flow. Pi a steady count r a t e ,  t h e r e  i s  an equilibrium. condi t ion es tab l i shed  
where t h e  r a t e  of charge inflow ii is equal  t o  t h e  cur ren t  outflow &. 

As charge from t h e  feed capac i tor  Cf i s  t r a n s f e r r e d  

A t  hi211 count r a t e s ,  vo w i l l  be l a r g e  enough 'GO s i g n i f i c a n t l y  i n -  
f luence t h e  charge de l ivered  by each pul-se, and non l inea r i ty  w i l l  r e s u l t .  
This can be seen mathematLcally i n  t h e  following expression f o r  vo when 
t h e  product nRsCf approaches uni ty :  

vi n Rs Cf 

1 + n Rs CP 
v =  

0 J 

where 

v = input, pu lse  anipli-tude, 
i 

n = input  count r a t e ,  

C y  = capac i ty  of feed ca.paci.tor, 

Rs = shunt r e s i s t a n c e  across  smoothing capac i tor .  

2 

2 

v i s  derived as follows: 
0 

v = io Rs , 
0 

where 

11 

v := (Vi - vo) n C y  Rs, 
0 

and solving f o r  v 
0' 

'i Rs cf 
v =  

0 1 + il Rs Cf ' 



I f  an ex te rna l  opera t iona l  amplif ier  i s  connecLed. as shown i n  Fig.  ]A, 
and with Rs as t h e  feedback resis'cor of t h e  ampl i f ie r ,  t h i s  source of non- 
l i n e a r i t y  i s  reduced. Since t h e  input; t o  t he  amplif ier  w i l l  remain a t  
v i r t u a l  ground regard less  of t h e  amplitude of vo (wi th in  l imi t a t ions  of 
the ampl i f i e r ) ,  t h e  charge de l ivered  by each pulse  will be a constant .  
Note t h e  d i f fe rence  i n  p o l a r i t y  of vo for tine two cases .  

The output from t h e  diode pump contains  spikes  at t h e  leading and 
t r a i l i n g  edges of  t h e  input  pu l se s .  These spikes  may cause pa ra lys i s  or  
damage i n  the  e a r l y  s tages  of  t he  opera t iona l  ampl i f ie r  i f  not suppressed. 
Res is tors  R13, R l 4 ,  and R 1 5  s p o i l  t h e  leading and f a l l i n g  edges of .the input 
pulse and reduce t h e  amplitude of t hese  spikes  without s e r ious ly  reducing 
t h e  r e so lu t ion  of count-rate  meter.  R 3 l  i s  i n  s e r i e s  with t h e  input of 
t h e  opera t iona l  amplif ier  and a l s o  l i m i t s  t h e  magnitude of t h e  sp ikes .  (215, 
which i s  connected across t h e  output of t h e  opera t iona l  ampl i f ie r ,  sup- 
presses  spikes  t h a t  a r e  t ransmi t ted  d i r e c t l y  t o  t h e  output through the 
smoothing capa,citor (C12, C13, or  C14 depending on t h e  time constant 
s e l e c t e d ) .  

The range switch i s  a three-pole ,  s ix-pos i t ion  switch lwhich has four  
range pos i t i ons  and two off p o s i t i o n s .  Section C s e l e c t s  t h e  valine of R 
t o  be placed across  t h e  ampl i f ie r .  Sectj-on A s e l e c t s  t h e  appropriate  
s p o i l e r  r e s i s t o r ,  and Sect ion B s e l e c t s  a shunt r e s i s t o r  f o r  diode Dl-3. 
This shunt r e s i s t o r  improves t h e  l i n e a r i t y  of tine u n i t  a t  t h e  higher count- 
ing  r a t e s  by shortening t h e  discharge time of t h e  feed capaci tor  (C8, C 9 ,  
or  C 1 0 )  as the  impedance of diode Dl.4 becomes very high when the  feed 
capac i tor  vol tage i s  below 0.5 v .  

