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Fig. 1. Schematic diagram of coaxial virtual cathode.
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Fig. 2. Two typical patterns obtained by experiments (I, II)

and TM;, and TE,; patterns with modulus ratios of 3:2
and 1:2.
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Fig. 3. Structure diagram of anode mesh in coaxial virtual cathode.
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coaxial virtual cathode.

400 [

200

pr/108 m-s—1

—200

—400

T'/HIIII

Kl 5 MW p-r S MBS A
Fig. 5. p-rspatial momentum distribution of electron

beam.

600 F
400
200

ol &
T

p./106 m-s—1!

—200

—400

0 100 200 300 400 500

z/mm

Bl 6 MR p-z25 A ST
Fig. 6. p-zspatial momentum distribution of electron

beam.

FEALEEARLIE T IX 4518,

SEASA S5 B bl 38 DA an 8] 7 B,
TE R R VAR, i Hh Bl 2 008 1.5 GW, He
on] LA i B bR SE AR 5 H s ok o — B, 3R

204101-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 68, No. 20 (2019)

204101

FF 2 173 b o P B v A X2l 1l P AR T 7 222 1) 2 ]
F, i PR T A 2 /0N . 51 A 0045 1) A Rl I8 4 3
K8 fin, HIRRL R 4.2 GHz, S5HIS A4
HA—F.

1.5

SEHIHE /100 W

0 20 40 60
HE) /109 s

7 B s AL )l f AR R 9 45 i SR - 4 2
Fig. 7. Average power of feedback coaxial virtual cathode

oscillator.

=
(=)
T

HE /52 /103 Vs
ot

1 2 3 4 5 6
ﬁ%é/GHz

P8 St AR Al e T 31 o5 45 i B R
Fig. 8. Microwave frequency of feedback coaxial virtual

cathode oscillator.

4 Tl % R4 3K PR AR SE B B 5%

S A5 HR [ il R IO W A1 9% i AR S 56 5 F
K9 s, SR APEGRAE R B & AP RL, & 05T
X %A 5.5 cm, FHFHME]BE 1.5 cm. “BG -9
ST B BN & A Fe e o 2, BARR it R BRI 11
ARV, BHARR I 3(b) R, B R i
T A B AR B, TP R [ IR s 44, LIRS
#B 4.5 cm K EE N R AR B A0 ) W, R
FEAZAL 0 LTI, B b R A B B AR [ B
BN bR T 28 J5 R 4 RE R 15 % TAE I
DN ERg JU

SR SR AR R R B N LS FE R 2 <
1072 Pa. SIS Hs . BB WA 10 Frok.
Horp, AR 400 KV, HERTHEZ A 15 ns,
fe ik b HL A ARG 1) b TV AT R, B SE 2R
40 ns, “HEHL N 30 KA, A BH TS A AR

UL RIEA —EL R AT 7 ) R
oM, SRJE AT ARG B AR S DR MR RR
T, K AR 5 7R SR ) Tl £ 53 aed L 8 i A
AN, R XHE S AT R L R e (FFT)
AT K10 4R ICR 2 A8 B S s bk b B,
P10 ATLLE Y, Bk S8 R 9K T 30 ns, filid
ik e SE AN L DK v — 2, WA [ R A
HhRR R S (AR R A AR D, 5 BB SR A
FEE . KT 10 R b R O AT FFT 22
o5 AR, 4.1 GHz, AR B 5.

RS T AR 51 R £ T 4 HE AR
TEBEATIN . o DR R S S R A ) S
B 11 Bz, Ao gl Pl R S R 2k B BRI 1 Xof T 55 i
PEATARY, RIS B AR ST DR fEE 11 Hh i
R BRI T A BT Hh i 2R 5 B X BR o A
(TMo, #E5X), 0 n] e o il 2 5 — P 1f0 b (B

9 st R] b K I A IR 5 i S R A
Fig. 9. Experimental structure of feedback coaxial virtual

cathode oscillator.

Hife i _
%}j_i "\\ | i Rt
| FESRIIE
! /ﬁigfl—41 éHz
50 ns/div

P10 St B ) il R IS R 5 s 92 IR W
Fig. 10. Experimental waveform of feedback coaxial virtual
cathode oscillator.

