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Fig. 1. Schematic diagram of three-cavity RKA for
S-band.
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Fig. 2. Modulation current waveform excited by multi-

frequency oscillation.
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Fig. 3. Modulated current waveform after suppression

of multi-frequency oscillation.
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Fig. 4. Microwave phase transient curve at the front

50 ns of pulse voltage.
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Fig. 5. RKA phase change curve (a) before optimiza-

0

tion and (b) after optimization with voltage fluctua-
tion of 15%.
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Fig. 6. Output microwave overlapped waveforms at
pps of 25 Hz/1 s for No. 2 S band three-cavity RKA.
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Fig. 8. Electron generation distribution of improved
multi-beam cathode: (a) Longitudinal trajectory of
emitted electrons; (b) across trajectory of emitted elec-

trons; (c) space distribution of emitted electrons.
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Fig. 9. Schematic diagram of X-band mulita-beam

RKA.
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Fig. 10. Simulation results of microwave phase of

multi-beam RKA driven by pulsed electron beam.
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Fig. 11. Overlapped waveforms of (a) output mi-
crowave and (b) relative phase difference of X-band
multi-beam RKA at pps of 25 Hz/s.
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RBWO.

088402-7


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

38 F W)

Acta Phys. Sin.

Vol. 67, No. 8 (2018) 088402

4 % iF

Sh G TR ko B T SRR L, AL L ASEADLAN
SEIG IR AN FL T IR UE 1 5 I Ak o R IR B R 2D
RO 28— RKA S8y H ol R ik A 1)
FORTTAT I, FEI8 I 32 H [R] il 22 33 45 W F0 & 45
SERIAT FEL T IR T AT A8 BRI AS L5
WA SR T GW i B (X B Al b o (2
60 dB) 1 HPM JEORAF AR AR S . (RISl 25 &
W BT A A FR B AR A, SR RS T = T
RWBO I8 AR s i, S 2 25 i TE N S5 4. i
SEf AL 45 RAVMEIR R T — Kk HPM S8R R 24
ARAFFL, A HPM #8475 Th 3G B K7 s A g
PEfE Ik S U B RO T e

N T AT AT A HPM 280878 H S2Be 25, 3 2
TR bR, BB HPM 2% 4 16 75 kTR
A4 A FC RN BT, TR AT = 1 e K i 1 R IR
PR B AU B 2 e 7 IR RERE 1 T AR A%
B AR, BB HPM 2304 1 fE B2 T2 A
TR A A KT, BB B b IR B Th R 75 Rk (VT
10 kW), IR SEEL/N R [ A5 AR 7R, 325 HPM
R E 5 kIR T 2R A BB VT BC 1, AT 35 A2 B
B R R RRESE A BITREMGFmK
1) A2 R FH 75 R

SE 3

[1] Barker R J, Schamiloglu E 2001 High-Power Microwave
Sources and Technologie (New York: IEEE) Chapter 2

[2] Zhou C M, Liu G Z, Liu Y G, Li J Y, Ding W 2007
High-Power Microwave Source (Beijing: Publish House
of Atomic Energy (in Chinese) [E&H, xIEH, X7k,
RN, Tl 2007 SRR (ALt EFReH ML)

[3] Gold S H, Nusinovich G S 1997 Rev. Sci. Instrum. 68
3945

[4] Huang H, Wang P S, Gan Y Q, Chen H B, Wang W D,
Lei F 'Y 1997 High Power Laser and Particle Beams 9
573 (in Chinese) [#&%, T ¥, HEd, Briat, F303,
7 1997 SREHOL SR TR 9 573]

[5] Wang P S, Lei F Y, Huang H, Gan Y Q, Wang W D,
Gu B L 1998 Phys. Rev. Lett. 80 4594

[6] Huang H, Feng D C, Luo G Y, Lei L R, Jin X, Meng F
B 2007 IEEE Trans. Plasma Sci. 35 384

[7] Huang H, Luo X, Lei L R, Jin X 2010 Acta Elctron. Sin.
38 1473 (in Chinese) [Bi#, P, FHRA, &5 2010 B
T4k 38 1473)

[8] Huang H, Guo Y H, Jin X, He H, Lei L R, Luo X, Chang
A B, Li Z H 2011 Acta Phys. Sin. 60 035201 (in Chi-
nese) [HfE, SRARIE, %, MIE, HARA, P, ¥2H, %
1E4T 2011 P)3%4% 60 035201

