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Abstract: To meet the application requirements of four beams W-band planar—integrated traveling
wave tube collector, a four—electron-beam array shared planar collector is designed by Computer
Simulation Technology(CST) software. Firstly, the spent—electron—-beam characteristics are analyzed.
Then, the efficiency and back streaming current of the collector at different voltages are obtained, and
the operating voltage of the collector is determined to be —11.4 kV. The electron trajectories at 0 kV and
—11.4 kV operating voltages of the collector are simulated and analyzed. Finally, the thermal loss power
of the collector is calculated, and the temperature distribution is simulated by ANSYS software. The
results show that the collector can efficiently recover the energy of spent—electron-beam after beam—
wave interaction. When the operating voltages of the collector is —11.4 kV, the efficiency is the highest
and there is no back streaming current, and the heat dissipation temperature is within the tolerable range.
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Fig.1 Electron energy distribution in one RF cycle Fig.2 Electron energy distribution after analysis
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Fig.3 CST model of four beams shared planar collector
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Tablel Efficiency and reverse current of the collector at different voltages

collector voltage/kV

collector efficiency/%

reverse current/mA

-11.0
-11.3
-11.4
-11.5
-11.6

92.1
94.6
95.4
96.0
94.4
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Fig.4 Electron trajectories in collector without voltage drop
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Fig.5 Electron trajectories in collector with 11.4 kV voltage drop
5 AR R - 11.4 KV I IR AY B T



734 AFEMESRFERFR %23 %

Fe AL M IARE DDA, e T 5 AT R AR AR AR

HLUE O -11.4 KV B (R FE D % 73.72 W, HLF 1400 350
VI A M U L s TR e P bR ot/ . 300
R SEISEEIE R E VAZES (I E T . ) AT \ I
ST B, SR 50 44 5 g1 -

7 6 S MR AT RS RGBT S R AR Eosor N\ 1
5L T 38 43 1 06 A 4 2 0 2 O 1 6 2wl \ 1150 &
B, 6 L L TR 0 A 06 R B 4 E N B
BB HURE T3, IR L X R 1A 2 T T ok N
B . R WA AR T T 20 || I® Hﬂﬂﬂﬂﬂ_w
M (PR BRI 22 °C), HAh R0 19 55 S0 FL AR i 05 101520 25 30 35 40 45 50 55 60 65 70
Bk ZHOH 50 W/(m?-K) . F&T LR &5 e Z/mm

WAE-11.4 kV T. ,ﬂ; W T Y R B ﬁ.ﬁ , e 7 pF Fig.6 Number and power of electron precipitation

Pl 6 Bk T % M B i RS R f EARAE I ER A

o TR B HT R B A AR R T R, BB
AL R, A mis B 133 °C . %l O A
TN B A PR R A L, L e R AU R AL AT
P TARZOR, BOZIREAE /R SZ I Z N .

3 #ig

A SCEEXT W Bt 4 6 AR AT I 4 BT
WA m A AT T IR, BT E-E
EHE R R w5 B, FIH CST M ANSYS {j;
FCRAE X2 AR B B R AR DL B A A R AE
T T T E AT . DR as R R Z R T AR A L
F-GE K 4 % BRI S8 B I e m i, Ml
We TAEHLE N -11.4 kV BRI, i85 95.4%,
B R, R AR B i B B s Gk B 133 °C,
FER R Z Y B Z . B AT IS R © 7 4 3%

127.74
126.97 min

PRI A BB, 7 1% TAE 4 1 T X 4 o w
PEAT WA HEAT T K, S5 R R IR T Fig.7 Temperature distribution of collector

PRAEAS B8 AT I R 3B 1T o Pl 7 AR o1 A

5% 30k

[1] FENG Jinjun, CAI Jun, HU Yinfu, et al. Development of W-band folded waveguide pulsed TWTs[J]. IEEE Transactions on
Electron Devices, 2014,61(6):1721-1725. DOI:10.1109/TED.2014.2307476.

[2] R oM 2855 . T M sl OB A5 2 K AT IR A [J]. FT-2% 4R, 2020,48(9):1834-1840. (PAN Pan,ZI Zhangxiong,
CAI Jun,et al. Millimeter wave traveling wave tubes for high data rate wireless communication[J]. Acta Electronica Sinica, 2020,
48(9):1834-1840.) DOI:10.3969/}.issn.0372-2112.2020.09.022.

[3] HAFEZ H A,CHAI X,IBRAHIM A, et al. Intense terahertz radiation and their applications[J]. Journal of Optics, 2016, 18(9):
093004. DOT:10.1088/2040-8978/18/9/093004.

