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ABSTRACT: A design of rectangular microstrip patch antenna is presented in this paper for wideband applications.
The antenna operates in a wide bandwidth covering the frequencies of 2.83-5.67 GHz and the resonating frequency is 4
GHz. The overall dimension of the proposed antenna is 38 x 40 x 1.57 mm”. length, width and height respectively. FR-
4 material has been used for substrate, with the thickness of 1.5 mm. To obtain the wide bandwidth, partial ground
plane is designed. The patch and ground layer is made of copper material having a thickness of 1.5 mm. The simulation
of the proposed antenna is done with CST Microwave Studio Software Tool. In this design, various antenna
performance characteristics like return loss, bandwidth, radiation pattern, directivity, gain and VSWR were analysed.

KEYWORDS: Microstrip patch antenna, Wideband applications, FR-4, partial ground plane.
I. INTRODUCTION

Antenna is a basic building block for any type of wireless communication system. They are design to transmits and
receives the electromagnetic waves at specific frequencies. Microstrip patch antenna is widely used because its offers a
light weight, compact size, low cost with better performance and it supports various frequency range. An analysis of
different designs of microstrip patch antenna have shown that they have some limitations i.e. having a narrow
bandwidth and low gain. The wideband antenna with high gain are in need to maintain high speed transmission and
reception of signals in order to have a reliable wireless communication [1]. In the designing of microstrip patch antenna,
the partial ground plane provide the bandwidth enhancement of antenna, because it radiates in both directions [3].

The objective here is to design an antenna, which provides a broad bandwidth and high gain with less return loss. The
proposed antenna is a rectangular microstrip patch antenna with partial ground plane. FR-4 material is used for
substrate and thin layer of copper is applied for patch and ground portion. This is a wideband antenna having a
frequency range of 2.83 GHz to 5.67 GHz, with the resonating frequency is 4GHz. A designed antenna is significantly
used in radio communication, remoting sensing, satellite communication system, radar and other wireless
communication applications [2].

This paper is organized as follows. Section II describes the previous work done on the microstrip patch antenna for
wideband applications. The designing procedure of the proposed antenna is given in Section III. Section IV presents
simulation results showing results of the antenna. Finally, Section V presents conclusion.

II. RELATED WORK

Many research works have been already for the wide band microstrip patch antenna. Some of the selected design work
have studied for observation the simulation work. In 2021, [1] the proposed antenna is a L-slot wideband 5G antenna
for 5G bandwidth applications, resonating at 39 GHz frequency band. The FR-4 substrate with 0.5 mm. thickness is
used for design. The antenna is simulated with the value of S11 is -29.057 dB and 4.142 dB realized gain for 39 GHz.
In [2], design of wideband microstrip antenna is analysed with wide bandwidth covering frequency of 6-21 GHz and
the center frequency is 9.75 GHz. A 15 GHz bandwidth and 5.3 dB of maximum gain is obtained. In 2020, [3] the
design and analysis of a microstrip monopole antenna for ultra wideband applications is presented. The antenna
operates in a frequency band 4.3 GHz to 11.6 GHz, which covers the C-band and X-band. The dual resonance of
antenna with a return loss of 35 dB at 5.4 GHz and 34 dB at 9.4 GHz with maximum gain of 1.3 dB is observed. In
2018, [4] a microstrip feed square patch antenna for wideband application is presented, which is operated at 3 GHz.
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Fractional bandwidth enhancement of 229 % is achieved by introducing defected ground structure (DGS), offset feed
and modified patch technique with gain of 2.36 dB. In [5], a circular shaped microstrip patch antenna is investigated
with single band notch characteristics for different wireless applications. The return loss of -44 dB and 96% of
maximum antenna efficiency is obtained at 4 GHz.

ITII. ANTENNA DESIGN

A microstrip patch antenna consists of a radiating patch on one side of a dielectric substrate which has ground plane on
the other side [11]. For the designing of microstrip patch antenna, the resonating frequency is 4 GHz. The substrate
material is FR-4 (lossy), which has a dielectric constant (g,) of 4.3. The thickness of substrate is 1.5 mm. The ground
plane is partially designed, because the partial ground structure have been optimised for maximum bandwidth. The size
of substrate and ground is 38 x 40 mm. and 13.3 x 40 mm. respectively.

For the patch and ground layer of antenna, copper material has been used with the thickness of 0.035 mm. in both cases.
The microstrip inset feedline is connected with the patch for excitation to the antenna. The overall dimension of the
proposed antenna is 38 x 40 x 1.57 mm”. length, width and height respectively. The 3-D view of the proposed antenna
is shown in fig. 1 (a), depicts that the metallic patch layer, substrate portion along with the microstrip feedline. The red
portion shown in the bottom of the proposed antenna represents the port of the power supply.

(a) (b)
Fig. 1. (a) 3-D view and (b) back view of the proposed antenna

In fig. 1 (b), back view of the proposed antenna is shown as a partial ground plane structure to provide the wide
bandwidth to the antenna. All dimensions of the antenna is calculated by the design equation.

