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Abstract. This paper presents a design of a compact-size dual-band antenna for Wi-Max, C, and X-band applications. The modified
symmetrical step-sized slit is etched on the coplanar waveguide (CPW) ground plane. The radiating patch and CPW ground plane are designed
on a 1.6 mm thick FR4 dielectric constant £=4.4 and tan§ =0.02 with a compact size of 10x10 mm2. The antenna is designed to operate in
dual-band. The Wi-Max band (5.2 GHz) is obtained by etching a split ring on the rectangular microstrip patch. The operating bandwidth is
obtained from 5.22 GHz-5.38 GHz (3.72 %) and 7.28-8.48 GHz (15.22 %). It has a maximum gain of 2.1 dBi at 7.9 GHz and radiation efficiency
above 95%. The Co and cross-polarization level is -45 dB and -32 dB in E and H-plane at 5.3 GHz and -40 dB and -28 dB at 7.9 GHz,

respectively.
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1. Introduction

The demand for compact size and low-profile antenna has
grown over the last few decades because the number of
electronic devices has increased, such as satellite, mobile, and
wireless devices. This type of device is possible by creating
multiple operating bands in a single antenna structure. These
devices communicate over the operating band of GSM-
850/900/1800/1900, UMTS (824-894), LTE2300(2300-2400
MHz), LTE2500(2500-2690 MHz), Bluetooth (2.4 GHz), Wi-
max (3.1/5.3 GHz), WLAN (5.8 GHz) [1]. Antenna designers
have many challenges in introducing such type of planar
antenna. Over the last few decades, researchers have reported
several applications and techniques for multiband operation.
The multiband characteristics are obtained by etching the
number of slit/slot/notches and embedding stubs on the
radiating patch and ground plane. Several kinds of literature
have been available in the last few decades on multiband
antenna design, such as a rectangular patch with extended
dimensions that provided a dual operating band for C and X-
band applications [2]. Dual-band and UWB (ultra-wideband)
were achieved by a strip loop and slot loop [3,4], dual-band
achieved by multilayer structure [5], parasitic patch [6], and
inverted PIFA antenna [6], Second resonance is created by
current distribution on the non-radiating edge [7,8]. The
previous literature provides the C and X Band antenna for
satellite and military applications [9,10,11,12,13,14,15].
However, it is very challenging to obtain a lower frequency
with a small-sized antenna.

For the same perspectives in this paper, two resonances are
generated by etching modified symmetrical step-sized slits on
a ground plane and a split ring on the radiating patch. The C
and X-bands are obtained by etching symmetrical slots on the
CPW ground plane. The second resonance for Wi-Max is
created by introducing a split ring on the radiating patch by
perturbing the surface current. The proposed antenna
structure has a compact size, low profile, and good
polarization purity for satellite application. The geometrical
configuration is described in section 2. The reflection

coefficient for various stages, radiation pattern, gain, and
efficiency are compared in section 3.

2. Design Methodology

The geometrical configuration of the proposed antenna
structure is shown in Figure 1(a), (b), and (c). It consists of
FR-4 epoxy substrate with dielectric constant &= 4.4 and loss
tangent tang =0.02. The thickness of the substrate is 1.6 mm.
The overall volume of this proposed antenna is 10 x10x1. 6
mm?q. Figure 1(a) shows a rectangular patch antenna with a
partial CPW ground plane. Modified symmetrical step-sized
slits are etched on the CPW ground plane and are depicted in
Figure 1(b).
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Fig. 1. Design stage of the proposed antenna (a) Antenna_1, (b)
Antenna_2, (c) Antenna_3.
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In Figure 1(c), Antenna_3 has modified symmetrical step-
sized slits on the CPW ground plane and a split ring on the
radiating patch. This proposed antenna is simulated on High-
Frequency Structure Simulator (HFSS) software [12]. The
size of the rectangular patch is 8x5.7 mm? The total length of
the ground step-sized slit is 12 mm (4x (a +b +c +d +e)). The
size of the split ring is 34.6 mm (Wi+W+W3+(2xWy)
+(2xWs5)). The optimized dimensions of the proposed antenna
are listed in Table 1.

3. Results

All three proposed antenna stages are simulated, and
dimensions are optimized using the HFSS simulation tool. In
this work, our goal is to design a small size (10x10) mm?,
dual-band antenna for Wi-Max, C, and X-band applications.

