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A b s tract 
Seve r a l  fa m i l ies o f h i g h  p o w e r  k lyst rons i n  S -  a n d  X -  

B a n d  a m  b e i n g  d e v e l o p e d  i n  th e  K lyst ron L a b o m to ry  a t S L A C . 
T o  s u p p o r t th e s e  d e v e l o p m e n ts, a  n u m b e r  o f n e w  pu l se  m o d u -  
la tors a r e  b e i n g  d e s i g n e d  f r om scratch, o r  u p g r a d e d  f r om exist- 
i n g  Ia b o r a to ry  test m o d u lators. Th is  p a p e r  o u tlin e s  th e  
m o d u la to r  p a r a m e te rs  ava i l ab l e  i n  th e  S L A C  K lyst ron L a b o r a -  
tory,  a n d  d iscusses two n e w  m o d u lators th a t a r e  u n d e r  c on -  
struct ion. 

I. B A C K G R O U N D  
Thir ty yea rs  a g o , th e  first bu i l d i n g  cons t ruc ted  a t th e  n e w  

site  o f th e  S ta n fo r d  acce le ra to r  was  th e  K lyst ron Test  L a b . T h e  
sou rces  o f th e  m ic rowave  p o w e r  n e e d e d  to  d r i ve  th is  mass ive  
acce le ra to r  w e r e  ve ry  m u c h  i n  d o u b t. T h e  Test  L a b  was  
e q u i p p e d  wi th twe lve  l i ne  typ e  m o d u lators bu i l t  by  L i n g  fo r  th e  
p u r p o s e  o f tes t i ng  n e w  d e v e l o p m e n ta l  k lyst rons a n d  o th e r  
c o m p o n e n ts n e e d i n g  h i g h  p o w e r  S - B a n d  rf. O ve r  th e  years,  
th e s e  lest pos i t i ons  h a v e  b e e n  u p g r a d e d  a n d  rad ica l ly  c h a n g e d  
to  m e e t th e  n e e d s  o f o n g o i n g  rf d e v e l o p m e n t pro jects.  Cu r -  
r e n tly, th e  l a b  is s u p p o r tin g  th e  c o n tin u i n g  p r o d u c tio n  o f th e  
6 5  M W  .pu l s& l  k lyst rons th a t p o w e r  th e  S ta n fo r d  L i n e a r  Co l -  
l i de r  ( S LC ) , a n d  h a s  d e v e l o p m e n ta l  p r o g r a m s  u n d e r w a y  o n  
b o th  S -  a n d  X - b a n d  p u l s e d  p o w e r  sources.  T h e  Test  L a b  n o w  
h a s  s ix teen test pos i t i ons  o f wh i ch  five  a r e  d ed i c a te d  to  R & D  

* S u p p o r te d  by  D e p a r tm e n t o f E n e r g y  c o n tract 
1  D E - A C O 3 - 7 6 S F O O 5 1 5 . 

F i g u r e  1 . K lyst ron test l a b  ove rv iew.  

_ -  
P r esen t ed  at the  Par t ic le  Acce le ra to r  Con f e r ence  ( P A C  93) ,  Wash i ng ton ,  DC,  M a y  17 - 2 0 ,  2 9 9 3  

o f n e w  klystrons. T h e  p h o to g r a p h  i n  Fig.  M o w s  th e  flo o r  lay-  
o u t o f th e  l a b o r a tory.  ‘Ibst S ta n d  capab i l i t i es  a r e  l isted b e l o w , 
a n d  d e ta i ls o f th e  n e w  m o d u la to r  d e v e l o p m e n ts a r e  o u tlin e d  i n  
th e  p a r a g r a p h s  fo l l ow ing .  
A . P m d u c tio n  Test  S ta n d s  

