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MULTIPLE BEAM PULSE CAPABILITY OF THE SLAC INJECTOR* 

Roland F. Koontz 
Stanford Linear Accelerator Center 

Stanford University,  Stanford,  Ca l i fo rn ia  

Summary 

The SLAC i n j e c t o r  i s  capable of being pro- 
grammed f o r  mul t ip le  beams of d i f f e r e n t  beam 
pulse  width and i n t e n s i t y  on a pu l se  t o  pu lse  
bas i s .  Programming i s  accomplished remotely 
from t h e  c e n t r a l  c o n t r o l  building, two miles 
away. The beam s t a r t s  a t  t he  SLAC gun which is  
a P ierce  t r i o d e  wi th  cathode operated a t  -80 KVDC. 
The gun modulator d r i v e s  t h e  grid-cathode gap 
wi th  an 800 v o l t  pu lse  of s e l e c t a b l e  pulse  width. 
Se lec t ab le  grid-cathode b ias  con t ro l s  the  cu r ren t  
output of t h e  gun. These s e l e c t i o n s  a re  made on 
a pulse  t o  pu lse  bas i s  a s  requi red  f o r  mul t ip le  
beam operation. For time of f l i g h t  experiments 
which r equ i r e  a s e r i e s  of very s h o r t  pu lses ,  or 
even a s e r i e s  of s i n g l e  bunches of e l ec t rons ,  a 
t r ansve r se  sweeper phase locked t o  a subharmonic 
of t he  bunching frequency is used i n  the  i n j e c t o r  
t o  chop the  beam accordingly.  

In t roduct ion  

Early i n  the  design of t he  acce le ra to r ,  t h e  
problem of f u l l  beam u t i l i z a t i o n  by the  experi-  
menters was considered. Some experiments such 
as  bubble chambers j u s t  cannot use t h e  f u l l  
r e p e t i t i o n  r a t e  c a p a b i l i t y  of t h e  machine, (360 
pps ) while o ther  experiments requi re  l a rge  amounts 
of i n t eg ra t ed  beam time, but a r e  not concerned 
with a small percentage of missing pu l ses .  Time 
i s  a l s o  requi red  f o r  s e t t i n g  up new beam config- 
u ra t ions  or experiments and t h i s  i d e a l l y  should 
not represent  wasted acce le ra to r  time. The out- 
growth of t hese  cons idera t ions  was t h e  beam 
switchyard with i t s  capab i l i t y  of d i r e c t i n g  beams 
on a pulse  t o  pulse  bas i s  t o  the seve ra l  d i f f e r -  
en t  t a r g e t  a reas  where the  physics experiments 
a r e  i n s t a l l e d .  Along wi th  t h e  c a p a b i l i t y  of 
d i r e c t i n g  the  beam t o  d i f f e r e n t  experimental 
a r eas  on a pulse  t o  pulse  bas i s  came the  requi re -  
ment of programming the  various beam parameters 
on a pulse  t o  pu lse  bas i s .  The s i g n i f i c a n t  beam 
parameters from an experimenters viewpoint a r e  
beam energy, beam spectrum, beam i n t e n s i t y ,  beam 
dura t ion ,  beam s t r u c t u r e ,  and beam timing. pf 
t hese  parameters, t h e  i n j e c t o r  has con t ro l  of 
a l l  but t he  f i r s t ,  beam energy. This parameter 
is  con t ro l l ed  by how many k lys t rons  a r e  used t o  
acce le ra t e  the beam and the  machine c o n t r o l  
system makes provis ion  f o r  programming t h i s  
number on a pulse  t o  pulse  b a s i s .  Beam spectrum 
is con t ro l l ed  f o r  t h e  most p a r t  by the microwave 
p rope r t i e s  of t he  i n j e c t o r  s t r u c t u r e  and i s  d i s -  
cussed elsewhere Of the  remaining parameters, 
beam i n t e n s i t y  and beam dura t ion  a r e  cont ro l led  

by varying t h e  output of t he  gun through c o n t r o l  
of the  gun modulator. Beam s t r u c t u r e  r e f e r s  t o  
f u r t h e r  i n t e n s i t y  modulation wi th in  a s i n g l e  beam 
pulse .  Various time of f l i g h t  experiments r equ i r e  
d i f f e r e n t  s t r u c t u r i n g  of t he  beam, bu t  only one 
s t r u c t u r i n g  system has s o  f a r  been cons t ruc ted  a t  
SLAC and is here in  described. Addi t iona l  systems 
a r e  being s tudied  and designed and i n  time w i l l  
become ava i l ab le  f o r  experimental  use .  The l a s t  
parameter mentioned is  beam timing. Control of 
beam timing and transmission of t iming informa- 
t i o n  t o  t h e  experimenter i s  accomplished by the  
machine t r i g g e r  system. The i n j e c t o r  has the  
requirement of maintaining a s t a b l e  r e l a t i o n s h i p  
between machine t r i g g e r  and the  gun output .  

I n i t i a l  Design, Construction, and Tes t ing  rjf 
Gun Modulator Systems 

Gun Charac te r i s t i c s  

The Pierce  t r i o d e  gun is  d iscussed  i n  d e t a i l  
i n  t he  pa  e r  by R.H. Mi l le r ,  J. Berk, and T.O. 
McKinney.3 I t ' s  c h a r a c t e r i s t i c s  p e r t i n e n t  t o  gun 
modulator design a re  a s  follows. It opera tes  a t  
a DC cathode p o t e n t i a l  i n  the  range of 40 t o  100 
kV wi th  80 kV t h e  nominal opera t ing  vo l t age .  It 
requ i r e s  about TOO v o l t s  p o s i t i v e  g r i d  d r ive  t o  
achieve a 2 amp peak cu r ren t  output.  Grid cu r ren t  
i s  about lC$ of cathode cur ren t .  
capac i ty  is  i n  the  range of 20 t o  25 picofarads ,  
and the  input  s t r u c t u r e  looks l i k e  a 50 ohm t r a n s -  
mission l i n e  terminated in  t h i s  c p a c i t y .  V i r t u a l l y  
complete gun cu tof f  ( l e s s  than 10 
p u l s e )  is  achieved a t  a nega t ive  b i a s  of 100 v o l t s  
on t h e  g r i d .  