204101-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 68, No. 20 (2019) 204101

IR A sl T AR AL 1) 22 T TR, A
P12 e, SRJIA R RIARG2 J5 R A B AR S I 2 R
AL E S pr e G N A 2 1

N A BRI ALY SR I R BE D |

AT TS (R, I EDU W 315
Sy S LA, LRI A 52 B S

I

10
. LY
SR [

P11 D SR AR A T A i
Fig. 11. Measurement principle of high power microwave

total power.

Pl 12 D% B B IR e R 0 ) R R A

Fig. 12. Diagram of total power measured by power density

integral method.

SR A S 5 TR D7 1) PR rp 2 — ik 8 224
MEYCR LA MAENCR LIS (BB MR R
Pl i), I LUK REAR Lo B R R
AR KT B RS [ BE A I (LD AR T, AT
PP s 8 49 ) R 58 JRE 3P LA s 22 18] ) R THT R
WU A2 AR SR S BT Y DR, SR A AHSB I AR 2
] D AU, B ATSRAT B S . i 2R
EINERH R AR

n—1

PZZ(PZ"FPZ;H)-TERQ
i=0

x | cos(i - AG) — cos[(i + 1) - Ad]|,  (2)
Krfr POATRST G IR P s « DMEIRCRZ
AL B AL B D 2R B R RS R ZA O 2 35k
KRR 1T 2 [0] A B s A0 A W AR A5 1 12 2k %
I B A FEM R R AW b 2 ik 3 i 2 A IS
AR AC SR O BOE . R R
P 100 5 2% 50 2 AT 1) Fl i B 3R RN 42 S R 2 A 3 THT AR
2 (3) At 24 e
V2. 104710
S ZoA ¥
KbV, R AR 5 - IR A A
AR, IR TR I SR S A S R
Wit Z; RREsmIERHT; A, AHEBORZA SR,
SEyG Y, A Y IR SR E S RO i
1) 45z Jr R0 T A B, BT i i b A Al TV,
B, FERE B AR AT R ARG 5 m A7k 5] JE
b W R A R —E A (38R 5°) KPR AR Tk
O] 12 T #3E TE R AR 1R 3 e
ERH (3) A TAR R AT HAAE, 7538045 I ot 8 1y 2
FEERE, AT LAAS 2R S0 O 1) B, anfEl 13
FI7R. FERR ST R ZE e /i 30° N A7 25 ] Tl e )
g3, A% BB K h iR 5 A 850 MW. 5] 13 24
REHRGT TM,, B23T7 1] BB (85 SEIE 7Y L
B, S S PR (R AR —Z, 0T L) W [) 2 10
e HB Ay TM, 22, 7R BT 13 v 52 A 7
20°L)J5 FRIS(E 5 LA A BRI 22, 3228 Ky 52
5 2 00 59 PR /0N I PR X AR S AT — R
W, (H K AR BE LUS BT D385 BE /N, X E AR ST
D LI A 52

P, =

W35 /G.dB-1 151

— HELETFIE
* ST

K13 REARGT Iy i EEIE (5 S LE 4L
Fig. 13. Comparison of theoretical and measured radiation

patterns.

204101-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 68, No. 20 (2019)

204101

AR T ) A A i AR IR 3 v RS 4
BT BB R R S 6: 45 5 3 e o Aot iy o s
AT AT RS, SRR 53 BH Lk B2 S5 H - 32E A BT BH AR 7]
BB 79, ok BEAR AT 4 b sk ot 18 SRR 190 R
i ) S 158 4 SR AN ;. S IS ST L SR B A vh 4 I
R 4 I T, BB MR S S L ol T S A A
[vi) b K B A A 37 4, o R Al F2 ARl TV,
R SR 23 (R Tl B 40 5 I I 6 T fin A 5
RFETAERE 400 kV R4 H 850 MW, 13
WK S5 2K & ST 30 ns, BN 4.1 GHz. 525015
2 A S AI  5 B E AL AR AR AR A — 3L

S 30k

[1] Benford J, Swgle J 1992 High Power Microwaves (New York:
Artech House Inc.) ppl-3

