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THE AGS CONVERSION RF SYSTEM* 

A. T r a n i s ,  V. Kovarik, J . W .  Spinner and J . G .  Cottingham 
Brookhaven Nat iona l  Laboratory 

Upton, L . I . ,  N.Y. 

Jntroduc t i o n  

The conversion of t h e  Brookhaven A l t e r n a t i n g  
Gradien t  Synchrotron (AGS) t o  inc rease  i t s  in ten-  
s i t y  by an o rde r  of magnitude is  t o  be accomplish- 
ed as  a two s t e p  process .  The f i r s t  s t e p  w i l l  be 
t o  inc rease  the capac i ty  of t h e  p r e s e n t  power sup- 
p ly  t o  the  e x t e n t  t h a t  t he  cyc l ing  r a t e  of t h e  AGS 
can be doubled. The second s t e p  w i l l  be t o  r ep lace  
the  p re sen t  50  MeV i n j e c t o r  wi th  a new l i n a c  hav- 
ing  an energy of 200 MeV. The b a s i c  requirement 
f o r  t h e  RF system conversion is  f o r  a c c e l e r a t i n g  
c a v i t i e s  which can cover t h e  frequency range and 
can accommodate the  increased  vo l t age  n e c e s s i t a t e d  
by the  increased  r a t e  of r i s e  of magnetic f i e l d .  
The following r e p o r t  o u t l i n e s  the  s p e c i f i c a t i o n s  
f o r  t h e  conversion RF system dur ing  the  " In t e r im  
Phase" and "F ina l  Phase" and desc r ibes  t h e  equip- 
ment necessary  t o  meet t hese  s p e c i f i c a t i o n s .  

System Requirements 

The b a s i c  changes i n  the  RF system parameters 
stem from t h e  increased  rise r a t e  i n  magnetic 
f i e l d  which w i l l  be a v a i l a b l e  dur ing  t h e  i n t e r i m  
phase of the  conversion and the  h ighe r  i n j e c t i o n  
energy dur ing  t h e  f i n a l  phase.  The p resen t  rate 
of r i s e  of magnetic f i e l d  is 1 4  kG/s which re- 
q u i r e s  an  energy ga in  pe r  t u r n  AE = 96 keV. 
ing the  i n t e r i m  phase t h i s  w i l l  be inc reased  t o  
28 kG/s r e q u i r i n g  an  energy ga in  per  t u r n  AE = 192 
keV. 
a t  30°, as is  p resen t ly  the  case ,  would r e q u i r e  a 
t o t a l  a c c e l e r a t i n g  peak vo l t age  of 384 kV. The 
p resen t  AGS uses  twelve f e r r i t e  loaded ,  double 
gapped a c c e l e r a t i n g  c a v i t i e s  each developing 8 kV 
pe r  gap. During the  i n t e r i m  system the same num- 
ber  of gaps w i l l  be used. However, because of 
power l i m i t a t i o n s  i n  t h e  f e r r i t e s ,  t h e  s t a b l e  
phase po in t  w i l l  be s l i d  above 300 a l lowing  t h e  
peak vo l t age  pe r  gap t o  be reduced t o  12  kV in-  
s t e a d  of 16 kV. Because of the increased  power 
requirements i n  t h e  f e r r i t e s ,  twelve new power 
a m p l i f i e r s  w i l l  be i n s t a l l e d  each capable  of de- 
l i v e r i n g  120 kW, a l though i n  the  i n t e r i m  phase 
the  power requirement pe r  s t a t i o n  w i l l  be only  
70 kW. 

Dur- 

To ope ra t e  wi th  the  equ i l ib r ium p a r t i c l e  

During the  f i n a l  phase of t he  convers ion  the  
50 MeV l i n a c  w i l l  be rep laced  by a 200 MeV l i n a c  
and t h e  number of a c c e l e r a t i n g  s t a t i o n s  w i l l  be 
reduced from 12 t o  8 .  Because the  p r e s e n t  f e r -  
r i t es  a r e  power l i m i t e d ,  new f e r r i t e s  w i l l  be cho- 
sen t o  be compatible wi th  200 MeV i n j e c t i o n .  S l i d -  
ing t h e  s t a b l e  phase po in t  back t o  30° w i l l  re- 
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q u i r e  t h a t  t he  peak vo l t age  pe r  gap be increased  
t o  24 kV. F e r r i t e s  w i l l  be chosen t o  meet t he  
following minimum s p e c i f i c a t i o n s :  Cavity vo l t age  
= 24 kV peak; frequency range 2.5-4.5 Mc/s; 
c a v i t y  impedance 9600 bd minimum; s t a t i o n  imped- 
ance 4800 n minimum; s t a t i o n  power d i s s i p a t i o n  
= 60 kW maximum. 

