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Fig. 1. Photograph of an annular cathode.
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Fig. 2. Experimental configuration of cathode emission and microwave generation (15],
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Fig. 3. The comparison between experimental mea-
sured current after 1000 pulses treatment for SiC
whiskers doped-graphite cathode (a) and graphite
cathode (b) (1#, 2#, and 3# represent the experi-

mental results of three cathodes, respectively).
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Fig. 4. The comparison between experimental mea-
sured current I, and displacement current /4 calcu-
lated by equation (1) after 1000 pulses treatment for
SiC whiskers doped-graphite cathode(black line) and
graphite cathode(red line).
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Fig. 5. Experimentally measured rise edge of diode
current curves after 1000 pulses treatment for graphite
cathode, carbon fibers doped-graphite cathode, and
SiC particles doped-graphite cathode.
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cathode after 1000 pulses treatment.
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Current/kA
S

—— I, after 6000 pulses
| —— I, after 11000 pulses
'''' I4 after 6000 pulses

gk I4 after 11000 pulses

5 -6 -1 -2 0 2 4 6 s 10
Time/ns

K8 BRALEE S5 A A0 22 B 6000 AT 11000 kit
S SR AR B AR B I S5 ER (1) 20 SAS BRI AL
TR 14

Fig. 8. The comparison between experimental mea-
sured current [, and displacement current I cal-
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R T BH A AR A AN S S e R 2 S
B 8 X Bb T BRI SR 20045 2 A1 52 BA A 6000 1111000
ATk R S FE S A AT I AR HR L, S (1)

TR RIS IR Lq. 7T BLE 3, 6000 ik
F111000 Rk &5 Ja, T 545 20 A1 F B i ik
(B IE 47 5 526 0 73 s 3 i 28 &k A A 4 L E A,
22 B L FL I ol 2 T H B AR AR A SR T AL RS
HLYE. T 1000 Akt A& 5 5 FL il 28 E R H B
KRS HLIRUE, T 6000 AN kAT 11000 Ak b & 5t Je
BT AR G, Rk, Bl ok S A
Z, I RS R E g, FEUHNE, B
SRl 558 B B FRL AL 2R T B A H I
HIL S BRACHES 2B 2 OR S Ja iR il 28 Bt
W B RS R AR I HLEE AN [R]. A0 2 Tk
H & 3% K S BE B s, TS ] R YR T B AR 3R
T RS T AR R (1 8k )N

0
F —— After 1000 pulses

100 - - - After 6000 pulses
= L After 11000 pulses
g 200 i
oy L
]
Eﬂ 300 i
= L
o 400 _
§ L
S 500 - i
2 3
Z 600 |

700 i

L 1 L 1 L 1 L 1 L
—10 0 10 20 30 40

Time/ns

9 BRAGEE & 5 44 A 2 914 1000, 6000 A1 11000 4
Jicar 5 Fa 7 A e D T i 2

Fig. 9. Microwave waveforms generated after 1000,
6000 and 11000 pulses treatment from SiC whiskers
doped-graphite cathode.

B0 X bE T AN [R] H0s ik 55 i i H ) A0
BV 2. 6000 F111000 Rkt & 5t JG BIAR = A= 1)
O K B8 23 51 290 (26.540.3) ns AT (27.040.2) ns,
AHEE T 1000 4Bkt (25.840.3) ns, 11000 ANk 5
72 AR IO ok B SR T 29 5%. 7E 103—10* ik
MRS P, B K R R R 3G 2,
(0 Jik 5 AN T 3G DR % TR — B AR, TE 2R Rk i i
TSR, BT 8 AR AR LR IR B A (OK
HLIRINAE), B AR A B A 1 7 AR TR R S AR
T2 R B A A P R, B A A A L 7 AR )
BR EE A N H, C, 0%, HEMKHE Rk,
RS 5y 3 B3 — R 65 1] B 4 66 R P 7 SR A2 )38 K
SO AR B R AR, I B OB ik b . B2,
W PRSI SZm E A BR G, Goebel 1220 B 78 329, B
KPR RGN, AR MRHE L R S i R

168102-5


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

¥ 38 % 3k Acta Phys. Sin.

Vol. 65, No. 16 (2016) 168102

Hh R SRR SR B TR L B R, kb 4
G AERBR 55, A L TR ) K B AN BT RS K, L3 24
1000 /™ fik i f5, i HH st Joikot 5 BE IR B B oK. AL
H1 6000 Ak i 4 S DB ok 9 AT AR 3 ORI R
557 RS SIS A Ok, TR RS R A
55 A T OO T 5 S JEL AR O

B 10 %S B T 11000 A4 ik b & 35 AT B A 2 1
MO TESR. 10 (a) AR 10 (b) Eoi, 4% & 1
FARRAT R B BLARZ 1 pm BORR AL 5 2 LA [ £
FESIA o3 A T A S Bk, A B DURR ek 3, T
BT ARZ A0, B 10 (c) ATE 10 (d) £, 11000
Ak S IE, BRSO S A T AR B
Ak W o0 B R R AR & 20 S AR A5 8 ALl
b5 2R B 8 A BE A I R S kLA 2D B AR
FTH RV BRARE S ZBURN A SR AT W B (R AR, 3R
THIH B 185 22 B0 ) 20 /N s R e, A 58 kLG
SEAE T .

