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ABSTRACT: A gap-coupled design of elliptical shape microstrip antennas for wideband circularly polarized response is proposed. The
wideband nature of the response is attributed to the gap-coupling between the orthogonal resonant modes on the fed and parasitic elliptical
shape patches. With the total substrate thickness of 0.11λcAR, the gap-coupled antenna offers the reflection coefficient bandwidth of
784MHz (55.68%) that includes circularly polarized bandwidth for axial ratio ≤ 3 dB of 542MHz (35.82%). The antenna offers a
broadside radiation pattern across the bandwidth, with a peak gain larger than 10 dBi. A design methodology to realize a similar gap-
coupled antenna in a different frequency range is presented that yields similar wideband results. With the obtained antenna characteristics,
the proposed designs will find applications in GPS L and GSM 900 frequency bands. An experimental verification for the obtained
simulated results is carried out, which provides a close agreement.

1. INTRODUCTION

Owing to themany advantages like low profile planar config-
uration, microstrip antenna (MSA) findsmany applications

in wireless communication systems [1, 2]. In wireless applica-
tions that employ line of sight mode of propagation between the
transmitter and receiver, the fading of signal is a major concern.
Of the many reasons that lead to a signal fading or fluctuations
in the received power level, multi-path propagation plays a ma-
jor role [3]. This effect arises as multiple paths for the RF sig-
nal are present between the transmitter and receiver. Different
paths cause changes in the direction of polarization of transmit-
ted wave as it arrives at the receiver antenna. If the polariza-
tion of incident wave and polarization of receiver antenna do
not match, then signal loss is observed. To address this, circu-
larly polarized (CP) antennas are selected as they can receive
the signal from any orientation of the incident wave [3]. The
MSA provides an optimum solution for CP response, as suit-
able modifications in the patch shape and the feed position, and
achieves the CP response. In this line ’same’ refers to ’CP char-
acteristics
In MSA CP response is achieved either by cutting narrow

slots inside the patch or by placing the open circuit stub on
the patch edges [4–6], or by placing the shorting post at an ap-
propriate position on the patch [7, 8], or by employing a mod-
ified shape of the radiation patch to excite orthogonal resonant
modes [9, 10], or by cutting a resonant U-slot or a pair of rect-
angular slots inside the patch [11–15], or by employing MSA
backed by a modified ground plane structure [16–18]. In these
methods, either efficient microwave substrate or air suspended
patch is used. These single patch designs offer the antenna gain
of 5–8 dBi with axial ratio (AR) bandwidth (BW) of 2–6%. In
the event of interference or signal jamming, dual-band CP an-
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tennas are needed. The dual-band CP response is achieved ei-
ther by employing parasitic resonators [19, 20] or by embed-
ding multiple slots inside the MSA [21]. But in dual-band CP
designs, broadside gain varies over the two bands. The wide-
band CP designs offering AR BW > 15% can cater to multi-
ple wireless applications residing in the adjoining/nearby fre-
quency spectrums, e.g., GPS L bands, Galileo E bands, and
GSM band. To increase the AR BW and gain, either modi-
fied patch shapes with multiple resonant slots are cut inside
the patch [22, 23], or multiple parasitic patches are employed
in the planar or stacked layer [14, 24–29]. For wideband res-
onant slots cut CP designs, gain is not achieved in the broad-
side direction [22], or substrate thickness of nearly 0.2λcAR is
needed [23]. The CP MSAs obtained using parasitic patches
does not offer higher AR BW and gain in all the designs. In
some of those configurations, antenna size is large, or they do
offer AR BW in the range of 20%, but it does not completely
cover the practical applications mentioned above, lying in the
adjoining frequency bands.
In this paper, a gap-coupled design of elliptical shape MSA

