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Fig. 1. Photograph of the DUT and its cavity structure.
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Fig. 2. Test of multicarrier multipactor: (a) Theoretical
waveform; (b) experimental waveform; (c) secondary
harmonics induced by the multipactor discharge at
680 MHz.
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Fig. 3. Accumulation of electrons in single-event and long-term multicarrier multipactors.
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Fig. 5. Particle simulations for the multicarrier signal with 1.25 MHz spacing: (a) Accumulation of electrons;

(b) normalized reflected wave voltages; (c) converted power.
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Table 1. Simulation data for 1.25 MHz spacing.

iﬁgﬁ BEERTHE j;;;f}iv ;fﬁfg g/ﬂi SRRV B W
12 4.6 x 10° 0.4719 0.3971 0.0747 (0.75 dB) 2.1952
13 1.1 x 108 0.5928 0.4140 0.1788 (1.56 dB) 5.5296
14 2.0. x 106 0.7253 0.4025 0.3228 (2.56 dB) 10.5575
15 3.0. x 10° 0.9058 0.4161 0.4897 (3.38 dB) 17.0405
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Table 2. Simulation
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Fig. 6. Accumulation of electrons versus time and sig-

nal power for 2.5 MHz spacing.

ARG 2.5 MHz i 2 #0080 IR0 00

data for 2.5 MHz spacing.

iﬁg‘;’f GEERTHE Tfé‘;ﬂjﬁ‘— v g‘jgﬁiﬁ g/‘j?/ R ER ARV S W
25 5.3 x 10° 0.2858 0.2064 0.0794 (1.41 dB) 2.4637
26 2.2 x 108 0.7253 0.3768 0.3485 (2.84 dB) 13.0879
27 5.0. x 108 1.0739 0.2949 0.3228 (5.61 dB) 38.2456
28 7.1 x 108 1.3560 0.2795 1.0765 (6.86 dB) 58.8131

157901-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 15 (2017) 157901

5

BRI 5 73 A B ELAF AR B Z2 A ) R A, SR A5 S 6
F Gt n] AU RO R A, R AT R 22 B S

106

104 F

FRT S

102

100 - - -
0 200 400 600 800
18] /ns
B 7 AR RGN 5 MHz 72674508 B I 8] A0 Th 2

B
Fig. 7. Accumulation of electrons versus time and sig-

nal power for 5 MHz spacing.

—31 W,
106 |

104 T

FRLTH

102

10° 100 600
I} 18) /ns

B8 AREIRE N 10 MHz B} 724 F B BE i ] FTTh 2 )

A4k

Fig. 8. Accumulation of electrons versus time and sig-

0 200 800

nal power for 10 MHz spacing.

& W

TR R — W R P, DL R igx T2
[0 K D 3 Al I8 #8128 8 A FEL 4 S R A

Anm B BAT R
SEH
[1] Farnsworth P T 1934 Franklin Inst. 218 411

2]

(3]

AR SRR AT S 0 W B T A 1) 22 SR U0

Sl AR RIS A 2 AF T, X AROBC  A R E

1T TRLTRAN, 4T 1 2 BB RE A2 S A
PO AT RS PR AR P 25 A, A RO R 17 Sk

Btk ARSCIRURL T 45 TR, 4 Bk i

WAL e R 1 22 B WO FE S A B g T B A R

HURCE, KBRS I AR e i sk, X2
T EUHE T A I ROBOR B o W AR R R R

157901-8

Vaughan J R M 1988 IEEE Trans. Electron. Dev. 35
1172

Anderson R A, Brainard J P 1980 J. Appl. Phys. 51
1414

Rasch J 2012 Ph. D. Dissertation (Goteborg: Chalmers
University of Technology)

Kishek R A, Lau Y Y, Ang L K, Valfells A, Gilgenbach
R M 1998 Phys. Plasmas 5 2120

Coves A, Torregrosa P G, Vicente C, Gemeino B, Boria
V E 2008 IEEE Trans. Electron Dev. 55 2505
Vdovicheva N K, Sazontov A G, Semenov V E 2004 Ra-
diophys. Quantum Electron. 47 580

Hatch A J, Williams H B 1958 Phys. Rev. 112 681
ESA-ESTEC 2003 Space Engineering: Multipacting De-
sign and Test (vol. ECSS-20-01A) (Noordwijk: ESA
Publication Division)

Anza S, Vicente C, Gimeno B, Boria V E, Armendériz
J 2007 Phys. Plasmas 14 082112

Anza S, Mattes M, Vicente C, Gil J, Raboso D, Boria V
E, Gimeno B 2011 Phys. Plasmas 18 032105

Anza S, Vicente C, Gil J, Mattes M, Wolk D, Wochner
U, Boria V E, Gimeno B, Raboso D 2012 IEEE Trans.
Microw. Theory Technol. 60 2093

