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A UHF-band microsatellite receiving antenna requires high gain to support
short-range communication between the ground station and satellite. This
paper presents a microstrtip array antenna with a 2x1 rectangular patch
element configuration using a microstrip line feeding technique. The array
enhcances gain and directivity by employing a two-element planar
design.Additionally, corner truncation on the patch and an 8mm thick
substrate improve performance. The antenna is fabricated on Rogers RT
5880 dielectric material with a relative permittivity of 2.2 and a loss tangent
of 0.0009. Copper is used for the patch and ground plane. The design is
simulated and optimized using CST Microwave Studio. Simulation results
show a return loss of -19.11dB and a VSWR of 1.2 at 410MHz. The antenna
achieves a realized gain of 9.45 dB, indicating it is effective and sutibla for
UHF-band microsatellite applications.
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A. Introduction

The microstrip antenna also known as the patch antenna was a novel
structural design patented in 1955. In a microstrip antenna, a conductive layer is
present on both sides of a dielectric substrate. The lower conductive surface is
called the ground plane while the upper conductive element is referred to as the
patch. Both surfaces are electrically conductive. Due to the similarity between the
fabrication processes of printed circuit boards (PCBs) and microstrip antennas
these antennas are often termed printed antennas. The performance of a
microstrip antenna is primarily influenced by the size and geometry of the patch
[2].

Additionally, factors such as the length, width and thickness of the substrate,
the dielectric constant of the substrate material and the feed line placement
significantly impact the antenna’s efficiency. Microstrip patch antennas occupy an
important role in modern wireless communication systems. Their construction is
straight leveraging conventional microstrip fabrication techniques. Although patch
antennas can be designed in various shapes rectangular and circular forms are the
most commonly used configurations. These antennas serve both basic and highly
demanding applications due to their inherent simplicity and adaptability.
Furthermore, patch antennas can readily achieve advanced functionalities such as
dual characteristics circular polarizations, dual-frequency operation, frequency
agility, board bandwidth, feed line flexibility and beam scanning [1].

The microstrip array antenna technique with single or multiple feeds is
necessary to get high gain and to achieve greater directivities which is important in
a satellite system. The type of feeding method which is usually connecting
microstrip patch element antenna to ports that connect to another transmission
line is proximity-coupled feed or electromagnetically coupled feed. The advantages
of this feeding method are possible in the planar feeding less line radiation
compared to microstrip feed because the line is closer to the ground plane and
allows for higher gain because no probe inductance so the substrate can be thicker.
However, the main disadvantages of the microstrip antenna are the lower gain and
narrow bandwidth. Antenna’s size is dictated by its operating frequency and the
lower the frequency, the larger the antenna [10-12].

So, some optimization techniques include using multi-layer substrates
integrated with waveguides, multi-patch arrays, incorporating multiple slots on
the patch, employing defected ground planes, adjusting the patch width and
implementing serial feeding techniques. Similarly, to minimize feeding network
complexity and reduce impedance mismatch at the patch edges, approaches such
as quarter-wavelength microstrip inset feeds. Hence, in this paper, gain
enhancement techniques such as use of array design, thick substrate with low
relative dielectric constant (€r), size of antenna as well as truncates patch antenna
are discussed and explained. Additionally, this technique reduces the overall
antenna size resulting in a more compact design. To further enhance the antenna’
gain configuration is utilized. Specifically, a planar array with two elements is
implemented as this arrangement is particularly effective for gain optimization.
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B. Microstrip Antenna Configuration

We can develop the proposed antenna’s geometry including its inset feedline

using these steps and analyses.
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C. Design of Single and Array MPA Antenna

C.1. Single Element
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Figure 1. Geometry of the proposed simple patch antenna

We designed the single element microstrip antenna as shown in Figure 1 by
computing its patch and feed line dimensions. This computation involved using
both simulation software techniques. After applying these simulation methods and
equations, we determined the antenna’s final parameters and summarized the
results in Tablel.

Table 1. Dimension optimization of single element

Parameters Values (mm)
Wavelength, A 731
Length of the patch, Lp 123
Width of the patch, W, 144.5
Length of inset-fed, Y1 12.41
Width of the inset-fed, Y2 30
Width of the transmission line, W¢ 12.41
Length of ground & substrate, Lg & Ls 196
Widths of the ground & substrate, Wy & W5 217.5
Truncated edge, AL 20

C.2. 2x1 Array Design

The next step involves applying corner truncation to the microstrip antenna
by cutting the top edges at a 45° angle. The final stage involves enhancing the
antenna’s gain by employing an array configuration. The dimension and widths of
the feed lines corresponding to 50 (1, 70 € and 100 Q are calculated using formula
(8). As, depicted in Figure 2, the array microstrip antenna dimension is length
extension AL is 67mm. The overall enclosure dimensions are Wg is 435mm and Lg
is 389mm while the widths of the feed lines for Z1, Z2 and Z3 are 12.245 mm, 7.25
mm and 3.59 mm respectively.
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Figure 2. Proposed 2x1 linear array antenna geometry

D. Result and Discussion

This section presents a comparative study evaluating a simple patch
antenna against a 2x1 array patch antenna. The analysis was conducted using
distinct simulation tools CST Microwave Studio built upon the Finite Integration
Method (FEM).

