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Optimized design of quasi-optical mode converter for
TE»¢-mode to Gaussian beam
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Abstract: The quasi-optical mode converter is the main part of the high-power millimeter wave
gyrotron. The converter can separate the electron beam and electromagnetic wave, reduce the reflecting
microwave into the high-frequency cavity, and realize the output of transversal Gaussian beam. The
Denisov launcher for 140 GHz, TE2 s-mode gyrotron has been analyzed and designed according to the mode
coupling theory. And the reflecting mirrors have been designed with the geometrical optics theory and
optimized by Feko simulation. According to the calculation results, the conversion efficiency of
electromagnetic energy is 97.3% and the Gaussian content of output wave-beam is 93.3% for the
quasi-optical mode converter, which can meet the requirements of the gyrotrons.
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Fig.1 Wall deformation of Denisov launcher and mode composition(relative power) coefficients
vary along the z-axis of the launcher for TE,, ¢ mode
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Fig.2 Amplitude contours of fields on the unfolded launcher b
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Fig.3 Schematic of quasi-optic mode converter and the field conversion
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Fig.4 Amplitude and phase comparison of launched beam wave with Gaussian beam wave

Pl 4 SRR R R R 4 715 s T S X L
it B A A AR A, BT BT B AR AR S B T B U 5 TE., o B Ak R s 1 i 1 00 v S D R, g
SRR BRI 97.3% o 38 X H ST 0 AR AR 4 A 5 e A S A A AT TR LTS AT A, A Y s
B R Co(FERPE A HNE: 11.5 mm)ZY°H 98%, K400 C 292 93.3%. 765t % 1A 153 2 /Y 37 4 1 o ie 2



551 50125 FE % £ TE o o B3k — 8 B B A SE AR, P 0 28 103 75

i B e AL O A, BUAE O EL 5 R R L g 0 B4 SRR — B
LRI AT, Bt i v U 4% 18 T Denisov 48 5 4% R = T8I 652 1T B4 R ARFIAR 3 G IE , 7k o Ak A 3
e 30 AR S Y T A, BE R HSOR KT 95% Mt HAR, o8 4 Al 2 A BT I EOR

3 #Hig

BEXE 140 GHz, TEy; ¢ 13 01 8 9 W 75 oK, AR SCIRFR AR & BEE , 20 M s i T [50 90 5 i3 o e 2 A6 =X
R R AR DG TH SR 7 2 s R F s B2 )T, X Denisov 8RS 88 24T T ORAL BETHAITH 5, S8 7 M o 40 IR 1) )
B 5t o SR UGS B, D0 BT =10 v S S B 0 AR 48, A el e A 1 o A ST BT e B0 I8 ORI A ) o
FREAT T RUETH S A RO o AR BT I AR A B A% R LI T M R R R RO 97.3%, AT
R0 93.3%MAR, IRE] T A B9 K .

£ % Lk

[1] B AT RET. HL-2A 2 5L 0 R4 TE Biad Il B it [)]. BRZ 558 T RYH, 2011,31(1):48-52.
(ZENG Hao,BAI Xingyu,CHEN Gangyu. Design of TE,, taper in the LHCD antenna for HL-2A tokamak[J]. Nuclear Fusion
and Plasma Physics, 2011,31(1):48-52.)

[2] A28 EAST ':P‘Hiﬁi{f/\gggﬁ/ﬁﬁﬁﬁﬁ[D] A R E B B R K2, 2015. (LI Hao. The study of neutral beam injection
experiments on EAST[D]. Hefei,China:University of Science and Technology of China, 2015.)

[3] WANG X J,LIU F K,SHAN ] F,et al. Status of ECRH project on EAST Tokamak[J]. AIP Conference Proceeding, 2014,
1580(1):538-541.

[4] THUMM M. State of the art of high power gyro-devices and free electron masers,update 2015[Z]. Kanpur Inst. Technol.,
Karlsruhe,Germany, Sci., 2016:19-31.

[5] DAMMERTZ G,BRAUCE H,ERCKMANN Vet al. Progress in the 10 MW ECRH system for the stellator W7-X[]J]. IEEE
Trans. Plasma Sci., 2004,32(1):144-151.

[6] THUMM M,YANG Xiaokang, ARNOLD Andreas,et al. A high-efficiency quasi-optical mode converter for a 140 GHz 1 MW
CW gyrotron[]]. IEEE Trans. Electron Devices, 2005,52(5):818-824.

[7] BLANK M,FELCH K,BORCHARD P,et al. Demonstration of a high-power long-pulse 140 GHz gyroton oscillator[J]. IEEE
Trans. Plasma Sci., 2004,32(3):867-876.

[8] BLANK M,KREISCHER K,TEMKIN R J. Theoretical and experimental investigation of a quasi-optical mode converter for
a 110 GHz gyrotron[J]. IEEE Trans. Plasma Sci., 1996,24(3):1058-1066.

[9] LIUDiwei, WANG Wei,ZHUANG Qianmeng,et al. Theoretical and experimental investigations on the quasi-optical mode
converter for apulsed Terahertz gyrotron[J]. IEEE Trans. Device Letters, 2015,36(2):195-197.

[10] JIN Jianbo,FLAMM Jens, JELONNEK John,et. al. High-efficiency quasi-optical mode converter for a 1 MW TE32,9 mode
gyrotron[J]. IEEE Trans. Plasma Sci., 2013,41(10):144-151.

[11] THUMM M. High-power millimeter-wave mode converters in overmoded circular waveguides using periodic wall perturbations[J].
Int. J. of Electronics, 1984,57(6):1225-1246.

[12] LIU Bentian,FENG Jinjun,LI Zhiliang,et al. Design and experimental study of a high power 140 GHz,TE2.s mode gyrotron
for EAST[J]. Terahertz Science and Technology, 2016,9(4):131-140.

1EZ &I

X AH(1971-), %, WA ZHTA, 1l B #(1989-), B, v KEHA, BT
+, BFSE G, BB YR = (YT s S T A SRR S 6 SN ST S PN
K 5 K 2% [ e 48 4% 1 .email:liubentian@ 2% M e 2

aliyun.com. WARA(1991-), B, K A, WL, BEET
=‘ FRIW, EEHF DT N TR . 2 KIS Kk
£k %% [0 i B A
BE(19790), 5. BRERMA, W1,
TR, R BT T7 W) R IR . 2K
PN ALY =Tl

B E1966-), B, IhFaHEMT A, Ht, &,
FEWFR SN EHS T 0E . B 70, 2K
W AT . T R 25 44 AN K 2% B A 4 5 VR 4



