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Development of high performance, high-current
pulsed electron beam sources

Xun Tao, Yang Hanwu, ZhangJun, LiuLie, Zhang Jiande
(College of Advanced Interdisciplinary studies, National University of Defense Technology, Changsha 410073, China)

Abstract: As a core part, the performance of a high-current electron beam source is inevitably essential for
high-power sources and accelerators. The attractive features are high-electric field vacuum interface, high quality high
current density electron emission, and high peak thermal load collector, which are compatible with high repetition rate
operations. This paper presents an optimized ceramic insulation structure with hold-off voltage pulse of 600 kV, 100 ns,
and 5 Hz. Mechanisms and surface improvements are developed. Large-scale, well-aligned SiC nano-wires as high-
current, pulsed electron beam emitters are explored. They show an superior advantage on cathode lifetime and
emission quality. In addition the thermal control and cooling methods for a repetitively operated high current collector
are gathered, and the specially designed device can work stably with a heat flux of 10" W/m’. These efforts make solid
contributions to the HPM sources for practical use.

Key words:  high-power microwave; high-current electron vacuum source; ceramic-vacuum interface;

nano-wire cathode; anode thermal control
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Fig. 3 Electro-static simulation results of the insulation structure

Pl 3 0 5l i 7 8 1) 208 5 45 Ry R e P A AL 45 2R

;ilrl ol TYH rir% el P %'v'rLr vl e c:liodevoltage
e | imary discharge curren| % !

S b : -
s M ”’;LILLHMQLJ%LL;:”” ll { E S

(a) 5 ps/div (b) 80 ns/div

Fig. 4 Typical repetitive results of the ceramic insulation structure
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Fig. 5 Structure of SiC nano-wire
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Fig. 6 Comparision of SiC nano-wires and velvet cathodes
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Fig. 10 Typical fluid simulation results of the spiral flow channel

B 10 UZE K T SR 3 A 901 45 R

HT GW %%, FHE MR K kb ol 25 S 5657 4 (v oL T 300~700 KV, k5% 150 ns, BB A 1~30 Hz 7, 1%
LB AT AN 30 s), TP T 4@ WOAEA (40 A8 B R AR B AT IR . 76 AT I 58 v, OB R R AR R s D IR,
AFN M, WCEEAR S50 A R 2s BRI BIR . T 11 45 8 T B SR ik o SR SR 7E 30 Hz, 3547 10 s A ALY i TR | AR IEIE .

025003-5



weOoW s 5 Ol TR

4 & &
(SRR ¢ & T N W QU RS B S X E T QU :
RPN, 8 H A5 =07 IR g, B B (44 e i S o SOUOBS o
(4.5 kA/div) (170 kvidiv)

T o BB R SO LS B (el . % TF Ak L ah
v BO2E B AL UR 20t 1T HE, IR A A 44
% HUBR. AORLERIZ DL L7 BRI AR SR A [ ' ,
B e G S I B AR T P B 7 A 2% R RE AR 45 O time sweep: 50 ns|
B T B A A T ) S GW T B AR i 2% K ‘
5 o3 A7 . T3 ) S R 9 TR

ZIKjCI’ﬂEL%% @%%ﬂ]ﬁiﬁ{&’%h E@iﬁﬁ’ﬂﬁﬁ?jﬁ, 1 Fig. 11 The applied pulsed power on the collector
SHR I PR YR L S 4 % T T, B T 7 [ 5t R B R (150'ns, 30 Hz, and 300 pulses)

S, 7E 600 KV, 80 ns T 5 Ikl I £ A% 1 T, 40 g 27 ey o 0 R
TET P-4 440 25 37 58 3 1) 44 kV/em, 3817 RS s REL (0-1) 4345
RS AT TG HE AT, (5 R 90% I, 640 5 4 M 3 1 T S HE R IR T 97%, ISR 00 iy vk
(HEA AR R 2 000 P 5 3 SR 2% 3 P T SRR T MR T, 2 0K A B8 5 S, O
WY 2 58 SO 5 E 5 K fom? 20, SR R0 T D 3 90 00 B, 6 S R BEL 3 0 4 B 28 1 0 92D
e B0 T AR . 7 TR IO ARV B T, 4R 14 T — R DU AR K MO B 5 M, 078 L 52 44
LA T 10 Wm?, R0 I B R ko TR 30 Hz 3B AT R AR T TSR | Wk ol R RS 1
[T RE L 1L AR50 7

