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ABSTRACT

A dual frequency resonance antenna is proposed by
means of a rectangular microstrip patch antenna with
parasitic elements. Analysis is made using concepts
of circuit theory and the measured and theoretical re-
sults are compared with simulation results obtained
with IE3D simulation software. Error between exper-
imental and theoretical and simulated values is within
1.5% and frequency ratio of the simulated, theoretical
and experimental values is found to be 2.0.

Keywords: Rectangular microstrip patch (RMP),
gap coupled, parasitic elements, dual band.

1. INTRODUCTION

During the last decade researches in microstrip
patch antennas (MSAs) for dual band operations have
garnered interest in the �eld of wireless communi-
cations. The dual band MSAs have two resonating
bands that can be e�ciently used for transmission
and reception of signals. This interesting feature of
dual band MSAs encourages the researchers to design
study and analyze such type of antennas. First dual
band MSAs was proposed by Wang and Lo [1], al-
most after 100 years when for the �rst time German
scientist Heinreich Hertz propounded the concept of
�rst antenna. A large number of research papers have
been published on MSAs for dual band operation us-
ing di�erent nomenclatures, criteria for design and
analysis, shapes and for di�erent applications [2-20].

In last decade, the many developments in a mi-
crostrip patch have gone through in terms of de-
sign and applications such as dual-band antenna-in-
package with T-shaped slots [21], annular-ring mi-
crostrip antenna for GNSS applications [22], com-
pact dual-band GPS antenna design [23], wide-
band dual-beam U-slot microstrip antenna [24], dual-
band WLAN/UWB printed wide slot antenna for
MIMO/diversity applications [25], low pro�le an-
tenna for body centric communications [26], compact
notch loaded half disk patch antenna for dual band
operation [27], proximity fed gap coupled compact
semi-circular disk patch antenna [28], F-shape mi-
crostrip line fed dual band antenna [29], small-size
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LTE/WWAN tablet computer antenna [30], compact
2*4 MSA array [31], toppled H-shaped microstrip
patch antenna [32], proper use of meta materials have
enhanced the bandwidth and gain of microstrip an-
tenna without compromising its physical dimensions
[33], triple-band single-fed compact microstrip an-
tenna [34], multi-frequency monopole antennas that
is loaded with complementary meta-material trans-
mission line (CMTL) [35], multi-frequency comple-
mentary split ring resonators (CSRRs) [36]. All these
research paper published have their own limitations
such as complicated geometry, low gain, poor radi-
ation e�ciency, lack of theoretical analysis and the
experimental veri�cation of theoretical results.

In these view, simple microstrip antenna geome-
try is proposed using coplanar structures for dual
band operation. The proposed antenna is analyzed
using the concepts of circuit theory and method of
moments. The simulated results of proposed antenna
are compared with the theoretical and measured re-
sults.

2. THEORETICAL ANALYSIS

The geometry of proposed patch antenna is shown
in Fig.1(a) and 1(b). The fed patch is kept between
the two parasitic patches having equal dimensions
(L×W). Photograph of the proposed antenna is fab-
ricated and shown in Fig. 2. Radiating patch an-
tenna is excited by the 50 â�¦ coaxial connector. A
simple microstrip antenna is considered as a parallel
combination of resistance (R1), inductance (L1), and
capacitance (C1) and equivalent circuit of the given
patch is shown in �g.2. In �g. 3, element values R1,
L1 and C1 are given as [37-38],
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Where,
L - Length of rectangular patch
W - Width of rectangular patch
H - Thickness of the substrate material
Y0 - y coordinates of feed point
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(a)

(b)

Fig.1: Rectangular microstrip patch antenna with
parasitic elements (a) Top View (b) Side View.
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where c velocity of light in m/s, fr is resonating
frequency in Hz, εe and is e�ective permittivity of the
medium for W
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where εr is relative permittivity of the substrate ma-
terial andW is the width of patch and H is the height
of patch.

The parasitic element are excited through gap cou-
pling by fed patch, the value of capacitance (C2), in-
ductance (L2) and resistance (R2) for the identical
parasitic elements can be given as shown Fig. 3(b),

C2 = LWε0εε
2H ,

R2 = Q
ω2

rC2
and

L2 = 1
C2ω2

r

The analysis of the two gap coupled parasitic ele-
ment is based on gap structure in microstrip line and
corresponding equivalent circuit as shown in Fig 4.
The expression of gap capacitance Cg and plate ca-
pacitance Cp1 of the microstrip line can be calculated
in the following manner [39-40],

Cg = 0.5H ·Q · exp
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(a) Top view

(b) Back view

(c) Spectrum analyzer output

Fig.2: Fabricated antenna with spectrum analyzer
output.

