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INTCRODUCT I O N  

A s l i d i n g  pulse  genera tor  was de:>ip,ned s p e c i f i c a l l y  f o r  checking 
t h e  d i f f e r e n t i a l  l i n e a r i t y  o f  multichannel ana lyzers  having up t o  4000 
channels .  P r i o r  to t h e  development of t h i s  instrument ,  t h e r e  had not  
been an instrument  conta in ing  a l l  the f e a t u r e s  des i r ed  for p e r i o d i c a l l y  
checking t h e  performance of ana lyzers  a t  the po in t  of usage. 
t h e  ana lyzers  had to  bc s e n t  t o  a shop equipped wi th  t e s t i n g  i n s t r u -  
meiits and dev ices ,  

h s t e a d ,  

The c o s t  of t h e  instrument  i s  est imated t o  be $1500. 

PURPOSE 

Bas ica l ly ,  t h e  s l i d i n g  pulse  genera tor  ope ra t e s  much t h e  same as 
a conventional mercury r e l a y  pulse  genera tor ;  however, f o r  t h e  s l i d i n g  
pulse  generator ,  a l i n e a r  ramp r a t h e r  t'nan a f ixed  de re ference  vol tage  
i s  chopped by a mercury-relay chopper t o  give a cont inuously varying 
magnitude of output  pu lse  .I 

When connected t o  a mult ichannel  ana lyzer ,  t h e  pulse  genera tor  w i l l  
produce i d e a l l y  a f l a t  spectrum, because f o r  i d e a l  channel p r o f i l e s ,  an 
equal  number of  counts will. be accumulated i n  each channel.  
v a r i a t i o n s  i n  channel widths,  c r e a t i n g  undes i rab le  channel p r o f i l e s ,  
w i l l  cause an unequal number of counts t o  appear  i n  each channel.  
devi.ations i n  channel counts i n d i c a t e  t h e  n o n l i n e a r i t y  i n  t h e  ana lyzer .  

However, 

These 

For a pu l se  genera tor  of t h t s  type,  the ramp should be  as long  as  
p r a c t i c a l  and t h e  chopping rate should be as f a s t  as poss ib l e  for t he  
RC t i m e  cons tan t  of t h e  pulse  be ing  generated.  These condi t ions  w i l l  

'This pulse  genera tor  i s  drs igned t o  p lace  approximately 20 counts i n  
each channel dur ing  one ramp per iod  when connected t o  a 4000-channel 
analy ze I' . 

ensure the l a r g e s t  number of  counts p e r  channel on a s i n g l e  ramp per iod .  2 

DESCRIPTION 

' h i s  instrument  has  f o u r  major sec t ions :  ramp genera tor ,  ramp 
c o n t r o l  c i r c u i t r y ,  i.amp slope monitor,  arid mercury r e l s y  chopper. The 
b a s i c  c i r c u i t  i s  shown i n  Fig. 1. 

'L. B. k b i n s o n ,  "A '&txp-EZllser' for Test ing  L inea r i ty  of  Pulse 
Analysis Systems, " 
h l ~ e  Analysj.8, f i b l .  ll@l NAZ-NHC, Washington D. C. ,  1964. 

pp . 216-21 9 i n  Instrumentat ion Techniques i n  Nuclear 

Personal. conmiunication from <J. W. Woody, OWL. 
2 
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Fig. 1. B l o c k  Diagram of the Ztidirlg f b b e  Genesvtor,. 



