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Circularly polarized square slot microstrip
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In this paper, a novel circularly polarized square slot microstrip antenna is proposed for radio frequency identification (RFID)
applications. The circular polarization is achieved by incorporating an arc-shaped strip in the square slot antenna. This
antenna is fed by deformed bent feeding line to achieve a broad bandwidth (BW). The key parameters of the antenna are
used for parametric study to understand the influence on the antenna performance. To validate simulation results of the
design, a prototype is fabricated on the commercially available FR4 material. Measured results show a good agreement
with the simulated results. It is found that the antenna shows an impedance BW of 170 MHz (844–1014 MHz) and axial-ratio
BW of 170 MHz (834–1004 MHz), which shows that the proposed antenna is a good candidate to be used as a RFID antenna.
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I . I N T R O D U C T I O N

Recently, the radio frequency identification (RFID) system,
operates in the ultra-high-frequency (UHF) (860–960 MHz)
band to provide longer readable range and read multiple
tags at speed, has gained much importance. These systems
are being widely used in inventory control systems, manufac-
turing industries, goods flow systems, electronic toll-collection
systems, etc. Generally, the RFID system uses the radio fre-
quency (RF) signals for transferring the data to automatically
identify and track tags attached to objects using a reader.
Therefore, a RFID system sends a RF signal from the reader
to the tag and receives a backscattered signal from the tag.
In practical scenario, the RFID tags are always arbitrarily posi-
tioned and tag antennas are normally linearly polarized [1].

Therefore, RFID reader antennas must have circular polar-
ized operation to ensure the reliability of UHF-RFID system.
Numerous RFID antennas with circular polarization have
been proposed in the literature [2–5]. Circularly polarized
(CP) radiation can be generated by exciting two orthogonal
linearly polarized modes on the radiating element, with a
908 phase difference [6]. In the literature, the circular polariza-
tion in the UHF-RFID antenna was achieved by embedded
asymmetric slots along the diagonal directions [1] and an arc-
shaped strip into the square slot [2] of the patch antenna. In
[3], a horizontally meandered strip and truncated corners
are used to achieve circular polarization. The square patch

embedded with a cross slot and an L-shaped open-end micro-
strip line linked to a tag-chip terminated by a shorting pin [7]
and an arrowhead-shaped slot embedded in the first quadrant
along the diagonal axis of a square patch [8] are also used for
circular polarization. Various feeding networks can also gen-
erate circular polarization such as equal split power divider
feeding [5], dual offset feeding technique [9], and branch
line coupling along with the H-shaped slots [10] and the
L-shaped probe-feed techniques [11].

In this paper, simulation and experimental study of a CP
microstrip slotted antenna has been proposed for RFID applica-
tions as shown in Fig. 1. The antenna uses a square slot antenna
with a grounded arc-shaped strip to achieve the CP radiation and
fed by deformed bent feeding line to obtain broad bandwidth
(BW). Two near-degenerated resonant modes (TE01 and TE10

modes) with a 908 phase difference can be closely excited by
the grounded arc-shaped strip on the square slot [2]. The recent-
ly reported antenna for RFID readers with CP operating BW at
around the UHF band (902–928 MHz) are listed in Table 1. By

Table 1. Dimensions and impedance BW and ARBW comparison of
recently reported RFID antennas.

Reference # Size
(mm 3 mm)

Bandwidth
(MHz)

3 dB
ARBW
(MHz)

[1] 90 × 90 18 6
[2] 126 × 121 142 166
[5] 220 × 220 97 55
[7] 70 × 70 50 6
[8] 87 × 87 35 8
[9] 100 × 100 25 20
[10] 252 × 252 100 100
[11] 150 × 150 220 29
Proposed antenna 70 × 70 170 170
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observing these antennas, their size are greater than of the
proposed one, and they have also exhibited lower impedance
BW and 3 dB axial-ratio bandwidth. Notably, one antenna
[11] offers more impedance BW as compared with the pro-
posed antenna; however, they are achieved in the expense of
smaller 3 dB axial ratio (AR) and greater size. In comparison,
the proposed antenna in this investigation is simply fabricated
using the low-cost FR4 substrate with a compact size with a
fairly good impedance BW and axial-ratio bandwidth
(ARBW). The detail of the entire design is presented in the fol-
lowing sections.