Song Q Q, Wang X B, Cui W Z, Wang Z Y, Ran L X
2014 Acta Phys. Sin. 63 220205 (in Chinese) [RKK, T
B, FEIE, ERET, HO0H 2014 MR 63220205
Wang X B, LiY D, Cui W Z, Li Y, Zhang H T, Zhang X
N, Liu C L 2016 Acta Phys. Sin. 65 047901 (in Chinese)
(B, PR, AR, 28, skitR, kT, x4z
2016 YR 65 047901]

Barker R J, Schamiloglu E 2001 High-Power Microwave
Sources and Technologies (Wiley-IEEE Press)

Kong J A 2008 Electromagnetic Wave Theory (2008 Ed.)
(Cambridge: EMW Publishing)

Computer Simulation Technology (CST) Center 2012
Framingham MA http://www. cst. com [2017-1-21]
Vaughan J R M 1993 IEEFE Trans. Electron. Dev. 40
830

Vicente C, Mattes M, Wolk D, Hartnagel H L, Mosig J R,
Raboso D 2005 IEEE MTT-S International Microwave
Symposium Digest Long Beach, USA June 12-17, 2005
pl055


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1016/S0016-0032(34)90415-4
http://dx.doi.org/10.1109/16.3387
http://dx.doi.org/10.1109/16.3387
http://dx.doi.org/10.1063/1.327839
http://dx.doi.org/10.1063/1.327839
http://dx.doi.org/10.1063/1.872883
http://dx.doi.org/10.1109/TED.2008.927945
http://dx.doi.org/10.1023/B:RAQE.0000049556.18329.e9
http://dx.doi.org/10.1023/B:RAQE.0000049556.18329.e9
http://dx.doi.org/10.1103/PhysRev.112.681
http://dx.doi.org/10.1063/1.2768019
http://dx.doi.org/10.1063/1.3561821
http://dx.doi.org/10.1109/TMTT.2012.2197021
http://dx.doi.org/10.1109/TMTT.2012.2197021
http://wulixb.iphy.ac.cn/CN/abstract/abstract61847.shtml
http://dx.doi.org/10.7498/aps.65.047901
http://www.cst.com
http://ieeexplore.ieee.org/abstract/document/202798/
http://ieeexplore.ieee.org/abstract/document/202798/

) I8 % 48 Acta Phys. Sin. Vol. 66, No. 15 (2017) 157901

Particle simulation and analysis of threshold for
multicarrier multipactor”

Wang Xin-BoY? Zhang Xiao-Ning" Li Yun? Cui Wan-Zhao?’ Zhang Hong-Tai%
Li Yong-Dong" Wang Hong-Guang" Zhai Yong-Gui® Liu Chun-Liang"

1) (Key Laboratory for Physical Electronics and Devices of the Ministry of Education, Xi’an Jiaotong University,

Xi’an 710049, China)
2) (National Key Laboratory of Science and Technology on Space Microwave, Xi’an Institute of Space Radio Technology,

Xi’an 710100, China)

( Received 8 April 2017; revised manuscript received 12 May 2017 )

Abstract

The multicarrier multipactor is a phenomenon that can be observed in vacuum environment due to the effect of
secondary electron emission. Accurate analysis of the threshold of multicarrier multipactor is crucial for the long-term
reliability of high-power spaceborne microwave system, and therefore it has been attracting more and more interests
in fields of high-power microwave community, plasma physics and aerospace engineering. Recently, a new mechanism
of multicarrier multipactor, termed “long-term” multipactor, induced by sustained accumulation of residual electrons
between successive envelope periods of multicarrier signals has received much attention. Comparing with the “single-
event” multipactor induced by the electron accumulation inside a single envelop period, researchers tend to believe
that the threshold of the long-term discharge should be lower. However, recent experimental results show an opposite
conclusion. In this work, in order to investigate the contradiction between the experimental and theoretical studies on the
thresholds of multicarrier multipactors, particle simulations are used to simulate the evolution process of the multicarrier
multipactor under the same conditions and judgement criterion. The behavioral characteristics and occurrence condition
for multicarrier multipactors, especially the single-event ones, are analyzed based on a power scanning analysis, and
the conflicting results are effectively explained. Our simulations show that if the evolution process of a multipactor can
be divided into three phases, i.e., establishment phase, critical phase and saturation phase, the experimental reflection
coefficient can be corresponding to the reflection coefficient simulated in the critical phase. The simulation results indicate
that the type of the multipactor discharge would depend on the configuration of multicarrier signals. For multicarrier
signals with relatively narrow bandwidths, single-event multicarrier multipactors could occur in the first place at a lower
threshold power. Therefore, the threshold of a long-term discharge is not necessarily lower than that of a single-event one.
This conclusion is important for estimating and suppressing the multicarrier multipactors in the design of high-power

spaceborne microwave components.

Keywords: multicarrier, multipactor threshold, microwave components, particle simulation
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