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1. INTRODUCTION

5G is an emerging technology in the field of wireless communication. 5G devices support multiple
wireless applications. A single-band antenna can support only a single wireless application designed for a
given resonant frequency. To meet the need for an antenna for these multi-application 5G wireless devices,
the antenna should be designed as a multi-resonant antenna [1]. The dual-band antenna is considered a
possible solution for 5G wireless devices [2]. Also, a compact 5G device with multiple wireless applications
has very little space for antenna elements [3]. Hence, it requires designing a compact dual-band antenna
satisfying the key parameters such as return loss, gain, and radiation pattern. The dual-band antenna is
developed in many ways as reported in the literature. A folded dipole dual-band antenna with rogers substrate
was reported in [4]. The large size of the folded dipole antenna makes it unsuitable for 5G applications. The
fractal geometry of the patch elements is a popular method to generate a dual-band resonance [5]-[7]. The
consecutive iterations in the fractal design generate additional resonant frequencies converting a single-band
design into a dual-band operation. However, fractal geometry may generate undesired resonant frequency
bands and also lack independent tuning of individual bands. The antenna embedded with a split ring
resonator yields a dual-band application [8]. The individual patch elements can be connected to form a dual
band antenna with an independent tuning as reported in [9]. However, the size of the antenna increases with
the addition of each patch. A dual-band resonance is obtained by truncating the corners of the patch as
reported in [10]. The coplanar waveguide feeding method results in a dual-band operation of a rectangular
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patch as investigated in [11]. A coplanar waveguide feeding experiences higher losses compared to other
feeding techniques. The meta-material-based dual-band antenna is reported in [12]-[14]. Metamaterials are
not readily available to the researcher which has led to its limited use in antenna design. The dual-band
antenna design with a frequency-selective surface (FSS) is presented in [15]. The design process of an
FSS-based antenna is quite complex and difficult to replicate. Luo et al. [16], gives a T-shaped dual-band
antenna for sub-6 GHz 5G technology. The stack arrangement of parasitic patch elements yields a dual-band
antenna as verified in [17]-[19]. The stack design increases the antenna dimensions in a vertical direction
making it unsuitable for compact 5G wireless devices. A dual-band was realized by introducing slots in patch
elements in [20], [21]. The slot in the patch may reduce the gain of the antenna. A monopole antenna was
converted to a dual-band antenna [22], [23]. It’s very difficult to achieve the exact resonance frequency bands
with a monopole design. The reported dual-band antennas in the literature are larger in size. Also, they have a
complex design technique. Moreover, most of them lack the independent tuning of individual frequency
bands. All these factors make them unsuitable for 5G wireless applications.

The proposed work reports the design of a compact dual-band antenna with an economical FR4
substrate to support the dual frequency bands for sub-6 GHz 5G technology. A ground slot and a stub are
designed to yielda dual-band operation at 3.6 GHz and 5.4 GHz frequency bands. The proposed design
makes independent tuning possible for both bands. Also, the antenna is manufactured with an economical
readily available FR4 dielectric substrate. Initially, an antenna with single frequency resonance is designed at
a 5.4 GHz frequency band. The single frequency resonating antenna is converted to a dual-band antenna by
adding a stub to generate additional resonance at 3.6 GHz. A detailed method for the research work is
presented in section 2. Section 3 presents the design of a single-band antenna. The conversion of single-band
operation to dual-band is presented in section 4. Results obtained from testing of the proposed antenna
prototype are discussed in section 5. The concluding remarks of the research are presented in section 6.

2. METHOD

The method applied for the design and testing of the proposed compact dual-band antenna is
demonstrated in Figure 1. A dual-band antenna for a given desired frequency band can be obtained by
following the design steps. It will serve as a guideline for the researchers to replicate the dual-band antenna
for other frequency bands.

Design of single-band Conversion of single-band
antenna using design antenna into dual-band
equations 1-3 antenna by adding stub
element Y,

Parametric analysis
Testing of manufactured — - th
prototype to obtained MR e b
measured results to antenilla pro'.[ot.ypec:lwlt
: : the optimize
validate the simulated P

the dual-band
antenna

and optimization of
arameters
results .