S 

The s p o i l e r  r e s i s t o r  and t h e  diode shunt r e s i s t o r  inf luence t h e  mag- 
ni tude of t he  output cur ren t  from t h e  diode pump. On t h e  discharge cycle 
of t h e  feed capaci tor ,  these  two r e s i s t o r s  behaving as a voltage d iv ider  
reduce the  e f f e c t i v e  vol tage and thereby t h e  amount of charge t r aas fe r r ed  
t o  t h e  smoothing capac i tor .  The diode shunt r e s i s t o r  i s  t r i m e d  t;o ad jus t  
the span f o r  t h e  100 and 1000 count/sec ranges.  R l 6 ,  which i s  i n  p a r a l l e l  
with Rl-7, i s  t r t m e d  fo r  t h e  100 count/sec range, am1 R l 9  i n  p a r a l l e l  with 
H l 8  i s  used for t h e  1000 count/sec range. 

The span adjustment f o r  t h e  I O 4  and lo5 count/sec ranges i s  made by 
trimming t h e  values of R . 
count/sec range and R29 For the lo5 count/sec range. 

R21+ i s  used for t h i s  purpose f o r  t h e  10"- 

The time-constant switch i s  so  arranged t h a t  t he  capaci tors  not i n  use 
are charged t o  the  f u l l  output; voltage of t he  ex terna l  ampl i f i e r .  Thus, 
when t h e  switch i s  operated t o  change t h e  time C C X A S ~ ~ I I ~ ; ,  no s i g n i f i c a n t  
t r a n s i e n t  i s  c rea ted .  Res is tor  R3O i n  s e r i e s  with these  capaci tors  l i m i t s  
the peak. turn-on cur ren ts ,  which can damage the  output s t age  of t h e  ex te rna l  
ampl i f ie r ,  and a l s o  prevents o s c i l l a t i o n  t h a t  normally w i l l  occur i f  t h e  
outputs  of  these  ampl i f ie rs  are loaded w i t h  large capac i tors .  

Resis-tors R21 and R22 provide t h e  necessary b i a s  vol tage Por  t h e  diode 
pi-* 
tiiiie of t h e  feed capaci tor  t o  avoid a leakage of charge from t,he smoothing 
capac i to r .  

This insures  t h a t  D 1 4  i s  su f f i - c i en t ly  back biased during the  charging 
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Tempel-ature e f f e c t s  rin t h e  diode pimp a r e  pr imar i ly  due t o  changes. i n  
two di.odes D L 3  and D . I ) l .  “he e f f e c t  of t he  v a r i a t i o n  of t he  diode p o t e n t i a l s  
i s  equivalent  to a v a r i z t i o n  of  he miplitude of t h e  input  pu l se .  The e:ffect 
i s  such t h a t  a t  higher  temperatures t h e  input  pu l se  appears bigger  and t h e r e  
i s  g r e a t e r  output from tlne p m p .  More c l ea r ly ,  as t h e  forward drop of Dl3 
reduces with a temperatwe increase ,  t h e  feed  caqacitor charges t o  a l a r g e r  
vo l tage .  
f e r r e d .  The two diod-es i.ii s e r i e s  with t h e  three 5.2-v Zener diodes have a 
tendency to compensate f o r  t h i s .  A s  t h e  temperature r ises ,  t h e  forward drop 
of t hese  two diodes w i l l  be less, and t h e  r e s u l t  w i l l  be a reduced pulse  
amplitude. 

Also, t h e  forward drop across  Dl .4  i s  I.ess,and more charge i s  t r ans -  

The leakage of  the smoothing capac i tors  and diode Dl)-b (a lJ!@lbA) be- 
haves as a d d i t i o n a l  shunt resis.Lance across  R . 
t o  have a -ma.ximun leakage cur ren t  of 0.025 pa at  a reverse  bias of 20 v 
a t  2OoC and can he  considered neg l ig ib l e .  The e l e c t r o l y t i c  smoothing 
capac i tors  were purchased with a spec i f i ed  leakage not t o  excezd 0.2 pa 
a t  2 5 O C  and, i n  tlie worst case,  a 3@ change i n  t h l s  leakage i s  needed t o  
cause a 0.1% of f u l l - s c a l e  change i n  t h e  outpul; on t h e  100 and 1000 count/ 
s ee  range:;. There would ’oe neg l ig ib l e  e f f e c t  on t h e  two upper ranges,  
s ince  R 

The LN914A i s  speci.fi.ec1 
S 

is only l/1.0 as l a r g e .  
S 

The o ther  c r i t i c a l  coinponents, such as the  feed capacYior and 
r e s i s t o r s ,  a r e  high-qiiality, h i g h - s t a b i l i t y  +I-% components, or b e t t e r .  

