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The proposed radio-frequency system for the  64 in. multi-part icle cyclotron at 

Michigan S ta te  Universi ty consis ts  of two dees, each a quarter-wave resonant l i n e ,  and 

a power ampl i f ier  capaci t ively  coupled t o  one dee. The general arrangement of the 

magnet, dees, and ampl i f ier  is shown i n  Fig. 1. The two 14.0' dees a r e  separated by 

RF ground planes s o  t h a t  accelera t ion can be achieved on even as well as odd harmonics, 
1 u t i l i z i n g  the charao te r i s t io  push-push and push-pull modes of such a system' . 

Aoceleration on a l l  harmonies, of course, reduces the frequency tuning range necessary 

for  nulti-energy, multi-part icle accelera t ion,  as compared with the  tuning range when 

the  even harmonics a r e  not used. The two resonant modes of a twodee system a r e  

e a s i l y  separated, and a given mode can be excited by proper ohoice of the d r iv ing  

frequency. The power ampl i f ier  includes a n  anode tank c i r c u i t  t h a t  prevents the f i n a l  
1 ampli f ier  tubes from dr iving i n t o  a non-resonant load when the  dee cavi ty  sparks2 . 

A ful l -scale  model of t h e  dee cavi ty  and anode tank w a s  oonstructed t o  t e s t  

design ooncepts. This model has been invaluable i n  determining the e l e c t r i c a l  

properties of the  cavi ty  and i n  es tabl ishing a firm basis  f o r  RF techniques being 

employed. 

Dee Cavity 

The decis ion t o  reduce the frequency tuning range t o  13.5 - 21.5 Nc/s by using 

even-harmonic acoelera t ion has g r e a t l y  decreased the  s i z e  of the  resonant cavity,  and, 

i n  our case, gives a consequent reduction i n  the  RF dr ive  power. The cavi ty  is tuned 
) by ohanging its volume near the  shor t  with movable panels as is done a t  L R L ~  . 

Voltage and current  d i s t r i b u t i o n s  along the  dee stem a r e  shown fo r  two frequencies i n  

Fig. 2. The two dee stems a r e  i so la ted  from each other  t o  prevent inductive coupling 

near the  short. It was found i n  the  model s tud ies  t h a t  t h i s  inductive coupling could 

resonate with the  dee-to-dee capacitance and e f f e c t i v e l y  i s o l a t e  one dee from the  

other. Trinmaing oapaoitors on each dee stem provide fo r  f i n e  adjustment of t h e  resonant 

frequency. 

The power ampl i f ier  is coupled t o  the extreme end of one dee by a 8-11 capaoi- 

tor. This coupling posi t ion o f f e r s  high voltage s t e p u p  between ampl i f ier  and dee, 

with consequent l a rge  stepdown f o r  t r ans ien t s  t r a v e l l i n g  toward the  amplifier. The 

gap between doe and oapacitor is grea te r  than the  dee-to-liner gap so  tha t  sparking 

toward the  ampl i f ier  is inhibited.  In addition, the  coupling capaci tor  is i n  the 

- -  

(*) Work supported by the National Science Foundation. 

Proceedings of the International Conference on
Sector-Focused Cyclotrons and Meson Factories

CYC63F06 Geneva, April 23-26, 1963



Session V1 

Fig. 1 C r o s s - s e c t i o n  v i c a s  o f  t h e  Hb' sys tcm and  magnet. The d o e  c a v i t y  t u n e s  from 13.5 t o  21.5 fSc/s by 
ellangin: t h e  d c e  s tcrr  i n d u c t a n c e  w i t h  t h e  lnovnble p a l ~ c l s .  Thc rmnels  n r c  s l ~ o r n  i n  t h c  h i g h  frer lucnoy 
1 ,os i t ion  by tllc s o l i d  l i n c s  and i n  t h e  low f r c q u c n c y  p o s i t i o n  by t h c  d a s h e d  l i n e s .  The d e c s  a r e  d r i v e n  
b: n 2.0 k'i n m p l i f i c r  c a p a c i t i v e l y  coul) led t o  one dec.  Ucc-to-doe c o u p l i n g  i s  accom[)l is l led by t h e  
"p icshapcd"  c a l > a c i t o r  between t h e  dces .  

magnetic field, this further reduces the possibility of sparking. 

Dee-to-dee coupling is accomplished by the "pie-shapedv structure between the 

dees, Fig. 1. This section is d.c. isolated from the liner, which results in the 

equivalent circuit shown in Fig. 3b. In the out-of-phase resonant mode for the two 

dees, point b in Fig. 3b is at nearly zero potential (if the magnitude of the voltages 

on the dees are equal). Thus, the full dee voltage is available for acceleration. 
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DISTANCE FROM DEE EDGE (INCHES) 

Fig. 2 Dee-cavity current and vo1tnb.c d is tr ibut ions .  The dec voltage w i l l  dccrcnse 
a s  the iroqucncy is lowered t o  ~ m i n t a i n  constant ion orbi t  gcomctry. 

