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The master-oscillator power-amplifier RP system for ORIC was described previously1 ); 

a block diagram of the system, based on design data existing at that time is shown in 

Fig. 1. During the past ye-, most of the components were fabricated, installed, and 

tested. The system is now complete with the exception of some of the regulator loops. 

Installation of the amplifier stages and control circuit wiring began during 

July 1962. Dee voltage from excitation supplied by the RCA-6949 power amplifier was 

first obtained on December 20, 1962. Since that time, testing and inatallation has 

continued intermittently, along with operation of the oyclotron to produce an internal 

beam for deflection studies. Some of the major components of the system are shown 

just prior to inetallation of the 6949, see Fig. 2. 

The entire system is now oontrollable from the main oyclotron control room. 

Fig. 1 Block diagram of RF nmpl i f iers ,  control ,  and regulator c i r c u i t s  for OIiIC. 

(*) Operated for the USAEC by Union Carbide Corporation. 
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Most of the  system can a l s o  be operated from a u x i l i a r y  controls  mounted on the  a ide  

of the dee-stem housing. These controls a r e  especia l ly  useful  whenever t e s t i n g  o r  

trouble shooting problems requ i re  d i r e c t  access t o  the  ampl i f ier  components or t o  the  

dee and resonator. A l l  of the power supplies,  theservo amplifiers,  and t h e  regula tor  

amplifiers a r e  located i n  an  a r e a  external  t o  the cyclotron vault. Approximately 

600 wires connect components i n  the  vaul t  with aux i l i a ry  e q u i p e n t  area. A similar 

number of wires connects the  RF system with the  master controls  i n  the control  room. 

The RF system is continuously tunable from 7.3 t o  22.1 Ma/s. Resonator 

c h a r a c t e r i s t i c s  a r e  the pr incipal  l imi t ing  fac to rs  i n  the tuning range. Although the 

upper frequency l i m i t  is s l i g h t l y  below the o r ig ina l  design goal of 22.5 b/s, the  3/l 

r a t i o  tuning range required for  maximum f l e x i b i l i t y  is still available. 

The th ree  s tages  of t h e  intermediate ampl i f ier  have iden t ica l  output c i rcu i t ry .  

Each s tage has a a network tank c i r c u i t  with two var iable  vacuum capacitors and a s e t  

of three  induotors f o r  m l t i b a n d  operation. The three  bands a r e  7.3-11, 11-17, and 

17-22 Mc/s. Tuning within the bands is control led  by a s ing le  servo amplifier. Output 

voltage var ia t ion  due t o  tracking e r ro rs  is corrected by the U regula tor  loop which 

de tec t s  t h e  output voltage and var ies  the g r i d  bias  of t h e  second s tage t o  hold the 

output voltage constant a t  300 V. 

The a network output c i r c u i t  on the d r i v e r  ampl i f ier  has a aontinuousl y var iable  

inductance consis t ing of a pa i r  of transmission l i n e  s tubs  with a shorting plane. The 

s tubs  a r e  p a r t i a l l y  shown i n  Fig. 2. Dual-band operation is obtained by inse r t ing  

fixed vacuum c a p ~ c i t o r s  a t  both the d r ive r  ampl i f ier  p la te  and the  power ampl i f ier  grid. 

The lower, 7.3 t.1 11.0 h, band is a t t a ined  with both capaci tors  inser ted,  and the 

upper band, 11.0 t o  22.1 MC, is a t t a i n e d  with the  capaci tors  withdrawn. A var iable  

vaeuam capaci tcr  on the  d r ive r  ampl i f ier  p la te  is used for f i n e  tuning. The a network 

is unbalanced at 5/2 r a t i o  for  impedance matching between the two amplifier  stages. 

The power-amplif i e r  tank c i r c u i t  uses a transmission l i n e  s tub  with movable 

shor t ing plane for  the  var iable  inductance, s e e  Fig. 2. The cy l indr ica l  center 

conductor surrounds the  p la te  end of the  6949. The lower end of the cylinder is shunted 

by four Jennings V W C  var iab le  vacmm aapacitors. The c i r c u i t  is designed t o  tune 

with a constant L/C ra t io .  

