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This study presents a novel compact circularly polarized antenna for universal ultrahigh-frequency (UHF) radio-frequency
identification (RFID) handheld reader applications. The antenna is composed of a coplanar waveguide (CPW) L-shaped feedline
mounted at the right edge of the square slot at the bottom of the ground plane to realize a circular polarization; a horizontal
stub protruded from the right side of the square slot towards the slot centre, and a vertical stub is mounted at the lower left of
the square slot. The designed antenna printed on one ground plane layer of a low-cost FR4 substrate with an overall size of 120
× 120 × 1 6mm3. The measurement results show indicate that the fabricated antenna achieves a wide axial ratio (AR)
bandwidth of 460MHz (818–1278MHz), wide impedance bandwidth of 54.6% (630–1103MHz), and a measured peak gain of
4.0 dBi. The proposed antenna is a good candidate for compact universal UHF RFID handheld reader applications (840–960MHz).

1. Introduction

Radio-frequency identification (RFID) is an auto-ID tech-
nology that uses radio-frequency waves for the purpose of
tracking and identifying objects in supply chains, access con-
trol, warehouses, commerce, and so on [1, 2]. Compared
to other kinds of identification technologies, RFID has
been receiving much attention due to its advantages, such
as a high data transfer rate, longer information storage
capability, and high reliability. RFID technology can be cate-
gorized into four categories according to its use in different
frequency bands, namely, low-frequency (LF), high-
frequency (HF), ultrahigh-frequency (UHF), and microwave
RFID systems. Recently, RFID systems, especially in the
global UHF band from 840 to 960MHz (13.3%), have gained
popularity due to the advantages of high data transfer rate,
fast reading speed, and long detection range [3, 4].

Basically, the RFID system comprises an RFID tag (tag
antenna+an application-specific integrated circuit (ASIC)),
an RFID reader device (reader with its antenna), and a host
computer for the purpose of information processing. Briefly,

the reader sends a radio-frequency signal to the RFID tag
antenna using an antenna and receives a modulated signal
back from the tag. To receive the radio-frequency signal from
the reader antenna, the RFID tag must be into the reading
zone of the reader antenna [5].

In practical usage, the UHF RFID tag antennas usually
are linearly polarized (LP) and the UHF RFID tags are nor-
mally oriented arbitrarily. To ensure the reliability of the
communications between RFID reader devices and RFID
tags, a reader antenna with a circularly polarized (CP) char-
acteristic is highly required [6]. The reader antenna for
RFID systems are one of the most significant parts of the
RFID systems. Sometimes, their inability to accommodate
new operating scenarios can restrict the RFID system per-
formance as a whole. UHF RFID handheld reader applica-
tions require a compact antenna with low profile and light
weight.

Over the past years, several CP reader antennas such as
microstrip antennas [7, 8], patch antennas [9, 10], and
stacked-architecture antennas [11, 12] that were designed
with various techniques to operate in the UHF RFID range
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have been investigated. However, the aforementioned
RFID reader antennas [7–12] are unable to cover the
global UHF RFID band (840MHz to 960MHz) owing to
their narrow impedance and axial ratio (AR) bandwidths,
relatively large sizes, and incompatibility with a handheld
reader or application which needs to a have a small-sized
antenna.

Some reader antennas demonstrate a big gain, but their
sizes are too large to use in handheld reader applications.
Compact antennas that have simple structures, inexpensive,
and easy to fabricate are tremendously needed for UHF RFID
handheld reader applications. Subsequently, lowering the
fabrication cost of the RFID reader antennas and simplifying
their design are an interesting target for many researchers
and manufacturers in this field. For RFID system implemen-
tation and cost reduction, designing a universal reader
antenna with acceptable performance throughout the univer-
sal UHF RFID range would be beneficial. Slot antennas have
the merits of a small size, easy to design, an inexpensive, and
wide frequency bandwidth. In recent years, two similar CP
slot antennas have been presented, such as the planar broad-
band antenna with a square slot and F-shaped feedline to
operate in the UHF RFID band in [13] and wideband univer-
sal CP reader antenna with a circular slot and fed by a copla-
nar waveguide (CPW) L-shaped feedline in [14]. However,
both antennas have a relatively large volume and narrow
impedance and axial ratio bandwidths compared to the pro-
posed antenna. A planar, lightweight, crossed-dipole antenna
with CP radiation is introduced for application in a UHF
RFID handheld reader in [15], and a CP monopole antenna
using a short-circuited sleeve strip for a UHF RFID reader
is presented in [16]; both designs have small sizes and
printed on a single layer of ground plane. Nevertheless,
both antennas have a narrow axial ratio bandwidth and
low measured gain, and do not cover the global UHF
RFID frequency range.

In this study, we propose a novel low-profile CP reader
antenna printed on a low-cost FR-4 material that has a small
size and covers the entire UHF RFID band easily. The
antenna consists of a CPW L-shaped feedline mounted at
the right edge of the square slot at the bottom of the ground
plane; a horizontal stub protrudes from the right side of the
square slot towards the slot centre, and a vertical stub is
placed at the lower left of the square slot. The proposed
antenna designed as a universal UHF RFID handheld reader
with good peak gain, wider impedance and AR band-
widths, good impedance matching, and compact size.
Meanwhile, the antenna has a simple configuration, a
planar single-layer ground plane structure, and simple
fabrication process.

Details of the proposed universal UHF RFID reader
antenna design are described, and a comparison between
the simulation and experimental results in terms of reflection
coefficient S11 bandwidth, AR bandwidth, peak gain, and
radiation pattern is presented and discussed as well. A para-
metric study for the significant parameters of the designed
antenna as well as a comparison between the proposed
antenna and other antennas operating in the UHF RFID
band is also conducted.