Figure 1. Method to design and manufacture proposed dual-band antenna

Step 1: a patch antenna is designed to resonate at a frequency that is higher than the two resonant frequencies
selected for the dual-band operation and dielectric substrate using design (1)-(3).

Step 2: the single-band antenna is converted to a dual-band antenna by generating an additional resonance by
adding a stub element of length obtained from (4).

Step 3: high-frequency structure simulator (HFSS) was used to carry out the parametric analysis of the
proposed dual-band antenna. The antenna performance was evaluated against key parameters such as gain of
the antenna, radiation pattern of the antenna element, and its return loss [24].
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Step 4: the dual-band antenna showcasing excellent performance was manufactured using the given dielectric
substrate.

Step 5: the validation of the simulated results was conducted by testing the manufactured prototype of the
dual-band antenna in an antenna test facility.

3.  SINGLE-BAND ANTENNA

At first, a basic single-band microstrip patch antenna fed by a microstrip line resonating at 5.4 GHz
frequency designed with the design (1)-(3) on an economical FR4 substrate having a dielectric constant
(€=4.4, and of height (h)=1.6 mm. The single-band antenna has a patch of length (Lp)=14 mm and width
(Wp)=7 mm etched on an economical FR4 dielectric substrate of height=1.6 mm as seen in Figure 2(a). The
substrate is of length (Ls)=20 mm and width (Ws)=20 mm. The ground structure of length (G.)=20 mm and
width (Gw)=20 mm is etched on the plane of the substrate opposite to the patch, as depicted in Figure 2(b).
The optimized microstrip feed with width (Wr)=2 mm and length (L)=6.5 mm is etched on the same plane as
that of the patch and is used to feed signal to the patch element through the input port. The patch width is
obtained from design (1), (2) is used to obtain the effective dielectric constant (Ere), and the patch length is
obtained from design (3) reported in [25]:

Cc

W= (1)
Where C is the speed of light in free space.
C
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Figure 2. Single-band antenna; (a) top view and (b) bottom view

3.1. Parametric analysis of single-band antenna

The antenna resonance variation with the length of the patch (Lp) and its width (Wp) is presented in
Figure 3. The antenna resonanceshifts to lower frequency with an increase in length of the patch from 12 to
15 mm, as illustrated in Figure 3(a). The antenna resonance shows a similar variation with the patch width, as
seen in Figure 3(b). However, the antenna resonance varies more with the patch length than its width. Thus,
the patch length plays a crucial role in optimizing the resonant frequency of the microstrip line-fed antenna at
a 5.4 GHz frequency.
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Figure 3. Variation in single-band antenna resonance; (a) with patch length and (b) with patch width

4. COMPACT DUAL-BAND ANTENNA

The single-band designed in section 3 was converted to the compact dual-band antenna by adding a
stub element as seen in Figure 4. The dual-band operation was further optimized by a patch slot and a ground
slot below the stub element. This section covers the detailed design process and optimization of the compact
dual-band antenna.
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Figure 4. Dual-band antenna with stub

4.1. Dual-band antenna with stub

The single-band microstrip patch antenna resonates at 5.4 GHz. The single-band antenna was then
converted into a dual-band by adding a stub of length 9 mm calculated from (4). The stub is placed on the
patch where the current distribution is minimum at the 5.4 GHz frequency band. The stub increases the
length of the patch antenna's current path, resulting in the generation of additional resonance at 3.6 GHz. The
effect of the stub in generating a resonance at 3.6 GHz is visualized with the observation of the surface
current distribution in the antenna, with a stub, at 3.6 GHz and 5.4 GHz, as seen in Figures 5(a) and (b),
respectively. The surface current has moreconcentration in the stub element of the patch than in the
rectangular patch element at 3.6 GHz, as seen in Figure 5(a). Figure 5(b) shows that the current is more in the
rectangular patch than the stub at 5.4 GHz frequency. Thus, a dual-band antenna is achieved by embedding
the stub in the single-band antenna structure as verified by Figure 5(c) showcasing resonance at two
frequency bands as compared to single resonance for a single-band antenna without a stub. The dimensions
of the dual-band antenna with stub are given in Table 1.
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Figure 5. Dual-band antenna analysis; (a) distribution of surface current at 3.6 GHz, (b) distribution of
surface current at 5.4 GHz, and (c) comparative resonance for single and dual-band antennas

