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Introduction

The Microstrip patch antenna (MPA) has many benefits 
that make it popular in wireless communication, includ-
ing its small weight, available with ease, simple physical 
geometry in two dimensions, low profile, simplicity in 
manufacture, dual polarisation and circular polarisation, 
mechanical endurance, and others. It has some important 
drawbacks which are narrow band, poor efficiency, spuri-
ous radiation, and gain issues. Slotted Microstrip antennas 
are used to address the aforementioned issues by enabling 
the same antenna to function at many bands and combining 
several standards of wireless communication into a single 
antenna system. Radiating patch which is in the form of 
slots in the ground plane may influence the surface cur-
rent density and extending the total path length of current 
therefore antenna may be worked at multiband resonance. 
Cutting different slots into the construction of a micro-
strip antenna can produce multiband [1–7]. MPA with 
defected ground structure (DGS) structure can be used to 
enhance the performance. The design of microwave cir-
cuit with DGS might be used in different application to 
improve the accomplishment of the system. Designing a 
multiband antenna has grown in importance in the wire-
less industry during the past few years. Equipment that 
makes communication possible is an antenna. It minimises 
communication trafficking. Conversion of electrical energy 
into radio frequency energy is done by antenna therefore 
antenna may be termed as a transducer hence an antenna 
is termed as a fundamental component of any communica-
tion arrangement [8–12]. The second crucial consideration 
when designing any antenna is the multiband antenna. To 
put it simply, a multi—band antenna is one that can oper-
ate on many bands [13–16]. A multi—band antenna for 
numerous broadband applications is built in this study. It 
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supports a variety of wireless bands including Worldwide 
Interoperability for Microwave Access (WiMAX) cover-
age from 3500 to 4500 MHz, Wireless local area network 
(WLAN) coverage from 5100 to 5800 MHz, and Long-
Term Evolution (LTE) coverage from 7 to 10 GHz which 
is higher frequency levels. For multiband antennas, the 
ability to tune frequencies is critical. These antennas are 
generally complexly designed for several bands. How-
ever, four square slots can be quite helpful for creating 
many bands [17]. MPA is well matched device for wire-
less communications which can be easily combined with 
microwave circuits because of its low volume, thin profile, 
light weight and low cost might be worked at multiple fre-
quencies for multiple applications [18]. In 5G applications, 
it may be more appropriate assortment. Its features are 
found as a high gain, enlarged bandwidth, enhanced effi-
ciency and reduced power [19]. The copper or gold patch 
of thin metallic, dielectric substrate and ground plane is 
needed in such device. The dielectric substrate is properly 
separated as of the ground plane and patch in this design. 
The various patch shapes for antenna design like dipole, 
triangular, elliptical, square, rectangular and circular are 
considered as per required application [20]. The particular 
requirement, reconfigured frequency and multiband anten-
nas are mainly considered at the time of its designing. In 
5G wideband applications realized by microstrip anten-
nas using various techniques such as DGS and metama-
terials are also conventional methods [21–26]. A band-
width improvement methods for microstrip patch antenna 
(MPA) as impression of thick and lesser permittivity and 
multilayer substrate, parasitic essentials, slots along with 
notches, shorting pin and wall, defected ground architec-
ture, metamaterial constructed split-ring resonator struc-
ture with fractal geometry, and finally composite right/
left-hand transmission line approach have been used while 
in particle swarm optimization (PSO) optimized antenna 
might be attained by comparing its performance with both 
initial conventional ‘T’ shaped-slot encumbered antenna 
which may be manually optimized antenna [27, 28].

Hence in the present study the rectangular and plus 
shaped might be new with existing techniques. In the 
present study a new design and simulation of MPA has 
been optimized with the help of several existing design 
using some standard basic equations. The several expres-
sions taken in the study are the basic standard equations 
to develop the patch antenna. Firstly, it has been slitted 
the slots in patch for achieving the multiband. According 
to the existing theory “the patch the impedance should be 
377 ohms on the edges” and the multiband values have 
also been taken through standard references. If the slots 
have been cut on the patches to improve the impedance 
matching and also to achieve the multiband.