Grid t o  cathode 

3 e l ec t rons  per  

Prototype Gun Modulator 

Early i n  the  design of the  SLAC i n j e c t o r ,  a 
t e s t  s tand  cons i s t ing  of prototype i n j e c t o r  com- 
ponents was assembled and beam t e s t e d ,  Output 
of t h i s  pro to type  machine was a 6 MeV e lec t ron  
beam. !Pa supply t h i s  beam, a gun and gun modula- 
t o r  were requi red .  Ear ly  t e s t s  were conducted 
with a purchased gun and a l i n e  type modulator 
with both g r i d  and cathode puls ing .  
ment was i n i t i a t e d  which u l t ima te ly  de l ive red  
two f l o a t i n g  deck, hard tube  ampl i f i e r  modulators. 
The f i r s t  modulator w a s  i n s t a l l e d  on t h e  t e s t  
stand and used t o  eva lua te  guns and i n j e c t o r  com- 
ponents. This f i r s t  modulator had no pulse  t o  
pu lse  switching capab i l i t y .  The second modulator 
de l ivered  had two s t a t e  switching c a p a b i l i t y  on 
both the  pu l se  width and pulse  he ight  c i r c u i t s .  

A procure- 
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Detai led requirements f o r  f i n a l  design of a gun 
modulator s u i t a b l e  $or  machine use were slow i n  
coming due t o  t h e  evolut ion of ideas and t h e  
p r e s s  of o ther  i n j e c t o r  hardware cons t ruc t ion ,  
s o  it was decided t o  modify t h e  second prototype 
modulator for temporary machine use and t o  start  
a development program aimed a t  producing a new 
gun modulator meeting the  f u l l  machine requi re -  
ments. The modif icat ions t o  t h e  prototype u n i t  
were l a r g e l y  performed by t h e  SLAC .modulator 
group under t h e  d i r e c t i o n  of C.  Olson, with t h e  
modif icat ions t o  e f f e c t  remote c o n t r o l  being done 
by t h e  i n j e c t o r  group. This modified system was 
i n s t a l l e d  on t h e  machine and a f t e r  some i n i t i a l l y  
high f a i l u r e  experience, s e t t l e d  down t o  become 
a r e l i a b l e ,  i f  no t  optimum, source of  beam which 
has been adequate for experiments conducted t o  
d a t e  on t h e  machine. The development program 
f o r  the  new modulator i s  w e l l  i n t o  t h e  hardware 
assembly phase and t h e  machine changeover t o  
t h i s  new modulator i s  c lose  a t  hand. 

Requirements of t h e  Machine Gun Modulator Svstem 

Phys ica l  

The S U C  a c c e l e r a t o r  i s  housed i n  a tunnel  
25 f e e t  below ground l e v e l .  The moderate amounts 
of r a d i a t i o n  present  i n  t h e  tunnel  d i c t a t e  t h a t  
e l e c t r o n i c  equipment, e s p e c i a l l y  t h a t  containing 
semiconductoz-s, b e  i n s t a l l e d  i f  a t  a l l  poss ib le  
above ground i n  t h e  k lys t ron  g a l l e r y  and not i n  
t h e  tunnel .  Since t h e  gun must be i n  t h e  tunnel ,  
t h e  choice must be made whether t o  i n s t a l l  a l l  
t h e  gun p u l s e r  e l e c t r o n i c s  i n  t h e  g a l l e r y  and 
face  t h e  problem of g e t t i n g  t h e  p u l s e r  output  t o  
t h e  gun by some t ransmission system, or t o  mount 
por t ions  of t h e  p u l s e r  e l e c t r o n i c s  i n  t h e  tunnel  
c l o s e  t o  t h e  gun but i n  a r a d i a t i o n  environment 
and inaccess ib le  f o r  maintenance. 

In  t h e  case of t h e  modified prototype modu- 
l a t o r ,  a tunnel  l o c a t i o n  f o r  t h e  d i s t r i b u t e d  pulse  
ampl i f ie r ,  d r i v e r  and c l i p p e r  was d i c t a t e d  by t h e  
300 ohm output impedance of t h e  ampl i f ie r  and t h e  
l a c k  of a s u i t a b l e  t ransmission system t o  operate  
a t  t h i s  impedance l e v e l .  A l a r g e  box w i t h i n  a 
box f l o a t i n g  deck s t r u c t u r e  w i t h  s tandard rack 
mounting conf igura t ion  incorporated i n  the  inner  
box was constructed i n  the  t u n n e l  around t h e  gun 
w i t h  t h e  gun i n s u l a t o r  spanning t h e  gap between 
boxes. The inner  box was f l o a t e d  a t  t h e  DC 
cathode p o t e n t i a l  and w a s  connected t o  t h e  f l o a t -  
ing deck e l e c t r o n i c s  i n  the  g a l l e r y  by a s p e c i a l l y  
constructed 100 kV mult i - inner  conductor cable  
which contained coaxia l  cables  as w e l l  as i n d i v i -  
d u a l  wire  p a i r s .  The prototype modulator compon- 
e n t s  prev ious ly  mentioned were mounted i n  t h i s  
box i n  c l o s e  proximity t o  t h e  gun and connected 
t o  e l e c t r o n i c s  i n  t h e  g a l l e r y  through t h e  mul t i  
conductor high vol tage  cable .  The new modulator 
w i l l  have a l l  of i t s  e l e c t r o n i c s  i n  t h e  g a l l e r y  
as shown i n  Figure 1, but it is  a n t i c i p a t e d  t h e  
deck i n  t h e  tunnel  w i l l  be used l a t e r  t o  mount 
fast g r i d  d r i v i n g  p u l s e r s  assoc ia ted  with f u t u r e  
beam s t r u c t u r i n g  schemes. 

