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ABSTRACT:
The radiation performance of different triangular microstrip patch antenna (TMPA) shapes such as right triangle (RTMPA),
isosceles triangle (ITMPA), obtuse triangle (OTMPA), and equilateral triangle (ETMPA) operating at (28 GHz) are computed and
compared using inset-fed techniques and Rogers-RT5880 substrate material of permittivity (e, = 2.2) and (h=0.15 mm) height.
The directivity, gain, efficiency, bandwidth, VSWR, S11 and 2D-radiation pattern for each mentioned triangular patch shapes are
computed utilizing CST and HFSS method. The computed results reveal generally that the ETMPA provide better radiation
performance whereas the OTMPA displays lower antenna radiation parameter values compared to the other considered ones. In
addition, the antenna parameters of ETMPA with the use of coaxial probe fed are also simulated and the results are compared to
those previously achieved experimentally and theoretically by other researchers. Generally, a good agreement between mentioned
antenna parameter results is displayed and reliability of those achieved by CST with inset fed techniques is clearly observed.
Moreover, the overall antenna parameter obtained, respectively, with CST and HFSS techniques for inset fed ETMPA are S11 (-
28.68, -20.64), VSWR (1.076,1.20), gain (5.82, 6.29) dB, directivity (6.85, 7.09) dB, bandwidth (0.452, 0.369) GHz, efficiency
(78.9%, 83.2%) and with a small antenna size of about (3.88 mm®) which is most reliable for 5G technology application systems.

KEY WORDS: triangular Microstrip Antenna,5G, Gain, wireless communication system, directivity

DOI: http://dx.doi.org/10.21271/ZIPAS.34.6.6
ZIPAS (2022) , 34(6);45-55 .

1. INTRODUCTION

An antenna is a fundamental feature in a
wireless communication system that is described
as a device which used for propagating
electromagnetic ~ waves.  Mobile  wireless
communication networks have introduced since
1970’s and during the next fifty years experienced
remarkable changes and development (Johari et
al., 2018, Stutzman and Thiele, 2012).
The mobile wireless generation systems generally
refer to a change in the nature of the system speed,
technology, frequency, data capacity, latency etc.
Each generation has some standards, different
capacities, new techniques, and new features
which differentiate it from the previous one. The
revolution and evolution of wireless mobile
technology systems from 1G to 5G are shown in
Figure (1) (Vora, 2015).
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The 5G is basically the next generation mobile
and wireless connectivity system intended to offer
greater capacity and be highly needed with much
more cost effective and energy efficient than
anything available so far (Surendran et al., 2019).
The 5G network systems are expected to greatly
enhance communication capacity by exploiting
the vast spectrum of millimeter wave. It is also
expected to be ready to provide and support very
high data rates, which in turn to a replacement
challenge on network requirements as well as in
the antenna designs to satisfy the expected data
rate and capacity (Darboe et al., 2019, Gemeda et
al., 2021).
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Figure 1: Evolution of mobile generation systems
(DARBOE 0. and et. al. 2019)

The 5G technology employs high-frequency
bands and wide signal bandwidth, which increase
the transmission of data bit rates, thereby
providing better coverage with low battery
consumption at low cost. Moreover, the frequency
bands of 5G application are in the range (20-90)
GHz, and the antenna designed usually operate at
frequencies 28, 38, and 72 GHz as they have high
data rate, comparatively low latency and are
highly directional in nature (Mohammed et al.,
2019, Kompella and Abdul Rajak, 2022).
Therefore, a good understanding among different
groups of researchers how to try to work on a
large amount of softness of 5G technologies to
reach the speed of transmitting excellent
information from 1Gb/s to users in motion, as well
as 10 Gb/s for users in stable conditions and not
less than 100 MB per second in residential areas
(Ezzulddin et al., 2022b).

