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Research on a New Miniaturization Method of Patch Antenna
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Abstract—A new miniaturized patch antenna based on a metal strip is proposed in this paper. The
antenna is designed by adding a middle metal strip layer to the substrate of a traditional rectangular
patch antenna. By increasing the length of the metal strip, the working frequency of the patch antenna
can be continuously reduced without significantly impacting the radiation pattern. The simulation
results indicate that as the metal strip length increases from 5 mm to 25 mm, the working frequency of the
patch antenna decreases from 2.39 GHz to 1.84 GHz, and its gain decreases from 6.72 dBi to 5.4 dBi. Two
antenna samples with metal strip lengths of 5mm and 20 mm are fabricated. The experimental results
indicate that their working frequencies are 2.64 GHz and 2.43 GHz, respectively. And the radiation
patterns of two antennas are consistent with the simulated results. All results confirm the effectiveness
of the proposed miniaturization method.

1. INTRODUCTION

With the continuous development of the wireless communication technology, 5G technology has been
widely used in communication systems, and 6G technology is also under development. To enhance the
channel capacity and solve the problem of huge data volume without changing the frequency resources,
researchers proposed multiple-input multiple-output (MIMO) communication technology. Therefore,
MIMO antenna design has become the current research focus. Compared with single antennas, MIMO
antennas can not only effectively suppress the multipath fading effect, improve signal reliability and
stability, but also efficiently transmit more signals without expanding the signal bandwidth. Although
MIMO antennas have incomparable advantages over single antennas, they also have some inherent
defects. For instance, the geometric dimensions of MIMO antennas are much larger than that of
single antennas, and the strong mutual coupling between multiple antenna elements is inevitable. As
integration levels in modern electronic communication equipment continue to increase, the space volume
available for antennas is diminishing. Therefore, the miniaturization research of MIMO antennas has
important academic significance and engineering implication values.

Reducing the size of individual antennas is critical for designing compact MIMO antennas.
The miniaturization technologies proposed by researchers mainly include: bending and meandering
current technology [1], loading short line or short circuit pin technology [2,3], loading capacitive
branch technology [4], etching defect ground technology [5], slotting on radiation patch technology
[6], fractal technology [7, 8], loading lumped elements technology [9], loading metamaterials technology
[10,11], etc. In [12], a dual-band miniaturized antenna designed by using a fractal metamaterial
structure is introduced. The antenna works at 4.4 GHz and 6.1 GHz and has a compact section size of
20 x 20mm?. In [13], a corrugated miniaturized microstrip patch antenna designed by using a slotting
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technique on the radiation patch is proposed. The antenna works at 9 GHz and has a small size of
0.16A x 0.16A x 0.04\. In [14], a miniaturized microstrip patch antenna with a U-shaped slot on the
radiation patch is mentioned. Its bandwidth is 167.6 MHz, which is slightly wider than that of the
original antenna. In [15], a novel miniaturized microstrip patch antenna designed by curving the patch
edges is introduced. Ultimately, the physical size of the designed antenna is reduced to 63.5% of the
typical patch antenna. In [16], a miniaturized circular patch antenna loaded with a helical coil with
magnetic negative characteristics is presented. The authors designed and fabricated two antennas
with different parameters, and they demonstrated a size reduction of 40% and 60%, respectively.
In [17], a miniaturized microstrip patch antenna designed by using a magnetic metamaterial substrate
is proposed. This design achieves a size reduction of approximately 65% compared to traditional
microstrip antennas, while maintaining almost unchanged bandwidth. In [18], a miniaturized high-gain
microstrip patch antenna designed by combining a magnetic metamaterial substrate and a metamaterial
coating is discussed. The antenna’s size is 170 x 170 x 37mm?, which is less than A/100. In [19], a
miniaturized magnetoelectric dipole antenna designed by loading a magnetic metamaterial is proposed.
Compared with the original antenna, the size of the antenna is reduced by 48%. In [20], a miniaturized
circular patch antenna is designed by adding a complementary resonant ring between the radiation
patch and the ground plate. Although the miniaturization process results in a reduction of radiation
efficiency and loss of bandwidth, the patch area is reduced by 1/16, and the antenna performance
remains acceptable. In [21], a laminated miniaturized patch antenna designed by using resonant ring
and magnetic material is proposed. The section size of this antenna is 30x30 mm?, which is 64%
smaller than traditional antennas. In [22], a miniaturized broadband metasurface antenna designed
by loading cross-layer capacitance is introduced. The proposed antenna has a size of 0.41A x 0.41\
and a bandwidth of 44.4%. Although a large number of miniaturized antenna design methods have
been mentioned, few studies have focused on continuously adjusting the antenna working frequency by
only adjusting additional structural parameters without changing the original parameters. In addition,
researchers have proposed a large number of decoupling strategies, such as adding decoupling network
[23], electromagnetic bandgap structure [24], defective ground structure [25], neutral line [26], and
lumped inductance [27]. Combining these methods with suitable antenna miniaturization techniques
could potentially lead to further reduction in the overall size of MIMO antennas.

