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Abstract 
RF system is the key part of the cyclotron and cavity is 

the key part of RF systems. The basic parameters of cavi-
ty design are the resonant frequency, Dee voltage, RF 
phase and RF power. Proper operation of the cavity de-
pends on the suitable voltage distribution in accelerating 
gap, phase stability in the cavity and as well as optimal 
scattering parameters. In this simulation using CST 
MWS, different parts of the cavity such as Stem and Dee 
are optimized to achieve optimum dimensions for the 
desired resonant frequency, Dee voltage and RF power. 
Main properties of the designed cavity are resonant fre-
quency at 64.3 MHz, Dee voltage of 45 kV and RF power 
of 11 kW. 

INTRODUCTION 
IRANCYC-18 is an 18 MeV compact low energy cy-

clotron for short life medical isotope production. The RF 
system is designed to accelerate 150 μA of H− ions to 
18 MeV. The RF specifications are shown in Table 1. 
 

Table 1: Main RF Specifications 

Parameter Value 

Resonant Frequency 64.3 MHz 

Harmonic Number 4 

Dee Voltage 45 kV 

Resonant Mode 
Matching Impedance 
Material 
Number of Dee 
Dee angle 

λ/4 
50 Ω 
OFHC copper 
2 
44 

 
The RF system is composed of λ/4 delta cavities 

housed inside the valleys of the magnet, power amplifiers, 
power switch, directional coupler, transmission lines, 
coupling and tuning capacitors and low level control 
circuits. Block diagram of RF system is shown in Fig. 1. 
RF power has been capacitively coupled into the cavity 
by rigid coaxial line, also a tuning capacitor is used to 
adjust the cavity frequency. 

DESIGN ITEMS 
The Operating frequency of resonant cavity is 

64.3 MHz. This cavity works at fourth harmonic [1]. In 
the design of the cavity, the main parts are Dee, Stem and 
central region. Angle and width of the Dee and the gap 
between the Dee and Liner as accelerating region are the 
points that in the design should be considered. The suita-
ble angle and width of Dee is calculated on the basis of 
Eq. (1) [2].  Also the distance of the accelerating gap can 

be calculated on the basis of electric field and required 
voltage as well as considering the Kilpatrick's criterion. 
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Figure 1: Block diagram of RF system. 

Another important part of the cavity is Stem that with 
regard to the capacitive role of Dee, Stem have an induc-
tive role of cavity circuit. The structure of Stem is like a 
coaxial line that can play three roles in the design: 

1. Inductive’s role of Stem can change the resonant fre-
quency [3] 

2. Shunt impedance of the cavity structure has direct 
relation to Stem dimensions and therefore with cavity 
losses. 

3. Displacement of Stem along the accelerating gap can 
change the voltage distribution along the accelerating 
gap [4]. 

CST MWS software has been chosen for design and 
simulation. CST STUDIO SUITE is a general-purpose 
electromagnetic simulator based on the Finite Integration 
Technique (FIT), unlike most numerical methods, FIT 
discretizes the following integral form of Maxwell’s equa-
tions rather than the differential one [5]. Geometry de-
signed in this software which has been shown in Fig. 2. 

 

 

Figure 2: Designed geometry in CST MWS. 
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Coupling and Tuning 
Power couplers can generally be defined as networks 

designed to transfer power from an RF power source to a 
cavity [6]. Possible problems during operation of the 
cyclotron that may be occur due mismatch, including: 

1. The transmitter may not be able to supply 
enough power to maintain the desired accelerat-
ing voltage if the cavity's resonant frequency 
drifts too far from the driving frequency; 

2. The power supply could be damaged by dissipa-
tion of excessive power reflected back from the 
load; 

3. Break-down and sparking could occur; 
4. The phase and amplitude response of the trans-

mitter may be severely affected by the change in 
the load 

Coupling in RF systems of accelerators will be done in 
two ways, electric coupling (capacitive) or magnetic cou-
pling (inductive), that in this study, the capacitive one has 
been chosen. 

According to the complicated operating conditions, the 
resonant frequency of the cavity may be shift with defor-
mation resulting from the unexpected variability of such 
factors as temperature, gravity, instability of the voltage 
source, multipacting and so on. Therefore, it is necessary 
to design a frequency tuning device. 

SIMULATION RESULTS 
With regard to the capacitive rule of Dee and also equa-

tion ܥ ൌ ݂ and 	݀/ܣ ൌ 1/ሺ2ܥܮ√ߨሻ, Optimum dimen-
sions have been obtained for Dee height and the gap be-
tween Dee and Liner that has been shown in Fig. 3. 

 

 

Figure 3: Frequency vs Dee height. 

After simulation of different gaps size, finally, with re-
gard to beam dynamic requirements and also Kilpatrick's 
criterion that at a frequency of 64.3 MHz is 5.22 mm, size 
of the gap has been chosen to 10 mm. Figure 4 shows the 
Dee voltage along the accelerating gap. 

 
Figure 4: Dee voltage along the accelerating gap. 

Process passed in above repeated also for length and 
radius of Stem and eventually, according to the obtained 
results, radius of 55 mm and a length of 530 mm were 
chosen for Stem. 

And also, in coupling and tuning section, they have 
been chosen capacitively too. In the both sections, the 
purpose was the selection of optimum radius for capaci-
tors. In Fig. 5a, ଵܵଵ	has been shown for different radius of 
coupling capacitors and Fig. 5b has been illustrated the 
final optimum coupling. 

a 

b 

Figure 5: a) Determination of the optimum radius for 
coupling capacitor, b) Final optimum coupling. 

In Fig. 6, plot of frequency vs distance between two 
plates of capacitors has been given. Accuracy of tuning 

that will be done with servo motor is 
଴.ଵଶ	ெு௭

଴.଴ଷ	௠௠
. 

In Figs. 7a and 7b, the electric and magnetic field has 
been shown respectively. As it has been indicated, con-
centration of the electric field is on the accelerating gap 
and concentrate of magnetic field is on Stem. 
 

40

42

44

46

48

50

0 200 400 600

V
o

lt
ag

e(
kV

)

Orbit Radius(mm)

Gap 10 mm

WEB03 Proceedings of Cyclotrons2016, Zurich, Switzerland

ISBN 978-3-95450-167-0

268C
op

yr
ig

ht
©

20
16

C
C

-B
Y-

3.
0

an
d

by
th

e
re

sp
ec

tiv
e

au
th

or
s

Cyclotron Technology



 

Figure 6: Frequency vs. distance between two plates of capacitors. 

 

a b 
 

Figure 7: a) Electric field, b) Magnetic field. 

CONCLUSION 
Design and simulation of cavity for 18 MeV cyclotron 

in CST MWS has been presented. This design is based on 
results of magnet calculations and design experience of 
IRANCYC-10, a 10 MeV compact cyclotron. The simula-
tion results accords to our expected design goals.  
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