(EMSA) with parasitic elliptical shape patches is proposed for
wideband CP response. An elliptical patch is chosen using the
offset feed location, and orthogonal resonant modes are easily
excited on the fed patch. Further resonant modes on the ellipti-
cal patch are similar in distribution to that of the circular MSA
(CMSA) [1, 2]. Due to this, the fed elliptical patch will provide
rejection to the harmonic frequency as supplied by the input ra-
dio frequency (RF) source. Initially, with the total substrate
thickness of 2.16 cm (0.097λcAR), EMSA excited using the
offset position of the proximity feed provides CP response. It
yields simulated reflection coefficient (S11) ≤ −10 dB BW of
780MHz (53.6%) that includes AR BW for ≤ 3 dB of 86MHz
(6.52%). As the paper deals with a CP design, electrical thick-
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ness of the substrate is expressed in terms of the wavelength
(λcAR) at the center frequency of AR BW. A single elliptical
patch yields a broadside radiation pattern with a peak gain of
8.1 dBi. To enhance the AR BW and gain, simpler gap-coupled
technique is employed, and elliptical shape patches were gap-
coupled along x and y co-ordinate axes of the fed EMSA. To
obtain a symmetrical gap-coupled design, patches were coupled
along both the axes. A parametric study was carried out to opti-
mize the AR BW. An optimum gap-coupled design of EMSAs
with patches along x- and y-axes offers S11 BW of 784MHz
(55.68%), which includes AR BW of 542MHz (35.82%). The
antenna offers broadside radiation characteristics across the en-
tire S11 BW with a peak gain more than 10 dBi. The gap-
coupled design offers almost six times increase in % AR BW
with nearly 3 dBi increase in the peak gain. Design methodol-
ogy to realize a similar gap-coupled wideband CP antenna in
a specific frequency spectrum is presented. The antenna is de-
signed using the same to cover the entire GPS L band (L1, L2,
L3, L5) and GSM 900MHz frequency band. The redesigned
wideband CP antenna shows similar AR BW and gain charac-
teristics, and a single design caters to the complete frequency
spectrum of the said application. To highlight the technical nov-
elty in the proposed work, detailed comparison of the proposed
design against reported narrow andwideband CP designs is pre-
sented. It reflects that, in terms of the technique used, antenna
volume, AR BW, and peak gain, the proposed design offers
an optimum solution. In the proposed work, although the re-
ported method of parasitic patches is employed for the BW im-
provement, present work initially selects an elliptical patch that
provides harmonic frequency rejection for the input RF source.
Further for the antenna volume of the gap-coupled structure, the
achievedARBW ismore than 32%, which is substantially large
as against the reported gap-coupled CP antennas. Also, with
this BW, a single antenna can cater to many frequency bands
of given wireless applications. These are all the new contribu-
tions in the proposed gap-coupled design. The gap-coupled an-
tenna response is initially optimized using CST software [31],
followed by experimental verifications. In the experimentation,
RF instruments namely ZVH-8, FSC 6, and SMB 100A were
used. A good agreement is obtained between the simulated and
measured results.

2. GAP-COUPLED DESIGN OF EMSA WITH PARA-
SITIC EMSAS
Gap-coupled design of proximity fed EMSAwith parasitic EM-
SAs placed along the two co-ordinate axes is shown in Figs. 1(a)
and (b). The design initiates an elliptical patch fed using the
proximity strip. The EMSA is fabricated on an FR4 substrate
(εr = 4.3, h = 0.16 cm), which is suspended above the ground
plane using an air gap of thickness ha cm. A square proximity
strip of length Ls cm is placed below the patch at thickness of
hs cm and for the co-ordinates as xf , yf cm, as mentioned in
Figs. 1(a) and (b). For the total substrate thickness of 2.16 cm
(ha = 2.0 cm) and TM11 mode frequency of 1200MHz, patch
radius ‘a’ is calculated by using Equation (1). Resonant field
distributions in elliptical patch are similar to that of circular
MSA. Hence, the frequency equation for circular patch is used.

(a)

(b)

(c) (d)

FIGURE 1. (a), (b) Proximity fed EMSA gap-coupled with parasitic
EMSAs, (c), (d) average and vector surface current distribution at or-
thogonal modes for proximity fed EMSA.

