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Optimized Mode Coefficients of Multimode Horns

with Rectangular-Waveguide Aperture for Elliptical Beam

Hiroyuki DEGUCHT* and Mikio TSUJT*

(Received September 30, 2023)

This paper proposes directivity synthesis that simultaneously controls two orthogonal polarization components for

multimode horns with a rectangular-waveguide aperture. In addition to reduction of both cross-polarization components

and sidelobe levels, we realize orthogonally co-polarized components with the same beamwidth, and increases of gain

within a coverage. As an example of an elliptical beam for both linear and circular polarizations, we present optimal

mode coefficients to achieve a 10-dB beamwidth of 33° x 90° with low cross-polarization characteristics. Also, we show

optimal mode coefficients for realizing relative power level of —3 dB or higher over wide coverage region, and then discuss

an increase of the gain in a case of elliptical coverage.

Key words : horn antennas, quadratic programming, low cross-polarization, recrangular waveguide, optimization.
F—T—KR I F—vT7vT, 2 XEHE, RS, HEEEE, Rl

» » /, » =

CHE =270 HIT% € — FH— Y Dt —

HiE 2,

1. BFUSHIC

K=y TV THiE, REET7 7501 XKBEERE L
TR 23 HEEE Y CIRERBER Y
DIEFR = 7T F DA INTEL ), Rz
BHA7 v 7 TN ER RO SN 6 T, ERE—
F DI X > TR L DARIR & /N Y 3 FEBLC
89 RHELIC O W TIRRIETH BRI Thb T

% 10) ) AR, h—v DONEEE X & RIE O T 2 Bt
BTN Tw A1, x— v ONERERDOEAITIE,
HARE — FEERE— FIT X o TRAMEEIA S T
Z, TL=7v7F 12 PREET7 T B LFEERIC

% EEHOCETERIESITH S M . —J, an

— MEPE CIESERER Y O+ RN A 7Y v K

* Department of Electronics, Doshisha University, Kyoto

FIREL

ik

E—FEHVS 2 ENTE, MR T, £Ma
W — b A= ko TR E — & % 2P B TSt
?é%ﬁ@ﬁﬁﬁ?y%%ﬁ%%émfm%wﬂﬂ.ﬁ
MA—izonTiE, ZHOA Ly IS 2 L
%@ﬁ%ﬁbﬂfwéb“@,%%%~F®%%ﬁ@ﬁ
AR = HE R — IR 2 LA IC 2 %, SEIcE
%%u,ﬁﬂnyﬁH%@ﬁA V&, FIEERE O
RE—FEMER7 L7 19 il N — 720 12k >
R cE 2 2 L 2HELTE D, KB — v bk
I L CRRE — P2l Ul Sk b b,
CHUZOWTH 7L 7 Az 2 LS8 7 iEIC & 2 86T
Db 2D, FEFHS L ATy THE ), SL—7 0k
fif 23 20 I k AW 2T o T E R, 2D X R
ML, BEOIACL =5 LERE L I —IcB W TH

Telephone: +81-774-65-6371, E-mail: {hdeguch,mtsuji}@mail.doshisha.ac.jp

(1)



Y= AD7-0OHIEHILISE— Fh—r OREE— FREK

ko 5N, FBEMF—LL 2 X2 LCTONULL 72
24 GHz HH — Y ZRBITREL T3 5 20 20(3h
1224 GHz #7CU, VOLVEHIIH 7 v 7 27), HEEH
DAL =S H7 v 75 2), WY 25 LD N
Ly —H7 7)) o TN, HEICGU %
BatEamsEEN 2,

22T, KXk, AEEEEE— FEHVZHTE
NS E— Fh—v 20 B, SRR O RS
B A4 Fa—7 iz <, 1E58 2 fik % RN HIE L
THREOEE — L% —HXE, ALy PHOERE
bz %K->Twl, £7, SRS MBI — v
Wk BEHE—LZ2FE LTHED B, 22 TRETS
JTHIC & T 33° x 90° D 10-dB ¥ — AlE% B 5%
T — PREE R, EREEE X TR & b I1cfKs2
AREREIME S ND 2 ERR LT, R, IEH»
5 +40° FTOANL v % —3 dB ML EOMNENL
OV CIRE T2 %0 DEEE — FREERT E L DI,
i B PN A b (e = TS ¥ (AR @ K[| P @
WY,

2. RRTBHE

2.1. ZE-—FAREREROK & 2EHBRE
TEpn & %\ TM,,, E— FZIRL 72%E—F 1
TEEIEBI (axb) DF—IZOWT, Fig. 11TRT
RIEERER (r,0,0) DS PI2BT 2 (BB E D)
HT B ER B, ZBOMHE 3 Kk 5 2 L TE
F—=VHOICE T RHZ AT 2 ERDEH IS,

VS e

m,n

Se]kr

E, _j— (1)

