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Study of W-band low voltage third-harmonic gyrotron oscillator

LI Zhiliang, FENG Jinjun, LIU Bentian
(The 12th Research Institute of CETC, Vacuum Electronics National Laboratory, Beijing 100015, China)

Abstract: The third harmonic operation is of special significance due to its low magnetic field
requirement for a gyrotron oscillator. By using a single cavity theory to analyse couple factor, start current,
mode completion and beam—wave interaction, the operating parameters of the W-band low voltage TEos
mode third harmonic gyrotron oscillator are determined. Employing a Particle In Cell(PIC) code, the
gyrotron oscillator is simulated. The results show that this oscillator can generate 15.57 kW output power
at 93.7 GHz with over 11% of efficiency in case of 35 kV, 4 A electron beam with a velocity ratio of 1.6,
and a stable operation of the device is predicted.
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Fig.1 Coupling coefficient v/s beam radius to cavity radius ratio Fig.2 Radial profile of the electric field of TEy; mode in the cavity
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Fig.3 Dependence of the starting current on the magnetic field ~ Fig.4 Schematic diagram of a single three-section cavity gyrotron oscillator
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Fig.6 Electronic energy evolvement along axes
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Fig.5 Axial distribution of the field and phase variation of cavity
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Fig.7 Output efficiency along axes
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Tablel Design parameters for the W-band TE, ; third-harmonic gyrotron oscillator

beam voltage ~ beam current guiding center velocity radio operating circuit radius  cavity length magnetic field
UolkV IIA R; a mode Ry/mm L/mm By/T
35 4 0.425 Ry, 1.6 TEo3 5.2 48 1.185
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Fig.8 Contour of angular electric field of TEq; mode in the cavity
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Fig.9 FFT frequency spectrum of the field at output port Fig.10 Simulated time evolution of output power in PIC code
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