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Computer simulation of a 340 GHz backward wave tube based on SDRWS
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Abstract: A 340 GHz Backward Wave Tube(BWT) based on Staggered Double Rectangular
Waveguide Structure(SDRWS) is studied in detail by computer simulation. Firstly, an electron gun and a
permanent magnet focus system are calculated, the results shows that beams with 14 kV-17 kV of voltage,
43.4 mA of current and 18-21 kV of voltage, 56.1 mA of current are produced and maintained, the
maximum radius of the beam is smaller than 0.08 mm, and the maximum radius variance of the beam
reaches 0.034 mm. Secondly, combining those beams with SDRWS, the interaction in the BWT based on
SDRWS is calculated, the results shows that the working frequencies of the BWT cover 326-352.6 GHz
when the beam voltage is tuned within 14-21 kV and the output powers of the BWT are larger than 2 W. In
the simulations, the radius of the SDRWS is set to be a relatively big value of 0.09 mm, signifying that the
manufacturing of the BWT is relatively easy.

Keywords: Backward Wave Tube; Staggered Double Rectangular Waveguide Structure; permanent

magnet focus system; particle-in-cell simulation
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(a) MTSS model for calculating the electron gun
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(b) projective view of electron tracks in the beam when (c) projective view of electron tracks in the beam when
U;=10 kV and Uy=16 kV U;=12 kV and Up=18 kV

Fig.1 MTSS model for calculating the electron gun for the 340 GHz BWT and the calculated results
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(a) MTSS model for calculating the permanent magnet (b) calculated results of the axial magnetic strength B, on the
focus system symmetric axis of the permanent magnet focus system

Fig.2 MTSS model for calculating the permanent magnet focus system and the calculated results
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Fig.3 Calculated results of the electron gun and permanent magnet focus system as a whole
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Tablel Maximum radius and the minimum radius of the beam under different beam voltages

UdkV

14 15 16 17 18 19 20 21
Tomad MM 0.078 0.075 0.075 0.076 0.074 0.078 0.080 0.080
P min/MM 0.050 0.053 0.050 0.045 0.056 0.046 0.046 0.046
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Fig.4 Calculated dispersion curve of the SDRWS and the calculated S;; of the 330-350 GHz BWT
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& 2 340 GHz IR P4 FUBCHEAE B e S 12 D 25 S5
Table2 Structural parameters of SDRWS for 340 GHz BWT

almm b/mm p/mm t/mm rfmm N ol(S/m)
reference[17] 0.50 0.18 0.160 0.04 0.05 40 5.98x10’
initial values 0.55 0.20 0.178 0.04 0.09 50 3x107

optimized values 0.60 0.20 0.163 0.04 0.09 50 3x10"

A A B e, 45K 4(b)FTR . N Tt SDRWS 1 (8 15 28 el 1 H T DA 5 3R 0 A 1Y T4 A
F, B 4) PR E T 14 kV,16 KV R 21 KV XTI B E L, TS @m0 £ 00 38 a5 i R A bR 4 i oA
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WRSS HAR TAEWUCR A RE AR 2500, W7 BB SS M S B0 IR E 47115 . SR CST 4 50 J& 1 i SUCHE R
08 Uk 5 b S TR A R s 1 RS AR suy MO RRE AL AN A(c) TR o AR B 1R It 6 A R ST TR D 25
SRR &R R SRR 2 B, HEXH 0 —aG i 2 NE RS, HE8 e KT 0.02 mm.
sy PG RN A()FT7s, 7R 320~360 GHz Miitf N, sy MIIREZ /N T -5 dB. R B AMARIAN 752500 N AT DL
i A BRI NS, Iz, IR N R AR Y R R R Bt mT LA e R A O . ARl X — A Rl LA
P ES e, QA 4(c) TR (A 3R I 0 U 445 R Rt s i T AR DR T A PR S R IR R 9 1 K
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Fi CST PIC IR I I BAE R o BR T3 T 1 R SHA KR G Z 4, i B 5 & 4(c)—
B, UL RS SRR 2 FiR. HeAh, BAARRIE A LT A ST, LURIE B I
A B IR IE . B Ug B 14 KV, UL LI 43.4 mA, ST ERIEREAE S, A0 5
Uity 1A — 4 A e B AR 3% 43 S n 1€l 5(a)~5(b) ian o B e, B i R (FE HLIR) Uo(1o) 43 31 1 15 kV(43.4 mA),
16 kV(43.4 mA),17 kV(43.4 mA),18 kV(56 mA),19 kV(56 mA),20 kV(56 mA)Fl 21 kV(56 mA), X #4771 7 4N
HAEMEE, H AN T 18 kV(56 mA) Y Hi i v 1 05 — fkHe R S S 43 0 4n 8] 5(c)~5(d) s -

M5 By 5 g R b T USROS, A5 80 i e R ih 26, el 6 g Ze “initial” Fros. AL,
MU RAE 14~21 KV Z AR AR, Bt E G U () 45K fE 328.93~352.91 GHz Z [u 48 fk, 3% T 330~350 GHz il
Bto [RE, W7 RLIT A R A0 S B D SR AR, SR E 7 b Ay “initial” Bron, AT O R AE
328.93~352.91 GHz zZ [a] &3 KF 1 W,

Kl 6 gk “predicted by dispersion” AR HE 3CH 5 A A £k 5K [R) FE R 9 R T T 4R 104 38 0 R 22 1l
B, He#caigk “initial” F1 “predicted by dispersion”, Wi i KAH2E 2.47 GHz, HEMmiH k. o, 243
A 16 kV B, AR A 3R % M % 336.63 GHz., Mt 5 16 kV i FIEL M SR N
337.9 GHz, Mi# M2 1.7 GHz,
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P8k 5 S ER e R 2 A 4 AT EE R R R (E FLIR) Us(Lo) 4 9l i 15 kV(43.4 mA),16 kV
(43.4 mA),17 kV(43.4 mA),18 kV(56 mA),19 kV(56 mA),20 kV(56 mA)Fl 21 kV(56 mA), #4714 % T 4E F it
B AR RO R SR . R A FRCR A B E 6 FiE 7 Ay 2k “after optimization” fran, FEH
A B AR i 15 ) — E R R v, LU0 S G Th SRR R TSR AT TR, B D R AE 326~352.6 GHz
4 RF 2 W, R 2 Tigim R, RS 18 85 58K B o 5K T 0.05 mm, RIS JEH p 4/ T
0.015 mm. X ZZE PRI R ], o WK S FBEOEEN T 8RR, I LR IR I 48 i A5
RS R . (0 ap MR A SR, 5 TR 2 0 1 1 A DLARIIE .
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Fig.5 Calculated results of interaction of the 340 GHz BWT
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Fig.6 Uoffrequer!cy‘ Cliz/es of 340 GHz BWT Fig.7 Calculated powers and electron efficiencies of 340 GHz BWT
[l 6 340 GHz 3R I & Y FL FE — AR I 42 P 7 340 GHz iR P A BT R 5 TR
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