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communications. Further, the work is extended to introduce
SRR in the ground surface to enhance the patch performance
characteristics. The proposed model is designed to operate at
two different operating bands in GSM and S-band standards
with sufficient gain characteristics suitable for various
applications.

Abstract: The paper presents a novel dual-band patch working
at GSM band and S-band. The patch encompasses a rectangular
radiator coupled with a parasitic patch in the coplanar region and
a split ring resonator in the ground region. The patch is analyzed
numerically and is synthesized using the HFSS simulator. Finally,
the performance characteristics of the model are measured and
are compared with numerical and simulated results. The patch
gives two different bands at 950MHz and 2.3GHz and gives -10dB
impedance bandwidth in the lower band from 950MHz -1GHz and
higher band from 2.275GHz – 2.325GHz. The patch also
accomplishes a gain of 4.74dBi in the effective band 1 and 4.02
dBi in the operating band 2.

II. PATCH DESIGN PRINCIPLES

Keywords: Dual Band, Energy harvesting, microstrip patch,
rectenna, rectifier.

I. INTRODUCTION
Microstrip patches are mostly extensively used in wireless
devices due to its less weight, ease of fabrication and better
design optimization solutions [1]-[2]. It ranges from linear
polarized [3] to circular polarized [4] patches, narrowband to
ultra-wideband patches. This patch plays a crucial role in
radar systems, satellite communications, military, and
airborne communications and remote sensing applications. In
general, the patches are fed by different techniques including
coaxial fed, aperture coupling [5], microstrip line feed [6],
the inset fed, proximity coupling [7], L feed [8] each having
different advantages and its limitations. Recently graphene
are also used to enhance antenna capabilities [9]. Dual-band
patches are much more popular due to their ability to generate
a strong signal in two bands which are much required in
mobile communications systems. These patches have very
sharp dual bands targeting only operating frequencies in the
desired applications and also these bands are separated
significantly from each other to avoid co-channel
interference. These properties make dual-band patches are a
stable and easy way to connect with other devices. Most of
the paper discussed above lacks numerical analysis of the
model and hence there is a need for systematic analysis of the
patch model at each stage.
In the proposed work the most widely used rectangular
patch is taken and is analyzed step by step through numerical
equations to interpret the performance characteristics of the
patch. It is then coupled with parasitic patch to induce
additional band for wide applications including satellite

(a)

(c)
Fig. 1.(a) Rectangular patch patch (b) Rectangular patch
patch with a parasitic patch (c) Proposed patch patch
with SRR
The patch comprises of three stages. Initially, a simple
rectangular patch as exposed in Fig. 1(a) is designed and its
performance metrics are analyzed using HFSS. The second
stage involves the introduction of a parasitic patch as exposed
in Fig. 1(b) with a rectangular patch and its effects over the
rectangular patch is studied. Finally, a slip ring resonator
(SRR) is etched on the ground region as exposed in Fig. 1(c)
is designed and the overall performance metric is studied. All
the three patch models are considered on low loss substrate
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with a permittivity of 2.65 and a loss tangent of 0.0015
with a thickness of 1.5mm. The entire model is designed on a
single-layer substrate to make the patch less complex and
feasible to integrate with other RF components. The patch is
fed by an inset fed (50ohm) technique to make more control
over patch impedance matching.
III. NUMERICAL ANALYSIS

Fig. 4.RLC circuit model for Gap Capacitance

The RLC circuit for a rectangular patch can be realized
with RLC components terminated with input impedance Zp
as depicted in Fig. 2.
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Where

.
Fig. 2.RLC Circuit of Rectangular patch
The Corresponding RLC values of the radiator can be
derived from equations specified below

.
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Finally, the RLC circuit model for the feed is depicted in
Fig. 5. The line is terminated with impedance ZL. The Land
Components of the feed line is derived from equation (6)-(7)

.
Where L, W, H are the Patch length, width, thickness, and
X0- feed point location. The permittivity of the medium is
taken as εr. The RLC model of parasitic patch coupled with
the rectangular radiator is depicted in Fig. 3. The RLC
components for the parasitic element is derived as same as
rectangular radiator RLC components using equations
(1)-(3). The RLC circuit is terminated with an input
impedance of Zpp.

