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A new movable box type variable frequency resonator 
is designed for the RIKEN SSC. This resonator is a 
compact half wave length coaxial type (2.1 m(H) x 
3.5m CW) x 1.6m (D» . The delta shape dee is supported 
in median plane by vertical stems in opposit sides. The 
resonant frequency is varied from 20 to 45 MHz by 
moving the boxes surrounding th e stems These boxes 
are not in contact with the stems but with the wall of 
the resonator. The power losses are moderate for 
required dee voltages. The maximum dee voltage is 250 
kV at 45 MHz. The resonant frequency , Q- value, shunt 
impedance and voltage distribution along the 
accelerating gap have been studied on a one fourth 
model. The power amplifier is to supply the maximum RF 
power of 300 kW. An RCA 4648 tetrode is to be used for 
the final amplifier in grounded cathode configuration. 
The RF power is fed into the resonator through a 50n 
coaxial feeder line(~ 1.5 m length ) which is coupled 
wi th the resonator in good impedance matching by a 
variable capacitive coupler. Load resistance matching 
for the tube is made by a variable capacitor inserted 
in series at the output port of the amplifier. The 
final amplifier and its components are studied on a 
full sized model. 

2.Introducti0l1 

The RIKEN separated sector cyclotron(SSC) is under 
construction and will be completed in 1986. The general 
features of the SSC are described elsewhere l and the 
present status in thls conference 2 . The basic design of 
the RF system was already repo rted3 . In Table 1, the 
characteristics of the RF system are summarized. In 
advance of construction the resonator and final 
amplifier are studied on models in order to design in 
more detail, and some improvements and changes are 
made. The main change is that the lowest frequency of 
the resonator is altered from 17 MHz to 20 MHz. In this 
paper the current design of the RF system is described. 

Table I Characteristics of the RF system. 

Number of resonators 
RF frequency 
Harmonic NO. 
RF peak voltage 
Frequency stability 
Voltage stability 
Phase stability 
Mean injection radius 
Mean extraction radius 
Dee angle 
Output power of 
each RF amplifier 

2 
20 "'"' 45 MHz 
5,9, (10), (II ) 
250kV at 45 MHz 
10- 8 
10- 4 

< I ' 
89.3cm 
356cm 
23.5' 

300kW 

Th e resonator de signed previously3 is a 
conventional coaxial typ e whi ch covers a frequency 
range of 17 to 45 MHz by movable shorting plates. 
However , it has some disadvantage s; 
I ) The height of the resonator is very high (7.5 m) and 

traveling distanc e of th e shorting plate is long (2 
m) . Consequently. the tot al height of resonator 
including the driving me chanism of the shorting 
plate becomes more than 11 m. 

2 ) The maximum current. density at. the sliding contact 
of the shorting plate is estimated to be 70 A/ cm at 
dee voltage (Vdee )=250kV for 45 MH z. It is difficult 
to fabricate the slidlng contac t which endure such 
high current density. 
Therefore, a new movabl e box type resonator is 

designed. In Fig. 1, the illustration of the re sonat.or 
is shown. This resonator is a half wave length coaxial 
type. The RF voltage has nodes at the upper and lower 
ends of the resonator. and is maximum at the median 
plane. The resonant frequency is varied by moving the 
boxes surrounding the stems. 

The resonant frequency of a tank circuit is given 
by f = 1 /2K~ where L is the inductance of the 
circuit and C is the capacitance. If the resonant 
frequency of the circuit is varied from fl to f2 by 
changing only L or C, the changing ratio of L or C must 
be ( fl / f2 )2. In the case of the movable shorting plate 
type resonator, only L is varied. Then the travelling 
length of the shorting plate becomes very long if the 
resonant frequency is varied in a wide range of 20 to 
45 MHz. On the other hand, in the case of the movable 
box type resonator both the Land C are varied by 
moving the boxes so the height of the resonator and 
travelling length of the boxes become shorter than 
those of the movable shorting plate type. In our 
preliminary calculation4 , the height of the resonator 
is less than 3 m and the travelling length of the box 
is about 0.6 m. This resonator has another advantage 
that current densities at the sliding short fingers 
become much lower than those a t the ends of the stems 
because the boxes are in contact with only the wall. 

