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A novel compact broadband patch antenna for UHF (ultrahigh frequency), RFID (radio frequency identification), and GSM-900
(global system for mobile communications) band is shown in this paper. The antenna is composed of an ellipse shape annular ring
at the patch. The ground plane of the planar antenna is modified with a semiellipse shape slot. The structure can generate substantial
amount of current at the feed-line. The geometry of the antenna is evaluated by using HFSS simulation software and deliberated
across the paper. Parametric study is exhibited to delineate the response change of the antenna. The antenna has a physical width
of 0.24 A and length of 0.3 A. It covers a frequency starting from 0.9 GHz to 1.08 GHz. A fractional bandwidth of 18.2% has been
achieved from 0.9 GHz till 1.08 GHz. An average gain of 5.5 dBi is achieved at the resonance frequency. The simulated and measured

results have good agreement.

1. Introduction

Microstrip antennas are becoming more popular in commu-
nication systems day by day. With the help of cost effective
substrates and different copper shapes over and under the
substrate, researchers are getting new bands of interest with
comparatively less complexity than other types of antennae.
Recent advances in radio communications have increased the
demand in the antenna technology.

A RFID reader antenna using metamaterial is shown in
[1]. Coupled branch-line is used to attain dual frequency
performance. However, the measured S,; response of the
antenna falls below —5 dB by introducing loss to the coupled
line. A rectangular slot is introduced in the ground plane with
a circular ring at the patch in [2] to enhance the impedance
bandwidth. Another near field RFID reader antenna is
exhibited in [3] to have a reading performance of about
7 cm. Despite that, the antenna has a bulky dimension of
882 mm x 80 mm. A compact rectangular planar antenna is
proposed in [4] with a small size and wideband performance.
In [5], an antenna is presented for mobile RFID reader.
Though the antenna evaluates quadrifilar spiral antenna

(QSA) technology for RFID application, nevertheless the
antenna gain is as low as 0.06 dBic. An S-shaped impedance
matching network is used in designing a mobile RFID reader
for 2.45GHz in [6]. Although the antenna has a gain of
6 dBi at the operating frequency, nonetheless, the antenna
thickness is 11mm which gives a drawback for portable
applications. A RFID reader antenna with L-shaped ground
plane is displayed in [7]. The antenna has a dimension of
250 mm x 105.5 mm which is sizable in RFID application.
Circular slot is introduced to have dual frequency response
in [8, 9] by using FR4 substrate. This RFID reader antenna
has a measured gain of 3.5 dBi at the operating frequency. A
half ellipse shape antenna is designed in [10] for vital sign
detection at 400 MHz frequency. In the paper the ellipse
shape antenna is compared with a bowtie shape antenna. The
impedance characteristics of the ellipse shape antenna jump
over 150 Q) at the claimed frequency with an imaginary value
of —j20 Q. Another half ellipse shape antenna with different
height of backed cavity above ground is shown in [11]. The
antenna shows an improvement over popular bowtie shape
UWRB antenna. However, the VSWR of the proposed antenna
is greater than 2 at the claimed frequency. An ellipse-loaded
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FIGURE 1: Proposed antenna dimensions (a) patch and (b) ground plane.