In addition, the (5G) network will provide
several new functions, containing those related to,
an enhanced mobile broadband (EMBB), which
qualify high-speed internet advances in mechanics
access (up to 1 Gbps), the Internet of Things
(IoT), and  ultra-reliable  low latency
communications (URLLC), which enabling a
technology of minimum (1 ms) latency for data
transfer over a mobile system network
applications (Todosioska, 2020) and (Ezzulddin et
al., 2021). Due to miniaturizations requirement in
5G wireless system device, the antenna weight,
small size, low-cost, simple design, easy
installation for planar and non-planar surface and
mechanically steered when mounted on a rigid
surface as well as compatibility with monolithic
microwave integrated circuit are of quite interest.
Despite of the bandwidth is narrow; it is
reasonable to consider microstrip patch antenna
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(MPA) as an ideal candidate to fulfil these
requirements (Altufaili et al., 2022). On the other
hand, the rapid growth in demand for smartphone
users/subscribers for different  wireless
communication applications has brought the MPA
to the forefront due to its smaller size and low-
profile characteristics. The significant advantages
of MPAs are its small size, easy fabrication, low
weight, and low-profile which replaced the
conventional large-size antennas in mobiles and
wearable devices (H Patel and D Makwana,
2021). However, due to the creation of surface
wave inside the dielectric substrate material, make
the MPA to operate with a lower gain and narrow
bandwidths (Ezzulddin et al., 2022b). The patch
may be made in any shape, although rectangular
and circular patches are the most common shapes
that have been extensively investigated
theoretically and empirically by various
researchers. For such patch shapes, different
investigation has been taken into consideration to
improving their performance by adding split ring
resonators and slots of various sizes to the patch
material or applying alternative dielectric
substrates of various material with different height
and loss tangents. Besides, due to the tiny size
requirements in current communication systems,
triangular microstrip patches of different angle
configuration have lately acquired popularity.
Many scholars have explored the triangular
microstrip patch antennas of various angle
formation ~ functioning at  low-frequency
operations. However, little study has been done on
triangular patch antennas operating at high
frequency bands acceptable for the new 5G
mobile communication system technologies
(Udofia 2019 and Bushra 2022).

Thus, this work is established for designing a
single  TMPA operating at 28 GHz by
implementing two different numerical simulation
methods. For this various triangular patch
configuration shapes such as right triangle
microstrip antenna (RTMPA) (30° 60° 90,
isosceles triangle (ITMPA) (45" 45" 90°), obtuse
triangle (OTMPA) (30" 30" 120", and equilateral
triangle (ETMPA) (60° 60" 60°) are designed and
their radiation performance is compared.
Moreover, the inset-fed and coaxial probe-fed
techniques are also investigated to verify which of
them provides reliable antenna performance
suitable for application in 5G mobile systems.
Finally, the overall computed results are compared



to those studied previously by other research
workers for various patch shapes at (28 GHz)
frequency operation.

2. THEORETICAL MODELING

The microstrip patch antenna's basic
construction consists of (radiating element),
dielectric substrate and conductor ground plane.
The typical range of the relative permittivity for
the substrate dielectric constant varies from
(2.2 < & < 12).The microstrip patch antennas
are designed simply, easily modified according to
the requirement applications, not coasting,
lightweight and can be made of various shape
configurations such as circular, rectangular,
triangular, square, semi-circular etc. (Mehta,
2015). The triangular patch antennas have recently
acquired popularity due to miniaturization in its
size which is considered as a main requirement in
modern communication system devices (Joshi and
Gond, 2017). Figure (2) shows a general cartesian
coordinate system representations for a structure
configuration of the single TMPA.

g
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Figure 2: Representation of a single TMPA design
construction

In this study, a triangular microstrip patch
antenna of different angle constructions, such as
(right triangle microstrip patch antenna (RTMPA)
(30°-60°-90"), isosceles triangle microstrip patch
antenna (ITMPA) (45°-45°-90°), obtuse triangle
microstrip patch antenna (OTMPA) (30°-30"-

Rahman. B. and Hasan S /ZJPAS: 2022, 34 (6): 45-55

47

120°), equilateral triangle microstrip patch antenna
(ETMPA) (60°-60°-60") are designed by
implementing mentioned simulation methods.

The dielectric substrate material (Rogers-
RT5880) of relative permittivity (e, = 2.2) with
(h=0.15) height and copper conductor material for
the patch and ground plane is considered. The
geometrical dimension of the proposed mentioned
TMPA of different angle configurations with inset
feed techniques is shown in Figures (3).

R %
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Figure 3: the geometry structure proposed TMPA for top
view different triangular shapes patch dimensions (a)
RTMPA, (b) ITMPA , (c) OTMPA and (d) ETMPA

where, (pr), (F;) and (W) are represent,
respectively, the inset fed gap separation, the
length and width of the microstrip fed line.

