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Fig. 1. Schematic of a high efficiency klystron-like RBWO.
(1 pre-modulation cavity; 2 modulation ridge; 3 slow wave
structure; 4 extraction cavity; 5 electron beam collector;
6 resonant reflector; 7 electron beam; 8 guiding magnet;
9 cathode).
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Fig. 2. Pre-modulation structure with two cavities.
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Fig. 3. Effect of the two modulation cavity spacing L; on ef-

ficiency.
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Fig. 4. Schematic of enhanced extraction cavity: (a) Rectan-

gular extraction cavity; (b) perfect extraction cavity.
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Fig. 5. Schematic of two extraction cavities: (a) Rectangular extraction cavity; (b) ellipse extraction cavity.

164102-3


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

Y] 32 2 3R Acta Phys. Sin. Vol. 69, No. 16 (2020) 164102
F 1l HIRRBUESSHL
Table 1. Parameters of rectangular extraction cavity.
%ﬁ Trec/mm Lrec/mm 7‘recl/mm Trec?/mm rc/mm
GIE 31.00 7.00 2.25 2.00 23.00
F 2 MBETBIREUE S SE
Table 2.  Parameters of ellipse extraction cavity.

e Ry/mm Z,/mm Toe/Mm Zeo/ MM r/mm r5/mm L,/mm T./mm
Huf 8.50 2.25 32.00 243.00 0.75 4.00 6.75 23.00
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Fig. 6. Field distribution in rectangular extraction cavity in PIC simulation: (a) F, orients —z direction; (b) E, orients +z direction.
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Fig. 7. Longitudinal electric field distribution in ellipse extraction c

ents +z direction.
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Fig. 8. Magnetic field of superconductor magnet.
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Fig. 9. Phasespace of electron beam under solenoid and su-
perconductor magnet: (a) Case with solenoid magnet; (b)

case with superconductor magnet.
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Fig. 10. Variation of efficiency with L, under solenoid and

superconductor magnet.
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Fig. 11. Typical results in PIC simulation: (a) Microwave power; (b) frequency spectrum.
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Fig. 12. Effect of diode voltage under different L,,: (a) Variation of efficiency with diode voltage; (b) variation of frequency with di-

ode voltage.
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Fig. 13. Schematic of experiment system.

3.2 XK EFSHIEH

3.2.1 4EM RIS 691

Hh Tk S S0 S BRUFE P 2 THT FRHELURE B2 X T R s 1 2 Y
—— B, [ 17 414 T MR LB FE 9 22 0 0
s R E R HUERESMA Ra = 0.4 pm 1 Ra = 0.05 pm. [ 18

Fig. 14. Picture of the Klystron-like RBWO.

25 T PR RRORELRE P R U X5 L A SR I . R RS
J& Ra = 0.4 pm B, IR SEAUA 15 ns, ML
P MR A AR HRE B8 /NE] Ra = 0.05 pm A,
Tl Bk SE RS E 25 ns, MEE EEH K. & 19 4

T 120 AN kb SR B BB 2 RE S, Ra =
15 GES I R SR R 0.05 pm HYFEIE, K IR 02500, R

Fig. 15. Schematic of measurement system. vﬁ 'EZY"E”:‘ - A s Fﬁ% % 5ﬁ %’11:@ *E. *‘jﬁ E Uﬁ /J\ @J Ra =

0.05 pm, #RIFRCRIETFZ 10 A~ H 2005 (B 40%
%3 URETEIRBEM AR E

Table 3. Calibration result of measurement ele-

ment.
Eigs FIR(E /dB
S 26.256
5 mifi 48 5.165
FE [ 5 e A (e e et 30.05
200 pm
30
25
g 20f
I
M 151
R
% 10
5 -
0F
0 200 400 600 800 1000
Kol ML /v B 17 ANFEPHUBEEE PR (a) HLBSEE Ra = 0.4; (b) MK
& Ra = 0.05
ESI R 8 & 43 0F iyl i1 B2 Fig. 17. Surface with different roughness: (a) Roughness
Fig. 16. Calibration result of envelope detector. Ra = 0.4; (b) roughness Ra = 0.05.
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B 18 AS[RDHLKE B2 0 A9 IR I E (a) MBS Ra = 0.4;
(b) HLEEFE Ra = 0.05. (GlIH 1: FELMIEIIE; Ml 2, 3:
S IMBPIT )

Fig. 18. Output  waveform for different roughness:
(a) Roughness Ra = 0.4; (b) Roughness Ra = 0.05. (chan-

nel 1, online microwave; channel 2 and 3, radiation field).

19 OR[APHLDEE BE 120 DR Bk vh )5 R ER T (a) ML
FEHE Ra = 0.4; (b) KB Ra = 0.05
Fig. 19. Breakdown traces after 120 pulses for different

roughness: (a) Roughness Ra = 0.4; (b) roughness Ra =
0.05.

