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Abstract
The impedance bandwidth, one of the important characteristics of microstrip
patch antennas, can be significantly improved by using a multilayer dielectric
configuration. In this paper the focus is on bandwidth enhancement technique
of a multilayer patch antenna for X-band applications. In order to enhance the
bandwidth, antenna losses are contained by controlling those quality factors
which can have a significant impact on the bandwidth for a given permittivity
and thickness of the substrate. This has been achieved by conformal
transformation of the multidielectric microstrip antenna. For the ease of analysis
Wheelers transformation is used to map the complex permittivity of a
multilayer substrate to a single layer. Method of Moments and Finite Difference
Time Domain approaches are used for the computation of results.
Keywords: Bandwidth, Conformal mapping, Multidielectric, Permittivity,
Quality factor, Surface waves.

1. Introduction
Modern communication systems are bandwidth intensive. Barriers in the
implementation of patch antennas for these applications are primarily their narrow
bandwidth. Bandwidth of patch antennas is of the order of 1% to 5%. One of the
areas of research in the field of microstrip antennas is towards its bandwidth
enhancement. Bandwidth optimization technique is a multistage process. It’s
easier to analyze a single dielectric substrate microstrip antenna, hence antenna
parameters are obtained keeping its frequency of operation and the height of the
substrate same. Process begins with the design of a multilayer microstrip antenna
for the required frequency of operation [1] with the use of Wheelers
transformation for the effective permittivity calculation [2]. All the losses, i.e., the
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Nomenclatures
A
ADS
B
BW
c1
ersw
FDTD
fr
G
h
h1
h12
h2
ko
L
Le
MoM
n1
P(f)
P1,P2,
P 3, P 4
Prad
Psw
pr
Q
Qc
Qd
Qrad
Qsw
QT
q 1, q 2, q 3
avg
R
s

S0, S1, S2,
S 3, S c
S11
tan δ
VSWR
W
We
Y(z)
Yo

Empirical relation dependent on W and h12 used to determine ε'r
Advanced Design System (Software from Agilent Technologies)
Shunt susceptance, Siemens
Bandwidth, GHz
Geometry term
Radiation efficiency of the patch taking the surface wave loss
Finite Difference Time Domain
Resonant frequency, GHz
Shunt conductance, S
Height of the single layer dielectric substrate, mm
Height of the first layer of the dielectric substrate, mm
Height of the substrate from ground to second layer, mm
Height of the second layer of the dielectric substrate, mm
Free space wave number, radian/m
Length of the patch, mm
Effective length of the patch, mm
Method of Moment
Refractive index
Frequency dependent term determines εeff
Empirical relations used to derive P(f)
Radiated power, mW
Surface wave power, mW
Geometry term
Quality Factor
Quality factor (Conductor loss)
Quality factor (Dielectric loss)
Quality factor (Radiation)
Quality factor (Surface wave)
Total quality factor
Filling factors
Average of two resistances of ground plane and patch metal, Ω
Conformal mapping areas (Figs. 3 and 4)
Return loss, dB
Loss Tangent
Voltage standing wave ratio
Width of the patch, mm
Effective width of the patch, mm
Input admittance at an offset z, S
Characteristic admittance, S

Greek Symbols
βz
Phase constant, radians
∆L
Increase in length of the patch due to fringing field effect, mm
εe
Quasistatic permittivity
εeff
Effective permittivity
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εr1
εr2
ε'r
ηo
µr
ξ 1, ξ 3,
ξ4 ,ξ5
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Relative permittivity of the first layer of dielectric substrate
Relative permittivity of the second layer of dielectric substrate
Equivalent relative permittivity
Free space impedance, Ω
Relative permeability
Empirical relation based factors used to determine ∆L

conduction, the surface wave and the dielectric losses and the quality factors (Q
factors) associated with it may therefore be calculated. The computation of Q
factors may repetitively be carried out for various standard substrate heights and
the permittivity data so obtained may be plotted and analyzed. Suitable range of
quality factors may be found by minimizing the return loss. The gain, the
directivity, and the power radiated are then determined.
The impedance bandwidth depends on the feed network design and the quality
factors (Q) optimization. There is a need to analyze individual quality factors and
to optimize them in order to achieve a significant trade-off between the gain and
the losses. The use of a thick and a low permittivity dielectric substrate enhances
the antenna bandwidth. The losses in a dielectric are due to the surface wave
excitation resulting in lower gain and thereby reducing the efficiency. Choosing a
substrate with a low loss tangent reduces the dielectric loss. Surface waves
propagate from the patch downward to the substrate and are reflected from the
ground plane. More surface wave’s modes exist as substrate becomes electrically
thicker. A major drawback of these waves is that it introduces spurious coupling
between the antenna elements and it therefore necessitates its suppression.
The microstrip antenna under consideration consists of a rectangular patch of
width W and length L with two dielectric layers εr1, εr2 and height h1, h2 respectively
as shown in Fig. 1. With a cover layer introduced as shown in Fig. 2 there is a
significant improvement on the performance indices of the microstrip antenna.