The resonant frequency is given by the expression 

For the in-phase mode, point b is not at ground potential but is at a potential 

given by 2C /C times the dee-to-liner potential. Since circulating particles see 
c L 

the potential drop between dee and coupling capacitor, there is a reduction in the 

accelerating voltage as compared with the out-of-phase modeo The resonant frequency 

in this case is given by 

It can be seen that there must be a compromise between making the accelerating 

voltage for the in-phase mode as large as possible, and having 1 fO,, - f I large 
1800 

enough so that the two modes can be resolved in frequency. The capacitance Cc is 

limited by voltage breakdown between dee and capacitor, hence, leaving only CL 
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as a variable. For the  model s tudies ,  
A Liner 

w a s  chosen such t h a t  fo, - f w a s  
C~ 

1800 

approximately l 4 0  ko, g iving 2C /CL = 0.1. c 
A 
v ' F It is expected t h a t  i n  the  cyclotron i t s e l f  

\.--l ; ' ' --- 4 , t h i s  frequency d i f fe rence  may be made smaller, 
?&c at.#,## ./or. - I i-& - s ince  the Q should be higher than i n  the 

model. 

The Amp1 i f  i e r  

Fig. 3 a) Cross-section of the upper half of the dees shows a schematic of the f i n a l  amplifier. 
and the intor-dee-coupling capacitor. 
b) huivalont circuit of tho doe cavity. The f i n a l  ampl i f ier  contains two Eimac 

4CW50,OOOC te t rodes4 ) operated i n  para l le l .  

While these tubes a r e  normally r a t e d  a t  50 kW d i s s i p a t i o n  each, Eitel-KcCullough has 

The RF ampl i f ier  i s  capable of de l ive r ing  

=:c/ 'trL1cc :=c, 

authorized t h e i r  operation at  100 kW each with an increased flow of cooling water. 

LI 

They c e r t a i n l y  can handle more than t h i s  f o r  shor t  periods of time. The tubes w i l l  be 

operated as l i n e a r  ampl i f iers  i n  Class AB1 or poss ibly  Class B1 with an  e f f i c i ency  on 

the order of 70$@ The anode tank cons i s t s  of a n  adjus table  shorted s tub  i n  p a r a l l e l  

d r i v e r  ampl i f ier ,  and a frequency source. v- v 
Dee fb/ Dee A block diagram is shown i n  Fig. 4 and Fig. 5 

- 

with a va r iab le  capacitor. The g r i d  tank has an adjus table  s t u b  i n  p a r a l l e l  with the 

240 kW of power t o  the dees, which should be 

s u f f i c i e n t  t o  produce 70 kV of dee po ten t i a l  

a t  21 Mc/s. The ampl i f ier  is divided i n t o  

th ree  major components : f i n a l  ampl i f ier ,  

input capacitance of the  tubes; i t  is swamped by a 100 ohm r e s i s t i v e  load. The tubes 

a r e  neutra l ized by feeding a small amount of RF voltage from anode t o  grid,  according 
1 t o  the Bruene methods . 

1 The d r i v e r  ampl i f ier  is  a commercial wideband amplif ier ,  the Narconi ~ s . 1 1 3 ~  . 
It is capable of de l ive r ing  1 kW of RF power t o  the  g r i d  tank a t  any frequency i n  the 

range 2 t o  26 Nc/s without tuning. Since no moving pa r t s  a r e  used i n  t h i s  ampl i f ier ,  

mechanical f a i l u r e  is p r a c t i c a l l y  eliminated. In addi t ion,  because of the m l t i - t u b e  

techniques employed i n  d i s t r i b u t e d  ampl i f iers ,  f a i l u r e  of a tube is  very un l ike ly  t o  

cause breakdown i n  service. 

The Marconi operates as a l i n e a r  ampl i f ier  and is dr iv ing,  as indicated above, 

a l i n e a r  f i n a l ;  thus, it w i l l  be possible t o  r egu la te  the RF voltage on the dee by 

con t ro l l ing  the  RF input t o  the driver.  About 1 0  mW input is  required for  f u l l  output 

from the amplifier. A t  present ,  plans c a l l  f o r  two feedback loops, one ins ide  the  

o ther ,  Fig. 4. The ins ide  loop is around the d r i v e r  ampl i f ier  and the f inal .  This 

loop takes advantage of the r e l a t i v e l y  wide bandwidth of the  f i n a l  tank c i r c u i t s  s o  

t h a t  a l a rge  amount of feedback can be used t o  present a r ipple-f ree ,  well  regula ted  
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Fig. 5 Schematic diagraro of the finnl amplifier. The anode inductor and capacitor are rr~echanicnlly couplod such 
that resonnnt modes are not excited by the second and third harmonics of the operating frequency. 
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RF envelope t o  the cyclotron cavity. The outside feedback loop, around the  dee 

cavity,  f ina l ,  and dr iver ,  w i l l  control  f luctuat ions  of the  dee voltage caused by 

changes i n  ion loading, r i p p l e  from the  ion source, small mechanidal v ibra t ions ,  eta. 

