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ABSTRACT: This paper presents the optimal design concepts of octagonal patch antenna at 67 GHz with
altering substrate and patch dimensions. It is found that the antenna performance is affected with change in
antenna dimensions and with dielectric constant. To design an efficient antenna at millimeter wave (MMW)
frequencies it is required to have a proper selection of antenna dimensions. It is a challenging task to
optimize the antenna constraints such as patch length, patch width, substrate thickness and dielectric
constant to get maximum gain. It is necessary to understand how the patch antenna performance is
depending on the antenna constraints for efficient design and optimization of the patch antenna and this is
effectively addressed in this paper. The proposed work establishes the analysis of patch antenna with a
change in antenna dimensions, substrate material dielectric constant and ground structures. The design
analysis is done, and simulated results are obtained using licensed HFSS. The proposed work investigates

the performance of octagonal patch antenna with different antenna dimensions.
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. INTRODUCTION

Microstrip patch antenna at millimeter wave (MMW)
frequency has its applications in remote virtual sign
monitoring, military, short-distance communication with
high data rates and satellite constellation [1]. H-shaped
defect on the ground plane reduces the harmonics.
Rectangular MPA with Slit-Slot reduces the size of the
antenna which is desirable for MPA design [2].

A lot of research work is already done, and many
different types of antennas were designed in L, S, C, X
bands (1 GHz-12 GHz) for serving applications for
public, private, government and military, like wi-fi,
WiIMAX, RADAR, navigation, railway signaling, etc.
MMW frequencies have wide spectrum bandwidth,
therefore, can be used for future mobile networks such
as wireless wide area cellular, wireless PAN, wireless
MAN which require high data rates and large
communication capacity [3]. By optimal selection of
antenna dimensions, the design complexity can be
minimized [4]. An improvement of impedance bandwidth
is obtained from 2.06% to 15.2% with Pentagonal
square slotted MPA [5]. Defected ground structures in
the patch antenna design can reduce the size of the
antenna and suppress the harmonics [6].

The benefits of microstrip patch antenna are less
weight, low profile, low cost these benefits make them a
good choice for communication networks.
Ultrawideband antennas have a wide range of
applications such as sensor data collection, tracking
application and medical engineering [7]. One of the
advantages of microstrip antenna is reduced size
however proper choosing of structure size is a major
concern to get the best performance of patch antenna
[8]. The effective area of patch can be reduced by

introducing the slots in the patch but this can lead to
impedance mismatch [9]. A surrogate assisted cost-
efficient design optimization procedure can make design
fast and improve bandwidth [10]. Power transmission
efficiency is maximized with the optimum design of
patch antenna arrays [11]. Double slotted swastika
antenna design produces circular polarization and
circularly polarized antennas are widely used [12].
Dielectric properties are estimated using an in-touch
superstrate techniques [13]. Using linearly polarized
horn antenna strain can be measured up to the distance
of 5cm. Wireless interrogation of circular microstrip
antenna is studied beyond 5 cm [14]. By capturing with
parylen ¢, an antenna can be protected against harsh
environment [15]. Gap proximity fed microstrip antennas
overcomes the alignment difficulties arising from the
proximity and aperture feeding structures [16].
Frequency spectrum from 30 GHz to 300 GHz belongs
to millimeter waves (MMW), Millimeter waves are finding
new uses in short distance communication because of
their support to high data rates.

By arranging the antennas in arrays which will be
embedded with solar cell can be used for satellite
communication at 10 GHz [17]. Better omnidirectional
characteristics can be obtained with the horizontally
polarized antenna [18]. The antenna with different
shapes of patches and slots have different applications
and an antenna with rectangular slots can be used for
WPAN, Wi-fi applications at 5-6 GHz [19]. U-shaped
slots can be used for Bluetooth and WLAN applications
[20]. Various design possibilities of monopole antennas
which can be considered for UWB applications are
presented and discussed [21]. The methodology of
introducing slots in patch antenna design is found to
improve the bandwidth of antenna [22].
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Present communication technologies WiMAX, WLAN
and X-band uplink satellite services are having chances
to interfere with the present UWB system and 5G
technology needs higher data rates.

These issues are better solved by communication
systems developed to work at MMW frequencies and
these systems need efficient patch antennas. Present
proposed orthogonal patch antenna design can be used
at MMW frequency (67 GHz) and also presents how
antenna dimensions affect its performance.

Microstrip patch antenna optimization using Hybrid
Genetic algorithm improves bandwidth of a single patch
antenna to 17.8% when compared to an unoptimized
antenna of 6% bandwidth [23].

