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Preliminary analysis on high power microwave breakdown

characteristics in slots
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Abstract: The properties of microwave-induced breakdown of air in narrow metallic slots are
investigated , with emphasis on factors important for protection against transmission of incident
High-Power Microwave(HPM) radiation. The key factors investigated are breakdown time, peak-leakage
power, as functions of incident pulse and power density. The investigation demonstrates that self-induced
microwave breakdown will be an efficient mechanism for limiting high-power microwave transmission
through slots, if seed electrons must always be available in the slot volume in order to start the breakdown
process without delay in the microwave breakdown protection process.

Key words: breakdown plasmas; High-Power Microwave protection; microwave breakdown; slots

Wt 5 1 D) AR B R B e i, VS L D R BOR g T A U FRLMOR M o D R A — B AT B
17 MR ARG, R i RS 6 A i 4R P B — LE U AR, T AR AL L B R AR T
P, X LeJE H AT HPM O BT R 2 N2, EUR i D R Gl e i e i o A 7 A B R L L 4 DL
RHEFRORAL , SR BRI SR ISR, IR B L 8 DX, AR5 37 DXCBOAT R 2t BLOR A L AT 52 I B g
A AFE N, AT HPM BN IR M B, S — R UL, T LRI G R s AT
BB I 45K | B 37 S F BT AR T, A BT OC BE 8 1 A BE A — AR B R A, X TR RE RS
A B R, (HR X T 0 R RE oy th B R B, B Ak 5 SR B A A, TR R A O B AR A /A A
ASCEE X HPM 76 B T B A B AL | 4R A0 i B iR 08 5 000 LA K% AT 68 B A Bl s it 3 O SR 0 20 14 B T
BT AT

1 HIRIGE A

P T 904 368 DL S 2 S T Y ) B AN AL GE e R A BRST AIE SF . R Helmholtz-Schrodinger 77 ¥ X ¢ E 25 144 T
(LR & LR BEAT A BT

Wi BHEE: 2015-06-04; fEEIHHER: 2015-07-12
HETH: EREHARMIT LR %80 H (863 11-41)



730 KMZMESEFEEFR 5514 %

AL E IR R oM EEK, WO PR, R A JE R B
SR, EAERE x=0RMx=a, y, =0, XFHEEHAT LN BT
J123# 0 — 4 T IR IR H B o

V(x):{o, O<x<a (1)

0, x<0,x>a

2

E
k
H
L v (x) AR ’
R AEBFAM RN E, FEBFN (0<x<a), KRRFTIH RN R \

n =t d 2m N ) PN =) A
ARy By =0, A P ) A 0 A A |
dx h Fig.1 Schematic diagram of the slot and
Bintn’ the incident microwave
{8 E, B X B ASAE P R E = E, = ———,n=1,2,3,--, XN TREH T SR S kA AR R
2ma

E MW mBC Ny, (1) . v, () =4 sin(rx) . n o8B, 0 WA — AR GE AL B 6ROk 3
a
. nAATHL
e Lo
vl . nhfiE
0 T8 L RO OB A S T IR R M R, OB ALAE S N K @ = 32 mm , 9E =1 mm, JE 7=5 mm. A
S0k B 3 7 1 T P ALAE IO G, BEAT TR EL, SR LI 2, M AR B AL . SRR R R
ST, B IR B 9R G A R AR B, LI 2(a) 0 2(c).

Y,

2

Y

n

. nm
A, sin (— x)
a

a
’ %’Ix:—ﬁ?]"
2

E-Geld (peak]

e-flald {f = 4.6878) [pw]

¥

0

56,6443 V /i at 0/0/2.08806
4.6670

0 degrees

(a) £=4.687 5 GHz "

Aiela LpmanT
eeriele (1-9.37%) [pa]

.
1TETE im 3t 205NN S B 4 15
van

anplitese Flat

(c) /~14.06 GHz (d) f~18.7 GHz

Fig.2 E, changes with different frequencies in the slot images at 7=5 mm and ¢=32 mm

Bl 2 7=5 mm,a=32 mm Z&AF T, AEFRMHHE & PAEA 7R AT O

2 BATFERSN

AT bl Re S R F IS, AR EEAE F I R Y, O F AR AN,

on
—=V-(DVn)+vin—v,n (2)
ot
Rof: n W THEE; DAV HAN: v W BHR, v R R
d
Lﬁﬁﬁﬂuﬁmw:vwmp_;nzww,;:mm,%fmﬂ%wwzﬁﬁﬁﬁﬁﬁ,%ﬁ#
t

eff



5505 B 2% BUERRELEETHN 731

WO, v TN K R,

XFF G, S F A v, =00 WX TR B 2, A AU7E — & B I E] N i 80 BT 2 A
TR, LIORIE R AR B A2 f A BRPE, D A iy A BT UK D], 7E A IR AT, s

AR THT, WD o, Ak, HBAHF e ~20, o b S RBE, 0, WAL

0

FHHEE, B v, =" <20, BEBOEHTAIE i, BB, ARG o, < o
0

net
0 i

3 X

photomultiplier Ij fiber
detector

BT AR IS AT, BERIXT HPM R i | ]