Ramp Generator 

?"ne ramp generator  i s  t h e  most important p a r t  o f  t h e  c i r c u i t ,  
because i.ts l i n e a r i t y  determines the  l i n e a r i t y  of the pu l se  output .  
The ramp generator  c o n s i s t s  of  a high-impedance c u r r e n t  source d r i v i n g  
an ope ra t iona l  a m p l i f i e r  i n t e g r a t o r .  Since a n  a t t e n u a t i o n  of  2 i s  
encountered i n  t h e  ramp chopping c i r c u i t ,  t h e  ramp i s  required t o  have 
a 20-v peak amplitiide t o  produce output  pulses  t h a t  have a IO-v peak 
amplitude. Since t h e  opesa t iona l  a m p l i f i e r  used i n  t h e  i n t e g r a t o r  c i r -  
c u i t  had an output  vol tage swing of about 10 v maximum, and a n  output  
cu r ren t  c a p a b i l i t y  of  only a f e w  mill iamperes,  R d r i v e  c i r c u i t  w a s  added 
t o  t h e  output  of t h e  o p e r a t i o n a l  a m p l i f i e r  t o  supply t h e  necessary 
vol.tage and c u r r e n t  d r i v e  f o r  the ramp chopper. 'lie i n t e g r a t i n g  capa- 
c i t o r  was connected from the o p e r a t i o n a l  a m p l i f i e r  i npu t  t o  Yne d r i v e r  
c i r c u i t  output .  Two values of  i n t e g r a t i n g  ca.pacitance were provided t o  
give a chotce of t vo  ramp s lopes .  A s e l e c t o r  swltch on t h c  f r o n t  pane l  
allows the ope ra to r  t o  choose t h e  d e s i r e d  ramp slope.  Wit'n t h e  c u r r e n t  
source ad jus t ed  f o r  p l u s  or minus 2 Pa, depending on whether t h e  ramp 
i s  going negat ive o r  p o s i t i v e  r e spec t ive ly ,  t h e  two capaci tance values 
w i l l  give 20-v ramp periods of  e i t h e r  30 o r  300 sec.  

'Die 3O-nec ramp i s  obtained w i t h  ;t 3 4 f  capac i to r .  '&is c a p a c i t o r  
i s  a Mylar d i e l e c t r i c  -type vbich c r e a t e s  over  a ramp excursion of  20 v 
a ramp slope n o n l i n e a r i t y  of about 5 p 2 r t s  i n  lo3 because of d i e l e c t r i c  
absorpt ion.  This 30-sec ramp pe r iod  i s  provided so t h a t  unnecessa r i ly  
long per iods of t i m e  w i l l  no t  be r cqu i r ed  t o  a d j u s t  t h e  p u k e  Senerator  
for an ans lyze r  check. 

For a c t u a l  l i n e a r i t y  checks, t h e  ramp should be  operated i n  t h e  300- 
s e c  mode. In t h i s  mode a 3O+f polystyrene d i e l e c t r i c  c a p a c i t o r  i s .  used. 
as t'ne i n t e g r a t i n g  c a p a c i t o r .  Since this c a p a c i t o r  has low d i e l e c t r i c  
absorpt ion,  it produces e x c e l l e n t  l i n e a r i t y  over  t h e  300-sec ramp. 

&cause inpu t  leakage c u r r e n t s  of  t h e  o p e r a t i o n a l  a m p l i f i e r  i npu t  
w i l l  cause nonl . inear i t ies  i n  t'ne ramp, an o p e r a t i o n a l  a-mplif i e r  having 
a f i e l d - e f f e c t  t r a n s i s t o r  i n  t'ne inpu t  w a s  used. 

A f r o n t  panel  c a l i b r a t i o n  w a s  provided f o r  t h e  c u r r e n t  source,  
a l lowing an adjustment of about lO$ i n  t h e  c u r r e n t  magnitudes, which 
are nominally 2 I-la. The output  impedance o f  t h e  c u r r e n t  source i s  
npprosirm t e l y  300 megohms ; consequently, t h e  t o t a l  time constant  f o r  
the i n t e g r a t i n g  ci.rciij.t* i.s approximately is years .  Since only an ex- 
treme1.y s r r i 6 l i  p o r t i o n  of one constant  i s  a c t u a l l y  used, the ramp slope 
e r r o r  due to t h e  second arid h ighe r  o r d e r  terms of t he  power s e r i e s  of  
an exponent ia l  func t ion  :i.s very :;rnIl.. The power s u p p l i e s  should be 
very ,stab7.e, because a power supply v a r l a t i o a  o f  1 mv w i l l  produce a 
nonl. inearity o f  about, 50 ppm i n  t h c  cu r ren t  miircc. 
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The output  voltA.ge of' the ramp generator  should be 0 v with no input  
c u r r e n t  and with t h e  i n t e p a t i n g  c a p a c i t o r  s h o r t  - c i r c u i t & ;  thuc;, hiti81 
and poss ib ly  pe r iod ic  adjustment of' t h e  ramp generator  w l l l  be nsceassry.  
A s  an i n i t i a l  adjustment,  t h e  i n t e g r a t i n g  o p e r a t i o n a l  a m p l i f i e r  should 
be removed and a 200-ohm re ; io tos  placed from i t s  output  p i n  t o  ground. 
Trimpot ~ 2 6  (:,€e Fig. 2 )  should be ad jus t ed  u n t i l  t h e  output; o f  t h e  ramp 
generator  ( tes t  p o i n t  2 )  ic 0 v dc.  With t h e  o p e r a t i o n a l  a m p l i f i e r  r e -  
placed, t h e  i n t e g r a t i n g  c a p a c i t o r  sho r t ed  from t e rmina l  t o  t e rmina l ,  and 
switch 3 a t  t h e  ramp generator  i npu t  switched t o  t h e  c a l i b r a t e  p o s i t i o n ,  
t r impot  Ii26 can be ad jus t ed  aga in  t o  give C 2 0.1 v dc a t  teat p o i n t  1. 
'Trimpot KLg can then  h e  ad jus t ed  t o  give 0 v dc 3t tlic rump gene ra to r  
ou tpu t  ( tes t  p o i n t  2 ) .  
a t  t es t  p o i n t  2 should be checked from t i m e  t o  time with t h e  i n t e g r a t i n g  
c a p a c i t o r  sho r t ed  ( terminal  t o  t e r m i n a l )  and t h e  ramp generator  input  
open-circui ted (switch S2 se t  a t  the 'leal ibrate"  p o s i t i o n ) .  