The organization of the paper is as follows, section Il
depicts antenna design with initial values and results,
section Il depicts the analysis of change in substrate
length and results, section IV depicts analysis of change
in all antenna parameters and results, section V
portrays analysis of change in antenna dimensions with
Defective Ground Structure (DGS), section VI portrays
comparison of results and section VIl concludes the

paper.

Il. ANTENNA DESIGN ANALYSIS WITH INITIAL
PROPOSED DIMENSIONS

The antenna design parameters are obtained from the

fallowing equations

Patch Dimensions:

Patch width (W) can be obtained from

2“0 2 (1)
f.\e +1

Patch length can be calculated from fallowing

W=

u,
fr - 2L\/§
u

Joo = y
2[‘('/7' Erepr ( 3)

L,=L+2AL

where

W - Width of the patch.

Ho - Speed of light.

frc - Resonant frequency.

& - Dielectric constant of the substrate used.

f-Resonant frequency without considering fringing
effects.

L - Length of the patch.

Fw) - Resonant frequency with considering fringing
effects.

Lest - Effective length of the patch.

&reff - Effective dielectric constant of the substrate used.
The designing schematics of micro strip antenna with
octagonal patch is shown in Fig. 1.

The antenna is designed as shown in Fig. 1. and the
substrate used is Rogers RT/duronium 6002 (tm) with
€r=2.94, the main reason to choose the Rogers
RT/duronium 6002 (tm) as the substrate material
instead of FR4 is the FR4 has more losses at high
frequencies greater than 4 GHz, the material used for
patch is gold because the gold material has low losses,
and the material used for ground is silver.
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Fig. 1. Proposed antenna (a) Top view (b) Front view.

Table 1: Antenna dimensions.

S.No Name of the parameters Value (mm)
1. Substrate dimensions (L*W*T) 2*1.670.7
2 Octagonal patch radius (R) 0.5

) Circular slot (r) 0.2
3. Patch length (1) 0.72
4. Patch width (w) 0.1

The 3D view of the designed antenna is shown below

Fig. 2. 3D view of designed antenna.
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Fig. 3. Simulated Results (a) Return Losses (b) VSWR
(c) Radiation pattern (d) 3D radiation pattern.
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Fig. 4. Simulated Results (a) Return Losses (b) VSWR
(c) Radiation pattern (d) 3D radiation pattern.

The simulation results are shown in fig., the antenna is
resonated at 66.5GHz and the obtained values are
Return loss = -14.19 dB, VSWR = 1.48, Radiation gain =
23.48 dB. Here observed, changes in the values of
return loss, VSWR and small fraction of gain with
change in substrate length.

IV. ANTENNA DESIGN ANALYSIS WITH CHANGE IN
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ANTENNA
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Now the antenna is designed as shown in Fig. (1), the

PARAMETERS AND SUBSTRATE

substrate is made up of FR4 material with Er = 4.4

Table 3: Antenna dimensions.
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S. No Name of the parameters Value (mm)
1. Substrate dimensions (L*W*T) 4.16*3.5*1.6
o Octagonal patch radius (R) 0.8
Circular slot (r) 0.3
3 Patch length (I) 1.88
4 Patch width (w) 0.088
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Fig. 5. Simulated Results (a) Return Losses (b) VSWR
(c) Radiation pattern (

a
d

) 3D radiation pattern.
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The simulation results are shown above, the antenna is
resonated at 66.5 GHz and the obtained values are
Return loss = -1.45 dB, VSWR = 11.96, Radiation gain =
16.93 dB. Here the poor performance of antenna is
observed.

V. ANTENNA DESIGN ANALYSIS WITH CHANGE IN
ANTENNA DIMENSIONS WITH DEFECTIVE GROUND
STRUCTURE (DGS)

Here instead of normal ground structures which covers
the entire substrate, a defective ground is taken which
partially covers the substrate. The structure of proposed
antenna with defective ground is shown below, the
Rogers RT/duronium 6002 (tm) with €r = 2.94 is used as
substrate.

L

(b)
Fig. 6. Proposed antenna (a) Top view (b) Front view.
Table 4: Antenna dimensions with DGS.

Fig. 7. 3D view of designed antenna with DGS.
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S.No Name of the parameters Value (mm)
1. Substrate dimensions (L*W*T) 2.48*2*0.7
2. Octagonal patch radius (R) 0.5

Circular slot (r) 0.2
3. Patch length (1) 1
4. Patch width (w) 0.1
5. Ground height (h) 0.93

The 3D view of the designed antenna is shown below
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Fig. 8. Simulated Results (a) Return Losses (b) VSWR
(c) Radiation pattern (d) 3D radiation pattern.

The simulation results are shown above, the antenna is
resonated at 66.8 GHz and the obtained values are
Return loss = -12.21 dB, VSWR = 1.64, Radiation gain =
22.75 dB. Fairly good results are observed with DGS.