Table 1. Optimized dimensions of dual-band antenna
Parameter Wp Lp W L W L X5 S5 S S5 Sq X
Dimensions(mm) 7 14 20 20 65 2 35 7 1 05 2 35

4.1.1. Parametric analysis of dual-band antenna with stub

A parametric analysis is conducted to investigate the independent tuning capability of the dual-band
antenna at the 3.6 GHz frequency band. The findings of variation of the resonant frequency with horizontal
stub arm width (Sy) are given in Figure 6. The 3.6 GHz resonance frequency varies with variation in Sy, while
there are very few variations in the 5.4 GHz frequency band. Thus the 3.6 GHz frequency band can be
independently tuned with the variation of Sp.
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Figure 6. Independent tuning of 3.6 GHz frequency band

4.2. Dual-band antenna with stub, patch, and ground slot

The introduction of the stub shifts the resonance frequency to a 5.4 GHz band. Hence apatch slot of
dimensions L=1.5 mmand W=4 mm as depicted in Figure 7(a) is created along the edge of the patch to fine
tune the operating frequency of the antenna at 5.4 GHz. The operating frequency is optimized with variation
in parameter W;. To tune the antenna resonance at 5.4 GHz independently of 3.6 GHz a ground slot is created
of dimensions Lg=13 mm and Wg=2.2 mm, as seen in Figure 7(b). The 5.4 GHz frequency band can be
tuned independently with variation in ground slot width (Wg) as verified from the parametric analysis.
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Figure7. Dual-band antenna with stub, patch, and ground slot; (a) top view displaying rectangular slot along
the patch edge and (b) ground slot seen at the bottom of the antenna

4.2.1. Parametric analysis of dual-band antenna with patch, and ground slot
A parametric study of the effect of the patch slot parameter (W;) and ground slot parameter (Wg) on

the operating frequency of the dual-band antenna was carried out and the results are presented in Figure 8. A
patch slot is created along the edge of the patch to optimize the operating frequency of the dual-band antenna
at 5.4 GHz. It is seen in Figure 8(a) that the operating frequency at the 5.4 GHz band increases with
parameter W;. However, it also changes in a small amount at the 3.6 GHz frequency band.

A parametric analysis of variation of the resonant frequency with ground slot width (Wg) is presented in
Figure 8(b). The 3.6 GHz resonance frequency remains entirely unaffected with variations in Wg, as seen in
Figure 8(b). Thus, the ground slot enables the independent tuning of the 5.4 GHz frequency band.
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Figure 8. Parametric analysis for; (a) antenna resonance with W; and (b) antenna resonance with Wg of the
ground slot

5. RESULTS AND DISCUSSION

The photograph of the manufactured proposed dual-band antenna is depicted in Figure 9. The top
and bottom views of the manufactured antenna are seen in Figures 9(a) and (b), respectively. The reflection
coefficient (S11) of the prototype was measured with the help of the 2-port network analyzer setup. The
simulated values were obtained using HFSS simulation software. The radiation pattern was tested in an
anechoic chamber setup.

5.1. Return loss

The reflection coefficient at the input port was measured using a network analyzer. The measured
return loss was compared with the simulated value as seen in Figure 9(c). The comparison plots show that the
measured results match the simulated results at both frequencies. Small variations in the measured results can
be attributed to manufacturing defects.