[2] Jiang W H, Woolverton K, Dickens J 1999 IEEE Trans.
Plasma Sci. 27 1538

[3] Chen X P, Dickens J, Choi E H 2003 Proc of the 2003 IEEE
Inter Pulse Power Conf Dallas, TX, USA, June 15-18, 2003
p1165

[4] Luo X, Liao C, Meng F B 2006 Acta Phys. Sin. 55 5774 (in
Chinese) B, BEAL, & JLE 2006 PyHEA47 55 5774)

=

=

[14]
(15]

(16]
(17]

(18]

(19]

20]
[21]

204101-6

Evgney G, Pavel M 2015 IEEE Trans. Plasma Sci. 43 1014
Yang Z F, Liu G Z, Shao H, Sun J, Zhang Y C, Ye H, Yang
M 2013 IEEE Trans. Plasma Sci. 41 3604

Fan'Y W, LiZ Q, Sh T, Liu J 2014 Chin. Phys. B 23 075208
Champeaux S, Gouard P, Cousin R, Larour J 2016 [EEE
Trans. Plasma Sci. 44 31

Kitsanov S A, Klimov A I, Korovin S D, Kurkan I K, Pegel I
V, Polevin S D 2002 IEEE Trans. Plasma Sci. 30 274

Song K B, Lim J E, Seo Y, Choi E H 2009 [EEE Trans.
Plasma Sci. 37 304

Jiang W H, Magne K 2001 Phys. Plasmas 8 3781

Jennie A, Mats J, Denny A 2013 IEEE Trans. Plasma Sci. 41
2758

Ye W M, Li C L 1998 High Power Laser and Particle Beams
10 268 (in Chinese) [P IR, 2 1998 SRBOES R TR 10
268]

Shao H, Liu G Z, Yang Z F 2005 J. Plasma Phys. 71 563
Shao H, Liu G Z, Yang Z F 2006 High Power Laser and
Particle Beams 18 230 (in Chinese) [BI, XIE G, 45 1%
2006 HRIFOG SRR 18 230]

Shao H, Liu G Z 2001 Acta Phys. Sin. 50 2387 (in Chinese)
[AR¥:, XIEE 2001 Hy3LF4R 50 2387)

Liu J, Shu T, Li Z Q 2011 Acta Phys. Sin. 60 105202 (in
Chinese) [XII#f, #F4E, 23558 2011 Y34 60 105202

Zhang Y P, Liu G Z, Shao H, Yang Z F, Song Z M, Lin Y Z
2009 Acta Phys. Sin. 58 6973 (in Chinese) [TkMs, X EG,
AV, Mg, SRAREL, AREBIE 2009 34k 58 6973]

Zhang Y J, Meng F B, Fan Z K 2007 High Power Laser and
Particle Beams 19 682 (in Chinese) [3Kizf&, & L5, JEHIITF
2007 S®EOESRF R 19 682]