3.1 I n s t a l l a t i o n  

The Linear Count-R.ate Meter, model Q-2622, i s  a module i n  t h e  ORNL 
Modular Reactor Tns.Lrwnentati.on series , Like the other  modules of the 
s e r i e s ,  t h i s  module has s tandard connectors and dimensions and has a pin-  
and. hole-code on t h e  r e a r  plate  t o  prevent i n s e r t i o n  of  t h e  module i n  a 
wrong loca t ion  i n  a drawer. Tlne m o r l i 2 e  is i n s t a l l e d  by f i rmly  i n s e r t i n g  
it i n  t h e  proper locakion am3 t igh ten ing  t h e  thumb SCYISW. ‘The module may 
be plugged i n  wi th  power on ~ i i t h o u t  damage. 

3.2 Operating Coiitrols 

3.2.1. Pagel  Meter 

The pane l  meter i s  c a l i b r a t e d  t o  read from 0 t o  1.0 count/sec with 
the appropriatz  m u l t i p l i e r  as dekermined by tlie range switch.  The meteu. 
wf1.1. not i nd ica t e  proper1.y unless t h e  Linear Count-Rate Meter Module i s  
connected t o  an ex te rna l  operational. ampl i f i e r .  



3.2.2 Range Switch 

The range switch i s  mounted on t h e  f r o n t  panel  and permits tine 
s e l e c t i o n  of any one of four  ranges: 
" O f f "  pos i t i ons  a r e  ava i l ab le  a t  e i t h e r  efirenfity of t h e  switch.  

100, 1000, I@, or  io5 counts/sec.  

3.2.3 Input Connector 

A BNC-type connector i s  ava i l ab le  on t h e  f r o n t  pane l  for an input 
s i g n a l .  There i s  no cable  te rmina t ion  i n  t h e  module. 

3.2.4 Time Constant Switch 

The time constant  switch i s  momted i n t e r n a l l y  and. i s  access ib le  when 
t h e  drawer containing t h e  module i s  withdrawn. 

3.2.5 Connections 

All connections including a second input  connection with a coaxia l  type 
contact  a r e  made through r e a r  connector F20 when t h e  module i s  i n s e r t e d .  A 
jumper between p ins  2 and 3 of P20 i s  provided so t h a t  t h e  presence of t h e  
module i n  i t s  proper d - r a w e r  l o c a t i o n  can be monitored i f  des i r ed .  

4. MAINTENANCE INSTRUCTIONS 

4 . 1  General 

This module i s  used i n  conjunction with an e x t e r n a l  opera,t ional mpli- 
E ie r .  I n  t h e  event of any apparent nialfimcti.on, check the  ex te rna l  
ampl i f i e r  be fom removing the  u n i t  from se rv ice .  

Many of t h e  r e s i s t o r s  and capac i tors  used i n  this module have been 
se l ec t ed  because of t h e i r  high accuracy and s t a b i l i t y .  Consult t he  Re- 
p laceable  P a r t s  L i s t ,  Sec t .  5, before  rep lac ing  any de fec t ive  components. 

)+ .2 Per iodic  Maintenance 

None i s  requi red .  

4.3 Cal ibra t ion  Procedure 

A l l  c a l i b r a t i o n  procedu.res a r e  covered i n  Sec t .  ' 7 ,  Acceptance Test 
Procedure. 



4.4 Cal ib ra t ion  Znstr-wnen'cs 

Refer t o  Sect. 6. 

!c .5 Troub1eshoot;ing 

I n  t h e  event of a f a i l u r e ,  check t h e  external ampl i f i e r .  Visua l ly  
inspec t  t he  module, and if no faYLure i s  apparent, ch.eck t h e  j.nput s ignal  
f o r  pmper  shape and amplitude. If t h i s  i s  normal., measixe t h e  vol tages  
and compare t'nem wri.t,ln Table 1 or 3Y.g- 2.  Waveforms can be compared w i . t h  
those  i n  F ig .  2 "  

Table 1. Trans i s to r  VolLage Chart' 

T rans i s to r  Emi. t  -t er 
No. (4 

B a s  e 
( d  

Col lec tor  
( v >  

+O .8/+8. !+ 

+8 .9/+0. )4 

-17 .l./-G .I. 

