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3D Gyrotron Simulation with CST STUDIO SUITE™
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Abstract: This paper describes the analvsis of a 42 GH=
gvrotron with the 3D PIC simulation tool CST PARTICLE
STUDIO®. Recently implemented features fo aid such a
simulation are shown. Variation studies concerning B field
and beam properties are described. All simulations of the
oscillation process are performed using a graphical
processing unit (GPU). The results show goed agreement
10 MAGIC simulations.

Keywords: EM Simulation, PIC. FIT, Gyrotron, GPU.

Introduction

Gyrotrons are mterestmg devices, smce they can provide
high output power at high frequency without the
disadvantage of miniaturization. In contrast to Traveling
Wave Tubes (TWTs) the dimensions of a Gyrotron do not
depend on the operation frequency, but on the electron
cyclotron resonance of particles in an external magnetic
field.

An efficient way of predicting the performance of such a
device is via simulation. This paper describes the gyrotron
analysis by means of the Particle in Cell (PIC) solver of
CST PARTICLE STUDIO®. The method used behind the
scenes is the Finite Integration Technique [1]. Although the
PIC solver is using a hexahedral mesh, the round geometry
can be accurately taken into account via the PBA® method
(see Figure 1).

2- Queen Mary University of London
Mile End Road
London E1 4NS
xiang.x.li@gmul.ac.uk

Figure 2. Cut through view of the Gyrotron geometry.

Ofcircle centre)

Figure 3. Top view of an annular particle source and
description of the emission angle.

In Figure 3 the start up of the gyrotron in TE2.3 mode and
stabilization in TEO.3 mode can be seen. To speed up the
simwlation, a targer frequency for the waveguide port
modes was impl d, such that the di d modes are
found as #3 and #7 instead of #50 and #52. The output
power results from the port signals to 385°2/2 = 7412 kW,
which agrees reasonably well to the MAGIC simulation
(~80kW) performed in [3].

Electronics 2022, 11,1279 70f13
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Figure 7. Trajectory of the electron beam simulated by CST. In the right image, a thickness of 0.4 mm
can be observed for the electron beam injected into the resonator.

https://mdpi-res.com/d_attachment/electronics/electronics-11-
01279/article_deploy/electronics-11-01279.pdf?version=1650273635

RESEARCH ARTICLE | MARCH 26 2019

Thermal design and simulation of the collector for 140GHz
megawatt-class gyrotron on ITER

Guo Guo =4; Xiaoming Xu; Junwei Guo; ... et. al

@ Check for updates

AIP Advances 9, 035349 (2019)
https://doi.org/10.1063/1.509145¢

FIG. 2. Electron beam trajectory from CST Particle Studio.
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Table 1. Design parameters and goals of 140 GHz ::::

Gyrotron [11]. s o0of <

Output power ~ 500 kW 3 :g: =

Frequency ~ 140 GHz = 4 $

Diffractive Q factor (Qg) ~ 1100 B sl <

Voltage 80-85 kV 600 |

Current 20-30 A 900 y

Anode voltage 24.5kV 0 100 200 300 400 500 0 100 200 300 400 500

Pitch factor 1.1-1.7 Time (ns) Time (ns)

Magnetic field 5.52-5.56T 0.000125

Beam thickness ~0.53 mm (4%*r) E

Compression ratio ~ 295 z 0 e

Emitter radius =~ 19.5 mm % 7.5E5 - E

Guiding centre radius ~ 3,65 mm S 5

Emitter slant angle 28" £ SES) %

Cathode - anode distance ~22mm g 5e5) * Lot ool

Magnetic field at cathode 0.1875T , ul N P dclith bl A0k di

S;fg;f;;;;ﬂgg = S;ff;{fm 0 100 200 300 400 0 100 200 300 400 500
Frequency (GHz) Time (ns)

Figure 6. (a) Amplitude of port signals, (b) RF power developed in TE1o,4 mode, (c) frequency spectrum
of the port signal of TE;g 4 mode, and (d) theoretically calculated power.

https://www.tandfonline.com/doi/full/10.1080/09205071.2020.1750974 15
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