Also, for each shape, the side length and height
of the triangular patch are represented by (a;) and
(Lp), respectively. The resonant frequency of the
TMPA operating at 28 GHz for triangle different
angles is evaluated using the following equations
(Olaimat, 2010, Maity and Gupta, 2014, Maity
and Gupta, 2015, Afandi and Hadi, 2018, Maity
and Gupta, 2018):

For RTMPA (30°-60°-90"):

c
e = ar /3¢,

(m?>+mn+n?) Y2 (1)
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For ITMPA (45™-45™-90°):

c
fr_zaL\/g_r

(m? 4+ n?) /2 (2)

For OTMPA (30-30-120"):

2c
fr = (m? + mn 4+ n?) /2 (3)
ag Sgr

For ETMPA (60°-60°-60°):
2c

T 34,5

fr (m? + mn +n?) /2 (4)

where, (c) is the speed of light. The side length
of each mentioned triangular patch shape for the
lowest dominant mode is extracted from the above
equations by setting (m = 1 and n = 0) and the
results are reduced to the following equations
(Olaimat and Dib, 2011):

For RTMPA (30° 60" 90°):

a; = 5
L PN (5)
For ITMPA (45° 45° 90°):
. (6)
a =
LT 2f e
For OTMPA (30" 30" 120°):
2c @
a; =
YR Be
For ETMPA (60° 60° 60):
2c ®)
a; =
L3SV

However, the height (L,) of the RTMPA and

ITMPA is calculated using the following
mathematical expression given by (Afandi and
Hadi, 2018):

L, =qaptan® 9



While the height (L) of the OTMPA and ETMPA

is calculated using the formula expression given
by (Afandi and Hadi, 2018):

ag
L, = 7tan 0 (10)

The dimensions of the rectangular ground plane
for each triangular patch construction angles are
computed using the following expression formula
(Ezzulddin et al., 2022b):

Lg = 6h+L, (11)
W, = 6h + W, (12)

With the implementation of the above equations
and substrate parameter specification, the
dimensions of the ground plane, microstrip line
dimensions and geometrical dimensions of each
triangular patch configuration are computed using
a MATLAB code prepared for this purpose and
the evaluated parameter results are presented in
Table (1). In addition, the top view design
construction of the proposed mentioned TMPA
with their electric field distribution is simulated in
the mentioned simulation windows and the results
are displayed in Figures (4).

e-field (f=28) [1] @
Frequency 28GHz

Phase 35°
Maximum (Solver) 124487 dB(V/m)

e-field (f=28) [1] &
Frequency 28GHz
Phase .

Maximum (Solver) 118,884 dB(V/m)
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Figure 4: Electric field formation of the simulated single
element (TMPA) designation for different triangular angle
configurations (a) RTMPA, (b) ITMPA, (c) OTMPA and

(d) ETMPA

Table (1): Dimension parameter specification for each
triangular angle configurations.

Dimension
parameter
in (mm)
RTMPA
ITMPA
OTMPA
ETMPA

Ground and Substrate
width (W)

Ground and Substrate

length (Ly) 3.3 4.4 4.3 4.62

Triangular side length

3.444 3.124 7.75 4,0099
(aL)

height of triangular

patch (L) 2.2 3124 | 279 35

Gap between patch

and feed line (Gpr) 0.087 | 0.087 | 0.087 | 0.087

Distance inset feed

14 | 14 | 14 14
(F)

Microstrip line feed | yg | 46 | 046 | 046
width (wg)
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3. Result and Discussion

This work is composed of two parts, in the
first step, the radiation parameters of different
triangular MPA configuration shapes resonating at
28 GHz are investigated using inset fed techniques
and their performance are compared. This step
specifies the best triangular patch shapes that
provide reliable radiation performance suitable for
5G application systems. The second part of this
work, is concern with the evaluation of radiation
performance of the identified triangular patch
shapes with coaxial probe fed techniques and the
results are compared to those achieved with inset
fed techniques. Finally, the simulated results
acquired by both mentioned simulation methods
are compared to those predicted theoretically or
experimentally by other researchers.

In the first scenario, the designation of single
element TMPA of various angle construction
operating at 28 GHz is performed using both
mentioned numerical methods. For this, the
RTMPA, ITMPA, OTMPA and ETMPA are
selected for the design purpose with the use of
(Rogers-RT5880) substrate material of height
(h=0.15 mm) and the copper material is assumed
for the microstrip patch and ground plane. The
fundamental antenna parameters such as VSWR,
S11, directivity, gain, bandwidth and efficiency
are computed using the geometrical parameters
specified for each mentioned triangular patch
shape presented in Table (1). The computation
procedure for each mentioned antenna parameter
is performed using both simulation techniques.

