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Table 1. The primary performance specifications of the dielectric-filled microwave switch in this work
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Figure 1. Overall structure diagram of microwave switch device
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Figure 2. The feature sizes of the cavity and the reed in the sectional view of the shielding strip line
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Table 2. Feature parameters in the shielded stripline of the microwave switch
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b/Wh 0.2 0.3 0.4 0.5 0.6 0.7

WA/ W 0.1 0.2 0.4 0.3 0.4 0.7
zo&:'? 50Q 50Q 50Q 50Q 50 Q 50 Q
t/b 0.45 0.35 0.17 0.37 0.33 0.05
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Figure 3. Cross-sectional view of simulation model for the microwave switch transmission part
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Figure 5. Electric field distribution in microwave transmission section of a microwave switch at 15 GHz
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Figure 6. SEY measurement results of alumina under different surface status
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Figure 7. Simulation of electron number change process of four groups of alumina-filled devices with different SEY

R 3. R MEEAN T SEY RHIES B PR Sle PR Sl i BB Sz 45 SR e i

Table 3. Statistical results of the influence of SEY characteristic parameters of alumina dielectric sheet on multipactor threshold of

designed microwave switch

ALOs#1 ALOs#2 ALOs#3 ALOs#4
Ei/eV 26 40 70 161
E.leV 670 310 700 400
Om 3.56 1.99 1.71 1.13
T FEL R AL/ W 10874 12374 12624 13124
TS P R {EL B2 TR 2 /d B - 0.56 0.64 0.82
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Figure 8. (a) Trajectory of secondary electrons without consideration of the radio-frequency electric field; (b) Actual trajectory of
secondary electrons after accounting for the radio-frequency electric field; (c) Monte Carlo simulation demonstrating the influence of the
radio-frequency electric field on electron trajectories.
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Figure 11. (a) Simulated energy distribution of secondary electrons generated on alumina; (b) Energy distribution of electrons under
different RF and static electric fields for n =1
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Abstract: The multipactor effect limits the performance and power capacity of spacecraft microwave systems. This phenomenon of

secondary electron multiplication occurs under specific radio frequency operating conditions during the secondary electron emission
process on material surfaces within microwave devices. Multipactor deteriorates the performance of the components, and in severe
circumstances, it is even possible to result in the failure of the components or the spacecraft. Alumina ceramics possess favorable dielectric

properties, high hardness, excellent thermal insulation, and low dielectric loss, rendering them widely employed in high-power microwave

systems, including microwave components such as filters. However, the surface of alumina ceramics exhibits a high secondary electron

ield (SEY), indicating that within space environments, the high-power microwave assemblies filled with alumina may trigger the

destructive effects of secondary electron multiplication. This work designed a Ku-band single-pole double-throw microwave switch

structure employing medium filling to reduce high-frequency losses. Its operational frequency range spans DC to 18 GHz. Through
matched simulation optimization of shielded striplines, the microwave switch achieves matched transmission across an 18 GHz broadband
range. Following optimization, the switch exhibits in-band loss below 0.23 dB and isolation exceeding 90 dB. Simulation studies were
conducted on the evolution of secondary electrons within microwave switches under varying input power conditions, with the internal

structure configured to utilize lossless alumina as the filling medium. Results indicate that after filling with untreated alumina media discs,

the switch's multipactor threshold reached 10874 W. Two experimental methods were employed to modify the alumina surface for SEY
tuning: laser etching to create a microporous structure with 67.24% porosity, and sputter deposition of TiN functional film using No:Ar gas

flow ratio of 7.5:15. Test results demonstrated that applying either technique independently reduced the SEY on the alumina surface from

3.56 to 1.71 and 1.99, respectively. while the first critical energy Epi increased from 26 eV to 70-eV-and 40 eV respectively. Simulation
results indicate corresponding microwave switch multipactor thresholds elevated to 12624 W and 12374 W respectively. By combining the
two techniques, the SEY on the aluminum oxide surface was further reduced to 1.13. The first critical energy Ep1 increased from 26 eV to
161 eV, while the microwave switch multipactor threshold was elevated to 13124 W, marking an improvement of approximately 0.82 dB

over the original device. In practice, secondary electron multiplication is dynamic process in which electrons move under continuously

varying radio-frequency electric field. When considering the influence of the radio-frequency electric field on electron trajectories, it is

found that the field promotes the escape of secondary electrons from the microstructure, thereby weakening the microstructure’s ability to

suppress multipactor. Concurrently, the accumulation of surface charge on the alumina surface caused by secondary electron emission

affects the energy of both incident electrons and emitted secondary electrons, thereby influencing the surface SEY and multipactor

thresholds, the fabrication of microstructures on the alumina surface can reduce the potential level of the positive surface charge. The
charged surface SEY irradiated by 2000 pulses can raise the multipactor threshold of the device from 10874 W to 12624 W, which indicates

that the charged surface may promote the multipactor threshold to some extent. Taking into account the electrostatic field at surface
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saturation (Epc), the Hatch-Williams model was modified, and the role of the electrostatic field induced by surface charges in the dielectric

in raising the multipactor threshold was qualitatively demonstrated using theoretical equations. This work holds significant engineering

application value for enhancing the reliability of high-power microwave devices.

Keywords: microwave switch; multipactor; secondary electron; Ku bandwidth