VI. COMPARISON OF RESULTS

Various patch antenna design methodologies proposed
in the present work are, design analysis with initial
proposed dimensions, with change in the length of the
substrate, with variation in both antenna dimensions and
substrate and with variation in antenna dimension along
with DGS. The results are presented in the Table 5.

From the above table, when the antenna simulated with
initial dimensions, the obtained values of return losses,

VSWR and gain are -23.34dB, 1.14 and 23.57 dB by
seeing these results the antenna will work efficiently at
the desired frequency.

When the antenna simulated with a small change in
substrate length, the obtained values of return losses,
VSWR and gain are -14.19dB, 1.48 and 23.48 dB by
seeing these results the antenna have return losses
greater than -20dB and VSWR s less than 2 but it was
greater than antenna with initial dimensions and gain is
around 23 dB so antenna will work at desired frequency
but not that much efficient than the first one.

When the antenna simulated with change in antenna
dimensions and substrate material, the obtained values
of return losses, VSWR and gain are -1.45dB, 11.96
and 16.93dB by seeing these results the antenna have
very high return losses i.e., around -1.45 dB and VSWR
also a very high value around 11.96 these values
indicates that the all the supplied power will returns back
and radiation will be less so that the antenna doesn’t
work at the desired frequency.

When the antenna simulated with change in antenna
dimensions and with DGS, the obtained values of return
losses, VSWR and gain are -12.21dB, 1.64 and 23.75
dB by seeing these results the antenna have return
losses greater than -20dB and VSWR s less than 2 but
it was greater than antenna with initial dimensions and
gain is around 23 dB, so antenna will work at desired
frequency but not that much efficient than the first one.
Here an efficient antenna design is possible only
through proper selection of antenna dimensions.

Table 5: Comparative study of Results.

With change in antenna With change in

With initial With change in . L . .
Parameter . X dimensions and substrate antenna dimensions
dimensions substrate length material with DGS
Return Loss (dB) -23.34 -14.19 -1.45 -12.21
VSWR 1.14 1.48 11.96 1.64
Gain (dB) 23.57 23.48 16.93 22.75
VII. CONCLUSION ACKNOWLEDGEMENT

Orthogonal patch antenna design analysis is done by
considering different antenna constraints such as
substrate thickness, patch size, substrate material and
ground structure. Comparative study of results shows
that orthogonal patch antenna with initial dimensions
provides best results for Return losses, VSWR and gain
which are -23.34 dB, 1.14 and 23.57dB respectively.
The observations through simulated results conclude
that an efficient patch antenna design is possible
through only optimal selection of antenna parameters.

VIIl. FUTURE SCOPE

The proposed work can be used for design and
optimization of Microstrip patch antennas against
different constraints mentioned in this paper using
nature inspired metaheuristic algorithms such as Grey
wolf optimization and Mutation based lion algorithm at
MMW frequencies.

Authors like to express their gratitude towards the
department of ECE and management of Aditya college
of Engineering for their support and encouragement
during this work and also Acharya Nagarjuna University
for giving me the opportunity to do this work.

Conflict of Interest. The authors, Ramakrishna Guttula
and Venkateswararao Nandanavanam,“declare no
conflict of interest”.

REFERENCES

[1]. Rabbani, M. S., & Ghafouri-Shiraz, H. (2016). Ultra-wide
patch antenna array design at 60 GHz band for remote vital
sign monitoring with Doppler radar principle. Journal of
Infrared, Millimeter, and Terahertz Waves, 38(5), 548-566.

[2]. Soni, A., & Thakur, K. (2014). Design of H Shaped Slotted
Rectangular Microstrip Patch Antenna for C-band Wireless
Communication. International Journal on Emerging
Technologies, 5(1), 131-134.

Guttula & Nandanavanam International Journal on Emerging Technologies 11(1): 29-35(2020) 34



[3]. EI-Nawawy, M., Korzec, D., & Mahler, W. (2011). The
design of 80 GHz antenna array on LTCC substrate. In 2011
IEEE GCC Conference and Exhibition (GCC) (pp. 217-220).
IEEE.

[4]. Guttula, R., & Nandanavanam, V. R. (2019). Mutation
probability-based lion algorithm for design and optimization of
microstrip patch antenna. Evolutionary Intelligence, 1-14.

[5]. Ambresh, P. A. (2016). Design and Study of Pentagonal,
Square Slotted Patch Antenna for Wireless Applications.
International Journal on Emerging Technologies, 7(2), 5-7.

[6]. Khandelwal, M. K., Kanauijia, B. K., Dwari, S., Kumar, S., &
Gautam, A. K. (2014). Analysis and design of wide band
Microstrip-line-fed antenna with defected ground structure for
Ku band applications. AEU-International Journal of Electronics
and Communications, 68(10), 951-957.

