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140 GHz confocal waveguide Gyrotron-Traveling Wave Tube amplifier

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

Abstract: For reducing mode density and lowering the risk of spurious mode competition in THz
gyrotron, the mode-selective confocal waveguide system is adopted for high frequency circuit of 140 GHz
HEos mode confocal waveguide Gyrotron Traveling Wave Tube(Gyro-TWT) amplifier. Based on the analysis
of RF system, the theoretical analysis about electron beam and waves interaction is presented. The
structure and operating parameters of the gyro-TWT are determined by analysis of field distribution,
diffraction loss, coupling coefficient and interaction between electron beam and wave. Nonlinear theory is
utilized to calculate the amplifier, and nonlinear analysis shows that the interaction circuit can generate a
saturated peak power of 12 kW, corresponding to a saturated gain of 38 dB, an efficiency of 17.1%, and a
3 dB bandwidth of 6 GHz at 140 GHz when utilizing a 35 kV, 2 A electron beam with 0.75 of the ratio of
the transverse velocity to the longitudinal velocity.
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Fig.1 Curved mirror geometry of confocal waveguide Fig.2 Transverse field contours of HEq; mode
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Fig.3 Diffraction loss rate vs. width of mirror Fig.4 Dispersion curves of HEq confocal waveguide Gyro-TWT
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Fig.5 Coupled strength of HEgs vs. guiding center radius Fig.6 Linear gain growth rate vs. frequency
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Tablel Design parameters for the 140 GHz HE
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e E B, AIAE. parameters value
beam voltage Uy/kV 35
% beam current I,/A 2
dl -2 (1 B W) Re (Fe-igs ) velocity ratio « 0.75
dz' 1-bw operating mode HEps
confocal radius R//mm 6.9
do, 1 - 21 A iding center radius Ry/mm 19
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Fig.7 Field profile of HEq confocal waveguide Gyro-TWT along axes Fig.8 Slowly-varying electron phase along axes
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Fig.9 Normalized energy along axes Fig.10 Predicted saturated output power along axes
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Fig.11 Predicted saturated gain along axes Fig.12 Predicted saturated output power vs. voltage
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Fig.13 Predicted saturated output power vs. input power Fig.14 Efficiency as a function of frequency
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Fig.15 Predicted saturated output power vs. frequency Fig.16 Predicted saturated gain vs. frequency
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