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Optimal design of a Relativistic Backward Wave Oscillator for
phase locking operation
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Abstract: For the purpose of coherent high power microwave combining based on Relativistic
Backward Wave Oscillator(RBWO), an optimal design of a low magnetic field RBWO is present. In order
to decrease the requirement on the seed RF power for phase locking, the axial position of the intermediate
bunch cavity of the RBWO is optimized to decrease the (-value of the working mode. Particle In Cell(PIC)
simulation shows that an input power of 20 MW is sufficient to lock the frequency and phase of the output.
And the corresponding gain is higher than 20 dB. The result is also valuable for phase locking by
modulated electron beams.

Keywords: Relativistic Backward Wave Oscillator; phase locking; X-band

W VT 20 4E A9 = B R A% (High Power Microwave, HPM)$3 AT, HPM Y5 i 4 H /K FE 45 FMR K& .
{HZ ) BB R T A5 2 07 T ny il 29, B el 45 1 0 At oy 58l ok bk 2 0 e il PR, 485 HPM U4
HKF A X Ok RN FEH AT RKE T, £46 HPM M T IR &g AE RS HPM R 555
R R A A R4 XX HPM Wi S B 0 0 R AR AR e AR T AR SR, IRk HPMD TR B AR
P AL B HPM BT 5 45358 1) 40 et ]

FEXT ISR P A5 1R 3% 25 (RBWOE A —FP BRI ) HPM #5458, HA®IIRE R . SRR RSCREMmA, 2
HPM F 55 s 7= A X B BE . 50 GW D 3R (i A5 2 EU 014 i RBWO RERS SCBLAIAH TAE, A4 7 ey 4 BE
(I X, Ku % B OEA T 7, B RBWO K02 — D3y I D) 385 a1 . A RBWO il T
1B, S MBI RE M, YA BB HPM & AR P, RERAEFRX T HMMR . H
HIEF X RBWO 9 5% 2 48 rf 7 £ 5 &8 14 0 o s 2 238 L O O O 4 80 DA R TR AR e R 45 5 T o i B A
RBWO [fi Ilffi (1) 3= Bl R A J& P 7 10 D R 2R ik vy . BIARR S ROME 7, X AR Z s el v 3 A 45 K. ande]
FR A B AH TAE P4, XHR 35 #5547 % 1 O A B o LA R AR AR A9 S e B, X7 T F s i 20 20 . Rtk
FEREXT BT RBWO AL, AF 58 BRGS0 BAE 09 A 7 G ik D R i Rt , X & B IE T RBWO 1Y & 4 Bt 1)
BHEMMREAEEZ L.

KB 2017-11-13; {ERIAHE: 2017-12-28



284 KMZMESEFEEFR %17 %

1 X KEHEEREERNYEER

I& 5 o SR 2 5 0 1 A0 BN 15 5 Bk A 2 0 2N, IR 1 4% v A0 A R RN R L R B O
TR A B A ANE AR 2 fh . X T AMEASIAE, Adler RIS, AN THMHA AN, PEHL
) Adler A,

Ao| < 2P 1
|Aw| 5 (1)

ﬁ¢:Q%%%$%&Eﬁﬁ;%%%%%%Eﬁ%%ﬁ%;p=?=ﬁ?WEA%o
0 0
555 3 AR 25 0 5 B 0 270

Tlock =

— (2)
0P

M Adler ZAFUATEL, 8 [R5 i S SR KOE T, B R B A0 B BE L 4 SR T 2 ik B AR IR A B
W], 5B A%, BHREEAL oo

S HUER 202E B8P L P B8 U K ol R A ms R TR RS TR, S A F B IR A Ao B ] 3
KRR o N2 AR B A B R IR, P R TR 0 R AR, SR T AR AR B 5 SR B
WA BUE . BXET HPM SR8, i T KSR e T ns RO, W EIPRS P BNDIR S R s, %
TATRE WAL, EAPR RN, RAIMEA LS, PUEHs®sse 10dB 47, B 3 GW ik
WRA R . MR AIE , R TR AT R ER 2 300 MW, FE S 4hH: A BRI 7 2 Rg A A, SR AT 0 L T SR M S
ek 8] S P 9 L SR O R, A B ROK R T RO A B0 A, T LR — S R L R A o R T B R
AL 8 IS A U581 e 300 3814 T ) MG SR AR

