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Summary 

L I P S  (LEP I n j e c t o r  Power Save r )  i s  t h e  
iknplementation of a SLED [ l ]  t y p e  p u l s e  compressor f o r  
t h e  LEF e l e c t r o n  1.inacs a t  CERN. The reilson:; f o r  
choos ing  a r e sona to r  t ype  wi th  i n h e r e n t . 1 ~  h ighe r  Q ( a s  
compared t o  SLED) a r e  d i scussed .  Pos:jible a1 t e r n a -  
t i v e s  a r e  l a r g e r  c y l i n d r i c a l  resonat .ors  and non-. 
~:ylindrii:al. ( f . e .  s p h e r i c a l )  ones .  Af t e r  e x t e n s i v e  
i nves t - j  ga.t ions inc lud ing  t h e  bu i ld ing  of a working 
model., s p h e r i c a l  r e s o n a t o r s  were abandoned i n  favour  
of c y l i n d e r s  u s ing  an H 0 3 8 (TE 0 3 8 )  resonance 
w i t h  dn inherr?nt Q f a c t o r  of  over  200000. Methods had 
t o  be developed f o r  coupl ing  t o  t h e  f eed  waveguides, 
t un ing  of t h e  r e sona to r s  and suppres s ion  of unwanted 
r e sonan t  modes. Results of t h e  p r a c t i c a l  t e s t s  and 
o p e r a t i o n  are p resen ted .  

In t roduc t ion :  --___ 

I n  t h e  e a r l y  s t a g e s  of t h e  L I L  p r o j e c t  [ l ] ,  
i t  was s t u d i e d  whether t h e  SLED p r i n c i p l e  [ZJ could be  
used t o  reduce t h e  number of k lys t ron lmodu la to r  
s t a t i o n s  by equipping some of t.he k l y s t r o n s  wi th  such  
a p u l s e  compressor and doubl ing  t h e  number of a c c e l e r -  
ati .ng s e c t i o n s  connected t o  such  a s t a t i o n .  

F i r s t  t h e o r e t i c a l  i n v e s t i g a t i o n s  were 
encouraging ,  bu t  they  showed as well t h a t  t h e  houndary 
condi. t ions f o r  app ly ing  t h i s  p r i n c i p l e  were, .  t o  a 
c e r t a i n  e x t e n t ,  more s t r i n g e n t  t.han j.n t.hc case  of t h e  
" o r i g i n a l "  SLED. In  p a r t i c u l a r ,  it had t o  be made 
s u r e  t h a t  an eneryy m u l t i p l i c a t i o n  f a c t o r  of more t h a n  
J2 was achieved ,  due t o  t.he s p l i t t i n g  of t h e  power. 
'Therefore,  a q u a l i t y  f a c t o r  > 150000 seemed d e s i r a b l e .  

An e x t e n s i v e  sea rch  f o r  r e s o n a t o r s  with an 
i n t r i n s i c l y  h ighe r  q u a l i t y  f a c t o r  was under taken .  
S i n c e ,  f o r  " s i m i l a r "  resonances ,  t h e  q u a l i t y  f a c t o r  j s  
determi-ned, t o  a l .%rge e x t e n t ,  by t h e  volume t o  
s u r f a c e  r a t i o  of t h e  r e s o n a t o r ,  t h e  inves t . i ga t ions  
f i r s t  focused on sp l ie r j , ca l  c a v i t i e s  [ 3 ] .  I n  f a c t ,  t h e  
i d e a  was p e r m e d  up t o  and inc lud ing  t h e  bu i ld ing  of  a 
working model [ 4 ] .  

Based on t h e  exper ience  gained with t h j  s 
model (on low RF l e v e l s  a:; well as w i t h  high power) ,  
i t  was f e l t  t h a t  t h e s e  r e s o n a t o r s  were u n s u i t a b l e  even 
f o r  a small s e r i e s  product ion:  The suppres s ion  of 
p a r a s i t i c .  modes proved t o  be  ex t remely  c r i t j . c a l  . 

There fo re ,  we went back t o  i n v e s t i g a t i n g  
c y l i n d r i c a l  r e s o n a t o r s  f u r t h e r .  The probl.em, of 
c o u r s e ,  is  n o t  t o  f i n d  a r e sonan t  mode with a s u f -  
f i c i e n t l y  h igh  Q f a c t o r  ( t h i s  can be achieved  .in any 
c a s e  by making t h e  r e sona to r  l a r g e  enough and admi t t i ng  
a very  h igh  o rde r  mode) bu t  t o  f i n d  such a mode which 
i s  f a r  enough away from o t h e r s .  