The result of the antenna returns loss
parameters (S11) and VSWR which are represent
the amount of power that is reflected back to the
antennas are evaluated and graphically presented
in Figures (5) and (6). The calculated values of
return loss displayed in Figures (5) reveals that all
of the mentioned triangular patch shapes are
provide suitable S11 parameters which are less
than (-10 dB) especially with the use of CST
simulation techniques. Moreover, from the same
figures one clearly observes that the smaller S11
parameter values are achieved with ETMPA
configuration shapes and with the implementation
of both simulation techniques. On the other hand,
the computation of the VSWR values for each
mentioned triangular shapes as shown in Figures
(6) are also indicates that they are located within
standard acceptable ranges especially for ETMPA
which provide smaller values compare to the other
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triangular shapes. Therefore, according to the S11
and VSWR parameters value of ETMPA obtained
with CST and HFFS methods which are,
respectively, (-28.68dB, -20.64 dB) and
(1.076,1.20), one may consider it as a best
triangular patch shape for 5G application systems.
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Figure 5: Result of S11-parameter as a function of frequency for
various triangular shapes patch:(a) CST and (b) HFSS

In addition, the radiation efficiency, antenna
size, gain, directivity, and bandwidth for each
mentioned triangular patch shape configuration
are also calculated by both CST and HFFS
numerical methods and the results are shown in
the form of a histogram in Figures (7-a) and (7-b),
respectively. The result of these two figures
reveals obviously that the gain and directivity of
ETMPA and ITMPA are generally greater than
the other triangular shape configurations. This
behavior can be attributed to the fact that the



charge and hence electric field distribution of
these two triangular shapes are concentrated
mostly within the patch as displayed in Figures
(4). Moreover, these histogram figures indicate
that the size of the OTMPA and RTMPA are
smaller than those of ETMPA and ITMPA and
this can be considered as another factor which
lead to the production of less radiation powers and
hence produce smaller gain and directivity.
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Figure 6: Values of VSWR as a function of frequency for
various triangular shapes patch: (a) CST and (b) HFSS

In addition, these figures implies that the
computed results of efficiency and bandwidth of
ETMPA and OTMPA are generally greater than
the other triangular patch shapes and with the use
of both mentioned simulation techniques. Besides,
the 2D view polar radiation pattern for the gain
and directivity for all consider triangular patch
shapes are computed and the results are presented

Rahman. B. and Hasan S /ZJPAS: 2022, 34 (6): 45-55

51

in Figures (8) and (9), respectively. One
confidently observes from these two figures that
the RTMPA and ETMPA provide lower back lobe
level radiation with both implemented simulation
method. Therefore, on the bases of the above
result discussion, one confidently can decide that
the ETMPA with a size of the order of (3.88 mm®)
displays generally higher radiation performance
compare to the other triangular patch under
consideration. Since, it provides reliable antenna
parameters suitable for 5G application systems
such as gain (5.82 dB, 6.29 dB), directivity (6.85
dB, 7.09 dB), efficiency (78.9%, 83.2%) and
bandwidth (0.452 GHz, 0.369 GHz), respectively,
for CST and HFSS techniques.

@ Directivity (dB) @ Gain (dB) B Antenna size(mm”3) B Efficincy @ BandWidth (GHZ)‘
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© <
©

=3
o
o

ITMPA OTMPA

Different shape (TMPA)

@ Directivity (dB) m Gain (dB) B Antenna size(mm”3)® Efficincy @ BandWidth (GHZ)‘
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Figure 7: Histogram representation of the variation of
TMPA parameters as a function for the different triangular
shapes patch by using (a) CST and (b) HFSS simulation
techniques.
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—s— RTMPA

—s— RTMPA

Figure 8: The compare 2D-polar radiation pattern of the
Directivity by the for different triangular shapes patch by

using (a) CST and (b) HFSS simulation technigues

Figure 9: The compare 2D-polar radiation pattern of the

Gain by the for different triangular shapes patch:
(a) CST and (b) HFSS simulation method
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Accordingly, the ETMPA is selected for the
second procedure of this work and its overall
antenna radiation parameters with the same
geometrical and conductor material parameters
specified previously are calculated using coaxial
probe fed techniques. The computed results with
both simulation methods and with both fed
techniques are summarized and presented in
Table (2). The inner and outer radius of the
coaxial probe fed transmission line with its
position point on the patch which produce nearly
(50 Q) input impedance are evaluated using
formula expression given by (Stutzman and
Thiele, 2012, Mokal et al., 2017) as:

__ 60 Rout
Zo = LEln o (13)
— P
Y= (14)

The results of this table indicates that the
antenna directivity and hence gain values obtained
by probe fed techniques seems to be somewhat
higher than those predicted by inset fed method.
In contrast, the bandwidth and efficiency values
obtained with coaxial probe fed is generally
smaller than those achieved with inset fed
techniques.

