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Abstract- Exponentially increasing demand for wireless applications has led to intensive research of multi-band and low-
profile planar antennas. The investigation of various Multiband Microstrip Patch Antennas (MBMPA) is done in this paper. 
The performance comparison of various parameters like return loss, directivity, size, gain and bandwidth along with the 
various dielectric medium properties are discussed 
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I. INTRODUCTION 
 
Rising demand for multiple frequency operation in 
wireless communication creates there quirement of 
low profile, Microstrip Patch Antennas which are 
dominating the present day technologies. Microstrip 
Patch Antennas are easy to fabricate, less in weight, 
and can be made conformable with planar and non-
planar surfaces. Microstrip Patch Antennas are 
capable of producing multi resonances, adaptable for 
wide range of wireless applications such as Personal 
Area Networks (PAN), Wireless Local Area 
Networks, mobile phones etc. But they also possess 
certain disadvantages like poor gain, narrow 
bandwidth, sensitivity to fabrication errors and 
excitation of surface waves. 
Generally, radiating patch is normally made of 
conducting material such as copper or gold and can 
take any possible shape. The radiating patch and the 
feed lines are usually photo etched on the dielectric 
substrate, Figure1 depicts the microstrip patch 
antenna with dimensional specifications .Parameter 
‘L’, is the length of the patch in the antenna which is 
the non-radiating edge .Parameters ‘W’ and ‘t’ are 
width of the substrate below the patch and thickness 
of the patch. The dielectric medium and the dielectric 
constant ‘єr’, determines the coupling of signal. 

Figure1. Microstrip Patch Antenna 
 
Microstrip Patch Antennas can also have shapes like 
square, rectangular, circular, triangular, elliptical and 
fractal designs. Length L of the patch is usually  

 
0.3333λo< L < 0.5λo, where λo is the free-space 
wavelength. The thickness of the patch must be very 
small for better radiation and it is selected to be very 
thin such that t << λo. The patch antenna is an array 
of two radiating narrow slots, each of width W and 
height h, separated by a distance L. Thickness of the 
dielectric medium ‘h’, determines the power to 
surface waves is usually 0.003λo≤h≤0.05 λo. 
Dielectric constant of the substrate єr is typically in 
the range 2.2 ≤ єr≤ 12[3]. 
To reduce the size of MPA, substrate with higher 
dielectric constants are used which are less efficient 
and result in narrow bandwidth. A thick dielectric 
substrate with low dielectric constant provides larger 
bandwidth, better radiation and greater efficiency. 
But such configuration leads to a larger antenna size. 
Hence a trade-off must be realized between the 
antenna performance and antenna dimensions. 
When the radiating patch is excited properly, 
radiation mechanism is takes place in microstrip 
patch antenna. MPAs radiate because of the fringing 
fields existing between the patch edge and the ground 
plane. The open edges of the patch antenna can be 
compared to wire dipole antenna. The only difference 
is that their electric (E) and magnetic(H) fields due to 
slots are reversed compared to the E and H of the 
wire dipole. 

 
 

Figure2.Fringing Effects in Microstrip antenna 
 
Figure 2 shows the simple arrangement as Microstrip 
Patch Antenna’s electric field lines along its structure. 
Magnetic current density around the side of the patch 
radiates into free space. Slots in the microstrip patch 
antenna can be viewed in Figure2, they are 
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responsible for the radiation of EM waves via the 
radiating edge. The microstrip patch antenna can be 
considered as two radiating slots along the length of 
the patch with width ‘w’ and height ‘h’. Slots are 
separated by the patch with very low impedance of 
length ‘l’ which acts like a quarter wave transformer, 
and its length is λ/2[2].Maximum radiation is in the 
direction perpendicular to the ground plane. Slots 
radiate the same fields with magnetic current density 
M, with same magnitude and phase along the slots. 
The other two slots along width ‘w’ have same 
current density. They have same magnitude but 
opposite phase thusradiated electric and magnetic 
fieldscancel each other and so these two slots are 
called non- radiating slots. When the electric fields 
are in parallel, the antenna gain is high,hence 
maximum power is transferred. 
 
II. INVESTIGATION OF VARIOUS MPA 

 
III a)SLOTTED STRUCTURES 

A. Rectangular-Triangular Slotted Antenna 
In Figure3, radiating elements arecomposed of 
rectangular and triangular slots. These slots were 
engraved in the rectangular and triangular patch, 
joined together and fed by single probe [4]. The 
rectangular and triangular slots enable the antenna to 
operate in multiband frequencies at 2.65 GHz, 
2.94GHz, 3.59GHz, 3.71GHz and 4.75 GHz with 
relatively high gain.Here the proposed antenna model 
has a larger area inducing larger current distribution 
which resulted in higher gain. The two rectangular 
slots, one with a length of 3cm and a width of 2cm 
and another with a length of 2.5cm and a width of 
1.5cm, were made in rectangular patch. 
Two triangular slots one with a baseof 2 cm and a 
height of 3 cm and another with a base of 2.5 cm and 
a height of 2.25 cm were made inside triangular patch. 
The dielectric used here is RT/Duroid with a 
dielectric constant, єr =2.2. 