circular slot array for millimetre-wave WPAN applications
is presented in [12]. Liquid crystal polymer (LCP) is used
for the antenna design. In the design, a metallic reflector is
used to make the radiation limited which makes the antenna
size bulky and bigger in dimension. In [13] a design of
elliptical microstrip patch antenna is presented using artificial
neural networks to gain circular polarization. Nonetheless the
antenna return loss at the target frequency is —6.25 dB which
is not acceptable in —10 dB return loss scale. A theoretical
and experimental investigation of an elliptical annular ring
shape antenna is shown in [14]. The analysis is carried
out using generalized transmission line model. A planar
monopole antenna fed by an offset-microstrip line is shown
n [15]. A circular ring is used to achieve the dimension.
Another antenna is proclaimed in [16] with coplanar ground
plane. The antenna is compact and one sided. Broadband
and multiband antenna designs are shown in [17] using
ellipses shape with the help of genetic algorithm to create
amorphous shape. Nevertheless, the results presented do
not include any result showing gain of the antenna. Curve
fitting technique is shown in [18] for patch antenna using
particle swarm optimization (PSO). A compact dual ellipses
monopole antenna is printed in FR4 substrate [19]. No result
on the gain of the antenna is demonstrated. In [20] an
ellipse shape crescent slot broadband microstrip antenna is
shown. Parametric studies are shown for different substrate
thickness. However, the antenna results are simulated and not
validated using fabricated antenna results. Different structure
of the antenna is presented in finding different frequencies
throughout the research of microstrip antenna design. FR4
substrate is being used widely for different applications of
antenna nowadays due to its low price and durability. Ground
plane modified wideband antenna is shown in [21] which uses
FR4 substrate. From here it can be seen that FR4 substrate can
be used to have wideband performance.

In this paper, an elliptical shape antenna is shown with
modified ground plane. The antenna is designed for a fre-
quency starting from 0.9 GHz to 1.08 GHz. The proposed

antenna is compact in size with a length, width, and height
of 100 mm, 80 mm, and 1.6 mm, respectively. The measured
results of the antenna are shown to have good agreement with
the simulated result.

2. Methodology

The antenna is designed using FR4 substrate with dielectric
constant of &, = 4.55. The thickness of the FR4 substrate
is H = l.6mm. Figurel shows the proposed microstrip
antenna design. The antenna patch is shaped as an ellipse with
a major radius of 30 mm with a ratio of 1.5 with the minor
radius of the ellipse. This is the outer border of the annular
shaped ellipse. The inner part of the annular ellipse is cut
using another ellipse with a major radius of 25 with a ratio
of 1.4 with the minor radius. Both ellipses are centered at the
origin so that the elliptic slot produced in the middle of the
ellipse shaped patch has equal distance from all the sides of
the antenna. A feed-line of width ¢ = 8 mm is attached with
the annular elliptical patch and extended to the edge of the
FR4 PCB. The whole structure makes a “I” shaped junction.
A semicircle is introduced at the “T” shaped junction to
match the impedance of the feed-line. First the semicircle is
drawn which overlaps both the annular elliptical ring and the
feed-line. Then all three structures are merged to have one
basic structure. The semicircle overlaps the feed-line which is
united with each other. A rectangular is drawn with a width
and length of 45 mm and 100 mm, respectively, at the ground
plane. It is modified with the cutting edge of a semiellipse
which has a major radius of 30 mm with 1.5 ratios with the
minor radius.

The effective relative permittivity of the patch antenna can
be calculated as

e - g +1 N g —1
) 2 (\(2h/X) +1) M

Here, H is the thickness of the substrate, ¢, is FR4 relative
permittivity, and X is strip width.
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FIGURE 2: §;; response for the change in radius ratio of the inner elliptical shape of the annular ring at patch.
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FIGURE 3: §,, response for the change in major radius (ratio = 1.4) of the inner elliptical shape of the annular ring at patch.

For the annular ellipse shape patch the effective semi-
minor of the outer and inner axis is given by [22]

2d b
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3. Parametric Studies

In Figures 2 and 3, parametric studies are shown by changing
the ratio and major radius of the inner ellipse, respectively.
While changing the radius and ratio of the ellipse, there are

some limitations. If the radius ratio is taken bigger than 1.6,
the inner slot of the patch becomes bigger and narrows the
side lines of the annular ellipse resulting in narrow current
distribution. Again the ratios lower than 1.2 result in a very
small circle in the middle of the patch. The results are shown
in Figure 2 due to the changes in radius ratio. The resonance
response tends to decrease with the increment in ratio. In
Figure 3, the radius of the major axis is changed without
changing the ratio = 1.4. The radius is changed from 23 mm
to 27 mm and the response is shown in Figure 3. With the
increment in the major radius, the resonance response tends
to narrow down centering at the frequency of 1GHz. The
major radius increment results in more narrowed microstrip
line at the top of the annular elliptical ring, resulting in
narrowed current distribution at the region.