Woo W 1987 Phys. Fluids 30 239

Xing Q Z, Wang D, Huang F, Deng J K 2006 [EEE Trans.
Plasma Sci. 34 584


http://dx.doi.org/10.1109/27.799836
http://dx.doi.org/10.1109/27.799836
http://dx.doi.org/10.1109/27.799836
http://dx.doi.org/10.1109/27.799836
http://dx.doi.org/10.1109/27.799836
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.1109/TPS.2015.2407492
http://dx.doi.org/10.1109/TPS.2015.2407492
http://dx.doi.org/10.1109/TPS.2015.2407492
http://dx.doi.org/10.1109/TPS.2015.2407492
http://dx.doi.org/10.1109/TPS.2015.2407492
http://dx.doi.org/10.1109/TPS.2013.2285501
http://dx.doi.org/10.1109/TPS.2013.2285501
http://dx.doi.org/10.1109/TPS.2013.2285501
http://dx.doi.org/10.1109/TPS.2013.2285501
http://dx.doi.org/10.1109/TPS.2013.2285501
http://dx.doi.org/10.1088/1674-1056/23/7/075208
http://dx.doi.org/10.1088/1674-1056/23/7/075208
http://dx.doi.org/10.1088/1674-1056/23/7/075208
http://dx.doi.org/10.1088/1674-1056/23/7/075208
http://dx.doi.org/10.1088/1674-1056/23/7/075208
http://dx.doi.org/10.1109/TPS.2015.2502432
http://dx.doi.org/10.1109/TPS.2015.2502432
http://dx.doi.org/10.1109/TPS.2015.2502432
http://dx.doi.org/10.1109/TPS.2015.2502432
http://dx.doi.org/10.1109/TPS.2015.2502432
http://dx.doi.org/10.1109/TPS.2002.1003871
http://dx.doi.org/10.1109/TPS.2002.1003871
http://dx.doi.org/10.1109/TPS.2002.1003871
http://dx.doi.org/10.1109/TPS.2002.1003871
http://dx.doi.org/10.1109/TPS.2002.1003871
http://dx.doi.org/10.1109/TPS.2008.2010547
http://dx.doi.org/10.1109/TPS.2008.2010547
http://dx.doi.org/10.1109/TPS.2008.2010547
http://dx.doi.org/10.1109/TPS.2008.2010547
http://dx.doi.org/10.1109/TPS.2008.2010547
http://dx.doi.org/10.1063/1.1382643
http://dx.doi.org/10.1063/1.1382643
http://dx.doi.org/10.1063/1.1382643
http://dx.doi.org/10.1063/1.1382643
http://dx.doi.org/10.1063/1.1382643
http://dx.doi.org/10.1109/TPS.2013.2275023
http://dx.doi.org/10.1109/TPS.2013.2275023
http://dx.doi.org/10.1109/TPS.2013.2275023
http://dx.doi.org/10.1109/TPS.2013.2275023
http://dx.doi.org/10.1017/S0022377804003356
http://dx.doi.org/10.1017/S0022377804003356
http://dx.doi.org/10.1017/S0022377804003356
http://dx.doi.org/10.1017/S0022377804003356
http://dx.doi.org/10.1017/S0022377804003356
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.1063/1.866181
http://dx.doi.org/10.1063/1.866181
http://dx.doi.org/10.1063/1.866181
http://dx.doi.org/10.1063/1.866181
http://dx.doi.org/10.1063/1.866181
http://dx.doi.org/10.1109/TPS.2006.875762
http://dx.doi.org/10.1109/TPS.2006.875762
http://dx.doi.org/10.1109/TPS.2006.875762
http://dx.doi.org/10.1109/TPS.2006.875762
http://dx.doi.org/10.1109/TPS.2006.875762
http://dx.doi.org/10.1109/27.799836
http://dx.doi.org/10.1109/27.799836
http://dx.doi.org/10.1109/27.799836
http://dx.doi.org/10.1109/27.799836
http://dx.doi.org/10.1109/27.799836
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.1109/TPS.2015.2407492
http://dx.doi.org/10.1109/TPS.2015.2407492
http://dx.doi.org/10.1109/TPS.2015.2407492
http://dx.doi.org/10.1109/TPS.2015.2407492
http://dx.doi.org/10.1109/TPS.2015.2407492
http://dx.doi.org/10.1109/TPS.2013.2285501
http://dx.doi.org/10.1109/TPS.2013.2285501
http://dx.doi.org/10.1109/TPS.2013.2285501
http://dx.doi.org/10.1109/TPS.2013.2285501
http://dx.doi.org/10.1109/TPS.2013.2285501
http://dx.doi.org/10.1088/1674-1056/23/7/075208
http://dx.doi.org/10.1088/1674-1056/23/7/075208
http://dx.doi.org/10.1088/1674-1056/23/7/075208
http://dx.doi.org/10.1088/1674-1056/23/7/075208
http://dx.doi.org/10.1088/1674-1056/23/7/075208