TestStands1,5 ,7 ,9 ,&  1 1 a te d e d i c a te d to 6 5 M W p o -  
d u c tio n  k lyst ron test ing.  T h e s e  test sta n d s  a r e  c o n ven tio n a l  l i ne  
typ e  m o d u lators wi th thy ra t r on  swi tch ing.  E r ima ry  p o w e r  sup -  
p l i es  a r e  va r i ab l e  t r ans fo rmer  p r o g r a m m e d  2 5  kV  D C  un i ts  th a t 
m o n a n t c h a r g e  two pa ra l l e l  sect ion  pu l s e  l ines. D e Q ing,  cut-  
tin g  o ff th e  r e s o n a n t c h a r g e  w h e n  a  r e fe r e n c e  vo l t age  is 
r e a c h e d , is u s e d  fo r  r e g u l a tio n . W h e n  th e  thy ra t r on  f ires, a  
2 3  kV  pu l se  o f 5  ps  ( 3  d B  p o i n ts) d u r a tio n  is s upp l i e d  th r o u g h  
a  pu l s e  cab l e  to  th e  k lyst ron pu l s e  t rans fo rmer .  ‘Ih e  1 5 : 1  t rans-  
fo r m e r  de l i ve rs  a  3 5 0  kV  pu l se  to  th e  c a t h ode  o f th e  klystron. 
T h e  k lyst ron p e r v e a n c e  is n o m ina l ly  2  ttpe rv ,  a n d  th is  t rans-  
la tes to  a  de l i v e r ed  pu l s e  cu r ren t  o f 4 1 4  a m p s . T h e  p r ima ry  cu r -  
r e n t i n  th e  thy ra t r on  is i n  excess o f 6 ,0 0 0  a m p s . A n  e lect r ica l  
l ayou t  o f th e s e  m o d u lators is s h o w n  i n  Fig.  2 . 
B . Thy ra t r on  Test  S ta n d s  

In  th e  last y ea r  th e r e  h a s  b e e n  a  m a jo r  e ffo r t to  secu r e  
m u ltip l e  sou rces  o f r e l i ab l e  thy ra t r ons  fo r  m o d u la to r  se rv ice  a t 
S L A C . T h e  S L C  h a s  2 4 5  o p e r a tin g  m o d u lators th a t r e qu i r e  
thy ra t rons,  a n d  th e  fa i h u e  r a te  o f thy ra t r ons  i n  th is  se rv ice  is 
a b o u t fo u r  p e r  week . C u r r e n tly, two m a n u facturers,  ITT a n d  
E E V , a r e  supp l y i ng  thy ra t rons,  a n d  L i t ton is c lose  to  de l i ve r i ng  
a  new ly  d e s i g n e d  thy ra t r on  th a t s h ou l d  g i ve  l o n g  serv ice.  ITT 
a n d  E E V  a r e  u p g r a d i n g  the i r  thy ra t r on  des i gns  as  wel l .  T h r e e  
test sta n d s  i n  th e  Test  L a b  a m  ded i c a te d  to  thy ra t r on  e va l u a tio n  
a n d  qua l i f icat ion.  ‘Ih y r a u o n  tes t i ng  invo lves d e ta i l e d  m o n ito r -  
i n g  o f thy ra t r on  o p e r a tin g  p a r a m e ters.  H i g h  V o lta g e  O ve r  Cu r -  
r e n t fau l ts  a r e  c o u n te d  a n d  a u to m a tica l ly reset  d u r i n g  
p r ocess i ng  a n d  a ccep ta n c e  test ing.  E a c h  test m o d u la to r  o p e r -  

S IM P L IFIED S C H E M A T I C  -  3 5 0  k V  M O D U l A T O l ?  

F i gu r e  2 . S ta n d a r d  pu l s e  m o d u la to r  s c h e m a tic. 
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F i gu r e  3 . Test  sta n d  8  b e a m  pu l se  vo l tage.  
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F i gu r e  4 . Test -s tand  3  B l um le i n  s c h e m a tic 
a tes  in to  a  pu l s e  t r ans fo rmer  ta n k  e q u i p p e d  wi th a  g l ass - tube -  
e nc l o sed  l i qu id  l o a d , c o n ta i n i n g  a  d e te r g e n t so lu t ion,  i n  p l a ce  
o f th e  tit% l-kl jM r o n . T h e s e  test sta n d s  a r e  a l so  u s e d  to  d y n a m -  

. ical ly test a l l  p u l s e  t r ans fo rmer - tank  assemb l i es  b e fo r e  
k lyst rons a r e  m a te d  to  th e  tanks.  
C . S - B a n d R e s o n a n t R i n g  -  W i n d o w  Test  