To f a c i l i t a t e  maintenance and minimize the  
r a d i a t i o n  hazard a t t e n d a n t  wi th  t h e  increased  
beam l e v e l s ,  a new RF bu i ld ing  w i l l  be e r e c t e d  t o  
house a l l  t h e  RF power equipment and the  S a v i t y  
tun ing  e l e c t r o n i c s .  RF power w i l l  be de l ive red  
on a system of outdoor over land  t r a y s  a s  shown i n  
F ig .  1. 

Acce le ra t ing  Cavity 

The e x i s t i n g  f e r r i t e  c a v i t i e s  have been de- 
scribed'  and w i l l  be used dur ing  t h e  in t e r im  
phase. 
i n  the  f e r r i t e s ,  a new water  system w i l l  be in- 
s t a l l e d  having an increased  p a r a l l e l  water  feed 
t o  cool t h e  f e r r i t e .  The c u r r e n t  power l e v e l  a t  
8 kV/gap is 18 kW/station. Estimated in t e r im  
power l e v e l  a t  12 kV/gap is  60 kW/station. 

However, because of increased  power l eve l s  

The e x i s t i n g  c a v i t y  impedance a t  resonance 
v a r i e s  from 925 t o  1200 n over the  frequency range 
To impedance match the  c a v i t i e s  t o  the RF cab le s  
a capac i tance  matcher w i l l  be used having a s t e p  
up capac i tance  r a t i o  of 3.3 t o  1. 
However c a r e  must be taken t o  keep t h e  system 
tuned t o  the  proper resonant  frequency a t  which 
po in t  the d r i v i n g  p o i n t  impedance becomes 

(Fig.  2). 

R ( C )2 . Off tun ing  t o  the  wrong reso- 
( C + C ,  1 A -  

nance r e s u l t s  i n  a d r iv ing  po in t  impedance equal  
t o  R which f o r  a h igh  Q system r e s u l t s  i n  

very l a r g e  s t and ing  wave r a t i o s .  The cav i ty  b i a s  
system w i l l  be designed f o r  a maximum tuning  e r r 0  
of 10' i n  which case t h e r e  w i l l  be no danger of 
tuning on t o  the  wrong resonance. The beam load- 
ing  i s  2 kW max f o r  2 x 10l2 p r o t o n s / p u l s e / s t a t i o  
which is n e g l i g i b l e  compared t o  the l o s s e s  i n  the  
RF c a v i t y .  

T- 

The f i n a l  phase r e q u i r e s  t h a t  t he  p re sen t  
f e r r i t e  c a v i t i e s  be d iscarded  i n  f avor  of new 
ones.  The new f e r r i t e s  should have p 120 and 
materials a r e  now a v a i l a b l e  wi th  h ighe r  pQ pro- 
duc t s  than t h e  Ferroxcube 4H now being used. 
Fu r the r  i n v e s t i g a t i o n  w i l l  have t o  be made t o  de- 
termine t h e  f i n a l  c a v i t y  conf igu ra t ion .  F e r r i t e  
i n v e s t i g a t i o n s  w i l l  a l s o  cont inue .  This f i n a l  
c a v i t y  w i l l  be i n s t a l l e d  dur ing  t h e  i n s t a l l a t i o n  
of t he  new l i n a c .  
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Power Amplifier 

The same s e r i e s  of f i n a l  power ampl i f i e r s  
w i l l  be used i n  both  the  in t e r im  and f i n a l  phases 
of t he  conversion. These w i l l  be similar i n  con- 
cep t  t o  the  AGS r i n g  ampl i f i e r s  cu r ren t ly  i n  oper- 
a t i o n .  They w i l l  be loca t ed  i n  a c e n t r a l  bu i ld ing  
d e l i v e r i n g  power t o  t h e i r  loads  v i a  a p a i r  of h igh  
power 50 0 coax ia l  cab le s .  Each c a v i t y  p a i r  w i l l  
d i s s i p a t e  60 kW, each  cable  p a i r  12 kW, and 45 kW 
beam loading  i n  the  f i n a l  phase. Each power ampli- 
f i e r  w i l l  then be r a t e d  f o r  a power output  of a t  
least  120 kW o r  a r i n g  t o t a l  of 1.44 MW. 
w i l l  be fou r t een  such modules. Each c a v i t y  is 
dr iven  by one power ampl i f i e r  and s i x  PA’s a r e  
dr iven  by one PA. A new p r e d r i v e r  chain of about 
50 kW t o  d r i v e  the  two d r i v e r  PA’s a l s o  w i l l  be 
b u i l t .  The conversion power ampl i f i e r s  a r e  de- 
s c r ibed  i n  f u l l  d e t a i l  i n  Ref. 2 .  