R, G HERRE 2 B BOR IS WALV 7 ok, 4630 — 2 4R T SR 228 ol TR A P RE AT bR, o 52
M 0 5 Pl B T AR

&% 3k
[1] Benford J, Swegle J A, Schamiloglu E. High power microwaes[M]. 3rd ed. London: Taylor & Francis Group, 2015.
[2] Walter J W, Lynn C F, Dickens J C, et al. Operation of a sealed-tube-vircator high-power-microwave source[J]. IEEE Trans Plasma Science, 2012, 40(6): 1618-
1621.
[3] Xun Tao, Yang Hanwu, Zhang Jiande, et. al A ceramic radial insulation structure for a relativistic electron beam vacuum diode[J]. Review of Scientific
Instruments, 2008, 79: 063303.
[4] Xun Tao, Zhang Jiande, Yang Hanwu, et al. A distributed pumping model for a repetitive operated magnetically insulated transmission line oscillator[J]. Journal
of Applied Physics, 2013, 113: 164505.
[5] Xun Tao, Fan Yuwei, Yang, Hanwu, et al. A vacuum-sealed, giga-watt class, repetitively pulsed high-power microwave source [J]. Journal of Applied Physics,
2017, 121: 234502.
[6] Xun Tao, Zhang Jiande, Yang Han-Wu, et al. Hydrodynamic loading of ceramic components due to pulsed discharge in water[J]. IEEE Trans Plasma Science,
2009, 37(10): 1975-1979.
[7] Xun Tao, Yang Hanwu, Zhang Jiande. A high-vacuum high-electric-field pulsed power interface based on a ceramic insulator[J]. IEEE Trans Plasma Science,
2015, 43(12): 4130-4135.
[8] Krasik Y E, Yarmolich D, Gleizer J Z, et al. Pulsed plasma electron sources[J]. Physics of Plasmas, 2009, 16(5): 7103.
[9] Liu Guozhi, Sun Jun, Shao Hao, et al. Research on an improved explosive emission cathode [J]. Journal of Physics D: Applied Phyics, 2009, 42(12): 5204-5209.
[10] Zhang Jun, Jin Zhenxing, Yang Jianhua, et al. Recent advance in long-pulse HPM sources with repetitive operation in S-, C-, and X-bands[J]. IEEE Trans
Plasma Science, 2011, 39(6): 1438-1445.
[11] Shiffler D, Haworth M, Cartwright K, et al. Review of cold cathode research at the Air Force Research Laboratory[J]. IEEE Trans Plasma Science, 2008,
36(3): 718-728.
[12] Levine J S, Harteneck B D. Repetitively pulsed relativistic klystron amplifier [J]. Applied Physics Letter, 1994, 65: 2133-2135.
[13] Xun Tao, Yang Hanwu, Zhang Jiande, et al. Effects of vacuum pressures on the performance of a velvet cathode under repetitive high-current pulse
discharges[J]. Vacuum, 2010, 85: 322-326.
[14] Xun Tao, Zhang Jiande, Yang Hanwu, et al. Characteristics of a velvet cathode under high repetition rate pulse operation[J]. Physics of Plasmas, 2009, 16:
103106.
[15] Xun Tao, Zhao Xuelong, Li Gongyi, et al. High-current, pulsed electron beam sources with SiC nanowire cathodes[J]. Vacuum, 2015, 125: 81-84.

[16] Xun Tao, Zhang Jiande, Li Gongyi, et al. Performance of a SiC-nanowire-based explosive-emission pulsed plasma electron source[J]. Applied Physics Express,

025003-6


https://doi.org/10.1109/TPS.2012.2192454
https://doi.org/10.1063/1.2936884
https://doi.org/10.1063/1.2936884
https://doi.org/10.1063/1.4803056
https://doi.org/10.1063/1.4803056
https://doi.org/10.1063/1.4986632
https://doi.org/10.1109/TPS.2009.2016201
https://doi.org/10.1109/TPS.2015.2497276
https://doi.org/10.1109/TPS.2011.2129536
https://doi.org/10.1109/TPS.2011.2129536
https://doi.org/10.1109/TPS.2008.926227
https://doi.org/10.1063/1.112813
https://doi.org/10.1016/j.vacuum.2010.07.004
https://doi.org/10.1063/1.3254043
https://doi.org/10.7567/APEX.9.106001
https://doi.org/10.1109/TPS.2012.2192454
https://doi.org/10.1063/1.2936884
https://doi.org/10.1063/1.2936884
https://doi.org/10.1063/1.4803056
https://doi.org/10.1063/1.4803056
https://doi.org/10.1063/1.4986632
https://doi.org/10.1109/TPS.2009.2016201
https://doi.org/10.1109/TPS.2015.2497276
https://doi.org/10.1109/TPS.2011.2129536
https://doi.org/10.1109/TPS.2011.2129536
https://doi.org/10.1109/TPS.2008.926227
https://doi.org/10.1063/1.112813
https://doi.org/10.1016/j.vacuum.2010.07.004
https://doi.org/10.1063/1.3254043
https://doi.org/10.7567/APEX.9.106001