(a)

(b)

Fig.3: Equivalent circuit (a) feed patch ( b) parasitic
patch.
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(a)

(b)

Fig.4: Equivalent circuits diagram (a) proposed an-
tenna and (b) modi�ed.
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Where, Q1, Q2, Q3 and Q4 are given as,

Q1 = 0.04598 {0.03 + (W/H)}Q4 (0.272 + εr · 0.07)

Q2 = 0.107
[
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CL is the terminal capacitance of the open cir-
cuited conductor is given as,

CL = Cll

√
εeff

Z0C
(7)

where Cll is the conductor extension length, εeff
is e�ective dielectric constant.

Cll = 0.412 (εe+0.3)(W/H+0.264)
(εe+0.258)(W/H+0.8)

Z0 is characteristic impedance of the patch, c is
the velocity of light.

Therefore, input impedance of the proposed an-
tenna of �g 3(b), is given by

Z = Za +
Zb · Zc

Zb + Zc
(8)

Where

Zb =
Zp

1+jω·2CP1

Za =
jωZP1(Cg+CP1)
ZP1+jω(Cg+CP1)

where Zp is the impedance of fed patch and Zp1 is
the impedance of parasitic patch and is given as,
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Using equation (8), it is possible to calculate the
total input impedance of the proposed antenna and
other antenna parameters such as re�ection coe�-
cient, VSWR and return loss as given

|Γ| = Z0 − Z

Z0 + Z
and S =

1 + |Γ|
1− |Γ| (9)

and the return loss is given as RL =20 log|Γ|.

3. DESIGN PRINCIPLES

In this work the microstrip patch antenna in its
basic form consists of a metallic radiating patch and
two parasitic patches. The length (L) and width (W )
of the patch antenna were calculated using equations
(1) and (10) which is given after [37-38].

W =
c

2fr

√
2

εr + 1
(10)

Frequency range for S band lies between 2 - 4
GHz and for C band it lies between 4-8 GHz. The
width and length of the patch was chosen so that the
resonating frequencies may lie in the vicinity of C
band and S bands respectively. Resonating frequen-
cies were so chosen so as to accommodate the fringing
capacitance as well. Normally when a parasitic patch
is placed along one side of main feed patch the band-
width of antenna increases, but with the increase in
frequency within the bandwidth, the beam maxima
tends to shift away from broadside which is undesir-
able for many applications.

In quest to obtain a symmetrical pattern along
broadside, identical parasitic patches are gap-coupled
to both radiating edges so that there is same phase
delay for both the parasitic patches and the overall
pattern of three patches will be superposition of the
individual pattern and tends to remain symmetrical
with the broadside direction [37]. Design speci�ca-
tions of the proposed antenna are tabulated in Table
1.

4. RESULTS AND DISCUSSION

Return loss and VSWR measurements provide
same information about the bandwidth and in the
present work information of bandwidth has been pro-
vided by return loss measurements. A comparison be-
tween theoretical, measured and simulated result of
return loss measurements is presented in �g. 5. Sim-
ulated results have been obtained using IE3D simula-
tion software [41] from Zealand. It is observed from
�g. 4 that theoretical, simulated and measured re-
sults are in close agreement. It is found that, the the-
oretical, simulated and measured values of lower res-
onance frequencies are 2.375 GHz , 2.4375 GHz and is



42 ECTI TRANSACTIONS ON ELECTRICAL ENG., ELECTRONICS, AND COMMUNICATIONS VOL.16, NO.1 February 2018

Table 1: DESIGN SPECIFICATIONS OF RMPA

Length of the patch and 42 mm.parasitic patches
Width of the patch and 14 mm.parasitic patches
Distance between feed and 1.5 mm.parasitic patches (g)
Feed point(X0,Y0) of (0,18) mm.the fed patch
Dielectric constant of (ε) 4.4FR-4 substrate
Thickness of substrate (H) 1.6 mm.

