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A hybrid circuit model based on staggered double—vane structure

LIU Yingzhou, ZHANG Changqing, FENG Jinjun
(National Key Laboratory of Science and Technology on Vacuum Electronics, Beijing Vacuum Electronics Research Institute ,

Beijing 100015, China)

Abstract: As a novel developing vacuum electronic device, sheet beam traveling wave tube has a
wide range of application prospects in the field of radar and communications. Compared to cylindrical
beam devices, there are still fewer beam—wave interaction models for sheet beam traveling wave tubes.
Based on the electric circuit principles, a hybrid circuit model consisting of distributed transmission line
components and lumped elements for a commonly used sheet beam slow wave structure(SWS)—staggered
double vane is developed, and the feasibility of applying the model to high frequency SWS is validated.
The problem of mapping from the geometrical parameters of SWS to the physical parameters of hybrid
circuit is focused on. The hybrid circuit model of staggered double—vane is developed, and its dispersion
relation is analyzed. Besides, a model-based Simulated Annealing(SA) algorithm procedure, capable of
achieving high precision parameter fitting is coded. The results show that the proposed hybrid circuit
model can accurately reproduce the dispersion characteristics of the staggered double-vane. It is
significant for the subsequent development of a large signal sheet beam-wave interaction procedure
based on the hybrid circuit model.

Keywords: terahertz; staggered double—vane; hybrid circuit model; Simulated Annealing

algorithm; dispersion characteristic
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Fig.3 Schematic of staggered double—vane hybrid circuit model and corresponding equivalent voltage
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Fig.4 Flowchart of simulated annealing algorithm
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Fig.5 Flowchart of hybrid circuit model based main program of simulated annealing algorithm
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Fig.6 Single—cell staggered double—vane and its structure dimension

PRl 6 S U 0 %, 235 4 R~ [l
3.1 WBER & 58 X

it T HFSS X SCHR[15]8%9 W 3 BESCHE SUMIHEE AL, JFARUCHH 3 5 D R B i (Bt 2. S RSP S 80L& 1.

T Fi S TR A B 9 € 0 OG AR T LUK i 4005 02 0 45 4 1 TRl 7 DA B 1kl AR o 6 B HFSS 40 B 2k A
AR, T HROER —GA A 7 A SRR IR AR A A R R R IR R AR, 7 gt R BE U b B AR R, AR A G At
WA B IBORE o FFREAS kU A EALHUR KA b, B EANRIE IR R 250 ¢, R PRFFZ 1R REL 10 000 4K .
fuZWsf R, BB —HENaR, WKM7 5ER 208

et — HFSS
—— Matlab
180 v sample
i il £2 WSRO S RN A 2
Lo0iy Table2 Fitting results of W-band staggered double—vane
(ED 140 fitting parameter value
= £./GHz 83.92
120 L/imm 1.03
sl 15/GHz 115.47
N 0.82
1 1 1 1 1 1 1 1 k. 2763.10

S

80
180 200 220 240 260 280 300 320 340 360
phase shift/(°)

Fig.7 Fitting of W-band staggered double—vane dispersion curve
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Fig.8 Fitting of G-band staggered double—vane dispersion curve
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