[2R2 Exflsks U H—FURI Y

Science Tokyo Research Repository

Od/dodn
Article / Book Information

OO 20GHzO 3oGHzO OO ODOODOODODOOoDOoDOoDOoOooooooDon
OO00O000000000O0oDOOoo
Title Fundamental Study on Circularly Polarized Ring Slot and Curl Antenna

Elements for 20-GHz / 30-GHz Band Shared-Aperture Phased Arrays

gd goo

Authors Takashi Shiraki, Takehisa Wada, Takashi Tomura, Yuta Mori
gd P

Citation Proceedings of ISAP2025, , ,

000 /Pub. date 2025, 10

0000 /Copyright OO000000000000DO0DO0DOODOOooOgn
Copyright(c) 2025 IEICE

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

O 0N Ul WN -

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
60
61
62
63
64

ISAP2025 1571151230

Proceedings of ISAP2025, Fukuoka, Japan

Fundamental Study on Circularly Polarized Ring
Slot and Curl Antenna Elements for 20-GHz /
30-GHz Band Shared-Aperture Phased Arrays

Takashi Shirakif Takehisa Wadaf Takashi Tomurai Yuta Morif
T Dept. of Electrical and Electronic Eng., Institute of Science Tokyo, Tokyo, Japan 2-12-1 Okayama,
Meguro—ku, Tokyo, 152-8550 Japan
I Sharp Corporation, Chiba, Japan 1-9-2 Nakase, Mihama-ku, Chiba-shi, Chiba, 261-8520 Japan
E-mail: ftomura@ee.eng.isct.ac.jp

Abstract - This paper presents a fundamental study on
circularly polarized ring-slot and curl antenna elements for a
shared-aperture phased array operating at 20 GHz and 30
GHz. Left-handed circular polarization is generated at 20
GHz by applying a phase difference to the ring-slot antenna,
while right-handed polarization is achieved at 30 GHz by
changing the curling direction of the curl antenna. Simulation
results confirmed low reflection and low axial ratio in both
bands.
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I.  INTRODUCTION

Recently, low earth orbit satellite communication has
attracted attention, requiring antennas with wide-angle
beam scanning and the ability to handle polarization
changes due to the satellite's movement. Ground stations
also need to be compact and cost-effective, integrating both
transmission and reception. While previous studies have
achieved circular polarization and wide-angle scanning,
most are limited to a single band or use linear polarization
for dual bands [1][2]. To address this, we conducted a
fundamental study on dual-band circularly polarized
antenna elements capable of wide-angle beam scanning.
This paper reports the results.

II. ANTENNA STRUCTURE

The structure of the proposed 20-GHz / 30-GHz
shared-aperture ring-slot and curl antenna element is shown
in Fig. 1. The antenna comprises a stripline-fed ring-slot
element for the 20 GHz band [1] and a microstrip-fed curl
element for the 30 GHz band [3]. Two identical curl
antennas are placed at the center and edge of the analysis
model; when viewed from the radiation direction, their
right-handed curling produces right-handed circular
polarization. The ring-slot antenna employs two coupling
slots, with one slot rotated by 90° relative to the other, and
left-handed circular polarization is obtained by introducing
a 90° excitation phase difference in the stripline at Port 1
and 2. Power is supplied directly to the curl antenna,
whereas the ring-slot antenna is excited through stripline
electromagnetic coupling.
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Fig. 1. Antenna structure

III. ANTENNA ANALYSIS AND DESIGN RESULTS

The antenna structure was analyzed wusing a
finite-element electromagnetic simulator. The target
frequency ranges are 17.7-20.2 GHz for the 20 GHz band
and 27.5-30 GHz for the 30-GHz band. For the 20-GHz
ring-slot antenna, performance was tuned by changing its
subtended angle, while for the 30-GHz curl antenna, both
the perimeter length from the feed point to the tip and the
metal reflector, the ground, were adjusted to optimize the
axial-ratio characteristics. Fig. 2 presents the frequency
responses of the S-parameters for each port. S11 remains
below —10 dB across 16.7-18.8 GHz, resulting in a
bandwidth of 2.1 GHz. The isolation in Fig. 2(a) remains
better than —17.5 dB within the desired portions of both the
20-GHz and 30-GHz bands. S33 stays at —7.2 dB at the



design frequency. The poorer S33 is attributed to an
impedance mismatch: the center element has a double-ring
structure, while the edge element has only a single ring.
Because the present design uses identical antenna structures,
improving S33 remains a topic for future work.

The isolation in Fig. 2(b) is also below —11.5 dB across
the target ranges of both the 20-GHz and 30-GHz bands;
however, the isolation between Port 3 and Port 4 is
degraded. A likely cause is leakage from the curl antenna
into the dielectric substrate rather than radiation into free

space.
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Fig. 2. Frequency characteristics of
S parameters.

The frequency characteristics of the axial ratio are shown
in Fig. 2. At the design frequency of 19 GHz, the axial ratio
for Port 1 and Port 2 excitation was 0.81 dB, while at 29
GHz, the axial ratio for Port 3 and Port 4 excitation was 1.8
dB. The frequency characteristics of the boresight gain in
the 20 GHz and 30 GHz bands are shown in Fig. 3. At 19
GHz, the realized gain of left-handed circular polarization
with Port 1 and Port 2 excitation was 2.3 dBi, and at 29
GHz, the realized gain of right-handed circular polarization
with Port 3 and Port 4 excitation was 8.1 dBi.

The radiation patterns at 19 GHz and 29 GHz are shown
in Fig. 4.(a) At 19 GHz, there is no significant difference
between ¢ = 0° and 90°, and the cross-polarization level
remains below —20 dBi over the range of 8 = —90° to 90°.
Similarly, in Fig. 4(b), at 29 GHz, no notable difference is
observed between the ¢ = 0° and 90° planes, and the cross-
polarization level is also suppressed below —20 dBi. These
results confirm that cross-polarization is sufficiently
suppressed in both frequency bands.
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IV. CONCLUSION

This paper presents a fundamental study on circularly
polarized ring-slot and curl antenna elements for a shared-
aperture phased array operating at 20 GHz and 30 GHz.
Left-handed circular polarization is generated at 20 GHz by
applying a phase difference to the ring-slot antenna, while
right-handed polarization is achieved at 30 GHz by
changing the curling direction of the curl antenna.
Simulation results confirmed low reflection and low axial
ratio in both bands. This research was supported by a grant
(JPJO12368G50501) from the National Institute of
Information and Communications Technology (NICT).
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