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ABSTRACT 

The development of  p u l s e  c i r c u i t r y  f o r  a time-of-f l i g h t  

mass spec t romete r  is d e s c r i b e d .  A method is p resen ted  f o r  

e l e c t r o n i c a l l y  sweeping t h e  d e l a y  t i m e  between t w o  p u l s e s  

i n  order t o  p rov ide  sampling of t h e  s p e c t r o m e t e r ' s  i o n  

beam. Th i s  r e s u l t s  i n  s h i f t i n g  t h e  in fo rma t ion  c o n t e n t  of 

t h e  i n s t r u m e n t ' s  o u t p u t  t o  lower f r e q u e n c i e s  t h u s  a l lowing  

t h e  s p e c t r o m e t e r  t o  be used w i t h  s i m p l e r  dc e l e c t r o m e t e r  

c i r c u i t s .  The c i r c u i t r y  w a s  des igned  w i t h  emphasis on l o w  

power consumption and o t h e r  factors which are d e s i r a b l e  f o r  

r o c k e t  probes .  P r a c t i c a l  p u l s e  and t iming  t echn iques  a r e  

p r e s e n t e d  which may prove  u s e f u l  i n  o t h e r  areas invo lv ing  

p u l s e  c i r c u i t r y .  

i 



CHAPTER I 

INTRODUCTION 

1.1 The L inea r  Time-of-Flight Mass Spectrometer  

The p r i n c i p l e  of t h e  t ime-o f - f l i gh t  mass spec t romete r  

w a s  f i r s t  p r e s e n t e d  by Stephens''). I n  its s i m p l e s t  f o r m  

t h e  l i n e a r  t i m e - o f - f l i g h t  i n s t rumen t  c o n s i s t s  of  two g r i d s  

and a p l a t e  as shown i n  F i g u r e  P o  P o s i t i v e  i o n s  i n  r e g i o n  A 

are accelerated toward t h e  c o l l e c t o r  by  a p o s i t i v e  p u l s e  on 

g r i d  1, Assuming t h e  i o n s  are a l l  g iven  t h e  same ene rgy ,  

t h e  l i g h t e r  i o n s  w i l l  p o s s e s s  a g r e a t e r  v e l o c i t y  t h a n  t h e  

h e a v i e r  ones  and w i l l  a r r i v e  a t  t h e  c o l l e c t o r  f i r s t o  A t h i r d  

g r i d  p l aced  J u s t  i n  f r o n t  of  t h e  c o l l e c t o r  keeps t h e  

c o l l e c t o r  from developing  an image cha rge  as  t h e  i o n s  

approach,  E l e c t r o n s  f low t o  t h e  c o l l e c t o r  through t h e  

c o l l e c t o r  r e s i s t o r  Rl t o  n e u t r a l i z e  t h e  p o s i t i v e  i o n s  as 

they  h i t  t h e  c o l l e c t o r ,  S ince  t h i s  e l e c t r o n  c u r r e n t  is a 

r e p r o d u c t i o n  of t h e  i o n  c u r r e n t ,  a method used t o  obse rve  

t h e  r e s u l t i n g  mass spectrum is to ampl i fy  t h e  v o l t a g e  drop  

a c r o s s  Rl and app ly  i t  t o  t h e  v e r t i c a l  a m p l i f i e r  of an  

o s c i l l o s c o p e ,  T h e  trace of t h e  o s c i l l o s c o p e  would be swept 

h o r i z o n t a l l y  by t h e  i n t e r n a l .  t ime-base which would be 

t r i g g e r e d  by t h e  p u l s e  t o  g r i d  I,  A t iming  sequence is 

shown fo r  i l l u s t r a t i o n  i n  F igu re  2.  The o u t p u t  c u r r e n t  

shows t h e  p re sence  of t w o  low m a s s  i o n s  and a t h i r d  h e a v i e r  

s p e c i e s  of r e l a t i v e l y  l o w  c o n c e n t r a t i o n ,  
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1 . 2  The L inea r  Ins t rument  wi th  Space Focusing 

Wiley  and McLaren (2) r edes igned  t h e  l i n e a r  time-of- 

f l i g h t  m a s s  s p e c t r o m e t e r  by p l a c i n g  t w o  d i s t i n c t  a c c e l e r a t i n g  

areas i n  t h e  s o u r c e  r e g i o n  as shown i n  F i g u r e  3 ,  The 

v o l t a g e s  on t h e  electrodes which bound t h e  t w o  a c c e l e r a t i n g  

r e g i o n s  can be a d j u s t e d  s u c h  t h a t  a n  i o n  i n  r e g i o n  A 

i n i t i a l l y  c l o s e r  t o  t h e  pu l sed  g r i d  w i l l  r e c e i v e  enough 

a d d i t i o n a l  energy t o  r e a c h  t h e  c o l l e c t o r  a t  t h e  same t i m e  

a s  an  i o n  of  t h e  same m a s s  a l s o  i n  r e g i o n  A which is 

i n i t i a l l y  c l o s e r  t o  t h e  c o l l e c t o r ,  T h i s  r e s u l t s  i n  

i n c r e a s i n g  t h e  a b i l i t y  o f  t h e  in s t rumen t  t o  detect t h e  

p resence  of two i o n  s p e c i e s  which d i f f e r  by o n l y  a few m a s s  

u n i t s ,  Wiley and McLaren's a c t u a l  i n s t rumen t  w a s  s i m i l a r  t o  

t h a t  shown i n  F igu re  3 w i t h  t h e  e x c e p t i o n  of a n  e l e c t r o n  

m u l t i p l i e r  used  t o  measure t h e  ion c u r r e n t .  

1 , 3  

Cons i d e r a  t i o n s  

Genera l ly  speak ing  t h e  fo l lowing  r e l a t i o n s h i p s  

invo lv ing  s e n s i t i v i t y ,  r e s o l u t i o n  and s ize  apply  t o  t h e  

t ime-o f - f l i gh t  m a s s  spec t romete r :  

1, I f  a s i n g l y  charged i o n  is s u b j e c t e d  t o  a n  

a c c e l e r a t i n g  p o t e n t i a l  V measured w i t h  r e s p e c t  t o  ground, 

its v e l o c i t y  when i n  a grounded f l i g h t  r e g i o n  w i l l  be 

related t o  its m a s s  by 

2 e V  = 3 mv 
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For a f l i g h t  l e n g t h  D,  t h e  approximate t i m e  t h a t  i t  w i l l  

t a k e  for a n  i o n  t o  r e a c h  t h e  c o l l e c t o r  a f t e r  t h e  accelerating 

p u l s e  has  been a p p l i e d  is found by app ly ing  e q u a t i o n  (1) 

wi th  

D 
t 

v = -  

y i e l d i n g  

D 2  
t e V  = 3 m(-) 

Th i s  r e a r r a n g e s  i n t o  e q u a t i o n  ( 4 ) .  

m(Atomic Mass Uni t s )  
( c m )  V (  V o l  ts ) ( 4 )  

= 0.7D t ( u s e c >  

2. The l o n g e r  t h e  f l i g h t  l e n g t h  D, t h e  g r e a t e r  t h e  

t i m e  between co r re spond ing  mass peaks.  Th i s  i n  itself is 

n o t  a change i n  r e s o l u t i o n  b u t  can  r e s u l t  i n  a n  improvement 

i n  r e s o l u t i o n  i f  t h e  c i r c u i t r y  a s s o c i a t e d  w i t h  t h e  c o l l e c t o r  

does n o t  have s u f f i c i e n t  f requency  r e sponse  and t ends  t o  

smear t h e  m a s s  peaks t o g e t h e r ,  

3 .  The longe r  t h e  f l i g h t  l e n g t h ,  t h e  g r e a t e r  t h e  

p o s s i b i l i t y  of  molecular  c o l l i s i o n s .  The re fo re  in s t rumen t s  

w i t h  long f l i g h t  p a t h s  must be used a t  l o w  p r e s s u r e s  t o  

p r e s e r v e  in s t rumen t  s e n s i t i v i t y  and r e s o l u t i o n .  

