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A Dual-Band High Gain Antenna Based on Split Ring Resonators
and Corrugated Plate

You Ding”, Min-Quan Li, Hai-Xing Chang, and Kun Qin

Abstract—In this paper, a dual-band high-gain antenna based on the split ring resonators (SRRs) and
corrugated plate is presented. By combining the SRRs and corrugated plate, the presented antenna
resonating at different frequencies with high performance is easily achieved based on the superposition
of the electric fields radiated by the SRRs and the grooves. Both the simulated and measured results
show that the gain is improved by 6 dB at 12.7 GHz and 6.5dB at 14.2 GHz respectively compared with
the conventional flat antenna without grooves. Moreover, half-power beam width (HPBW) of E-plane
is reduced by more than 100 degrees at 12.7 GHz and 14.2 GHz.

1. INTRODUCTION

In the last few years, the wireless communication system has been improved rapidly, and multi-frequency
antennas with high-performance are needed to meet the requirement [1,2]. Great attention has been
paid to the metamaterials, especially split ring resonators (SRRs), because of their specific properties
which have not been discovered in nature [3,4]. The SRRs, proposed by Pendry et al., have been widely
employed in the designs of the filters and antennas [3-7]. Different resonant frequencies of the SRR
can be obtained by changing the dimension of the ring’s radius, width, etc., respectively. However, the
dual-band antennas loaded with the SRRs usually exhibit low gain at the resonant frequency [8,9].

The conventional metal flat antenna is always designed without grooves. According to the
experiments, the application of the surface corrugated structure can enhance the gain and narrow the
beam width in microwave region [10]. Based on the above two specific properties, the surface corrugated
structures have been used in the designs of antennas to improve their radiation performance [11-13].

The designs of filters and multi-band antennas based on SRRs have been reported [6-8]. However,
the design based on the combination of the SRRs and corrugated plate has not been reported before.
In this paper, the combination of the SRRs and corrugated plate not only enhances the gain of the
antenna but also makes the designs of the flat antennas with different frequencies much easier. The
dual-frequency behavior of the proposed antenna is realized by using the SRRs with different sizes. The
grooves can be regarded as the secondary sources, which increase the gain of the proposed antenna
efficiently. Additionally, an annular aperture is employed in the design of the presented corrugated
plate, which can restrain side lobe efficiently.

2. ANTENNA STRUCTURE

The structure of the proposed antenna is shown in Fig. 1. The proposed antenna consists of an
aluminum corrugated plate with an annular aperture and a pair of SRRs etched on a dielectric substrate
(FR4, &, = 4.4, tan6=0.02). The resonant frequency of the SRRs f = 1/v/ LC can be obtained by
reference to [15,16], where L = por(log 32r/b — 2) is the effective inductance from the metal rings and

Received 27 November 2018, Accepted 25 December 2013, Scheduled 26 December 2018
* Corresponding author: You Ding (dingyou00@163.com).
The authors are with the Key Laboratory of Intelligent Computing & Signal Processing, Ministry of Education, Anhui University,
Hefei 230039, China.



88 Ding et al.

Figure 1. The SRRs etched on a dielectric substrate.
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Figure 2. (a) Top view and cross sectional view of the aluminum corrugated plate. (b) The conventional
antenna without grooves. (c¢) The proposed antenna.

C = (nCp+Cy)/2 — (1 — 6)203 /4Cy is the effective capacitance of the metal rings. Here, C, is the
capacitance between the two rings, Cs the capacitance through the split, r the radius of inner ring, and
[ = m the angle between the two splits. The proposed antenna is fed by a regular waveguide and its
size is 23 x 10 x 25mm?. The power fed by the waveguide is coupled to the SRRs fabricated on the
dielectric substrate through the central annular slot. Fig. 1 shows the dielectric substrate and SRRs
which make the antenna resonate at 12.7 GHz and 14.2 GHz. The optimum dimensions of the SRRs
etched on the dielectric substrate are listed as follows: a = b = ¢ = 0.5mm, Rl = 2.6 mm, R2 = 7.9 mm
and R3 = 9mm. The SRR with a low physical size resonates at a high frequency.

The corrugated plate depicted in Fig. 2(a) consists of a subwavelength annular aperture surrounded
by two grooves. As shown in Fig. 2(b), a conventional flat antenna without grooves has been designed
to demonstrate the superiority of the proposed antenna. The dielectric substrate is placed in the center
of the corrugated plate as shown in Fig. 2(c).

The groove in the center is used to place the dielectric substrate which can lower the profile of
antenna to some extent. Compared with the conventional flat antenna, grooves are notched in the
flat plate to generate superposition of radiated electric fields and the dielectric substrate loaded with
SRRs is added in the center of the plate to realize the dual-frequency behavior of the proposed antenna.
In [11,14], in order to obtain an optimum transmission, the structure parameters can be achieved
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approximately as follows:

t << Xo/Ver

r &~ No/VeEr

T )\0/\/ (Er-i- 1)/2 ’
p, w1 = Xo/4\/Er

where Ag is the wavelength in free space and e, the relative dielectric constant of the FR4 dielectric
substrate. The grooves are employed to enhance the performance of the proposed antenna. The width
and depth of grooves affect the performance of the proposed antenna significantly. The distances between
grooves and the center slit are close to the working wavelength which may result in the multiple source
coherent superpositions. And the superposition determines the beaming effect. The proposed antenna
is analyzed by the full-wave electromagnetic solver HFSS and the optimum dimensions of the corrugated
plate are listed in Table 1.