There 

Cavity Bias System 

The tun ing  te rmina ls  of the  RF acce le ra t ing  
c a v i t i e s  w i l l  be connected i n  s e r i e s  and powered 
from a programed cu r ren t  source .  I n  shunt wi th  
t h e  ind iv idua l  c a v i t y  te rmina ls  w i l l  be a se rvo  
d r iven  t r a n s i s t o r  trimming c i r c u i t  whose purpose 
it is  to  c o r r e c t  f o r  d i f f e r e n c e s  i n  cav i ty  tuning 
requirements and small e r r o r s  i n  the  program a s  
shown i n  Fig.  3. In  o rde r  t o  keep a l l  e l e c t r o n i c s  
ou t  of the  r i n g ,  the  power supply,  t r a n s i s t o r  
shunts  and tuning servo  elements w i l l  be loca ted  
i n  t h e  RF bu i ld ing .  D i rec t iona l  couplers  i n  the  
h igh  power RF cab le s  w i l l  provide the  phase de- 
t e c t o r  with input  ou tput  phase information neces- 
s a r y  f o r  the  tun ing  servos .  

The maximum cur ren t  necessary i n  the  main 
tuning loop i n  both the  in t e r im  and f i n a l  phase 
i s  approximately 1000 amperes. However, t h e  & 

d t  
a t  50 MeV requi red  f o r  the  in t e r im  system is 
12500 A / s  whereas the  f i n a l  system w i l l  r equ i r e  
a i  

d t  
of conductor necessary  from the  RF bui ld ing  t o  t h e  
c a v i t i e s  the induct ive  drops become apprec iab le .  
The t o t a l  inductance of a p a r a l l e l  p a i r  of 1000 
MCM conductor 3000 f t .  long p lus  the  12 cav i ty  
inductances is  approximately 1 mH. The t o a l  re- 
s i s t a n c e  of t h i s  combination is  about 48 milliohm. 
The power source  f o r  the main tuning w i l l  be cap- 
a b l e  of a t  least  60 V a t  1200 amperes. 

a t  200 MeV = 37200 A / s .  For the  long l eng ths  

The c u r r e n t  i n  the main tuning loop must be 
c o r r e c t  wi th in  the  limits of the  trimming c i r c u i t s  
f o r  a l l  ope ra t ing  cond i t ions .  This implies t h a t  
i t  au tomat i ca l ly  c o r r e c t  f o r  d i f f e r e n t  cyc l ing  
modes of t h e  a c c e l e r a t o r .  The c u r r e n t  program 
must then  be based on t h e  ins tan taneous  r o t a t i o n a l  
frequency of the  beam. 
c o n s i s t s  of a l i n e a r  frequency d i sc r imina to r  
whose inpu t  is der ived  from the  low l e v e l  RF sys- 
t e m  and whose output  is  f i l t e r e d  and used t o  d r i v e  
a diode network. The diode network is  used as  a 
c o n t r o l  element t o  de r ive  the  t r a n s f e r  func t ion  
between frequency d i sc r imina to r  ou tput  vo l tage  and 
c a v i t y  tun ing  current. The main tuning  c u r r e n t  

The program genera tor  

w i l l  be he ld  t o  5 1% of the  c o r r e c t  va lue .  

Each c a v i t y  must have i t s  ind iv idua l  tuning 
system. A review of t he  c a v i t y  tuning v a r i a t i o n s  
from u n i t  t o  u n i t  i n d i c a t e s  t h a t  a co r rec t ion  of 
t he  o rde r  of 2 10% should cover a l l  reasonable 
needs. I n  the  completed system a tuning c u r r e n t  
of 1000 amps w i l l  be needed, t he re fo re  the  v e r n i e r  
system must accommodate a 5 100 amp. swing. The 
dc loop g a i n  of the  v e r n i e r  system w i l l  be 80. 
This loop g a i n  i s  s u f f i c i e n t  t o  hold the  maximum 
phase e r r o r  t o  10 degrees while de l ive r ing  a f u l l  
o f f s e t  c u r r e n t  of 100 amps. The small  s i g n a l  band- 
width is  20 k c l s .  