4, I f  r e g i o n  A is made l a r g e r ,  a g r e a t e r  number of 

i o n s  w i l l  be pu l sed  and t h e r e f o r e  t h e  s e n s i t i v i t y  of t h e  

in s t rumen t  w i l l  be i n c r e a s e d ,  
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5. R e l a t i v e  i o n  c o n c e n t r a t i o n s  are ob ta ined  by 

measuring t h e  r e l a t i v e  i o n  c u r r e n t  peak h e i g h t s ,  Absolute  

i o n  c o n c e n t r a t i o n s  c a n  a l s o  be ob ta ined  by u t i l i z i n g  more 

complex methods o f  a n a l y s i s ,  

The above c o n s i d e r a t i o n s  a p p l i e d  t o  t h e  problem of  

measuring and i d e n t i f y i n g  i o n s  i n  t h e  ionosphere  u t i l i z i n g  

r o c k e t  probes  has  l e d  t o  t h e  u s e  of t h e  wedge t ime-o f - f l i gh t  

m a s s  ~ p e c t r o m e t e r ' ~ )  The wedge in s t rumen t  is a c t u a l l y  a 

s e c t o r  of  a c i r cu la r  t ime-o f - f l i gh t  i n s t rumen t ,  The 

c i r c u l a r  geometry h a s  t h e  advantage of  having a la rge  

a c c e l e r a t i n g  r e g i o n  f o r  i ts s i z e ,  

1 4 The Wedge Time-of-Flight Mass Spectrometer  

The b a s i c  wedge t ime-o f - f l i gh t  i n s t rumen t  is shown i n  

F igu re  4 ,  P o s i t i v e  i o n s  a re  drawn toward t h e  spec t romete r  

by a n e g a t i v e  p o t e n t i a l  on g r i d  1, Grid 2 is p laced  a t  

ground o r  a s l i g h t l y  p o s i t i v e  p o t e n t i a l  t o  e n s u r e  t h e  i o n s  

are d e c e l e r a t e d  enough such  t h a t  they  do n o t  e n t e r  r e g i o n  B 

and  t h a t  t h e  energy  of t h e  i o n s  i n  r e g i o n  A remains s m a l l .  

A h i g h  p o s i t i v e  p u l s e  on g r i d  1 accelerates t h e  i o n s  from 

r e g i o n  A i n t o  r e g i o n  B ,  A c o n s t a n t  n e g a t i v e  p o t e n t i a l  on 

g r i d  3 f u r t h e r  accelerates t h e  i o n s  toward t h e  c o l l e c t o r ,  

The two r e g i o n s  comprise  a Wiley-McLaren s o u r c e  i n  a 

c y l i n d r i c a l  form. The t h i r d  r e g i o n ,  t h e  f l i g h t  r e g i o n ,  

must have no v o l t a g e  g r a d i e n t  a c r o s s  i t ,  hence g r i d  3 and 

g r i d  4 are  connected t o g e t h e r ,  For t h e  same reason  p l a t e s  1 

and 2 are  added on t h e  s i d e s  and connected t o  g r i d s  3 and 4 .  

Grids  4 ,  5 and 6 comprise a g a t i n g  system which w i l l  be  

d i scussed  i n  s e c t i o n  1 . 6 ,  
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1 5 The E l e c t r o n i c  Specific,a,t,ions, o f  t h e  ,Wedge Ins t rument  

The a c t u a l  g r i d  v o l t a g e s ,  p u l s e  h e i g h t  and p u l s e  w i d t h  

depend u p o n  the  e x a c t  geometry of t h e  s p e c t r o m e t e r ,  

Experiments are be ing  conducted c o n c u r r e n t l y  t o  e s t ab l i sh  

t h e  exact p o t e n t i a l s  for  best in s t rumen t  s e n s i t i v i t y  and 

r e s o l u t i o n .  P r e l i m i n a r y  exper iments  have shown t h a t  

r e a s o n a b l e  performance should  occur  w i t h  approximately -5 

v o l t s  on g r i d 1 , w i t h  pu l ses  up t o  about  +80 v o l t s  f o r  

approximately 2 u s e c ,  Because i t  is n o t  easy  t o  b u i l d  a 

low energy  i o n  s o u r c e  t o  s i m u l a t e  t h e  i o n  e n e r g i e s  expec ted  

d u r i n g  t h e  a c t u a l  r o c k e t  f l i g h t ,  t h e  l a b  v e r s i o n  has  a l l  i ts  

b i a s e s  s h i f t e d  such  t h a t  t h e  n e t  r e s u l t  is t h a t  t h e  e f f e c t i v e  

i o n  e n e r g i e s  are low as  t h e  i o n s  e n t e r  a c c e l e r a t i n g  r e g i o n  A .  

The r o c k e t  body is used a s  a r e f e r e n c e  f o r  a l l  v o l t a g e  

measurements. 

The t i m e  between a c c e l e r a t i n g  p u l s e s  must be enough t o  

a l l o w  r e g i o n  A t o  r e f i l l ,  T h i s  r e q u i r e d  t i m e  depends upon 

how t h e  in s t rumen t  is  flown. If t h e  in s t rumen t  is flown 

w i t h  i ts  a c c e l e r a t i n g  g r i d  looking  o u t  t h e  f r o n t  of  t h e  

r o c k e t ,  it w i l l  r e f i l l  more r a p i d l y  t h a n  i f  t h e  a c c e l e r a t i n g  

g r i d  "looks" o u t  t h e  side of  t h e  r o c k e t .  Based upon t h e  

expec ted  r o c k e t  speeds  these f i l l i n g  t i m e s  cor respond t o  

a c c e l e r a t i n g  p u l s e  r a t e s  on t h e  o r d e r  of 50 kHz and 5 kHz. 

P r o v i s i o n s  are made t o  a l l o w  t h e  second g r i d  t o  be 

v a r i e d  i n  p o t e n t i a l  from 0 t o  +5 v o l t s .  S i m i l a r l y  t h e  

p o t e n t i a l  on t h e  t h i r d  g r i d  is a d j u s t a b l e  from -55 t o  -65 

v o l t s .  G r i d  4 must a l s o  be biased a t  t h e  same p o t e n t i a l  
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t o  avoid  a c c e l e r a t i o n  i n  t h e  f l i g h t  r e g i o n ,  These v o l t a g e s  

are opt imized  for  t h e  5 mm and 3 mm w i d t h s  of r e g i o n s  A 

and B ,  and f o r  a f l i g h t  l e n g t h  of 4,4 c m .  

The s t a b i l i t y  r equ i r emen t s  of t h e  bias  p o t e n t i a l s  are 

n o t  e x a c t l y  known, P r e l i m i n a r y  exper iments  i n d i c a t e  t h a t  

n o i s e  and i n s t a b i l i t y  shou ld  be kep t  t o  w i t h i n  1%. T h i s  is 

a l so  t r u e  of t h e  a c c e l e r a t i n g  p u l s e ,  I t  shou ld  be 

e s s e n t i a l l y  " f l a t "  on t o p .  The risetime of t h e  a c c e l e r a t i n g  

p u l s e  shou ld  t h e o r e t i c a l l y  be zero, Actua l  p r a c t i c e  

i n d i c a t e s  a risetime of  60 nsec  o r  less is tolerable,  The 

decay t i m e ,  however, is no t  c r i t i c a l .  A f t e r  t h e  i o n s  have 

been accelerated o u t  of r e g i o n  A t h e  a c c e l e r a t i n g  p u l s e  w i l l  

have no effect on t h e m ,  Thus t h e  decay  t i m e  of t h e  

a c c e l e r a t i n g  p u l s e  can be q u i t e  long .  The only  impor t an t  

p o i n t  is t h a t  t h e  a c c e l e r a t i n g  p u l s e  should  be of c o n s t a n t  

ampl i tude  w h i l e  i t  is a c t u a l l y  a c c e l e r a t i n g  t h e  ions .  The 

2 u s e c  p u l s e  w i d t h  g i v e s  s u f f i c i e n t  t i m e  t o  clear t h e  i o n s  

up to a f e w  hundred mass u n i t s  from r e g i o n  A ,  

1,6 Sampling t o  Reduce t h e  Frequency of t h e  Output 

The c o P l e c t o r  end of such  a s h o r t  t i m e - o f - f l i g h t  

spectrometer poses  many problems,  A s h o r t  f l i g h t  l e n g t h  

means s h o r t  f l i g h t  t i m e s  and hence a c o l l e c t o r  c u r r e n t  of 

rather h igh  f requency  components. The a c t u a l  u s e f u l  

f requency components p o s s i b l y  are as  high as  10 m H z  f o r  a n  

i n s t rumen t  t h i s  s m a l l .  I n  a d d i t i o n  %he ave rage  c o l l e c t o r  

c u r r e n t s  expec ted  when t h e  in s t rumen t  is used fo r  
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ionosphere  measurements may be as  l o w  as  amps. 

Normally such  l o w  c u r r e n t s  are ampl i f i ed  t o  more u s e f u l  

v o l t a g e  l e v e l s  by u s i n g  a form of o p e r a t i o n a l  a m p l i f i e r  

called a n  electrometer. The g a i n  of such  a n  a m p l i f i e r  is 

normally g i v e n  by 

where RF is t h e  feedback resistor p laced  between t h e  i n p u t  

and o u t p u t  t e r m i n a l s  of a h igh  g a i n  i n v e r t i n g  a m p l i f i e r .  