 
 
Figure3.Antenna model with a rectangular triangular slot 

 
Stub is used to join the rectangular and triangular 
slots with a length of 0.25 cm and a width of 0.2 cm. 
Because of the presence of slots there is a significant 
enhancement in beamwidth. Multi-resonance is 
achieved due to the presence of slots. 

B. Triangular slot Multiband Patch Antenna 
 
   In Figure 4, asingle feed, multi frequency, compact 
rectangular microstrip antenna with a triangular slot 
introduced at the upper edge of the patch is depicted 
[5]. A small piece of triangular patch is grown within 
the triangular slot to improve the gain bandwidth of 
the antenna. 

 
 

Figure4. Antenna Structure 
 
The antenna resonates at frequency 10 GHz which is 
a single wide band.The antenna dimension is a 20mm 
x 20 mm square patch. The dielectric material 
selected for this design is an FR4 epoxy with єr =4.4 
with a substrate heighth =1.6mm. A triangular slot of 
length ‘p’ and width ‘q’ is created on the rectangular 
patch. A small triangular patch is added within the 
area of triangular slot which is placed ‘a’ and ‘b’ 
distance apart from the side of the triangular slot. 
Best result was achieved for the following values of 
the parameters: p=4mm, q=4mm, a=0.75mm, 
b=2.5mm and t=6.75mm as shown in figure5.The slot 
can be varied byincreasing and decreasing its size to 
achieve different types of resonances .Altering the 
location of the triangular slot can reduce the lower 
resonant frequency and divide the lower band into 
two different bands with small bandwidth. 
 
C.E-shaped PA for Wide bandwidth operation 
 
 Figure 5a) depicts an E-shaped microstrip antenna 
producing a wideband operation at 5.15GHz to 
5.825GHz frequency band [6].By close coupling of 
two resonant modes, wide bandwidth is achieved. 
Rectangular microstrip patch antenna is designed 
based on the standard design procedure to determine 
the length (L=17.2mm) and width (W=20mm) for 
resonant frequency at 5.25GHz. The dielectric 
material selected for this design is an FR4 epoxy with 
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єr =4.4 and substrate height =0.8mm. It is fed by a 
coaxial probe at position xo=5.2mm and yo=10mm,as 
shownin Figure5b. Two parallel slots are 
incorporated to perturb the surface current path, 
introducing local inductive effect that is responsible 
for the excitation of a second resonant mode. The slot 
length (Ls), slot width (Ws), and the center arm 
dimensions Wt and Lt of the E-shapedpatch control 
the frequency of the second resonance and the 
achievable bandwidth. 

 
Figure5.a) Geometry of the E-shaped PA 

b) Feed structure 
 
A second resonance is designed for 5.8GHz, the 
coupling of the two resonant modes form a wide 
bandwidth response covering the 5.15GHz to 5.825 
GHz band. Slot dimensions of Ls=10mm, 
Ws=1mm,Wt=6 .2mm and Lt =2 .8mm gave the 
widest bandwidth. Large dimensions of slot reduce 
second resonant frequency. Slotdimensions and 
center arm dimensions provided wide bandwidth. 
Location of feed point at the base of E arm resonant 
frequency of the second resonant mode can be tuned 
without affecting the resonant frequency of the 
fundamental resonant mode. Bandwidth is tuned by 
varyingthe length of center arm. 
 
D. Planar Inverted F Antenna(PIFA) with U Slot: 
 
The antenna depictedin Figure 6 achieves multi band 
operation by incorporating a U–slot in PIFA [7]. A U-
slot is cut in the radiating patch and a small slot in the 
end of U-slot, and rectangular slot in the middle patch 
surrounded by the U-slot to achieve the dual-band 
operation. The biggest advantage of this design 
isachieving the dual-band operation and meeting the 
requirements of small sized antenna. Antenna 
structure includes radiating patch, a ground plane, 
coaxial cable for feed. Patch and ground are made by 
0.25mm copper, which has a certain degree of 
strength to ensure the stability of the antenna 
structure.  The dielectric material is FR4 with єr 
=4.4,the gap distance 
G=3.5mm. Medium between radiating patch and 
ground is air ,the dimensions of the antenna’s entire 
length is 33mm.The sub-length without considering 
the feed point is 27mm, the distance ‘d’, between the 

radiating patch and ground is 7 mm. Dimensions are 
as shown in figure 6. 