E l e c t r i c a l  

The new modulator i s  t o  be capable  of s e l e c t -  
ing one of t h r e e  remotely programmable g r i d  bias 
s e t t i n g s  i n  response t o  one of t h r e e  p r e t r i g g e r s .  
The bias i n  turn  cont ro ls  t h e  c u r r e n t  output  of 
the  gun. A p r e t r i g g e r  i s  suppl ied  i n  advance of 
each machine pulse  as required by t h e  mul t ip le  
beam p r o f i l e  of t h e  machine. I f  no t r i g g e r  is 
received, or i f  two or more simultaneous t r i g g e r s  
due t o  a programming e r r o r  a r e  received,  t h e  b i a s  
r e v e r t s  t o  a high, but  remotely con. t rol lable  l e v e l  
which e i t h e r  produced no beam a t  a l l ,  or an 
extremely low intensLty beam. The b i a s  c o n t r o l  
channels a r e  not p a r t  of e i t h e r  t h e  personnel  
or machine p r o t e c t i o n  i n t e r l o c k  system, so  t h i s  
f o u r t h  channel f e a t u r e  guarantees  an experimenter 
only t h a t  he w i l l  not  receive a damagingly i n t e n s e  
beam i f  a mul t ip le  t r i g g e r  programling e r r o r ,  or 
missed t r i g g e r  condi t ion occurs .  The f o u r t h  
channel wi th  i t s  remote c o n t r o l  c a p a b i l i t y  a l s o  
allows experiments which r e q u i r e  very low e l e c t r o n  

a t o  b e  densities (lo4 - 10 e lec t rons .  p e r  p u l s e )  
run while using t h e  b i a s  channel which would o ther -  
wise be assigned t o  t h i s  func t ion  as a h igher  
cur ren t  "s teer ing"  channel. The low e l e c t r o n  
dens i ty  beam i s  not  seen by t h e  machine beam 
s t e e r i n g  monitors, but an occasional  pu lse  on t h e  
"s teer ing"  channel makes t h e  o r b i t  of t h e  low 
i n t e n s i t y  beam v i s i b l e  on t h e  monitors .  

Beam pulse  width, o r  dura t ion  is  a l s o  t o  b e  
s e l e c t a b l e  on a pulse  t o  pulse  basis.  Separa te ly  
t r i g g e r e d  low l e v e l  pu lsers  generate  t h r e e  remote 
width c o n t r o l l a b l e  pulses  which can be s e l e c t e d  
as machine beam p r o f i l e  requi res .  These channels 
can be t r i g g e r e d  i n  p a r a l l e l  and s i n c e  each has  
separa te  t iming cont ro l ,  t h r e e  c u r r e n t  p u l s e s  can 
be a c c e l e r a t o r  during one machine RF p u l s e .  The 
pulse  width c i r c u i t r y  is  p a r t  of t h e  machine 
pro tec t ion ,sys tem,  s o  s p e c i a l  e f f o r t  must be made 
t o  prevent  t r i g g e r i n g  on noise ,  or producing out- 
pu t  pu lses  when t h e r e  is  no t r i g g e r .  The pulse  
width synthes is  c i r c u i t r y  of t h e  pro to type  mod- 
u l a t o r  was unsui ted t o  t h e  machine requirements, 
so pulse  width synthes is  e l e c t r o n i c s  s u i t a b l e  
f o r  t h e  new modulator was developed during t h e  
prototype modif icat ion program and i n s t a l l e d  i n  
i t s  permanent l o c a t i o n  on t h e  machine. It per -  
forms t h e  func t ions  descr ibed and has operated 
s a t i s f a c t o r i l y  t o  date .  

Since most of t h e  a c t i v e  hardware i s  i n s t a l l -  
ed on t h e  high vol tage  f l o a t i n g  deck, provis ion  
m u s t  b e  made f o r  c ross ing  t h e  vol tage  gap by AC 
power, s t a t u s  c o n t r o l  and analog channels which 
are narrow band and b i a s  switching and beam p u l s e  
s i g n a l s  which a r e  wide band. These func t ions  a r e  
accomplished by i s o l a t i o n  t ransformers  and e l e c t r o -  
mechanical l inkages.  

Features  of Gun Fulser  Design 

Pulse t o  Pulse Bias Control 

The switched g r i d  bias e l e c t r o n i c s  c o n s i s t s  
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of a f a s t  regula t ing  power supply and f o u r  remote- 
l y  cont ro l led  reference potenti.ometers which can 
be switched i n t o  t h e  power supply r e g u l a t o r  c i r -  
c u i t r y .  This c i r c u i t r y  and t h e  rece iv ing  c i r c u i t s  
of t h e  deck cross ing  .RF p a t t e r n  genera tor  a r e  
mounted on t h e  g a l l e r y  f l o a t i n g  deck. An RF 
p a t t e r n  correspcnding t o  t h e  s e l e c t e d  beam in ten-  
s i t y  p r o f i l e  i s  generated i n  ground l e v e l  e l e c -  
t r o n i c s  and coupled t o  t h e  f l o a t i n g  deck v i a  an 
i s o l a t i o n  t ransformer,  Figure 2 shows a block 
diagram of t h e  complete b i a s  c o n t r o l  system. 