Return Loss

Figure 3 and Figure 4 illustrate various S-parameter values. A patch antenna
fabricated with Rogers RT 5880 substrate materials exhibits a return loss of 14.8
dB for single element and a return loss of -19.1dB for array element at its resonant
frequency of 410MHz.
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Figure 3. Return Loss vs Frequency for single design
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Figure 4. Return Loss vs Frequency for array design

Voltage Standing Wave Ratio (VSWR)
Figure 5 and Figure 6 display the calculated VSWR for the antenna at
410MHz. For the single design antenna, the VSWR is 1.4 with an operational

413
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frequency range from 408 MHz to 413MHz. Meanwhile, the array design antenna
exhibits a VSWR of 1.2 covering frequencies from 407 MHz to 413MHz.

Voltage Standing Wave Ratio (VSWR)

VSWRI1 : 1.4418485

407 408 409 410 411 412 413
Frequency / MHz

Figure 5. VSWR vs Frequency for single design

Voltage Standing Wave Ratio (VSWR)

VSWRI1 : 1.2492693
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Figure 6. VSWR vs Frequency for array design

Gain and Radiation Pattern

Figure 7 and Figure 8 illustrate the performance of the proposed antenna
design in terms of gain and directivity. The gain of the single rectangular patch
antenna is demonstrated to be 7.3dB. The proposed array design configuration
achieves a gain of 9.45dB at 410MHz in Figure 7.

Farfield Directivity Abs (Phi=90)
Farfield Directivity Abs (Phi=90)

=270

180
Theta / deg vs. dBi Theta / deg vs. dBi
(a) (b)

Figure 7. Gain (a) single design (b) array design

In the single design, the main lobe occurs at an incidence angle of 4°. The 3dB
beamwidth is approximately 80.7° and the antenna exhibits a sidelobe level of -
19.3dB. In contrast, the array design antenna shows an angle of 23° with a 3dB
beamwidth of 102.3° and a sidelobe level of -14.6dB.
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(b)
Figure 8. Directivity (a) single design (b) array design

Figure 8 depicts the antenna’s far-field directivity. At an operating frequency
of 410MHz for single design, the directivity ranges 7.301dBi with the proposed
array design reaching 9.456dBi.

Directivity,
2
p_ AkW) o)
X1, x G,
G=E xD (10)

Antenna Efficiency
The measured efficiency of the 410MHz array patch antenna demonstrates a
total efficiency of approximately 98%.

Table 2. Comparison Gain of Microstrip Antenna

Condition Parameters
Gain(dB) Frequency(MHz)
Single Element 7.3 410
2x1 Element 9.45 410

Referring to Table 2 above, it is evident that the gain of the array antenna
increases proportionally with the number of elements. The gain measured for a
single element antenna is 7.3dB which rises to 9.45dB in a 2-element array at the
operating frequency of 410MHz.

Radiation Pattern

The radiation pattern is an essential attribute that reveals the operational
characteristics of the designed antenna. It is evident that both designs exhibit a
directional radiation pattern at 410MHz with peak gains of 7.26dB and 7.97dB

https://doi.org/10.33022/ijcs.v15i1.4946 269


https://doi.org/10.33022/ijcs.v15i1.4946

The Indonesian Journal of Computer Science

respectively. The results show that the 2x1 array patch antenna produces a higher
radiation intensity in the main lobe than the single patch antenna.

Farfield Directivity Abs (Phi=0) Farfield Directivity Abs (Phi=90)
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(a) (b)
Figure 9. The electric field for single design (a) E-plane (b) H-plane
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Figure 10. The electric field for array design (a) E-plane (b) H-plane
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The substrate thickness has to be increased in order to high gain and
bandwidth. So, microstrip patch antenna usually suffer from very low gain and
bandwidth. By increasing the substrate thickness produces surface wave loss and
entraneous radiation. In our design we get UHF-band (407MHz - 413MHz).The
investigation has been limitted mostly the theoretical studies and simulations due
to lack at a later stages to fabricate the antenna. Detailed experimental studies can
be taken up at a later stage to fabricate the antenna. Before going for fabrication
we can optimize the parameters of antenna by using Computer Simulation
Technology (CST).

D. Conclusion

Compared to single-element microstrip antenna and microstrip array antenna
demonstrate superior performance in both directivity and gain. The
characterization result reveal that the 2x1 microstrip array antenna achieves a
gain of 9.45dB at 410MHz. Simulation comparisons among single-element and 2x1
microstrip array antennas confirm that the array configuration enhances antenna
performance by increasing gain. Simulation results show a reflection coefficient of
-19.1dB, a VSWR of 1.2 at the operation frequency of 410MHz. In this study,
enhances performance was attained through the integrated optimization of
parameters including the inset-feed, truncating the corners and quarter-
wavelength impedance matching techniques. These findings suggest that the
proposed array antenna design is well-suited for UHF-band microsatellite
communication applications.
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