Equat ion 5 is d e r i v e d  from t h e  c i r c u i t  shown i n  F igu re  5 

w i t h  the  c a p a c i t a n c e s  n e g l e c t e d .  For h i g h  f r e q u e n c i e s ,  

e s p e c i a l l y  a t  h i g h  g a i n s  (RF on t h e  o r d e r  of 10 L? and 

h i g h e r ) ,  t h e  c a p a c i t i v e  effects are  no longe r  n e g l i g i b l e .  

Some however can  be minimized o r  compensated f o r .  For 

i n s t a n c e ,  t h e  l o s s  of g a i n  due  t o  C1 can  be minimized b y  

i n c r e a s i n g  t h e  open loop g a i n  of t h e  ampl i f i e r .  The effects 

of C2 can  be minimized by  des ign ing  t h e  a m p l i f i e r  w i t h  t h e  

7 

lowest  p o s s i b l e  o u t p u t  impedance. 

compensated for  by  i n s e r t i n g  a series r e s i s t o r  and 

c a p a c i t o r  t o  ground a t  p o i n t  A .  The loss  of g a i n  due t o  t h e  

d i s t r i b u t e d  c a p a c i t a n c e ,  CDis a long  RF is l e f t  as t h e  

l i m i t i n g  f a c t o r  a l though  it is poss ib l e  t o  minimize t h e  

, d i s t r i b u t e d  c a p a c i t a n c e .  

v i s u a l i z e d  as a c t i n g  as a n  u n d e s i r a b l e  h i g h  frequency 

compensation. With t h e  p r e s e n t  s t a t e  of t h e  a r t  i t  is 

poss ib le  t o  c o n s t r u c t  an  e l e c t r o m e t e r  which is u s e f u l  i n  

The effects of C3 can  be 

The  p re sence  of CDist can be 
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t h e  amp range  wi th  a bandwidth up t o  about  1kHz.  I t  

s h o u l d  a l so  be noted  t h a t  t h e  maximum bandwidth of t h e  

commercially a v a i l a b l e  t e l e m e t r y  channel  is also 1 kHz. The 

s o l u t i o n  is t o  implement a sampling t echn ique  t o  reduce t h e  

bandwidth of t h e  s i g n a l  b e f o r e  t h e  i o n s  r e a c h  t h e  c o l l e c t o r .  

S ince  t h e  a c t u a l  o u t p u t  spectrum w i l l  change very  l i t t l e  

from one a c c e l e r a t i n g  p u l s e  t o  t h e  nex t  even a t  r o c k e t  

speeds ,  a sampling technique  is t h e o r e t i c a l l y  p o s s i b l e .  

Wager (4) used a s i m i l a r  t echn ique  of sampling w i t h  a time-of- 

f l i g h t  mass spec t romete r  r o c k e t  probe ,  b u t  sampled a f t e r  t h e  

e l e c t r o m e t e r  a m p l i f i e r ,  The p a r t i c u l a r  spec t rometer  Wager 

w a s  concerned w i t h  needed a n  e l e c t r o m e t e r  w i t h  a 2 m H z  

bandwidth and a t r a n s r e s i s t a n c e  of 4 mV o u t p u t  f o r  amps 

of  c o l l e c t o r  c u r r e n t ,  The a c t u a l  d e v i c e  had a bandwidth of 

860kHzwhich w a s  a p p a r e n t l y  cons ide red  u s a b l e .  Gat ing was 

done a f t e r  t h e  e l e c t r o m e t e r  t o  reduce- t h e  frequency 

components t o  a range  t h a t  t h e  t e l e m e t r y  could  hand le ,  

The ga ted  c o l l e c t o r  s y s t e m  r e d u c e s  t h e  bandwidth 

requi rement  of  t h e  e l e c t r o m e t e r  a m p l i f i e r ,  A g a t i n g  s y s t e m  

o p e r a t i n g  i d e a l l y  w i l l  have less r e s o l u t i o n  c a p a b i l i t y  than  

t h e  same ins t rumen t  wi thou t  such  g a t i n g ,  simply because a 

f i n i t e  g a t i n g  t i m e  is r e q u i r e d ,  K a t z e n s t e i n  and F r i ed land  

w e r e  able  t o  show expe r imen ta l ly  t h a t  an enhancement i n  t h e  

s i g n a l  t o  n o i s e  r a t i o  could  be ob ta ined  as  theo ry  p r e d i c t s  

by g a t i n g  t h e  i o n s  b e f o r e  t h e y  reach t h e  c o l l e c t o r .  

( 5 )  

The g a t i n g  i n  t h e  wedge in s t rumen t  is accomplished by 

u s i n g  three g r i d s  p l aced  i n  f r o n t  of t h e  c o l l e c t o r  as 
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shown i n  F i g u r e  4 ,  G r i d  4 is k e p t  a t  t h e  same p o t e n t i a l  

as g r i d  3 t o  keep  t h e  f l i g h t  r e g i o n  f i e l d  free, S i m i l a r l y  

g r i d  6 is used t o  keep t h e  a c t u a l  g a t i n g  g r i d ,  g r i d  5, from 

producing a f i e l d  i n  t h e  collector area,  The p o t e n t i a l  on 

g r i d  5 is normally k e p t  s l i g h t l y  h i g h e r  t h a n  t h e  p o t e n t i a l  

of t h e  i n i t i a l  a c c e l e r a t i n g  p u l s e  t h u s  keeping  t h e  i o n s  

from reach ing  t h e  col lector .  A narrow n e g a t i v e  p u l s e  

a p p l i e d  t o  t h i s  g r i d  w i l l  a l l o w  those i o n s  which are j u s t  

i n  f r o n t  of t h e  g a t i n g  g r i d  t o  p a s s  on t o  t h e  c o l l e c t o r .  

Ions  of other h e a v i e r  s p e c i e s  w i l l  n o t  r e a c h  t h e  c o l l e c t o r  

because t h e  g a t i n g  g r i d  w i l l  be back t o  its normal h igh  

p o t e n t i a l  by  t h e  t i m e  t h e  i o n s  reach t h e  g a t i n g  g r i d  a r e a .  

L i g h t e r  i o n s  would have a r r i v e d  b e f o r e  t h e  g a t i n g  p u l s e  

occurred  and would a l s o  no t  r e a c h  t h e  c o l l e c t o r .  By 

sweeping t h e  g a t i n g  p u l s e  i n  t i m e  i n  r e l a t i o n  t o  t h e  

a c c e l e r a t i n g  p u l s e  t h e  e n t i r e  m a s s  spectrum w i l l  be traced 

o u t  o n t o  t h e  c o l l e c t o r ,  The f requency  components of t h e  

c o l l e c t o r  c u r r e n t  are t h e n  dependent on how r a p i d l y  t h e  

p o s i t i o n  of t h e  g a t i n g  p u l s e  is  swept th rough its range .  

The g a t i n g  p u l s e  must be narrow, on t h e  o r d e r  of  

100 nsec ,  Maximum o u t p u t  from a s i n g l e  i o n  s p e c i e s  w i l l  

occur  when t h e  g a t i n g  p u l s e  has t h e  same w i d t h  as t h e  i o n  

s p e c i e s .  The a c t u a l  w i d t h  of a n  i o n  s p e c i e s  is n o t  on ly  a 

f u n c t i o n  of  i t s  m a s s  number, b u t  is a l s o  dependent on t h e  

range  of  e n e r g i e s  t h e  i o n s  of t h a t  s p e c i e s  had b e f o r e  be ing  

drawn i n t o  t h e  acce le ra t ing  r e g i o n ,  t h e  s p a c i n g  between 
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g r i d s  4 and 5, and t h e i r  v e l o c i t y  i n  t h e  g a t i n g  r eg ion .  A 

g a t i n g  p u l s e  wider  t h a n  one s p e c i e s  w i l l  broaden the  peak 

r e s u l t i n g  i n  a loss of r e s o l u t i o n .  A narrower g a t i n g  p u l s e  

w i l l  r e s u l t  i n  a loss  i n  s e n s i t i v i t y .  

The g a t i n g  g r i d  v o l t a g e  is he ld  t o  +30 v o l t s  and t h e  

g a t i n g  p u l s e  has  a n  ampl i tude  of  around -100 v o l t s .  Because 

of t h e  s h o r t  f l i g h t  l e n g t h ,  t h e  l i g h t e r  i o n s  a r r i v e  a t  t h e  

g a t i n g  a r e a  a lmost  immediately a f t e r  t h e  a c c e l e r a t i n g  p u l s e  

has  occur red .  To observe  t h e  h e a v i e s t  i o n s  of i n t e r e s t  t h e  

g a t i n g  p u l s e  must be able t o  sweep o u t  t o  approximately 

6 usee  from t h e  l e a d i n g  edge of t h e  a c c e l e r a t i n g  p u l s e .  