 
Figure6. Dimensions of PIFA with U-Slot 

 
The U-shaped slot and a rectangle shaped slot made 
on PIFA patch provided 2 operating frequencies. 
E.Notched Antenna with Triangular Tapered Feed 
 
The antenna proposed in Figure 7,is a notched 
antenna with triangular tapered feed. Broadband 
matched double-notch patch antenna is suitable for 
tri-band operations [8]. Antenna is designed with 
RT/Duroid substrate with dielectric constant of 2.2 
and with a height of 0.5mm.There are three 
resonances at frequencies 1GHz,1.54GHz,2.01GHz. 
Double notched conventional rectangular microstrip 
fed notched antenna could not even achieve dual 
band operations. So, proper impedance matching 
network is provided to support multi-band operations. 

 
Figure7. Geometry of the notched antenna with triangular 

tapered feed lines 
 
F. Microstrip Patch Antennawith Open Edged 
Resonators  
 
Patch antenna shown in figure 8, operates on dual and 
triple bands which is designed by incorporating a 
slight change in slot structures. The factors like 
substrate selection, proper feed network, VSWR, 
Return Loss and Gain are considered to make a 
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conventional patch to operate in dual and triple bands. 
The patch dimensions are 40mm in length and 48mm 
in width. The substrate employed here is RT/Duroid 
with permittivity 2.2 and thickness 1.6mm, єr is 
chosen to better efficiency and large bandwidth. The 
resonating frequencies when the slots are closed are 
2.6GHz and 3.9GHz, for the structure in figure 
8a.The resonating frequencies when the slots are 
opened are 2GHz,3.2GHz and 5.95GHz, for the 
structure in figure 8b. 

 
Figure8.a) Geometry of closed edged slot 

 

 
 

Figure8.b) Geometry of open edged slot. 
 
III.(c)MEANDER GEOMETRIES 
G.Dual-Polarized Two-Port E-shape Microstrip 
Antenna 
 
Two parallel slots made inside the rectangular patch 
antenna as shown in figure9 introduced local 
inductive effects that led to multi-mode excitation 
[10]. The twoslots and the center arm dimensions of 
the E-shaped patch control the higher resonant 
frequencies. The two perpendicular excitation ports 

control the polarization to be either linear or circular. 
Proposed antenna resonates at 5GHz,9.7GHz and 
19.8GHz. 

 
 

Figure9. E-shape microstrip antenna fed by two 50ohm 
microstrip lines 

 
The proposed antenna is fabricated using a 
dielectric medium with permittivityєr=10.5 and 
thickness of 1.25mm. Rectangular patch of width 
Wp=20mm and length Lp=20mm The feed is given 
using two microstrip lines of width 2mm at the 
center of each side. Ground plane width 
Wsub=30mm and length Lsub=35mm with hollow 
rectangle 25mmx20mm inside was designed. Two 
parallel slots with L1=7mm and L2=10mm were 
incorporated within rectangular patch as depicted 
in figure.9. Two slots and thecenter arm 
dimensions of the E-shaped patch determine higher 
resonant frequencies. 

 
H.U and H shaped Stacked Patch Antenna: 
 
The geometry of proposed antenna is illustrated in 
figure10. RT-Duroid substrate with a dielectric 
constant of єr =2.2 thickness of t=6mm is made on 
ground plane.It had U-slot patch fabricated with 
dimensions of length of 39.4mm and width of 
29.4mm.The resonating frequency is at 7.66GHz 
for this layer [11]. H shaped patch is fabricated 
with dimension of length 26mm and width 18 mm 
isstacked upon layer1 to produce a resonance of 
9.73GHz.Air substrate with a dielectric constant 
єr=1 and a thickness of t=5.5mm is used at layer 2. 
U-slot of length Ls=15mm, width Ws=26mm and 
thickness 1.2mm was made on base rectangular 
patch of size 39.4mm X29.4mm. Single coaxial 
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feed of inner radius 0.3mm and outer radius 1mm 
is used to resonate both patches. 

 
 

Figure10.UandH-shaped stacked patch antenna 
 
III b)USING PARASITIC ELEMENTS 
 
I. Dual-Band Multiband Patch Antenna Using 
Dipole and Patch elements 
 
Adual-band MPA is described with two different 
radiating elements connected together using a 
matched section[12]. Entire structure is embedded 
on a single layer structure as shown in figure11. 
The first element is arectangular patch antenna 
with frequency f1=10GHz controlled by patch 
dimensions L=11mm, and W=8mm and the second 
element is a printed dipole with operating 
frequency f2=13.8GHz,controlled by the dipole 
dimensions Ld=32mm, and Wd=4.8mm. The 
structure is fed by a coaxial probe through the 
dipole element which is coupled to the PA by a 
quarter wave length matching section of width 
Wm=1.4mm and length Lm=5.2mm. 

