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Abstract: In this article, a novel dual-band orthogonally polarized
elliptical microstrip patch array antenna is presented at millimeter
wave spectrum of 28 GHz and 38 GHz. For the single-element
design, the acquired gain for 28 GHz is 6.81 dBi and 7 dBi for 38
GHz. The antenna is orthogonally polarized and generated
orthogonal modes TMO01 and TM10. To design antenna the Rogers
RT/duroid 5880 substrate medium used with a permittivity & of
2.2, loss tangent tand of 0.003, and height of 0.25 mm. To improve
the performance of the antenna a four-element multilayer antenna
array is designed with the coaxial to microstrip line transition and
power divider network. To create a multilayer structure two layers
of substrate are created at the top and bottom of the ground plane.
The design is analysed by Computer Simulation Technology
Microwave Studio Suite, 2018. After the simulation, the proposed
antenna array provides good results as compared with the single
element antenna design regarding gain, return loss, far-field
pattern, bandwidth, and directivity.

Index Terms: 28 GHz, 38 GHz, 5G, antenna array, elliptical
patch.

I. INTRODUCTION

Wireless technology is as of now among the most
investigative field in communication devices. For the next
generation, wireless communication systems antennas are
anticipated to attain high data rate, improved gain and
bandwidth, low power loss, low cost, and small in size. As
because of certain constraints in fourth generation technology,
like low data transmission, high path loss, and high response
time, technology for wireless communication is changing from
4G to 5G network (Kumar, 2016; Hong, 2017). The limitations
found in 4G can cover by fifth generation wireless technology
with an increase in data rate on gigabits per second, getting
latency on millisecond level, and come up with low battery
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consumption and low cost devices (Reddy, 2017).

To attain the new generation requirements the allocated
spectrum for millimeter-wave is from 3 GHz — 300 GHz. Most
of the research work was done on the 28 GHz, 38 GHz, 60GHz,
and (70-80) GHz for mm-wave spectrum. The majority of the
study is centered on the frequency band of 28 GHz and 38 GHz
because the atmospheric absorption, oxygen loss, and rain
attenuation are low as compared to the higher frequency
spectrum (Niu, 2015; Rappaport, 2013; Kumar, 2018). For the
fifth generation wireless systems, it is demanded that antennas
provide high gain to overcome the path loss, achieve high gain,
and improved efficiency at millimeter wave frequencies.
Microstrip antenna is compact, lightweight, and provides easy
integration with the circuits it is suitable for millimeter wave
applications (Abirami, 2017; Kaur, 2016). However, microstrip
antenna has some drawbacks namely low gain and narrow
bandwidth (Chen, 2006; Sidhu, 2016). Research shows different
approaches like array configuration, impedance matching, and
slotted patch to improve gain and bandwidth (Chauhan, 2014;
Rabbani, 2017). Microstrip antennas are generally utilized in the
global positioning system, mobile communication system,
microwave sensors, and wireless local area network (Noh,
2017).

For 5G mobile communications different patch antenna
designs were presented by researchers. A double band PIFA
antenna for the frequency band of 28 GHz and 38 GHz is
proposed by (Ahmad, 2017) which consists of a shorted patch
and a U shape slot etched within the patch. A low-cost FR406
substrate material is used to design the antenna. The acquired
gain at 28 GHz and 38 GHz is 3.75 dBi and 5.06 dBi,
individually. (Mpele, 2019) designed a compact dual band patch
antenna with an elliptical radiating patch etched on the Rogers
RO3010 substrate. Antenna fed by coplanar waveguide (CPW)
feeding network, also to improve the performance of the design
detected ground structure technique is used. The achieved gain
for 28 GHz is 6.0 dBi and 6.3 dBi for 38 GHz. A monopole
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circular patch antenna etched with elliptical slots presented by
(Gunaram, 2020). The proposed antenna developed on an FR-4
substrate has a dimension of 9.1 x 9.0 x 1.59 mm3 and operates
at two frequencies of 23.1 GHz and 28 GHz. The achieved
return loss for both frequencies is nearby -40 dB with a gain of
3.94 dBi and 3.76 dBi at 23.1 GHz and 28 GHz bands each.
Sharaf (2020) presented a patch antenna for 5th-generation
wireless communication for 38 and 60 GHz frequency ranges.
For the 38 GHz band, the patch is etched on Rogers RO3003 and
fed with a microstrip line. The achieved radiation efficiency at
38 GHz is 89.53% and the gain is 6.5 dBi. A patch antenna with
the elliptical slotted ground plane designed by (Samsuzzaman,
2020) for both lower (28GHz) and upper (38 GHz) frequency
bands. The antenna is structured in Roger’s 5880 medium with a
dimension of 4.2 x 4.2 x 0.2 mm3. The achieved maximum gain
for single unit antenna design for 28 GHz is 3.81 dBi and for 38
GHz frequency is 4.86 dBi. A T and L shape slotted patch
antenna with a size of 10 x 10 x 1.6 mm3 for 28GHz frequency
designed by (Saini, 2017). The achieved gain for the T shape slot
is 6.4 dB and 5.54 dB for the L shape slot antenna design.
(Alnemr, 2020) presented a circularly polarized microstrip
antenna for fifth generation wireless system applications. The
proposed design consists of truncated sides and | shape slots to
improve the performance and the design is fed through one side
fed strip line. After the simulation the achieved maximum gain
individually for 28 GHz and 38 GHz is 5.1 dBi and 5.7 dBi. The
obtained efficiency is 88% and 90% for the 28 GHz and 38 GHz
bands separately.