One of  t h r e e  p r e t r i g g e r s  is  suppl ied t o  t h e  
ground l e v e l  e l e c t r o n i c s  1.5 mil l iseconds before  
each machine pulse .  This causes one of t h e  2.5 
mil l isecond one s h o t  mul t iv ibra tors  t o  f i re 'which  
t u r n s  on one o f , t h r e e ' o s c i l l a t o r s .  The o s c i l l a t o r  
f requencies  a r e  4 MHz, 4.5 MHz and 5 MHz. The 
o s c i l l a t o r  outputs  a r e  combined and amplif ied 
i n  a 50 ohm l i n e  d r i v i n g  output s tage .  Output 
l e v e l  i s  10 v o l t s .  To prevent  simultaneous o s c i l -  
l a t o r  t r i g g e r i n g  by misprogrammed t r i g g e r  pu lses ,  
an ant i -coincidence c i r c u i t  i s  incorporated.  This 
c i r c u i t  c o n s i s t s  of an adder which samples t h e  
output  of a l l  t h r e e  one shot  m u l t i v i b r a t o r s  and 
f i res  a Schmitt t r i g g e r  when t h e  sum of  two or 
more simultaneous pulses  i s  de tec ted ,  The Schmit t  
t r i g g e r  t u r n s  on a t r a n s i s t o r  i n  p a r a l l e l  w i t h  t h e  
a m p l i f i e r  input  which grounds t h e  o s c i l l a t o r  
outputs .  Thus, f o r  two or more input  t r i g g e r s ,  
no output  ensues and t h e  modulator r e v e r t s  t o  
t h e  f o u r t h  channel b i a s  s e t t i n g .  The modulator 
a l s o  switches t o  t h e  four th  channel  i f  a t r i g g e r  
i s  missed, or none i s  programqed. 

The FP b i a s  c o n t r o l  s i g n a l  c rosses  t o  t h e  
high vol tage deck on an i s o l a t i o n  t ransformer con- 
s i s t i n g  of a f e r r i t e  t o r o i d a l  core  throughwhich  
an appropr ia te  corona shield.ed s i n g l e  t u r n  .high 
vol tage  secondary i s  threaded.  The high vol tage  
t u r n  is made from t h e  center  conductor of RG-17 
c o a x i a l  cable .  A c ross  s e c t i o n  of t h e  t ransformer 
is  shown i n  Figure 3. Five copper t a p e  t u r n s  
a r e  wound on t h e  f e r r i t e  core  t o  serve  a s  t h e  
primary. With appropr ia te  secondary te rmina t ion  
and a s i n g l e  compensation network on t h e  primary, 
t h e  input  t o  t h e  t ransformer appears matched t o  
50 ohms over a band from 100 kHz t o  50 MHz. This 
i s  q u i t e  important s ince  an i d e n t i c a l  t ransformer 
i s  used t o  t r a n s f e r  t h e  low l e v e l  video gun d r i v e  
pulses  t o  t h e  deck mounted gun cathode d r i v e r  
ampl i f ie r .  Three of- these  t ransformers  a r e  mounted 
in a p a r t  p lex ig lass ,  p a r t  aluminum chass i s  which 
spans t h e  high vol tage  gap of t h e  g a l l e r y  f l o a t i n g  
deck. The t h i r d  u n i t  i s  a spare  and a l l  t h r e e  - 
a r e  interchangeable .  

The RF s i g n a l  reaching t h e  f l o a t i n g  deck is  
amplif ied and separa ted  with t h r e e  simple s e r i e s  
resonant  f i l t e r s .  A t r a n s i s t o r  d e t e c t o r  conducts 
when t h e  f i l t e r  output  i s  above 0.75 v o l t s .  When 
t h e  output  of t h e  d e t e c t o r  i s  above 3 v o l t s  a 
Schmitt t r i g g e r  is f i r e d .  The two d i s c r e t e  th resh-  
o ld  l e v e l s  serve t o  r e j e c t  noise  and ad jacent  
channel leakage, while  t h e  Schmitt trigger a c t i o n  
provides  a cons tan t  amplitude pulse  output  inde- 

pendent r,f input  s i g n a l  f l u c t u a t i o n s  above the  
t r i g g e r  th reshold .  The outputs of t h e  Schmitt 
t r i g g e r  c i r c u i t s  dr i , i e  110 v o l t s  hold off  g a t i n g  
t r a n s i s t o r s .  The input  s i g n a l s  t o  t h e s e  g a t i n g  
t r a n s i s t o r s  a r e  der ived  from t h r e e  double zener  
regula ted  re ference  vol tage  potent iometers  
remotely motor dr iven  from ground l e v e l .  The 
t h r e e  g a t e  cu tputs ,  p l u s  a f o u r t h  low l e v e l  
re ference  s i g n a l  a r e  diode matrixed toge ther  i n  
such a way t h a t  outputs  from any of t h e  g a t e s  take 
presidence over t h e  f o u r t h  channel s o  long as t h e  
gated s i g n a l s  c a l l  f o r  a higher  gun output  (lower 
bias l e v e l )  than t h e  s e t t i n g  of  the  low l e v e l  
re ference .  This combined s i g n a l  i s  suppl ied  as a 
re ference  input  t o  t h e  f a s t  r e g u l a t o r  c i r c u i t r y .  
The f a s t  r e g u l a t o r  incorporates  both s e r i e s  and 
shunt r e g u l a t i o n  tubes.  A two tube d u a l  t r i o d e  
a m p l i f i e r  d r i v e s  t h e  feed back loop. The shunt  
r e g u l a r  tubes a r e  required t o  r a p i d l y  discharge 
t h e  capac i ty  a s s o c i a t e d  with the  g r i d  t r a n s -  
mission l i n e  and o ther  hardware which rides a t  
t h e  g r i d  p o t e n t i a l .  

