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Method for identifying TE;; mode in TM,;/TE;; mixed
mode system with eight-hole coupler

RenlJie, WengMing, Leile, LinShu, CaoMeng, Zhai Yonggui
(Faculty of Electronic and Information Engineering, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract: In high power microwave transmission systems, over-mode waveguides are often used to improve
power capacity and efficiency, thus the mixed modes of TM,,; and TE;; often appear in circular waveguides. In this
paper, the method of extracting the mixing ratio and polarization angle of the TE,; mode is analyzed and studied by
using an 8-hole circular waveguide coupler with uniform angular distribution. The electric field distribution of the
TM,; and TE;; modes in the circular waveguide at the coupling hole is analyzed, and the output power of each
coupling hole is simulated by CST. By obtaining the average power of the coupling holes facing each other and the
average power of the eight holes, it is concluded that the ratio is independent of the phase difference between the
modes. At the same time, it is found that the ratio is linearly related to the mixing ratio of the TE;; mode, and the
proportionality coefficient in the linear relationship is a linear function of the polarization angle. Expressions for
calculating the TE; mode mixing ratio and polarization direction are obtained by linear fitting. Compared with the
parameters set by the simulation, the results calculated by this expression show that when the mixing ratio of TE,
mode is less than 30%, it is feasible to use it to calculate the mixing ratio and polarization angle of TE;; mode, and the
error does not exceed 10%. On this basis, this paper presents a specific method for judging TE;; mode information in
practical situations.

Key words:  circular waveguide coupler, high power microwave, mode mixing ratio, polarization angle

725 2 3R B (CHPMD) 5 AR B8 AN Wy Kz Joe U0 ) g ) 3 Bl g 9 Dy 4 5| O34 45 D T ) 0 & R Ml ke bl iy o 7
HPM E‘J?ﬂ'ﬂiiﬁ’i?ﬁtlj HPM 9 75 2 I 4 J2 — A 3 52 28 5 i3 05 ORI 7 B2 . HPM 9 76 2 0 A A RE 5 1 ) HPM
ARG TARIRE R R AR, T ELAE R A iR & B RT3 T Wl RLS2E HPM B9 D S0 5007l F HPM — i 7 B 9 &

* R HHER:2022-02-05; 81T BHA:2022-03-23
HEWH: FEARPEAELTH (61971342)
BAREARAT 78, 1090075853@qq.com.
BEEE: S W, wengming@xjtu.edu.cn.

093001-1


http://dx.doi.org/10.11884/HPLPB202234.220040
http://dx.doi.org/10.11884/HPLPB202234.220040
mailto:1090075853@qq.com
mailto:wengming@xjtu.edu.cn

weOoW s 5 Ol TR

TPt PRI B B e SR AR R S A 2 UL R R T AR R D ik ARG R SR AR T — A AL, M S
L BEE G JE AR, B HPM D5l ) —/NER 43 J5 2647 HPM B f il 109, 76 HPM B 7E LR 5t b, BR T 2R %
HPM Zi A JE 470 B 22 A, 38 X HPM 28 48 N SR TR A B /0 B R B A0 TR 45 Ut 4 o 07 0 4 9 25, T € 173 Jy T 14 4
FE A A BR T A I i A P, i D A D) B B 2 W Dk o R SEBR B HPMOR S8R, — ST Y R B I
TMg, B2, (2 i TR AR IR, AR A T TE) 8. BN, 76w SR G R Ge b, o 1T 4R m DR MReR, ik
R GAEAE R i WL T, Pl T v mT RERUAN ) Z2 b B AN, TR MR BB AIR V5 6% 2 S D AR B R e, Tl
2R HA AT SE o EAE 8 DR B A& i AR e v, A — SE R DU BE S AR TR A A 207 A0 1 LAt T e 2. RO
X YA, S A AT AR LAY B TM, IR A TE, ) KX, JOAh 248 40 TE,, F1 TE, S, 5 FL45 R iR
H AR R /e DI, ARSCE 2R T™, A TE, 1R R GE b i far $2 50 TE, 85 B J5 iR TtFE . i TR
S T, BECE (5 5 S i) S22 e 5 X AR B, T TE BESXHE A [ J2 AR X AR B89, Ik T™, #1 TE B0 &), oA
TE 71 150Kt B e e X AR I Re o BT L, AT 25 BT 8 30 5 4 A e 150 22 R S FL TE, U 5 B AT 42
W A SCHET A 1) 25 20 43 A 1 8 FLAE G 8% EAT TN T™gy B b 2 10 TE,  #EUTR & HE AR Ak D5 1w B9 20 A 477
WS, SRR, R AT 8 FLARG A% i AH ELIE X A FL 22 8] 59 - 2 DR, n] RLSCERRS TE, 88 3R & H R £k # 5 it
Fr AR $RIBOT I B9