I t  is d e s i r a b l e  t o  sweep up (or down) t h e  mass s c a l e  i n  

about  24 seconds  and then  sweep down (or  up)  i n  about  4 
second.  The t w o  d i f f e r e n t  sweep t i m e s  may y i e l d  some 

in fo rma t ion  about  t h e  r o c k e t ' s  s p i n  i n  r e l a t i o n  t o  ion  

c o l l e c t i o n .  I n  e i ther  c a s e  t h e  sweep w i l l  be s low enough 

t o  reduce  t h e  f requency  components of the  c o l l e c t o r  o u t p u t  

t o  below 1 kHz. 



CHAPTER I1 

METHODS OF OBTAINING THE PULSE AND TIME SEQUENCING 

2 .1  U t i l i z i n g  Two Ramp Genera to r s  

There are t w o  b a s i c  methods of o b t a i n i n g  t h e  p u l s e  and 

t i m e  sequencing f o r  t h e  g a t e d  wedge t i m e - o f - f l i g h t  m a s s  

s p e c t r o m e t e r ,  The m o s t  common method used w i t h  a g a t e d  

t i m e - o f - f l i g h t  i n s t rumen t  is shown i n  F i g u r e  6 ,  This  scheme, 

b a s i c a l l y  used by Wager, compares t h e  o u t p u t s  of two ramp 

g e n e r a t o r s ,  When t h e i r  o u t p u t s  have t h e  same ampl i tude  a 

g a t i n g  p u l s e  is produced. T r i g g e r i n g  f r o m  t h e  f a s t e r  

g e n e r a t o r  is used  t o  produce t h e  a c c e l e r a t i n g  p u l s e .  Th i s  

can  be done d i r e c t l y  by s imply ampl i fy ing ,  as shown i n  

F i g u r e  6 ,  i f  t h e  ramp is g e n e r a t e d  by u s i n g  a n  i n t e g r a t o r  

and comparator ,  However, t h e  r e s u l t i n g  t iming  sequence,  

F igu re  7 ,  would n o t  a l l o w  t h e  g a t i n g  p u l s e  to sweep "under" 

the a c c e l e r a t i n g  p u l s e .  S ince  i t  is necessa ry  t o  be a b l e  

t o  do t h i s  i n  o r d e r  t o  observe  t h e  p re sence  of l i g h t  i o n s ,  

F igu re  6 would have t o  be  modi f ied  by i n s e r t i n g  a mono- 

s t a b l e  m u l t i v i b r a t o r  a t  p o i n t  A ,  This  would be a d j u s t e d  

f o r  t h e  r e q u i r e d  d e l a y  t i m e  and its o u t p u t  would be  used t o  

t r i g g e r  a second monostable m u l t i v i b r a t o r a  The second 

monos tab le ' s  o u t p u t  would be a d j u s t e d  fo r  t h e  r e q u i r e d  2 usec 

a c c e l e r a t i n g  p u l s e  wid th  and f ed  i n t o  t h e  a m p l i f i e r ,  

2 , 2  Using a Vol tage  C o n t r o l l e d  Monostable M u l t i v i b r a t o r  

A second method of o b t a i n i n g  t h e  p u l s e  and t iming  

sequence for t h e  t i m e - o f - f l i g h t  i n s t rumen t  u s e s  a monostable 
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m u l t i v i b r a t o r . w h o s e  o u t p u t  p u l s e  width has a nea r  l i n e a r  

r e l a t i o n  t o  t h e  a m p l i t u d e - o f  a n  a p p l i e d  v o l t a g e .  A block 

diagram u s i n g  t h i s  approach is shown i n  F i g u r e  8,  The 

r e s u l t i n g  t iming  sequence is shown i n  F i g u r e  9 ,  A f r e e -  

running m u l t i v i b r a t o r  is t h e  basic t iming  element., Its 

o u t p u t  is  a m p l i f i e d  t o  produce t h e  a c c e l e r a t i n g  p u l s e  and 

i€s l e a d i n g  edge is used t o  t r i g g e r  t h e  v o l t a g e  c o n t r o l l e d  

monostable m u l t i v i b r a t o r  (VCMM) (I The wid th  of t h e  p u l s e  

of t h e  VCMM is dependent upon t h e  ramp v o l t a g e  a t  t h a t  t i m e .  

The t r a i l i n g  edge of t h e  VCMM p u l s e  is d i f f e r e n t i a t e d  and 

t h e n  a m p l i f i e d  t o  produce t h e  g a t i n g  p u l s e .  

T h i s  second approach w a s  chosen because i t  is easier 

t o  implement, even though t h e  f i r s t  is a more c l a s s i c a l  one.  

The p u l s e  p o l a r i t i e s  shown i n  F igu re  8 and 9 are 

correct f o r  t h e  b lock  diagram of F i g u r e  8. However such a 

block diagram is a r a t h e r  idealized s y s t e m .  For i n s t a n c e ,  

i t  is  more p r a c t i c a l  t o  b u i l d  a n  i n v e r t i n g  r a t h e r  t han  a 

non- inver t ing  p u l s e  a m p l i f i e r .  For t h i s  and o t h e r  r easons  

which are exp la ined  i n  t h e  nex t  c h a p t e r s  t h e  a c t u a l  b lock  

diagram and p u l s e  p o l a r i t i e s  shown i n  F igu re  1 7 a r e  s l i g h t l y  

d i f f e r e n t  from t h o s e  of F i g u r e  8 ,  
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CHAPTER I11 

SUPPLYING THE ACCELERATING PULSE AND BIAS 

3.1 The System Clock 

A s imple  f r ee - runn ing  m u l t i v i b r a t o r  is used  f o r  

c lock ing  t h e  system a t  t h e  p r e v i o u s l y  mentioned 50 kHz ra te  

wi th  a 2 u s e c  p u l s e  width.  To conse rve  power t h e  collector 

resistors are k e p t  as  l a r g e  as p o s s i b l e  b u t  no t  l a r g e  enough 

t o  d e t e r i o r a t e  t h e  p u l s e  rise t i m e .  The 2 u s e c  "on t i m e "  

and approximately 20 u s e c  "off t i m e "  r e q u i r e  d r a s t i c a l l y  

d i f f e r e n t  v a l u e s  of C1 and C 2 "  

t h e  heavy c a p a c i t i v e  load ing  of C t h e  waveform on t h e  

c o l l e c t o r  o f  Ql is d i s t o r t e d  t o  t h e  e x t e n t  t h a t  i t  is n o t  a 

u s e f u l  o u t p u t ,  

of Q2 allows t h e  c o l l e c t o r  waveform t o  r e a c h  t h e  supp ly  

v o l t a g e  w i t h  a 40 nsec  rise t i m e  and a 100 nsec  decay t i m e  

or more depending upon l o a d i n g ,  The p u l s e  is t h e n  f ed  

through t h e  decoupl ing  network C3 and R5 t o  p rov ide  d r i v e  

f o r  t h e  a c c e l e r a t i n g  p u l s e  a m p l i f i e r ,  t r a n s i s t o r  Q 

See F i g u r e  10. Because of 

2 9  

The l i g h t e r  l oad ing  of C1 on t h e  c o l l e c t o r  

3 "  

3 , 2  The A c c e l e r a t i n g  P u l s e  Ampl i f ie r  

S ince  t h e  a c c e l e r a t i n g  p u l s e  a m p l i f i e r  c o n t a i n s  a 

s i n g l e  t r a n s i s t o r  i n  a grounded emitter c o n f i g u r a t i o n ,  it 

w i l l  i n v e r t  t h e  n e g a t i v e  p u l s e  s u p p l i e d  by t h e  system c l o c k  

t h a t  is a p p l i e d  t o  i ts  base  and produce a p o s i t i v e  o u t p u t  

p u l s e .  Th i s  is t h e  r e q u i r e d  p o l a r i t y  f o r  a p o s i t i v e  i o n  

t i m e - o f - f l i g h t  i n s t rumen t .  An ins t rumen t  f o r  n e g a t i v e  i o n s  

would have a n  i n v e r t i n g  s t a g e  between t h e  c lock  and t h e  
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a c c e l e r a t i n g  a m p l i f i e r  s t a g e .  I t  should  be  noted t h a t  the  

p o s i t i v e  i o n  s p e c t r o m e t e r  is more impor t an t  i n  the e a r l y  

s t a g e s  of spec t romete r  t e s t i n g  s i n c e  it is much easier t o  

produce p o s i t i v e  i o n s  under  l a b o r a t o r y  c o n d i t i o n s .  