By comparing different patch antennas the concerns that arise
with the cited work are a larger size, complexity, lower
efficiency, and low gain. The focus of this work is to get better
performance and reduces the design complications of patch
antenna for fifth generation wireless communication. In this
work, an elliptical shape slot patch antenna is designed for
28GHz and 38 GHz millimeter wave frequency bands. The
manuscript includes four sections; section Il describes the design
and simulation outcomes of an elliptical patch antenna with a
single element. In section 111 the formulation and analysis of the
multilayer patch array antenna presented. Lastly, the work is
concluded from the results.

Il. DESIGN OF SINGLE ELEMENT

Fig. 1 presents the structure of an antenna with a single
element. The selection of substrate is an important step while
designing the antenna. Antenna parameters such as bandwidth
and impedance matching are affected by substrate dielectric
constant, height, and loss tangent. In this paper, the antenna is
created with the Rogers RT/duroid 5880 substrate with a size of
0.25 mm, loss tangent of 0.003, and dielectric constant of 2.2.
The antenna design consists of an elliptical slot with coaxial
feeding to improve the antenna performance. For the elliptical
slot, a is the diameter of the major axis and b is the diameter of
the minor axis. The radius of the round patch is computed by the
below expression (Balanis, 2005).
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Fig. 1. Structure of the proposed single elliptical patch antenna

Where R is the radius of the elliptical patch, & is the dielectric
constant of the substrate, h is substrate height, f is the resonance
frequency, and F is given by:

8.791 X 10°
F==e @

Table | represents all the specifications of the elliptical patch
antenna. The proposed elliptical patch design is sculptured and
simulated by the CST Microwave Studio Suite, 2018. Fig. 2
presents a reflection coefficient (S11) graph for a single element
antenna covering the 28 GHz and 38 GHz frequency ranges. For
the 28 GHz frequency band the obtained S11 is -17.616 dB and
for 38 GHz achieved S11 is -14.625 dB. Fig. 3 shows the total
efficiency for the dual band single element antenna design. The
obtained efficiency at 28 GHz is 76.96% and at 38 GHz is
89.86%.

Table I. Parameters of the proposed design with dimension

Parameters Dimension (mm) Description

L 10 Substrate length

We 10 Substrate width

h 0.25 Substrate height

b 3.96 Major axis diameter
(y-direction)

a 2.68 Minor axis diameter
(x-direction)

R 2.39 Patch radius
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Fig. 2. Return loss (S11) for single patch antenna at 28GHz and 38 GHz
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Fig. 3. Efficiency plot for single element design at 28 and 38 GHz

To generate the dual band the proposed antenna is
orthogonally polarized with TMyo and TMo: dominant modes
(Mashayak, 2018; wang 2018). Fig. 4 shows the electric field
distribution at 28 GHz and 38 GHz for a single patch. To
achieve the gain the far field pattern is generated for both
frequencies. Fig. 5 shows the maximal gain of the presented
antenna with a single component. The achieved gain at the
frequency band of 28 GHz and 38 GHz is 6.8 dBi and 7 dBi
accordingly.

