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Abstract

In this study, structural optimization of the aperture efficiency of a high-gain reflectarray antenna based on a metasurface was
conducted. The performances of various configurations were compared and analyzed, including unit cell arrangements under various
in-phase criteria, unit cell arrangements considering the reflection phase with incident angle differences, application of a PEC wall at
the outer boundary of the metasurface, and removal of the central patterns. The aperture efficiency and side-lobe level were adopted
as the main performance indicators for the designed reflectarray antenna, and electromagnetic simulations were conducted to
quantitatively evaluate the impact of each structure on the antenna characteristics. The full-wave simulation results showed improved
aperture efficiency and suppressed side lobe levels in specific environments and configurations. The designed reflectarray antenna was
fabricated using the proposed structural optimization process, and measurements were conducted. As a result, the measured radiation
characteristics exhibited close agreement with the full-wave simulation results, thereby confirming the validity and effectiveness of the
designed reflectarray antenna.
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Fig. 1. Metasurface unit cell and full-wave simulated results.
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Fig. 2. Design of reflectarray antenna.
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Table 1. Full-wave simulated results of the reflectarray an-
tenna with unit cell arrangements based on vari-

ous in-phase conditions.

In-phase reference (°) 0 90 180 270

Maximum gain (dBi) | 25.8 259 26.4 264

Side lobe level (dB) | 19.0 21.1 212 23.0

Antenna efficiency (%)| 46 47 53 53
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Table 2. Full-wave simulated results w/o and wi/consider-
ation of reflection phase depending on incident
angle differences.

Unit cell arrangement | Unit cell arrangement

Metric without incident angle| with incident angle
consideration consideration
Maximum gain
. 26.4 26.4
(dBi)
Side lobe level
23.0 24.5
(dB)
Antenna 53 53

efficiency (%)
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Table 3. Full-wave simulated results of reflectarray antenna
with PEC wall application and height variation at
the outer boundary of the metasurface.

Height of PEC wall (mm) 0 10 20 30

Maximum gain (dBi) 25.7 254 | 254 | 257

Side lobe level (dB) 255 192 | 20.1 | 215

Antenna efficiency (%) 45 42 42 45
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Table 4. Full-wave simulated results of reflectarray antenna
with removal of center pattern of metasurface.

Removal of
center pattern

0 1x1 3x3 5x5

Maximum gain | , 264 260 252

(dBi)
Side lobe level
23.0 23 17.9 13.5
(dB)
Antenna 53 53 4 40

efficiency (%)
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Table 5. Full-wave simulated and measured results of re-
flectarray antenna.

Maximum gain (dBi) 26.4
Simulation | Side lobe level (dB) 23.0
Antenna efficiency (%) 53
Maximum gain (dBi) 25.5
Measurement|  Side lobe level (dB) 18.6
Antenna efficiency (%) 43
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