For the elliptical patch, this TM11 mode frequency is for the
patch radius along horizontal axis (TM11h) as mentioned in
Fig. 1(a). The effective dielectric constant (εre) for the above
substrate parameters is calculated by using Equation (2).

a =
(
Kmnc/2f11π

√
εre

)
− 0.9 (h+ ha) (1)

εre =
εr (h+ ha)

h+ haεr
(2)

whereKmn = 1.84118, c = 30, frequency is specified in GHz
in the above equation, and thus ‘a’ is calculated in cm.
The radius ‘a’ is calculated to be 5.2 cm. By employing para-

metric study for the orthogonal radius ‘b’ of the elliptical patch,
which governs TM11v mode frequency and the proximity feed
parameters, EMSA is optimized for the CP response. The CP
response in EMSA is attributed to the optimum inter-spacing
between the TM11h and TM11v resonant modes at which sur-
face currents are orthogonal as mentioned in Figs. 1(c) and
(d). Antenna dimensions in the elliptical patch CP design are
b = 4.1, hs = 1.8, Ls = 1.5, xf = 2.4, yf = 2.2 cm.
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(a) (b)

(c) (d)

FIGURE 2. (a)–(d) Resonance curve and AR plots showing variations in orthogonal mode frequencies and respective AR values for the gap-coupled
design of EMSAs along y and x-axis.

The EMSA yields simulated S11 BW of 780MHz (53.6%),
which includes AR BW of 86MHz (6.52%). The antenna of-
fers broadside radiation pattern with a peak gain of 8.1 dBi. To
increase the AR BW and gain of the elliptical patch, multi-
resonator gap-coupled design is used, and elliptical patches of
same radius as that of fed patch are coupled along the x- and
y-axes as mentioned in Fig. 1(a). The parameters that control
the AR BW in the gap-coupled design are frequencies of the or-
thogonal modes across all the patches, angular separation of the
parasitic patch with respect to fed patch axis, and the spacing
of parasitic patch with reference to the fed elliptical patch. As
orthogonal modes need to be excited on the parasitic patches,
angular displacement of parasitic patch with reference to fed
patch axis is needed.
For the same patch radius in all the gap-coupled and fed EM-

SAs, initially parametric study for variation in angular separa-
tion between the fed and parasitic patches is carried out. The
simulated resonance curve and AR plots for them are shown in
Figs. 2(a)–(d). Initially, patches only along y-axis were con-
sidered, and later patches along x-axis were added in the gap-
coupled configurations. In Figs. 2(a) and (b), plots are shown
for single patch and with patches added along y-axis, which
are provided with an angular displacement of angle θy , with
reference to the fed patch axis. With the addition of patches
along y-axis, orthogonal resonant modes are added in the gap-
coupled design, but configuration yields dual or triple band CP
response, as noted from the AR curve. The objective of this

study is to provide a wideband solution, and hence, individual
multi-band CP response, which could have been obtained with
the patches along y-axis, was not persuaded further. In addition
to the angular variation, parametric variations were also carried
out against variation in parasitic patch radius and spacing of
the same with respect to fed patch. But none of these variations
resulted in wideband CP characteristics supported with an ap-
propriate impedance matching. In the gap-coupled design with
patches along y-axis and for θy = 45◦, identical radius ellipti-
cal patches were added along the x-axis. As the frequencies
of the patches along x-axis are not different, additional res-
onant peaks are not observed in the resonance curve, but an
impedance variation at them is noted as shown in Figs. 2(c)
and (d). The impedance at the resonant modes decreases below
50Ω, and the AR value decreases below 3 dB over a wide fre-
quency range, with an increase in angle θx for the patches along
x-axis.
In the above plots, positive value of the anglementioned indi-

cates the rotation in anticlockwise direction, whereas negative
value of the angle indicates that rotation is in the clockwise di-
rection. As noted from the above plots, for equal patch radius
and θy = 45◦, θx = −50◦, wideband CP response for AR less
than 3 dB is achieved.
For the optimumCP designwith patches along x- and y-axes,

various antenna parameters are ha = 2.0, h = 0.16, a = 5.2,
b = 4.1, gx = 11.0, gy = 9.3, hs = 1.8, Ls = 1.5, xf =
2.4, yf = 2.2 cm, and results for them are provided in Figs. 3–
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(a) (b)

(c) (d)

(e) (f)

FIGURE 3. (a) S11 & AR BW and gain plots, (b) S11 BW measurement setup, (c)–(h) E-field polarization plots over the AR BW, for gap-coupled
variation of EMSAs along x and y-axis.