Design of Microstrip Patch Antenna 
for Multiband Application

Multiband antennas with different frequencies are used 
for wireless applications to simulate the number of bands. 
For multiband operation, the proposed MPA figure depicts 
nine rectangular slots, a plus shape slot, and a Microstrip 
line. Each slot is symmetrically carved in length and width. 
Antenna dimensions are also picked in the correct sequence. 
The suitable outcomes of the proposed antenna are obtained 
by adjusting the size and length or width because this is a 
radiating patch; slots are carved from the centre. The geo-
metrical structure of the microstrip antenna is illustrated in 
Fig. 1 while the dimensions of the antenna for designing 
have been shown in Table 1.

For multiband operation, the modelling of multiple rec-
tangular and plus shape slots are used to design multiband 

Fig. 1  The geometric structure of designed slotted-patch antenna

Table 1  Dimensions of proposed design of slotted patch antenna

Parameters Parameters detail Dimen-
sions 
(mm)

Wg Width of the antenna 35.92
Lg length of the antenna 29.81
Wp Patch’s width 26
Lp Patch’s length 18.61
Wf Width of feed line 1.50
Lf Length of feed line 4.80
W1 Width of the eight rectangular form slots 1
W2 A centre rectangular slot width 2
L1 Length of the eight rectangular form slots 2.60
a Plus-shaped slot arm length 1.75
b Plus-shaped slot arm width 0.50
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microstrip patch. Firstly, a simple rectangular antenna 
designed in the present study, and etched the slots in the 
rectangular and plus-shaped structure because the patch 
antenna in the middle having 0 Ω impedance. After etch-
ing the slots, the direction of the current in the antenna has 
been changed which results the antenna resonated at three 
different frequencies. Nine rectangular slots and a plus-
shaped slots have been etched in the antenna for achieving 
the miniaturization. It is also observed that these etched 
slots are the main cause of resonating antenna at three 
different frequencies. Before adding the slots, the antenna 
resonated at only one frequency 3.6 GHz but after etching 
the slots it is resonating at multiple bands.

The proposed design was built by using FR-4 substrate. 
The dielectric constant is 4.4 while loss tangent is 0.0024 

Fig. 2  Multiband antenna return loss Vs frequency

Fig. 3  VSWR vs frequency

Table 2  Comparison of different Antennas for different slots in Patch

Antenna type Resonant 
frequency (in 
GHz)

Return loss (in dB) VSWR

Simple MPA 9.8 –32.07 1.1
MPA with R1, R2 slot 9.7

12.05
–23.78
–10.61

1.17
1.9

MPA without DGS 9.47
11.7

–26.83
–27.63

1.03
1.07

Proposed design MPA 3.63 GHz
5.27 GHz
6.74 GHz

–17.816
–16.096
–37.593

1.29
1.37
1.02
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of the chosen FR-4 substrates. The overall dimensions of 
the antenna are 35.92 × 29.81 mm length (Lg) and width 
(Wg) in relation to the centre frequency and thickness 
is 1.6 mm. The patch’s length and width are  (Lp x  Wp) 
18.61 mm × 26 mm in copper material. The width and 
length of the eight rectangular form slots cut symmetri-
cally are  (W1 ×  L1) 1 mm × 2.60 mm, with a centre rectan-
gular slot length and width of  (W2 ×  L2) 2 mm × 2.60 mm. 
To maximize radiation, each slot has been sliced from 
the patch’s centre. A conventional microstrip line feed is 
implemented in the proposed design. This microstrip feed 
line having dimensions  Wf and  Lf, 1.50 mm × 4.80 mm 
[22]. To compute the substrate’s length and width of the 
proposed MPA in terms of wavelength (λ). The patch’s 
width of the proposed antenna can be calculated by using 
the standard expression is as shown in Eq. (1).

where the value of εr is 4.4, the value of c is 3 ×  108 m/sec 
and fr is 3.6 GHz.

The effective dielectric constant (εreff) in terms of Wp 
can be calculated using the expression is as shown in 
Eq. (2).

(1)
Wp =

c

2fr

√

�r+1

2

The patch’s effective length, ΔL due to fringing effect can 
be calculated using the expression is as shown in Eq. (3).