Fig. 5.RLC circuit model for Feedline

Fig. 3. RLC circuit model for parasitic patch

(6)

Between the patch element and the parasitic element, there
exists a gap region, which adds a capacitive effect over the
patch circuit. The RLC model for the overall capacitance
value resulted from the gap region is depicted in Fig. 4 and is
derived using equation (4)-(5) given below
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Where CL is the Feedline capacitance and LL is the feed
line inductance. The overall RLC model for the proposed
patch is depicted in Fig. 6.
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Fig. 7.Effect of substrate thickness (H) on reflection
coefficient (dB)

Fig. 6.RLC circuit of proposed model
In general, the resonant frequency is derived from equation
(8)

Fig. 8 shows the effect of feed line width (Ws) over the
patch impedance bandwidth. It is observed that with a rise in
patch substrate thickness moves the operating band (both
lower and the upper band) towards lower resonating regions.
This is due to the effect of capacitance CL over patch
frequency bands as both are directly proportional to each
other.

(8)
Where
is the effective realized length and
is the
effective realized permittivity of the substrate or the medium
whose value are given below.

The Characteristic impedance and the input impedance
of the patch is given in equation (9)-(10) given below.
(9)

(10)

Based on the above equations, the performance
characteristic metric such as reflection coefficient, VSWR
and return loss are deduced using the equations given below.

Fig. 8.Effect of feed line width (Ws) over the reflection
coefficient (dB)
Fig. 9 shows the result of feed length (Ls) over the patch
reflection coefficient. It is observed that with an increase in
patch substrate thickness moves the operating band (both
lower and the upper band) towards higher resonating regions.
This is due to the effect of Ls over patch frequency bands as
both are inversely proportional to each other.

IV. PARAMETRIC ANALYSIS OF THE PROPOSED
PATCH
Analysis of antenna design parametric dimensions is
carried to determine the result of design restrictions over
patch performance metrics. Fig. 7 depicts the effect of
substrate thickness over the patch impedance characters. It is
observed that with a rise in antenna substrate thickness moves
the operating band (both lower and the upper band) towards
higher resonating regions.
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Feedline Length (Ws)
Feedline Width (Ws)
Gap region (G)
Notch_width (WN)
Notch_length(LN)
SRR thickness (ST)

22.5mm
4mm
4mm
2.74
7.24
0.5mm

Fig. 11. Comparison of the proposed patch with other
patch models.
The proposed patch model is designed using HFSS and is
simulated. The resultant output is compared with both
numerical and experimental results. Fig. 11 shows the
impedance curve for a rectangular radiator patch model with
a parasitic model without SRR and proposed a model with
SRR. It is witnessed that the patch functions at two different
bands at 950MHz and 2.3GHz. The model gives -10dB
impedance bandwidth in the lower band from 950MHz
-1GHz and a higher band from 2.275GHz – 2.325GHz.

Fig. 9.Effect of feed line length (Ls) over the reflection
coefficient (dB)
Fig. 10 shows the effect of the Gap region (G) over the
reflection coefficient (dB). It is observed that change in gap
regions swings the patch band (both upper and lower band)
between two ends of the operating frequency regions.

Fig. 10. Effect of Gap region (G) over the reflection
coefficient (dB)

Fig. 12. Impedance characteristics of the patch.

V. RESULTS AND DISCUSSIONS

Fig. 12 shows the comparison of -10dB impedance
bandwidth curve observed from simulated, numerical and
experimental results. It is inferred that the impedance
bandwidth curve obtained from simulated, numerical and
experimental results is closely matched with each other.
The radiation characteristic of the patch is simulated and
are validated. The resultant radiation pattern is given below.

Base on the above equations discussed in numerical
analysis and parametric analysis, the RLC values of the patch
design are given in Table I.
Table I. Patch design dimensions
Parameter
Specifications
Substrate Height (H)
1.5mm
Permittivity (εr)
2.64
SLoss Tangent (tanδ)
0.0015
Patch width and Parasitic width (W)
23mm
Patch Length and Parasitic Length (L)
58mm
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Fig. 13 shows the radiation shape for the E and H plane
corresponding to 950 MHZ (Band 1). The plot displays the
relationship of both simulated and measured pattern. It is
inferred that the patch gives an omnidirectional pattern for
the E plane and doughnut shape pattern for the H plane in
working band 1 with a gain of 4.74dBi.

communication for both uplink and downlink data transfer
processes.
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Fig. 14. Radiation pattern for band 2.
VI. CONCLUSION

methods.

The paper presents a novel dual-band patch loaded with
SRR resonators. The patch is excited by 50-ohm inset fed and
is designed on the single-layer substrate. The patch resonates
at two different bands at 950MHz and 2.3GHz and gives
-10dB impedance bandwidth in the lower band from
950MHz -1GHz and higher band from 2.275GHz –
2.325GHz. The patch also achieves a peak gain of 4.74dBi in
the operating band 1 and 4.02 dBi in the operating band 2.
The proposed design can be used for modern satellite
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