HoOWEAE: PR RERR IR B T ARG B R AT AT

[17]
[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]
[26]

[27]

(28]

2016, 9: 106001.

Friedman M, Myers M C, Chan Y, et al. Properties of ceramic honeycomb cathodes[J]. Applied Physics Letter, 2008, 92: 141501.

Dunaevsky A, KrasikYa E, Feisteiner J, et al. Electron diode with a large area ferroelectric plasma cathode [J]. Journal of Applied Physics, 2001, 90(8): 3689-
3698.

KrasikYa E, Gleizer J Z, Yarmolich D, et al. Characterization of the plasma on dielectric fiber (velvet) cathodes[J]. Journal of Applied Physics, 2005, 98:
093308.

RRAK, BRI, MY, . DI SRS T BRI ()], 5RO S RIF R, 2014, 25:063010. (Liang Yugin, Shao Hao, Sun Jun, et al.
Influence of guiding magnetic field on energy deposition of electrons in collector[J]. High Power Laser and Particle Beams, 2014, 25: 063010)

HW, B, skA R, . EEBURIEITIR R FARBCEM AL T]. SREOLSRIFIR, 2011, 22(11): 3064-3068. (Xun Tao, Yang Hanwu, Zhang
Zicheng, et al. Thermal characteristics of repetitively operated high-current beam collector[J]. High Power Laser and Particle Beams, 2011, 22(11): 3064-
3068)

ETK, PV, REK, S NS TR AR B BE R R B (D). SRIEOE SRR, 2014, 26: 063008, (Huo Shaofei, Sun Jun, Liang Yugqin, et al.
Damage threshold of energy density of stainless steel electron beam collector [J]. High Power Laser and Particle Beams, 2014, 26: 063008 )

Ju Jinchuan, Fan Yuwei, Zhong Huihuang, et al. An improved X-band magnetically insulated transmission line oscillator[J]. Physics of Plasmas, 2009, 16:
073103.

Cai Dan, Liu Lie, Ju Jinchuan, et al. Simulative research on the anode plasma dynamics in the high-power electron beam diode [J]. Physics of Plasmas, 2015,
22:073108.

Mesyats G A. Cathode phenomena in a vacuum discharge: The breakdown, the spark and the Arc[M]. Moscow: Nauka, 2000.

Xun Tao, Yang Hanwu, Zhang Jun, et al. Properties of an intensive relativistic electron beam collector under repetitive pulse operation[J]. IEEE Trans Plasma
Science, 2016, 44(6): 957-962.

Li GongYi, Li Xiaodong, Chen Zhongdao, et al. Large areas of centimeters-long SiC nanowires synthesized by pyrolysis of a polymer precursor by a CVD
route [J]. Journal of Physics and Chemistry C, 2009, 113: 17655-17660.

Shultis J K, Faw R E. Fundamentals of nuclear science and engineering[M]. New York: Dekker, 2002.

025003-7


https://doi.org/10.1063/1.2904637
https://doi.org/10.1063/1.1402149
https://doi.org/10.1063/1.2126788
https://doi.org/10.1063/1.3160625
https://doi.org/10.1063/1.4926580
https://doi.org/10.1109/TPS.2016.2556942
https://doi.org/10.1109/TPS.2016.2556942
https://doi.org/10.1021/jp904277f
https://doi.org/10.1063/1.2904637
https://doi.org/10.1063/1.1402149
https://doi.org/10.1063/1.2126788
https://doi.org/10.1063/1.3160625
https://doi.org/10.1063/1.4926580
https://doi.org/10.1109/TPS.2016.2556942
https://doi.org/10.1109/TPS.2016.2556942
https://doi.org/10.1021/jp904277f

