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Fig. 1. (color online) The sectional views of the SWS simulated: (a) the cross-sectional view of the resonance

cavity; (b) the y-z sectional view of the SWS.
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Fig. 2. (color online) The complete bandgap of trian-
gular MPC versus filling ratio.
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Table 1. The parameters of the SWS simulated.

E3 s i /mm
EBITEAE (r) 0.5
EASE 2L (a) 3.8
JE R A2 (s_r) 12.5
IR 242 (s__r min) 6.3
SRR R (s_t) 2.0
18 3 45 K R 1K 2 (L) 3.0
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Fig. 3. (color online) Typical dispersion for frequency

and phase velocity without plasma.
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Fig. 4. (color online) Comparison of Sa1 for SWS with

and without filling plasma.
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Abstract

Plasma-filled slow-wave devices provide a new way to develop high efficiency and high power vacuum-electron
microwave sources, but their theoretical analysis and simulation is difficult. This paper introduces the wheel spoke
antenna to excite signals for analyzing the dispersion characteristics of resonant cavity with plasma-filled metallic photonic
crystal slow-wave structure (SWS). Influences of parameters of the SWS and plasma density on dispersion characteristics
of the SWS are studied. Results show that there is little difference in dispersion characteristics obtained by wheel spoke
antenna excitation of signals and other methods without plasma filling. When plasma fills in the SWS, the frequency of
zero mode is consistent with the previous results obtained by other methods. Hence, both the results with and without
plasma filling demonstrate that the wheel spoke antenna signal-excitation method is effective. Moreover, decreasing the
thickness of wheel spoke antenna properly and the distance between the antenna and reflection surface of the metal
plate can reduce the wheel spoke antenna influence on the cavity resonance frequency. Furthermore, thicker antenna can
excite the slow wave field easily, while thinner antenna can excite the resonant mode easily. Besides, the outer radius
and thickness of the SWS plate have little influence on the dispersion characteristics, while the period length and the
inner radius of the SWS plate have greater influence on the dispersion characteristics. In addition, the dispersion curves
of frequency and phase velocity will move to higher frequency regions with the increase of plasma density. Further, the
influence of plasma filling on low-order modes is greater than that on higher order modes. It is also found that the

higher-order mode operation can reduce the size of cavity and the velocity of the electron beam.

Keywords: plasma-filled, metallic photonic crystal, dispersion line, slow-wave structure
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