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Abstract - A great deal of attention has been received for
designing an efficient multiband antenna module to achieve the
desired character within the effective operating frequency
band. Compact printed microstrip monopole antennas are one
of the most important multiband antenna structures which can
be useful for many wireless applications including GPS,
WLAN, LTE, WIMAX (worldwide interoperability for
microwave access X), RFID, and UWB. The proposed design
consists of two compact and broadband microstrip monopole
antennas with different dimensions and characteristics.
Microstrip monopole antenna have been designed CST-studio
and implemented prototypes mounted on FR4 substrate.

To enhance the gain of the proposed monopole antenna,
a linear array consisting of only two monopole elements is
designed. The proposed monopole antennas are simple designs
and compact in size, the presented monopole designs have been
verified and optimized for two center frequencies having the
required bandwidth of Wi-Fi, LTE, and WiMAX applications.

Key Words: Microstrip antenna, Broadband monopole antenna,
Dual-band monopole antenna, compact monopole.

1.INTRODUCTION

The present time is witnessing a very rapid growth of wireless
communications, for which antennas with very large
bandwidths are in strong demand so that various applications
are covered with fewer or preferably with an antenna. Software
and hardware development of communication systems has been
rapid growth to cover many wireless applications. This includes
Broad Band (BB), Wide Band (WB), and Ultra-wideband
(UWB) microwave transceivers.

In the last two decades, the microchip antenna configuration is
popular in the rapid development of wireless communication
due to its size, weight, cost, and installation microstrip antenna
consists of radiating patch printed on one side of the dielectric
substrate and ground plane on the other side of dielectric. One
of the prominent use of a printed antenna is mobile satellite
communication and medical applications. However, in spite of
their popularity, microstrip antennas suffer from some
drawbacks which are narrow impedance bandwidth, low gain,
efficiency, and Inefficient radiation. The drawback of having
narrow bandwidth of a microstrip antenna can be avoided by
using a printed monopole antenna which is slightly different
from a microstrip antenna in structure.

In high data rate wireless communication at GHz frequencies,
the antenna should be small in size, have large bandwidth, and
possess omnidirectional radiation characteristics, all these
requirements can be easily met by the printed monopole
antennas. To achieve large bandwidth for a printed monopole
antenna the arm of the strip is to be broadened only beyond the
rim of the ground plane to form a rectangular printed monopole
antenna. For proper matching of the printed monopole with the
microstrip feedline, the width of the feed, dielectric constant
(g.), and thickness(h) of the substrate are to be chosen using the
standard microstrip line design equations.

In this paper, a single microstrip monopole antenna has been
first proposed and analyzed, which is referred to as Compact
Microstrip Antenna (CMP). Second, a linear array consisting
of two monopole elements has been designed to enhance the
gain. An extension to this, we design a linear array consisting
of four monopole elements with an overall size of 38x72mm?
to achieve more gain.

SYSTEM REQUIREMENTS:

SOFTWARE: Computer Simulation Technology (CST)
CST STUDIO SUITE 2019
Dassault Company.

Operating System: Windows 7/8/9/10/11

HARDWARE: FR4 Epoxy (Substrate Materials)
2. DESIGN METHODOLOGY:

. PROPOSED MONOPOLE ANTENNAS-

DESCRIPTION AND DESIGN

In this section, three compact and broadband microstrip
monopole antennas have been proposed, designed, and
presented. These are single compact monopole antenna (CMP),
compact linear array antenna of two monopole elements and
compact linear array antenna of four monopole elements. The
proposed monopole antennas are mounted on FR-4 substrate
(height h of 1.6mm, tangential loss & of 0.025, dielectric
constant of 4.7 and conductor thickness T of 0.035mm), and
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they are fed by a transmission of width W1 and length L1
(50.0 Q2 line).

1. SINGLE MICROSTRIP MONOPOLE
ANTENNA

Fig. 1. (a) Top-View Fig. 1. (b) Bottom-view

Fig.1. Single microstrip monopole antenna

In above Fig. 1, shows single microstrip monopole antenna
which is designed using CST software.