[9]

(10]

(1]

[12]

(22]

23]

088402-8

Liu Z B, Huang H, Jin X, Chen H B 2011 Acta Phys.
Sin. 60 128402 (in Chinese) [XIHRTE, #1E, &8, PRIFEE
2011 YEL%4R 60 128402

WuY, Xu Z, Xu Y, Jin X, Chang A B, Li Z H, Huang
H 2011 Acta Phys. Sin. 60 044102 (in Chinese) [ ¥¥,
VRN, 4R35, &l W3, R4, #E 2011 YF R 60
044102]

Chen Z F, Huang H, Chang A B, Xu Z, He H 2014 Acta
Phys. Sin. 63 238402 (in Chinese) [FRIBAR, s, w3
VRN, 3% 2014 YIFESEIR 63 238402]

Huang H, Chen Z F, He H 2014 The 19th Conferenceson
Vacumm Elelctroics of China Huangshan, China, Agust
23-25, 2014 (in Chinese) [#4E, FRIA4E, 35 2014 H[H
TSRS THEE 19 MERESRE FEE
i, 8 H 23—25 H, 2014]

Huang H, Chen Z F, Xu Z 2015 IEEE International
Conference on Plasma Science Turkey, May 22-25, 2015
Huang H, Yuan H, He H 2016 The 20th Conference-
son Vacumm Elelctroics of China Xiamen, China, Agust
23-25, 2016 (in Chinese) [#4, R, fHE 2016 H[EH
THRATHTFr2H 20 My RFES PEET, 8 H
23—25, 2016]

Yuan H, Huang H, Liu Z B, Meng F B, Chen C H 2017
Acta Electron. Sin. 45 1957 (in Chinese) [FXX, #4E, X
P, TR, FREE 2017 7243k 45 1957)

Yuan H, Huang H, He H, Ge Y, Meng F B, Chen C H
2017 High Power Laser And Particle Beams 29 113001
(in Chinese) [#XK, #4E, fH%, XX, fE, BRELE 2017
SO SR TR 29 113001]

Liu Z B, Huang H, Jin X, He H, Lei L R 2014 IEFEE
Trans. Plasma Sci. 42 3419

Liu Z B, Huang H, Lei L R, Jin X, Zhu L, Wang G P,
He H, Ge Y, Yuan H, Chen Z F 2015 Phys. Plasma 22
093105

Liu Z B, Huang H, Jin X, Yuan H, Ge Y, He H, Lei L
R 2015 Acta Phys. Sin. 64 018401 (in Chinese) [XI#&7,
W, S, R, XK, IR, ERA 2015 MIHER 64
018401]

Liu Z B, Huang H, Jin X, Lei L R, Zhu L, Li L L. 2016
Phys. Plasmas 23 093110

Li L L, Huang H, Liu Z B, Wang G P, Yuan H 2016
High Power Laser and Particle Beams 28 123003 (in
Chinese) [Z 55, B8, XIRH, TP, ZR 2016 &
HERFH 28 123003

Wang G P, Jin X, Huang H, Liu Z B 2017 Acta Phys.
Sin. 66 044102 (in Chinese) [T, &:W¢, #iE, xR
2017 PR 66 044102

Yuan H, Liu Z B, Huang H, Meng F B, Chen C H 2017
High Power Laser and Particle Beams 28 123003 (in
Chinese) [F0%, X7, #1E, & AUE, B4 2017 HH
HE5RF R 28 123003]

WuY, Li Z H, Xie H Q 2014 Phys. Plasmas 21 113107
Wu'Y, Xu Z, Xie HQ 2015 Acta Phys. Sin. 64 084102 (in
Chinese) [R¥¥, VM, WG4 2015 Y54 64 084102]
Song W, Liu G Z, Lin Y Z, Shao H 2008 High Power
Laser and Particle Beams 20 1322 (in Chinese) [KFf,
X6, MARIE, AB¥E 2008 H#EEOESRIF 20 1322]