The 6949 power ampl i f ier  is neutra l ized by coupling the power-amplifier p la te  t o  

the  driver-amplifier  p l a t e  through a va r iab le  capacitor,  see  Fig. 3. Since the  two 

s tages  a r e  coupled with a n network, the driver-amplifier p la te  should be 180' out of 

phase with respect  t o  the  power-amplifier grid. Apparently, some phase e r r o r  is 

introduced by lead inductance. Consequently, the neu t ra l i za t ion  capaci tor  mst be 

adjusted whenever t h e  frequency of the  system is changed. 

For convenience, t h e  neu t ra l i za t ion  capaoitor is motorized, and a n u l l  indicator  

was added t o  the power-amplifier p la te  c i rcui t .  The neu t ra l i za t ion  procedure is as 
follows. A mode switch on the control  console locks out the power amplifier  high 
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Fig. 3 Power amplifier neutralization circuit. 

voltage and actuates  a motor u n i t  which i n s e r t s  the  n u l l  indicator  voltmeter head. 

Then, RF exc i t a t ion  is appl ied t o  the power amplifier  gr id ,  and the  neu t ra l i za t ion  

capacitor is tuned f o r  a n u l l  i n  the pla te  RP voltage. 

The RP system has been operated over most of its tuning range. Operation 

below 15 Mc/s has been q u i t e  satisfaotory.  However, at higher frequencies, some 

sparking i n  the resonator d r i v e  l i n e  has been encountered. I n s t a l l a t i o n  of t r ans ien t  

protection c i r c u i t r y ,  and determination of optimum coupling aapaci tor  s i z e  should help  

c l e a r  up the  problem. Some a l t e r a t i o n s  of the drive-l ine s t ruc tu re ,  inoluding corona 

shielding fo r  the feedthrough insula tor ,  a r e  under consideration. 

A dee potent ia l  exceeding the 100 kV desing goal has been obtained throughout 

the 7.3 t o  15 Mc/s tuning range. Most machine operation has been at 80 and 100 kV. 

Operating voltage can be reached within a few minutes a f t e r  s t a r tup ,  unless the  

resonator has been recent ly  opened t o  air. 

Power requirements a r e  f a i r l y  close t o  predicted levels. Input power t o  the 

power-amplifier p l a t e  for 100 kV on the dee ranges from 110 kW at  7.3 &/S t o  220 kW 

at  16.0 Mc/s. Calorimetric measurements i n  the  p la te  cooling loop indicate  t h a t  the 

tube eff ic iency is approximately 6 6  Allowing f o r  some power l o s s  i n  the p la te  tank 

c i r c u i t  and i n  the  dr ive  l ine ,  the  power delivered t o  the resonator is approximately 

ha l f  of the p l a t e  input power. 

The four automatic tuning servos now i n  use have been very sucaessful. The f i r s t  

loop maintains 180' phase s h i f t  across  t h e  f i r s t  s tage of the intermediate ampl i f ier  

by tuning the  IT network aapaai tors ;  the second and t h i r d  s tages  a r e  ganged with the  

f i r s t .  

The second autolnatia tuning servo hold 180' grid-to-plate phase on the  d r ive r  

amplifier  by tuning the  f ine  tuning capacitor on the  ampl i f ier  plate. The t h i r d  loop 

maintains 180' grid-to-plate phase on the power ampl i f ier  by tuning the  four capaoitors 

i n  the  p la te  tank c i rcui t .  The four th  loop tunes the  reeonatm trimmers t o  keep the  

dee-stem dr ive  point v01 tage 900 ahead of the power-amplifier plate. A typioal  loop 
is i l l u s t r a t e d  in Fig. 4. 
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Fig. 4 Typical outotnatic tuning servomochnnism. 

Each tuning network mst be pre-tuned t o  some point where the RF output exceeds 

noise l eve l  before the  automatic tuning servos begin t o  operate. A recen t ly  i n s t a l l e d  

pre-set tuning system ad jus t s  a l l  tunable components and band switches wi thin  0.1 Mc/s 

of the  intended frequency of operation. The system is aotuated by a pair of ro ta ry  

sni tches  on the  control  console; they a r e  ca l ibra ted  i n  megacycles and tenths  of mega- 

cycles. A typical  pre-set loop is shown i n  Fig. 5. Six  of these loops a r e  now i n  

service  f o r  pretuning U capaci  tors ,  DA oapacitors,  DA inductance, PA capaci tors ,  

PA inductance, and resonator trimmers. Two addi t ional  loops w i l l  be added l a t e r  for  

the dr ive  capaci tor  and the resonator shor t ing plane. 