Le <Lm <L, (1a)

Lo denotes the free-space quarter wavelength

Aa

c
(Lo=7"=730)

Lsg denotes the substrate guided quarter wavelength

ASg c

(bse == = SV

Leg denotes the effective guided quarter wavelength
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Le denotes the average effective quarter wavelength

_ Ae _ Lsgtleg
(L, =2e = Foelles

€ = 0-5(er + 1) + 0 - 5(er + 1)(1 + 12 (%))-0-5 (1b)
Where €. denotes the effective dielectric constant of the
conventional microstrip transmission line.

First set of design equations (2a, 2b and 2c) are proposed and
verified by simulation and further proof is done by the
fabrication and measurement. Dimensions of the compact
microstrip monopole antenna including substrate length Lsub,

substrate width Wsub, and partial ground length Lg are
calculated based on two novel sets of proposed design
equations. Those equations sets are referred to as the first
design set (Dgn. #1) and the second design set (Dgn.#2)
respectively. The first set of the design equations is given by:

Wsub =2.5Lm (2a)
Lsub = 2Lm (2b)
Lg = Ly (2¢)

And the design equations of the second set are given by:

Wsub =2Lm - Tw (3a)
Lsub=Lg+Lm (3b)
Lm Lm

e <T, < - (3¢)
Lm

- SLlg<Lm (3d)

Where, the parameters Tw is used to optimize the substrate
width, while the parameters Lg and Lm are used to control the
antenna resonance frequency as well as the operating
bandwidth. Second, the compact and broadband microstrip
monopole array (MPA) antenna with indicated dimension
symbols is shown in figure 2. In this case the monopole array
length Lma is given by:

Lima = L + ALy, (4a)
Lm Lm
< ALy, < (4b)

In fact, AL, can be precisely determined using the optimizer of
the CST simulator (parametric study). Dimensions of the
proposed microstrip monopole array antenna (MPA) including
substrate length Lsubl, Substrate width Wsubl , and partial
ground length Lg1l are given by:

Waup < Wsub < (% + 2(N - 1)Lma) (Sa)
Lsub=Lgl+Lma (5b)
Lgl=2Lg+LT +L1+W4 (5¢)

The equations are derived and then proved using the simulation
and the measurement results.

Table I: Optimized dimensions (in mm) of the CMP (F1 and
F2) based on the proposed design equations (Eq.(2) and Eq.

3)
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Table 2. Optimized dimensions (in mm) of the linear array
of two monopole antennas (Dgn #2 at F2) based on the
proposed design equations (Eqg. (2) through Eq. (5)).

Dgn.#1 Dgn.#2
F1 F2 F3 F4
Lm 18.3 11.65 19.55 12.15
Lg 18.3 11.65 13.0 5.0
Tw - - 7.0 5.0
Lsub 2.0Lm 20Lm |Lm+Lg |Lm+Lg
Wsub 2.5Lm 25Lm | 2Lm - |2Lm -
Tw Tw

w1 3.0 3.0 3.0 3.0
W2 3.0 3.0 3.0 3.0
er 4.7 4.7 4.7 4.7
eeff 3.53 3.53 3.53 3.53

h 1.6 1.6 1.6 1.6

2. LINEAR ARRAY OF TWO
MONOPOLE ELEMENTS

Fig. 2. (a) Top View

Fig. 2. (b) Bottom View

Figure. 2: Linear array of two monopole antenna

Fig. 3. (a) Top view

Parameters Value
Wsubl 36
w1 3
W2 3
W3 12
w4 0.6

Lsubl 38
Lm 12.15
ALm 4.15
La 24.4
L1 4.6
L2 15.8
LT 6.8
Lgl 217
Tw 6.4

3. LINEAR ARRAY OF FOUR

MONOPOLE ANTENNA

Fig. 3. (b) Bottom view

Figure. 3: Linear array of four monopole antenna
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Table 2. Optimized dimensions (in mm) of the linear array

of four monopole antennas.