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1063/1.1148382
http://dx.doi.org/10.1063/1.1148382
http://dx.doi.org/10.1103/PhysRevLett.80.4594
http://dx.doi.org/10.1109/TPS.2007.893263
http://www.ejournal.org.cn/CN/abstract/abstract644.shtml
http://www.ejournal.org.cn/CN/abstract/abstract644.shtml
http://dx.doi.org/10.7498/aps.60.035201
http://dx.doi.org/10.7498/aps.60.128402
http://dx.doi.org/10.7498/aps.60.128402
http://dx.doi.org/10.7498/aps.60.044102
http://dx.doi.org/10.7498/aps.63.238402
http://dx.doi.org/10.7498/aps.63.238402
http://dx.doi.org/10.1109/TPS.2014.2354831
http://dx.doi.org/10.1109/TPS.2014.2354831
http://dx.doi.org/10.1063/1.4929920
http://dx.doi.org/10.1063/1.4929920
http://dx.doi.org/10.7498/aps.64.018401
http://dx.doi.org/10.1063/1.4962760
http://dx.doi.org/10.1063/1.4962760
http://dx.doi.org/10.7498/aps.66.044102
http://dx.doi.org/10.7498/aps.66.044102
http://dx.doi.org/10.1063/1.4901811
http://dx.doi.org/10.7498/aps.64.084102

32 % R Acta Phys. Sin. Vol. 67, No. 8 (2018) 088402

[27] Zhang Z H, Shu T, Zhang J, Liu J, Bai X C 2010 High 101502
Power Laser and Particle Beams 22 614 (in Chinese) [30] JuJ C, Zhang J, Shu T, Zhong H H 2017 IEEE Electron
[BRFE, #F3E, 5K%E, XIF, AIE 2010 5REOL SR F R Dev. Lett. 38 270
22 614] [31] Wu Y, Li Z H, Xu Z 2015 Phys. Plasmas 22 083103

(28] Dang F, Zhang X, Zhong H H, Zhang J, Ju J C 2016 [32] Wu Y, Li Z H, Xu Z 2015 Phys. Plasmas 22 113102
Phys. Plasmas 23 073113 [33] WuY, ChenY D, Zhao D 2016 Chin. Phys. C' 40 067002
[29] Xiao R Z, Chen C H, Sun J 2011 Appl. Phys. Lett. 98

REVIEW

Review on high power microwave device with
locked frequency and phase”
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Abstract

There are many kinds of high power microwave devices. According to the phase and frequency characteristics of
the output microwave, they can be divided into the phase and frequency locking high power microwave (HPM) devices
and HPM oscillator. Among them, the frequency and phase of HPM devices with locked frequency and phase can
be adjusted by the injecting microwave, which has achieved great progress of the HPM research. In this paper, the
latest progress of HPM devices with locked frequency and phase which have been developed by the Institute of Applied
Electronics, China Academy of Engineering Physics in recent years are reviewed, covering relativistic klystron amplifier
(RKA) and relativistic backward-wave oscillator (RBWO) with injection-locked. Aiming at the problems encountered
in the research of high power and long pulse RKA, in this paper we briefly introduce the key technologies in design and
experiment, including the beam-wave interaction merits, the suppression of multi-frequency oscillation, pulse shortening,
high frequency and high power operation, high gain, etc. The performances of RKA, such as power, phase stability
and gain, have been improved remarkably. High-power output with stable frequency and phase has been realized by
single-annular beam RKA in S-band, whose output power reaches more than 1 GW with a pulse width of 165 ns and
phase fluctuation of 18° at a repetitive pulse of 25 Hz/1 s. The high gain RKA also achieves a similar output power and
phase stability under the condition of injected microwave power of several kW. In X-band RKA, a structure of coaxial
multi-beam has been used to break through the limitations of high frequency and high power capacity, which generates
more than 1 GW output power with an input power of 30 kW, the beam-wave conversion efficiency is 34% and the
phase fluctuation is 15° with a pulse width of 140 ns. On the basis of an in-depth understanding of RBWO technology,
and using the advantages of high efficiency and compact structure, the RBWO research of injection modulated electron
beam is proposed and carried out. More than 1 GW output microwave with locked phase is realized by 100 kW seed
microwave. These results not only extend scientific and technological research of a large family of HPM devices, but also

make it possible for HPM devices to be used in power synthesis, particle acceleration, high-performance radar, etc.

Keywords: high power microwave, locked frequency and phase, relativistic klystron amplifier, relativistic

back-wave oscillator
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