Since Long-tesrri d r i f t  might occur,  t h e  vol tage 

Ramp Control C i rc i i i t ry  

To check any range of channels des i r ed ,  a d i s c r i m i n a t o r  c i r c u i t  de- 
t e c t s  t h e  a r r i v a l  of t h e  ramp a t  some psese l ec t ed  value and causes t h e  
ramp t o  change s lope  p o l a r i t y  a t  t h z t  po in t .  This c i r c u i t  c o n s i s t s  o f  
an o p e r a t i o n a l  a m p l i f i e r  discr i rninatos  and two re fe rence  poterrtiometer's 
t h a t  can be a d j u s t e d  t o  d e s i r e d  endpoint values. Both potent iometers  
are on t h e  f r o n t  pane l .  With t h e  potent iometer  labeled "high magnitude 
d i sc r imina to r "  t h e  ope ra to r  can s e l e c t  t h e  h i g h e s t  mawitude ot' voltage 
t h a t  he wants t h e  ramp t o  reach, whether it be a p o s i t i v e  o r  a nega t ive  
vo l t age .  Tne potentiometPr l abe led  "low magnitude d i sc r imina to r "  allows 
t h e  ope ra to r  t o  s e l e c t  t h e  low magnitude endpoint,  whether it be a posi- 
t i v e  or a negat ive vol tage.  Thus, two endpoints  can be s e l e c t e d  f o r  t h e  
ramp t o  m n  between, and these two endpoints can he p o s i t i v e  or nega t ive  
vo l t ages .  Switch S4, a lso  on t h e  front pariel, a l lows the ? h o i w  of 
o p e r a t i n g  t h e  ramp between two p o s i t i v e  or two nega t ive  endpoint;. 
p l o t s  of  t h e  ramp gene ra to r  ou tpu t  ( t e s t  po in t  2 )  are shown i n  Fig. 3. 

For checking channels near 0, switch S5 on t h e  front panel  is 
swjtrhed t o  "zer.0 operate." This al1oTm g r e a t e r  r e s o l u t i o n  o€ the low 
magnitude endpoint i n  t h e  range of l-1 t o  -1 v. 

When an endpoint i s  reached, t h e  d i  s c r imina to r  c i r c u i t  cau,.,es t h e  
c u r r e n t  to change i n  t h e  coi.ls of two mercury r e l a y s ,  which changes t i l e  
p o s i t i o n  of  t h r e e  sets  of  con tac t s .  These con tac t s  :;witch t h e  p o l a r i t y  
of  c u r r e n t  m p p l i e d  t o  the r a m p  genera t o r ,  change; "elk diL-criaiinator'  inpiit 
t o  d e t e c t  the opposi te  endpoint,  and changes t h e  a i f f e r e n t i a t o r  o.tY:;et 
vo l t age  p o l a r i t y .  
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Fig. 3. Sample P l o t s  of t he  &imp Gcnerstor Output &lowing l h o  
D i i ' f e r n t  Elidpoint %;eitings. 