1. The frequency of operation of the antenna is determine by the length L.
1

fC - 2L \/ergoho (1)
where, f. = operating frequency,
€, = relative permittivity,
€, = vacuum permittivity,
W,= permeability
2. Calculation of width of the patch (W)
Co 2
W= Jam @

where, ¢, = speed of light in free space.
3. Calculation of effective dielectric constant (€ ¢ff)
e+l | gp—1
2

+

-1
ny /2w
Ereff = [1 +12 W] ,; >1 (3)
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4. Calculation of extension length (AL)

refr+0.3) (M+0.264
B _ 0412 SrettODGRAY )
h (erefr—0.258) (7,+0.8)
5. Calculation of actual Length of Patch (L)
L= f°° — 2AL (5)
2 IJ€reff

All dimensions of the proposed antenna are mentioned in the table I.

Table I :- Dimensional value of the antenna

Dimensional Size (mm.)
Parameter
Length (L) | Width (W) Height (H)
Ground 13.3 40 0.035
Substrate 38 40 1.5

Patch 18 14 0.035
Cut Depth 3 0.5 0.035
Feed Line 14 2.5 0.035

IV.SIMULATION RESULTS
The performance of the proposed antenna is examined with the help of various parameter of the antenna.
1. Return Loss :- To measure the antenna’s power to be transmitted and reflected back is performed by the antenna

return loss S1,1 plot. The return loss (S- parameter) of the designed antenna shown in fig. 2 with the value of -42.36 dB
at the frequency of 3.704 GHz. So the good return loss characteristics is obtained by the antenna.

S-Parameters [Magnitude in dB]

— 51,1

2 2.5 3 3.5 |3.704 4 4.5 5 5.5 6
Frequency / GHz

Fig. 2. Return loss of the antenna.
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2. Bandwidth :- The design of antenna is mainly intended for enlarge the frequency bandwidth. The wideband antenna
are able to capture a large number of frequencies providing better signal strength. The proposed antenna has a
bandwidth of 66.82% over a frequency spectrum of 2.83 GHz to 5.67 GHz, which provide the best bandwidth of the
antenna. The formula used for calculating the percentage bandwidth is mentioned in equation 6.

F2 - F1
(Fz ;— F1)

Frequency 1 = 2.83 GHz, Frequency 2 = 5.67 GHz, put the values of these frequencies in above equation.

Bandwidth = [ ] x 100 6)

5.67 —2.83

Bandwidth = |:(567+—283):| X 100

2

Percentage Bandwidth = 66.82

S-Parameters [Magnitude in dB]

ey

S A b e oo e R
L g o NG e Q (2833,-10062) | i
g (5.6795,-10.111)

) S R SO 5. W ot SO S —

I e e e R et

_40 ...............................................................................................................................
45 ; ; ; ; ; ; :

2 25 3 35 4 45 5 5.5 6

Frequency / GHz
Fig. 3. Wideband of frequency range covering by the antenna.

3. Radiation Pattern: - The energy radiated by the antenna is presented by the radiation far-field pattern. 3D-radiation
pattern is shown in fig. 4, describe that the radiation efficiency and total efficiency of the proposed antenna is -0.6475
dB and -0.6498 dB respectively. The effective radiation performance make antenna suitable for proper transmission of
signal.

farfield (f=4) [1]

Type Farfield
Approximation enabled (kR >> 1)
Component Abs

Cutput Directivity
Frequency 4 GHz
Rad. Effic. -0.6475 dB
Tot. Effic. -0.6498 dB
Dir. 2.908 dBi

Fig. 4. 3D far-field pattern of the antenna.
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4. Directivity :- The density of the power in a particular direction is measured by the directivity. The antenna radiates
in the direction of the strongest emissions versus the power density radiated by an ideal isotropic radiator radiating the
same total power. A polar far field pattern of the proposed antenna at 4 GHz is shown in fig. 5. The figure depicts that
the main lobe magnitude of the radiation beam is 2.92 dBi, which is situated at 173°, having an angular width of 88.7°.
The antenna directivity is obtain the value of 2.908 dBi. So the antenna is highly directional.

Farfield Directivity Abs (Phi=90)

farfield (f=4) [1]
Phi= 90

30 30 phi=270

Frequency = 4 GHz

Main lobe magnitude = 2.92 dBi
Main lobe direction = 173.0 deg.
Angular width (3 dB) = 88.7 deg.
Theta / Degree vs. dBi Side lobe level= -1.4 dB

Fig. 5. Polar far-field pattern of the antenna.

5. Gain: - The ability of the antenna to direct the input power into radiation in a particular direction, also measured at
the peak radiation intensity with the help of gain. Fig. 6 represents the gain of the proposed antenna. The simulated gain
of 2.261 dBi is achieved for 4 GHz frequency. This implies that the proposed antenna is capable to radiate i the
specified direction.

farfield (f=4) [1]

Type Farfield
Approximation enabled (kR >> 1)
Component Abs

Output Gain
Frequency 4 GHz
Rad. Effic. -0.6475 dB
Tot. Effic. -0.6498 dB
Gain 2.261 dBi

Fig. 6. Gain of the antenna.