o

(a) (b)
Fig. 4. E-field distribution at (a) 28 GHz and (b) 38 GHz
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Fig. 5. Farfield pattern for single element design at (a) 28 GHz and
(b) 38 GHz

I11. ANTENNA ARRAY DESIGN AND ANALYSIS

In this section, a multilayer antenna array structure is designed
to achieve high gain. A four element multilayer elliptical patch
antenna array is designed with the coaxial to microstrip line
transition and power divider network (Wartenberg, 2004;
Morgan, 2002). Antenna arrays are separated by the single
ground plane to isolate field patterns. For creating a multilayer
structure two substrate layers are created at the top and bottom
of the ground plane (Jothilakshmi, 2017).

Fig. 6 depicts a four-element elliptically slotted dual-band
multilayer patch antenna array and a corporate feeding network
to excite elements of the array. All design parameter values are
given in Table Il. To excite the elements of the array a corporate
feeding network with a two-stage power divider is designed.
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Fig. 6. Geometry for array structure at 28 GHz and 38 GHz frequency
(a) 4 element multilayer antenna array and (b) feeding network

Table Il. Parameters of the proposed antenna array with dimension

Parameters Dimension (mm) Description
L, 10 Substrate length
W, 10 Substrate width
D 750 Distance between

patch
Lf 9.00 Center feed length
W 0.75 Center feed width

After Simulation the result parameters for the antenna array
such as S11 parameter, efficiency, VSWR, and radiation pattern
are generated and analyzed.

A. S11 Parameters

While measuring the performance of antenna S11 parameter
which is also named return loss plays a significant role. Return
loss -10 dB means that thirty percent energy is emitted from the
antenna and seventy percent energy is return to the antenna. Fig.
7 represents the plot of return loss for antenna array at lower and
higher frequency band.
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Fig. 7. Return loss (S11) for antenna array at 28 and 38 GHz

From the plot, it is depicted that the S11 (return loss) parameter
for the patch array antenna at 28 GHz is -22.201 dB and at 38
GHz the return loss is -15.56 dB. At 28 GHz band (27.79 GHz-
28.70 GHz) the achieved bandwidth is 0.723 GHz and for 38
GHz band (37.33 GHz-38.80 GHz) bandwidth is 1.4 GHz.

B. Efficiency

The efficiency of the antenna shows that how efficiently
power is radiated and receives. It is the relation of radiated
power and power given to the antenna. Fig. 8 shows the overall
efficiency and radiation efficiency of the patch antenna array at
lower (28 GHz) and upper (38 GHz) frequencies. The achieved
overall efficiency at 28 GHz and 38 GHz are 80.38% and
79.68% discretely.

C. VSWR

VSWR refers to voltage standing wave ratio which is
constantly a positive integer. It depicts the reflected power out of
the antenna also shows the impedance matching of the antenna
and power line. The typical value of VSWR is equal and in the
middle of 1 and 2. Fig. 9 shows the VSWR plot for patch array
antenna for 5G bands at 28 GHz and 38 GHz. For lower as well
as upper frequency the value of VSWR is near 1 which makes
the array antenna effective.
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Fig. 8. Efficiency plot for patch array antenna at 28 GHz and 38 GHz
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Fig. 9. VSWR plot for patch array antenna at 28 GHz and 38 GHz

D. Far-field pattern

Farfield or radiation pattern is a graphic presentation of an
antenna shows that how much energy is radiated by the antenna.
The direction properties of the antenna can be realized by an
antenna farfied pattern. The polar plot for the radiation pattern is
shown below figures for the antenna array. Fig. 10 presented the
polar plot for the radiation pattern at 28 and 38 GHz frequency.
From the plot, the obtained gain for the antenna array for 28
GHz is 11.9 dBi and for 38 GHz is 12.2 dBi.

|— farfield (f=28)]
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180
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Main lobe magnitude = 11.9 dBi
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Fig. 10. Farfield directivity polar plot at (a) 28GHz (b) 38 GHz

Fig. 11 indicates the electric field distribution of the patch
antenna array and its feeding network for 28 GHz and 38 GHz
frequency. From this E- field distribution we can see that power
is equally distributed from the power divider and provides
perfect phase matching for all four ports.