The sea rch  was r e s t r i c t e d  t o  H 0 m n 
( T E  0 m n )  modes because modes which a r e  no t  az i -  
mut.h-invariant. may s p l i t  up j.nt.o many quas i -degenera te  
modes wi th  r e sonan t  f r equenc ie s  v e r y  near  t o  each  
o t .her ,  depending on imper fec t ions  of t.he r e s o n a t o r .  
F igu re  1 shows a t y p i c a l  example of t h e  mode c h a r t s  
which were produced du r ing  t h i s  mode s e a r c h .  The a x i a l  
and  radj.al  dimensions of t h e  r e sona to r  were v a r i e d  a t  
t he  same time, as  t o  keep the r requency  of t h e  wanted 
niode ( i n  t h e  p a r t i c u l a r  c a s e ,  14 0 3 8) c o n s t a n t ,  
whereas a l l  o t h e r  r e sonan t  f r equenc ie s  ( w i t h  t h e  

F ig .  1 
Mode c h a r t  f o r  H 0 3 8 a t  2998.55 MHz 

Hor izon ta l  s c a l e :  d iameter  from 35 t o  55 cm 
Vertical s c a l e :  f requency  from 2988.55 t o  3008.55 MHz 

LIPS marked wi th  a c i r c l e  o 

except ion  of E 1 3 8 ,  t o  be p r e c i s e )  vary and produce 
traces a c r o s s  t h e  c h a r t .  Most of t h e s e  p a r a s i t i c  modes 
show a dec rease  o f  t h e i r  r e sonan t  f requency  wi th  an 
i n c r e a s e  of t h e  c y l i n d e r  d iameter  ( t h e  c y l i n d e r  
becoming more o b l a t e ) .  Seve ra l  t e n s  of meters  of such 
mode s t r i p s  were produced and in spec ted  f o r  p l aces  
where t h e  wanted mode i s  i s o l a t e d .  

Many " i n t e r e s t i n g  cases" were i d e n t i f i e d  and 
s t u d i e d  i n  t h i s  way. F i n a l l y ,  t h e  H 0 3 8 mode was 
chosen. As it was necessary  and in tended  t o  de tune  
t h c  E 1 3 8 mode (which is  " n a t u r a l l y  degene ra t e"  wi th  
t h e  wanted mode i n  an  und i s tu rbed  c y l i n d e r )  by a 
c i r c u l a r  groove near  one of t h e  endp la t e s  (a method as 
well used f o r  SLED), t h e  e f f e c t  o f  such  a groove on 
t h e  o t h e r  modes near  t o  t h e  wanted frequency was 
ca l cu la t . ed  by a d i s t u r b a n c e  met.hod. Th i s  l e d  t.o a 
smal l  mod i f i ca t ion  of t h e  d imens ions .  

A c l o s e - u p  of t h e  mode c h a r t  f o r  t h e  dimen- 
sions which were f i n a l l y  chosen i s  shown i n  F ig .  2 .  

F i g .  2 
I n v e s t i g a t e d  mode: H 0 3 8 a t  2998.55 MHz 
Vertical scale from 2988.55 t o  3008.55 MHz 

Hor izon ta l  scale from 44.00 t o  45.00 cm 

P r i n c i p a l  geomet.rica1 and e l e c t r i c a l  dat.a of 
t h e  r e s o n a t o r s  are g iven  i n  Table  1.  
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Table  1 

Diameter 
Length 
Diameter of t un ing  p i s t o n  : 
Displacement 
Diameter of coup1 i n g  ho1 .e~  : 
Dis tance  from c y l i n d e r  a x i s :  
Working f requency  
Re:jonance type  
Cavi ty  Q - t h e o r e t i c a l  : 

Coupling f a c t o r  p 
measu r ed  

4 4 . 3 5  cm 
5 8 . 5  cm 
1 6 . 7  cm 
10 mm 
28.5 mm 
34.7 mm 
2998.55 MHz 
H 0 3 8  
207000 
190000 
?. . . I 1  