Fig. 1. Multilayer Microstrip Antenna.

Fig. 2. A Multidielectric Microstrip Antenna with a Cover Layer.
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Conformal transformation of multidielectric microstrip antenna is used to
map the complex permittivity of a multilayer substrate to a single layer.
Momentum (ADS) software has been employed based on Method of Moments
(MoM) to analyze transformed rectangular patch corresponding to the given
multidielectric antenna. For accurate analysis of the transformed patch, Finite
Difference Time Domain (FDTD) method is also employed and it is observed that
the results match with those obtained using MoM. The process of conformal
mapping of multilayer microstrip is discussed in the next section.
The gain bandwidth product is a constant; therefore this paper aims to enhance
the bandwidth of the patch antenna while ensuring the desired radiation pattern. The
effect of cover layer on impedance matching, Q factor, hence bandwidth and
frequency correction is presented in the subsequent sections of the paper.

2. Conformal Mapping Approach for Transformation of Multilayer
Microstrip Antenna
Conformal mapping of the rectangular patch structure considered is shown in
Fig. 1. The Wheelers transformation maps the complex plane z=x+jy to a plane
g=u+jv as shown in Figs. 3 and 4.

Fig. 3. Conformal Mapping of a
Multidielectric Rectangular Microstrip Antenna [1].

Fig. 4. Conformal Mapping of a Multidielectric
Rectangular Microstrip Antenna Approximated [1].
The first approximation of this conformal mapping leaves the areas S0, S1, S2,
and S3 unchanged. Following Zhong et al. [1], the relation for the quasi static
permittivity of the multidielectric layer may be expressed as given by Eq. (1)
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εe =

2
ε r 3 (1 − q1 − q2 )2
ε r1ε r 2 (q1 + q2 )
+
ε r1q2 + ε r 2 q1
ε r 3 (1 − q1 − q2 − q3 ) + q3

(1)

where q1, q2 and q3 are filling factors which are defined, respectively, by the
ratio of each area of S1, S2, and S3 to the whole area Sc, of the cross section in the
g-plane. The length of the patch may be obtained by determining the effect of
frequency on the substrate permittivity. The following formulae are obtained by
transforming the parameters, calculated for a single layer, taking into account
multilayer effect on a microstrip line [2]. The dispersive behaviour of the
permittivity εeff may therefore be determined by Eq. (2)

ε

eff

= ε 'r −

ε 'r −ε e
1 + P( f )

(2)

where εe is determined by Eq. (1) and ε'r is the equivalent relative
permittivity. Following [3] ε'r is given by Eq. (3). Following Kirschning and
Jansen [4], the frequency dependent term P(f) may be obtained using the
empirical relations.

[

P ( f ) = P1 P2 (0.1844 + P3 P4 )10 fh]1.5763

]



0.525
P1 = 0.27488 + 0.6315 +
× [(w / h) − 0.065683 exp( −8.7513{w / h})]
20 
+
fh
(
1
0
.
0157
)


P2 = 0.33622[1 − exp( −0.03442ε r )]
4.97


 
P3 = 0.0363 exp{−4.6( w / h)} × 1 − exp −  fh
 
3
.
87
 
 


[

{

P4 = 1 + 2.751 1 − exp − (ε r / 15.916)
2ε − 1 + A
ε r′ = e
1+ A

8

]}
(3)

where the parameter A may expressed by Eq. (4) in terms of h12 , the height
between the layers 1 and 2 and the width of the patch W [1].
 12h12 
A = 1 +

W 


−1 / 2

(4)

The multilayer microstrip antenna show very small deterioration in the
radiation pattern over the complete VSWR bandwidth. For the ease of analysis,
the conformal mapping technique is used by transforming multidielectric layers
into a single dielectric layer. The conformal mapping technique involving
Wheeler’s Transformation makes the complex geometry as shown in Fig. 2 of the
multidielectric microstrip antenna into a simpler geometry. Further, the
multilayer dielectric microstrip antenna patch gets transformed to a single layer
patch as shown in Fig. 5.