 
Figure11.a)Structure of the proposed antenna 

b) Structure of the radiating dipole 
 
Wide band antenna is obtained by controlling the 
length Ld of the dipole element to get the resonant 
frequency ‘f2’ close to ‘f1’. Proposed dual-MPA with 

Ld of 32mm was fabricated on a RT/Duriod substrate 
with permittivity 2.22, and a thickness of 1.5875mm. 
Copper cladding of thickness of 0.017mm is 
used,which is realized via figure 11. In the proposed 
design, two parasitic strip lines with length ‘Lp’ and 
width ‘Wp’ were embedded in the same layer and 
parallel to the dipole element with a gap spacing of 
0.3 mm as shown in figure12. 

 
Figure12. Wideband of MPA by adding parasitic elements 

 
   Proposed antenna configuration provided a useful 
design for a wide bandwidth MPA of 9%, 
controllable frequency separation of the two 
frequencies of the dual-element with f2/f1 =1.38:1. 
Two parasitic elements improve bandwidth. 
 
J. Circularly-Polarized Antenna Using Fabry-Pérot 
Cavity Structure 
 
The model shown in figure 13 attempts to increase 
antenna gain and to obtain circular polarization 
characteristics by using array of parasitic elements 
[13]. 
The proposed antenna provides both left-hand 
circular polarization (LHCP) and right-hand circular 
polarization (RHCP) according to the linear 
polarizations generated by the patch antenna printed 
on 1.52mm dielectric substrate ofєr = 3operating at 
5.27GHz. 
Super strate composes of square patches with 
truncated corners placed above the linearly polarized 
patch antenna. The separating distance between the 
super strateand ground plane is 29.8 mm, which 
corresponds to approximately a half wavelength.  
Square patches are printed on the upper side of a 
dielectric laminate with a thickness of 1.57 mm and 
dielectric constant of єr = 3.5. The superstrate consists 
of a 7×7 truncated patch array as in figure 13. 

 
Figure13. Geometry of the Fabri-Perot antenna 
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K. Directly Coupled Parasitic Patch on Floral 
Shaped Patch Antenna 
 
A floral shaped patch antenna as shown in figure14 is 
designed to resonate at multiple bands by introducing 
four slits on all the four sides of a rectangular shaped 
patch. Four different radiating elements are directly 
coupled to the floral shaped patch which provided 
three adjacent resonant modes very close to each 
other [14]. By controlling the resonant frequencies of 
the parasitic elements, a wide impedance bandwidth 
can be obtained. Effect of integrating slits and 
addingparasitic elements is usefulin the designing 
alow profile, broadband and high gain antenna. 

 
Figure14.Structure of Floral Antenna 

 
As shown in Figure.15, parasitic elements of T shape 
are placed in the designed floral shaped patch. 
Additional resonators are made to operate at 
frequencies close to main resonant patch leading to 
the formation of single wide bandwidth. 

 
Figure15. Floral Patch along with parasitic elements 

 
DISCUSSIONS 
 

The investigation of various microstrip patch 
antennas constructed with RT/Duroid or FR4  
dielectric material are consolidated with necessary  
parameters in table 1. 

From the above antenna analysis, slotted patch 
antennas are the most widely and commonly used 
practical antennas, asthey can produce an effective 
impedance bandwidth from 70MHz to 200MHz.The 
maximum gain can be produced by the slotted 

antenna structures is 7dBi.Return loss by different 
multi-resonating antenna are obtained as below -10dB 
and so it can be used for various applications like     
Wi-Fi, WLAN, etc. 

Most compact microstrip antenna designs show 
decreased antenna gain owing to the antenna size 
reduction. Designs using high permittivity dielectric 
substrate is proposed are used to realize an increased 
gain. By proper impedance matching of the feed line, 
various parameters such as bandwidth, gain, return 
loss can be improved. 

Another method used is placing parasitic elements 
into single substrate along with radiating elements. 
This mayresult in increased size, butbandwidth 
enhancement is observed. 
 
ANALYSIS OF VARIOUS MICROSTRIP PATCH 

ANTENNAS- 
Table 1:Analysis of various structures 

 
 
CONCLUSION 
 
Various designs of multi-band microstrip patch 
antenna and their parameters are discussed and 
compared. In order to achieve compactness in the 
above mentioned antenna designs, various methods 
are proposed. Multi-resonance can be obtained by 
introducing slots, slits and placing parasitic elements. 
In all the above discussed antennas, the performance 
is enhanced by using suitable dielectric material. 
Instead of single element, if an array construction is 
implemented, better directivity and radiation 
characteristics can be achieved. 
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