A l l  c i r c u i t r y  assoc ia ted  wi th  t h e  b ias  c o n t r o l  
system wi th  t h e  except ion of t h e  f a s t  r e g u l a t o r  
i s  t r a n s i s t o r i z e d  and i s  contained on t h r e e  PC 
cards .  Low l e v e l  power suppl ies  up t o  150 v o l t s  
a r e  a l s o  cons t ruc ted  on PC card s u b s t r u c t u r e s  
and mount i n  t h e  card cages. The card cage on 
t h e  f l o a t i n g  deck i s  constructed i n t e g r a l  w i t h  
t h e  high vol tage  b i a s  power supply and f a s t  
r e g u l a t o r  s o  t h a t  the  whole deck l e v e l  b i a s  
c o n t r o l  system i s  contained i n  one quick  change- 
a b l e  c h a s s i s .  It i s  planned t o  mount two of 
t h e s e  u n i t s  on t h e  f l o a t i n g  deck s o  t h a t  i n  t h e  
event  of a malfunction, a switch of input  cables  
w i l l  put  t h e  s p a r e  i n  operat ion.  The gun p u l s e r  
c i r c u i t r y  is  s i m i l a r l y  packaged and spared .  

Gun Fulse C i r c u i t r y  

The ground l e v e l  pu lse  s y n t h e s i s  c i r c u i t r y  
contains  no f e e d  back c i r c u i t s  such as mul t iv i -  
b r a t o r s ,  e t c .  i n  d i r e c t  l i n e  wi th  t h e  output .  
Thus, t h e r e  are no c i r c u i t s  t o  f r e e  run i n  case 
of a malfunction. A l l  power s u p p l i e s  a r e  co- 
in te r locked  so  t h a t  loss of one supply removes 
a l l  vo l tages  from the c i r c u i t ,  These precaut ions  
a r e  taken  t o  guarantee t h a t  t h e r e  can be no pulse  
output  without  a t r i g g e r  input  s i n c e  t h i s  c i r c u i t  
is a d i r e c t  s e r i e s  l i n k  i n  t h e  machine p r o t e c t i o n  
system. The p u l s e  synthes is  c i r c u i t r y  i s  f u r t h e r  
designed t o  ignore noise  t r a n s i e n t s  and t o  gener- 
a t e  an output  p u l s e  only during t h e  dura t ion  of 
t h e  input  t r i g g e r  pu lse  regard less  of t h e  pulse  
length  programmed. The input  t r i g g e r  pu lse  is 
3 psec long, occurs  500 nsec before  requi red  gun 
output, and bracke ts  t h e  gun output  pu lse .  

The h e a r t  of t h e  pulse  s y n t h e s i s  c i r c u i t  i s  
a t h r e e  t r a n s i s t o r  common c o l l e c t o r  t r i p l e  g a t e  
c i r c u i t .  Two of t h e  ga t ing  t r a n s i s t o r s  a r e  nor- 
mally conducting while t h e  t h i r d  i s  normally c u t  
o f f .  Thus, t h e  common c o l l e c t o r  p o i n t  remains a t  
zero vol tage ,  An inc ident  t r i g g e r  p u l s e  is s p l i t  
t h r e e  ways. I n  t h e  f i r s t  p a t h  it i s  amplif ied 

.. . 
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and squared and used t o  t u r n  off  t h e  f i r s t  t r a n -  
s i s t o r  of the  t r i p l e  ga te .  Since t h e  second 
t r a n s i s t o r  i s  s t i l l  condut t ing no output  of t h e  
g a t e  ensues. The second p a t h  contains  a 300 nsec 
delay l i n e  and a similar squaring ampl i f ie r .  The 
output  of t h i s  ampl i f ie r  t u r n s  of f  t h e  second 
t r a n s i s t o r  and s i n c e  now a l l  t h r e e  t r a n s i s t o r s  
a r e  o f f ,  t h e  c o l l e c t o r  vol tages  rises and forms 
t h e  r i s e  time of t h e  output pu lse .  During t h e  
300 nsec delay,  t h e  t r i g g e r  s i g n a l  i n  t h e  t h i r d  
p a t h  is amplif ied,  squared and used t o  d r i v e  an 
RC charging network. The output  charging wave- 
form of t h i s  network i's added t o  a zener s t ab i l -  
ized remote programmable o f f s e t  vol tage and t h e  
combination i s  used t o  f i r e  a Schmitt t r i g g e r .  
The output of t h e  Schmitt t r i g g e r  d r i v e s  t h e  t h i r d  
g a t e  t r a n s i s t o r  i n t o  conduction, which causes t h e  
c o l l e c t o r  vol tage t o  drop thus genera t ing  t h e  f a l l  
time of t h e  output  pu lse .  By varying t h e  o f f s e t  
vol tage,  the  Schmitt t r i g g e r  c i r c u i t  can be made 
t o  f i r e  a t  any p o i n t  wi th in  80$ of t h e  RC charge 
curve range and thus  provides  t h e  v a r i a b l e  width 
c o n t r o l ,  Since most of t h e  exponent ia l  charge 
curve i s  used, t h e  width programming r a t e  i s  non- 
l i n e a r ,  but non-l inear  i n  a most e f f i c i e n t  way. 
A t  s h o r t  pu lses  t h e  programming ra te  is  slow, 
while a t  longer  pulses ,  t h e  programming r a t e  is  
f a s t e r .  This has the  e f f e c t  of g iv ing  a constant  
percentage programming r a t e  over t'ne whole pulse  
width range. The range is  from zero pulse  width 
(no pulses  a t  a l l )  through a t r i a n g u l a r  pu lse  
c o n s i s t i n g  only of r i s e  and f a l l  times contained 
wi th in  40 nsec t o  a 2 psec wide pulse .  Pulse 
width a i d  i n i t i a t i o n  s t a b i l i t y  i s  b e t t e r  than t h e  
time reso lu t ion  of a Tektronix 547 scope. 