4. Results and Discussion

Figure 4 shows the fabricated antenna in FR4 substrate. The
proposed antenna is simulated using the electromagnetic
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FIGURE 5: Measured S,, response of the proposed antenna.
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FIGURE 6: Measured normalized radiation pattern of the proposed antenna.
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FIGURE 7: Measured gain of the proposed antenna.
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FIGURE 8: Simulated current distribution of the (a) antenna patch and (b) ground plane.

TaBLE 1: Design specification of the antenna.

Dimension Value (mm)
Patch ellipse major radius, a 30
Patch ellipse minor radius, b 20
Ground ellipse major radius, a 30
Ground ellipse minor radius, v’ 20
Feed-line width, ¢ 8
Semicircle radius, R 9
Ground plane width, e 45
Ground plane length, f 100
Antenna length, p 100
Antenna width, g 80

simulating software Ansoft HFSS. The software is based on
finite element method (FEM). The antenna is measured using
a power network analyser of model number E8358A. A horn
antenna of model number SAS 571 is used to measure the
radiation pattern and gain of the antenna. The antenna patch
and ground are fed by a 50 O SMA connector. The antenna
width is 80 mm and length is 100 mm. 18.2% fractional
bandwidth of the antenna is achieved in the measurement
result. A —10 dB return loss bandwidth of 180 MHz is found
at the UHF band with center frequency of 0.99 GHz (0.9 GHz
to 1.08 GHz). The measured resonance response of the pro-
posed antenna is shown in Figure 5 and compared with the
simulated result. Two resonance responses almost overlap

each other. Though there is a small resonance at 300 MHz
in the simulation result, the resonance cannot be seen in
the measured result. Also due to environmental effect, the
measured resonance response shows more oscillation than
the simulated result. The radiation patterns at the E-plane
and H-plane are shown in Figure 6. The co- and cross-
polarization of the antenna show omnidirectional radiation
pattern at 945 MHz frequency. The measured gain of the
antenna is shown in Figure7. A peak gain of 6.5dBi is
achieved at 1 GHz resonance frequency. The average gain at
the resonance band is 5.5 dBi. Figure 8 shows the simulated
current distribution at the patch and ground plane of the
antenna at 1GHz. From the current distribution, it can be
seen that, at 1 GHz, the feed-line at the patch is showing
a dense current distribution with a peak at both edges.
A coupling with the ground plane is made by the patch
feed-line which can be seen in Figure 8(b). The coupling
continues throughout the edge of the ground plane and outer
boundary of the elliptical shape annular ring at the patch. The
dimensions of the proposed antenna are tabulated in Table 1.

5. Conclusion

A novel elliptical shaped annular ring patched planar antenna
is shown in this paper for RFID and GSM-900 applications.
A semielliptical partial ground plane is introduced at the
bottom of the proposed antenna. The antenna has a —10 dB
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TaBLE 2: Dimension and gain comparison between UHF RFID reader antennas.

Antenna name Picture Dimension Peak gain
Proposed ellipse shaped antenna 100 mm x 80 mm x 1.6 mm 6.5 dBi

[1] 1015 mm x 220 mm X 32.6 mm 6.6 dBic

(3] —16.1dBi (simulated)
[5] 50 mm x 50 mm X 0.5 mm 0.06 dBic

7] 250 mm X 250 mm X 36 mm 7.3 dBi

[8] (for this dual band antenna

only the UHF band is considered 108 mm x 108 mm X 1.6 mm 3.5dBi

for comparison)

resonance response starting from 0.9 GHz to 1.08 GHz cov-
ering the band for UHF RFID and GSM-900 application
(Table 2). The measured average gain is 5.5 dBi with a peak
gain of 6.5 dBi at 1 GHz. The measured results agree with the
simulated results. The antenna is compact in size and suitable
for RFID and GSM-900 applications.
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