Fig. 5. Rectangular Microstrip Antenna.
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Thus the analysis of the patch antenna becomes simpler with this geometry.
Following [3], length L of the transformed microstrip antenna patch for a given
patch width W and resonant frequency fr can be determined by Eq. (5).
L=

(5)

C
− 2 ∆L
2 f r ε eff

where ∆L corresponds to increase in the length due to fringing effect [5],
found from the relation in [5].
h ξξ ξ
(6)
∆L = 12 1 3 5
ξ
4
The parameters ξ1, ξ3, ξ4 and ξ5 are defined by Kirschning et al. [4].

3. Role of Cover Layer on Impedance Matching, Quality Factor and
Bandwidth
The cover layer plays a significant role in impedance matching and affects the
quality factor and the bandwidth as discussed in the following subsections.

3.1. Effect on impedance matching
The input admittance or impedance of a microstrip antenna must be matched with
50 ohms feed line. Proper matching of the feed line is an important factor for
determining the bandwidth of an antenna. The discontinuity between the line feed
and an antenna can be modelled by a shunt combination of conductance G and
susceptance jB. Input impedance at an offset z may therefore be expressed by an
equivalent formula [6], as given by Eq. (7)


G 2 + B2
B


Y ( z ) = 2G cos 2 (β z ) +
sin 2 (β z) +
sin(2β z)
Y
Y2


0
0



−1

(7)

The bandwidth is defined as a frequency range within the VSWR ≤ 2. The
antenna is matched when the impedance locus is as close as possible to the centre
of the Smith chart that results in a low return loss at the resonant frequency. In
order to obtain a large bandwidth it is required to shift impedance locus inside the
bandwidth circle. A smoother return loss over the frequency is desired instead of
compromising with a minimum return loss. Broad bandwidth of the antenna may
be achieved with proper selection of design parameters.

3.2. Effect on quality factor and radiation efficiency
Quality factor determines the frequency selectivity as well as bandwidth of a
microstrip antenna. Efficiency of a microstrip antenna can be calculated from
cavity model in terms of its quality factors. A microstrip antenna has dielectric,
conductor and surface wave loses and therefore its quality factor for the desired
radiation into the space may be expressed by the Eq. (8).
(8)
3 ε r Le λ0
=
Q
rad 16 p c W h
r 1 e
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where Le and We are effective length and width of the patch accounting for the
fringing effect. The terms pr and c1 are geometry terms and h is the height of the
substrate [7]. The surface wave excitation represents a loss mechanism with
associated quality factor Qsw. which can be neglected for thin substrates, as its
contribution towards the total quality factor is negligible. Assuming the surface is
infinite, the quality factor Qsw, may therefore be expressed in terms of Qrad and
the radiation efficiency of the patch ersw as given by Eqs. (9) and (10).
 e sw 
 r

Qsw = Q
rad 1 − e sw 
r 


ersw =

(9)

Prad
Prad + Psw

(10)

The radiation efficiency of the patch, that depends on Prad the power radiated into
space, Psw the power launched as the surface wave and ratio of total quality factor to
quality factor for desired radiation into the space, QT/Qrad, may be calculated by
neglecting surface wave loses QT/QSW and dielectric losses for thin substrates. The
radiation efficiency of the patch may therefore be given by Eq. (11) [7].



ε rsw = 1 +

3πk o hµ r
4c1


1 
1 − 2 
 n1 

−1

(11)

where n1 = ε r µr . Following [7] the quality factor Qc associated with conductor
losses, may be expressed in terms of RSavg
, average of the two resistances of
ground plane and patch metal, given by Eq. (12). Further, Eq. (13) defines
dielectric loss Qd in terms of the loss tangent.