[7]. Guttula, R., & Nandanavanam, V. (2019). A Compact
Design of Ultra Wide Band Antenna with 5.5 GHz to 5.9 GHz
Dual Band Characteristics. International Journal of Innovative
Technology and Exploring Engineering (IJITEE), 8(11), 3438-
3442.

[8]. Koziel, S., Ogurtsov, S., Zieniutycz, W., & Sorokosz, L.
(2014). Expedited design of microstrip antenna subarrays using
surrogate-based optimization. IEEE Antennas and Wireless
Propagation Letters, 13, 635-638.

[9]. Guttula, R., & Nandanavanam, V. (2017). Microstrip
antenna embedded with circular split ring resonator for WLAN
applications. In 2017 Innovations in Power and Advanced
Computing Technologies (i-PACT) (pp. 1-4). IEEE.

[10]. Bekasiewicz, A., & Koziel, S. (2015). Cost-efficient design
optimization of compact patch antennas with improved
bandwidth. [IEEE  Antennas and Wireless Propagation
Letters, 15, 270-273.

[11]. Yang, X., Geyi, W., & Sun, H. (2016). Optimum design of
wireless power transmission system using microstrip patch
antenna arrays. [IEEE Antennas and Wireless Propagation
Letters, 16, 1824-1827.

[12]. Ramakrishna, G., Venkateswararao & Kumar, A. (2016). A
design of double swastika slot microstrip antenna for ultra-wide
band and WIMAX applications. International Journal on
Cybernetics & Informatics, 5(4), 39-46.

[13]. Borah, K., & Bhattacharyya, N. S. (2012).
Magnetodielectric composite with ferrite inclusions as
substrates for microstrip patch antennas at microwave

frequencies. Composites Part B: Engineering, 43(3), 1309-
1314.

[14]. Daliri, A., Galehdar, A., John, S., Wang, C. H., Rowe, W.
S., & Ghorbani, K. (2012). Wireless strain measurement using
circular microstrip patch antennas. Sensors and Actuators A:
Physical, 184, 86-92.

[15]. Feili, D., Pagel, N., Ngo, V. L., Schwarz, P., & Seidel, H.
(2010). Cu based patch antenna on polymer substrate for
flexible wireless sensor systems applications. Procedia
Engineering, 5, 890-893.

[16]. Jafargholi, A., Kamyab, M., Veysi, M., & Azar, M. N.
(2012). Microstrip gap proximity fed-patch antennas, analysis,
and design. AEU-International Journal of Electronics and
Communications, 66(2), 115-121.

[17]. Zainud-Deen, S. H., El-Shalaby, N. A., Gaber, S. M., &
Malhat, H. A. (2016). Circularly polarized transparent microstrip
patch reflectarray integrated with solar cell for satellite
applications. International Journal of Microwave Science and
Technology, 1-7.

[18]. Wei, K., Li, J. Y., Wang, L., Xing, Z. J., & Xu, R. (2016).
Study on horizontally polarized omnidirectional microstrip
antenna. International Journal of Antennas and
Propagation, 2016.

[19]. Srifi, M. N., Meloui, M., & Essaaidi, M. (2010). Rectangular
slotted patch antenna for 5-6GHz applications. International
Journal of Microwave and Optical Technology, 5(2), 52-57.

[20]. Ansari, J. A., Mishra, A., Yadav, N. P., & Singh, P. (2010).
Dualband slot loaded circular disk patch antenna for WLAN
application. International Journal of Microwave and Optical
Technology, 5(3), 124-129.

[21]. Raja, R. & Anil, K. (2017). Survey of Various Planar Metal
Plate  Monopole Antenna for UWB Application. International
Journal of Electrical, Electronics and Computer Engineering,
6(1): 77-80.

[22]. Abha, S., Poonam S., & Hemanth, K, G. (2014). Design of
E Shaped Slotted Rectangular Microstrip Patch Antenna for
Wireless LAN. International Journal of Electrical, Electronics
and Computer Engineering, 3(1): 79-82.

[23]. Sagar, C., & Mayur, G. (2012). A genetic Algorithm for
Optimization of Microstrip Patch Antenna. International Journal
of Electrical, Electronics and Computer Engineering, 1(2): 97-
99.

How to cite this article: Guttula, Ramakrishna and Nandanavanam, Venkateswararao (2020). Analyzing the Design of the
Octagonal Patch Antenna at 67 GHz with Altering Dimensions. International Journal on Emerging Technologies, 11(1): 29-35.

Guttula & Nandanavanam International Journal on Emerging Technologies 11(1): 29-35(2020) 35