5. A square ground plane of side length 50 cm is used in the
simulation and measurement, and the antenna is fed using an
N-type connector of 0.32 cm inner wire diameter.
The simulated and measured BWs for S11 ≤ −10 dB are

784MHz (55.68%) and 801MHz (56.78%), respectively. The
antenna offers simulated and measured AR BWs of 542MHz
(35.82%) and 534MHz (35.81%), respectively, and it offers the
peak gain of more than 10.5 dBi. Over most of the S11 and

AR BW, the antenna gain remains above 6 dBi. Polar radia-
tion pattern plots showing right-hand CP (RHCP) and left-hand
CP (LHCP) fields towards the band edge frequencies of the AR
BW shows the dominance of LHCP radiation. The RHCP com-
ponent is more than 10 dB lower than the LHCP component.
This shows that antenna radiates LHCP wave. With respect to
the observer, time varying surface current distribution rotates in
clockwise direction. But with respect to the antenna as a radi-
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(a) (b)

(c) (d)

FIGURE 4. (a)–(d) Time varying surface current distribution at the cen-
ter frequency of the AR BW for gap-coupled design of proximity fed
EMSAs along x and y-axis.

ator, the same will appear anti-clockwise in the direction, thus
realizing LHCP response. The orthogonal field magnitudes and
their phase plots as picked up by the orthogonal probes in the
far-field region are shown in Fig. 5(a). As can be noted, over a
wide range of frequencies,Ex andEy plots are nearly the same
in magnitude. Over the same range, Φy either leads Φx by 90◦
or lags by 270◦. With reference to the antenna as a radiator,
this phase difference gives LHCP signal. Thus, simulated and
measured field polarization plots, time varying surface current
distribution and orthogonal E-field magnitude and their phase
plots shows the wideband nature of the CP response offered by
the gap-coupled antenna. Radiation pattern, AR BW and gain
measurement setup is shown in Fig. 5(b). In these measure-
ments, reference wideband high gain horn antennas are used.
A minimum far-field distance between the antenna under test
(AUT) and reference horn antenna is calculated with reference
to the highest frequency of the S11 BW. As seen from the setup,
around the desk and in the line of sight of the measurement,
metallic objects are not present. The distance of surrounding
walls with reference to the central measurement desk is more
than eight times of the operating wavelength, calculated with
reference to the lowest frequency of S11 BW. All these details
ensure the measurement in laboratory as close as possible to the
ideal environment present in the anechoic chamber. The radi-
ation pattern is measured in far field in the two polarizations,
i.e., vertical and horizontal. Further, by using the conversion
equations [32], right- and left-hand field components are eval-
uated. For better accuracy, three-antenna method is used in the
gain measurement.
A gap-coupled CP configuration with EMSA coupled only

along x-axis was also studied. This gap-coupled antenna does
not give wideband CP characteristics, and hence their results
are not discussed. To explain the generation of wideband CP
response with the addition of parasitic patches along x- and y-

axes, surface current distributions for single elliptical patch and
gap-coupled patches are studied as shown in Figs. 6(a)–(e). The
surface current distribution is shown at a single frequency over
the AR BW at a given instant of time for the patches either
along x- or y-axis, whereas the same is shown at given time
instant at two frequencies over the AR BW in the configura-
tion with patches gap-coupled along x- and y-axes. With the
addition of parasitic patches either along x- or y-axis, orthogo-
nality of surface current components over the effective antenna
aperture is not achieved, and due to this wideband CP response
with patches along x or y-axis is not obtained. Against this,
with patches along x- and y-axes together, surface current or-
thogonality across the elliptical patches is maintained over a
wide frequency range that achieves a wideband CP response.
The antenna size does increase with the patches along x- and
y-axes together, but a substantial increase in the AR BW and
peak gain is noted.