Parameters Value
Wsub 72
Isub 38
W1 3
W2 3
W3 1.2

W4 0.6
L1 4.6
Lm 142

f 5.3

h 1.6

th 0.035
Lg1 24
La 24.4
Lt 6.8
w5 3

4. RESULTS &ANALYSIS

A. MONOPOLE ANTENNA AT 3GHz

SParameters [Magritude n 8]

—

)
-
T

iz

MONOPOLE ANTENNA AT 5GHz
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Fig (ii) S-Parameter in dB of monopole antenna at 5GHz
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Fig (iii) VSWR of monopole antenna at 3GHz
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Fig (iv) VSWR of monopole antenna at 5GHz

Farfield H-Feld(r=1m) Abs (Phi=0)

Fig (i) S-Parameter in dB of monopole antenna at 3GHz
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Frequency = 3.0494 GHz

Man kbe magntude = -35.8 dB(A/m)
Man lobe drection = 65.0 deg.
Angular width (3 dB) = 83.0 deg.

Theta / Degree vs. dB(A/m)

Fig (v) Radiation pattern of at 3GHz(H-Field at ®=0)
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Farfeld H-Fe(r=1m) Abs (Ph=0) | — el (1=5.038) [1]

Frequency = 5.0382 GHz

Man obe magntude =  -36.1 dB(A/m)
Man lobe drecton = 0.0 deg.
Anguir wadth (3 dB) = 328.4 deg.

Theta / Degree vs. dB(A/m)

Fig (vi) Radiation pattern of at 5GHz(H-Field at ®=0)
Farfied E-Feld(r=1m) Abs (Ph=%0)

— fafeld (f=3.0494) [1]

Frequency = 3.4% GHz

Man be magntude = 17,2 dB(V/m)
Man lobe drecton = 74,0 deg.
Anguar vth (3 dB) = 91.5 deg.
Side obe kevel = -2.0 6B

Theta / Degree vs. dB(V/m)

Fig (vii) Radiation pattern of monopole antennas
3GHz(E at ®=90)

Fared E-ied(r=1m) Abs (=) |.— e (1=5.0%8)[1]

Frequency = 5.0362 GHz

Man lobe magtude = 16,6 dB(V/m)
Man obe drecion = 36.0 deg.
Anguiar with (3 dB) = 110.8 deg.

Sde lobe kevel = 44 dB

Theta / Degree vs. dB(V/m)

Fig (viii) Radiation pattern of monopole antennas at
at 5SGHz(E at ®=90)
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Fig (ix) Total Efficiency of monopole antenna at 3GHz

© 2023,IJSREM | www.ijsrem.com

Tl et

el (1=344) 1]

Ephephpsapuxd
R ¥

farheld (1-5.0382) 1)
Tre frfed
Jogroimaton. eeated

Fig (xii) Far field of monopole antenna at 5GHz
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Fig (xiii) Gain of monopole antenna at 3GHz
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Fig (xiv) Gain of monopole antenna at 5GHz
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C. TWO MONOPOLE ANTENNA (5 GHz) \ / \
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Fig (ii) VSWR of four monopole antenna
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Fig (i) S-Parameter in dB of dual monopole antenna Phi=

D.FOUR MONOPOLE ANTENNA(4.776 GHz)
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Fig (iv) Radiation pattern of four monopole antennas
at 4.776GHz(E at ®=90)
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5. CONCLUSION

A broadband microstrip monopole antenna has been
proposed, designed, fabricated, and presented. The
monopole antenna designs are based on two sets of
proposed equations, andthey are simulated using the CST-
simulator. These design equations have been verified
through a detailed parametric study, and the monopole
antenna performance has been investigated and optimized.
Excellent Omni-directive pattern, low VSWR, adequate
maximum gain, and broad bandwidth have been achieved.
Moreover, a linear array of two monopole elements and
four monopole elements has been designed, optimized, and
fabricated to enhance the maximum gain. The proposed
array has been achieved good efficiency, large bandwidth,
directive pattern with moderate high gain (8.0 dBi), and
low VSWR. Reasonable agreementhas been achieved
between measured and simulated results.
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