The g a t e  output  i s  amplif ied i n  a t r a n s i s t o r  
l i n e  d r i v e r  s tage  and t h e  outputs  of a l l  t h r e e  
pulse  synthes izer  PC cards  a r e  diode matrixed 
toge ther  t o  d r i v e  t h e  high vol tage  i s o l a t i o n  
t ransformer used t o  span t h e  ground-f loat ing deck 
gap. There i s  no ambiguity i n  dr iv ing  a l l  t h r e e  
of these  synthes izers  during t h e  same machine 
pulse  e i t h e r  concurrent ly  or sequent ia l ly  and t h i s  
mode of operat ion has been used f o r  some machine 
beam breakup s t u d i e s  t o  determine time constants  
assoc ia ted  wi th  the  e f f e c t .  

On t h e  g a l l e r y  f l o a t i n g  deck, t h e  i s o l a t i o n  
t ransformer output  is  amplif ied and squared i n  a 
t h r e e  t r a n s i s t o r  d r i v e r  whose output  is a 30 v o l t  
pu lse  a t  50 ohm impedance l e v e l  wi th  r i s e  and f a l l  
times of less than  20 nsec. This s i g n a l  d r i v e s  
t h e  f o u r  tube s a t u r a t e d  a m p l i f i e r  which produces 
an output  of 800 v o l t s  i n t o  an impedance of 75 
ohms. The f o u r  tubes of t h i s  ampl i f ie r  a l l  oper- 
ate normally cu tof f ,  and t h e  last  s t a g e  operates  
with p l a t e s  referenced t o  ground p o t e n t i a l  (cath-  
ode operated a t  -(B+) vol tage)  SO t h a t  t h e  ampli- 
f i e r  output  i s  a v a i l a b l e  d i r e c t l y  between t h e  
p l a t e s  and ground. The p o l a r i t y  of t h e  output i s  
such t h a t  it d i r e c t l y  d r i v e s  t h e  gun cathode. 

The employment of an a l l  normally cutof f  
a m p l i f i e r  chain i s  made p o s s i b l e  by t h e  use of 
coaxia l  type i n t e r s t a g e  t ransformers .  3, 
shows t h e  configurat ion o f  these  transformers. 

Figure 5 

The operat ion of these  t ransformers  is not  e a s i l y  
descr ibed a n a l y t i c a l l y  and indeed at f i r s t  glance 
it looks as I f  one g e t s  something f o r  nothing.  
The bas ic  coaxia l  t ransformer c o n s i s t s  simply of 
a number of t u r n s  of  coaxia l  cab le  or twis ted  
p a i r  l i n e  wraped around a high p t o r o i d a l  core .  
The-magic appears when one cons iders  t h a t  e i t h e r  
s i d e  of t h e  output  of t h i s  t ransmiss ion  l i n e  may 
now be referenced t o  ground independent of t h e  
input  s i d e  reference.  This i s  t r u e  s i n c e  any 
ground t o  ground cur ren ts  must flow through t h e  
t o r o i d  and i f  t h e  t o r o i d a l  inductance is  high 
enough, they a r e  e f f e c t i v e l y  stopped. S igna ls  
on t h e  t ransmission l i n e  being wholly contained 
within t h e  l i n e ,  experience no induct ive  impedi- 
ment from-the t o r o i d .  These t ransformers  a r e  
inherent ly  wide band being l i m i t e d  on t h e  low 
frequency s i d e  by t h e  t o r o i d a l  inductance and on 
t h e  high frequency s i d e  Dy t h e  a t t e n u a t i o n  and 
d ispers ion  c h a r a c t e r i s t i c s  of t h e  cable .  Two 
transformer configurat ions a r e  used i n  t h e  pulse  
amplifier. The f i rs t  transformer c o n s i s t s  of two 
100 ohm coaxia l  dable wound t o r o i d s  wi th  inputs  
i n  p a r a l l e l  and outputs  i n  s e r i e s .  This g i v e s  
a f o u r  t o  one impedance and two t o  one vol tage  
s t e p  up r a t i o  and is  used as t h e  input  t ransformer 
t o  t h e  ampl i f ie r  f i r s t  g r i d .  Three more i n t e r -  
s tage  t ransformers  a r e  used between p l a t e s  and 
g r i d s  of t h e  f o u r  tubes.  Because t ransformer 
impedance i s  not  a r e a d i l y  a l t e r e d  v a r i a b l e ,  it 
i s  necessary t o  choose t h e  tube opera t ing  p o i n t s  
with care .  Tube g r i d s  a l s o  do not  p r e s e n t  a 
constant  impedance so  each g r i d  must be r e s i s t i v e  
loaded t o  l i m i t  t h i s  non-l inear  load e f f e c t  on 
t h e  t ransformer.  The i n t e r s t a g e  impedance l e v e l  
through t h e  ampl i f ie r  as d i c t a t e d  by t ransformers  
is  200 ohms. The a c t u a l  inrpedance as seen by t h e  
t ransformers  v a r i e s  from 400 ohm ( r e s i s t i v e  l o a d )  
t o  100 ohms ( g r i d  and r e s i s t i - v e  loading combina- 
t i o n )  during t h e  pulse .  Grid s a t u r a t i o n  e f f e c t s  
tend t o  minimize f l a t  top degradatior. due t o  t h i s  
dynamic impedance mismatch. Voltage ga in  of t h e  
o1:erall ampl i f ie r  is 20 with s t a g e  gains  approxi-  
mately equal .  me output of t h e  m p l i f i e r  is  a 
negat ive going 800 v o l t  pu lse  w i t h  r i s e  and f a l l  
t imes of l e s s  than 20 nsec, and a t o p  f l a t  t o  
wi th in  1%. 
pora ted  i n  t h e  output  of the  ampl i f ie r .  