In this paper, a novel design method for miniaturized patch antennas based on metal strips is
proposed. By adding a metal strip layer between the ground plate and radiation patch of the traditional
patch antenna, the working frequency of the antenna can be continuously adjusted without changing
its overall size. This approach realizes antenna miniaturization with a slight impact on the radiation
pattern. Specifically, as the length of the metal strip increases, the working frequency of the antenna
decreases correspondingly. This design method may be combined with decoupling techniques to further
develop miniaturized MIMO antennas, such as the previous research achievements of our team, as
described in [28].

2. ANTENNA STRUCTURE

The structure of the miniaturized patch antenna based on the metal strip designed in this paper is
shown in Figure 1. The antenna consists of three metal layers (grounding plate, intermediate metal
strip, and radiation patch) and two dielectric plates (Subl and Sub2). The thickness of the metal layer
is 0.035mm. The dielectric plates are made of RO4350B, with a relative permittivity of 3.48 and a
tangent of dielectric loss angle of 0.004. The thicknesses of the two dielectric plates are 1.524 mm and
0.508 mm, respectively. Additional structural parameters are provided in Figure 1. It should be noted
that [ represents the length of the intermediate metal strip, and g represents the distance between the
upper and lower dielectric plates.

The antenna design process can be divided into two steps. In the first step, according to the design
formulas of the rectangular patch antenna, the antenna that can work near 2.45 GHz is designed and
optimized. In the second step, the metal strip and air gap are added to the antenna, and its radiation
pattern and working frequency variation are studied as the dimensions of the additional structure
are modified. The initial structural parameters (W and L) of the rectangular patch antenna can be
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Figure 1. Structure model of the proposed antenna.
calculated from formulas (1)—(4).
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where c is the speed of light, f the working frequency, h the thickness of the dielectric plate, e, the relative
permittivity, e, the equivalent relative permittivity, and AL the length of the equivalent radiation gap.

Figure 2 shows the schematic diagram of the transmission line model of the antenna. Y, is the
input susceptance of the antenna; Y is the characteristic susceptance of the patch; L and Lo are the
equivalent distance from the feeding point to the radiation slot; B, is the capacitive susceptance of the
radiation slot; and Y, is the radiation susceptance. When the length of the metal strip changes, Y, B,
and Y, will change accordingly, resulting in the change of the working frequency of the antenna.

v =B v % v B

Figure 2. Transmission line model of the proposed antenna.

3. ANTENNA PERFORMANCE ANALYSIS

To illustrate the effectiveness of the miniaturization method, the performance of the proposed antenna is
simulated and analyzed by using the numerical calculation method based on finite element method. The
input impedance of the antenna is 50 2. The reflection coefficients Sy of the antenna under different
values of [ and g are simulated, and the simulation results are shown in Figure 3.