O n e  test sta n d  is d e d i c a te d  to  o p e r a tio n  o f a n  ex is t ing res -  
o n a n t r i n g  wh i ch  c a n  c i rcu la te ove r  2 0 0  M W . T h e  m o d u la to r  i n  
th is  test sta n d  h a s  a n  e x t e n ded  n e twork th a t de l i ve rs  a  6 .5  ps  
b e a m  pu lse .  A  5 0 4 5  k lyst ron de l i ve rs  u p  to  5 0  M W  o f rf ( 5 ~ )  
to  th e  r ing ,  o r  to  a  s e p a r a te  w i n d o w  test w a v e g u i d e  assemb ly .  
W i ndows  w e r e  p rev ious ly  tes ted  i n  th e  r ing ,  b u t it h a s  b e e n  
fo u n d  to  b e  m o r e  e ffect ive to  test w i n dows  wi th th e  fu l l  o u tp u t 
o f th e  k lyst ron wh i ch  acts as  a  l owe r  i m p e d a n c e  d r i ve  sou r ce  
th a n  th e  h i g h  Q  r e s o n a n t r ing .  In  th e  r ing ,  fie l ds  co l l apse  r a p -  
id ly w h e n  a  d i s cha r ge  occu rs  a t a  test w i n d o w , a n d  th e  w i n d o w  
is n o t d a m a g e d . W h e n  d r i ven  d i rect ly f r om a  klystron, th e  
fie l ds  d o  n o t co l l apse,  a n d  th e  k lyst ron d r i ves  e n e r g y  in to  a  
w i n d o w  d i scha rge ,  such  th a t s u b s e q u e n t i nspec t i on  shows  it to  
h  d e fect ive. W i ndows  u s e d  o n  p r o d u c tio n  k lystrons g o  
th r o u g h  th is  d i rect  d r i ve  tes t i ng  p rocess.  
D . X - B a n d  R e s o n a n t R i n g  Test  S ta n d  

‘h o  h i g h  vo l t age  test sta n d s  h a v e  b e e n  d ed i c a te d  to  th e  
d e v e l o p m e n t o f h i g h  p o w e r  X - B a n d  klystrons. O n e  o f th e s e  
test sta n d s  h a s  b e e n  u s e d  intermit tent ly to  d r i ve  a n  X - B a n d  res -  
o n a n t r i n g  th a t c a n  o p e r a te  a t o ve r  3 0 0  M W  c i rcu la t ing p o w e r  
(Re f. 1 ) . T o  a l l ow  th is  r i n g  to  b e  u s e d  r egu l a r l y  i n  c o m p o n e n t 
test ing,  a  n e w , b u t c omp l e te ly  c o n ven tio n a l  m o d u la to r  a n d  test 
pos i t i on  is u n d e r  const ruc t ion  th a t wi l l  p r o v i d e  a  3  ps  b e a m  
pu l se  o f u p  to  4 0 0  kV  to  a n  e x p e r i m e n ta l  X - B a n d  k lyst ron th a t 

wi l l  b e  d ed i c a te d  to  r i n g  d r i ve  serv ice.  Th is  test sta n d  wi l l  b e  
o p e r a tio n a l  by  A u g u s t 1 9 9 3 . 
E . M e d i um  V o lta g e  X - B a n d  R & D  Test  S ta r &  

T h e  two test sta n d s  m e n tio n e d  a b o v e , 6  a n d  8 , h a v e  b e e n  
u p g r a d e d  wi th n e twork m o d i f ica t ions- ITT-303 1 2 ,0 0 0  a m p  
thy ra t rons,  a n d  2 O zl r a tio  pu l s e  t r ans fo rmer  tanks  c lose  cou -  
p l e d  to  th e  m o d u lators to  p r o d u c e  6 0 0  ns  r ise tim e  b e a m  volt -  
a g e  pu l ses  u p  to  4 5 0  kV . T h e  n e tworks c a n  b e  c o n fig u r e d  to  
p r o d u c e  pu l ses  as  shor t  as  6 0 0  ns, oc  as  l o n g  as  1 .7  ps. X - B a n d  
R & D  klystrons o p e r a te  a t a  n o m ina l  p e a v e a n c e  o f 1 .8  p p e r v . A t 
fu l l  vo l tage,  th e  r hy ra t r on  m u s t switch ove r  ll,O C @  a m p s  f r om 
th e  n e twork. T h e  ITT -303  l a r g e  c a t h ode  thy ra t r on  h a s  th is  
capabi l i ty .  