-24.3 

+2)L .i+ 

'All. measurements were made with supp'1.y voltages ad jus ted  t o  +25 
t 50 mv and -25 k 50 mv wit 'n  i.nput s i g n a l  removed.. All. voltages were 
measured with a vacuum-tube voltmeter with g r e a t e r  than  10 megohms h p u t  
impedance. 
acciiracy. Some elements can have two vol tage  valhes,  depending on the 
s t a t e  o f  t h e  f l i p - f l o p  Q1 and Q2. 

A 20,000 ohm/v vol.tmeter can be used with somewhat less 



5.  p_EPLACW3LE PARTS LIST 

R desc r ip t ion  and a n  ORT\sL Stores  number f o r  a l l  rep laceable  p a r t s  are 
given i n  Table 2 .  

Table 2 .  Replaceable Parts L i s t  

Part No. 

c3, c5 

Cl, c2 

ClO 

C 9  

ca 

c15 

c4, c12 

C11 

c6, c7 

C14 

C13 

O'RNL Stores  Xo. 

06-807-3470 

06 -807 -3480 

06 -802 -0084 

06 -802 -0091 

06 -802 -0087 

06-814-3240 

Descr ipt ion 

Cepact.tor, 33 pf, +?$, 500 v dc w, s i l .  mica, 
Elmenco DM-15-30. 

Capacitor,  47 pf ,  ts$, 500 v de w ,  s i l .  mica, 
Elmenco DM-1.5 -470. 
Capacitor,  100 p f ,  *l$, 500 v de w, s i l .  mica, 
Elmenco DM-15 -101. 

Capacitor,  0.001 mf, ?I.$, 500 v dc w, s i l .  mica, 
Elmenco DM-16-102 

Capacitor., 0.01 m f ,  tl%, 500 v de w) sil. mica, 
Elmenco DM-30-103. 

Capacitor,  0.01 mf, t~~;ci, 25 v dc w, ceramic, 
monoli thic ,  Sprague Nos 3C3. 

Capacitor,  2*2 mf, ~ 2 0 4 ,  25 v dc w, ceramic, 
monolithic,  Spragle No 5C15. 

Capacitor,  0 .1  m f ,  eo$ ,  25 v dc: w, ceramic, 
monolithic,  Sprague No e 3C2l I 

Capacitor,  10 m f ,  +IO$, 35 v dc w, tantalum, 
Spsague No 15OD106X9035Er;i I 

Capacitor,  tantalum e l e c t r o l y t i c  for d e r a t i n g  
t o  20 v dc w, leakage cur ren t  shall be Less than  
0.2 p,a Yrom 1 0 0 ~  t o  4 - 5 O c ,  leakage cur ren t  shall 
no t  exceed 0.2 a f t e r  10,000 hours operation 
a t  45'C and rated work.ri.ng vo l t age .  Capacitance 
sha1.1. not vary more than  10% of  rated value a t  
25OC over 10°C to 4 5 O C ,  Sprague E l e c t r i c  eo. 
me foI.l.owing val-ues are spec i f i ed  a-t 25Oc. 

40 m f ,  +lo$, 30 v de w .  

11 m f ,  +lo$, 100 v dc w .  

The fol lowing wire  -wound p rec i s ion  r e s i s t o r s  t o  
be temperature aged a t  150°C f o r  118 hours .  F ina l  
r e s i s t a n c e  value t o  be  wi th in  tolerarice when 
measured at 2 5 O C .  

Resj-stor, 100 olzms, +1/2$, 0.25 w, at, 125OC, 
Bven  type 1273. 

Standard l e a d  spacing.  



Tab? e 2 ( con thucd  ) 

Rrt No. 

w2 

R14 

~17, w6 

e5, R2'7 

R10, F W  

H30 

R'7 

R3, R5 

R31 
R6 

R l ,  R 8  

R l l ,  R33 

R l 9  

I14 

e 9  

~ 1 6  

R 4  
R32 

Rg 

ORNL Stores No, I L!es c r i p t  i o n  .- 

Resis tor ,  200 ohms, k1./2%, 0.25 w, a t  l25*C, 
D a w n  -type 12'-[3. 

Besj-stor, 1000 ohms, 5I./27hj 0.25 w ,  a t  l 2 5 O C ,  
I h v m  .type 1273. 
Resis tor ,  4000 o'nms, kl/2$, 0.25 w, a t  125OC, 
CLZven type 1273. 