An i n t e n s i t y  range switch i s  incor -  

The 75 ohm d r i v e  c a p a b i l i t y  of t h e  a m p l i f i e r  
is used only on t h e  f u l l  d r i v e  p o s i t i o n  of t h i s  
switch. Reduced range p o s i t i o n s  p r e s e n t  propor- 
t i o n a t e l y  higher  impedances t o  t h e  a m p l i f i e r  and 
r e s u l t  i n  a f a s t e r  r i s e  time, f l a t e r  t o p  pulse .  
I n  t h e  f u l l  d r i v e  p o s i t i o n  of t h e  range switch,  
low gun output  cur ren ts  a r e  obtained by impress- 
ing a l a r g e  b i a s  s i g n a l  on t h e  gun g r i d .  This 
has t h e  e f f e c t  of using only t h e  t o p  few percent  
of t h e  d r i v e  pulse  and t h e  devia t ions  from f l a t -  
ness a r e  considerably amplif ied by t h i s  process .  
Most of t h e  a c c e l e r a t o r  operat ion i s  i n  a c u r r e n t  
range 2 orcers  or magnitude below t h e  peak output  
c a p a b i l i t y  of t h e  gun. The range switch provides  
t h e  c a p a b i l i t y  of propor t iona te ly  reducing t h e  
b i a s  and d r i v e  so  t h a t  t h e  minimum b i a s  s e t t i n g  
produces only a f r a c t i o n  of f u l l  gun c a p a b i l i t y .  
This a l s o  has t h e  e f f e c t  of reducing t h e  programni- 



Lng r a t e  of t h e  i n t e n s i t 1  c o n t r o l s .  They do not  
have t h e  b e n e f i c i a l  n o n - l i n e a r i t y  possessed by 

' t h e  width c o n t r L l s .  The range switch,  t h e  t h r e e  
pulse  width c o n t r o l s ,  the  four i n t e n s i t y  c o n t r o l s ,  
and t h e  t h r e e  pulse  t iming c o n t r o l s  are programm- 
a b l e  from t h e  c e n t r a l  c o n t r o l  room, two m i l e s  
away. 

Beam S t r u c t u r e  Equip@ 

Subharmonic beam sweeper systems a r e  used t o  
impress f u r t h e r  s t r u c t u r e  on t h e  e l e c t r o n  beam 
pulse ,  The e l e c t r o n  beam a l ready  has a f i n e  
s t r u c t u r e  corresponding t o  e l e c t r o n  bunching at  
t h e  machine frequency, 2856 MHz. For t i m e  of 
f l i g h t  experiments, experimenters would l i k e  t o  
e l imina te  most of t h e  e l e c t r o n  bunches and acce l -  
e r a t e  an equiva len t  amount of charge contained i n  
a t r a i n  of s i n g l e  bunches, or bmch groups, spaced 
a p a r t  by t h e  r e s o l u t i o n  time of t h e i r  experiments. 
For s i n g l e  bunches, a d e f l e c t o r  system phased 
locked t o  t h e  a c c e l e r a t o r  frequency is necessary 
t o  e l imina te  a l l  but  t h e  d e s i r e d  bunches. For 
bunch groups c o n s i s t i n g  of s e v e r a l  bunches, phase 
locking  is  not  necessary and t h e  experimenter can 
vary h i s  group spacing a t  w i l l  by changing t h e  
d e f l e c t o r  frequency. 

A second p o s s i b i l i t y  f o r  producing subgroups 
w i t h i n  a beam pulse  is d i r e c t  modulation of t h e  
gun g r i d  by a s h o r t  pu lse  f a s t  r i s e  t i m e  p u l s e s .  
This allows t h e  experimenter t o  produce s i n g l e ,  
or nonperiodic e l e c t r o n  subgnoups during t h e  
machine pulse .  Space i s  provided on t h e  t u n n e l  
f l o a t i n g  deck for j u s t  such a p u l s e r .  The fas t  
b i a s  r e g u l a t o r  i s  designed t o  handle t h e  e x t r a  
capac i ty  t h a t  i n s e r t i o n  of an a d d i t i o n a l  p u l s e r  
i n  s e r i e s  with t h e  g r i d  would en ta i l .  The r i s e  
time l i m i t a t i o n  of t h e  g r i d  i t s e l f  i s  j u s t  t h e  
RC time constant  of t h e  feed  s t r u c t u r e  impedance 
and t h e  g r i d  capaci tance.  This number i s  about 
1 nsec. S t a t e  of t h e  a r t  i n  p u l s e r s  i s  approach- 
ing t h i s  r i s e  time and when a concrete  experimen- 
t a l  requirement occurs, development of t h i s  type 
of a p u l s e r  w i l l  be undertaken. 