Mechanical r e s o n a t o r  desiqil  and c o n s t r u c t i o n  

For  r easons  of economy, t h e  c y l i n d e r s  and t h e  
o u t e r  p a r t  of t h e  e n d p l a t e  con ta in ing  t h e  t u n e r  were 
made o u t  o f  s o f t  i r o n  copper -p la ted  on t h e  i n s i d e .  The 
endp la t e s  are b o l t e d  t o  t h e  cy1 i n d e r s ,  u s ing  alumj.nium 
wire j o i n t s .  The tune r  p i s t o n  is  made o u t  of s o l i d  
copper.  The coupl ing  e n d p l a t e  was made o u t  of an o u t e r  
. s ta in le : j s  s tc r l  p a r t  brazed t o  a copper  central p i e c e  
comprising t h e  waveguide connec t ion  pieces. 
ciipper - p l a t i n q  was s p e c i f i e d  to b e  r a t h e r  t h i c k  - 
40 micrometers on the  s o f t  i r o n  p a r t s ,  10 micrometers 
on t h e  s t a i n l e s s  steel  as compared t o  t h e  s k i n  dep th  
of about one micrometer - i n  o rde r  t o  avoid  thermal 
s t r e s s e s  i n  t h e  boundary between copper and i r o n :  The 
p e r i o d i c  h e a t i n g  of t h e  s u r f a c e  due t o  RF l o s s e s  was 
c a l c u l a t e d  t o  cause i n s t an taneous  tempera ture  v a r i a -  
t i o n s  up t o  13 '  C .  The measured va lues  f o r  t.he 
q u a l i t y  f a c t o r  were between 170000 and 190000, a:j 
compared t o  t h e  theoret.i.ca1 value of 207000 ( f o r  i d e a l  
copper s u r f a c e s )  . 

The 

Tunins and c o u p l i u  

Tuning was provided  by a non-contac t ing  
p i s t o n  i n  t h e  endp la t e  o p p o s i t e  to t h e  f eed ing  s ide ,  
Its d iameter  cor responds  t o  t h e  p l a c e  of t h e  f i r s t  
c u r r e n t  zero  on t h e  endp la t e ,  hence t h e r e  a re  no 
[ l e g a l )  c u r r e n t s  p a r a l l e l  t o  cir  a c r o s s  t h e  s l i t  around 
t h e  p lunge r .  A mechanical movement of 10 m i l l i m e t e r s  
y i e lded  a tun ing  range  of 10 MHz. The coupl ing  was 
done v i a  t h e  s i d e w a l l s  of t h e  f eed ing  waveguides by 
two ho le s  i n  a ha l f -wavelength  d is tancc!  t o  each ot.her,  
one o f  t h e  ho le s  be ing  a quarter-wave l eng th  o f f  t h e  
s h o r t - c i r c u i t e d  end of t h e  waveguide. This  coupl ing  
o f f e r e d  t h e  advantage  t h a t  on ly  such re:;onance niode:j 
can be exc i t ed  whose f i e l d s  a r e ,  a t  180 degrces  az i . -  
muthal d i s t a n c e ,  i n  oppos i t e  d i r e c t i o n ,  y i e l d i n g  a 
f u r t h e r  p r o t e c t i o n  a g a i n s t  p a r a s i t i c  modes. 
b e n e f i t  of t h i s  c o n f i g u r a t i o n  i s  t h a t ,  by moving t h e  
s h o r t - - c i r c u i t  of t h e  waveguide, t h e  coupl ing  f a c t o r  
can be v a r i e d .  Th i s  proved t o  be rather U:jefUl dur inq  
t h e  l a b o r a t o r y  t es t s ,  and it may b e ,  a t  a l a t e r  
moment, i nco rpora t ed  i n t o  an  exper imenta l  ve r s ion  t o  
be used on t h e  a c c e l e r a t o r .  

A f r i n g e  

c o o l i n s  arid vdcuum 

The s e t u p  is water -cooled  wi th  coo l inq  p ipes  
being brazed t o  t h e  o u t s i d e .  Pumping f langes were 
i n s t a l l e d  a t  ha l f  he igh t  on t h e  c y l i n d e r  s u r f a c e s .  
sh ic ld i .ng  was done by a g r i d  with az imutha l  s1ot.s 1.n 
t h e  wall and by dn a d d i t i o n a l  b a f f l e  i n  t h e  pumping 
duc t .  

RF 

The mechanical s e t u p  of one of t h e  LIPS i s  
:jhOWn i n  a photograph ( F i g .  3 ) .  

Unlike as a t  SLAC ( b e f o r e  t h e  sub-boos ter  
k l y s t r o n : ; ) ,  t h e  ampl i tude  and phase-switohiny had t o  
be done be fo re  t h e  i n p u t s  of t h e  high--power k l y s t r o n s  
a t  a power l e v e l  of some hundred w a t t s .  While,  i n  t h e  

F i g .  3 

Associa ted  law- leve l  e l e c t r o n i c s  

f i r s t ;  i n s t a n c e ,  i t  seemed a t r i v i a l  problem t o  o b t a i n  
PIN ampl i tude  and phase swi t ches  having t h e  r equ i r ed  
s p e c i f i c a t i o n s  ( " h o t "  swi t ch ing ,  switchi.ny timr ( 100 
nanoseconds) ,  t h e  problem was, i n  fact . ,  very  d i f f i cu1 . t  
t o  s o l v e .  Very ex tens ive  market r e sea rch  f i n a l l y  
showed one s u p p l i e r  who was w i l l i n g  and a b l e  t o  
f u r n i s h  such  deviiies.  F i r s t  p ro to types  worked q u i t e  
w e l l  f o r  s a m e  time, and t.hen cont inued  t.o bl-aak down 
f o r  r easons  which a r e  no t  y e t  a l l  p rope r ly  underst.ood. 
On r e q u e s t ,  t h e  manufacturer modified tlre dasigrl f o r  
h ighe r  power on t h e  expense of longer  swi.tching t ime .  