Phase Detec tor  

By means of d i r e c t i o n a l  couplers l oca t ed  a t  
t he  output  of the  power a m p l i f i e r  oupling t r ans -  
former, t h e  forward and backward waves on the co- 
a x i a l  l i n e s  are sampled. The forward wave i s  then 
delayed by twice the  e l e c t r i c a l  l ength  of l i n e .  
A small f r a c t i o n  of the forward delayed wave is  
then added t o  the  r e f l e c t e d  wave. By measuring 
the  phase d i f f e r e n c e  between the  forward and com- 
p o s i t e  backward wave i n  a zero  crossover type phase 
d e t e c t o r ,  a s i g n a l  p ropor t iona l  t o  the  phase angle  
of t he  c a v i t y  impedance is der ived .  This s i g n a l  
is  used as a r e fe rence  s i g n a l  f o r  t h e  cav i ty  b i a s  
v e r n i e r  system. The phase d e t e c t o r s  has a maximum 
e r r o r  a t  2 30° of 2 2% over the  frequency range 
from 750 kc t o  5 Mc wi th  a phase modulation re- 
sponse of 100 kc. The phase d e t e c t o r  block diagram 
i s  shown i n  F ig .  4. 

A.G.C. 

The RF amplitude a t  each c a v i t y  w i l l  be mea- 
sured by us ing  d i r e c t i o n a l  couplers .  By adding 
the  delayed forward wave t o  the  backward wave, a 
s i g n a l  p ropor t iona l  t o  the cav i ty  vo l t age  i s  ob- 
ta ined .  A summing device  w i l l  add the  amplitudes 
of a l l  the  c a v i t i e s .  This summed s i g n a l  w i l l  be 
r e c t i f i e d  and app l i ed  t o  the  power ampl i f i e r  pre- 
d r i v e r  t o  produce the c o r r e c t  amplitude con t ro l  of 
t he  e n t i r e  RF system. 

Low Level System 

The low l e v e l  RF system has  been descr ibed  i n  
Ref. 1. In p r i n c i p l e ,  no major changes a r e  contem- 
p l a t e d .  However ,  two changes are necessary ,  For 
the i n t e r i m  system, the phase compensating cab le  
must be changed to  compensate f o r  t he  increased  
l eng ths  of RF cable .  For the  f i n a l  system, the  
s t a r t i n g  o s c i l l a t o r  and i t s  program must be changed 
t o  accommodate the  new s t a r t i n g  frequency of 2.5 
Mc/s. The l o c a t i o n  of t h e  low l e v e l  system w i l l  
remain i n  the  main c o n t r o l  room. 

S t a t u s  

Tes t s  a r e  c u r r e n t l y  being performed on t h e  
spare  AGS c a v i t y  i n  o rde r  t o  determine i ts  u l t i -  
mate ope ra t ing  parameters i n  t h e  in t e r im  system. 
F e r r i t e  eva lua t ion  programs a re  c u r r e n t l y  being 
conducted i n  o rde r  t o  make an optimum choice f o r  
the f i n a l  system. A pro to type  of the f i n a l  power 
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a m p l i f i e r  is being b u i l t  and w i l l  s h o r t l y  be 
t e s t e d .  The power a m p l i f i e r  p r e d r i v e r  i s  i n  t h e  
design s t a g e  and cons t ruc t ion  w i l l  be s t a r t e d  
s h o r t l y .  The main tuning c u r r e n t  d r i v e r  i n  t h e  
c a v i t y  b i a s  system i s  i n  the  design s t a g e  and w i l l  
be b u i l t  s h o r t l y .  The v e r n i e r  p o r t i o n  of the 
c a v i t y  b i a s  system has been designed and po r t ions  
of it have been s u c c e s s f u l l y  t e s t e d .  The phase 
d e t e c t o r  has  been b u i l t  and s u c c e s s f u l l y  t e s t e d .  
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3 Rp accelerating stat ion,  1ocBCion may poarible be 
any of the 10' s e c f i m  chosen t o  avoid ocher equipment 

Fig. 3. Cavity Biasing System. 
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Fig. 2. Capacitive Matching. Fig. 4. Phase Detector. 
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