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Abstract. A novel dual-band aperture coupled microstrip
antenna with corrugated ground plane is proposed to im-
prove radiation performance in this letter. The dual-band
operation is obtained by embedding an S-shaped slot in the
radiating patch. To achieve the high gain and the reduced
half power beam bandwidth (HPBW) for each frequency,
the double- periodic corrugated ground plane is utilized.
Both the simulation and measurement results show that the
gain of the proposed antenna is increased by 4.7 dB and
5.6dB at each frequency correspondingly and the half
power beam width (HPBW) of E-plane is reduced by 140
degrees and 150 degrees, respectively.
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1. Introduction

Dual-band microstrip antenna is very suitable in mod-
ern communication systems and plays a vital role in many
practical applications for its small size, low profile and
light weight. In many practical applications, the systems
are desired to operate in two distinct frequencies efficiently
[1] and a variety of dual-band microstrip antennas have
been designed to satisfy the requirement [2—4]. Neverthe-
less, the dual-band microstrip antennas often suffer from
low gain and poor directivity. Innovative design should be
further investigated to improve the radiation performance
of this kind of antenna.

The enhanced transmission phenomenon was firstly
found at the optical range by T. W. Ebbesen [5]. It has
been demonstrated that this phenomenon can be applied to
the design of microwave antenna for improved perfor-
mance [6-9]. In [6], a bull’s eye corrugated structure is
used as the ground plane of a patch antenna. By modulat-
ing the bull’s eye corrugated plate, a novel patch antenna
with high gain and narrow beam-width is proposed. In [7],
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the horn antenna with high gain and narrow radiated beam
is obtained by a double-periodic corrugated metallic plate.
Since the upper operating frequency of this antenna is
determined by the metallic plate thickness, the profile of
the antenna is 12 mm. Subsequently, a dielectric material
with relative permittivity &> 1 is inserted into the grooves
[8], and then the profile of this antenna can be further
reduced.

In our previous investigation, a novel aperture-cou-
pled microstrip antenna with enhanced gain and radiation
pattern is obtained by using the corrugated ground plane
[9]. To meet the dual-band operation requirement, a novel
dual-band microstrip antenna with improved radiation
performance is presented in this paper. The proposed dual-
band antenna is designed by embedding an S-shaped slot in
the radiating patch and double periodic corrugated ground
plane. The physical mechanisms of improved performance
are investigated by analyzing the electric field distribution
of the proposed antenna.

2. Antenna Configuration and Design

The layout of the proposed dual-band microstrip an-
tenna is shown in Fig. 1. It consists of two parallel Rogers
RT5880 substrates separated by a double-periodic corru-
gated ground plate. In order to obtain the dual-band radia-
tion, an S-shaped slot is embedded in the radiating patch.
The aperture coupling is used to feed the antenna. By
etching the grooves with different periodic in the ground
plane symmetrically, the coherent superposition of radiated
electric fields for each frequency is generated. To demon-
strate the superiority of the proposed antenna, a conven-
tional antenna with a flat ground plane is also analyzed as
shown in Fig. la.

Based on our previous investigation in [9], the initial
dimensions of the double-periodic corrugated ground plane
can be estimated using (1). In (1), 4; is the free space wave-
length at each operated frequency, ¢, is the relative dielec-
tric constant of the substrate. The final optimized dimen-
sions of the proposed antenna are tabulated in Tab. 1.

ELECTROMAGNETICS
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Feed substrate

Fig. 1a. Front view of the conventional antenna.

Feed substrate

Fig. 1b. Front view of the proposed antenna.

Fig. 1c. Top view of the proposed antenna.
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Fig. 1d. Top view of the corrugated plate.

Parameter Ls Ws Lp Wp Sp Lf
Value/mm 60 24 3.4 0.3 2.3 33
Parameter wt hs h 1, W, D1
Value/mm 1.5 0.5 4 8 1.5 12
Parameter D2 d dy Wy / /
Value/mm 15 2.5 3 2.5 / /

Tab. 1. Dimensions of the proposed antenna.

A )
W, <<—=, I= 1,2,
\jgv

pi = La l= 1927

Je -1 (M
d, ~ 4 TR i=1,2,

1/2[e, +1+ (e, - 1)(\/1 +-]

w

thA+%

~4—\/g.

3. Implementation and Discussion

The surface electric field distributions on the patch
for both operated frequencies are shown in Fig. 2. By com-
paring Fig.2a with Fig. 2b, it is found that the surface
electric field distribution is different at each operating
frequency [2]. This implies the dual-band operations are
dependent on the corresponding part of the radiating patch.

The photograph of the fabricated antenna with the
corrugated plate is shown in Fig. 3.The simulated and
measured reflection coefficients of the proposed antenna
and conventional antenna are given in Fig.4. A good
agreement can be observed between the measurement and
simulation. Little frequency discrepancy may be due to the
fabrication tolerance.

