Chinese Physical Society
IR Acta Physica Sinica __

. Institute of Physics, CAS

X B BUR PRI S Th R R R AR U 3=
H#E KiF Fnikg

Particle-in-cell simulation of a new X-band low-impedance high power microwave source
Yan Xiao-Lu Zhang Xiao-Ping Li Yang-Mei
5| F15 |2 Citation: Acta Physica Sinica, 65, 138402 (2016) DOI: 10.7498/aps.65.138402

1E 28 1% View online:  http://dx.doi.org/10.7498/aps.65.138402
23 N 2¥ View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/113

ERTRERCH B B S &
Articles you may be interested in

BT BRI FEAT AL SR 1 e D SR s R A et
Optimal design of high-power microwave source based on particle simulation and genetic algorithms
Y3242 2013, 62(16): 168402  http://dx.doi.org/10.7498/aps.62.168402

BT RN IR A 1) 4 = 4k PIC/PSO BUE AL 5t
Numerical optimization study of PIC/PSO for RBWO
YE = 4.2013, 62(13): 138401  http://dx.doi.org/10.7498/aps.62.138401

TN IL e R A 1) B A i T AT
The calculation model of space-charge field based on the Galerkin series
PP A H%.2012, 61(14): 148401 http://dx.doi.org/10.7498/aps.61.148401


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.138402
http://dx.doi.org/10.7498/aps.65.138402
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I13
http://wulixb.iphy.ac.cn/CN/abstract/abstract54915.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract54915.shtml
http://dx.doi.org/10.7498/aps.62.168402
http://wulixb.iphy.ac.cn/CN/abstract/abstract54606.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract54606.shtml
http://dx.doi.org/10.7498/aps.62.138401
http://wulixb.iphy.ac.cn/CN/abstract/abstract48699.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract48699.shtml
http://dx.doi.org/10.7498/aps.61.148401

) I8 ¥ 48  Acta Phys. Sin.

Vol. 65, No. 13 (2016) 138402

XK BT AR PR = T ERIBURGIR RO AR 1A

D!

02

!

)

Z[EEY

1) (EB R RAR R HARRE S TR B, K 410073)
2) (& IEfE ST, dEat 100094)
(2016 4 3 A 4 Hig#; 2016 45 3 A 31 HURBIE R )

Pt T — PR B B 5 T 2 e, BRLE SN A P9 7 A R SRCBIAE R AF T o D B A, X R SRR A
BT D2 A SEAE AN 1 Dh 2R s 24 P SRR i Th 2R . R A2 SRR, 7E FLR 687 KV
0.8 T B, IR B AARBR ST 36 Q, PG 824 9.72 GHz, ¥t Th2 5371128 1.20 GW #12.58 GW,
IhER R 5y )M 28% 1 30%:; W4 A 4 HE B 2[RI A2 £} 50 /N F £3 MHz, AL Z RS /N T £3°.

SR BRI, (CRLET, R TR, ThE A

PACS: 84.90.+a, 85.45.—w

15 =

N T HE— D 3R R R AR (HPM) #8114
D, AR BT DR Gap IR A WE7E — B W DR
T B AR B8 1 77 1) T AR BELA7C o T 2 ok 8 U
RE % SCHL5 K o Dh 2 RS A P UL C, 35 252 =
HPM 8 FE N IR H K. SR10 H AR e 4
R O L A8 (A AR AR IR I 3R 7% A+ AR
VBB (8] 91 % 4% 55 ) A0 T = B PRI, a1
BHHT— MR T 100 €, BRG] 1 170 5 v i 1 2h o
J& P H AT RE S A AR AR O 2L SR BRI 7 vk 2
B =R — SRR A BT ORI T
RAB=RL R AE B I NS4k, SR (R 45
#1070 = Y S ik o Th 3 VR IR ) 2 Lo, 4
KRG AL 1011

BRI B A0 b A BH AN 2 3 AR e 4 3K
BT, AR5 3 B N R A 2. A
&t R B BE Bt HP MR A 55 AN T I R,
FEfR BRI R AR FEIN, ERIERES T
IR TARE R BHPTIRES N, RIE T8 i Zh 3 R0,
T HL A TSl IR IR, R AR T 251 B4R (1 BELAL,
Sew VIEAN IR, QR B P T R e