:'iesi.st,or, 50LJ ohms, +I./%$, 0.25 w ,  a t  l25'C, 
Daven type 1.273. 
Recis-Lor, 10 kilohrns, ?1/2%, 0 . 2 5  w ,  at 125 C, 
Dawn type 1273. 

ResisLor, 50 kilohms, ?l/2$, 0 .25  w ,  ai; l25'C, 
Dd.ven type 1273. 
Xes i s to r ,  100 ki.l.ohm, +1/2$; 0.25 w,  at, 125 C, 
Dmen  type 1273. 

Resistor, 1.5 megohm, ?1./2$~> 0.40 w, a t  1.25°C, 
Ihven t y p e  1356. 
Resis tor ,  47 ohms, +5$, 1/2 w, Allen-Bradley. 

Res is tor ,  1-30 ohms, 2576, 1/2 w, A-:B. 

Res i s to r ,  2400 oliriis, ts$, 1/22 w, A-B. 

Resi-stor, 820 olims, ?5$, 1 / ~  w, A-B. 

Resistor., 1000 ohms, k>$,, 1/2 w, A-B. 

Resis tor ,  1500 ohms, +5$, l / 2  IT, A-B. 

Resis tor ,  6200 ohms, i.j'$, 1/2 w, A-B. 

ResisLor, 10 kilohms, ?S$, 1/2 w, A-B. 
Rcs'i.s-toi., 30 kilohms, ?;1$, 1-12 w, A-B. 

Resis-tor, 1.5 kilohms, L5$, l/2 w, A-B, 

Resis-Lor, 33 kilohms, 25$> I./% 11, A-B. 

Res is tor ,  75 kilohms, ?S$, 1/2 v, A-B. 

0 

0 

a, (2; Q3 06-996-1-640 
Q5 06-996-1610 

Resis tor ,  160 kj.l.ohrns, t5$, l / 2  w ,  A-B. 

Res is tor ,  5 l O  kilohms, k5$j  1/2 w ,  A-B. 

Xes is tor ,  200 kilohms, +l-$> 1/2 w ,  carbon f i l m ,  
Semag type SLAK, double high-temperature var- 
n i sh  imprcgnated. Vendor: H.E. D i e s t e r  Corp., 
Scarsdal-e, N w York. 

Trans is tor ,  PNP, gerrnrznj.im, 'cyne 2€T7'-79A, Ph i lco  

Trans is tor ,  NPN, s i l i c o n ,  type 2 ~ 6 5 6 ,  Texas 
i n s t r .  Co. 
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Table 2 (conti.nued) 

I&-% No. OXrJL S tores  No a Ee s c r i pt  ion 

Q4 o6-g96-1710 Trans i s to r ,  PNP, s i l i c o n ,  ty-pe 2Nl131, Texas 
Instr. cc*. 

Q3 Trans i s to r ,  PNP, ge-maniurn, type 2N2795, Sprague . 
D1, W, D3, 06-995-6280 Diode, s i l i c o n ,  type 1N314A, Texas Instr. Co. 
&, D5, g, 
D7, B, WI 
D l 3 ,  D14 

D10, D l l ,  Diode, Zener, tyye lN7$2A, 5.6 v, +5$, Motorola. 
Dl2 

M l  06 -050-1835 Meter, microammeter, 0-50 va, de, 1175 ohm col.l., 
50 d i v i s i o n  s c a l e ,  Weston NO. 206-5061101, mark 
s c a l e  per  Q-2622-1. 

06 -995 -62 30 

SI Switch, subminiature, ro t a ry ,  3-pole, 6 -pos i t ion ,  
6 a c t i v e  contac ts  pe r  pole ,  p o s i t i v e  shorting, 
30° indexing, 1/2 i n .  diam x 1-00 i n .  deep be- 
hind panel, 1/4-32 th read  bushing x l./& i n .  I.ong, 
1/8-in.  diam s h a f t  3/4 5.n. long from mounting 
sur face  I complete with i n t e r n a l  t e e t h  lockwasher 
and hex nut ,  Odk type 1./2 in .  