I I . A N T E N N A D E S I G N

The proposed antenna is designed and fabricated on an epoxy
FR4 substrate with a relative permittivity of er ¼ 4.4 and
loss tangent of 0.02. The overall dimension of the antenna is

70 × 70 × 0.8 mm3. The antenna has a simple configuration,
consisting of square slot antenna with a grounded arc-shaped
strip and fed by deformed bent feed-line to achieve the CP
radiation. The square slot antenna with a grounded arc is
etched on one side of the dielectric substrate. This insetting
arc-shaped strip in the ground will disturb the surface electric
field distribution on the proposed square slot antenna, a left-
hand circular polarization (LHCP) performance with a wider
operating BW for UHF band can be obtained. This slot
antenna is evolved by cutting a square of width Wg from the
square of side length 70 mm. To excite two orthogonal
modes with a 908 phase difference needed for CP radiation,
a circular-arc strip having outer radius R2 and inner radius
R1 is incorporated in the design. This slot antenna is fed by
deformed bent feed-line formed by arranging two Lp3 and
one Wp1 wide rectangular strips in a modified F-shaped to
achieve broadband matching. To demonstrate the CP waves
of the proposed antenna, the simulated surface current

Fig. 2. Fabricated prototype of the proposed CP microstrip antenna and simulated surface current distributions at 911 MHz.

Fig. 1. Schematic configuration of the CP microstrip antenna for RFID applications.
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distributions using Ansoft “HFSS” simulator [12] at 911 MHz
are plotted in Figs 2(b)–2(e), showing the direction of the dis-
tributed current at different time phases, from 08 to 1358, with
an interval of 458. The antenna is right-hand circular polariza-
tion (RHCP) when the phases are 08 and 2908 for the antenna
in the figure below when it radiates toward the reader, and it is
LHCP when the phases are 08 and 908. In this figure (first row),
it is obvious that the current of the patch travels in the clock-
wise direction as increases, which results in exciting a LHCP
radiation whereas the RHCP radiation can be generated by
flipping the feeding structure about the y-axis (second row).

I I I P A R A M E T R I C S T U D Y

To understand the effects of various parameters on the pro-
posed antenna performance, a parametric study is being

employed to optimize the final design. The chosen parameters
are lengths Wp2 and Wp4 of the deformed bent feeding line
and width Wg of the square slot of the antenna. The effect
of the inner radius R1 and outer radius R2 of the arc-shaped
strip on the AR is also studied.

A) Slot antenna parameters
Figure 3 shows the effect of variation of the width Wg of the
square slot on the antenna performance. It is found that as
the width Wg of the slot increases, the BW remains unaltered
but the resonant frequency moves toward lower side.
Therefore, a width of 66 mm is taken as the optimum value
for a resonance about 911 MHz.

In this design, the grounded arc-shaped strip is used to
generate two near-degenerated resonant modes (TE10 and
TE01 modes) with 908 phase difference to form a wider CP
operating BW. It can be achieved by properly adjusting the

Fig. 3. Simulated return loss against frequency for the CP microstrip antenna
with various Wg; other parameters are the same as listed in Table 2. BW and
ARBW ¼ 170 MHz.

Fig. 4. Simulated AR against frequency for the CP microstrip antenna with
various R1; other parameters are the same as listed in Table 2. BW and
ARBW ¼ 170 MHz.

Fig. 5. Simulated AR against frequency for the CP microstrip antenna with
various R2; other parameters are the same as listed in Table 2. BW and
ARBW ¼ 170 MHz.