Fig.l . Illustration of a movable box type resonator. 
The arrow shows electric current flow. 
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One fourth t1od~l R~sonalor 

On the basis of t he cal culations of transmiss ion 
line approximation 4 , the 1/ 4 sca le mod e l resonator was 
cons tructed to investigate th e RF ch a racter is tic s and 
th e method o f f abrication in deta i l. The cal c ulation 
was carr i ed out assuming th at the e l ect ric currents 
flow as s hown in Fi g I and th ei r densities at the same 
distance from the stem ends are propo rtional to th e 
capac itances in an unit area. Figure 2 shows a 
photograph of th e 1! 4 scale model re sonato r. Resonant 
fr eque ncy is changed coarsel y by a pair of movab l e 
boxes and finely by a trimmer capaci tor wh ic h is 
opposite to the de e . Th e RF power i s fed through a 
coaxial feeder line of 50 ohm wave impedance. Th e 
impedanc e of th e r esonator is mat ched with that of the 
fe eder by a movable cap acit ive coupl er which is 
attached to the t op of the f eede r. 

Q- value s of the actual resonator are estimate d by 
mul tiplyi ng the measu r ed Q va lues by th e scale factor 

of ~4 and res onant frequ "r"'Les by 1:' 4 . In Fig. 3, 
Q va lu es and res onant fre quen c ies deduced from th e 

Fi g.2. Pictur e of one fourt h sca l e mode l of the movabl e 
box ty pe re sonator. Th e dlmensions ( heigh t / width 

depth ) of th e re son Zttor ar e as foll ows (mOl ; : 
Insid e of t he r esonato l; ( 675 x 875 x 440 ) , 
Dee: ( 25 / 675 327 ) , Stem; ! 325 x 438 x 
50 ) , Mova bl e box : 162 h ' Gap between th e s t em and 
movab l e box; 10 
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Fig.4. Shunt impedance es timat ed by the model t est and 
maximum current den s ity at finge r contac t es timated 
for th e req uired dee voltage by the calculation. 

experimenta l re s ult s ar e s hown agAi nst th e po s it ions of 
the mova ble box t oge t her wi th ti" , va lu es calcu lated by 
the tr ans missi on line approximation. Th e re sonant 
frequen c ies measured are well r eprodu ced by th e 
calcul ation. However , th e measured Q- va lue is l ower 
than a half of th e calcul a t ed one. One r eason of th e 
poor agreement is attribu t ed t o poo r contac t betwee n 
the movable box and th e ou ter wa ll in the mode l . 
Anoth er reason considered is that th e r esonator i s t oo 
compl ex to be calculat ed in t erms o f one dimension a l 
tr ansmissi n line. We are now trying to exp lain this 
disagreement and improve th e charac teristics of th e 
model. 

Th e s hunt imp edance Rs i s given by Rs =v'fke!(2P ) , 
where P i s the power loss of th e re sonator. The shunt 
impedance of th e mode l is deduc ed from meas urement s of 
the d ee voltage and RF powe r fed i nto th e resonator. 
The shunt imp edance of th e actual resonator i s 
estimated by multiplying th e mode l 's value by the scale 
fact o r of v'4' ' In Fig. 4 the s hunt impedances meas ur ed 
and calculated are s hown again s t th e resonant 
frequ enc y. The estimated maximum current density at the 
s liding contact for the required dee voltage is also 
s howen. The t end ency of th e calculated Rs is agreemen t 
with meas ured one but th e absolut e value i s about tw ice 
o f meas ured one. The estimated current density is 
within practical limit. 

At a resonance point of th e re sona tor including the 
coupling capacitance Cf (See Fig. 6 ) , impedance ZI t ake 
a real value and it s mag n itude is given by 
I ZI I =I! (27[POCj )2Rs . The impe danc e rn a tching means th a t ZI 
is equ a l to real 50 ohms. It is r eali zed by adjust i ng 
Cf and tuning the reson a t or. The ma t ching was obtained 
by changing Cf from 1 pF for 45 MH z t o 7pF for 17 MH z. 

Relative di s tributi ons of RF e l ec tric field along 
the de e gap were measur ed by perturbation me thod. 6 Th e 
result s are shown i n Fig. 5, wh ere the de e voltage s are 
normali zed at beam inj ection r ad i us . 