Substrate

= Simulated
""""" Measured

S11(dB)

2.5 3 3.5

4 X
Frequency(GHz)

(a) (b) (c)

Figure 9. Prototype; (a) top view, (b) bottom view, and (c) return loss test results

5.2. Antenna gain and efficiency

The plot of gain and antenna efficiency is demonstrated in Figure 10. The proposed compact
dual-band antenna exhibits a peak gain of 1.0 dB at 3.6 GHz frequency and 2.2 dB at 5.4 GHz frequency as
depicted in Figures 10(a) and (b) respectively. The antenna efficiency obtained is around 86% at 3.6 GHz
frequency and 91.2% at 5.4 GHz as depicted in Figure 10(c).
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Figure 10. Peak gain of dual-band antenna; (a) at 3.6 GHz, (b) at 5.4 GHz, and (c) efficiency of dual-band antenna

5.3. Radiation pattern

The antenna radiation pattern of the dual-band antenna is plotted in Figure 11 (in Appendix). The
plot in Figure 11(a) compares the simulated and measured E-plane (¢=0°) patterns of the dual-band antenna
at 3.6 GHz frequency. Figure 11(b) depicts the comparative H-H-plane (¢=90°) radiation plot at 3.6 GHz.
Figures 11(c) and (d) illustrate the E-plane and H-plane radiation plots, respectively, at 5.4 GHz. The plots
show a stable radiation pattern at both frequencies. The anechoic chamber radiation pattern measurement
setup is depicted in Figure 11(e).

5.4. Comparison of compact dual-band antenna with reported designs

The proposed compact dual-band antenna was compared with designs from the literature as given in
Table 2. The proposed dual-band antenna offers a compact dual-band design compared to its counterparts.
The gain and return loss values are satisfactory.

Table 2. Comparison of proposed dual-band antenna with existing designs

Ref. Size RL (dB) Gain (dB) Method Tuning Substrate
[4] 0.33 10%x0.33 Ao 22 8 Multiple folded patch Independent Rogers
R0O4003
[9] 0.18 40x0.21 Ao 19 1.6 Connected patches Independent Metal
[11] 1.02 Xx1.02 Ao 15 2.2 Modified feed Non-independent TLF-35A
[26] 0.25 10%x0.37 Ao 17 19 Resonator Non-independent FR4
[5] 0.48 10%x0.48 Ao 14 2.9 Fractal patch Non-independent FR4
[27] 0.12 %0%x0.24 Ao 20 14 Annular ring and U-shaped Non-independent FR4
strip
[28] 0.4 10%0.46 Lo 17 Not reported  Slot loaded Non-independent FR4
Proposed 0.24 1%x0.24 Ao 18 2.2 Stub Independent FR4
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6. CONCLUSION
This work has resulted in the development of a dual-band antenna at 3.6 GHz and 5.4 GHz

frequencies for sub-6 GHz 5G technologies. The proposed antenna offers a compact design with an
economical FR4 dielectric substrate. The two frequency bands can be independently tuned with respect to
each other. The 3.6 GHz frequency band can be tuned with the help of a variation of stub length. While the
tuning of the 5.4 GHz frequency band is possible with a variation of ground slot. Thus, the design can be
independently tuned to different frequencies in both of the frequency bands. The manufactured prototype was
tested for various performance parameters. The return loss value obtained at 3.6 GHz and 5.4 GHz is more
than 10 dB indicating a good impedance match. The proposed dual-band antenna exhibits a peak gain of 1 dB
at 3.6 GHz and 2.2 dB at 5.4 GHz frequency. The antenna efficiency obtained at 3.6 GHz frequency is more
than 86% and is about 91% at 5.4 GHz frequency. It shows a stable radiation pattern in both the frequency
bands of operation. The measured results match with the simulated results. The antenna also shows better
performance than various dual-band designs available in the literature.
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Figure 11. Radiation pattern of dual-band antenna at; (a) 3.6 GHz (E- plane), (b) at 3.6 GHz (H- plane), (c) at
5.4 GHz (E- plane), (d) at 5.4 GHz (H- plane), and (e) anechoic radiation pattern setup
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