* B R R AR BRI (IS 2015AA8037074A) PR,

T #E/E#H. BE-mail: zhangxiaoping@nudt.edu.cn

© 2016 FEYIEF S Chinese Physical Society

DOI: 10.7498 /aps.65.138402

H BIRBGEAT DR 6 A, T BE R 76 5 PN S B vy
TR fa

0 LA L TERE

Z TR B BT HPM YR FH X R] A 0R H 1 R
FFA%, 1] FH B A ik T 2.5 0K 30 R0 L 7 SR A 25 1F
AR 2L BRI I 1 TR, %8s
— N RZPVMERLRIRG B (MWCG) fl— K=
7 A S T OK % (TKA) 4Lk, & LR —4
51 FWY. ZRVMERIRIRG 2 (BN TRk IR) 45
FAELTE: P IR BRI AR 0000 il s o LB NS i 4%
Fa REUR | R S S  M R [ A L e ;. = IR ok
VR B TBOR 2% (B Ah 5B R ) 45 460 60, 45 41 5] Sl 00K
AR 39 N VA% B = I o 2 B fs R (=) i o+

PR 40T Bt YRR A AR IR 0 CAEAT . B AR
BRI, PO R P BT R A R A i e 8
W M 5 B PO I R, RN IENGE 5, 1RE
JROK 2% A JE 3, A0S i HH ipl (0 47 2 A A
BLPEREAR T VENAS S, AT AE AN flipl 2534 P =
I AR B AT B A 0 AH T A 1 B

http://wulizb.iphy.ac.cn

138402-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.138402
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 13 (2016) 138402

BERBL

= —

el

RIS

20
Z/cm

30 40

K1 (TR O) B BB DR i IR ES 1R ]

Fig. 1. (color online) Schematic of the new low-impedance HPM source.
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input cavity and the first gap of the extraction cavity.
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Fig. 3. The output power and spectrum of the inner sub-source.
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Fig. 4. The output power and spectrum of the outer sub-source.
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Abstract

High power microwave (HPM) source is attractive in generating gigawatt (GW) class microwaves based on the
beam-wave interaction. Generally, HPM source with a high beam-wave conversion efficiency has a higher impedance.
To improve the single-tube output power of HPM source, reducing the impedance of the device and increasing its power
capacity are necessary. In this paper, a new low-impedance HPM source is proposed and proved to be capable of
generating two phase-locked high power microwaves, which makes it promising to realize a higher combined power in a
single HPM device.

The new low-impedance HPM device consists of a two-cavity TKA (denoting the outer sub-source in the following)
and a multiwave Cerenkov generator (referring to the inner sub-source below) inserted in the TKA inner conductor.
These two sub-sources are connected in parallel and share a common magnetic field. A dual-concentric annular cathode
is used in this microwave source, which is capable of emitting two concentric annular electron beams and driving the
internal and external sub-source simultaneously. The advantages of this device are reducing the impedance and improving
the injection electric power. When a voltage pulse is applied to the diode, part of microwaves generated in the inner
subsource will leak into the outer sub-source (i.e., TKA) through the A-K gap. By amplifying the leakage microwaves,
the TKA will be easily locked by the inner sub-source. Considering the fact that the microwave source consists of two
sub-sources, the power capacity will also be greatly improved.

As a result, particle-in-cell simulation indicates that when the diode voltage is 687 kV and the axial magnetic field
is 0.8 T, two microwave beams that have a nearly identical frequency of 9.72 GHz and output powers of 1.20 GW and
2.58 GW respectively, are generated. The corresponding power conversion efficiencies are 28% and 30%, respectively.
The frequency difference between these two microwaves fluctuates within 3 MHz and their phase difference is not in
excess of £3°. When the diode voltage changes from 665 kV to 709 kV, frequency difference between the two sub-sources
fluctuates within +3 MHz and their phase difference fluctuation is within £5° in one voltage burst; the phase difference
changes 10° in this voltage range. The impedance of this HPM source is as low as 36 .

To sum up, the new HPM source proposed in this paper has a lower impedance and higher power capacity. The
phase difference between the inner sub-source and the outer sub-source is very stable and favorable for the coherent
power combination, which indicates that the new HPM source promises to realize a higher output power in a single-tube

device.

Keywords: high power microwave source, low-impedance, particle-in-cell simulation, power combination

PACS: 84.90.+a, 85.45.~w DOI: 10.7498/aps.65.138402
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