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Abstract: in this paper, we present a design on a 30 
GHz 100 kW-level gyrotron. The cold-cavity of the 
gyrotron has been studied by using an in-house gyrotron 
simulation code and CST microwave studio, respectively. 
Meanwhile, in the hot-cavity analyses, the behavior of 
multi-mode beam-wave interaction has been studied in 
detail by using PIC simulation with the help of CST 
particle studio. The results present that the gyrotron can 
operate at TE0.3 mode stably with the output power of 150 
kW under the operating conditions: beam voltage of 50 
kV, beam current of 10 A, magnetic field of 1.14 T, and 
pitch factor of 1.3.  
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Introduction 

Gyrotron is a reliable and considerably efficient source 
to produce powerful electromagnetic wave ranging from 
millimeter wave (mm-wave) to terahertz wave, which has 
application in a variety of systems including materials 
processing, medical imaging, and plasma heating [1]. 
Specially, in mm-wave band, a powerful RF source is not 
only required in some experimental plasma device [2], but 
also needed in some industrial applications [1, 3]. Such 
as, some Ka-band gyrotrons have been designed and 
employed in ECR (electron cyclotron resonance) ion 
source system [4]. In the application of materials 
processing, compared to the centimeter waves, the heating 
efficiency of mm-wave radiation is better, meanwhile, the 
attenuation in dielectric materials of mm-wave is better 
too[3]. Presently, a hundred kilowatts RF source at around 
30 GHz is required for some special application. For that 
purpose, a 100 kW level gyrotron operating at 30 GHz is 
being designed. In this paper, we present the theoretical 
design on that gyrotron by using an in-house gyrotron 
simulation code and CST software [5] [6].   
 
Cold-cavity analysis  
 For the gyrotron, a traditional three-section structure is 

employed as the cavity. In the design, TE0.3 mode has 
been selected as the operating mode. By using an in-house 
developed gyrotron simulation code, the cavity structure 
has been designed for TE0.3 mode at 30 GHz. The 
corresponding cavity structure and normalized cold-cavity 
electric field profile are plotted in the figure 1, where α =6.3௢,β = 4.5௢, Lc=50 mm, and radius of main cavity is 
16.2 mm. Meanwhile, for comparison with the numerical 

results, the 3-D model of this cavity has been built in CST 
microwave studio for calculating diffraction Q and 
resonance frequency. Figure 2 presents the CST model 
and the external quality factor (corresponding to the 
diffraction quality factor of open-end cavity) of TE0.3 
mode. The results of calculations of cold cavity are listed 
in the table I.  Table I demonstrates that the difference of 
results in diffraction quality factor and resonance 
frequency between CST microwave studio and numerical 
code is slight, and the main mode can operate at 30 GHz 
in the designed cavity.  
 

 
Figure.1. the cold-cavity structure and corresponding 

cold-cavity normalized electric field profile. 
 

 
Figure.2. the CST model and the corresponding external 
quality factor 𝑄௘  of TE0.3 mode (no.52 in CST), 

where 𝑄௘ = ఠబ୻೏ସ  (Γௗ is the group delay time). 

 
Table 1. The results of cold-cavity 

 Numerical CST 

Mode TE0.3 TE0.3 

Diffraction Q 641 671 

Frequency 30.05 GHz 30.03 GHz 
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Hot-cavity simulation  
After analyzing the cold-cavity, the hot-cavity analyses 
have been done by using PIC simulation with the help of 
CST particle studio. Figure 3 presents the simulations 
results on output power and frequency as the functions of 
magnetic field. It shows that the maximum output power 
of 150 kW is obtained in CST simulation under the 
magnetic field of 1.14 T, and TE0.3 mode can steady 
operate at magnetic fields between 1.14 T to 1.18 T. The 
process of multi-mode beam-wave interaction is presented 
in figure 4, where 60 modes have been considered in the 
simulation.  It shows that the main mode TE0.3 steady 
work after 80 ns. 
 

 
Figure 3. The CST simulations results on output power 
and frequency as the functions of magnetic field, where 
the beam voltage is 50 kV, beam current is 10 A, pitch 
factor is 1.3, and the guiding center radius is 8.6 mm. 
 

 

(a) 

    

                            (b)                                       (c) 
Figure 4. The CST particle studio simulation results with 
magnetic field of 1.14 T. (a) amplitudes of modes versus 
interaction time, where no. 52 is TE0.3 mode, no.42/43 are 
TE4.2 mode in different linear polarizations, no. 50/51 are 
the TE2.3 mode in different linear polarizations, no.55/56 
are the TE5.2 mode in different linear polarizations, no. 60 
is a TM mode; (b) the longitudinal electric field distribution 
at interaction time of 160 ns; (c) the transverse electric 
field distribution of output port at interaction time of 160 ns.   

References 
1. Thumm M, State-of-the-Art of High Power Gyro-

Devices and Free Electron Masers, Update 2015, 
Karlsruher : KIT Scientific Publishing, 2016. 

2. V. E. Zapevalov et al., “Low-frequency gyrotrons for 
fusion studies,” Radiophys. Quantum Electron., vol. 
49, no. 3, pp. 185–195, 2006. 

3. M. Hruszowiec, W. Czarczy´nski, E. F. Plinski, and 
T. Wieckowski, “Gyrotron technology,” J. 
Telecommun. Inf. Technol., vol. 1, pp. 68–76, 2014. 
[Online].Available:http://yadda.icm.edu.pl/baztech/el
ement/ bwmeta1.element.baztech-f7737779-dca2-
4777-ac85-324526be6370 

4. M. Glyavin, A. Luchinin, and M. Morozkin, “The 
Ka-band 10-kW continuous wave gyrotron with 
wide-band fast frequency sweep,” Rev. Sci. Instrum., 
vol. 83, no. 7, pp. 074706-1–074706-3, 2012. 

5. Liu Q, Liu Y, Niu X., “Theoretical Investigation on a 
Multifrequency Multimode Gyrotron at Ka-Band,” 
IEEE Trans. Plasma Sci., vol.45. no.11, pp. 2955-
2961, 2017. 

6. Balk, Monika C., Cier-Siang Chua, Xiang Li, Yasir 
Alfadhl, and Xiaodong Chen. "3D gyrotron 
simulation with CST STUDIO SUITE™." In 2015 
IEEE International Vacuum Electronics Conference 
(IVEC), pp. 1-3. IEEE, 2015. 

 
 
 

978-1-5386-8288-3/20/$31.00 ©2020 IEEE 256