D

@ @ @ ¢

(b)
Fig. 11. Electric field distributions patch array antenna (a) 28 GHz and
(b) 38 GHz
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After analysing the performance of single patch antenna and
patch array antenna is it proved that the antenna array provides
improved performance with regard to bandwidth, efficiency, and
gain. Table 111 shows the comparative analysis of different patch
antenna.

Table Ill. Comparative analysis of different patch antenna

Reference Frequency Gain Efficiency
(GH2) (dBi) (%)
Ahmad, 2017 28, 38 3.75,5.06 -
Gunaram, 2020 28 3.76 -
Sharaf, 2020 38 6.5 89.53
Mpele, 2019 28, 38 6.0,6.3 93.63,91.08
Samsuzzaman, 28,38 38,48 92,90
2020
Alnemr, 2020 28, 38 51,57 88, 90
This work (single 28, 38 6.8,7.0 76.96, 89.86.
element)
This work 28, 38 119,122 | 82.41,81.94
(antenna array)
CONCLUSION

A novel dual-band multilayer elliptical patch single element
antenna and antenna array with coaxial to microstrip line
transition and feeding network is presented in this paper for 5G
applications. The designed antenna is working at frequency
bands of 28 GHz and 38 GHz. First, a single element antenna
was designed then to improve performance at high frequency the
multilayer patch antenna array structure is created. For a single
element, the achieved gain for the lower band (28 GHz) and
upper band (GHz) is 6.8 dBi and 7.0 dBi individually. For the
proposed antenna array design acquired gain for 28 GHz is 11.9
dBi, while for 38 GHz gain is 12.2 dBi. Subsequently surveying
the result specifications, it can say that the designed elliptical
patch array antenna fulfilled the whole 5G necessity.

REFERENCES

Abirami, M. (2017). A Review of Patch Antenna Design for 5G.
In IEEE International Conference on Electrical,
Instrumentation and Communication Engineering, (pp. 1-3),
IEEE, Karur, India.

Ahmad, W., & Khan, W. T. (2017). Small form factor dual band
(28/38 GHz) PIFA antenna for 5G applications. In IEEE
MTT-S International Conference on Microwaves for
Intelligent Mobility (pp. 21-24), IEEE, Nagoya, Japan.

Institute of Science, BHU Varanasi, India

Journal of Scientific Research, Volume 65, Issue 3, 2021

Alnemr, F. I., Ahmed, M. F., & Shaalan, A. A. (2020). Dual-
Band Circularly Polarized Mobile Antenna for Millimeter-
Wave Antenna Applications. Journal of Physics Conference
Series, 1447(2020), 1-8.

Balanis, C. A. (2005). Antenna Theory analysis and design.
Hoboken, New Jersey, John Wiley & Sons.

Chauhan, B., Vijay, S., & Gupta, S. C. (2014).Millimeter-wave
mobile communications microstrip antenna for 5G-A future
antenna. International Journal of Computer Applications,
99(19), 15-18.

Chen, Z. N., & Chia, M. Y. W. (2006). Broadband Planar
Antennas Design and Applications. Singapore, John Wiely &
Sons Ltd.

Gunaram, Sharma, G., Deegwal, J. K., Mathur, D., & Sharma,
V. (2020). Elliptical slot embedded monopole circular patch
antenna for 5G applications. In 3 International Conference
on Condensed Matter and Applied Physics, (pp. 1-6), AIP
Conference Proceedings.

Hong, W., Jiang, Z. H., Yu, C., Zhou, J., Chen, P., Yu, Z,
Zhang, H., Yang, B., Pang, X., Jiang, M., Cheng, Y., Nuaimi,
M. K. T. A, Zhang, Y., Chen, J, & He, S. (2017).
Multibeam antenna technologies for 5G  wireless
communications. |IEEE Transactions on Antennas and
Propagation, 65(12), 6231 — 6249.

Jothilakshmi, K., & Jothilakshmi, D. P. (2017). Design of
multilayer microstrip patch antenna for satellite application.
International Journal of Innovative Research in Computer
and Communication Engineering, 5(3), 190-195.

Kaur, N., &Malhotra, S. (2016). A review on significance of
design parameters of microstrip patch antennas. In 5th
International Conference on Wireless Networks and
Embedded Systems (pp. 1-6), IEEE, Rajpura, India.