E�ective dielectric constant 3.86
(calculated)

2.5 GHz respectively. In case of upper resonance fre-
quencies theoretical and simulated values are found to
be 4.875 GHz and measured value is 5.0 GHz. From
the above results it can be safely concluded that in
case of the lower resonance frequencies, there is a dif-
ference of only 1.4% between theoretical and simu-
lated value, 1.5% between theoretical, simulated and
measured value. In case of upper resonance frequen-
cies, less than 1% error is found between the theoret-
ical, simulated and measured value. Frequency ratio
between upper and lower resonance frequencies for
theoretical, simulated and measured values is nearly
2.0. The di�erence in theoretical, simulated and ex-
perimental values is attributed to the process of fabri-
cation, mechanical tolerances and method of analyses
employed in this case. However, at -10 dB di�erence
can be observed between theoretical, measured and
simulated values of bandwidths. This di�erence in
bandwidth can be attributed due to several approxi-
mations and assumptions in calculation of fringe ca-
pacitance, extension length, loss tangent and e�ective
dielectric constant for the chosen dimensions of the
patch. The bandwidth in theoretical model is larger
than that of measured and simulated results. Ap-
proximations made in equivalent circuit model analy-
sis further accounts for di�erence in bandwidth which
depends on quality factor which in turn in determined
by the element values of the proposed equivalent cir-
cuit. IE3D simulator uses moment method solutions
and it has been reported [42] that resonant frequen-
cies predicted by moment method solutions are closer
to measured values whereas the bandwidth predicted
by moment method solutions are not so accurately
predicted. Single feed patch antenna, antenna with
parasitic patches on each sides were simulated using
IE3D but multiband operation in such simulations
was absent. The proposed antenna with parasitic
patches on both sides with gap yielded two resonat-
ing frequencies below -10dB and is suitable for C and
S band frequencies.

Fig. 6 (a) shows the simulated result of return loss

Fig.5: Measured, theoretical and simulated return
loss |S11|.

with frequency of di�erent substrate materials (glass
epoxy, bakelite, RT duroid and foam). It is observed
as the dielectric constant decreases from 2.2 to 1.0,
upper resonance frequency is shifting towards lower
side and as the dielectric constant increases from 2.2
to 3.02, upper resonance frequency is shifting towards
higher side.

Fig.6 (b) shows the simulated result of return loss
with frequency for FR-4 substrates of varying height
(height varies from 0.2 to 1.6 mm). It is observed
that on increasing the height form 0.2 to 1.6 mm, a
shift in the lower and upper resonance frequency is
observed. As the thickness of the substrate increases
the impedance loci tends to become more inductive
[42]. Inductive shift is primarily caused by thick sub-
strate and it is one of the primary reasons for shift in
resonating frequencies. It is observed the RT Duroid
dielectric material give good result at 1.6 mm height.

Figs.7 (a) and (b) depicts the simulated and mea-
sured radiation pattern at 2.5 GHz and 5 GHz re-
spectively for the proposed antenna. The radiation
patterns are found to be linearly polarized at the two
operating frequencies. It has been reported [43] that
in structures such as shown in �g. 1(a) sides desig-
nated as `L' rarely contribute to the gain of antenna.
The antenna structure was simulated and the analy-
sis of radiation patterns reveals that at both the res-
onating frequencies gains of the antenna is su�ciently
good and the patterns obtained are fairly broad.

Figure 8 show the gain of the proposed antenna.
It is observed that simulated and measured are in
closed agreement. The gain of the antenna at higher
and lower frequencies is 8.05 dBi and 4.46 dBi.

5. CONCLUSION

The proposed design of dual band microstrip an-
tenna is useful for operation in S-band and C-band
frequencies. The results are analyzed using the con-
cept of circuit theory and method of moments. It has
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(a)

(b)

Fig.6: Simulated |S11| vs. frequency for (a) materi-
als of di�erent dielectric constants and (b) for di�er-
ent substrate (FR-4) heights (in mm).

been found that the theoretical, simulated results and
measured results are in close agreement. The error
is within 1.5 % between theoretical, simulated and
experimentally observed values of upper and lower
resonance frequencies The radiation pattern reveals
fairly broad pattern which makes the antenna useful
in the mentioned bands. The designed antenna can
be mounted on vehicles or any wireless equipment op-
erating between the speci�ed frequencies.
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