The effective length of the patch antenna ( Leff  ) can be 
calculated by using expression is as shown in Eq. (4).

The actual length of the patch antenna (Lp) can be calcu-
lated by using the expression is as shown in Eq. (5).

In order to establish the ground plane’s length (Lg) and 
width (Wp), the expressions are as shown in Eq. (6) and 
Eq. (7).

Results and Discussion

The CST software has been used for simulation of the pro-
posed MPA and the hardware of the antenna is also fabri-
cated in the lab. The simulated and real antenna results are 
shown here. The result has been calculated with important 
parameters which are shown in the figure and discussed. Sec-
tion 3.1 shows the return loss, Sect. 3.2 shows the VSWR, 
Sect. 3.3 shows the surface current distribution, Sect. 3.4 
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(5)Lp = Leff − 2ΔL

(6)Lg = 6h + L

(7)Wp = 6h +W

Table 3  The comparison of simulated MPA results with the meas-
ured proposed antenna with DGS

Antenna Resonant fre-
quency (in GHz)

Return loss (in dB) VSWR

Simulated MPA 3.63 GHz
5.27 GHz
6.74 GHz

–17.816
–16.096
–37.593

1.29
1.37
1.02

Measured MPA 3.69 GHz
5.369 GHz
6.84 GHz

–15.06
–18.0
–25.0

1.31
1.39
1.04

Table 4  The simulation result 
of proposed microstrip patch 
antenna

Dielectric name Value of dielectric 
constant

Resonant frequency in 
GHz (lowest)

S11 (dB) VSWR

Teflon 2.1 5.085 –23.74 1.139
Rogers RT/D uroid 5880 2.2 5.075 –19.73 1.230
Polyethylene 2.25 4.99 –14.88 1.440
Neltec NH9294 2.94 8.6 –13.446 1.540
Silicon Dioxide 4 4.895 –26.75 1.096
FR4_Epoxy 4.4 4.515 –15.53 1.402
Mica 5.7 7.65 –24.05 1.134
FR4 4.4 3.63 GHz –17.816 1.29
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Fig. 4  Distribution of current at 3.625 GHz

Fig. 5  Distribution of current at 5.2749 GHz
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shows the radiation pattern and Sect. 3.5 shows the compare 
of measured versus simulation results.

S11 or Return Loss

Figure 2 shows that the least number of losses is present 
there, according to multiband antenna return loss model-
ling [23]. Three sites were found in this investigation where 

Fig. 6  Distribution of current at 6.74 GHz

Fig. 7  Radiation pattern at 3.63 GHz frequency (two dimensional)
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lowest losses were attained for their respective frequencies; 
these are -17.816 at 3.63 GHz, -16.096 at 5.27 GHz, and 
-37.593 at 6.74 GHz. These return loss value shows that the 
antenna can produce the desired result. Multiband antenna 
Return loss Vs frequency.

VSWR Calculation

VSWR vs frequency result of MPA is displayed in Fig. 3. 
VSWR of the proposed design antenna has been observed 
below or equal to 2. VSWR patterns are 1.29, 1.37, and 1.02 
at frequencies of 3.63, 5.27, and 6.74 GHz, respectively. 
These value shows that it has less noise.

The projected MPA has been simulated by CST MWS, the 
electromagnetic simulation software. The return loss, gain, 

Fig. 8  Radiation pattern at 5.25 GHz frequency (two-dimensional)

Fig. 9  Radiation pattern at 6.75 GHz frequency (two-dimensional)
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VSWR, and directivity have been investigated as shown in 
Figure 3. The simulated result of MPA operates at resonant 
frequency by presenting different types of rectangular slots. 
The simple patch has been operating at a single frequency 
of 3.6 GHz while introducing the slots two bands have also 
been attained and their return losses have been improved 
significantly. VSWR is a main parameter of MPA and it 
should be less than or equal to 2. This prerequisite might be 
satisfied by all the resonant frequencies. The difference in 

bands, resonant frequency, return losses and the VSWR of 
MPA by different slots is presented in Table 2. Hence, it can 
be realized that by using DGS both the return loss and the 
bandwidth has been improved significantly. The assessment 
of simulated results of proposed MPA with DGS structure 
is presented in Table 3. Hence, from Table 3 it can be com-
pared that the simulated and measured results are very much 
inline which reflect that the proposed MPA might also be 

Fig. 10  Radiation pattern for broadband (two-dimensional)

Fig. 11  Constructed prototype view of proposed antenna a Top view and b Bottom view
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used practically. Finally, the VSWR of proposed antenna 
came out 1.02, which is significantly good.