Switch, siibminiature, ro t a ry ,  3-liol e, 3-positio-n, 
3 a c t i v e  contac ts  pe r  pole ,  p o s i t i v e  short ing,  
30° indexing, 1/2 i n .  diam x 0.593 in .  deep be-  
hind panel, 1/4-32 thread  bushing x l/& i n .  long, 
1/8- in .  digm shai't 3/4 in. long from moimtirig 
sur face ,  complete wi th  i n t e r n a l  teeth loclamsher 
and hex nut,  C?ak type 1/2 i n .  



6.1  Test Eqiiipment, 

The followi.ng t e s t  equipment i.s required:  

1. An osci l loscope,  'I'ektronix 543. with t y p  L o r  CA p lug- in .  Ty-pe T, 
i s  p re fe r r cd  because of i t s  greaier s e n s i t i v i t y .  

2 .  A d i g t t a l ,  d i r ec t - cu r ren t  vo_l.tmeter, different i .a l .  input ,  four 
d - i g i t ,  0.01% accu.racy with I iilv- r e so lu t ion  on t h e  most s e n s i t i v e  range. 

3.  A d i r ec t - cu r ren t ,  vacimm-tube vol tmeter ,  10 megohms or  g r e a t e r  
input  7-rpedance; a Dynamics model 1362 i s  recommended. 

4. A pulse  generator ,  c r y s t a l  c o i t r o l l z d ,  CHYL Q-21.67 o r  eqiiival en'c. 

5. A t r a n s i s t o r  t e s t e r ,  cur ren t  amplificaLion measured ai; I. kc, 
col-lector s a t u r a t i o n  cur ren t  rneasured with 50-pa meter wi th  25 small 
divisri-ons . Baird-Atomic model. m-1. i s  recomme:xkd. 

6. Power suppl ies ,  positi-v-e 35 v, negat ive 25 v, 0.05% reg-alation 
f o r  l i n e  and load changes, l e s s  than  1. xv ?mS no ise  and rLpp1.e. 

7. AA operational. ampl i f ie r  and a l l  required power supp l i e s ;  ORNL 
Q-2.605 is recornmefided. 

8 .  A r e s i s t ance  br idge,  1% accuracy, 10 ohms t o  1. megohm. 

9 .  Potentiorne-'iers, conposit!.on, carbon, 2 w, linear, 100 killohms arid 
1 megohm. 

P r io r  t o  any testing, 31.1 transi.stoi-s should be checked f o r  currenb 
ampl i f ica t ion  hFE and coUcc to r  sati iratioii  curreni; ICBO. The Raird-Atomic, 
model K T - 1  tester or i t s  equivalent  i s  recommended. Reject a l l  t r a n s i s t o r s  
'Ghat do not f a l l  within t h e  ranges spec i f i ed  i.n 'Table 3. Cbseme the 
operabing vol tages  of t h e  var ious t r a n s i s t o r s  'io avoid damage Yrom excessi.ve 
d i s s i p a t i o n .  

Preadjmst the supply vol tage outputs .to wikhin +50 mv of the 25-v va1.u.e 
and coiiilect t o  t h e  modu2.e. The digika?.  voltmeter should be used t o r  t h i s  
measurement. Perrni.i; a t  least ,  a 3..5-min w a r m - u p  f o r  a,13. modiil.es, power. sup- 
plies, and -Lest  ri.nstr-ments befure Making any e& jus LlileIlts and measurements . 
The power suppl ies  may requ i r e  r=ad jushnent after t h i s  warm-up interval. .  



Clnrent Pimplif i ca t ion  Collector Saturat ion Current 

=c hm 5 %I30 
Trans i s to r  

(.) (ma ) (v) (emitter open) (pa) 

2N1131 (PNP) -7 5 5 20 to 60 -7.5 0 < I  

Preadjust  t he  suppiy vol tage outputs t o  within 150 inv of t he  25-v 
value and connect t o  the morlul=. Thle d i g i t a l  vol.tmeter should be used f o r  
t h i s  measwement . Permi-t at l e a s t  a 15-min warm-iip f o r  a1.1. modules, power 
suppl ies  
ments. The power supplies may requ i r e  readjustrnerri; a f t e r  t h i s  warm-up 
i n t  e r v a l  . 

and t e s t  instruments before making any adju-stments and measire- 

6.3 Adju-stments and Cal ibra t ion  

6.3.1 Preliminary 

Figure 3 shows t h e  equipment fo:e ad.justnze:nt and c a l i b r a t i o n  of‘ Yne 
module. Note t h e  grounding It is important that t h e  cormnon (t-0 v) 
ground for  all dc supplies assoc ia ted  with the model g-2605 opera t iona l  
ampl i f ie r  be t ied.  t o  t h e  cornan (k0 v )  ground of t h e  +25 v and -25 v 
suppl ies  of -the model (2-2622 modu1.e. 
suppl ies  (-25 v o r  -t-25 .v) should. be made .the power ground f o r  t h e  e n t i r e  
system. 