A PNP t r a n s i s t o r  is used  f o r  t h e  a c c e l e r a t i n g  a m p l i f i e r  

i n  t h e  p o s i t i v e  i n s t r u m e n t ,  T h i s  is done because a n  NFN 

s t a g e  would have t o  be pu l sed  o f f  ra ther  t h a n  on when d r i v e n  

by t h e  system clock, t h u s  power would be drawn for  t h e  

20 u s e c  p a r t  o f  t h e  c y c l e  ra ther  t h a n  f o r  t h e  2 usec  p a r t .  

By u s i n g  a PNP rather t h a n  a n  NPN stage t h e  d i s s i p a t i o n  

requi rements  of t h e  t r a n s i s t o r  as w e l l  as  t h e  ave rage  power 

d r a i n  on t h e  power supp ly  are reduced,  

The rise t i m e  of t h e  a c c e l e r a t i n g  p u l s e  is determined 

by how q u i c k l y  t h e  base -emi t t e r  j u n c t i o n  of Q3 can  be 

forward biased., For t h i s  r e a s o n  a speed-up c a p a c i t o r ,  

is connected i n  p a r a l l e l  w i t h  R t o  i n c r e a s e  t h e  coup l ing  

of t h e  h igh  frequency components which are con ta ined  i n  t h e  

l e a d i n g  edge t h u s  r educ ing  Q3's t r a n s i t i o n  t i m e .  

f as tes t  rise t i m e  t h a t  could  be e x p e r i m e n t a l l y  achieved  

w i t h  t h e  2N3500 t r a n s i s t o r  i n  t h i s  c o n f i g u r a t i o n  w a s  60 nsec,  

which is s u f f i c i e n t .  To g e t  t h e  fas tes t  decay t i m e  of t h e  

a c c e l e r a t i n g  p u l s e ,  a s m a l l  v a l u e  fo r  R7 is r e q u i r e d ,  

However t h i s  imposes ra ther  high i n s t a n t a n e o u s  c u r r e n t s  on 

t h e  power supp ly  which produces r i n g i n g  and appea r s  on t h e  

p u l s e  as a damped s i n e  wave o s c i l l a t i o n .  Because t h e  p u l s e  

must appear  e s s e n t i a l l y  f l a t  across t h e  t o p ,  a compromise is 

made by making R7 l a r g e  enough t o  reduce  t h e  r i n g i n g  a t  t h e  

c4 9 

6 

The 
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expense of  t h e  p u l s e  decay t i m e .  However as s t a t e d  earlier 

t h e  decay t i m e  of t h e  a c c e l e r a t i n g  p u l s e  is no t  i m p o r t a n t ,  

Capac i to r  C5 and a f e r r i t e  bead p l aced  on t h e  power supp ly  

l e a d  h e l p s  r educe  t h e  l a r g e  i n s t a n t a n e o u s  c u r r e n t  d r a i n  

from t h e  supp ly .  The a c c e l e r a t i n g  p u l s e  is decoupled from 

t h e  collector of Q3 by R8, R g ,  C6 and C7"  

3 . 3  Adding t h e  A c c e l e r a t i n g  B i a s  

B i a s  is added t o  t h e  a c c e l e r a t i n g  g r i d  through a dc 

Rg,  D1, D and C7. With 8' a r e s t o r i n g  network c o n s i s t i n g  of R 

no a c c e l e r a t i n g  p u l s e  p r e s e n t  t h e  same b i a s  p o t e n t i a l  

appea r s  a t  p o i n t s  X ,  Y and Z ,  s i n c e  c u r r e n t  is never  drawn 

by t h e  a c c e l e r a t i n g  g r i d  which would produce a n  I R  drop 

a c r o s s  R8 or R g .  

c o l l e c t o r  of Q, ,  which is ac coupled through C6 has  t h e  

most n e g a t i v e  p o r t i o n  of its waveform clamped t o  t h e  b i a s  

p o t e n t i a l  a p p l i e d  a t  t h e  j u n c t i o n  of R g ,  D1 and C7. 

n e t  r e s u l t  is a normal b i a s  p o t e n t i a l  and a p u l s e  added t o  

i t ,  r a t h e r  t h a n  a b i a s  w i th  an ac coupled p u l s e  added t o  i t .  

The two d iodes  and e q u a l i z i n g  r e s i s t o r s  a r e  used t o  o b t a i n  

a s u f f i c i e n t  peak i n v e r s e  r a t i n g .  The a c t u a l  c a p a c i t a n c e  

of t h e  g r i d  should  be  t aken  i n t o  c o n s i d e r a t i o n  a l though  it  

w a s  p r e v i o u s l y  s t a t e d  t h a t  c a p a c i t i v e  load ing  w a s  no t  a 

problem a t  t h i s  p o i n t  s i n c e  t h e  decay t i m e  of t h e  

a c c e l e r a t i n g  p u l s e  is n o t  impor t an t ,  An e x t e r n a l  l oad  of 

7 0 p F  w a s  connected from p o i n t  Z t o  ground a s  a measure t o  

A p o s i t i v e  p u l s e  o c c u r r i n g  a t  t h e  

The 
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i n s u r e  t h a t  no a d v e r s e  effects had occur red ,  The 

load ing  d i d  l e n g t h e n  t h e  decay t i m e ,  b u t  t h e  rise t i m e  

remained approximate ly  60 n s e c . ,  

3,4 C i r c u i t  for  T r i g g e r i n g  t h e  Voltage C o n t r o l l e d  

Monos table Mult i v i b r a t o r  (VCMM) 

I n  a d d i t i o n  t o  d r i v i n g  t h e  a c c e l e r a t i n g  p u l s e  

a m p l i f i e r  t h e  clock o u t p u t  is a l so  d i f f e r e n t i a t e d  and used 

t o  t r i g g e r  t h e  v o l t a g e  c o n t r o l l e d  monostable m u l t i v i b r a t o r . .  

To a l low t h e  VCMM t o  "sweep under"  t h e  a c c e l e r a t i n g  p u l s e  

t h e  l e a d i n g  edge of t h e  clock p u l s e  is used f o r  t h e  

t r i g g e r i n g .  The d i f f e r e n t i a t o r  network is comprised of 

and C8. C is a l s o  used f o r  decoupding. The p o s i t i v e  R 1 O  8 

p a r t  of t h e  d e r i v a t i v e  is f i l t e r e d  o u t  by d i o d e s ,  D3 and 

D4" Rll p rov ides  a "fast" dc  pa th  for  b o t h  d iodes .  The 

a c t u a l  d r i v e  t o  t h e  d i f f e r e n t i a t o r  a m p l i f i e r  is accomplished 

through R12 and a speed-up c a p a c i t o r  Cg0 

philosophy of having t h e  t r a n s i s t o r  t u rned  on f o r  t h e  

p u l s e  pa r t  of t h e  waveform is i n c o r p o r a t e d  by u s i n g  a 

Again t h e  

PNP stage for  t h e  d i f f e r e n t i a t o r  ampl i f i e r .  A s h i e l d  w a s  

placed between t h e  clock and t h e  VCMM t o  i n s u r e  t h a t  t h e  

t r a i l i n g  edge of t he  c lock  p u l s e  would no t  a c c i d e n t a l l y  

t r i g g e r  t h e  monostable.  For s i m i l a r  r e a s o n s  t h e  a c c e l e r a t i n g  

p u l s e  ampl i f i e r  w a s  placed on t h e  s i d e  of  t h e  c l o c k  

o p p o s i t e  t h e  monostable- c i r c u i t r y .  
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The o u t p u t  p u l s e  f r o m  the  d i f f e r e n t i a t o r  amplifier 

has a h e i g h t  of e i g h t  v o l t s  and a w i d t h  of 100 nsec  a t  t h e  

zero v o l t  l e v e l .  T h i s  proves t o  be s u f f i c i e n t  t o  p rov ide  

reliable t r i g g e r i n g  t o  the monostable m u l t i v i b r a t o r .  

I t  shou ld  be noted t h a t  22 v o l t s  w a s  chosen for  t h e  

supp ly  v o l t a g e  fo r  t h e  clock, because  t h a t  much v o l t a g e  is 

needed t o  d r i v e  the  d i f f e r e n t i a t o r  and s t i l l  have enough 

A -22 v o l t  supp ly  w a s  4 '  ampl i tude  t o  r e l i a b l y  t u r n  on Q 

also used s i n c e  a s imilar  s i t u a t i o n  ex is t s  i n  o t h e r  par ts  

of t h e  c i r c u i t r y  r e q u i r i n g  a n e g a t i v e  supp ly .  Because t h e  

p u l s e s  are a s  . c o u p l e d  throughout  t h e  c i r c u i t r y  i t  would 

be p o s s i b l e  t o  operate a l l  t h e  stages f r o m  a s i n g l e  supp ly .  