PEFHH] 50%), H % 0 bk vE 8 m 7 ns. £ 5 4
PEFRTE PCTE B, A2 1A i A B0 5 R B
FW S, ETEETE T 2 K S B 20,

FJ2, FESE50 b & BUERAT AL S RO A7 7 75 1
ARF RS, FA Ra = 0.05 pm 19 #EHUE, 7F
100~ 105 ™k i BT I &l 20(a) Bz, BEhS
TR TR AR XS A8, Jok 56 T 35 3 29 28 ns. (HZTE
130 Mk bz 5, ik 8 an il 20(b) s, At
st R B R ik, R PRI, SRR
TR, Bk TEu /R 23 ns. FESCEH, AT LAHERR AR

B 20 EEFEMHFMIME  (a) 100 Pk E; (b) 130 4
kb . (GEIE 1: FELMMBOE; J@iE 2, 3: G A M EE)
Fig. 20. Lifetime of extraction cavity: (a) After 100 pulses;
(b) after 130 pulses. (channel 1, online microwave; channel
2 and 3, radiation field).

W ABIR | B LA B 12 I 5 4 o 2 45 LAt PR R 1) 5
. 50 I 1 A1 5% P 2 e A ', BV Y 335 i ik 2]
Ra = 0.05 um, 7E—EFEE &M T, 1
S IR R R, i R BN S AR TR, il
155 gl 2 .
3.2.2 AR

AR Y S U TR R R FESL
T HA SIS SR A AR SRR T4 U RO 5]
TSI AT T X 208, PRI B AT RS
AN 304 L, FRIEEIE N Ra 0.05 pm, SC5
HIE AT 7 eV VR T-Ab B I 25 R AT

21 25 T WRP IO i B T L RS
it AR 530 12 R BB i, o B B0 P = AR D AR Sy
W, M HE S RERE T . ’ 24T
40 AR K s BB PN 2R 18T Y o 2R AT A,
AV BT A BB P % 1 P o 2 e 2 0/

FEXT LLSCHR 5, i K& G AR 15 R £ Hi
Jis , G BT AN ok e, i R SO AT A O B, T
A e AR E, WA IR AR BUR B o A A2
MG, RO, W6 R SR U B B i D R 45 it
HA BRI .
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ELARLA RS B s S R
(a)

B 21 FETE 4 HUES R B2 2 BUBE I (T (a) 3ETE 42
U (b) R LU . GETE 10 A8 R 8 38 2:
TR BRROE ; 3: AR )

Fig. 21. Waveform under rectangular and ellipse extraction
cavity: (a) Rectangular extraction cavity; (b) ellipse extrac-
tion cavity. (channel 1, diode voltage; channel 2, diode cur-

rent; channel 3, radiation field).

K22 40 AT Bk o S G FIRIE (a) FETB $R UK ;
(b) M 158 2 & M ps

Fig. 22. Breakdown trace after 40 pulses: (a) Rectangular
extraction cavity; (b) ellipse extraction cavity.
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Fig. 23. Power density distribution of radiation field.

B 24 Sl DI R %

Fig. 24. Microwave waveform and frequency spectrum.
3.3 HAWIIGER

FESESS Y, BB ()4 57 D) 358 B 43 A ] 23
T, i SO I R An el 24 FTas . 24 B FH
B Ly = 18 mm, “HAHLHEN 601 kV ., )
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Wi # o 9.55 GHz, T8 308 R 50% (+5%).
P4 R 5 PIC B EA IR, R M 22 5 7l he
S ST R A 45 A PN T P S AT o 2 R B 1
DI FES .

4 % b

AR — B i B4R I Y RBWO #4717 3
WM R SEEBTSE. 78 PIC KU(EAS b, 22380 30 150
FHXTIS IR, it D3 2.12 GW, 54l
60%. i1t HIS AT, 25 T A P R () B A
VERRIKE; P2 T —Fh S DR i S Uk, mfife
PR N R R AL 25%; 43 H T i i A
XN R, T AR o AR (AR R AR
FH DX i SR B NS S 08 e 254, W] DAAE— AR
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1 I BH R ) 3 X R R ) B ), i B B AR [ (2 3
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Abstract

This paper investigates an X band high efficiency klystron-like relativistic backward wave oscillator
(RBWO) in detail. The klystron-like RBWO consists of a pre-modulation cavity, a resonant reflector with a
ridge, a sectional slow wave structure, and an extraction cavity. First, this paper gives some theoretical studies
about beam modulation and energy extraction. For beam modulation, the optimized distance between the pre-
modulation cavity and the resonant reflector is studied theoretically, and theoretical results agree well with
simulation results. For energy extraction, an ellipse extraction cavity with high power capacity is come up with,
and the electric field on the inner surface of the ellipse extraction cavity decreases by 25% in PIC simulation.
Also, the paper analyzes the effect of the position of dumped electron on conversion efficiency. Interestingly, it’s
found that the efficiency dramatically decreases with the increase of the distance between the extraction cavity
and the position of dumped electron, which is caused by the increase of potential energy of electron and the
decrease of electric field. Fortunately, we find that the use of guiding magnet with special magnetic field
distribution almost eliminate this unfavorable effect. Besides, effects of the distance between the cathode and
anode L, are investigated. It’s shown that the optimized diode voltage decrease with the increase of the
distance L, and the conversion efficiency is higher at larger L,,. The experimental studies are also given. The
power capacity of ellipse extraction cavity is verified, also we find that the efficiency is enhanced by 10% and
the width of microwave pulse increases by 7 ns when the roughness of RF structure surface is improved from Ra
0.4 pm to Ra 0.05 pm. Typically, the klystron-like RBWO outputs X band high power microwave with power
of 2.15 GW, with pulse duration of 25 ns, and with conversion efficiency of 50%(+ 5%). Experimental results

agree well with theoretical and PIC simulation results.
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