 η  hk 
o 
Qc = µ r  o 
 2  avg 
 R

 s

 1 
Q =

d  tan δ 

(12)

(13)

The substrate thickness plays a crucial role in deciding the quality factor of the
antenna. With the increase in number of interfaces among the substrate, the surface
wave excitation also increases thereby reducing the radiation efficiency. These
waves also cause coupling between small microstrip circuits and it is difficult to
determine its effect on the quality factor. The contribution of loss mechanisms of a
multilayer rectangular microstrip antenna with respect to substrate thickness h, the
individual quality factors and their efficiencies are evaluated. Though the
multidielectric antenna may be designed for different heights of substrate layers, in
the present design heights of two substrate layers are considered same.
The calculations in Tables 1 and 2 correspond to heights h1 and h2 of two
substrate layers have been taken to be same for the antenna being resonant at
frequency of 7.5GHz with S11 > -25 dB and the VSWR lying between 1 and 1.5.
The multidielectric layer microstrip antenna is first designed for the given
parameters. The values of the quality factors and bandwidth are then computed
to correspond to single layer antenna, designed using Wheeler’s transformation
technique. Therefore the bandwidth and the quality factors, shown in Tables 1
and 2, are based on transformed multidielectric layer patch antenna.
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Table 1. Quality Factors and Bandwidth of
a Multilayer Microstrip
icrostrip Antenna for Low Permittivity.
Height (mm)

ε eff

Qsw

Qrad

QT

BW%

3.0
1.5
0.787
0.508
0.254
0.127

2.04
2.112
2.126
2.144
2.158
2.171

21.36
40.2
154.6
345.7
735.5
1158.3

4.75
6.34
12.69
19.66
38.812
77.624

3.8
5.42
10.7
16.23
29.3
45.19

4.07
5.82
2.98
2.12
2.09
1.87

Table 2. Quality Factors and Bandwidth of
a Multilayer Microstrip
icrostrip Antenna for High Permittivity.
Height (mm)

ε eff

Qsw

Qrad

QT

BW%

3.0
1.5
0.787
0.508
0.254
0.127

6.702
6.81
6.956
7.09
7.281
7.444

19.23
39.87
169
311.32
678.117
1334.69

8.7
14.8
27.7
40.3
90.72
181.44

5.5
10.71
18.13
24.79
52.55
102.98

4.86
4.45
3.12
2.28
2.32
2.14

The radiation efficiency for low and high permittivity substrates are shown in
Figs. 6 and 7 respectively. As shown in these figures the radiation efficiency
increases from 71% to 85% with change in height from 0.127 mm to 1.5 mm. In the
case of a low permittivity multilayer microstrip antenna the radiation efficiency
increases with the height and after an optimum point it starts decreasing.
decreasing

Fig. 6. Radiation Efficiency
E
in Low Permittivity Substrates.

Fig. 7. Radiation Efficiency in High Permittivity Substrates.
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With height greater than 1.5 mm the contribution of surface waves start
dominating which reduces the bandwidth of the antenna. For better clarity of the
simulated results the radiation efficiency & surface wave losses for the low and the
high permittivity substrate microstrip antenna are shown in Table 3. Figure 8 shows
the percent contribution of surface waves and total bandwidth in a low permittivity
(2.04 ≤εeff ≤ 2.171) multilayer microstrip antenna with respect to the height.
Surface waves arise due to change in the medium and die out along the depth of
the substrate, its contribution is very less (3-4
(3 %) at low substrate heights. The
same pattern is followed in the case of the bandwidth, but the losses go up to 17%
at increased substrate height.
The surface wave losses for high permittivity cases are shown in Fig. 9. The
pattern is similar to the one for low permittivity case. However the losses increase
up to 28% at a lower rate with the height changing from 1.5 mm to 3 mm. As
seen from Figs. 7 and 9 for the high permittivity dielectric, the bandwidth
increases with increase in the height with surface waves loses increasing up to
28% but the radiation efficiency decreasing to 63%.
Table 3. Radiation Efficiency and Surface Wave
Loses for Low and High
H
Permittivity Microstrip Antenna.
Low Permittivity
High Permittivity
Height Radiation Surfacewave
Radiation
Surfacewave
(mm) Efficiency
Losses
Efficiency
Losses
3.0
80%
17.79%
63.21%
28.6%
1.5
85.48%
13.48%
72.365%
26.86%
0.787
84.31%
6.92%
65.45%
10.72%
0.508
82.55%
4.69%
61.51%
7.965
0.254
81.82%
3.98%
57.92%
7.74%
0.127
71.33%
3.905%
56.755%
7.765%

Fig. 8. Loses due to Surface
urface Waves in Low Permittivity Substrates.
An optimum point of setting up of the height and the quality factor can be
inferred from Fig. 10, which shows the crossover of the bandwidth and the total
quality factor. Fixing of the quality factor above the cross over point will result in
increase in losses.
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When the losses are low but not lowest the radiation efficiency is also found to
be optimum. For low permittivity substrates the intersection is near at 1.5 mm,
hence optimum bandwidth of 5.8% is obtained in this region with the quality
factors set above
bove the cross over points. Whereas for the high permittivity
structures the substrate thickness should be close to 0.5 mm or more than 3 mm
as the contribution of quality factor through conductor losses may be neglected in
view of its being very low compared
compa
to contribution due to dielectric losses.