The simulated S-Parameter of the proposed design stages
is shown in Figure 2. The resonance at 7.8 GHz is due to a
modified step-sized slit and provides a C/X band. This band
covers the uplink frequency of the C-band from 7.07-8.0 GHz
and the downlink frequency of the X-band from 8.0 GHz-8.40
GHz. It is observed in Antenna_1, there is no resonance
exists. While Antenna_2 covers C and X-band. The
comparison results are displayed in Figure 2 for both
antennas. Again, to focus on creating a second resonance for
the Wi-Max application, a split ring slot is etched on the
radiating structure by analyzing the surface current
distribution. The total length of this split ring is 20 mm is
approximately equal to half of the wavelength for 5.38 GHz.
This structure provides the operating band from 5.22 GHz to
5.38 GHz at a resonance of 5.3 GHz. The second band is from
7.28 - 8.45 GHz. From Figure 2, it is observed that Antenna_3
provides the dual-band for Wi-max and C-X Band. The
simulated Co- and Cross-polarization in E-plane (XY-Plane)
and H-plane (YZ-plane) are shown in Figure 3. It is observed
that the omnidirectional radiation pattern is achieved at 7.8
GHz for Antenna_2. The cross-polarization level in E-plane
is less than -30 dB. The cross-polarization level in H-plane is
-20dB. The gain and efficiency plot for proposed Antenna_2
is depicted in Figure 4. It is observed that the gain is stable in
the overall operating frequency band which is 2.1 dBi. The
total radiation efficiency is above 95 % in the operating band.

Table 1: Optimized dimension of the proposed antenna.

Parameter |Value (mm) |Parameter|Value (mm)
Wsup 10 b 0.5
Lsub 10 c 0.5
Hsub 1.6 d 0.5
W, 8 e 0.5
Lp 5.7 W, 6
W1 3.1 W, 35
Lr 3.3 W3 25
WEe 1.8 W4 0.5
Lg 3.2 Ws 0.5
a 0.7 Gap 0.1
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Fig. 2. Simulated S-parameter for the proposed design stages.
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Fig.3. Simulated Co-and Cross Polarization for proposed
antenna_2.at 7.8 GHz (a) XY-plane (E-plane); (b) YZ-Plane (H-
plane).
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Fig. 4. Simulated Gain and Radiation pattern for proposed antenna2.

The 3-D radiation patterns of proposed Antenna_2 and
Antenna_3 are presented in Figure 5. The total gain of both
antennas in the C/X band at 7.8 GHz and 7.9 GHz is 2.1 dBi.
The 3-D radiation pattern for antenna_3 is presented at 5.3
GHz is shown in Figure 6. The total gain of the antenna is
0.14 dBi at 5.3 GHz.

(a) 7.8 GHz
Fig. 5. Simulated 3-D Radiation Pattern (a) 7.8 GHz for Antenna_2
(b) 7.9 GHz for Antenna_3.

(b) 7.9 GHz

DOI: http://dx.doi.org/10.32452/IJAMT.2023.301305 © 2023 IJAMT



International Journal of Advances in Microwave Technology (IJAMT)

20

I -25

30

Min: -25.5

Fig. 6. 3-D Radiation pattern for antenna_3 at 5.3 GHz.

In Figure 7, the simulated radiation patterns at 5.3 GHz and
7.9 GHz are presented. From Figures 7(a) and 7(b), it is
observed that in the E-plane (XY-plane), the radiation pattern
is bidirectional, while in H-plane (YZ-Plane) the radiation
pattern is omnidirectional. The proposed antenna provides
good polarization purity. The cross-polarization level in E-
plane is -45dB, while in H-plane, the cross-polarization level
is -32 dB. Figures 7(c) and 7(d) show the cross-polarization
level at 7.9 GHz. It is observed that the radiation pattern is
bidirectional in E-plane and omnidirectional in H-plane. The
co and cross-polarization level is -40 dB and -28 dB. The
surface current distribution for Antenna_1 is displayed in
Figure 8(a). It is observed that in Antenna_1 the surface
current is distributed along the edge of the feed line, which
means the mismatch of the impedance of the feed line to the
radiating patch. There are no surface current flows on the
radiating patch, and there is no radiation.

From Figure 8(a) it is observed that, the maximum surface
impedance is on the ground plane, so that a modified step-
sized slit with half of the wavelength (A/2) is etched on the
ground plane. In Figure 8(b) the surface current ensures that
a resonance at frequency 7.9 GHz is obtained for a modified
step-sized slit on both sides of the ground plane.
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Fig. 7. Simulated Radiation Pattern for Antenna_3 at 5.3 GHz
(a, b) and 7.9 GHz (c, d).
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The operating band is obtained from 7.07-8.40 GHz. It is
observed that the maximum surface current is distributed on
the edge of the slit, which confirms that the resonating band
is created by etching the slit on the CPW ground plane. The
slit length is calculated using Egs (1) and (2).