2% S BIME 5 9% 3% 98 0 A6 13 V1SR P AN R AT D R
R, BFRGERA TR TR A S E N, [ 12X
VBT RBWO MLUBERY , Fh 7o e 28 10 I S 10 122 A
WA, SEEXT GW YU B A A . R R T AL g
SR B s R 2 BRSSP R A BIA T b
e o s, P T A T O VR R TR L LA e R 9
TR oL T o 9 R RS A o, A A AR R A
T LA 2 6 0 705 10 SR D B A R . SR PE I TR R AN T ¢ i
32 T TAET TMo, 3k, I3 TR T™M,, 430U |
B, B TR AR IR AR IR R R ST IR 1 ] B e 3 W) Fig.1 Simulation model of an X-band phase-locked RBWO
X FL T ST B 2 A o ok o X R E BT
(30— 25 VR AR R OR T, FE 1R U R T MR . FE SR IR R, A v ot B R O 3
LR, B AV T VAR A R 5 B TR AR BT . S 4R TR Q 8. 4 E T AEA I MR 5 B
ST R F AR I TR, S O A B e PR A B

PETESI 13 0.6 T, T A E 850 kV. HLIE 9.5 kA 5T, Hilifikoh % 2.35 GW, #% 9.30 GHz.
HE— BB B, S PR R A B T 500 MW [ 4 0 F AT LA ST EURCR AR, 3RO BUEHE 26 M 6.7 dB.

seed microwave

2 BIHEREEMHLRITE

X R AN AT SR PR35 25 B, 3R i Bl 105 5 A9 D SR R A LE AT AR 8 41k 955 i BATDIR S el S, E AR
IR MRS AR Z RG], 5 —Jrm, RIE Adler 230, &% & MBUHAT SR I TIRG &0 Q H. it Lk,
REAR AR o TAERIC Q (Bt T LUK BIREMR A 715 5 R H v o (EX TRARZRIREG W30, Ml . s
LRy an A, R EOR TR Q EH M, PASEBUAR AR o IR TR Q {6, #5 S EAR1F i s
o R T ARG i e . I Q B M AR 2 S B (F N BE DL it 370k 55, 1h 1 AT BB - BORS 1 00 S I8 B 40 8 3 e
% WATLEREAR TARRE Q (AR, SEBUE I RO ], 45 TARBE A R A Rl BN IR 7E 5
R PE A B I A



% 2 X iF: ST HUEAAEX LR EEMRALIZIT

285

XTI 1 BB R, — Ty T e (] 3 ) I AT LA T SR — 2D R, B R A B 4 R B b B R ) IR
JBE o BRSO e e A A A 6 AT DL R R A A v TR IR R o P 2 R o ] 9 o s Ak T A ()
T (o7 B A 3R O A Ve RO IR PR 2, wT AR B, fE—E L [, B ) i B O 4 B S T B R e g, 3k D%
YV IR IR R B W AT

9.5 r 2.0
— cold test device B
\ 1.5
q ~ \
9.4 hot test 4 s
— 3 )
% N E 1.0F device A
= =
g
<
9.3
- 0.5F
92 A i 0
0 1 2 3 9.0 9.8
Zfem f/GHz

Fig.2 Relationship between axial position of idler cavity
and resonant characteristics of RBWO

Fig.3 Cold resonant characteristics of the device A and B
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Fig.4 Envelope waveforms of the output of the device A and B
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