THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. 2013 Jul; 24(7), 686 ~693.

http:/ldx.doi.org/0.5515/KJKIEES.2013.24.7.686
ISSN 1226-3133 (Print) - ISSN 2288-226X (Online)

ARA Ba F FR|E o] &3 AV|Hew A2 |8 B=
% AAY 33 ok

Electrically Small Eighth-Mode Substrate-Integrated Waveguide(EMSIW)
Antenna Loading Complementary Split Ring Resonator(CSRR)
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Abstract

Based on a substrate integrated waveguide(SIW) and a complementary split ring resonator(CSRR), electrically small
antennas are proposed in this paper. Antenna's electrical size is reduced by introducing both CSRR and the eighth-mode
substrate integrated waveguide(EMSIW). The EMSIW occupies only 12.5 % of the conventional SIW at the same
dominant resonant frequency. In addition, the resonant frequency of the antenna is varied by rotating the CSRR on
the EMSIW while keeping the same radiation patterns. The resonant frequency is changed from 4.74 GHz to 5.07 GHz
by varying orientation of the CSRR from 0 to 360 degree. Unidirectional radiation patterns are observed and the
measured peak gains are from 4.50 to 5.92 dBi.
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fferent «.
a(°) |Freq.(GHz) | a(°) |Freq.(GHz)| a(°) |Freq.(GHz)
0 5.076 120 5 240 4.757
30 5.091 150 4.881 270 4.861
60 5.08 180 4.787 300 4.973
90 5.070 210 4.733 330 5.045
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Table 2. Performance summary of the EMSIW for four rotation angles of CSRR( ).
Rotation angle of the CSRR, a
30° 210° 270° 300°
Antenna area( % ) (0.292x0.146)72 | (0.271x0.135)/2 | (0.279x0.139)/2 | (0.286x0.143)/2
Resonant frequency(GHz) 5.09 4.73 4.86 498
10 dB-BW(%) 1.77 1.30 1.45 1.50
Simulation Peak gain E¢(dBi) 5.98 5.49 5.79 5.089
Peak total gain(dBi) 6.15 5.57 5.90 6.05
Radiation efficiency(%) 90.3 80.85 86 89
Resonant frequency(GHz) 5.07 4.74 4.87 4.96
10 dB-BW(%) 1.55 1.30 145 1.51
Measurement Peak gain E4(dBi) 592 4.50 4.70 5.40
Peak total gain(dBi) 6.05 4.74 4.87 548
Radiation efficiency(%) 97.86 72.32 71.87 86.93
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Table 3. Comparision results of proposed antenna and
previously reported SIW antennas.

This work Ref!™ | Ref!™ | Ref!
Frequency
(GH2) 5.07 775 6.63 3.67
Antenna size | (0.292x0.146) | 0.296x | 024x | 0.35x
(%) i) 0335 | 023 | 035
Meas. 10
dB-BW(%) 1.55 225 0.7
Meas. peak
gain(dBi) 5.95 431 1.59 446
Meas.
efficiency(%) 9786 869
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Fig. 11. Measured 3-D radiation pattern( @= 30°). (a) ga-
in theta (b) gain phi (c) total gain.
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