T h e  e lect r ica l  c o n fig u r a tio n  o f th e s e  two m o d u lators is 
sim i la r  to  th a t o f th e  p r o d u c tio n  m o d u lators, b u t th e  l ayou t  is 
o p tim ized  to  r e d u c e  stray i nduc tance  a n d  capac i tance .  Tb is  
p e rm i ts th e  fast r ise  tim e s  o b ta i n e d  i n  th e  b e a m  pu l se  i m a g e  
s h o w n  i n  Fig.  3  
E  6 5 0  R V , 1 .2  c lpe rv  B l u de i n  Test  S ta n d  fo r  X - B a n d  
K lyst ron R & D  

T h e  p a r a m e te rs  o f th is  test m o d u la to r  w e r e  p r e s e n te d  
(Re f. 2 )  by  Casse l  e t al. Th is  m o d u la to r  d e s i g n  is u n d e r  c on -  
st ruct ion i n  th e  K lyst ron Test  L a b  i n  test sta n d  pos i t i on  3 . ‘Ih e  
th r e e  sect ion  n e twork i n  th e  B l um le i n  c o n fig u r a tio n  is c h a r g e d  
i n  th e  c o n ven tio n a l  r e s o n a n t c h a r g i n g  m o d e  by  a  p r o g r a m m a -  
b l e  4 5  kV  D C  p o w e r  supp ly .  T h e  va r i ab l e  a u to t r ans fo rmer  o f 
th e  o r i g i na l  test sta n d  is u s e d  fo r  l eve l  c o n trol, a n d  a  n e w  S C R  
swi tch ing b r i d g e  i n  th e  p o w e r  supp l y  p r ima ry  is u s e d  to  p r o -  
v i de  “soft sta r t” capabi l i ty .  L a te r , th is  circuit wi l l  b e  u s e d  fo r  
d i rect  vo l t age  c o n trol. T h e  th r e e  sta g e  Da r l i ng t on  n e twork th a t 
c omposes  th e  pu l s e  fo r m i n g  l i ne  de l i ve rs  a n  o u tp u t pu l s e  o f 1 .5  
tim e s  th e  p e a k  c ha r g i n g  vo l t age  to  th e  pu l s e  t r ans fo rmer  w h e n  
th e  tby ra t r on  is l i red.  A  b lock  s c h e m a tic o f th is  n e twork is 
s h o w n  i n  Fig.4.  T h e  u s e  o f th is  vo l t age  m u ltip l i e r  n e twork 
a l l ows th e  thy ra t r on  to  s e e  on l y  th e  P F N  cha r g i n g  vo l t age  o f 
8 5  kV  wh i l e  de l i ve r i ng  a  n e twork o u tp u t vo l t age  o f 1 2 7  kV . 
W ith  a  c o n ven tio n a l  p u l s e  l i ne  th e  o u tp u t vo l t age  w o u l d  on l y  
h a v e  b e e n  4 2  kV . A  se r i ous  lim ita tio n  to  fast r ise  tim e  is l eak -  
a g e  i nduc tance  i n  h i g h  r a tio  pu l s e  t ransfo rmers .  Us i ng  th is  
B l um le i n  m u ltip l i e r  te c h n i q u e , a  fast r ise  tim e  pu l se  t rans-  
fo r m e r  o f on l y  6 :l r a tio  c a n  b e  e m p l oyed  i n  th e  system, a n d  
still p r o d u c e  k lyst ron c a t h ode  b e a m  pu l ses  o f o ve r  6 5 0  kV . A ll 
c o m p o n e n ts fo r  th is  m o d u la to r  a r e  n o w  in  h o u s e  i nc l ud i ng  th e  
pu l s e  t rans fo rmer ,  a n d  l ow  leve l  n e twork tes t i ng  is u n d e r w a y . 
W e  expec t th is  m o d u la to r  to  b e  a s s emb l e d  a n d  r e a dy  fo r  h i g h  
p o w e r  tes t i ng  i n  th e  Fa l l  o f 1 9 9 3 . 
G . 5 .5 0  kV , I .8  wrv  Test  S ta n d  fo r  1 5 0  IUW S - B a n d  k lyst ron 
D e v e l o p m e n t 