1+ Yo cos @

£ = 9 (Ngcmn cos ¢ + Nymn sin ¢)a0

Ymn + c0s 0

* 2

(—Ngmn sin ¢ + Nymp cos @)ag

22T,

Nxmnaz + Nymna'y

- [ o

p)el ke thyy) gg

3)
¥ 7,

ky = ksinfcos¢, k, = ksinfsing
Z7nn 1
Zmn = = s
Z’Ul ymn

S =ab

166

systems for

Definition of coordinate

Fig. 1.
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Fig. 2. Cutoff frequency f. as a function of a/b with
area S = ab = 112 x 40 [mm?]. (a) TEy; mode and
higher order modes and (b) TE;y; mode and higher
order modes.
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Fig. 3. Rectangular aperture diameters a and b as a
function of a/b with area S = ab = 112 x 40 [mm?].
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Fig. 8. Electric field distribution and electric force lines
on rectangular aperture of 112 x 40 mm? at 10 GHz.
(a) Optimized coefficients of TEq;, TEg1, TMa;, TEyq,
and TMy; modes are 0.888, —0.373, 0.266, —0.022 and
0.032, respectively, and (a) optimized coefficients of
TEqg, TE3g, TE 15 TMis, TE35, TM35 modes are 0.916,
—0.053, —0.070, 0.387, —0.028 and 0.053, respectively.
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Fig. 9. Contour maps of co-polar components of lin-
early polarized radiation patterns from rectangular
aperture of 112 x 40 [mm?] with optimized mode coef-
ficients. (a) Co-polar components F&, for polarizations
along a¢, and (b) F1 for polarizations along a,, .
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Fig. 10. Orthogonally polarized radiation patterns on
¢ = 0°,45°,90° from rectangular aperture of 112 x 40

[mm?] with optimized mode coefficients at 10 GHz.
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Fig. 11. Electric field distribution and electric force
lines on rectangular aperture of 112 x 40 mm? with
dominant mode at 10 GHz. (a) TEq; mode and (b)
TE o mode.
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TE19 modes at 10 GHz.
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Fig. 13. Electric field distribution and electric force
lines on rectangular aperture of 112 x 40 mm? with
dominant mode at 10 GHz. (a) TE2; and TMy; mode,
(b) TE12 and TM;2 mode, (¢) TE4; and TMy4; mode
and (d) TE32 and TM3, mode.
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Fig. 14. Contour maps of circularly polarized radia-
tion patterns from rectangular aperture of 112 x 40
[mm?] with optimized mode coefficients. (a) co-polar

component and (b) cross-polar component.
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Fig. 15. Co-polar and cross-polar components of circu-

larly polarized radiation patterns on ¢ = 0°,45°, 90°
from rectangular aperture of 112 x 40 [mm?] with op-

timized mode coefficients at 10 GHz.
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Fig. 16. Electric field distribution and electric force
lines on square aperture of 20 x 20 mm? at 24 GHz.
(a) Optimized coefficients of TEg1, TE21, TMa1, TEg3
modes are 0.614, —0.280, 0.612 and —0.413, respec-
tively, and (b) optimized coefficients of TE;q, TEi2
TM3, TE30 modes are the same as (b), respectively.
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Fig. 17. Orthogonally polarized radiation patterns on
¢ = 0°,45°,90° from square aperture of 20 x 20 [mm?]
with optimized mode coefficients at 24 GHz.
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Fig. 18. Co-polar and cross-polar components of circu-
larly polarized radiation patterns on ¢ = 0°,45° 90°
from square aperture of 20 x 20 [mm?] with optimized
mode coefficients at 24 GHz.
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Fig. 19. Electric field distribution and electric force
lines on rectangular aperture of 20 x 30 mm? at 24
GHz. (a) Optimized coefficients of TEq1, TE21, TMa1,
TEg3 modes are 0.677, —0.258, 0.654 and —0.220,
respectively, and (b) optimized coefficients of TEjq,
TE 5 TM;s, TE39 modes are 0.753, —0.308, 0.437 and
—0.383, respectively.

5 &
HERAEO%E— R A —2I2BWT, 33° x 90°
D 10-dB E—AlRZH T 2 HFEEZHE - 203/ 60
ZIEE— FREZ R L, SRR S s 2
ERRLT, E2, ALy PHOREOR EZ2X S 7
O, 1EH?2 5 40° £ TOMEHEEZ —3 dB DL Lo
BV OV CHHE T 2 -0 DFEE — FEBERT & &
b2, ZHDANL v PDOGEIZ DWW TR LD ik
EHREH L. Z0XI)RF—vEL—FHI0IFENE
—ITHVIUE, EREEOLHANTE S & & BHITH]
BoFEVT YT FBEoN, FEFHICEHTH %,

TR RL BT

w5

T T T T
- E = ——— | F§,(6=0°), Co-pol.
100 . = Ry T FI(6=0°), Co-pol. 3
Nl TN Re=65).Copl
\‘\\ . — = Fl(¢=45°), Co-pol.
o N FE,(9=90°), Co-pol. ]
g N == F1($=90°), Co-pol.
5 I NN FE9=45), Xopol
z -1op IO\ = Fae=15°), Xopol.
aQ, - AN Y
E AN N
E b S-S § S NPS~Ll teiil
S 20F -z =TI YR E
[ ke |\ Wl
/ —_ N, ——
. /,’ ~. ‘\ w /,/
s N N
-30r . 1 \ i
I I\ N 1y
I7 AN N
—40 / / 1 ' \ Ahh /. 1
0 20 40 60 80
Angle [deg]

Fig. 20. Orthogonally polarized radiation patterns on
¢ = 0°,45°,90° from rectangular aperture of 20 x 30
[mm?] with optimized mode coefficients at 24 GHz.
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Fig. 21. Co-polar and cross-polar components of circu-
larly polarized radiation patterns on ¢ = 0°,45°,90°
from rectangular aperture of 20 x 30 [mm?] with opti-
mized mode coefficients at 24 GHz.
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