(4] WSUEA SRR VIR A5 . A Kb 2% 0 B 2 V3 B8 A PR BT S (0], KOBR 25 R} 2 5 v 715 B 224l 2015,13(5):684-706.
(FENG Jinjun, CAI Jun, HU Yinfu, et al. Research of near—terahertz linear-beam vacuum electronic devices[]J]. Journal of
Terahertz Science and Electronic Information Technology, 2015,13(5):684-706.) DOI:10.11805/TKYDA201505.0684.

[5] WHARGE DR . HT 5 MH A i F 44 [0]. FiL2WR, 2016,5(4):350-360. (HU Yinfu, FENG Jinjun. New vacuum
electronic devices for radar[J]. Journal of Radars, 2016,5(4):350-360.) DOI:10.12000/JR16078.

[6] CARTER Armstrong. The vitality of vacuum electronics[J]. IEEE International Vacuum Electronics Conference, 2013,1(2):1-3.
DOI:10.1109/IVEC.2013.6571164.

[7] ZFSC,05VG B R REHS . 2 9B U AE il A F B 380 5 2 A F 5 5 1 FH [0, fip 2441, 2010,8(4):475-477. (LI Shi, FENG



Para

57 3 #h

‘

%: WikERFEERTRELRTEKERIZIT 735

(10]

[11]

Xixian, TANG Kangsong. Study and application of electron velocity distribution at the entrance of multistage depressed collector[J].
Journal of Microwaves, 2010,8(4):475-477.

FEMNE, T Ka 3% B 20 A0 1 FH 3 8 45 B R S A A 1 1)), 53 306 S50 F 3, 2020,32(8):083001. (WANG Liuya, DING
Haibing. Design of depressed collector for Ka—band extended interaction klystron[J]. High Power Laser and Particle Beams,
2020,32(8):083001.) DOI:10.11884/HPLPB202032.200093.

X2 XD, B KB L R 38 A 4 R R b e R R ) e T [D]. SR IBOG 5 R 5, 2017,29(10):103002. (LIU Yurong, LIU
Bin, WANG Daming. Design of two—stage depressed collector for high—power traveling wave tube[J]. High Power Laser and
Particle Beams, 2017,29(10):103002.) DOI:10.11884/HPLPB201729.170144.

WRAA 7 PR, S5 7 A 55 D B BAT D = G RO AR A BT[], RBR 2% Bk 5 L T B AR i, 2020,18(5):766-770.
(CHEN Zhaozi,CHEN Hongbin,MA Qiaosheng,et al. Design of three-stage depressed collector for D—band TWT[J]. Journal of
Terahertz Science and Electronic Information Technology, 2020,18(5):766-770.) DOI:10.11805/TKYDA2019258.

WRB B v e, 2, 5 L AT B R R R (D], 9RO SR TR, 2006,18(1):97-100. (YAO Lieming, YANG Zhonghai,
LI Bin,et al. Thermal analysis of TWT collector[J]. High Power Laser and Particle Beams, 2006,18(1):97-100.)

EEE N

ST 1) N 2 K P 4T I % .email:ransun_china@]163.com.

BT [ AT IR WA SR AR A

o sK(1997-), &, #A, BYEETOREON, FEHF ® OE(1978-), F, WAL, B, WA SI,
T BRI 1) A S A I R b 2% L s E TR A

B E966-), B, WL, A, FEHRH
[f1] Ay 0 22 A I R A 2% LA H T A

BEE968-), FH, WL, EEHgTRER, F%E

LRI (1988-), L, T+, @S TR, £EH

FETT 1) Sy Jid 2 K AT B 1 B

(L35 730 00)

[31]

[32]

HOWARD A,SANDLER M,CHU G,et al. Searching for mobilenetv3[DB/OL]. (2019-11-20)[2023-11-10]. https://arxiv.org/abs/
1905.02244.
MA Ningning, ZHANG Xiangyu, ZHENG Haitao,et al. ShuffleNetv2:practical guidelines for efficient CNN architecture design[C]//
Proceedings of the European Conference on Computer Vision(ECCV). Cham:Springer, 2018:116-131. DOI:10.1007/978-3-030—-
01264-9_8.

EEE N

ERARON998-), Lo, FEEEMLHITEE, EENTEIT "

] R T AG I .email:wangsj0516@163.com.

FEEK(1976-), H, F+, S TRIM, FEIFR
O[] R | AR R AR .

KREMEN996-), B, FEpem A, REIRTT
1) Ay JC A A

W (1983-), %, M+, T, FEHFR A
FRA IR T & A .

i H@1975-), @, W, S TEM, FEMR
J7 18] N 2 K 7R A KRB 5 5 k.

¥

BMFERF(1987-), L, 1, BBUR G, EEUR
NG S AL B KBk 22 T AT .

-