k m p  Slope Monitor 

To monitor .the ramp slope during ari ana lyzer  Zixiearity check., the 
ramp output  i s  sampled by :in opera t iona l  a m p l i f i e r  d i i ' f e i -en t ia t ing  c i r -  
c u i t .  The output  o f  t h i s  d i f f e r e n t i a t i n g  circui.t, w i l l  remain cons tan t  
at approximately I v if no d.is.i;urbance:; occur in t h e  r a m p  period. The 
p o l a r i t y  w i . 1 1  be po;;i-ti.ve w h e n  t h e  ramp excursion i s  negative, and will. 
be negat ive when the  ramp exeurcLon i s  positive. Z'he d i f f e r e n t i a t o r  
ou-tput will be approximately the same nagriikude regzrdles:; of  whether 
the 38-sec o r  t h e  3OO-:;ec rartqi  i s  -uced, b use tine feedback elements 
of the d i f f e r e n t j a t o r  arc changed when the i n t e g r a t i n g  capac i to r  i s  
changed. 

To p l o t  the  ramp de:rivative orl :a 10-mv ?trill cha r t  recorder, 0ff;jet 
potent iometers  Id4 3A and R l + j  a re  provided. 'kcse potentiorrietem place  the' 
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s a m e  p o l a r i t y  and t h e  same magnitude of vol.tage at: the d i f f e r e n t i a , t o r  
out;put on the  c h a r t  recorder  p i n  opposi te  t h a t  t o  which t h e  d e r i v a t i v e  
i s  appl ied.  Tnis allows only change:: i n  ramp slope t o  be p l o t t e d  on t h e  
c h a r t  (see sample p l o t  i n  Fig. h ) .  Transients  occur a t  t h e  end of each 
ramp period, because the d e r i v a t i v e  must change p o l a r i t i e s  w i th  a f i n i t e  
switching t i m e  as t h e  ramp changes s lope  p o l a r i t y .  The p l o t  can be Rd- 
j u s t e d  t o  any p o s i t i o n  on t h e  r eco rde r  paper by adjustment of  the o f f s e t  
potent iometers .  W i t h  t h e  i n t e g r a t o r  open-circui ted,  t h a t  i s ,  w i t h  switch 
52 i n  t h e  c a l i b r a t e  pos i t i on ,  trimpo-t ~ 3 6  on t h e  d i f f e r e n t i a t o r  opera- 
t i o i i a l  a m p l i f i e r  should be ad jus t ed  t o  give 0 v a t  t h e  output  of t h e  
d i f f e r e n t  i a t o r  . 

ORNL-DUIG 67-2860 
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Fig. 4. Sample chart of D i f f e r e n t i a t o r  Qxtput w i - t i i  %nip Output 
Indicated f o r  Time Correlat ion.  Tbc Voltage Scale Applies  
Only t o  the D i f f e r e n t i a t o r  Output. 



Pulses a r e  formed by chopping t h e  generated ramp with a mercury 
r e l a y  ope ra t ing  a t  250 cps .  Decay time zons tan ts  of  LOO Vsec and 2 Vsec 
a r e  seLected by cwi tch  ;7 on t h e  f r o n t  panel .  The pulses  a r e  routed 
through a s e r i e s  5O-ohm x s i s t o r  i n t o  a 50-ohm attenuhxoi- s e c t i o n  having 
f i v e  a t t e n u a t i o n  f a c t o r s  of 2 and four xttenulrttion f a c t o r s  GZ' 10. An 
a t t e n u a t i o n  G?' 2 i s  produced by  the 50-ohrn r e s i s t o r  i n  a e r i e s  w i t h  t h e  
a t t e n u a t o r  s e c t i o n ;  t h e r e f o r e ,  thc? output  hss a rnaximuni amplitude of 10 v. 
This s e r i e s  50-ohm r e s i s t o r  te rmina tes  t h c  a t t e n u a t o r  s e c t i o n  on t h e  i n i -  
t i a l  po r t ion  o f  t h e  pulse  d ischarge .  The chopper start and s t o p  f'uriction 
($3) i; l oca t ed  on t h e  f r o n t  panel .  Mien t h e  chopper i s  switched on, t n e  
event  w i l l  no t  occ iu  u n t i l  t h e  ramp reaches i t s  most p o s i t i v e  endpoint ;  
when t h e  chopper i s  switched o f f ,  t h e  event  w i l l  rlot occur u n t i l  t he  ramp 
reache,; i t s  most negat ive  endpoint .  

