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Abstract— This work presents the design of
24 GHz single band inset-fed rectangular
microstrip patch antenna. The major aspects of
the procedure utilized in the design include
specification of key parameters of the antenna,
determination of key parameters of the patch and
then the determination of the dimensions of the
feed network. Afterwards, the parameter values
obtained are used to carry out the simulation of
the antenna in Computer Simulation Technology
(CST) Microwave Studio. Specifically, the key
design parameters specified include resonant
frequency of 2.45 GHz, substrate dielectric
constant, of 4.2 and the loss tangent, of 0.019.
From the simulation, results on the antenna
performance parameters are obtained such as the
return loss, Voltage Standing Wave Ratio (VSWR),
directivity for the H-plane (¢ = 90°), directivity for
the E-plane (¢ = 0°) and 3-D gain plot. The
simulation results show minimum return loss of -
26.394 dB with a bandwidth of 68.3 MHz. The
results also show that the antenna achieved a
Voltage Standing Wave Ratio (VSWR) of 1.4032 at
2.4 GHz. The directivity results show that the H-
plane (¢ = 90°) directivity for the insert-fet antenna
at 2.4 GHz has main lobe magnitude of 6.09 dBi,
main lobe direction value of 3° and half power
beamwidth value of 97.2°. Directivity results for
the E-plane (¢ = 0) achieved a gain of 6.08 dBi.
The 3-D gain plot at 2.4 GHz showed a gain of 4.85
dB. In all, the results show that the designed
antenna has good performance parameter values.

Keywords— Single Band Antenna, Return
Loss, Inset-Fed Antenna, Voltage Standing Wave
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1. INTRODUCTION

Over the years, wireless communication
technologies have advanced and gained wide adoption that
they have become the dominant technologies in the
telecommunication industry [1,2,3]. In any case, wireless
communications rely on the use of electromagnetic
spectrum [4,5,6]. The antenna has the ability to radiate and
receive electromagnetic signals [7,8,9]. As such, antennas
are needed at the tranmitting end and also at the receiveing
end of wireless communication systems [10,11,12].

With the myriad of wireless smart devices
springing up in number in recent time, the need for a
comprehensive antenna design and analysis to compliment
the growing tech trend in order to give engineers and
technicians options to choose from cannot be over
emphasized. Accordingly, in this work, the design of 2.4
GHz single band inset-fed rectangular microstrip patch
antenna is presented [13,14,15,16]. In its most basic form,
a microstrip patch antenna consists of a radiating patch on
one side of a dielectric substrate and a ground plane on the
other side [17,18]. The patch is generally made of a
conducting material such as copper or gold and can take
any possible shape, but regular shapes are generally used to
simplify analysis and performance prediction [19]. The
radiating patch and the feed lines are usually photo-etched
on the dielectric substrate. Microstrip patch radiate due to
the fringing fields between the patch edge and ground
plane.

The major aspects of the procedure utilized in the
design include specification of key parameters of the
antenna, determination of key parameters of the patch and
then the determination of the dimensions of the feed
network. Afterwards, the parameter values obtained are
used to carry out the simulation of the antenna in Computer
Simulation Technology (CST) Microwave Studio.
Specifically, the key design parameters specified include
resonant frequency of 2.45 GHz, substrate dielectric
constant, of 4.2 and the loss tangent, of 0.019.
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2. METHODOLOGY

The procedure employed in the design of the single band
inset-fed RMSA can be broken down as follows;
specification of key parameters of the antenna,
determination of key parameters of the patch and then the
determination of the dimensions of the feed network. After
the parameter values obtained are used to carry out the
simulation of the antenna in Computer Simulation
Technology (CST) Microwave Studio. From the simulation,
results on the antenna performance parameters are obtaibed
such as the return loss, Voltage Standing Wave Ratio
(VSWR), directivity for the H-plane (¢ = 90°), directivity
for the E-plane (¢ = 0°) and 3-D gain plot.