6. VSWR :- The voltage standing wave ratio, is a function of reflection coefficient, which gives the information about
the power reflected from the antenna. Basically, the acceptable value of VSWR is under 2. From fig. 7, shows the
VSWR of the proposed antenna. The value of VSWR is 1.0153. It means that maximum power is delivered by an
antenna with minimum reflection.
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Voltage Standing Wave Ratio (VSWR)

I — VS
|[VSWRIL : 1.0153441 VSWRL

_______________________________________________________________

-----------------------------------------------------------------------------------------

2 2.5 3 3.5 4 45 5 5.5 6
Frequency / GHz

Fig. 7. VSWR of the antenna.
V.CONCLUSION

A rectangular microstrip patch antenna having a wide bandwidth and compact size has been designed for wireless
applications. The resonating frequency of the proposed antenna is 4 GHz and it covers a range of 2.83 GHz to 5.67
GHz frequency. The obtained bandwidth is 2.83 GHz and 66.82% of bandwidth of operating frequency range. This
proposed antenna has a return loss of -42.36 dB and good radiation pattern is achieved with the maximum gain
obtained at 4 GHz is 2.261 dBi. The wide operational bandwidth with omnidirectional radiation pattern emphasis the
antenna applicable for WLAN, S-band, C-band, and various wireless communication applications under super high
frequency band.

REFERENCES

[1]Babbar, P., Shubham, M., Asmita , R., & Saxena, S. (2021). "Design and Analysis of a 5G Wide Band Antenna for Future
Mobile Applications". International Conference on Advances in Electrical, Computing, Communication and Sustainable
Technologies ICAECT).

[2]Saini, A. S., Sharma, A., Srivastava, P., & Anjali, K. (2021). "Design of Wideband Microstrip Antenna for X, Ku and K-
band applications”. International Confrence on Advance Computing and Innovative Technolgies in Engineering (ICACITE),
723-725.

[3]Das, P., & Ghosh, M. (2020). "A Novel Design of Microstrip Monopole Antenna for UWB Applications". IEEE.

[4]Girase , K. D., & Joshi, M. P. (2018). "Design of Wideband Monopole Square microstrip patch antenna". International
Conference on Communication, Information & Computing Technology (ICCICT). Mumbai, India: IEEE.

[5]Rao, P. K., Singh, K. J., & Mishra , R. (2018). "A Circular Shaped Microstrip patch Antenna for Bluetooth/Wi-Fi/UWB/X-
band Applications”. International Conference on Power Energy, Environment and Intelligent Control (PEEIC) (pp. 638-641).
Greater Noida, U. P., India,: IEEE.

[6]Samyuktha, K., Das, T. K., Mishra, D. P., & Behera, S. K. (2020). "Design of a Modified Slotted Monopole Fractal
Antenna for Wideband Applications". International Student's Conference on Electrical, Electronics and Computer Science
(SCEECS).

[7]Singh, K. J., & Mishra, R. (2018). "A Circular Microstrip Patch Antenna with Dual Band Notch Characteristics for UWB
Applications". International Conference on Power Energy, Environment and Intelligent Control (PEEIC) (pp. 153-156).
Greater Noida, U. P., India: IEEE.

[8]1Singh, P., & Aggarwal, R. (2020). "Design of CPMA for Ultra Wide Band Applications". 8th International Conference on
Reliability, Infocom Technologies and Optimization (Trends and Future Directions) (ICRITO).

[9]Verma, S., Singh, R. K., & Srivastava, N. (2020). "Design of Stacked Patch Microstrip Antenna for UWB Applications".
7th Uttar Pradesh Section International Conference on Electrical, Electronics and Computer Engineering (UPCON).

[10] Balanis, C. A. (Third Edition). “Antenna Theory : Analysis and Design”. A Jhon Wiley & Sons.

[11] Kraus , J. D., Marhefka, R. J., & Khan, A. S. (2010, Fouth Edition.). “Antennas and Wave Propagation”. New
Delhi: Tata McGraw Hill Education Private Limited.

[12] David M. Pozar, “Microwave Engineering”, 4th ed. John Wiley and Sons,2012.

IJAREEIE © 2024 | AnISO 9001:2008 Certified Journal | 1818


http://www.ijareeie.com/

INTERNATIONAL
S'I'ANDARD
SERM[L.
INNO . SPACE sl'ef . NUMBER
SJIF Scientific Journal Impact Factor c ros INDIA

International Journal
of Advanced Research

in Electrical, Electronics and Instrumentation Engineering

) 9940 572 462 [© 6381907 438 (3 ijarecie@ymail.com [ares

WWW. iiareeie.cﬂm Scan to save the contact details