CHAPTER I V  

THE VOLTAGE CONTROLLED MONOSTABLE MULTIVIBRATOR 

AND ITS RAMP DRIVE 

(6 1 

The v o l t a g e  c o n t r o l l e d  monostable m u l t i v i b r a t o r  is 

b a s i c a l l y  a n  emitter coupled  m u l t i v i b r a t o r .  whose o u t p u t  

4 . 1  The Voltage C o n t r o l l e d  Monostable M u l t i v i b r a t o r  

p u l s e  width is l i n e a r l y  dependent upon an  a p p l i e d  v o l t a g e  

'in The c i r c u i t  is shown i n  F i g u r e  11. 

Normally Q6 is i n  a forward biased c o n d i t i o n  producing 

a seven  v o l t  d rop  a c r o s s  R14 w i t h  t h e  v a l u e s  of  R14, R15 and 

shown. The maximum v o l t a g e  of V is r e s t r i c t e d  t o  R16 i n  
less t h a n  seven  v o l t s ,  t h u s  keeping t h e  base-emitter 

j u n c t i o n  of Q5 r e v e r s e  biased.  

a p p l i e d  through Cl0 forward biases Q5" 

v o l t a g e  drop  a c r o s s  R17 is coupled through Cll which r e v e r s e  

b i a s e s  t h e  base -emi t t e r  j u n c t i o n  of Q B 0  

A p o s i t i v e  t r i g g e r  p u l s e  

The r e s u l t i n g  

The i n c r e a s e d  v o l t a g e  drop  across t h e  common emitter 

r e s i s t o r  due t o  Q5 be ing  i n  t h e  "on" s ta te ,  a ids  i n  

" tu rn ing  o f f "  Q6' Because t h e  emitter c u r r e n t  of  Q6 when 

i t  is i n  t h e  "on" s t a t e  is g r e a t e r  t h a n  t h e  "onff c u r r e n t  of 

t h e  v o l t a g e  across R14 d rops  enough such t h a t  Q5 is pow Q5 
k e p t  i n  t h e  "on" s ta te  by t h e  p re sence  of Vin. 

t r a n s i s t o r s  s t a y  i n  t h e s e  states u n t i l  t h e  e x p o n e n t i a l  

Both 

d i s c h a r g e  of  Cll th rough R15 reaches a l e v e l  which is 

s l i g h t l y  more p o s i t i v e  t h a n  t h e  v o l t a g e  across R14" Th i s  

forward b i a s e s  t h e  base-emitter j u n c t i o n  of Q6 p l a c i n g  i t  
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i n  t h e  "on" s ta te ,  A t  t h i s  p o i n t  bo th  t r a n s i s t o r s  have 

r e t u r n e d  t o  t h e i r  i n i t i a l  s ta tes  and w i l l  remain i n  these 

18 states u n t i l  a n o t h e r  t r i g g e r  p u l s e  occur s .  R e s i s t o r  R 

is i n s e r t e d  i n  Q 5 ' s  base  lead so  t h a t  t h e  t r i g g e r i n g  p u l s e  

does no t  "see" t h e  l o w  o u t p u t  impedance of t h e  ramp 

g e n e r a t o r  which s u p p l i e s  t he  v o l t a g e  Vin. 

S ince  t h e  v o l t a g e  across R14 f o l l o w s  Vin d u r i n g  t h e  

p e r i o d  when Q6 is o f f ,  t h e  o u t p u t  p u l s e  d u r a t i o n  w i l l  be 

e x p o n e n t i a l l y  related t o  Vin. 

c o n s t a n t  for  R15 Cll (33 u s e c )  compared t o  t h e  r e q u i r e d  

o u t p u t  p u l s e  w i d t h s  (3 t o  6 u s e c )  t h e  r e l a t i o n  is n e a r l y  

By u s i n g  a l a r g e  t i m e  

l i n e a r  ove r  t h e  r e g i o n  of i n t e r e s t  as  shown i n  F i g u r e  12.  

The a c t u a l  l e v e l s  of t h e  o u t p u t  waveform are 7 and 22 v o l t s  

as Q goes through its "on, o f f ,  on" cycle, 6 
One i n h e r e n t  problem encountered  w i t h  t h i s  c i r c u i t  has 

been t h e  f a c t  t h a t  t h e  s l o p e  of t h e  t r a i l i n g  edge of t h e  

o u t p u t  waveform is n o t  c o n s t a n t  as  the  v o l t a g e  c o n t r o l l e d  

monostable m u l t i v i b r a t o r  is swept through i t s \ r a n g e  of 

p u l s e  w i d t h s .  The i n t e n t i o n  was to d i f f e r e n t i a t e  

t h e  t r a i l i n g  edge of t h e  o u t p u t  waveform and u s e  i t  t o  

d r i v e  t h e  g a t i n g  s t a g e .  However t h e  c o n t i n u a l l y  changing 

s lope w i l l  produce a va ry ing  d r i v e  s i g n a l  which would i n  

t u r n  a f f e c t  t h e  shape  of t he  g a t i n g  p u l s e ,  For t h i s  

r e a s o n  a comparator s t a g e  w a s  i n t roduced  between t h e  

monostable m u l t i v i b r a t o r  and the  d i f f e r e n t i a t o r .  A 

d i s c u s s i o n  of the  comparator appea r s  i n  c h a p t e r  5 .  
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4.2 The Ramp Func t ion  Genera tor  

The ramp f u n c t i o n  g e n e r a t o r  used  t o  d r i v e  the  v o l t a g e  

c o n t r o l l e d  monostable  m u l t i v i b r a t o r -  is shown i n  F i g u r e  13. 

The g e n e r a t o r  is a n  a d a p t a t i o n  of a p r e v i o u s l y  used 

c i r c u i t  (7) Assume t h a t  t h e  i n t e g r a t o r  o u t p u t  v o l t a g e  is 

i n i t i a l l y  z e r o .  Assume a l s o  t h a t  t h e  v o l t a g e  a t  p o i n t  A 

is low enough such  t h a t  t h e  v o l t a g e  d i v i d e r  a c t i o n  of R20 

and Ral es tabl ishes  less t h a n  2.5 v o l t s  on t h e  p o s i t i v e  

The n e g a t i v e  i n p u t  of t h e  8" i n p u t  o f  t h e  comparator  Q 

comparator is he ld  to +2.5 v o l t s  by R22 and R23 f r o m  t h e  

+15 v o l t  supp ly ,  C13 is used t o  keep t h e  n e g a t i v e  i n p u t  

i n s e n s i t i v e  t o  noise., The o u t p u t  of t h e  comparator is 

t h e n  n e g a t i v e ,  T h i s  shows t h e  second assumption t o  be 

c o r r e c t  f o r  t h e  v a l u e s  of R and Ral  shown., The a c t u a l  20 
v o l t a g e  appea r ing  a t  p o i n t  A is determined by t h e  forward 

b i a s e d  d iode  d i v i d e r  a c t i o n  of D5' R24 and R25 from t h e  

-10 v o l t  comparator o u t p u t .  A s m a l l  p o r t i o n  of t h e  o u t p u t  

appea r ing  a t  p o i n t  B is i n t e g r a t e d  by Rigs C12 and t h e  

o p e r a t i o n a l  a m p l i f i e r  Q7" Because t h e  s t a n d a r d  i n v e r t i n g  

i n t e g r a t o r  c o n f i g u r a t i o n  is used ,  t h e  i n t e g r a t o r ' s  o u t p u t  

is  a pos i t i ve -go ing  ramp. With t h e  v a l u e s  of R19 and C12 

shown, t h e  v a l u e s  of R25 and R26 w e r e  chosen t o  o b t a i n  a 

sweep t i m e  of 15 seconds f o r  p r e l i m i n a r y  l a b o r a t o r y  u s e ,  

When t h e  i n t e g r a t o r  o u t p u t  reaches 95 v o l t s  t h e  v o l t a g e  a t  

t h e  p o s i t i v e  momparator i n p u t  is +2.5 v o l t s  f o r  t h e  v a l u e s  

of R20 and Ral shown and t h e  comparator swi tches  states.  