S IS0 it

FA B AR T OML T 307 A ik 224k, HfEIT AT RE
PUR =S5 B R A e, R i R b 45
AR 7 AR R T A AR AR T A S R AL B AL
HI TR S R U A AT A, A5 I R A X B A
R —E R e FEH 2221 L, Sk
AR RAT L A BT e R BIBIRAR
AR BN R S R TS L =, BIARR I AR AR
FIR R AL T BUBGR K Gk, 843 B R T BT
FHT A (25281,

Rk, BEFE RS AR R R S, BB R T 4] 46 1
WREE T BRI b 2 T T A, 3 A 8 Bl P
RN, SIS IS I H il 2 BT AR AR BLALAS
Yt e T[] IS IS Bl 2 e i W AR B A AR A5 BN 4 2,
TR SR 22 PR BT T DA R I 2 5 3837 S AT g
KIS, B T AR IR TR 5 0 A5, TS
BTN ST A, FZOW B R B R
PR AOBEAT, {515 B K TE 4 K.

BI10 11000 ANkt 50 5 JE B AL TE B 5 A A s IR AR T RS I XT L (a) RN AT BN FE T8 (b) AN AT =

RHTE; (c) BHETTHUN T4, (d) KA R KR TB

Fig. 10. Comparison of surface microstructures for SiC whiskers doped-graphite cathode: backscattered

electron image (a) and secondary electron image (b) before emission, backscattered electron image (c) and

secondary electron image (d) after 11000 pulses treatment.
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Abstract

Explosive emission cathode (EEC) is a pivotal component in high power microwave source (HPMS), of which the
ultimate properties are significantly dependent on the quality of electron beams generated from the cathode. Short
lifetime and poor emission uniformity are the persistent drawbacks of conventional field EEC. Improvement of cathode
material by changing its compositions and modifying surface micromorphology, is a feasible way to solve this problem.
Graphite is one of the frequently used materials for EECs due to its long life-time and sturdy performance under high
voltage and repetition frequency. Meanwhile silicon carbide (SiC) whiskers are distinguished by high aspect ratio (ratio of
height to diameter) and low work function which is in favor of the fast onset of electron emission. In this work, the novel
composites, composed of SiC whiskers, pitch and major graphite powders, are prepared by the conventional mingling
and sintering. The cathodes are installed on TPG1000 system with a parameterized pulse of 970 kV, 9.2 kA, and 50 ns.
By analyzing the changes of the rise edge of measured diode current and output microwave pulse duration, the effects
of material composition and surface micromorphology on electron emission properties for the cathode are disclosed in
detail. The results, based on the comparison of emission properties between graphite cathodes with and without SiC
whiskers doped, reveal that SiC whiskers play an important role in accelerating the field emission of cathode, which is
demonstrated by the eclipse of displacement current peak on the rise edge of measured current waveform after doping.
Meanwhile, the duration of output microwave pulse is enhanced by about 11% after doping, which could be explained
by the lower expansion speed of Si plasma. Moreover, the surface micro-protrusions of graphite cathode doped by SiC
whiskers are constantly “polished” by heating effect and cathode plasma as the number of emission pulses increases to
11000. This is in quite good agreement with the appearance of the displacement current peak on the rise edge of measured
current curves after 6000 and 11000 pulses treatment. These changes imply that the initial speed of field emission from
cathode is slowed down gradually. The output microwave pulse starts early, which is benefited from the homogeneous
surface micromorphology of the cathode due to “polishing” effect. The quantity of releasing absorbed gases, including
water and vacuum pump oil vapor, decreases with increasing emission pulses. Then the pulse shortening phenomenon
is restrained and the falling edge of output microwave pulse is extended. The duration of output microwave pulse is
increased by about 5%, for graphite cathode doped by SiC whiskers after experiencing 11000 pulses. In conclusion, the
reaction mechanism of SiC whiskers in the process of explosive electron emission (EEE) is considered as being due to
accelerating the onset of felid emission and reducing the expansion speed of cathode plasma. Therefore, combination
with SiC whiskers is an effective way to improve the electron emission properties of graphite EECs, especially in the

output microwave pulse width and energy conversion efficiency of HPMS.

Keywords: surface microstructure, silicon carbide whisker, electron emission property, microwave pulse

duration
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