http://dx.doi.org/10.1109/TPS.2015.2502432
http://dx.doi.org/10.1109/TPS.2015.2502432
http://dx.doi.org/10.1109/TPS.2015.2502432
http://dx.doi.org/10.1109/TPS.2015.2502432
http://dx.doi.org/10.1109/TPS.2015.2502432
http://dx.doi.org/10.1109/TPS.2002.1003871
http://dx.doi.org/10.1109/TPS.2002.1003871
http://dx.doi.org/10.1109/TPS.2002.1003871
http://dx.doi.org/10.1109/TPS.2002.1003871
http://dx.doi.org/10.1109/TPS.2002.1003871
http://dx.doi.org/10.1109/TPS.2008.2010547
http://dx.doi.org/10.1109/TPS.2008.2010547
http://dx.doi.org/10.1109/TPS.2008.2010547
http://dx.doi.org/10.1109/TPS.2008.2010547
http://dx.doi.org/10.1109/TPS.2008.2010547
http://dx.doi.org/10.1063/1.1382643
http://dx.doi.org/10.1063/1.1382643
http://dx.doi.org/10.1063/1.1382643
http://dx.doi.org/10.1063/1.1382643
http://dx.doi.org/10.1063/1.1382643
http://dx.doi.org/10.1109/TPS.2013.2275023
http://dx.doi.org/10.1109/TPS.2013.2275023
http://dx.doi.org/10.1109/TPS.2013.2275023
http://dx.doi.org/10.1109/TPS.2013.2275023
http://dx.doi.org/10.1017/S0022377804003356
http://dx.doi.org/10.1017/S0022377804003356
http://dx.doi.org/10.1017/S0022377804003356
http://dx.doi.org/10.1017/S0022377804003356
http://dx.doi.org/10.1017/S0022377804003356
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.1063/1.866181
http://dx.doi.org/10.1063/1.866181
http://dx.doi.org/10.1063/1.866181
http://dx.doi.org/10.1063/1.866181
http://dx.doi.org/10.1063/1.866181
http://dx.doi.org/10.1109/TPS.2006.875762
http://dx.doi.org/10.1109/TPS.2006.875762
http://dx.doi.org/10.1109/TPS.2006.875762
http://dx.doi.org/10.1109/TPS.2006.875762
http://dx.doi.org/10.1109/TPS.2006.875762
http://dx.doi.org/10.1109/27.799836
http://dx.doi.org/10.1109/27.799836
http://dx.doi.org/10.1109/27.799836
http://dx.doi.org/10.1109/27.799836
http://dx.doi.org/10.1109/27.799836
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.1109/TPS.2015.2407492
http://dx.doi.org/10.1109/TPS.2015.2407492
http://dx.doi.org/10.1109/TPS.2015.2407492
http://dx.doi.org/10.1109/TPS.2015.2407492
http://dx.doi.org/10.1109/TPS.2015.2407492
http://dx.doi.org/10.1109/TPS.2013.2285501
http://dx.doi.org/10.1109/TPS.2013.2285501
http://dx.doi.org/10.1109/TPS.2013.2285501
http://dx.doi.org/10.1109/TPS.2013.2285501
http://dx.doi.org/10.1109/TPS.2013.2285501
http://dx.doi.org/10.1088/1674-1056/23/7/075208
http://dx.doi.org/10.1088/1674-1056/23/7/075208
http://dx.doi.org/10.1088/1674-1056/23/7/075208
http://dx.doi.org/10.1088/1674-1056/23/7/075208
http://dx.doi.org/10.1088/1674-1056/23/7/075208
http://dx.doi.org/10.1109/TPS.2015.2502432
http://dx.doi.org/10.1109/TPS.2015.2502432
http://dx.doi.org/10.1109/TPS.2015.2502432
http://dx.doi.org/10.1109/TPS.2015.2502432
http://dx.doi.org/10.1109/TPS.2015.2502432
http://dx.doi.org/10.1109/TPS.2002.1003871
http://dx.doi.org/10.1109/TPS.2002.1003871
http://dx.doi.org/10.1109/TPS.2002.1003871
http://dx.doi.org/10.1109/TPS.2002.1003871
http://dx.doi.org/10.1109/TPS.2002.1003871
http://dx.doi.org/10.1109/TPS.2008.2010547
http://dx.doi.org/10.1109/TPS.2008.2010547
http://dx.doi.org/10.1109/TPS.2008.2010547
http://dx.doi.org/10.1109/TPS.2008.2010547
http://dx.doi.org/10.1109/TPS.2008.2010547
http://dx.doi.org/10.1063/1.1382643
http://dx.doi.org/10.1063/1.1382643
http://dx.doi.org/10.1063/1.1382643
http://dx.doi.org/10.1063/1.1382643
http://dx.doi.org/10.1063/1.1382643
http://dx.doi.org/10.1109/TPS.2013.2275023
http://dx.doi.org/10.1109/TPS.2013.2275023
http://dx.doi.org/10.1109/TPS.2013.2275023