As shown in Fig. 5 the vo ltage at th e extraction 
point i s higher th an that at injec tion point but the 
voltage distribution has th e minimum at arround 
position 5. This minimum arises from the fact that the 
s tem is connected at l arge radius of the end of th e 
resonator in order to reduce the power 10ss (See Fig . 2 ) . 
The radially increasing di s tributi on is more desirabl e 
for good quality beam6 . Such di s tributions will be 
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Fig.6. Schematic drawing of the fInal stage amplifier of the RIKEN SSC. 
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Fig.5. Relative dIstributIons of RF electrIc field 
along the dee gap. The frequency shown is 
fourth of the measured one. 
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obtained by a resonator whose straight stems are 
connected at center side edge of the dee (See Fig. I). 
However, it is dIfficult to realize the radially 
increasing distribution in the frequency range of 17 to 
45 ~Hz because in our calculatIon the power loss of the 
resonator whose straight stems are connected to the dee 
at 20 cm from the center side edge of dee is much 
higher than that of the present model. Therefore we 
change the lowest frequency from 17 MHz to 20 MHz and 
design the resonator again In order to obtain good 
voltage distribution. In this case the same range of 
energy and nuclide that is realized In the frequency 
range of 17 to 45 MHz is realized by changing the 

harmonic number from 9 to 10 01 112. The resonator 
designed newly and its frequency characteristics are 
shown in Ref. 2. The maximum input power for required 
dee voltage became about 200 kW. The height of 
resonator is 2.1 m and that of movable box 0.26 m. 

Each of two resonators IS to be powered by a 
separate RF amplifier capable of delivering 300 kW in a 
frequency range of 17 to 45 MHz+. A schematic diagram 
of the final stage of the amplif,er is shown in Fig. 6. 
An RCA 4648 tetrode is to be used in grounded cathode 
configuration. Structure of the flnal amplifier and its 
RF characteristics were investigated on a full sized 
mode1 8 ,9,10. The cross sectional Vlew of the model is 
shown in Ref.2. 

The plate circuit is tuned by a quarter wave 
length coaxial stub having a movable short. The stroke 
of the movable short is about 1.7 m to cover the 
frequency range. RF power is fed into the resonator 
through a 50 ohm coaxial feeder 1 ine ( "-' 1. 5 m length). 
Load resistance matchil~ for the tube is made by a 
variable capacitor Cs (20 ~ 200pF) lnserted in series 
at the output port of the amplifier. The impedance 
matching condition between the tube and feeder line was 

+ In the study of the amplifier system the 
frequency range was from 17 to 45 MHz. The resonant 
frequency of the new resonator reaches to 17 MHz though 
the power loss becomes large. Therefore the frequency 
range of the amplifier is not changed. 

investigated on the model whose output port was 
terminated by an equivalent dummy load of 50 ohms 8 The 
load impedance can be varied from 150 to 400 ohms at 
any frequeny in the range. 

The DC blocking capacitor of plate tuning circuit 
must sustain DC voltage of 18 kV and hlgh RF current of 
220 A(rms) at 45 MHz9. Large capacitance lS desirable 
to reduce the RF voltage across the capacitor. CoaxIal 
structure of the plate clrcuit suggests to use a ring 
array of capacltors surroundlng the plate terminal. 
Such an array is expected to have self resonances which 
disturb normal circuit operatlon. We made an array 
using four commercially available 400 PF ceramic 
capaC! tors (Toshi ba RDFll OCS \ whose terminal block was 
made shorter and its diameter larger in order to reduce 
the inductance. The self resonances were found at 
around 50 and 70 MHz. They are half wave length and 
full wave length resonances on the array, respectively. 
The reactive power ratlng of the blocking capacitor is 
required to be more than 120 KVA at 45 MHz. We are 
trying to get at least the power rating of 120 kVA at 
45 MHz by cooling the improved terminal of the 
capacltor by water. 