(1)

Table 1. Dimensions of the corrugated plate.

Parameter | Value/mm | Parameter | Value/mm

h 2.2 w1 4
hg A1 2.8

hs 3 r 9.1

hy 3

U 1 q 1.8

t 1.2 hd 0.3
L, 60 Wy 60

T1 14.4 T2 10

3. RESULTS AND DISCUSSION

The proposed antenna has been fabricated and measured (Fig. 3). The surface of the SRRs is tinplated
to resist oxidization. The measured and simulated reflection coefficients (S11) of the proposed antenna
are given in Fig. 4. The measured result is obtained by Vector Network Analyzer (HP8722ET, 50 MHz—
40 GHz). A good agreement has been achieved between the measured and simulated results. As shown
in Fig. 4, a little frequency shift may be caused by the fabrication error.

The radiation patterns of the antennas with and without grooves are shown in Fig. 5. The measured
radiation patterns of the proposed antenna are in good agreement with the simulated results. The dual-
band operation of the proposed antenna is realized by the SRRs. It can be seen from Section 2 that

(b) (d)

(c) Top view of

Figure 3. (a) The SRRs of the fabricated antenna. (b) Aluminum corrugated plate.
the fabricated antenna. (d) Bottom view of the proposed antenna.
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Figure 4. Simulated and measured reflection coefficient of the proposed antenna and simulated
reflection coefficient of conventional antenna.

15 15 330 0

&0 | 300 60
-15
f 90 -30 zro 120

-15

240 ‘1z 240 ° ‘120

15 0 P18 15 210 ] 150
180 180
Measured_proposed antenna Measured_proposed antenna

— Simulated_proposed antenna —— Measured_proposed antenna
- - - Simulated_Conventional antenna = = = Simulated_Conventional antenna
() (b)

Figure 5. The radiation patterns of the conventional flat antenna without grooves and proposed
antenna. (a) E-plane and (b) H-plane at 12.7 GHz.

the equivalent inductance “L” from the metal rings will be affected significantly with variable b or
variable r changing. The width between the two rings and the width of split are the main factors which
affect the equivalent capacitance of rings much. Moreover, variables b and r have certain effect on
the capacitance “C”, but the effect is relatively small. Different resonant frequencies of the proposed
antenna are achieved by two sets of SRRs with different radii. The corrugated plate works at dual-band
due to these two grooves which are independent of each other. The distances between the grooves and
the center are different which means that the corresponding wavelengths of them are different from each
other.

In Fig. 5, the forward gain of the conventional flat antenna is 6.1 dB. However, the grooves make the
forward gain significantly increased by 6 dB at 12.7 GHz in comparison to the conventional flat antenna
without grooves. The HPBW of E-plane is reduced by 102 degrees as shown in Fig. 5(a). Fig. 6 shows
that the gain of the proposed antenna is 12.9 dB which is increased by 6.5 dB and the HPBW of E-plane
is reduced by 124 degrees compared with the conventional flat antenna at 14.2 GHz. The results indicate
that antenna’s directionality is optimized. The beaming angle where coherent interference takes place is
affected by the depth and width of the grooves [10]. The final dimensions of the grooves are optimized
by HFSS. Due to the employment of corrugated structure, the sidelobe level is reduced, and HPBW is
observably narrowed. The performance of the antenna is significantly improved.

The surface electric field distribution on the SRRs and corrugated plate is shown in Fig. 7(a). The
corrugated structure results in the redistribution of the surface electromagnetic wave. The enhanced
performance of the proposed antenna can be explained as the superposition of the electric fields radiated
by the SRRs and the grooves. The SRRs are excited by the annular aperture. The power is mainly
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Figure 6. The radiation patterns of the conventional flat antenna without grooves and proposed
antenna. (a) E-plane and (b) H-plane at 14.2 GHz.
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Figure 7. (a) Surface electric field distribution of the proposed antenna. (b) Instantaneous electric
field strength distribution of H-plane. (c) Instantaneous electric field strength distribution of E-plane.

radiated through the SRRs and the rest propagates along the metal-medium interface and metal-air
interface. When the surface wave propagates to the edge of the grooves, it reradiates into free space.
It can be seen that most surface EM waves are affected by the grooves and high field strength exists in
the groove regions of the output surface which radiates the power into free space as a secondary source.
Moreover, a weak electric field is generated at the edge of the plate. However, it has little effect on
the performance of the antenna because of the propagation loss. The SRRs are the primary sources
and the grooves can be regarded as the secondary sources. These secondary sources may lead to the
coherent superposition in the far field for both frequencies by working with the primary source as shown
in Figs. 7(b) and 7(c). The instantaneous electric field strength distributions of E-plane and H-plane
are depicted in Figs. 7(b) and 7(c). It can be seen that the instantaneous electric field of E-plane has
been modulated with the help of the grooves and the surface energy radiated into free space makes
a positive contribution to the performance of the proposed antenna. The enhanced gain and reduced
HPBW result from the coherent superposition of the radiated electric fields. In addition, the radiation
characteristic can be improved greatly with increasing the number of grooves within limits [11].

4. CONCLUSION

In conclusion, a dual-band high-gain antenna based on the combination of SRRs and Corrugated Plate is
presented. Both the simulated and measured results show that the performance of the proposed antenna
has been significantly improved compared to the conventional flat antenna without grooves. The size
of the SRRs is a main parameter that affects the resonant frequency of the proposed antenna. As a
result, antennas radiating at different frequencies can be designed easily by changing the parameters of
the SRRs.
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