http://dx.doi.org/10.1109/TPS.2013.2275023
http://dx.doi.org/10.1017/S0022377804003356
http://dx.doi.org/10.1017/S0022377804003356
http://dx.doi.org/10.1017/S0022377804003356
http://dx.doi.org/10.1017/S0022377804003356
http://dx.doi.org/10.1017/S0022377804003356
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.1063/1.866181
http://dx.doi.org/10.1063/1.866181
http://dx.doi.org/10.1063/1.866181
http://dx.doi.org/10.1063/1.866181
http://dx.doi.org/10.1063/1.866181
http://dx.doi.org/10.1109/TPS.2006.875762
http://dx.doi.org/10.1109/TPS.2006.875762
http://dx.doi.org/10.1109/TPS.2006.875762
http://dx.doi.org/10.1109/TPS.2006.875762
http://dx.doi.org/10.1109/TPS.2006.875762
http://dx.doi.org/10.1109/27.799836
http://dx.doi.org/10.1109/27.799836
http://dx.doi.org/10.1109/27.799836
http://dx.doi.org/10.1109/27.799836
http://dx.doi.org/10.1109/27.799836
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.3321/j.issn:1000-3290.2006.11.033
http://dx.doi.org/10.1109/TPS.2015.2407492
http://dx.doi.org/10.1109/TPS.2015.2407492
http://dx.doi.org/10.1109/TPS.2015.2407492
http://dx.doi.org/10.1109/TPS.2015.2407492
http://dx.doi.org/10.1109/TPS.2015.2407492
http://dx.doi.org/10.1109/TPS.2013.2285501
http://dx.doi.org/10.1109/TPS.2013.2285501
http://dx.doi.org/10.1109/TPS.2013.2285501
http://dx.doi.org/10.1109/TPS.2013.2285501
http://dx.doi.org/10.1109/TPS.2013.2285501
http://dx.doi.org/10.1088/1674-1056/23/7/075208
http://dx.doi.org/10.1088/1674-1056/23/7/075208
http://dx.doi.org/10.1088/1674-1056/23/7/075208
http://dx.doi.org/10.1088/1674-1056/23/7/075208
http://dx.doi.org/10.1088/1674-1056/23/7/075208
http://dx.doi.org/10.1109/TPS.2015.2502432
http://dx.doi.org/10.1109/TPS.2015.2502432
http://dx.doi.org/10.1109/TPS.2015.2502432
http://dx.doi.org/10.1109/TPS.2015.2502432
http://dx.doi.org/10.1109/TPS.2015.2502432
http://dx.doi.org/10.1109/TPS.2002.1003871
http://dx.doi.org/10.1109/TPS.2002.1003871
http://dx.doi.org/10.1109/TPS.2002.1003871
http://dx.doi.org/10.1109/TPS.2002.1003871
http://dx.doi.org/10.1109/TPS.2002.1003871
http://dx.doi.org/10.1109/TPS.2008.2010547
http://dx.doi.org/10.1109/TPS.2008.2010547
http://dx.doi.org/10.1109/TPS.2008.2010547
http://dx.doi.org/10.1109/TPS.2008.2010547
http://dx.doi.org/10.1109/TPS.2008.2010547
http://dx.doi.org/10.1063/1.1382643
http://dx.doi.org/10.1063/1.1382643
http://dx.doi.org/10.1063/1.1382643
http://dx.doi.org/10.1063/1.1382643
http://dx.doi.org/10.1063/1.1382643
http://dx.doi.org/10.1109/TPS.2013.2275023
http://dx.doi.org/10.1109/TPS.2013.2275023
http://dx.doi.org/10.1109/TPS.2013.2275023
http://dx.doi.org/10.1109/TPS.2013.2275023
http://dx.doi.org/10.1017/S0022377804003356
http://dx.doi.org/10.1017/S0022377804003356
http://dx.doi.org/10.1017/S0022377804003356
http://dx.doi.org/10.1017/S0022377804003356
http://dx.doi.org/10.1017/S0022377804003356
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.3321/j.issn:1000-3290.2001.12.019
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.7498/aps.60.105202
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.050
http://dx.doi.org/10.1063/1.866181
http://dx.doi.org/10.1063/1.866181
http://dx.doi.org/10.1063/1.866181
http://dx.doi.org/10.1063/1.866181
http://dx.doi.org/10.1063/1.866181
http://dx.doi.org/10.1109/TPS.2006.875762
http://dx.doi.org/10.1109/TPS.2006.875762
http://dx.doi.org/10.1109/TPS.2006.875762
http://dx.doi.org/10.1109/TPS.2006.875762
http://dx.doi.org/10.1109/TPS.2006.875762
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 68, No. 20 (2019) 204101