In Fig. 7(a), the simplified circuit diagram of 
the final amplifier lS shown. The symbols CO~~ C4 show 
the interelectrode capaCItances and C5 shows the 

capacitance of the screen byp~ss. For the stable 
operation of the ampl,fier, It IS necessary to reduce 
the couplIng between the plate and control grid to a 
value as small as posslble. A parL of the coupling is 
due to the direct interelcctrode capaci tance CO. The 
other part is attributed to the screen bypass C5 WhICh 
takes a finite value. The latter effect can be replaced 
equivalently by an addi tion,d capaci tance C* to Co as 
shown in Fig. 7 (b). For the s tabll i ty of the 
amplifier,it is important to use a screen bypass 
capaCItor which gives sufflecently low impedance 
without resonances in a wide frequency range. The 
screen bypass capacitor was made in order to study the 
performance2 ,11. The both sides of the screen contact 
plate ( 450 mm(W) x 600 mm(D) ) are insulated by (50 
pm) kapton films frolll t.he upper and lower ground 
surfaces and forms the capacitor of 0.11 pF. The 50llm 
kapton fllm could endure a voltage as high as 5 kV DC 
for a long time in a pre 1 iminary test. 

The capacitor was mounted on the model amplifier 
and the voltage transmISSIon ratio from the plate to 
the screen and control grids were measured. The flat 
frequency responses are obtained in a frequency range 
of 1 to 100 MHzll. This fact shows that this capacitor 
operates well in this frequency range. The capacitance 
Co deduced from the ratio is 1.5 pF. The value of C* 
for C5 = O. II pF is 0.5pF. The measured value of Co is 
2.5 times the value given in the catalogue. In Fig. 7, 
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Capacitances in the catalogue (measured) 

CO=o.6pF (1.5 pF) P:Plate 

C2~85pF (=75 pF) Gl:Control grid 

C
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C4=425pF (357 pF) K:Cathode 
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C' • (C 2 'C))/ C5 for (C 2 ,C)«C 5 ) C' 

p p Gl 

(b) 

Flg.7. Ca) Simplified diagram of the 4648 and amplifier. 
,b:' Equivalent clrcuit for (a). 

the interelectrode capacitances measured are shown. 
They are a little different from those in the 
catalogue. The capacitance C~ for C5 = O.IIVF IS one 
third of CO, In stability consideration of the 
amplifier it is indispensable to take account of the 
coupling effect of tillS order of magni tude. This 
capacitance has been used for RILAC amplifier and been 
working well for about two years. 

The necessary grid RF driving voltage is estimated 
to be 300 V to deliver output power of 300 kW. For 
driving the large input capacitance of the 
4648 ,nominal 1200pF, it is attractive to use the same 
broad band bridged-Tee network that has been working 
well in lower frequency region below 25 MHz13. In our 
case, however, this circuit is not practical because 
this network needs remarkably higher driving power as 
the operating frequency becomes higher. Furthermore , 
the voltage node IS at 2 cm outside from the grid 
terminal at 45 MHz. Therefore, a full wave length 
coaxial type tuning circuit having a tuning capacitor 
at the median of the line is designed. A basic design 
of the circuit has previously been reported 3 ,12. 
Subsequently it was noticed by experience on the 
amplifier of RILAC 11 that a lower shunt impedance of 
the grid circuit is vital for the stable operation and 
neutralization is effective in high frequency range. 
Therefore, we took following two modifications: 10 

1) The shunt impedance at the grid IS reduced to 12.5 
ohm while the input impedance is kept at 50 ohm; 

21 A small variable capacitor between the plate and the 
tuning capacitor is added for neutralization. 

The performance of the improved circuit was 
studied on a full sized model equipped with a real tube 
in cold state2 . Tuning and impedance matching are 
simultaneously done by adjusting the tuning capacitor. 
Fig. 8 shows the results of measurement for tuning 
characteristic and input impedance of the grid circuit 
against the frequency. The intended performance is 
obtained in a frequency range of 17 to 45 MHz. The 
effect of the neutralization was studied at 40 MHz by 
measuring the voltage transmission ratios from the 
plate to points A and B in Fig. 6. The voltages induced 
at points A and B are reduced to one fifth of the 
voltage without the neutralization. 
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Flg.8. Capacitance of the tuning capacitor 
and input impedance of the grid tuning 
circuit against the resonant frequency. 

voltage, its phase and resonant frequency of the 
resonator are not represented. We are designing them 
refering to the amplifier system of RILACI4. The design 
studies on the RF system of the RIKEN SSC have made 
large advance. The result of the studies are 
promissing. 
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