Its o u t p u t  and t h e  p o t e n t i a l  a t  p o i n t  A w i l l  t h e n  go 
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p o s i t i v e .  The i n t e g r a t o r .  w i l l  t h e n  be i n t e g r a t i n g  a 

p o s i t i v e  p o t e n t i a l  and i ts  ramp w i l l  approach zero, a t  

which t i m e  t h e  comparator w i l l  a g a i n  swi t ch  states and t h e  

process i s r e p e a t e d ,  The +2.5 v o l t s  on the n e g a t i v e  

comparator i n p u t  is necessa ry  t o  o b t a i n  a ramp f u n c t i o n  

d r i v e  t o  t h e  v o l t a g e  c o n t r o l l e d  monostable m u l t i v i b r a t o r  

which r anges  from zero t o  +5 v o l t s ,  A v o l t a g e  d i v i d e r ,  

R29, R30, i s  used t o  set t h e  e x a c t  upper l i m i t  of t h e  ramp 

d r i v e  t o  t h e  monostable  m u l t i v i b r a t o r ,  For t h e  v a l u e s  

shown t h e  maximum p u l s e  d u r a t i o n  fPom t h e  monostable 

m u l t i v i b r a t o r  is 6 u s e c .  The network c o n s i s t i n g  of R259 

R269 D5, D6 and RZ4 de te rmine  t h e  d i f f e r e n t  p o s i t i v e  and 

n e g a t i v e  par ts  of t h e  ramp. 

I t  shou ld  be noted t h a t  t h e  i n t e g r a t e d  c i r c u i t  used 

f o r  Q8 ( F a i r c h i l d  ua709) is a c t u a l l y  in t ended  for  

o p e r a t i o n a l  a m p l i f i e r  a p p l i c a t i o n s ,  However t h e  ua710 

comparator is n o t  desirable  f o r  t h i s  a p p l i c a t i o n  s i n c e  its 

o u t p u t  l e v e l s  are 0 and +5 v o l t s .  The 709 u n i t  has o u t p u t  

l e v e l s  of - +10 v o l t s ,  a l l owing  more v e r s a t i l i t y  i n  a d j u s t i n g  

t h e  t w o  sweep t i m e s .  I t  w a s  conce ivab le  t h a t  u s i n g  t h e  

ua709 as a comparator could  have r e s u l t e d  i n  its 

"hanging-up" i n  s a t u r a t i o n .  However, t h e  problem w a s  n o t  

encountered  e 



CHAPTER V 

GENERATING THE GATING PULSE 

5 . 1  Adding a Comparator A f t e r  t h e  VCMM 

The comparator c i r c u i t  used t o  d r i v e  t h e  d i f f e r e n t i a t o r  

is shown i n  F i g u r e  14 .  The p a r t i c u l a r  u n i t  used is a 

F a i r c h i l d  ua710 i n t e g r a t e d  c i r c u i t  comparator .  

d i f f e r e n t i a l  i n p u t  is restricted t o  f i v e  v o l t s  

For t h i s  r e a s o n  resistors R and R32 are used  

t h e  7 and 22 v o l t  waveform l e v e l s  t o  0 .6  and 2 

31 

The 

or less 

t o  reduce  

v o l t s .  The 

reduced p u l s e  is t h e n  a p p l i e d  t o  t h e  n e g a t i v e  i n p u t  r a t h e r  

t h a n  t h e  p o s i t i v e  i n p u t  i n  o r d e r  t o  o b t a i n  t h e  c o r r e c t  

o u t p u t  p u l s e  p o l a r i t y  needed t o  deve lop  t h e  n e g a t i v e  g a t i n g  

p u l s e .  The p o s i t i v e  i n p u t  is he ld  a t  about  +1 ,2  v o l t s  by 

t h e  v o l t a g e  d i v i d e r  network R33 and R34 from t h e  +15 v o l t  

supp ly .  The a c t u a l  p o i n t  a t  which t h e  comparator changes 

s ta tes  cor responds  t o  a p o t e n t i a l  of 14 v o l t s  a t  t h e  i n p u t  

t o  R31. 

s l o p e  has  its l a r g e s t  v a l u e  t h u s  e n a b l i n g  t h e  comparator t o  

s w i t c h  a s  r a p i d l y  a s  p o s s i b l e .  

R e s i s t o r  R35 a r e  used  t o  f u r n i s h  t h e  -6.8 v o l t s  r e q u i r e d  t o  

I t  is a t  t h i s  p o t e n t i a l  t h a t  t h e  t r a i l i n g  edge 

The z e n e r  d iode  D7 and 

power t h e  comparator i n  a d d i t i o n  t o  t h e  +15 v o l t s  shown. 

The i n t e r n a l  c i r c u i t r y  of t h e  710 comparator  l i m i t s  t h e  

o u t p u t  l e v e l s  a t  0 and +5 v o l t s .  With t h e  p o s i t i v e  and 

n e g a t i v e  i n p u t s  connected as  shown t h e  o u t p u t  of t h e  

comparator is a n e g a t i v e  going p u l s e ,  i . e .  t h e  o u t p u t  is 
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normally a t  +5 v o l t s  and is pu l sed  t o  0. The s l o p e  of  t h e  

t r a i l i n g  edge is c o n s t a n t  and n o t  dependent upon t h e  

p u l s e  wid th ,  t h u s  a c h i e v i n g  t h e  des i r ed  r e s u l t .  

5 .2  C i r c u i t r y  f o r  S lope  Transformat ion ,  D i f f e r e n t i a t i o n ,  

and Ampl i f i ca t ion  

The n e x t  s t e p  would normally be  t o  d i f f e r e n t i a t e  t h e  

t r a i l i n g  edge of  t h e  compara to r ' s  o u t p u t  p u l s e  and ampl i fy  

it t o  o b t a i n  t h e  g a t i n g  p u l s e ,  However a f t e r  t a k i n g  t h e  

d e r i v a t i v e  o f  t h e  r e l a t i v e l y  l o w  o u t p u t  swing of t h e  

comparator ( f i v e  v o l t s ) ,  t h e  l e v e l  is t o o  low t o  

s u f f i c i e n t l y  forward b ias  t h e  base-emitter j u n c t i o n  of a n  

ampl i fy ing  stage, The approach t aken  t h e n  w a s  n o t  t o  

d i f f e r e n t i a t e  b u t  t o  ampl i fy  f i r s t ,  t h e n  d i f f e r e n t i a t e .  

Because a d i f f e r e n t i a t o r  p r e s e n t s  a rather c a p a c i t i v e  load 

which deteriorates t h e  t r a i l i n g  edge of t h e  p u l s e ,  t h e  

c i r c u i t  shown i n  F igu re  15  was used t o  t r ans fo rm t h e  

t r a i l i n g  edge of t h e  compara to r ' s  o u t p u t  i n t o  a l e a d i n g  

edge. Normal ly  t h e  5 v o l t  l e v e l  from t h e  compara to r ' s  

o u t p u t  is a t t e n u a t e d  by R36 and R37 t o  a l e v e l  which s t i l l  

l e a v e s  Qlo i n  a nonconducting s ta te .  

a p p l i e d  t o  t h e  v o l t a g e  c o n t r o l l e d  monostable m u l t i v i b r a t o r  

s w i t c h e s  t h e  comparator  i n t o  a n  o u t p u t  of 0 v o l t s  as t h e  

l e a d i n g  edge of t h e  monostable  o u t p u t  is formed. The 

t r a n s i t i o n  from 5 t o  0 v o l t s  s t i l l  l e a v e s  the  base-emitter 

j u n c t i o n  of  Qlo e f f e c t i v e l y  r e v e r s e  biased and Qlo remains 

i n  t h e  c u t o f f  s t ake ,  and t h e  c o l l e c t o r  p o t e n t i a l  s t a y s  a t  

A t r i g g e r i n g  p u l s e  
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+22 v o l t s .  However t h e  t r a i l i n g  edge of t h e  monostable 

o u t p u t  p u l s e  a f t e r  p a s s i n g  through t h e  comparator s t a g e  is 

a pos i t i ve -go ing  waveform and is c a p a c i t i v e l y  coupled 

through C15' forward b i a s i n g  Qlo, and d r i v i n g  its collector 

v o l t a g e  t o  n e a r  zero v o l t s .  A r a t h e r  l a r g e  collector 

r e s i s t o r ,  R39 can  be used  s i n c e  t h e  rise t i m e  of t h e  p u l s e  

appea r ing  a t  t h e  collector is n e a r l y  independent  of t h e  

c o l l e c t o r  c i r c u i t r y ,  t h u s  reducing  t h e  i n s t a n t a n e o u s  c u r r e n t  

demands upon t h e  +22 v o l t  supp ly .  The e x p o n e n t i a l  d i s c h a r g e  

of  C15 i n  t h e  base c i r c u i t r y  de t e rmines  when Q 

r e t u r n s  t o  c u t o f f .  With t h e  c i r c u i t  v a l u e s  shown t h e  

t r a i l i n g  edge of  t h e  compara to r ' s  o u t p u t  waveform produces 

a g a i n  10 

a v o l t a g e  waveform a t  t h e  c o l l e c t o r  of  Qlo which has a 

25 nsec  l e a d i n g  edge.  