Therefore, the accuracy of the antenna
parameter values achieved by both fed techniques
can be specified only by comparing these results
with the corresponding practical or theoretical
results of other researchers.  Hence, these
computed antenna parameters are compared to
their corresponding values achieved previously for
various MPA shapes operating at 28 GHZ and the
results are presented in Table (3). Generally, the
results of this table displays that the present
computed results are in good agreement with
those previously calculated and measured by other
researchers. Moreover, it is clearly observed from
this table that the overall antenna parameter values
obtained with the inset fed techniques and by
using CST simulation techniques are more
accurate ones as compared to those measured
experimentally by (Ezzulddin et al., 2022a).



Table 2: Comparison between the inset and probe fed technique optimization of ETMPA parameters implementing CST and

HFSS methods.

Table 3: Comparison between the simulated ETMPA parameters with corresponding values obtained by other researchers.
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Parameter Feeding techniques
Type feeding Inset feed | Prob-feed
Patch dimension (mm)
Line fed length (F;) 1.4 3.9
Inner radius (R;y) - 0.15
Outer radius (Ryye) - 0.52
Position feeding (x,y,z) - (0,-1.1,0)
Microstrip line feed width (W) 0.46 -
Antenna performance
Simulation techniques CST | HFSs CST | HFSS
Antenna size(mm?) 3.88 3.88
S11(dB) -28.68 -20.64 -21.26 -21.95
VSWR (dB) 1.076 1.20 1.18 1.17
Efficiency 0.789 0.832 0.775 0.80
Directivity (dB) 6.85 7.09 7.16 8.07
Gain(dB) 5.82 6.29 6.05 7.11
fr (GHz) 28 28
Bandwidth (GHz) 0.452 0.369 0.356 0.259

- T = i =
= §S | 28 s 3
Antenna Present work < 3 2 ¢ 5 o = 3 £
parameters $ 22 £ S €& 8 &
S g = § = = >
i o= % O N
L
Patch shape ETMPA RMPA RMPA | CMPA RMPA ETMPA
Dielectric Rogers | Taconic | Rogers Rogers Rogers
material Rogers RTS880 RT5880 | TLY-5 | RT5880 | RT5880 RT5880
Antenna 3.88 3.88 221.07 | 729 | 1828 | 23.40 5.208
size(mm®)
Gain(dB) 582 | 6.05 | 629 | 7.11 3.29 6.71 7.78 7.8 5.26
Bandwidth | 1e, | 0356 | 0369 | 0.359 - 0.465 - 1.7 0.744
(GHz)
Efficiency 0.789 | 0.775 | 0.832 0.80 - - - - 0.84
Directivity
(dB) 6.85 7.16 7.09 8.07 3.31 - - - 6.19
S11(dB) -28.68 | -21.26 | -20.64 | -21.95 -9.74 -27.78 -18 -27 -18.80
Feeding Inset | Prob | Inset | Prob Inset Inset Inset
techniques feed feed | feed | feed feed feed feed Prob feed Inset feed
Simulation
Techniques CST HFSS HFSS CST HFSS CST Measurement
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4. Conclusion

According to the simulation results evaluated by
both numerical methods for various TMPA parameter
values, it was found that better radiation performance is
achieved generally with ETMPA compare to the other
considered TMPA configuration shapes. Since its size is of
the order of (3.88mm® and provides antenna gain,
directivity, bandwidth, and radiation efficiency values of
(5.82, 6.29), (6.85, 7.09) dB and (0.452, 0.369) GHz,
(78.9%, 83.2%) with, respective, CST and HFSS method.
Moreover, the results also indicate that the obtuse triangular
patch shapes are unsuitable for 5G application systems due
to their larger size and radiate with lower antenna gain and
directivity compared to the other considered TMPA shapes.

Besides, it was obviously seen from the 2D view polar
pattern that the RTMPA and ETMPA provide lower back
lobe level radiation with both techniques CST and HFSS
techniques. Consequently, the accuracy and reliability of the
antenna parameter values obtained by CST method with the
inset fed to those estimated by probe fed techniques for
ETMPA was clearly observed compared to the previously
achieved by other researchers experimentally and
theoretically.  Finally, further improvement in the
performance of ETMPA could be made by constructing
them in an array configuration and testing different substrate
materials of various loss tangent and implementing different
conductor patch materials.
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