Cal-culated intiut( 

The f a c t  t h a t  t h e  phase swi tch ing  t i m f h  of t.he 
P I N  d e v i c e s  was riot as s h o r t  as o r i g i n a l l y  hoped l ed  
t o  c a l c u l a t i o n s  which were s l i g b t . l y  modified w i t h  
r e s p e c t  t o  t h e  formulae used by SLAC [ l ] .  The forms o f  
t h e  i n p u t  and ou tpu t  pi11 :st?:< as w e l l  a:; the  r t~~:~i i l t j . i1q  
Pnergy n i i ~ l t i p l i c ~ t ~ i o n  factor a r e  g iv r r t  . i t 1  F i g : ; .  4 and 
5 .  Detai-led d e r i v a t i o n  of \:be tornrulae \l:jt>d i.:; givbx, 

3. 0 r 7 

2.5 

2. a 
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F i g .  5 
Energy mu1 t i p l k a t i o n  f a c t o r  versus  time 

.in [6]. A remarkable r e s u l t  i s  t h a t  t h e  inaximum 
energy m u l t i p l i c a t i o n  f a c t o r  occur s  cons ide rab ly  
e a r l i e r  than  one ( a c c e l e r a t i o n  s e c t i o n )  f i l l i n g  t ime 
a f t e r  t h e  phase i n v e r s i o n ,  and t h a t  the optLmum pulse 
l e n g t h  a f t e r  i n v e r s i o n  is s h o r t e r  than  t h e  f i l l i n g  
t ime .  This means, by t h e  way, that: t h e  p r e s e n t  
a c c e l e r a t i o n  s e c t i o n s  are r a t h e r  poor ly  matched t o  
LIPSi f ied  ope ra t ion ,  because about  one q u a r t e r  nf t h e  
l eng th  of t h e  scu t ion  1 %  v i r t u a l l y  f i e l d  I r ee  when t:hc 
e l e c t r o n  beam passes .  Th i s  field d i s t r i b u t i . o n  nn t h e  
s e c t i o n  i s  shcrwlr .in F i g .  6 .  

F i.14 , 7 
Spectrum of r e so r i a to r ,  c u u p l i n g  

v i a  2 holes (upper  photograph) 
and I ho le  (lower photograph) 

sweep 100 MHz 

Tunj.ng and J unninu- in --I. 

T h r  spcctrilm of clnc o f  t h e  rcsonator; ,  a:; 
meajured wi th  a network <analyser ,  i s  g iven  j.11 Fi.13. 7 ,  
showing t h a t  t h e  nearcst  parasi t . ic  modes ilre about 
15 MHz o f f .  

TCI ach ieve  proper  func t ion ing  w i t h  frill. 
kl ys t . rn t~  o u t p u t  power (about  30 MW peak) t i l o k  a r.otipLe 
of ddys f o r  t h c  f i r s t  two LIPSes which were p u t  i n  
o p e r a t i o n .  Figure 8 ShoW:j t h e  form nt' t h e  o u t p u t  
s i y n a l .  The absence of r i n g i n g  a t  t h e  beginning and 
i h e  end of t h e  pulse and a f t e r  t h e  phase inver:j ion 
i n d i c a t e s  t h a t  t h e  pe . r tu r f r a t . i on  duci t o  para5iti.c modes 
i s  n e g l i g i b l e .  

Thc t h i r d  L I P S  wds t . r i r d  t o  degas by warminij 
t h e  s e t u p  w i t h  l i n t  wdter and pumpjhg. ThII:; j . t  took 
on ly  ahout  one worki.ng day t o  g e t  i t  i tp t o  f u l l  power. 

Fi.g. R 
Farm of input- s iyna l  ( u p p ? ~  t r a c e ) ,  v e f l e c t i o n  

( c e n t e r )  and ou tpu t  siqn.31 o f  LIP:; ,  
Peak ou tpu t  IS0 MW 

Fur thc r  inve:;l:iyation:; us ing  a " spa re"  LIPS 
s e t u p  may c o n s i s t  i n  t ry j .ng  i o  optimizr: t - l i t .  coupl ing  
and t o  t r y  d r i v i n g  only two s e c t i o n s  wi th  a LIPSifjeci 
k l y s t r n n .  Also ,  it may be s t u d i e d  whether it. i s  worth- 
while t o  dFJVell3p aections which a r e  mort: : ; l l i tablc for  
SLED form RF p u l s c s .  
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