Kumar, A., & Gupta, M. (2018). A review on activities of fifth
generation mobile communication system. Alexandria
Engineering Journal, 57(2), 1125-1135.

Kumar, N., Loharia, N., & Rana, S. B. (2016). 5G future
communication: Requirements and challenges. In 47 Mid-
term Symposium on Modern Information and Communication
Technologies for Digital India (pp. 1-3), Chandigarh, India.

Mashayak, U. A., & Yadav, G. S. (2018). Dual-Band Microstrip
Antenna with Orthogonal Polarization for Wireless
Communications. In International Conference on Advances
in Communication and Computing Technology (pp. 567-
570), IEEE, Sangamner, India.

Morgan, M., & Weinreb, S. (2002). A millimeter-wave
perpendicular Coax-to-microstrip transition. In IEEE MTT-S
International Microwave Symposium Digest (pp. 817-820),
IEEE, Seattle, WA, USA.

Mpele, P. M., Mbango, F. M., & Konditi,D. B. O. (2019). A
Small Dual Band (28/38 GHz) Elliptical antenna for 5G
applications with DGS. International Journal of Scientific &
Technology Research, 8(10), 353-357.

189



Niu, Y., Li, Y., Jin, D., Su, L., & Vasilakos, A. V. (2015). A
survey of Millimeter Wave (mmWave) Communications for
5G: Opportunities and Challenges. Wireless Networks, 21(8),
2657-2676.

Noh, Y., Shin, Y., Lee, M. J., &Pyo, S. (2017). Perpendicularly-
fed microstrip antenna with crossed ground slot for GPS
application. In 14th International Conference on Electrical
Engineering/Electronics, Computer, Telecommunications
and Information Technology, (pp. 463-464), IEEE, Phuket,
Thailand.

Rappaport, T. S., Sun, S., Mayzus, R., Zhao, H., Azar, Y.,Wang,
K., Wong, G. N., Schulz, J. K., Samimi, M. & Gutierrez, F.
(2013). Millimeter Wave Mobile Communications for 5G
Cellular: 1t Will Work!.IEEE Access, 1, 335-349.

Reddy, N. K., Hazra, A., & Sukhadeve, V. (2017). A compact
elliptical microstrip patch antenna for future 5G mobile
wireless communication. Transactions on Engineering &
Applied Sciences, 1(1), 1-4.

Rabbani, M. S., & Shiraz, H. G. (2017). Evaluation of gain
enhancement in large microstrip antenna arrays for mm-wave
applications. In IET Colloquium on Millimetre-Wave and
Terahertz Engineering & Technology, (pp.105-113), IEEE,
Glasgow, UK.

Saini, J., & Agarwal, S. K. (2017). T and L slotted patch antenna
for future mobile and wireless communication. In 8th
International Conference on Computing, Communication and
Networking Technologies (pp. 1-5), IEEE, Delhi, India.

Samsuzzaman, M., Misrana, N., Islama, M. T., & Islama, M. T.
(2020). Wideband 8x8 patch antenna array for 5G wireless
communications. Optoelectronics and Advanced Materials-
Rapid Communications, 14(3-4), 163-171.

Sharaf, M. H., Zaki, A. |, Hamad, R. K., & Omar, M. M. M.
(2020). A Novel Dual-Band (38/60 GHz) Patch Antenna for
5G Mobile Handsets. Sensors, 20(9), 1-19.

Sidhu, E., Singh, V., Bhatia, H., & Kuchroo, P. (2016). Slotted
rook shaped novel wide-band microstrip patch antenna for
radar altimeter, IMT, WiMAX and C-band satellite downlink
applications. In International Conference on Global Trends
in Signal Processing, Information Computing and
Communication (pp. 334-337), IEEE, Jalgaon, India.

Wang, M., Wang, D. Y., Wu, W., & Fang, D. G. (2018). Single-
layer, dual-port, dual-band, and orthogonal-circularly
polarized microstrip antenna array with low frequency ratio.
Wireless Communications and Mobile Computing, 2018, 1-
10.

Wartenberg, S. A., & Liu, Q. H. (2004). A Coaxial-to-Microstrip
Transition for Multilayer Substrates. IEEE Transactions on
Microwave Theory and Techniques, 52(2), 584 — 588.

**%

Institute of Science, BHU Varanasi, India

Journal of Scientific Research, Volume 65, Issue 3, 2021

190