1 BiES/NILBE=H

1.1 EES/N\FLBEENEN
1% S /LA G 25 oK FH R AR ET DA 6 07 20, 1 [ Ok 5 B

e ANASFRA LU B A ) 38 50 o A, i L R . i)

PR, FE A S P BT B0 BB AL % TM,, & DL T BRI

B A A G AL A S 1 =LA G A%, /\ALI & &5 T LA
AR i S 11 ) -3 5 3060 e 5 0 A S s EA T 20 M A2 1

: metal probe
coupling hole & P

1.2 BElESH T™M,, #X# TE,; 3K

& 2 45 1T TMy, B2 A1 TE, B2 10 3% 43 A s 72 A
TM,, 152 1% ¥ 37 78 [ 8 5 A1 1) 24059 53 A, i TE B2
Gy B IS vh v B AR AL T ) S AR A3 A, PR 2 TM,
KA A TE BURT, [7% T P9 BE (14 1 37 5 B I35 59 4y

I
©
1o
®

circular waveguide I—ﬂ—l
|

Fig. 1 Schematic diagram of the circular waveguide
eight-hole coupler structure
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Fig.2 TMy; mode and TE;; mode in circular waveguide
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MfE LT, AT B T WAL= (8] 1 A0 A7 22 A 0~ 36072 Ap/(%) P37/P P/P Pyg/P Pis/P

AL, 8 /™ 10 B9 T R AR AE 00, I8 T AH B 1E X i 0 0 1.165 0.923 1.076 0.834
(TS 8 AN DB IR b . S5 nFE 1 iR, 70 1165 0.923 1076 0.834
Pys/P. Pyg/P. Ps3;/P. Pyg/PS5AHMI 22T, BAE T 2.1 /4 140 1165 0.923 1.076 0.834
ﬁﬂ‘ﬁa 210 1.165 0.924 1.076 0.834
32 TE, ERMESLMBLAEHOHHIIERLY 280 1165 0.923 1.076 0.834
2 ﬂ]‘u] 350 1.165 0.923 1.076 0.834
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Table 2 Relationship between power ratio and polarization angle and mode mixing ratio

x/°) pl% Pys/P P/ P P37/P Pyg/P
0 0.999 0.999 1.000 1.000
2 0.989 1.000 1.010 1.000
4 0.978 1.000 1.021 1.000
0 6 0.968 0.998 1.032 1.000
8 0.956 1.000 1.043 0.999
10 0.945 1.000 1.054 0.9991
0 0.999 0.999 1.000 1.000
2 0.989 0.997 1.010 1.002
4 0.979 0.995 1.020 1.004

5.625
6 0.968 0.993 1.031 1.006
8 0.957 0.991 1.042 1.008
10 0.946 0.989 1.053 1.010
0 0.999 0.999 1.000 1.000
2 0.988 0.993 1.015 1.002
4 0.980 0.991 1.019 1.008

11.25
6 0.970 0.987 1.029 1.012
8 0.960 0.983 1.040 1.016
10 0.949 0.979 1.050 1.020
0 0.999 0.999 1.000 1.000
2 0.991 0.994 1.008 1.006
4 0.982 0.988 1.017 1.011

16.875
6 0.973 0.982 1.026 1.017
8 0.964 0.975 1.035 1.024
10 0.954 0.969 1.045 1.030
0 0.999 0.999 1.000 1.000
2 0.992 0.992 1.007 1.007
s 4 0.985 0.985 1.015 1.014
6 0.977 0.977 1.022 1.022
8 0.969 0.969 1.030 1.031
10 0.961 0.961 1.038 1.038

Pys—P

48
2 = (=0.000 4y — 0.000 07) - )
( Ly )P () 00057

Ps,—P
21715 2 (20.000 1y +0.0113)-p

HI A5 23158 TE, #EUH 1k A 5 R H i ik 08

— — 3 0s
P Ps—P. -
~0.000 07T15 001132222
X =
—0.000 1726~ P g o004 Pr1=Pis
P P (13)
5 5 —0.005
P37—Pis <
= p L L
P= 20000 1y +0.0113 0 o 20
X o
\ H S o ) = s
AC13) DT AESCPR B, R 33 (AELERIEIE *% it Fig. 4 Relationship between the proportionality coefficient
D62 4 45 L A8 s DR st mT DL RS (13) T3 TE, ) #2 b and the polarization angle y
AR AS B KPS YT 14 ) TP
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Table 3 Comparison of calculation result and set value