Two requirements which a l ready  e x i s t  a r e  f o r  
a s i n g l e  bunch s t r u c t u r e d  beam p e r i o d i c  a t  12.5 
nsec and a t h r e e  bunch s t r u c t u r e d  beam p e r i o d i c  
i n  a range from 25 nsec t o  50 nsec. 12.5 nsec 
p e r i o d i c i t y  corresponds t o  a 40 MHz d r i v e  f r e -  
quency. The former requirement is  connected 
wi th  an experiment scheduled e a r l y  on t h e  machine 
so t h e  cons t ruc t ion  of t h i s  s t r u c t u r i n g  system 
was undertaken f i r s t  and is now just becoming 
opera t iona l .  The second system which w i l l  use 
much of t h e  same hardware opera tes  a t  a lower 
frequency range, 10 MHz t o  20 MHz. Construct ion 
is  s t a r t i n g  on t h i s  system now. 
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The s i n g l e  bunch system just mentioned i s  
shown i n  Figure 6. 
RF a m p l i f i e r  and two resonant  beam d e f l e c t i o n  
s t r u c t u r e s ,  one c l o s e  t o  the gun and one 330' 
downstream i n  t h e  a c c e l e r a t o r .  The opera t ing  
frequency of t h i s  system i s  at  t h e  72 subharmonic 
of t h e  machine, 39.667 MHz. The master o s c i l l a t o r  

It c o n s i s t s  of a 50 k i l o w a t t  

of t h e  machine has an output  a t  t h i s  frequency 
and  t h i s  s i g n a l  is used t o  d r i i e  a 50 kw peak 
pulsed FF a m p l i f i e r ,  The puls ing  is required 
s i n c e  i n  mul t ip le  beam operat ion,  t h e  experi-  
ment requi r ing  the  s t r u c t u r e d  beam may be assigned 
only a por t ion  of t h e  t o t a l  machine p u l s e s .  The 
pulsed RF ampl i f ie r  for t h i s  purpose was cons t ruc ted  
by t h e  SLAC e l e c t r o n i c s  group with t h e  engineer ing 
being performed by W. Tomlin. 

I n i t i a l  Beam Def lec tor  

The f i r s t  beam d e f l e c t o r  i s  a p a i r  of p l a t e s  
i n  t h e  beam l i n e  following t h e  gun and prebuncher. 
A t  t h i s  p o i n t  t h e  beam is  not  s u f f i c i e n t l y  bunched 
for t h e  p l a t e s  t o  t o t a l l y  e l imina te  e l e c t r o n s  
which form adjacent  bunches t o  t h e  d e s i r e d  bunch, 
s o  a clean-up d e f l e c t o r  downstream is requi red .  
Early e l imina t ion  of unwanted e l e c t r o n  bunches 
prevents  t h e i r  loading t h e  following buncher and 
a c c e l e r a t o r  s t r u c t u r e s .  These loading e f f e c t s  
d i c t a t e d  the  l o c a t i o n  of t h e  f i r s t  d e f l e c t o r .  A 
q u a r t e r  wave s e c t i o n  of RG 220 cable  forms t h e  
d e f l e c t o r  resonant  c i r c u i t  and s t e p s  the  RF d r i v e  
vol tage  up t o  40 k i l o v o l t s  peak. This d e f l e c t s  
a l l  but the  c e n t r a l  bunch and vestages of ad ja-  
c e n t  bunches i n t o  t h e  walls of the  d e f l e c t o r  
s t r u c t u r e .  The d e f l e c t o r  phase is  ad jus ted  s o  
t h a t  t h e  c e n t r a l  bunches occur a t  t h e  zero cross-  
ings of t h e  RF cycle .  There a r e  two of t h e s e  p e r  
RF cycle ,  s o  1 out of every 36 bunches is t r a n s -  
mit ted.  A c a p a c i t o r  d i v i d e r  samples t h e  d r i v e  
phase and t ransmi ts  t h i s  information t o  t h e  experi-  
menter v i a  t h e  machine master d r i v e  l i n e .  The 
machine d r i v e  l i n e  frequency is  476 MHz and t rans-  
mission of a 39.667 MHz s i g n a l  does not  degrade 
i ts  primary func t ion  of providing phase coherent 
d r i v e  f o r  t h e  machine sub-boosters, which i n  t u r n  
dr i ' i e  t h e  2856 me k lys t rons .  

I n i t i a l  opera t ion  of t h i s  f i r s t  d e f l e c t o r  
produces chopping r a t e s  of up t o  40 t o  1. Pre- 
buncher e x c i t a t i o n  and d e f l e c t o r  phase i n t e r a c t  
s t r o n g l y  wi th  these  r a t i o s .  This i n d i c a t e s  the  
system i s  d e f l e c t i n g  s t r o n g l y  enough t o  s e e  t h e  
g r a n u l a r i t y  of ind iv idua l  e l e c t r o n  bunches, and 
is  phase s t a b l e  enough t o  preserve coherence dur- 
ing  t h e  machine pulse .  Test ing cont inues.  

Second Beam Def lec tor  

The second beam d e f l e c t o r  not i n s t a l l e d  
as y e t .  Its design i s  s iKi la r  t o  t h e  f i r s t  
d e f l e c t o r  but  i t s  resonator  Q w i l l  be higher  
s i n c e  beam i n t e r c e p t i o n  l o s s e s  a r e  not a f a c t o r .  
This d e f l e c t o r  w i l l  se rve  two purposes. It w i l l  
e l imina te  t h e  r e s i d u a l  ad jacent  bunches missed 
by t h e  f i r s t  d e f l e c t o r .  
a l l  random e l e c t r o n s  captured and acce lera ted  i n  
t h e  i n j e c t o r  and f i r s t  330' of t h e  machine. Fre- 
l iminary  measurements of t h i s  "dark cur ren t"  
e l e c t r o n  count i n d i c a t e  e l e c t r o n  q u a n t i t i e s  sf 
from 102 to ,,5 e l e c t r o n s  p e r  pulse .  

t h e s e  "dark cur ren t"  e l e c t r o n s  from t h e  f i rs t  330' 
of t h e  machine e f f e c t i v e l y  e l imina tes  them f r o n  
t h e  experiment s i n c e  a l l  e l e c t r o n s  captured ilcwn- 

It w i l l  a l s o  e l imina te  

El iminat ing 
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stream have i n s u f f i c i e n t  energy t o  pass  through 
t h e  energy analyzing u n i t s  of t h e  machine. 
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