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Multimode Horn Antenna with Square Aperture

Loading Grooves for Dual Polarization

Reiko OMI, Ryo WAKABAYASHI, Hiroyuki DEGUCHI*, Mikio TSUJI
(Received April 15, 2020)

This paper proposes three square-aperture horn antennas loaded with grooves in order to shape a circular beam. In a design
method for these antennas, the modal coefficients realizing the specified radiation pattern are first determined based on the quadratic
programming method. Then the dimension of the horn are optimized so that these modal coefficients can be obtained at the horn
aperture plane. The first antenna realizes a circular beam and low cross polarization in the range of 10GHz-10.5GHz by controlling the
TE10 mode and the higher-order TE12 and TM12 modes. This horn has a 90°-rotational symmetry with four grooves. The second antenna
realizes the same characteristics in the range of 9.5GHz-10.5GHz by considering the next higher-order TE3o mode in addition of the
before-mentioned three modes. The third antenna realizes the same characteristics in the range of 9.5GHz-11GHz by considering the
next higher-order TE32 and TM32 mode. Finally, this paper verifies effectiveness of the proposed antennas by measuring their radiation

pattern and VSWR.
Key words : groove, square aperture, circular beam, quadratic program
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Fig. 1. Cutoff frequency for the higher-order 6 modes

of a square waveguide.
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Fig. 2. Electric-field line (left) and radiation pattern of

each mode (right).
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Table 1. Coefficients of 3 propagating modes.

mode Amplitude [dB] Phase [deg]
TEqo -0.96 0
TEn -14.0 180
TMi -8.01 0

L L | L L L L L L L L L
-50 0 50
Angle [deg]
Fig. 4. Radiation pattern of the 3-mode synthesis

obtained by the quadratic program.

UT &Y, ZORIZIITRSA TR,

2.3 4E—FEBREL-ERE—FREK

LV IEHIRICT 572012, SICnmERE< L,
FARTE 0B — R EERDTE,, TMpE— RISz T, &
DOERTEE— FbaiE— & LTHEEB L, Kkt
EEIZ L0 &E— RORBREEZE T T 5. 2054,
Fig. 1KV TEE— FAMEHFREZRBI N ORE S & L
TEHELOES50milEAL TWD. HEE—L0
T2 DG E LT

Fg_piane (25°) = Fy_piane(25°) = 1 (7
FE—plane(H) =1 (06 <259 (8)
FH—plane(e) =1 (0 <6< 250) (9)

wH -z, RERERSICONTIE6) X L[ US55
HAWTZREHEEIZ LV & T — FORRGEEEZ KD
% &Table 25455, ZHORERZ AW TR % —
VRO DNFig. 5THY, Y —L03561T
WD T ENDND, 1B, RS I1E-40dB LLT
Llrot-.



82 ST T

Table 2. Coefficients of 4 propagating modes.

mode Amplitude [dB]| Phase [deg]
TEqo -1.3 0

TE;, -13.1 180
T™;, -7.1 0
TEzo -20.3 180
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Fig. 5. Radiation pattern of the 4-mode synthesis

obtained by the quadratic program.

Table 3. Coefficients of 6 propagating modes.

mode Amplitude [dB] Phase [deg]
TE10 -1.17 0

TEp -13.9 180
™, -7.88 180
TEzo -20.0 180
TEz -18.0 180
TMs3, -21.6 180
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Fig. 6. Radiation pattern of the 4-mode synthesis

obtained by the quadratic program.
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Fig. 14. Antenna structure for the 4 modes and its

designed parameters.

Table 5. Optimized sizes for the 4 modes.

parameter [mm] parameter [mm]
w, 332 K, 6.7
w, 420 K, 7.5
L, 12.1 R, 5.6
L, 9.8 R, 2.8
L, 4.0 R, 43

Fig. 17. Photograph of the fabricated horn.
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Table 6. Optimized sizes for the 6 modes.

parameter [mm] parameter [mm]
w, 316 K, 6.7
w, 40.0 : 9.0
L 118 R, 5.1
L 103 R, 3.0
L 3.75 R, 53
L, 5.0 R, 6.0
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Fig. 27. Frequency characteristic of VSWR.
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