Test  S ta n d  1 3  is b e i n g  m o d ifie d  to  o p e r a te  a  1 5 0  M W  S -  
B a n d  klystron, wi th m i c r o p e m e a n c e  1 .8 , a t a  b e a m  vo l t age  o f 
5 5 0  kV  m a x i m u m . T h e  m o s t e xped i tio u s  a n d  cost e ffect ive 
m e th o d  o f m o d if icat ion is to  bu i l d  a  sta n d a r d  l i ne - type  m o d u la -  
to r  u s i n g  as  m a n y  o f th e  ex is t ing m o d u la to r  c o m p o n e n ts as  
poss ib le .  T h e  ex is t ing set u p  h a s  a  2 5  kV  p o w e r  supp l y  a n d  
c ha r g i n g  c hoke  system, a n d  5 0  kV  thy ra t r ons  a r e  ava i l ab le .  A  
pu l s e  t r ans fo rmer  r a tio  o f 1 :2 3  a n d  a  P u lse F o rm i n g  N e twork 
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SIMPLIFIED SCHEMATIC-550 kV MODULATOR 7&t 

Figure 5. Test stand 3 (550 kV) modulator schematic. 
impedance of 1.3 ohms was chosen to obtain the slight positive 
mismatch. Based on the PFN impedance, the reflected klystron 
impedance, and the required output voltage, the thyratron volt- 
age (PFN voltage) will be 46 kV which is a comfortable oper- 
ating point for a 50 kV thyratmn. The total thyratron discharge 
curmit is 17,000 amperes. Two ITT Model 303 Thyratrons will 
be usedtodischarge the PFN. 

Stangenes Industries of Palo Alto, California is designing 
a pulse transformer with a 600 ns rise time (10% to 90%) and 
3.5 ps flat- top for this application. The required PFN pulse 
width is 4.5 ps. 

The rise time of the output pulse to the klystron is domi- 
nated by the rise time of the pulse transformer. However, a lO- 
section PFN is needed so that the beam pulse width can be 
shortened, by removing sections, during initial turn on and pro- 
cessing of the klystron yet still maintain a usable pulse shape. 
The impedances are very low and the peak currents high in this 
type of conventional design. Wiring and component induc- 
tances can significantly effect the output pulse and system 
noise. These potential problems are addressed by: 

a) using four parallel, ten-section PFNs and discharging 
- each pair with a thyratron. 

b) mechanically designing the PFNs, thyratrons, etc. in a 
symmetrical configuration with short leads to the pulse 

. transformer that can be copper bus. 
‘Ihe four parallel PFN’s, as shown in Fig. 6 enable each 

inductor to be four times larger than an equivalent single PFN 
structure. The calculated value for each inductor is 1.16 pHen- 
rys. The inductors afe designed for 1.3 pHenrys and can be 
tapped and fine tuned with a slug. Each of the inductors is in 
series with one of the forty capacitors. The capacitance of each 
section is nominally 0.045 #Grads, which is similar to the 
capacitors already in use. The plastic case capacitors manufac- 
tured today are significantly smaller than those in use at SLAC 
and can be made with much lower internal inductance 
(35 nHy). Using4” x 6” capacitors approximately 13” long, the 
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Figure 6. Test stand 13 modulator layout. 
four Parallel Pms can be packaged in the same space as the 
present systems. 

To make room for all the inductors, the capacitors am 
altemated such that two PFN’s face one direction and two face 
the opposite direction. This layout is shown in Fig. 7. Also 
shown is the placement of the thyratrons and the pulse trans- 
former tank. Each thyratron discharges two PFN’s. Because of 
the symmetry and close proximity of the components, the 
inductances can be minimized and somewhat equalized. 

The pulse transformer and cathode end of the klystron are 
housed in a round tank. This tank will also be used on the 650 
kV modulator. 

2. Other Test Lab Support Facilities 

The Test Lab is also home to two major testing facilities, 
the 70 kV. half-Megawatt CW rf test stand that is used for pro- 
cessing and qualifying PEP klystrons, and the X-Band acceler- 
ator Test Facility where X-Band power from experimental 
klystrons is used to power accelerator structures (Ref. 3). This 
facility is equipped with an electron gun and a spectrometer. A 
new 1.2 MW CW rf test stand is being planned for testing a B 
factory klystron. 
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