The power ground of one of these  

The  d ig i t a l .  vol%me.Ler s h a l l  he connecter? between the  opera.ti.onal 

An RC f i l t e r  consi.st lng of a I_-kilohm r e s i s t o r  and a 2-pf 
ampl i f ie r  output and t h e  high-qual i ty  (132,) g~o-iincl 0-C t h e  operatIon.al. 
ampl i f ie r .  
capac i tor  shouJ-d be used- betveen .the q e r a t i o n a l .  amplif ier  and the digital. 
vol tmeter .  

The output of t h e  c rys t a l - con t ro l l ed  pxlse generator  must be at tenuated 
before connecting it to the  module input .  A r e s i s t i v e  ne’iwork cons is t ing  
of two 5lO-o’m r e s i s t o r s  5s suf f j -c ien t .  
connected as shown i n  Fig.  3. 

This w i l l  gj-ve 4-v pul.ses when 

The adjustment of t h e  fair raages of the mod.d.es is 3.5 fo l lows:  switch 
t h e  time-constant switch t o  t h e  “fast” pos i t ion ,  and balance tine opera t iona l  
ampl i f ie r .  
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6.3.2 io5 Count/sec Range 

Disconnect R29 and rep lace  it with a 1.00-ki.1.oh.m carbon potent iometer .  
A d - j u s t  the 100-kilo'm Swi-Lch h e  pulse generatoi: to a lo5 count/sec rate. 

potentiom?ter un-Lil a reading of 10.00 v i s  obtained on t h e  d ig i ta l .  vo l t -  
meter.  T h e  frcmt pan.el. meter should i n d k a t e  1.00 ? one small d i v i s i o n .  
Switch t h e  pulse generator  t o  a 5 x 1.04 count/sec r a t e .  
vol.tmeter should read. 5 v k 3..0 EIV. 

small d iv i s ion .  

The digi.ta3. 
The pane l  mater sho-uld read 0.5 k 1. 

Remove t h e  lGS-kilohm potent iometer  and br idge  i t .  Replace i t  wi th  
thc  neares t  &5$, 1./2-w, carbon - r e s i s to r .  
not  be less  than three t imes the value of 228. 
taE;i.ng care  not t o  overheat i t .  

'The value of t h i s  r e s i s t o y  s1mll.d 
linstall. the r e s i s t o r ,  

The fo l lowing  calibration check should be r~ia~de a t  the frequencies 
indicated i n  Tablz 4. 

(1 1 ( 2 )  ( 3 )  ( 5 )  
0 0.OQO 

1.000 10 

2 .OOQ 

5.000 

4 

4 

4 
2 . 5  x 10 

5.0 x 10 

10' 10.00 

1. k v i a t f o n  is computed as val-ue in c o l  2 - value i n  c o l  3.  
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6.3.3 10* Count/sec ___I_.___ Hang" 

Di.sconnect 1324 and r -place it with a I.-megohm carbon potentI.cme'ier. 
Switch t h e  pulse generator  t o  a I-& count/sec -ra.te. 

meter.  The f ront -panel  meter or' tlie mod.1xl.e should i nd ica t e  1.00 i- one 
srnaIl d iv i s ion .  
'The digi-La1. -voltmeter shoa1.d read 5 v ?r 10 mv. The pariel. meter sho1C.d 
read 0 .5 k 1 small-. divj-sj. 011. 

Adjust t h e  1-megohm 
1; p*Jc I. iomc.'-. L ~ L r  ,>' un'LLl a reading 07 10.00 v i s  obtained ori -Lhe digital . .  v o l t -  

Switch t h e  pulse  genera.tor t o  a 5000 count/sec r a t e .  

Remove t h e  3_-mego'm potentiometer am2 br idge  i " 6 .  Replace it with tiie 
neares t  k5$, 1/2-v,  car'uon r e s i s t o r .  
not be less than th ree  times t h e  value of ~ 2 6 .  
tak tng  care  no-1; ti: overheat Lt. 