A means w i l l  be provided fo r  opening the outside loop when the  dee cavi ty  sparks t o  

prevent overdriving the  g r i d  of the  f i n a l  amplifier. 

The frequency source is a Rohde and Schwarz Type No 261 decadic frequency syn- 

thesizer ' )  having a s t a b i l i t y  of 3 p a r t s  i n  10' per day. The synthesizer has s u f f i -  

c i e n t  output t o  d r ive  the modulator preceeding the  d r i v e r  amplifier. It contains a 

regula t ing feedback c i r c u i t  t o  reduce the  output r i p p l e  t o  a neg l ig ib le  amount. 

The tuning servos, which a r e  d.0. stepping motorsa) obtain aourse alignment in- 

formation from the synthesizer. Fine tuning is obtained by requir ing 180' phase- 

s h i f t  between g r i d  and anode of the f i n a l  ampl i f ier ;  by requir ing 90' phase-shift 

between anode and dee; and, i n  conjunction with information about the  r e l a t i v e  phase 

di f ference between dees, by requiring equal voltage on the two dees. The g r id  tank 

of the  f i n a l  ampl i f ier  is tuned such t h a t  the servo obta ins  a r e s i s t i v e  load for  the  

d r i v e r  amplifier. The servo motors a r e  controlled by d i g i t a l  log ic  c i r c u i t s  t h a t  

sample e r r o r  s igna l s  from the phase detectors  o r  posi t ion indicators.  A motor runs 

at a constant stepping r a t e  u n t i l  the e r r o r  s ignal  is reduced t o  wi thin  a predetermined 

in te rva l  about zero, which causes the motor t o  s t o p  wi thin  one step. 

R e s e n t  Sta tus  

The ful l -scale  model is now being used t o  develop the dee voltage regula tor  and 

t o  t e s t  the log ic  being used i n  the  tuning servos. In addit ion,  as changes a r e  made 

i n  t h e  dee cavity, they a r e  t r i e d  f i r s t  on t h e  model t o  make c e r t a i n  t h a t  no resonant 

modes a r e  introduced tha t  would p.event obtaining f u l l  dee voltage a t  all  frequencies. 

Components on hand include the synthesizer and the d r ive r  amplifier. Orders have been 

placed fo r  the  anode supply and the  f i n a l  amplifier  tubes. Design of the  dee stems and 

vacuum chamber is i n  progress, as is the design of the f i n a l  ampl i f ier  cabinet. It is 

hoped tha t  the  i n i t i a l  t e s t ing  of the  ampl i f ier  can begin i n  September 1963. 
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D ISCUSS ION 

MACKENZIE : Ia the  voltage gradient  along the dee l i p s  aonsidered unimportant? 

BLOSSER : We estimate a vol tage gradient along the dee l i p s  of around 1 6  We have 
ohecked t h i s ;  it hss a neg l ig ib le  e f f e c t  on the orbit.  It is =oh smaller  than the 
so-oalled gaporass ing  resonance. 

WATERTON : Are the  feedbaak loops i n  the  RF system purely f o r  audio frequenay r i p p l e  
or  a r e  they a l s o  d.o. feedbaoks? 

JOHNSON : They a r e  both d.o. and a.o. up  t o  6 ka/s. 

WATERTON : What a r e  the  reasons f o r  ahoosing t o  separate  push-pall and p a r a l l e l  mode 
by m a n s  of inter-dee eapaci t y  ra the r  than by inter-dee-stem nutual  inductance? 

JOHNSON : The l a t t e r  provides excel lent  separat ion at low frequenoiea but the nutual 
i~lduatance is mueh redaaed by the  movement of the  panels f o r  increasing the frequency. 
Therefore, the m t u a l  inductanoe was minimized by an  e a r t h  plane between the  dee steme, 
and t h e  a l t e r n a t i v e  system adopted. 

LAPOSTOLLE : Your two 14-0' dee sys tem cover almost t h e  whole circumf erenae of t h e  
cyclotron. Does t h a t  not make the  extraat ion too d i f f i o u l t ?  

JOHNSON : Actually the  beam leaves t h e  maahine a t  one of the  gaps between the two dees 
and p s s e s  outs ide  t h e  dee. There is plenty of spaoe. We have a problem at t h e  dee 
edge, but with a lean l iness  we aan wevent  sparking at  t h i s  point. 
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