3. DESIGN METHODOLOGY FOR WIDEBAND GAP-
COUPLED CP EMSA
The proposed gap-coupled design of proximity fed EMSA dis-
cussed above yields more than 32% of AR BW. This value is
quite large as the said BW can cater to multiple adjoining wire-
less applications. In this regard, this section presents the de-
sign methodology to realize a similar gap-coupled antenna as
per the specific wireless applications. In addition to the res-
onance frequency formula for circular (elliptical) patch, vari-
ous frequency and dimensional relations, which are present in
the above gap-coupled design are used in the design method-
ology. The methodology is initiated by specifying the center
frequency of the AR BW, fcAR. This frequency can be as per
any given wireless application. Using the frequency relation as
mentioned in (3), TM11h mode frequency of the proximity fed
elliptical patch is calculated. The total substrate thickness for
the gap-coupled antenna is calculated using Equation (4).

f11h = fcAR/1.274 (3)

ht = 0.0874
(
30/f11h

√
εre

)
(4)

This thickness (ht) equals air gap thickness plus the substrate
thickness. Initially, air gap thickness is not available, and thus
the value of εre is not available to start with. Hence, the initial
approximation of εre = 1.06 is considered. This approxima-
tion is based on the value of εre as present in the above optimum
design, for the mentioned substrate parameters. From Equa-
tion (4), ht is obtained, and for FR4 substrate (h = 0.16 cm),
ha is calculated as ha = ht − h. In most of the cases, this
will yield a non-integer and thus a practically not realizable
number. Hence, this value is rounded off to the nearest inte-
ger number for which air gap thickness is realizable. Later for
this air gap and substrate parameters, εre is recalculated using
Equation (2), and it is used in all further calculations. The ellip-
tical patch radius along the horizontal axis ‘a’ is calculated by
using Equation (5), and further, patch radius along the vertical
axis is selected as b = 0.79a. The radius of all the parasitic
patches is the same as that of the fed EMSA. Along the x- and
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(a)

(b)

FIGURE 5. (a) E-field magnitude and phase plots and (b) gain measurement setup for gap-coupled design of proximity fed EMSAs along x and
y-axis for wideband CP response.

y-axes, parasitic EMSAs are placed at a distance of 5.093ht

and 4.305ht, respectively, with respect to the fed EMSA. The
proximity strip parameters are selected as hs = 0.073λg11h,
Ls = 0.073λg11h, xf = 0.073λg11h, yf = 0.073λg11h. Here,
λg11h is the wavelength at TM11h mode frequency as calcu-
lated using Equation (6). The units of frequency and antenna
dimension mentioned in all the equations are in GHz and cm,
respectively

a =
(
30Kmn/2f11hπ

√
εre

)
− 0.95 (h+ ha) (5)

λg11h = 30/f11h
√
εre (6)

Using the above design methodology, gap-coupled configura-
tion of EMSAs is designed to cover GSM frequency band (820–
1120MHz) with the center frequency around 980MHz and
GPS L band (1160–1590MHz) with center frequency around
1370MHz. An air suspended FR4 substrate is used in both the
designs. For the GSM band, various antenna parameters are
ha = 3.2, h = 0.16, a = 8.0, b = 6.3, gx = 17.1, gy = 14.5,
hs = 2.8, Ls = 2.35, xf = 3.7, yf = 3.4 cm, and results for
them are provided in Figs. 7(a) and (b).
The gap-coupled proximity fed EMSA offers simulated

and measured S11 BW of 477MHz (52.16%) and 497MHz
(54.53%), respectively. The CP AR BWs for ≤ 3 dB observed
in the simulation and measurement are 293MHz (29.73%)
and 296MHz (30.3%), respectively. The antenna offers a
broadside radiation pattern across the complete AR BW with a
peak gain of 10 dBi. The center frequency of AR BW observed
in the simulation is 985MHz, which is close to the initial
selected frequency of 980MHz. For the GPS L-band, various
antenna dimensions are ha = 2.2, h = 0.16, a = 5.7, b = 4.5,
gx = 12.0, gy = 10.1, hs = 2.0, Ls = 1.65, xf = 2.65,
yf = 2.4 cm. Proximity fed gap-coupled EMSA for GPS

L-band offers simulated and measured S11 BW of 721MHz
(56.88%) and 732MHz (57.05%), respectively. The AR BWs
observed in the simulation and measurement are 470MHz
(33.93%) and 482MHz (34.03%), respectively. The center
frequency of the AR BW observed in the simulated result is
1385MHz, which is very close to the initially selected value
of 1370MHz. This antenna covers the entire GPS L-bands,
i.e., L1, L2, L3, and L5. Gap-coupled antenna covering GPS L
frequency bands offers broadside radiation pattern with a peak
gain of more than 10 dBi. With the achieved AR BW of more
than 30% and unlike the reported wideband gap-coupled CP
antennas, the proposed design can cover many of the adjoining
frequency spectrums of the same wireless application and thus
provides a single antenna solution. The antenna gain is also
large enough to cater to the practical application requirements.
The following section provides a detailed comparative analysis
against the reported CP MSAs to show the technical novelty in
the proposed configuration.

