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Design of a W—band extended interaction oscillator capable of dual-mode operation

XU Tianyi, RUAN Cunjun”

(School of Electronic and Information Engineering, Beihang University , Beijing 100191, China)

Abstract: A W-band dual-mode Extended Interaction Oscillator(EIO) is designed in this paper,
achieving a dual 27 mode through the coupling between the 27 mode and a specific cavity mode. By
adjusting the cavity's structural parameters, the frequency separation of the dual 27 modes is controlled,
and the variations in high—frequency parameters during this process are analyzed. Particle—In—Cell(PIC)
simulations demonstrate that, with a 3.2 mm x 0.2 mm, 2 A sheet electron beam, the lower—frequency 2
mode operates at 91.01 GHz with an output power of 7.29 kW and an electron efficiency of 17.45% at an
electron beam voltage of 20.90 kV. The higher—frequency 27 mode achieves 91.18 GHz, 4.76 kW output
power, and 11.26% efficiency at 21.15 kV. The results verify that the dual 2 mode EIO possesses the
capability for high—power, high—efficiency output while providing theoretical support for the realization
of dual 27 modes.
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Fig.1 Schematic diagram of the extended interaction resonator
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Fig.2 Diagram of electric field distribution
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Fig.4 Electric field and E, distribution of low 27 mode and high 27 mode in the central axis of beam channel
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Tablel The resonant frequency and R/Q ’s variation with cy

cy/mm f,/GHz /,/GHz AfIGHz (RIQ)/Q (RI0,)/0
0.327 91.081 91.486 0.405 8.247 255.839
0.330 91.079 91315 0.235 26.269 238.106
0.333 91.036 91.185 0.150 134.588 130.105
0.336 90.899 91.150 0.251 234387 31.189
0.339 90.730 91.148 0.418 254.072 12.665
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Fig.5 M of low 21 mode and high 2 mode as a function of beam voltage
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Table2 Coupling coefficient varying with cy

Table3 Quality factors for low 2 mode, high 27 mode, and 7/9 mode

cymm  AfIGHz M, M, U KV U /kV

0.327 0.405 0.408 0.431 17.31 17.48 mode JS/GHz 9, 9
0.330 0.235 0.428 0431 17.32 17.41 low 2m 91.036 593 993
0.333 0.150 0.431 0431 17.30 17.35 high 2m 91.185 973 1019
0.336 0.251 0.431 0.432 17.25 17.31 w9 93.387 1718 956

0339 0.418 0.431 0.430 17.18 17.28 2m/9 98.474 486 964
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Table4 Structural parameters of the resonant cavity
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Table5 High—frequency parameters of the resonant cavity

parameters ~ value/mm  parameters value/mm
ax 4.600 ¥, 0.280 mode fIGHz _ (RIQ)IQ M MERQQ 9, 0,
gy 0.660 cz 8.300 low 2 91.036 134.588 0.431 25.001 993 593
gz 0.360 x 4.600 high 27 91.185 130.105 0.431 24.168 1019 973
cxs 4.600 ty 0.300

cy 0.333 p 0.830
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