Slitienen =4%X(@+b+c+d+e/2)+f
Slityenen =4 % (0.7 43 % 0.5) + 0.25) + 1 mm
Slit;onen = 10.8 mm

Total Slit,engen = 2 X Slit,ensn

2
Total Slityenge, = 21.6 mm = ?L (D)

A =< = 4243 mm (2
fi

From Egs (1) and (2), it is observed that the slot length is
equal to half of the wavelength (A/2) at 7.07 GHz. This
equation is verified by displaying the surface current
distribution at 7.9 GHz depicted in Figure 8 (b). From Figure
8(c) the desired band 5.22 GHz to 5.38 GHz is achieved by
etching a split ring on the rectangular radiator. The split ring
length and position are taken by displaying the surface current
distribution on Antenna_1. The length of the split ring is 34.6
mm for 5.3 GHz resonance follows Egs (3), (4).

Split ringenen = 346 mm  ....(3)

c
— =56.60 mm e (4)

L1

A =

From Egs (3) and (4), it is observed that the split ring length
is 34.6 mm which is equal to half of the wavelength A1/2.
Figure 8(c) shows that the vector surface current is distributed
along the split ring on the rectangular patch, which confirms
the cause of creating a resonance at 5.3 GHz.

Figure 8 (d) displays the vector surface current distribution
for Antenna_3 at 7.9 GHz. The simulated gain and radiation
efficiency plot versus frequency are displayed in Figure 9 (a)
and (b) for Wi-MAX Band and C-X Band, respectively. From
Figure 9 (a), Antenna_3 in Wi-MAX Band has 0.14 dBi gain
and above 59% radiation efficiency. Figure 9(b) shows that
2.1dBi gain and above 95% for Antenna_3 in the C-X band.
Table 2 listed the comparison results of previously reported
structures for single and dual-band antennas. It shows that the
designed antenna has a compact size with dual-band
characteristics compared with previously reported work.

B

(@) Antenna_1 at 7.8 GHz

(b) Antenna_2 at 7.9 GHz

DOI: http://dx.doi.org/10.32452/IJAMT.2023.301305 © 2023 IJAMT



u
«

LAAAAARARRS

. A« T " k B
N - T
‘ % .ﬁ;{L :

(c) Antenna_3 at 5.3 GHz (d) Antenna_3 at 7.9 GHz

i
i
|

(i
~ o1

>

Fig. 8. Surface current distribution for (a) Antenna_1 (b) 7.9 GHz
and (c) 5.3 GHz for Antenna_2 (d) Anteenn_3 at 7.9 GHz.

Table 2: Comparison table with an existing structure.

Reference Size (mm?3) Working Band
[2] 58%65%1.6 Dual-Band
[3] 45 x 15 x 0.813 Dual Band
[14] 25x28x 1.6 Dual-band
[15] 250 x 200 x 2.2 Tri-Band
[17] 24.5 x20 x1.6 Dual-band
[18] 20%x35%0.8 Dual Band
[18] 31x 40 x1.6 Single Band

This work 10x10x1.6 Dual Band
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Fig. 9. Simulated gain and radiation efficiency for antenna_3 (a)

Wi-Max (b) C-X-Band

4. Conclusion

In this article design of a compact-size dual-band antenna
for Wi-MAX and C-X- Band, applications is proposed. The
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first operating band for C-X is created by etching a
symmetrical modified step-size slit on the CPW ground plane.
It covers uplink and downlink frequency for C and X-band
satellite applications. The peak gain of 2.1 dBi is obtained.
Another band for Wi-MAX is created by etching a split ring
on the rectangular patch. This proposed antenna has good
polarization purity at 5.3 GHz and 7.9 GHz. The cross-
polarization level is below -45 dB obtained at 5.3 GHz, this
band is applicable and has acceptable value for Wi-max
applications. The cross-polarization level is -40 dB at 7.9
GHz. It is applicable for uplink satellite applications. This
proposed structure has a small size of 10x10 mm? and is
suitable for Wi-Max, satellite, surveillance, and weather radar
system. The lower X-Band is used for downlink satellite and
military, traffic control, tracking system, and vehicle speed
detection applications.
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