Ap/(°) % 7/(°) pd% 2/ Apl% Axl%
values of parameters in simulation calculation results by formula-13 error
0 3 12.5 2.819 11.764 6.033 5.888
70 3 12.5 2.810 11.800 6.333 5.600
140 3 12.5 2.817 11.689 6.100 6.488
210 3 12.5 2.817 11.689 6.100 6.488
280 3 12.5 2.808 11.724 6.400 6.208
350 3 12.5 2.819 11.764 6.033 5.888
0 5 12.5 4.760 11.640 4.800 6.880
70 5 12.5 4.754 11.706 4.920 6.352
140 5 12.5 4.768 11.619 4.640 7.048
210 5 12.5 4.749 11.616 5.020 7.072
280 5 12.5 4.749 11.616 5.020 7.072
350 5 12.5 4.770 11.664 4.600 6.688
0 7 12.5 6.741 11.619 3.700 7.048
70 7 12.5 6.749 11.604 3.585 7.168
140 7 12.5 6.731 11.602 3.842 7.184
210 7 12.5 6.726 11.537 3.914 7.704
280 7 12.5 6.737 11.555 3.757 7.560
350 7 12.5 6.749 11.604 3.585 7.168
0 3 0 2.795 —-0.259 6.833
70 3 0 2.802 -0.344 6.600
140 3 0 2.794 —0.344 6.866
210 3 0 2.777 —0.345 7.433
280 3 0 2.787 —0.260 7.100
350 3 0 2.806 -0.175 6.466
0 5 0 4.717 —-0.225 5.660
70 5 0 4.726 -0.225 5.480
140 5 0 4.713 —-0.327 5.740
210 5 0 4711 -0.378 5.780
280 5 0 4.713 —-0.327 5.740
350 5 0 4.715 -0.276 5.700
0 7 0 6.681 —0.283 4.557
70 7 0 6.669 -0.356 4.728
140 7 0 6.669 —0.356 4.728
210 7 0 6.665 -0.428 4.785
280 7 0 6.669 —0.356 4.728
350 7 0 6.685 —0.355 4.500

MR 3B AR LA th, HCCI3) 7150 1 04 TE B & Lo AR AL A B2 45 0 HAE I SEAR W) &, 1R 221
/NF 10%, UEEA FHX (13) 115 TE | B M D6 (5 B2 AT AT .
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(13) 35 A TE, A 0R & HERIB AL M BE BRI 2R 22 0 W LA Y, AP A BE RO IR 25 3908 10% LAY o 2 IE BIiR
i HOlad 30% B, TR AT AR 2 W B OR, IR 10%. i1 TSR bRl i ZORIRZE A S 10%, Pt (13) 1 H
TEREITE 0~30% Z Al Fr52 b, 2 TE, #NiiR A i 30% 25, XD i b SHAL I ¢ itk X R, 2
TR N E R L e, 206 b SR A ¢ DA AR OC R T ILA IR, A SO RS E AT
RA L 30% Mol . (52 52 bR Al FH o F2 v, Jd ok DA 56 5 3 00 9 25 2R s, TE BEUAIR & A 2 i i
5%, PIAR SCE 275 JRIR A o 0~10% BYFE O, SR T S fi SR R AL 5, DA 8 S BR 1 H

#4 A (13) WEAER
Table 4 Application range of formula (13)

% 2/(°) pd% 2/(°) Ap/% Axl%
values of parameters in simulation calculation results by formula-13 error
2 5.625 1.911 5.378 4.450 —2.343
3 12.500 2.819 11.764 6.033 5.888
4 5.625 3.851 5.143 3.725 4.005
5 12.500 4.760 11.640 4.800 6.880
6 11.250 5.795 10.407 3.416 7.493
7 12.500 6.741 11.619 3.700 7.048
8 5.625 7.895 5.085 1.312 9.600
10 16.875 9.371 16.052 6.290 4.877
30 12.500 32.653 11.510 —8.843 7.920
50 12.500 61.130 11.518 —22.26 7.856
70 12.500 97.920 11.490 —39.885 8.080
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