Fig. 9. Loses due to Surface
urface Waves in High Permittivity Substrates.

Fig. 10. Total Quality Factor and Bandwidth.

4. Simulation Results Using Method of Moments Analysis
Method of Moments
oments analysis is discussed in subsequent paragraphs.

4.1. Return loss based
ased on a basic patch layout
Simple multilayer microstrip patch antenna shown in Fig. 11, operating at a
frequency of 7.5 GHz designed as per algorithm [8] is simulated with parameters
width (W) = 11 mm, length
ngth (L) = 10.65 mm with length of the microstrip feed line
taken as 10 mm, permittivity of substrate layers 1 and 2 respectively taken as εr1 =
2.2, εr2 = 2.32 and heights h1=h2 =1.5 mm.
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Fig. 11. Basic Patch Layout on Momentum.
Figure 12 shows a return loss (S
( 11) of -34.592 dB and bandwidth of 5.82
percent obtained with the antenna resonant at 7.5 GHz. As seen from antenna
parameters in Table 4, the power radiated is 8.05mW with a gain of 6.49 dB and
the directivity of 7.57 dB. Since the gain and the bandwidth
ban
are inversely related,
increasing the bandwidth reduces the gain.

Fig. 12. Return Loss (S
S11) of a Multilayer Microstrip Antenna.
Table 4.
4 Antenna Parameters.

4.2. Return losses using conformal
onformal transformation technique
The conformal mapping approach uses closed form expressions to derive the
resonant frequency for the general case of multidielectric layers. After the
transformation [1] and the frequency correction [8], the patch antenna with design
parameters of length L= 9.65 mm, width W= 11 mm, εeff = 2.211, the length and
the width of feed line 10 mm and 1.66 mm respectively, a resonant frequency of
7.505 GHz is obtained as shown in Fig. 13. Thus, a minor deviation of 5 MHz is
observed which is acceptable at high frequencies.
frequ
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Fig. 13. Simulation Results Showing Return Loss (S11).
Table 5. Antenna Parameters Showing
Power Radiated
adiated as 9.37 mW and gain 7.07 dB.

Table 6. Antenna Parameters
arameters for High Permittivity Substrate.

As shown in Table 5, a radiated power of 9.37 mw and a gain of 7.07 dB are
obtained. For substrates of high permittivity with heights of both the layers being
3 mm, permittivity of multidielectric layers 1 and 2 are taken as εr1= 6.15 and
εr2= 10.2 respectively. The results obtained are shown in Table 6. It can be seen
from the table that the power radiated is reduced to 4.55 mW, a 50% reduction as
compared to result obtained using low permittivity substrate based designs. It
can therefore bee inferred that by increasing substrate heights further we may
enhance the bandwidth but at the expense of the radiated power. Figure 14 shows
the polar plot of the antenna radiation in phi plane.
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Fig. 14. Polar Plot of E Field in Phi Plane.

5. Simulation Results using Finite
Finit Difference Time Domain (FDTD)
Approach
In the FDTD approach, differential form of Maxwell’s equation are cast in the finite
difference form and solved in the time domain [5]. The FDTD method defines the
propagation of an electromagnetic
electromagnet wave and the relationship between the electric
field and the magnetic field and with the
t usage of parallel processing of the 3D
FDTD method allows full time-domain
time
solutions with frequency information
extracted using Fast Fourier Transform techniques [9].
[9 This analysis is well suited
for microstrip antennas, as they provide very accurate results and can be used to
predict the response over a wide range of frequencies. In this technique, spatial as
well as time grid for the electric and magnetic fields are
ar generated over which the
solution is calculated. The E cells are aligned with the boundary of the configuration
and H fields are located between the E cells. Each cell contains information about
material characteristics and the cell excitation is based on
o Gaussian functions which
propagate along the structure. In this approach the discrete time variations of
Maxwell’s equations are calculated at the single input port of the network. FDTD
based model for the multilayer microstrip antenna is shown in Fig. 15 with
Gaussian pulse input shown in Fig. 16. The field and the formation of surface wave
of cells in the x and y directions are shown in Figs. 17 and 18 respectively.