2.1 Specification and determination of key design
parameters for the single band inset-fed RMSA

In the design of the single band inset-fed RMSA, some
key desing parameters are specified while others are
computed based on the specified parameters.
i. The values of the following parameters are
specified;
a) the resonant frequency, f,. (in this
study f. =2.45 GHz),
b) substrate dielectric constant, €. of
the substrate ((in this study €. =

4.2)
c) the loss tangent, tand (in this study
tand = 0.019)
ii. The substrate thickness (h) is calculated as
follows;
o= (D
Ao
h < 03x P 3)
where €, = 42, ¢ =3 x108m/s and f, =2.45
8
x 10° Hz hence, A, = Log =
o122 2.45 X 10
122Zmm and h < 03x Py =2.844m. A

value of h = 1.6 mm is chosen for this study.

iii. The width (Wp) of the patch is calculated as
follows;
C
WP - Zf (£r+1) (3)
2
8
Then, W = —% _ —3797mm
2(24 % 109) (“2—“)
iv. Effective dielectric constant (€¢¢f) is
calculated as follows;
Ert1 sr 1 -1/2
Eretr = [1+12(5)] )
Hence;
4241 42-1 0.0016 ]~ 1/2
Ereff = = [1 +12 (0.03797)] = 390
V. Effective Length (Legr) is calculated as
follows;
c
Lett = Sr7— e (5)
3 x108
Hence; Lo = 2G4 x 1097500 31 mm
vi. Extension length (AL) is calculated as
follows;

[regr+0.3][7-+0.264]

AL = 0.412h

(6)

W
[Erefr—0.258][1-+0.813]

[3.90+0.3][2%3797 4 0,264
0.412(1.6) TR ] =

[3.90-0.258] [ o> +0.813]

Hence; AL =

0.74 mm.
vii. Actual patch length ( Lp) is calculated as
follows;
Lp = Legr-2AL (7
Lp = 0.031-2(0.0074) =29.52 mm.
viil. Ground plane dimensions (Lg and Wg) are
calculated as follows;
Wg= Wp +6h )
Lg= Lp +6h ®)
Hence; Lg = 0.02952 + 6(0.0016) = 39.12 mm and
Wg=0.03797 + 6(0.0016) =47.57 mm

iX. Patch thickness (t) is selected based on the
following expression ;
t<< A (10)
So, given thta Ay = 122 mm a value of t=0.2
mm is selected.

2.2 Determination of the dimensions of the feed network
for the single band inset-fed RMSA:
The computational formulas and procedure used to
determine the dimensions of the feed network for the
single band inset-fed RMSA are presented as follows:

Step 1: Determine the notch width, g using the expression
(Ramil, Salleh, Ali and Md Tan, 2011);
_cfy x 107° x4.65 x 107°

(11)
vV 28reff
-9 -9
Hence, g= 30 X4.65 x1077 x2.4 X 10 = 1.20 mm.

V2 x3.90
Step 2: Determine the resonant input resistance R;, as

follows;

Rin(y = y,) = ;cosz Mo (12)
mn °7 7 2(Gy + Gyp) Ly

The characteristic impedance Z, is defined as follows;

l —=<1

-

[Sh Wf Wf
sreff

Zo W, W,
1393+ 0. 6671n(h +1.444)] >

1207 [W;
L\/ Ereff h
In this study, the value of X 1— =2.0625 > 1. As

such, the second expression in Equatlon 13 applies.
2m

k= — (14)
)\air
where A i, = Ay = 122 mm, then k= T 0.0515.
I, = =2 + cos(X) + X5;(X) + )E ) (15)
X = k(W,) (16)
Hence; X =0.0515 % 37.97 = 1.955455 = 2.00. Thus;
I, = =2 + cos (2) + [(1.912 x §;(2)] + 52
=1.1895 mA

G = —+_ 17
L7 120m2 a7

Hence, Gy = =" = 10043 X

10~* siemens.
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G12
2

. kW,
1 J-Tr sm(T cos0)

~ 12072 cos@

where J, is Bessel function of the first kind of order zero.
Specifically, in this study, Gy, is resolved using MATLAB-
based program developed for the calculation of rectangular
microstrip antenna parameters. Which retured the value
Gy, = 5.905 x 107* siemens.