The s t a r t u p  of the RF system now has the  following sequence : pretuning; 

neu t ra l i za t ion  of power ampl i f ier ;  and appl ica t ion of RF exc i t a t ion  t o  resonator. While 

exc i t a t ion  is being applied,  the  trimmers a r e  adjusted fo r  resonance, a t  which point 

dee voltage appears. For an a l t e r n a t e  approach, the master s ignal  generator lnay be 

tuned t o  the resonator frequenoy. With the  l a t t e r  oase, the  automatic tuning servos 

keep the  amplif ier  chain tracking along with the d r i v e  frequency. During the tuning 

process, the  power-amplifier p l a t e  RF voltage is usua l ly  s e t  a t  approximately 4 kV. 
This l eve l  is s u f f i c i e n t  t o  keep the  tuning servos operating; and i t  w i l l  cause 

s ign i f i can t  dee voltage t o  appear as resonance is approached, 

There a r e  four R I  voltage regula tor  loops and one d.c. voltage loop, shown i n  

Fig. 1. Currently, only two loops a r e  i n  service. The other  three  w i l l  be i n s t a l l e d  

as soon as machine time becomes conveniently available.  Of the  loops i n  service ,  the 
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Fig. 5 Typical tuning servo ~ r o - s e t  control.  

intermediate ampl i f ier  un i t  has already been mentioned. The second loop is being used 

as an RF voltage l imi te r  on the  power-amplif i e r  plate,  t o  prevent excessive voltages 

from occurring on the resonator d r ive  l ine.  The p la te  and d r ive  l i n e  RF voltage tand 

t o  r i s e  whenever the resonator is detuned by a spark or  o ther  disturbance. A voltmeter 

on the power-amplifier p l a t e  senses the  RF voltage l eve l  and provides an  e r r o r  signal 

for  control  l ing  the d r  iver-amplif i e r  g r i d  bias. 

The resonator spark-detection c i r c u i t ,  shown i n  Fig. 1, generates a 20 ms pulse 

t o  cu t  off  the  RF exc i ta t ion  whenever a spark occurs, as indicated by a drop i n  dee 

voltage and/or an increase i n  power-amplifier p la te  current. Since t h i s  c i r c u i t  tends 

t o  be inadequate, addi t ional  loops a r e  being designed. One loop w i l l  be tr iggered by 

a photoelectric device which senses sparks on t h e  dr ive  l ine.  Temporarily, a photo- 

e l e c t r i c  spark de tec to r  is being used i n  an  alarm c i rcu i t .  

The GL-7703 crowbar c i r c u i t ,  described elsewhere2) i s  working s a t i s f a c t o r i l y .  The 

c i r c u i t  is s e t  t o  t r i g g e r  at 100 A and f i r e s  only a few times during a typical  day of 

operation. The c i r c u i t  w a s  tes ted by placing a sheet  of 4 - m i l  copper f o i l  on the IN 

bus and touching the f o i l  w i t h  a grounding hook. With 25 kV bus voltage,  the  r e s u l t i n g  

spark melts a 1/16 in. d i a  hole i n  the foi l .  The quant i ty  of copper melted indicates  

t h a t  l e s s  than 1 joule of energy, out of some 2,000 joule of stored energy, is diss ipated 

i n  a spark. 

The ORIC RF system has operated qu i te  s a t i s f a c t o r i l y  over the  lower portion of i t s  

frequency range. The s t a b i l i t y ,  the s impl ic i ty  of operation, and the  dee-voltage 

capab i l i ty  exceed design expectations. Operating at  higher frequencies w i l l  be 

attempted i n  the  near future ,  when the  necessary addi t ional  t ransient-protect ion 

c i r c u i t r y  becomes operational. 
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DISCUSSION 

WATEUTON : Could you simply explain the reason for  the 90' phase difference between 
anode voltage and the dee voltage? 

WORSHAM : The coupling system between the anode and the dee is equivalent t o  a 
quar ter-wave transformer. 
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