Fig. 15. FDTD Modelled
odelled Multilayer Patch Layout - Top View.
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In Fig. 18, the reflected pulse is absorbed by the source and forms the surface
waves, which ultimately dies out with the depth of the medium. After
transformation bandwidth of a multilayer antenna is reduced by nearly 50% and
S11 improves as shown in Fig. 19.

Fig. 16. Gaussian Pulse at Time t = 35 ps.

Fig. 17. Showing Electric Field
ield Reflected from the Upper Substrate at t = 39 ps.

Fig. 18. Formation of Surface
urface Waves at the Interface at t = 141 ps.
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Fig. 19. Comparison of Return Loss (S
( 11) of a Multilayer
and its Transformed
ransformed Single Layer Microstrip Antenna.

6. Performance Improvement Using Cover Layer
In airborne applications for military roles, the frequency of operation of radiators is
likely to be detected by the enemy. It is therefore mandatory to change the operating
frequency of radiators. Redesigning the antenna for different frequency is a tedious
process. Instead a better option is to tune the antenna at some other desired frequency
by reconfiguring it with a cover layer
lay of different dielectric material in the existing
design proposed by the authors [10]. To protect antenna from wear and tear due to
harsh environmental conditions cover (superstrate) layer is provided in the microstrip
antenna operating for high frequency
frequen application. The biggest advantage of such a
superstrate layer is that it offers protection while maintaining the conformability and
low profile characteristics of the antenna. The superstrate layer may prove
advantageous or detrimental to the antenna radiation characteristics depending on the
thickness of the substrate as well as the relative dielectric permittivity [11]. It can also
be shown that by using the proper combination of materials and dimensions for
impedance matching, surface waves can be eliminated.
e
Cover layer plays a significant
role in improving gain or bandwidth. A major improvement in bandwidth was
observed by optimizing quality factor and using a cover layer of the same thickness
with low permittivity. Results obtained for the return loss S11 after using cover layer,
shown in Fig. 20, indicate an impressive increase in the impedance bandwidth.
Increase in the bandwidth is 7.5% of the centre frequency keeping all the parameters
optimized. Antenna parameters
rs obtained with cover layer are shown in Table 7 with
an improvement in the radiated power.

Fig. 20. Return Loss (S
S11) of a Multilayer Microstrip Antenna
with a Cover Layer
ayer of Thickness 1.5 mm and Permittivity 2.2.
Journal of Engineering Science and Technology

December 2012, Vol. 7(6)

Multilayer Microstrip Antenna Quality Factor Optimization for Bandwidth …. 771

Table 7. Antenna Parameters with Cover
Layer Showing Power Radiated as 9.727 mW.

7. Development of Prototype Multidielectric Antenna
Prototype of the designed multidielectric microstrip antenna fabricated is shown
below in Fig. 21 along with the measurement setup.

Fig. 21. Prototype Multidielectric Antenna with Measurement Setup.
For the designed frequency fr =7.5 GHz, the prototype antenna is observed to be
resonating at frequency fr =7.499 GHz, as can be seen in Fig. 22. However,
measured return loss S11= 22 dB is 3 dB below the result obtained based on ADS
simulation and FDTD analysis as shown in Figs. 22 and 23. The fall in return loss is
attributed to the increase in surface wave of the prototype antenna.
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Fig. 22. Return Loss (S11) Measurement of the Multidielectric Antenna.

Fig. 23. Enlarged View of the Return Loss (S11) of the Multidielectric Antenna.

8. Conclusions
Bandwidth enhancement procedure is proposed which emphasizes the importance
of quality factor optimization as a parameter to realize broadband applications.
After a series of analytical and graphical study of a multilayer microstrip antenna an
impedance bandwidth of 5.8% has been obtained with low permittivity substrates.
The bandwidth further improves to 7.5% by using a cover layer which is an
improvement over a conventional multidielectric layer antenna by approximately
30%. Realization of improved bandwidth with minimization of surface wave losses
is due to contribution of offset impedance matching employed in feeding technique.
Evaluation of reflection and surface wave losses for low permittivity substrate based
on FDTD analysis has been carried out by using MATLAB. Prototype
multidielectric antenna matched the designed resonant frequency and the return loss
is found to be closest to the simulated results.
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