Fig. 6. Simulated return loss against frequency for the CP microstrip antenna
with various Wp2; other parameters are the same as listed in Table 2. BW and
ARBW ¼ 170 MHz.
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inner radius (R1) and outer radius (R2) of the grounded arc-
shaped strip. As the arc-shaped strip generates the CP radi-
ation, therefore, the effect of the arc-shaped strip on the AR
is illustrated in Figs 4 and 5. It is observed in Fig. 4 that as
the inner radius R1 is increased from 19 to 20 mm, the
quality of CP radiation starts improving with a slight shift
in resonance frequency toward lower side, furthermore, the
ARBW shifts toward the higher side. Thus, for a good
quality of the CP radiation about 911 MHz resonance fre-
quency, the R1 is chosen 21 mm as the optimum. Figure 5
shows the effect of variation of outer radius R2 from 22 to
23 mm on antenna performance. It is found that the 3 dB
ARBW increases slightly with a shift in the resonance fre-
quency toward the lower side. Furthermore, the quality of
CP radiation starts decreasing. Therefore, a width of 23 mm
is taken as the optimum value for a resonance about 911 MHz.

B) Feed line parameters
Figure 6 shows the effect of the width Wp2 of the feed line on
the return loss of the antenna. It is observed that as the length

is increased from 11.5 to 31.5 mm, the operating resonant fre-
quency shifts toward lower side with an improved impedance
matching, furthermore, the impedance matching degrades.
Therefore, width Wp4 is chosen 25 mm as the optimum
value for a resonance about 911 MHz.

The effect of the width Wp4 of the feed line on the return
loss is shown in Fig. 7. The simulated results show that as
the length is increased from 24 to 32 mm, the operating reson-
ant frequency shifts toward lower side with an improved
impedance matching, furthermore, the impedance matching
degrades. Therefore, a length of 32 mm is selected as the
optimum value for a resonance about 911 MHz.

I V . E X P E R I M E N T A L R E S U L T S A N D
D I S C U S S I O N

The performance of the designed antenna such as return loss,
AR, and radiation patterns are measured using Agilent
N5230A vector network analyzer. The measured and

Fig. 7. Simulated return loss against frequency for the CP microstrip antenna
with various Wp4; other parameters are the same as listed in Table 2. BW and
ARBW ¼ 170 MHz.

Fig. 8. Simulated and measured return loss against frequency for the CP
microstrip antenna.

Fig. 9. Measured and simulated results of the AR of the CP microstrip
antenna.

Fig. 10. Simulated radiation efficiency and gain of the CP microstrip antenna.
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simulated return loss curves of the CP antenna are shown in
Fig. 8. It is observed from Fig. 8 that the simulated and mea-
sured results are in good agreement. The designed antenna
offers an impedance BW of 170 MHz (844–1014 MHz)
which is more than earlier reported results [2] and evidently
meets the BW requirements for the RFID systems. The mea-
sured and simulated AR at the bore-sight are compared in
Fig. 9. The measured 3 dB ARBW is about 170 MHz (834–
1004 MHz), and it is within the measured 10 dB return-loss
BW. The simulated 3 dB AR results are in good agreement
with the measured AR values.

The simulated radiation efficiency and gain of the antenna
are shown in Fig. 10. It is found from the figure that the
antenna shows radiation efficiency of around 86% and gain
varies from 2.85 to 0.45 dBic over entire operating frequency.
Figures 11(a) and 11(b) show the radiation patterns of the
proposed antenna. It is observed that the maximum simulated
gain is 1.15 dBic at 911 MHz.

V . C O N C L U S I O N

A novel CP microstrip antenna for RFID applications is suc-
cessfully presented and implemented. The prototype with an
overall size of 70 × 70 × 0.8 mm3 achieves a 3 dB ARBW of
170.0 MHz and 210 dB impedance BW of 170.0 MHz. The
proposed antenna has a smaller size and simpler design and
more BW as compared with [2]. The proposed design is
well suitable for the hand held/portable UHF-RFID reader
applications.
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Table 2. Design parameters of the proposed CP microstrip antenna
shown in Fig. 1.

Parameters Lp1 Lp2 Lp3 Lf R1 R2

Unit (mm) 7 18.7 5 4 21 23
Parameters Wp1 Wp2 Wp3 Wp4 Wf Wg

Unit (mm) 5 21.5 8 32 3 66
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