The d i f f e r e n t i a t o r  network and t h e  i n v e r t i n g  a m p l i f i e r  

used t o  d r i v e  t h e  g a t i n g  a m p l i f i e r ,  a l s o  shown i n  F igu re  15 ,  

are bas ica l ly  t h e  same as t h e  c i r c u i t r y  used  t o  t r i g g e r  t h e  

v o l t a g e  c o n t r o l l e d  monostable m u l t i v i b r a t o r ,  However t h e  

e l a b o r a t e  f i l t e r i n g  of t h e  p o s i t i v e  p a r t  o f  t h e  d e r i v a t i v e  

is no t  needed because  t h e  ra ther  long t r a i l i n g  edge of t h e  

waveform a t  Q l o l s  c o l l e c t o r  produces a v e r y  l o w  ampl i tude  

d e r i v a t i v e ,  

5,3 The Gat ing  Ampl i f ie r  

The ra ther  large ampl i tude  negat ive-going g a t i n g  p u l s e  

requi rement  n e c e s s i t a t e s  u s i n g  a PNP t r a n s i s t o r  w i t h  a 

breakdown o f  120 v o l t s  o r  more. The narrow p u l s e  width 



- 40 - 
r e q u i r e s  t h a t  s u c h  a t r a n s i s t o r  be u s e f u l  t o  200-250 m e .  

A t  p r e s e n t  there are no such  u n i t s  commercially a v a i l a b l e  

a t  a r e a s o n a b l e  cost .  A t r i g g e r e d  b lock ing  o sc i l l a to r  could  

be used t o  g e n e r a t e  t he  g a t i n g  p u l s e  by u s i n g  a 30 t o  60 

v o l t  breakdown u n i t  and a s tep-up  t r ans fo rmer  t o  o b t a i n  

t h e  100 v o l t  p u l s e  h e i g h t .  The method a c t u a l l y  used  had 

two 250 m c  60 v o l t  t r a n s i s t o r s  connected i n  series s imi l a r  

t o  t h e  common cascode c i r c u i t  used w i t h  e l e c t r o n  tubes .  The 

c i r c u i t  is shown i n  F i g u r e  16. The basic idea of u s i n g  

t r a n s i s t o r s  i n  series t o  o b t a i n  h igh  v o l t a g e  waveforms is 

n o t  new, b u t  is u s u a l l y  used a s  an  a m p l i f i e r  b y  b i a s i n g  t h e  

t r a n s i s t o r s  a t  a n  o p e r a t i n g  p o i n t .  The c i r c u i t  used i n  

F igu re  16 u s e s  bo th  t r a n s i s t o r s  o p e r a t i n g  between s a t u r a t i o n  

and c u t o f f  and is t h e r e f o r e  more u s a b l e  w i t h  p u l s e  wave- 

f oms 0 

Q13 T r a n s i s t o r  Q12 is normally i n  a c u t o f f  c o n d i t i o n .  

is a l so  a t  c u t o f f  s i n c e  its base and emitter are connected 

t o g e t h e r  th rough R43. 

v o l t a g e  across each t r a n s i s t o r  b u t  are l a r g e  compared t o  R46 

s o  t h a t  t h e  p o t e n t i a l  a t  t h e  c o l l e c t o r  of Q13 is n e a r l y  

e q u a l  t o  t h e  supp ly  v o l t a g e ,  

Resistors R44 and R45 e q u a l i z e  t h e  

A narrow, p o s i t i v e  d r i v e  p u l s e  from the  p rev ious  s t a g e ,  

forward biases t h e  base-emitter j u n c t i o n  of Qll, 

"pu1ling"its collector v o l t a g e  (and t h e  emitter v o l t a g e  of 

Q ) toward ground p o t e n t i a l ,  The base of Q13 is he ld  a t  

a 60 v o l t  p o t e n t i a l  due t o  the  fac t  t h a t  C18 had been 

charged t o  60 v o l t s  du r ing  t h e  p e r i o d  when both t r a n s i s t o r s  

Q 1 1 9  

13 
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w e r e  a t  c u t o f f .  

is a t  a h i g h e r  p o t e n t i a l  t h a n  its e m i t t e r  and its collector 

Q13 is t h e n  forward biased s i n c e  its base 

a l s o  approaches ground p o t e n t i a l .  The n e t  r e s u l t  is t h a t  

t h e  two t r a n s i s t o r s  ac t  as a s i n g l e  u n i t  be ing  d r i v e n  f r o m  

c u t o f f  t o  s a t u r a t i o n ,  

forward biased f o r  the  d u r a t i o n  of t h e  d r i v e  p u l s e .  

C18 r e t a i n s  enough charge t o  keep  Q13 

Afte r  t h e  d r i v e  p u l s e  has occur red ,  Q12 r e t u r n s  t o  

c u t o f f  which p l a c e s  Q13 a lso  i n  c u t o f f ,  t h u s  complet ing t h e  

format ion  of a narrow, n e g a t i v e  g a t i n g  p u l s e  a t  t h e  

c o l l e c t o r  of Ql3-  The p u l s e  is coupled through Cal on to  t h e  

g a t i n g  g r i d .  B i a s  is a p p l i e d  through t h e  network c o n s i s t i n g  

of 939 D99 R47 and R489 as i t  w a s  fo r  t h e  a c c e l e r a t i n g  

p u l s e  



CHAPTER V I  

CONCLUSIONS 

6 . 1  Power Requirements 

The complete  b lock  diagram and c i r c u i t  diagram are 

shown i n  F i g u r e s  17 and 18. The system w a s  powered i n  t h e  

l a b o r a t o r y  by z e n e r  d iodes  from a common supply .  The 

fo l lowing  p o t e n t i a l s  and c u r r e n t s  w e r e  r e q u i r e d :  

+22 v o l t s  @ 10 m a  
-22 v o l t s  62 1 m a  
+15 v o l t s  @ 10 m a  
-15 v o l t s  @ 1 0  m a  

+ lo0  v o l t s  @ 2.5 m a  
-85 v o l t s  @ 2 .5  m a  

6 . 2  R e s u l t s  

The mass spectrum of F i g u r e  19 w a s  ob ta ined  u s i n g  t h e  

p u l s e  c i r c u i t r y  desc r ibed .  The spectrum w a s  t aken  by u s i n g  

An XY recorder and s lowing  down t h e  ramp g e n e r a t o r  c i r c u i t r y  

t o  s e v e r a l  seconds  to a l l o w  t h e  recorder pen t o  f o l l o w  t h e  

e l e c t r o m e t e r ' s  o u t p u t .  

6.3 Summary 

The c l o c k  m u l t i v i b r a t o r  is t h e  m o s t  t empera ture  

s e n s i t i v e  area of t h e  c i r c u i t r y ,  Looking upon t h i s  as  

be ing  a p r o t o t y p e  u n i t ,  a f l i g h t  v e r s i o n  shou ld  c o n t a i n  a 

t empera tu re  compensated i n t e g r a t e d  c i r c u i t  c l o c k  m u l t i -  

v i b r a t o r ; ,  A s  more s p e c i a l i z e d  i n t e g r a t e d  c i r c u i t s  become 

a v a i l a b l e  i t  would be advantageous t o  u t i l i z e  them f o r  

t h e  obvious  reduced s ize  and power r equ i r emen t s .  
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P o s s i b l y  t h e  m o s t  u s e f u l  c i r c u i t  ideas developed 

du r ing  t h i s  i n v e s t i g a t i o n  which are a p p l i c a b l e  i n  o ther  

areas are those of s e c t i o n s  5.2 and 5.3. S e c t i o n  5-2 

u t i l i z e s  t h e  concept  of t a k i n g  one p u l s e  and c o n s t r u c t i n g  

a second p u l s e  where t h e  t r a i l i n g  edge of  t h e  first is t h e  

l e a d i n g  edge of the  second. T h i s  t echn ique  is applicable 

p a r t i c u l a r l y  when t h e  i n h e r e n t l y  heavy c a p a c i t i v e  load ing  

of a d i f f e r e n t i a t o r  c i r c u i t  d e t e r i o r a t e s  t h e  p u l s e  decay 

t i m e .  The d i f f e r e n t i a t o r  o u t p u t  is t h e n  n o t  t h e  d e s i r e d  

sharp  s p i k e ,  b u t  one of a lower l e v e l  and i n c r e a s e d  wid th .  

The p u l s e  a m p l i f i e r  technique  of s e c t i o n  5,3 e n a b l e s  t h e  

u s e  of r e l a t i v e l y  low v o l t a g e ,  low c o s t ,  f a s t  t r a n s i s t o r s  

i n  a series arrangement  which produces h igh  v o l t a g e  p u l s e s  

by u s i n g  t h e  t r a n s i s t o r s  as  s a t u r a t e d  swi t ches  rather t h a n  

as  conven t iona l  ampl i f ie rs .  

- 
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