1
Rincedge) = 36300 (19
1

Hence; R; =
’ in(edge) ™ 3(10.043x 10~4+ 5.859 x 10-4)

306.95 Q. In this work, inset feed technique is used with
input impedance of 50 Q.

Step 3: Determine the inset feed recessed distance y, and
width of the transmission line W¢ using Equation 20 and
Equation 21:

Zy = Rm(edge) cos (

Yo = — COS~
ln(edge)

2952
Yo =

(20)

€2y

o [55] -

11.12 mm. Accordmg to Pozar, (2012), the width
of the transmission line, W; is calculated as
follows:

Hence,

Jo(KLpsin®)sin®0de (18)

For ot 5 o
or—
Wi_2p_4
h =«
—In(2B-1)
+E B - 1) +0.39
2¢, {n( -b+o.
0.61 27
= @2
3771
Where, B = Tode (23)
. _ 3771 _
Hence; B = eodiE = 5.78
W _2[s78-1
h  nl™
— In({2 x 5.78) — 1)
4.2 —
+2 {1n(578—1)+039
T }]
4.2
=2.06 mm

Therefore, W; = 2.06 X 1.6 = 3.30 mm

3. RESULT AND DISCUSSION

The geometry of the designed 2.4 GHz RMSA is
depicted in Figure 1. The designed inset-fed RMSA at 2.4
GHz in CST Studio is presented in Figure 2.The patch
dimensions used are presented in Table 1.

Table 1: Feed dimensions of 2.4 GHz single band inset-fed RMSA

Parameter Value (mm)
Microstrip line dimensions:
Width of transmission line, Wy 3.30
Inset fed gap, g 1.20
Inset fed distance, y, 11.12
Length of 50 Q line, L, 480
Resonance Frequency, f. 2.40 GHz
Wp
Lp
<&
Yo

Lf

Figure 1: Dimensions of the designed single band inset-fed RMSA antenna.
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Figure 2: The screenshot of the 2.4 GHz inset-feed single band RMSA designed using the Computer Simulation
Technology Microwave Studio.

The results of the return loss plot of the inset-fed single
band antenna at 2.4 GHz is shown in Figuire 3 and it has a
minimum return loss of -26.394 dB with a bandwidth of
68.3 MHz. The results in Figure 4 show that the antenna
achieved a Voltage Standing Wave Ratio (VSWR) of
1.4032 at 2.4 GHz. The directivity results (in Figure 5) also
show that the H-plane (¢ = 90°) directivity for the insert-fet

antenna at 2.4 GHz has main lobe magnitude of 6.09 dBi,
main lobe direction value of 3° and half power beamwidth
value of 97.2°. Directivity results for the E-plane (¢ = 0°)
is shown in Figure 6 where it achieved a gain of 6.08 dBi.
The 3-D gain plot (in Figure 7) for the single band insert-
fed antennas at 2.4 GHz showed a gain of 4.85 dB.

S-Pararneter [Magntude n @8]

dB

S1,1: -26.393638

1 15 2

[246ps 3 35 i

Frequency | GHz

Figure 3: Return loss plot of inset-fed single band antenna at 2.4 GHz.
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Figure 4: VSWR of inset-fed single band antenna 2.4 GHz.
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Figure 5: Directivity of single band insert-fed single band antennas at 2.4 GHz in H-plane (¢ = 90°).
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Farfield Directivity Abs (Phi=0)

farfield (f=2.4) [1]
Phi=180
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(b) Inset-fed single patch

120

Frequency = 2.4 GHz

Main lobe magnitude =  6.08 dBi
Main lobe direction = 0.0 deg.
Angular width (3 dB) = 96.7 deg.
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Figure 7: The 3-D gain plot for the single band insert-fed antennas at 2.4 GHz

4. CONCLUSION

A single band inset-fed rectangular microstrip patch
antenna that resonated at 2.4 GHz is presented. The major
aspects of the procedure utilized in the design include
specification of key parameters of the antenna,
determination of key parameters of the patch and then the
determination of the dimensions of the feed network.
Afterwards, the parameter values obtained are used to carry
out the simulation of the antenna in Computer Simulation
Technology (CST) Microwave Studio. In all, the results of
the computations and simulations show good performance
in respect of return loss, Voltage Standing Wave Ratio
(VSWR), directivity, bandwidth and gain.
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