The radiation patterns at the resonant frequencies of
both antennas are shown in Fig. 5 and Fig. 6, respectively.
A good agreement between the measurement and simula-
tion is obtained for both E-plane and H-plane. As illus-
trated in Fig. 5 and Fig. 6, the gains of the proposed an-
tenna are increased by 4.7 dB and 5.6 dB, and the HPBW
of E-plane are reduced by 140 degrees and 130 degrees,
demonstrating the validity of our proposed design.

Fig. 2. Surface electric field distribution on the S-shaped
slotted patch at: (a) 13 GHz, (b) 16.5 GHz.
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Fig. 3. The fabricated new antenna: (a) Top view. (b) Bottom

view. (c) Fabricated corrugated ground plane.
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Fig. 5a. Simulated and measured E-plane far-field radiation
patterns of the proposed antenna and conventional

antenna at 13 GHz.
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Fig. 5b. Simulated and measured H-plane far-field radiation
patterns of the proposed antenna and conventional
antenna at 13 GHz.
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Fig. 6a. Simulated and measured E-plane far-field radiation
patterns of the proposed antenna and conventional
antenna at 16.5 GHz.

180
‘ ——Mea_Proposed Antenna

= =Sim_Proposed Antenna
— - - Mea_Conventional Antenna
= = = Sim_ tional Antenna

Fig. 6b. Simulated and measured H-plane far-field radiation
patterns of the proposed antenna and conventional
antenna at 16.5 GHz.

Table 2 shows the comparison of the proposed an-
tenna and the antenna in [7]. It is seen that the proposed
antenna can achieve slightly better improved radiation
performance with reduced profile. The Rogers RT5880
substrate (e,=2.2) loaded on the corrugated plate may
excite more surface wave [10]. Thus, the better improved
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Antenna Operating Frequency(GHz) | Improvement of Gain/dB | HPBW/deg | Profile/mm
Reference 13 4.4 40 12
Antenna in [7] 16.5 4.5 60
Proposed 13 4.7 23
5
Antenna 16.5 5.6 21

Tab. 2. Comparison for the proposed antenna with other designs.

performance can be explained. For the reference antenna in
[7], the upper operating frequency (16.5 GHz) is in a simi-
lar manner as a Fabry-Perot resonator, which is determined
by the thickness of metallic plate (12 mm) [7]. While for
the proposed antenna in this paper, the dual-band charac-
teristic is achieved by cutting an S-shaped from the patch,
without increasing the profile of this antenna (5 mm). The
profile of the proposed antenna is reduced to 0.217 A; and
0.275 hs.

In our previous investigation, the improved perfor-
mance of the proposed antenna can be explained as the
constructive superposition of the radiated electric fields
[9]. For the conventional antenna, the power is radiated
into free space through the patch at each operating fre-
quency as shown in Fig. 7a and Fig. 7c. While for the pro-
posed antenna, the power radiated from the patch is con-
sidered as the primary source and the corrugated grooves
can be regarded as the secondary sources. When the
grooves’ periods are close to the wavelengths of each reso-
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Fig. 7. The instantaneous electric field strength distribution of
E-plane: (a) for the conventional antenna at 13 GHz;
(b) for the proposed antenna at 13 GHz; (c) for the
conventional antenna at 16.5 GHz; (d) for the proposed
antenna at 16.5 GHz.
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Fig. 8. The surface electric field distribution on the corrugated
plate for: (a) 13 GHz; (b) 16.5 GHz.

nance frequency correspondingly, the primary source and
the secondary source are constructively interfered in the far
field for both frequencies as shown in Fig. 7b and Fig. 7d,
leading to the improved radiation pattern.

Figure 8 shows the surface electric field distribution
on the corrugated plate at 13 GHz and 16.5 GHz. In
Fig. 8a, the electric fields are gathered in the farther
grooves, which means the radiation performance of lower
band is affected by the grooves with larger period. While
in Fig. 8b, we can find that the improvement of the upper
band is resulted from the grooves with smaller period.
Comparing Fig. 8a with Fig. 8b, the electric fields of each
frequency are gathered in different grooves, thus the design
of double-periodic corrugated plate may be independent for
each frequency.

4. Conclusions

In this letter, a novel dual-band microstrip antenna
with improved radiation performance is proposed. Taking
advantage of the double-periodic corrugated plate, the
improved radiation performance for each operated fre-
quency is obtained. Through the constructive superposition
of the radiated electric field by the radiating patch and the
corrugated grooves, the proposed antenna achieves
an improved gain of 4.7 dB and 5.6 dB at two operated fre-
quencies respectively, and the HPBW of E-plane is re-
duced by 140 degrees and 130 degrees compared with the
conventional antenna. Moreover, the overall profile of this
antenna is reduced to 5 mm. The proposed antenna with
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high performance will be attractive for potential applica-
tions in wireless systems like millimeter wave wireless
local area networks.
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