Figure 3(a) shows the simulation results of Sj; at various values of [ when ¢ = Omm, and the
other parameters remain unchanged. It can be seen that the working frequency of the antenna without
metal strip is 2.5 GHz. When [ increases from 5mm to 25 mm, the working frequency of the antenna
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Figure 3. Simulation results of the antenna reflection coefficients under different structural parameters.

decreases from 2.39 GHz to 1.84 GHz. Figure 3(b) shows the simulation results of S1; at various values
of [ when g = 0.1 mm and the other parameters remain unchanged. When [ increases from 5mm to
25 mm, the working frequency of the antenna decreases from 2.54 GHz to 2.02 GHz. Figure 3(c) shows
the simulation results of reflection coefficients at various values of [ when g = 0.2mm, and the other
parameters remain unchanged. When [ increases from 5mm to 25 mm, the working frequency of the
antenna decreases from 2.64 GHz to 2.15 GHz. The above results show the feasibility of the proposed
method to reduce the antenna size.

For some antenna miniaturization methods, the radiation pattern of the antenna would be affected
greatly after the antenna is miniaturized. Different from the traditional miniaturization methods, the
radiation pattern of our proposed compact antenna is basically unaffected, and only its gain is slightly
affected. Figure 4 shows the 3D radiation patterns of the antenna when [ = 5mm and [ = 20mm. It
shows that the radiation patterns are consistent in all cases. When g = 0 mm, the gains are 6.72 dBi
and 5.95dBi, respectively. When g = 0.1 mm, the gains are 7.08 dBi and 6.55 dBi, respectively. When
g = 0.2mm, the gains are 7.34dBi and 6.89 dBi, respectively. The above research results reveal the
advantages of our miniaturization method.

Figure 5 illustrates the variation curves of the antenna’s working frequency and gain in relation to
the length of [. The results demonstrate that as the length of [ increases, both the working frequency
and gain gradually decrease. When g = 0mm and [ = 25 mm, the gain of the antenna at the working
frequency is 5.4 dBi. When g = 0.1 mm and [ = 25 mm, the gain of the antenna at the working frequency
is 6.24dBi. When g = 0.2mm and [ = 25mm, the gain of the antenna at the working frequency is
6.64 dBi, which is higher than the previous two cases.
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Figure 5. Variation curves of antenna’s working frequency and gain with different I.

4. EXPERIMENTAL MEASUREMENT

To verify the accuracy of the simulation results, the antenna samples with [ = 5mm and [ = 20 mm
were fabricated respectively. Figure 6 displays the photos of two fabricated antennas. The two layers
of the antenna were bonded together using adhesive.

Figure 7 shows the measured results (S71) of the two antenna samples. The working frequencies
of the two antennas are 2.64 GHz (Antl) and 2.43 GHz (Ant2), respectively. While there were some
differences between the measured and simulated results, their change trend remained consistent. The
differences can be attributed to manufacturing precision and the relatively thick air gap g that exists
between the upper and lower layers when the antenna is manually fabricated. As shown in the
previous research results, when the value of g increases, the working frequency of the antenna increases
correspondingly. Overall, the results confirm the feasibility of the proposed miniaturization method.

Figure 8 shows the simulated and measured results of the H-plane radiation pattern of the antennas
at the working frequency. It shows that the measured and simulated results are basically consistent
with each other.
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Figure 8. Simulated and measured H-plane radiation patterns of the proposed antenna at working
frequency.
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5. CONCLUSION

For a traditional rectangular patch antenna, its overall size can be reduced by inserting a middle metal
strip layer. As the length of the metal strip is gradually increased, the working frequency of the antenna
decreases correspondingly while the gain fluctuates within a small range. And the radiation pattern of
the antenna remains basically unaffected. Combining this method with the decoupling method of the
rectangular patch antenna, a smaller MIMO antenna could be designed. Furthermore, the proposed
miniaturization method in this paper holds promising potential for implementation in the mobile and
satellite communications.
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