TM,; dominant mode coaxial virtual cathode
oscillator with feedback construction”

Zhang Yun-Jian Y23t  Ding En-Yan?

1) (Science and Technology on High Power Microwave Laboratory, Mianyang 621900, China)
2) (Key Laboratory of Science and Technology on Complex Electromagnetic Environment, Mianyang 621900, China)

3) (Institute of Applied Electronics, China Academy of Engineering Physics, Mianyang 621900, China)
( Received 8 May 2019; revised manuscript received 15 June 2019 )

Abstract

Virtual cathode oscillator, as a kind of space-charge high-power microwave source, has an output
microwave mode that is generally an admixture of TM,; mode and TE;; mode. The analysis of the resonator in
the anode mesh shows that when the transmission of the anode mesh is high, it is easy to produce strong
reflected electron beam, forming a conical quasi-resonator structure, thus enhances the output of TE;; mode.
When the transmission of the anode mesh is low, the beam intensity of the reflected electron beam can be
weakened due to the absorption of the metal mesh, and the TE;; mode can be suppressed, so the output mode
is mainly TM,; mode. In this paper, a feedback coaxial virtual cathode oscillator is investigated with the use of
numerical simulation and experimental data analysis. The feedback coaxial virtual cathode oscillator is formed
by closing the end of the anode mesh through a metal plate and changing the path of the reflected electron
beam from the metal mesh to the gap between cathode and anode. The particle in cell method is used in the
numerical simulation of the virtual cathode oscillator, and the impedance of the 400 kV diode is about 13 2
under a voltage of 400 kV. After the optimal design by numerical simulation, the average output microwave
power from the virtual cathode oscillator is 1.5 GW, and the frequency of the microwave is about 4.2 GHz,
which is basically consistent with the theoretical calculation results. In this new kind of virtual cathode
oscillator, the distribution of reflected electrons is modified by the feedback sheet on the anode mesh, the output
high power microwave pattern is demonstrated to be dominated by TM,; mode. The microwave power obtained
in the experiment is measured by the array antenna power density integration method. For axisymmetric mode,
a receiving antenna array is formed by placing multiple receiving antennas on one side of the axis of the
antenna pattern. The power densities of different angles on the horizontal circumference with the phase center
of the transmitting antenna are measured, the average power density of two adjacent points is multiplied by the
area of the spherical belt between these two points, and then the resulting power is added by the power between
the adjacent two points, thereby obtaining the total radiation power. With this method, the microwave power is
850 MW with frequency 4.1 GHz and pulse width 30 ns under slaving voltage 400 kV.

Keywords: coaxial virtual cathode oscillator, high power microwave, mode control

PACS: 41.20.Jb, 42.25.Bs, 41.85.—p DOI: 10.7498 /aps.68.20190696

* Project supporetd by the National Defense Basic Scientific Research Program of China (Grant No. JCKY2016212B034).

1 Corresponding author. E-mail: zhang yunjian@sina.com

204101-7


http://dx.doi.org/10.7498/aps.68.20190696
mailto:zhang_yunjian@sina.com
mailto:zhang_yunjian@sina.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