PERFOMNCE 

For -the 300-see ramp the i n t e g r a l  and d i f f e r e n t i a l  n o n l i n e a r i t i e s  
For t h e  i n  t h e  ramp genera tor  ou tput  are approximately 1 p a r t  i n  I O 4 .  

30-see ramp, n o n l i n e a r i t i e s  of about 5 parts i n  lo3 w i l l  be  experienced 
because of d i e l e c t r i c  absorp t ion  i n  the  Nj l a r  capac i to r s .  The tempera- 
t u r e  c o e f f i c i e n t  of tke c u r r e n t  source supplying t h e  ramp genera tor  
i s  as good as 20 pgn/ C i f  t h e  PN3811 t r a n : ~ i s t o r  used i n  t h i s  c i r c u i t  
has  a leakage c u r r e n t  no t  g r e a t e r  thrzn 50 pa at room temperature .  

When connected t o  a 10-mv strip chart recorder, t he  d i f f e r e n t i a , t o r  
c i r c u i t  w i l l  i n d i c a t e  n o n l i n e a r i t i e s  a s  small as 5 parts  i n  lo5.  
l i n e  width of  t h e  sample recorder  p l o t  shown i n  Fig. 4 i s  p r i m a r i l y  due 
t o  no i se  i n  t h e  diffe.rentia.to:r c i r c u i t .  The temperature  c o e f f i c i e n t  of 
t h e  d i f f e r e n t i a t o r  c i r c u i t  is app.roximatel.y 12 pprn/O C nega,tive; t h e  tern- 
pera tu re  c o e f f i c i e n t  o f  t h e  d i f f e r e n t i a t o r  c i r c u i t  o f f s e t  po ten t iometers  
i s  approximately 70 ppm/OC, i nc reas ing  i n  magni.tude as the ambien-t t e m -  
pe ra tu re  inc-reases . Therefore,  a;; the temperature  changes, the p l o t  of 
t he  ramp s lope  will change. Most of  t h i s  change, however, i s  due t o  t h e  
d i f f e r e n t i a t o r  c i r c u i t  and i t s  a s soc ia t ed  o f f s e t  potent iometers  and no t  
t o  t h e  ramp l i n e a r i t y .  

The 

The discriminati-on 1.evel.s marking t h e  ramp eiidpoints a r e  s u f f i c i e n t l y  
stable t o  wi th in  2 o r  3 channels ou t  of' ~COOO. 
will e x h i b i t  a sliait temperature  c o e f f i c i e n t  due mainly t o  t h e  d i s -  
c sirninato s po ten t  iome t e rs . 

"lie d i sc r imina to r  c i r c u i t  

Since t h e  ramp chopper dr-ive c i r c u i t  switches approximately 60 ma 
a t  250 cps,  and s i n c e  t h e  I.a.iIlp drive c i r c u i t  might r equ i r e  up t o  100 m a  
of c u r r e n t  du r ing  t h e  charge poz-Lion o f  t h e  chopping cyc le ,  no ise  created 
on t h e  power supply bus mi@t be of ml'ficient magnitude t o  i n t e r f e r e  w i t h  
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o t h e r  i n s t r m e n t s .  
having ampli-tudes as high as 50 mv have been measured. For this rezson, 
the  module should be located as nea r  thc power supply sen;ing point  as 
p o s s i b l e .  

For the IUD43 power supply, power bus t r a n s i e n t s  

A s  a f u t u r e  improvement of t inis  instrument,  a s o l i d - s t a t e  chopper 
i s  b e i n g  developed t o  replnce t h e  mercury r e l a y  chopper. The solid- 
state  chopper will i nc rease  the chopping rat,e t o  s e v e r a l  k i l o c y c l e s .  
Tms s e v e r a l  hundred count; could be p-Laced i n  each channel of a 4000- 
channel anal-yzer on each ramp pe r iod .  

3L. C o s t r c l l ,  YID-20893 Revised 
( Ju ly  1966). 
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