It has been observed that resonant frequency is varying 
with the dielectric constant of material. When dielectric 
constant of the substrate FR4_Epoxy is 4.415, resonant fre-
quency is lowest at 4.515 GHz. Although some dielectric 
constant is nearly similar to Mica (εr = 5.7) has shown the 
lowermost resonant frequency as 7.65 GHz as tabulated in 
Table 4. It is also noticed that the return loss (−10dB) has 
varied with the change of dielectric constant. Hence, it is 
reflected that the improved return loss can be provided by the 
material like Teflon, silicon Dioxide, and silicon.

Surface Current Distribution

A patch antenna’s current distribution characteristics might 
also be observed in surface current distribution [24–26]. The 
surface current distribution for the following frequencies is 
shown in Figs. 4, 5, and 6 which is at 3.625, 5.2749, and 
6.74 GHz. These value shows that antenna is radiating good 
energy flow. Here, the multiple slots are the main reason for 
multi-spurious radiation because after etching the slots the 
current has been distributed in multiple directions. There-
fore, the current passes in multiple directions of the antenna 
which is important and helpful in multi-spurious radiations.

Radiation Pattern Calculation

An antenna’s radiation pattern reveals its main, minor, side, 
and rear beam width [25]. The direction of greatest radiation 
is represented by the main lobe. 3.63, 5.27, and 6.74 GHz 
are three different operating frequencies that are displayed in 
these three different radiation patterns as shown in Figs. 7, 
8 and 9. Two-dimensional radiation pattern for Broadband 
is shown in Fig. 10.

Measured Verses Simulated Results

The fabricated prototype’s front view and bottom view of 
the proposed antennas are depicted in Fig. 11. The designed 
rectangular slots along with plus shaped slot are clearly vis-
ible in Fig. 11a and without slotted is shown in Fig. 11b. The 
comparison between measured and simulated results in the 
form of graph is shown in Fig. 12. The graph represented 
the return loss of real antenna and simulated antenna with 
respect to frequency (GHz) as shown in Fig. 12. This graph 
also depicted that physical antenna is radiating relatively 
good and very much in line with the simulated result. There 
is small difference between measured and simulated might 
be due to fabrication tolerance and connector losses etc.

Fig. 12  Measured vs simulated graph of return loss
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Conclusion

The present study covers all the major findings, includ-
ing the good VSWR pattern, radiation pattern and better 
surface current. The entire output of the present multi-
band antenna showed the better performance. First opti-
mization of material, conclude that improved return loss 
has been achieved by using FR4 substrate at frequency 
4.515 GHz. The VSWR of proposed antenna came out 1.04 
for measured and 1.02 for simulated which is significantly 
better. The proposed antenna has radiated good energy 
flow at different operating frequencies of 3.63, 5.27, and 
6.74 GHz. The direction of highest radiation has also been 
represented by the main lobe at same frequencies. The 
comparison of measured and simulated results were ned 
and these results clearly showed that the antenna may be 
used in multiband. These frequencies can all be used for 
Bluetooth, Wi-Fi, WLAN, WiMAX and other broadband 
applications and are all multiband suitable. The minia-
turization has been achieved by inserting the rectangular 
and plus shaped slots. There is good agreement between 
the physical antenna results and simulated antenna results. 
The antenna is compacted and devours significantly less 
power, acceptable return loss, considerable gain makes the 
antenna for possible applications. The forthcoming work 
might embrace the fabrication of antenna and authenticat-
ing the attained results in the actual world. The low gain, 
low efficiency, slight bandwidth and significant low power 
of the proposed antenna may have the possible practical 
applications.
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