4. RESULTS DISCUSSION AND COMPARATIVE
ANALYSIS
This section compares the performance of gap-coupled prox-
imity fed EMSA against the reported narrow and wideband CP
MSAs. The comparison is presented for the measured S11 and
AR BW against the peak gain and the antenna volume, i.e.,
patch area (AP ) and total substrate thickness (ht). The tabu-
lar comparison is presented in Table 1.
The CP designs discussed in [5–8, 10] are optimized on a

thinner but efficient microwave substrate. Due to this, MSA
offers narrow AR BW. The modified triangular patch design
discussed in [9] employs overlap patches and thicker substrate
but offers only 6% of AR BW. The resonant slots cut design
for CP response is the optimum configuration as single patch
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(a)

(b)

(c)

(d) (e)

FIGURE 6. (a)–(e) Surface current distribution over the AR BW for single elliptical patch and gap-coupled variation of elliptical patches.

(a) (b)

FIGURE 7. (a) S11 & AR BW and gain plots and (b) S11 BW measurement setup with fabricated antenna for proximity fed EMSAs design to cover
GSM 900MHz frequency band.
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TABLE 1. Comparison for the proposed wideband CP EMSA against the reported configurations.

MSA shown in
Meas. BW
(MHz, %)

AR BW
(MHz, %)

Peak Gain
(dBi)

Area
(AP/λ2

cAR)
Substrate thickness

(ht/λcAR)
Figs. 1(a), (b) 801, 56.78 534, 35.81 10.7 1.225 0.11

Ref. [5] 27, 1.71 10, 0.63 5.4 0.14 0.03
Ref. [6] 85, 3.41 23, 0.93 3.87 0.4 0.02
Ref. [7] 350, 6.8 34, 1.33 10.3 0.241 0.04
Ref. [8] 67, 2.72 16, 0.653 7.6 0.51 0.04
Ref. [9] 653, 54 76, 6.12 8.5 0.23 0.11
Ref. [10] 35, 2.2 8, 0.5 3.9 0.44 0.02
Ref. [11] 260, 11.2 90, 3.9 9.0 0.2 0.077
Ref. [13] 230, 9.27 230, 9.27 8.3 0.23 0.08
Ref. [14] 710, 29.64 480, 20.08 11.5 >2.5 0.095
Ref. [15] 810, 35 130, 5.3 9.0 0.21 0.1
Ref. [16] 30, 1.9 6, 0.4 2.3 0.215 0.05
Ref. [18] 162, 5.71 60, 2.14 5.5 0.233 0.02
Ref. [19] 38, 1.8 9, 0.4 8.4 0.16 0.036
Ref. [20] 500, 20.41 400, 16.6 1.9 0.19 0.02
Ref. [21] 2000, 37.66 550, 11.74 7.0 0.4 0.12
Ref. [22] 2000, 40 1000, 19 7.5 0.65 0.12
Ref. [23] 1570, 28.11 1160, 21.05 8.0 0.15 0.183
Ref. [24] 180, 6 100, 3.3 2.7 0.82 0.03
Ref. [25] 80, 4.1 30, 1.54 8.4 2.362 0.05
Ref. [26] 330, 9.36 250, 7.13 7.75 0.67 0.052
Ref. [27] 300, 15.2 160, 8.2 7.0 0.14 0.067
Ref. [28] 1047, 42.5 709, 28 7.9 0.41 0.12
Ref. [29] 1203, 49.29 488, 20.11 7.5 0.32 0.14
Ref. [30] 3080, 63.3 3040, 63.7 17.77 6.2 0.101

