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A 220 GHz high-power coaxial cavity gyrotron

FU Wen-Jie, GUAN Xiao-Tong, CHEN Chi, LI Xiao-Yun, YAN Yang
(School of Physical Electronics, University of Electronic Science and Technology of China, Chengdu 610054, China)

Abstract: The design of a 220 GHz high power coaxial gyrotron is presented. The device operates in the fundamental
harmonic TE, circular electric mode. The operation parameters for cavity were 50 kV, 10 A, and 8.4 Tesla which were
optimized by self-consistent nonlinear theory. The electron beam is produced by a coaxial triode magnetron injection gun
(MIG) with an average perpendicular-to-parallel velocity ratio 1.5 and perpendicular velocity spread of 5.2% . Particle-
in-cell (PIC) simulations have been performed for the whole gyrotron. Both the results from theoretical analysis and PIC
simulations show that the designed gyrotron can produce more than 200 kW output power with power conversion efficien-
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cy of more than 40% .
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Fig. 1 Eigenvalue of coaxial waveguide (a) ¢ =
0.2,(b) ¢=0.5,and (c) ¢=0.8
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Table 1 Electron beam parameters
Accelerating Beam Velocity Magnetic field in Guiding
voltage, U,  current, I,  ratio, the cavity, B, center, 7,
50kV 10A 1.5 8.4T 3.05 mm
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Table 2 Initial design parameters of electron gun

Average radius Radial Axial Tilt angle of
of the emitter, r, width, Ar, width, Az, the emitter, ¢,
16.7 mm 0.4 mm 1.4 15°
Emitter strip Compression Larmor Control anode
electric field, E, ratio radius voltage, U,y
59.7 kV/cm 30 0.074 mm 22.3kV
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Table 3 Optimized parameters of electron gun

Beam  Beam radial
radius, r, width, Ar,

Control anode Magnetic field in Velocity Velocity spread,
voltage, U,,,, the cathode, B, ratio, @ v, spread

20.6 kV 0.28T 1.51 5.20% 3.05mm 0.1mm
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Table 4 Parameters for CHIPIC simulation
Anode  Inner anode Control anode Cathode ~Magnetic field in Magnetic field in ~ Beam
voltage, Uy, voltage, U, voltage, U, voltage, U, the cathode, B, the cavity, B,,, current, I,
S0V S0kV 20.6kV 0kV 0.28T 8.4T 10A
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Fig. 10 (a) Electron beam trajectory in the gyro-
tron. (b) The distribution of azimuthal electric field
in the gyrotron. (c) Output power versus time.

(d) Spectrum of electric field, and (e) Phase space
of electron beam
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