2 B[] JF e T AR R A S 6 B0 TE . SE I % E R K . photomultiplier
fPE 3 R . SRR C BB 5.3 GHz Bl R ‘ "

SRR B IERE 1 ps, AR Vantenna [3 |t plasmasregon

500 Hz, WE{EIIE N 600 kW~800 kW . 2 I i 4

50 em, ELAR 60 cm BOREIR LA % . ST Ik / . I—
B G A AT O I A, O AT A reactor chamber vacuum

IR AT, HAE 3 om. L% % SR S HEAE VW”% pump

300 Pa. BRI 4 i ’ REENZRATR Fig.3 Scheme of experimental setup

T TR R ——

4 HZERHMH

WA LIRS 2 RO SR, JT R T HPM R iy 2 1 1]
Rtk . HPM R AR A B i fe AL e ek e o 18T 5~I&]
6 9 HPM R “Uili 5 I [ Rp PR 52 30 45 R M BRIE A 45251 0 181 7
HPM KAl A e A 5 G e & R R S R 2 2R

K s RS REN], HPM (EA F i B 547 78 19 58 L 37 X3
MG FRER, Habigwmnr, &anEmKRESRTHYg
SREEAT G, R B SEA T A BG, LS g X 2 Bk A i o
R B A 580 b L R SR S I T R 02 5.33 Oy &g X
WHEZHEC C Wbt 5.3 GHz e, DkhTEREN 1 ps, EEBR

> > 2% H ] Fig.4 Image of discharge with microwave pulse width
71500 He, ﬁ%/“%j“@ 6 o 1 s under 300 Pa
N3 S 5 R LA KR 6 rh e RS T 2 0 i o P 4 BERKSE 1 ps UK 300 Pa FRIBL LA

[EAT T AGS, e o 5 i ) A A7 A LR A bk B, e

PP ] A9 < R 9 5% 2R A Rl e R A A 19 22 /0 o 2R SR T R O 3O o ri B ko i - B A BEAT B A, A TR A
A2 50040 Je e ol 2 I ), R /N D BB R A i, S M ORI T A o ANIRT 7 AT LA O M A T L AR A i
T8 A7 TG A B U X B A i e R IR R

photomultiplier signals

i)
T T T
¥ 1172.10 sy

! [
1 radiation field sggnals

* (a) delay time 196.50 ns (b) delay time 172.10 ns

Fig.5 Experimental diagnostic signals
5 SeReiHs



732 AMZBMFERFRERER CHVEC

5 ?E i«/lé 10*

A SCH]F Helmholtz—Schrodinger 7 ¥ %) 45 € 414 T AU L i
SERE O ILG T AT T AR R 7 v X0 Ok 5 2 0 4 TN T —
SEATEIE AP . o LA RS 2 S 0 40 BT A T —

B 7 i AR o X R o o e X e R R AT B A B R T 210} 800 V/em
GERE, B AEE AT LT 2 S 0 R e AR 1 0 B 10 X A \\\_J
BN RIS A K . N Rk SR NSV

38 L K 7 |
R A s A S B I 5 —
BT SRR O RO (64 X T R S — R R ow ’
ﬁ% E’:] 1%?)3 %‘E& N {E%mﬁ?’f*% (}é{/—r’j—:‘ E’:] X, I;ﬁ , ﬁﬂ %Eﬁﬁﬁ%— Fig.6 hﬁicrowaye brealkdovtlp Fime is estimated under
. . the experimental condition.
e EDR Z AT, MR m XA AHBEFRmE, & Pl 6 S0l I8 2K i o e i
ZER 2 LA, S EOR B 00 e B T SR B, AT H TR
w5 e
s s ————— 1
| i I

200 ns/div

(a) without breakdown ' (b) breakdown
Fig.7 Transmitted and received signals

P 7 e A A s o

|
=
I
|
I
|
|
|
|

£ Lk

[1] SULLLIVAN C A,DESTLER W W, Rodgers J,et al. Short-pulse high-power microwave propagation in the atmosphere[J].
Journal of Applied Physics, 1988,63(11):5228-5232.

[2] YAN Eryan,MENG Fanbao,MA Hongge,et al. Preliminary analysis of resonance effect by Helmholtz Schrodinger method[J].
Chin. Phys. B, 2010,19(10):100304-1-6.

[3] VUIF Jordan,DAN Anderson,MATS Béackstrom. Microwave breakdown in slots[J]. IEEE Transactions on plasma science,
2004,32(6):2250-2262.

[4] GOULD L,ROBERTS L. W. Breakdown of air at microwave frequencies[]]. Journal of Applied Physics, 1956,27(10):1162-1170.

[5] ROSE D J,BROWN S C. Microwave gas discharge breakdown in air, nitrogen, and oxygen[J]. Journal of Applied Physics,
1957,28(5):561-563.

[6] MACDONALD A D. Microwave Breakdown in Gases[M]. New York:Wiley, 1966.

[ 7] TETENBAUM S J,MACDONALD A D,BANDEL H W. Pulsed microwave breakdown of air from 1 to 1000 Torr[J]. Journal of
Applied Physics, 1971,42:5871.

[ 8] FOSTER J,THOMAS M,KRILE J,et al. An investigation of pulsed high power microwave dielectric surface flashover initiation
in atmospheric conditions[D]. Lubbock USA:Texas Tech University, 2012.

EEREN:

5 Z#(1978-), Lo, MEAMEIET A, BIFREA, FEUR I 10 & Y 350 20 HLELRTF5E R AR
%5 B F 1K .email:yaneryan 2002@163.com.