The va1u.e of t h t s  r e s i s t o r  should 
Enstal.1- t'ne r e s i s t o r ,  

Check t h e  cal-ibration of - the module on t h i s  10"; coimt/sec range at 0, 
The t r u e  output 1000, 2500, 5000, and 1 - 8  coxnts/sec.  

w i l l  be 1.0.00 v a t  1.04 coimnts/sec. 
Complete Tab1.e I+. 

6.3.4 103 Count,/sec Range- 

Disconnec-t RL9 a>.n.d- replace j.t wi th  a 1.00-kilohm carbon potentiometey . 
Switch tiie pul.se g e m r a t o r  t o  a 1000-count/sec r a t e .  
potentiometer untlil a reading of 10.00 v i s  obtaLned on the d i g i t a l  vo1.t- 
meter. The f ront -panel  metei- on t h e  module shoul+.d i n d i c a t e  1.00 ? one 
small.. di-vis ion.  
The dr ig i ta l  voltmeter should read. 'J v + 1.0 mv. T'ne pan.21 me-ker sh&ul.d 
read 0.5 k 1. smal.1. d-i-visioii. 

Adjust t h e  100-kilohm 

Switch the p i i l s r  gtenzra'ioy t o  a 500 cou.nt/sec rat;?. 

Hemow tlie 100-kilohni carbon potentiometei- arid br idge it . Replace it 
The value of  t h i s  r e s i - s to r  wi th  t h e  marest k15.$, 1_/2-w, car'oon resj.st;or. 

should not be l e s s  than. t h ree  t h e s  the value of Rl .8 .  
tak-ing care  not t o  ov?rhcat it,. 

I n s t a l l  the resis tor- ,  

Check 'the ca l ibra i  ion ol" Lhc module OCI t h e  1d' count/szc T-anSp a t  0, 
100; 250,  500, and 1000 counts/sec. Complete T a h l n  4. 
w i l l  be 10.00 v a t  1-000 coimts/sec.  

The t r u e  output 

With a 1000 count/lsec input ,  switch the the-consbar i t  switch t o  t,he 
I'niEI-diim'' and then  t o  tile " G ~ O W "  pos i t i ons .  There s'noul.d be i10 change in 
reading. 

1-0" Courtjsec Range ~ - . . .  6.3.5 

Disconnect ~1.6 aad yeplace it  with a 1-megohm carbon potent iometer .  
Switch t h e  pulse  generakor .to the 2-00 count/sec -rate. 
potenti.orfle.S,er u n t i l  a, reading of 1.00 v i.s ciotaineci (2i1 the d i g i t a l .  v0l.t- 
meter.  The f r o n t  panel  of t he  modid.e should indicate 1.00 ? one smal.1. 
d iv i s ion .  
m e t e l .  s'nouJd r e a l  5 v 4 10 m v .  The panel  meter shou1.d read. 0 .$ t 1  small^. 
dl.vTsion. 

A d j u s t  -Line 1-megolrm 

Switch t h e  pulse genera.tor to 50 counts/sec.  The di_gita'l_ v o l t -  



Remove t h e  1-megohm potent iometer  and b-ridge it. Replace it with t h e  
nea res t  +5%, 1 / 2 4 >  carbon r e s i s t o r .  
be l e s s  than  t h r e e  times t h e  value of R17. I n s t a l l  t h e  r e s i s t o r ,  t ak ing  
care  not to overheat it. 

Tine value o r  t h i s  r e s i s t o r  should not 

ing 

Check t h e  c a l i b r a t i o n  of the module on t h e  lo2 count/sec range ai; 0, 
25, 50, and 100 counts/sec. 
time-constant a t  t h e  0, 1.0, and 25 coimt/sec points. I f  t h i s  i s  so, 

It m a y  be necessary to increase  t h e  sxnooth- 

repeat t h e  readjngs at a l l  points w i t h  t h e  new time cons t an t .  There should 
be no change i n  reading as t h e  t ime constant i s  changed. It w i l l  be neees- 
sayy to take a Ii-LLle more time between readings f o r  t he  longer time- 
cons tan ts .  The t r u e  output will be 10.00 v at 100 Complete Table 4. 
counts/sec. 
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