configuration with substrate thickness in the range of 0.08λg

offers AR BW of 5–6% with a broadside gain of 7–8 dBi [11–
15]. Against this in the proposed work, simpler gap-coupling
technique has been employed which offers substantially higher
AR BW than resonant slot cut CP configurations. The modi-
fied ground plane design optimized on an efficient microwave
substrate offers AR BW ≤ 2% [16, 18]. The dual-band design
employing multiple patches and excited using a proximity strip
offers lower ARBW [19]. The ARBW is large with smaller an-
tenna volume for the configuration discussed in [20]. However,
it has very low gain. Dual band and wideband CP configura-
tions discussed in [21, 22] do not offer circularly polarized char-
acteristics in the broadside direction and thus pose alignment
problem with respect to the incident wave. Further, the designs
discussed in [21, 22] are complex in designing as against the
proposed design that employs simple gap-coupled equal radius
patches. The triple mode U-slot cut antenna discussed in [23]
does offer larger AR BW while using a single patch. However,
in the reported work, an explanation for the patch/slot modes,
which yield additional 10%ARBW as against the conventional
unequal length U-slot cut CP design, is not discussed. Also,
the study in [23] does not provide any design formulation for
single patch wide AR BW CP design. In spite of using multi-

ple resonators for the configurations discussed in [24–27], AR
BW is lower than the proposed design. In the proposed an-
tenna, as radii of the patches are equal along two axes, only two
sets of resonator patches offering orthogonal modes are present.
With this and proximity feeding, the proposed design offers
higher AR BW than the reported multi-resonator CP antennas.
The wideband CP designs discussed in [28, 29] employ a sim-
ilar gap-coupled technique for AR BW improvement. But for
equivalent substrate thickness, they offer lower AR BW than
the proposed design. The patch area appears smaller in the de-
signs discussed in [28, 29] than the proposed gap-coupled an-
tenna. This is because the designs discussed in [28, 29] were
optimized in higher frequency range. Against the reported con-
figurations compared in Table 1, antenna area of the proposed
design is large. This attributed to the use of air suspended con-
figurations while using lossy substrate, as against the efficient
but costly substrate used in reported CP designs. Further, par-
asitic patches are used along both the axes of the fed patch in
the proposed antenna, which increases patch size but also adds
to the AR BW and gain.
To summarize, proposed design employs simpler gap-

coupled technique for enhancing the AR BW while using
elliptical patches. On substrate thickness around 0.11λcAR,
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it offers nearly 35% of AR BW with a peak gain of 10.7 dBi.
With this AR BW, a single antenna can be used to cater
to multiple wireless application bands occupying adjoining
spectrums. The redesigned configurations for couple of
such applications are presented above. While using a simple
gap-coupled design, none of the reported work provides this
AR BW solution that caters to multiple frequency bands for a
given application. The patch area while using the gap-coupled
design has been increased, but it achieves larger AR BW and
gain. The configuration that employs multiple patches in the
planar or stacked layer or the array designs offers large AR BW
and gain [30]. Against them, the proposed design offers lower
AR BW but requires less number of patches, and thus offers
simpler design solution for the given application. The design
methodology is also presented, which is useful in realizing a
similar antenna so as to cater to specific wireless application.
Thus, a simpler gap-coupled design offering 35% of AR BW
with a peak gain of more than 10.5 dBi is the novelty in the
proposed work as compared with the reported configurations.

5. CONCLUSIONS
A wideband CP design, employing proximity fed elliptical
patches in the gap-coupled configuration is proposed. The de-
sign with patches along the two co-ordinate axes offers opti-
mum result. With the substrate thickness of 0.11λcAR, the pro-
posed antenna offers 35% of AR BW, which is completely in-
side the S11 BW of 56.78%. The antenna shows a broadside
radiation pattern with a peak gain of 10.7 dBi. Across the com-
plete S11 BW, the antenna gain remains above 6 dBi, which is
an appreciably large gain from practical applications. The de-
sign methodology is presented that helps in realizing similar
configurations as per specific wireless applications. With 35%
of AR BW, the proposed design offers a single antenna solution
where it can cater to multiple wireless application bands lying
in the adjoining frequency spectrums. With the obtained an-
tenna characteristics, the proposed design can find applications
in GSM 900 and GPS L band applications.
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