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A novel Fabry—Perot resonant antenna with high aperture efficiency based on
non-uniform design

WEN Hong, CHEN Xing

(School of Electronic and Information Engineering, Sichuan University, Chengdu Sichuan 610065, China)

Abstract: Due to the non-uniform Electromagnetic(EM) field distribution over the superstrate, the
Fabry—Perot Resonant Antenna(FPRA) is normally with high directivity but relatively low aperture
efficiency when its aperture size is electrically large. A novel FPRA is proposed, both of whose superstrate
and ground are designed to be non-uniform metamaterial, so as to realize the equal amplitude and cophasal
distributions respectively for its aperture electromagnetic field, and thus enhance its aperture efficiency
when its aperture size is electrically large. Based on the ray-tracing method, a set of formula for designing
the non-uniform superstrate and ground are deduced. As a sample, a cylindrical FPRA with an aperture
diameter of 5.18 A ( A is the free space wavelength) is designed, fabricated and measured. Measured results
agree well with simulated ones. It possesses an impedance bandwidth of 4.14%(5.740-5.980 GHz) when
[Si11<=10 dB. At working frequency of 5.8 GHz, its directivity is 23.8 dBi. In comparison with a
conventional FPRA with uniform superstrate and ground, the proposed FPRA increases the aperture
efficiency from 78.9% to 90.5%.

Keywords: aperture efficiency; Fabry—Perot Resonant Antenna; Non-uniform Metamaterial Inspired

Superstrate; Non-uniform Metamaterial Inspired Ground
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Fig.3 Calculated reflection magnitude and phase of the metallic elements
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(c) side view
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Fig.4 Photographs of the FPRA with NMIS and NMIG
Kl 4 345 F-P isTRIER L

(=]

0-
L 0
--- 0
51 — g -0 g
c = -10
i g 20] 3% 5
-10f— g g4
< | 5% g -30
5 8 -40p7 90 B
2 15 g 1 % -40pR7 90
3 ° -30 Y | ‘_5 -30
il ¢ larizat 8 \iolafi
-2 £ 201 2408 2 O o holoation 7120 S 20] paqr el sopelarzalons
I g ] == measured cross-polarization IS —measured cross-polarizétion
s -10J = simulated cross-polartzation 5 -10 ='simulated cross-polarization
]} PR I I NI S <3
55 56 57 58 59 60 61 62 O 210 e 150 0 2107 150
/GHZ
V4 (a) (b)
Fig.5 Input reflection coefficients of the experimental FPRA, measured and simulated radiation
patterns at 5.8 GHz in (a) E-Plane and (b) H-Plane
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Table2 Comparison of directivity and aperture efficiency
reflection coefficient amplitude directivity/dBi aperture efficiency/%
uniform 0.930 221 61.2
0.960 22.7 70.3
0.970 229 73.6
0.980 231 77.1
0.990 23.2 78.9
0.995 229 73.6
non-uniform / 23.8 90.5
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