2. Antenna Configuration

The configuration of the proposed compact slot antenna with
its dimension is shown in Figure 1. The proposed antenna is
fed via a SMA connector by a CPW feedline at the bottom
side of the FR4 substrate (loss tangent δ = 0 02, relative per-
mittivity ɛr = 4 4, and substrate thickness of 1.6mm). The
CPW feed has a signal strip line with a width of 1.2mm.
One end of the signal strip line was connected to the inverted
L-shaped feedline, whereas the other end was connected to a
coaxial SMA connector. A wide square slot of 96 × 96mm2 is
extracted from the basic square slot on the top side of the
ground plane. An inverted L-shaped feedline is mounted on
the right side of the lower ground plane to realize the CP
characteristic. The proposed antenna has an overall size of
120 × 120mm2. The optimal dimensions of the proposed
antenna are listed in Table 1.

The CP characteristic can be realized when two orthogo-
nal E vectors (the complex voltage in the horizontal (EHor)
and vertical (EVer) plane) of equal amplitude are excited with
a phase difference of 90° [17]. To clarify the CP performance
of the proposed antenna, Figure 2 demonstrates the evolu-
tionary steps of the proposed antenna and Figure 3 shows
the simulation results of the impedance and AR band-
widths for Antennas 1-4. There are four stages (Antenna
1, Antenna 2, Antenna 3, and Antenna 4) when designing
an antenna to achieve the proposed antenna. In this article,
Antenna 4 is the final design for the proposed antenna.
Firstly, Antenna 1 consists of a wide rectangular slot in
the ground plane with a CPW inverted L-shaped feedline
at the centre of the slot towards the –y axis direction. The
L-shaped feedline was used to generate more than one
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Figure 1: Geometry of the proposed antenna.

Table 1: Optimal dimensions of the proposed antenna.

Parameter Value Parameter Value Parameter Value

L 120 W 120 W5 54

L1 16 W1 11 W6 96

L2 42 W2 21 d1 1.2

L3 24 W3 13 d2 3.5

L4 15 W4 15
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resonant frequency. Although Antenna 1 is linearly polarized
(with an AR bandwidth around 9dB), Antenna 1 has a wide
impedance bandwidth, as shown in Figure 3. Then, a
horizontal stub (along the –y axis) protruded at the right side
of the slot toward the slot centre to achieve Antenna 2.
Because the EHor of the horizontal stub (L4 ×W5) and EVer
of the inverted L-shaped feedline have a 90° phase difference,
a broadband CP wave was realized. Although the impedance
bandwidth of Antenna 2 was distorted at higher than -10 dB,
the CP performance is much better. As shown in Figure 3(b),
the simulated 3 dB AR bandwidth is out of the UHF RFID
range. In the third stage, to adjust the CP bandwidth on the
desired band (UHF RFID band from 840MHz to 960MHz)
as well as improve the impedance bandwidth significantly,
the inverted L-shaped feedline is shifted carefully to the right
edge of the rectangular slot underneath the protruding verti-
cal stub to obtain Antenna 3. The results of this stage are a
good impedance bandwidth characteristic (from 638MHz
to 1102MHz) and good 3dB axial ratio bandwidth (from
755MHz to 1143MHz) which easily covered the entire
UHF RFID band. Finally, to achieve additional improve-
ment to the antenna performance as a whole, a vertical
stub (L3 ×W4) was added to the structure at the lower left
of the square slot, as shown in Antenna 4 (proposed
antenna). Antenna 4 shows an impedance bandwidth

characteristic of 472MHz (632–1104MHz) and AR band-
width of 484MHz (792–1276MHz).

To investigate the CP behaviour, the surface current dis-
tributions at 900MHz on the square slot and the L-shaped
feedline are depicted in Figure 4, illustrating the current
direction behaviour at different phases of 0°, 90°, 180°, and
270°. With reference to Figure 4, it is observed that the cur-
rent distributions on the inverted L-shaped feedline and the
square slot are travels in the clockwise direction as the phase
angle increases by 90°, exciting a left-hand circularly polar-
ized (LHCP) radiation.

3. Parametric Studies

Parametric studies are conducted to provide additional
detailed information about the antenna designing and opti-
mization process. Due to a good agreement between the sim-
ulation and measurement results for all antenna parameters,
the parametric study is carried out by simulation results as
well. The parameters under study include the width of the
signal strip line (d1), the distance between the L-shaped feed-
line and the right edge of the square slot (d2), the length of
the vertical stub of the L-shaped feedline (L2), and the length
of the horizontal stub (W5). To understand the influence of
these parameters on the performance of the proposed
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Antenna 4

(d)

Figure 2: Evolutionary steps of the proposed antenna.
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Figure 3: Simulated (a) S11 bandwidth and (b) AR bandwidth results for Antennas 1-4.
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antenna, only one parameter will be varied, while the other
parameters will be fixed.

3.1. Effects of the Width of the Signal Strip Line d1. The influ-
ence of the width of the signal strip line (d1) on the perfor-
mance of the antenna is illustrated in Figure 5. It is found
that the value of d1 just changes the resonant frequency and
the impedance matching of the antenna reflection coefficient,
but it does not change the start and end bands of the reflec-
tion coefficient bandwidth considerably. With reference to
the influence of d1 on the axial ratio bandwidth, it is found

that d1 changes the axial ratio bandwidth but widens it only
when d1 = 1 0mm.

3.2. Effects of the Parameter d2. Figure 6 shows the effect of
the distance between the L-shaped feedline and the right edge
of the square slot (d2) on the performance of the antenna.
With reference to Figure 6(a), it can be inferred that the res-
onant frequency of the reflection coefficient bandwidth is
increased when the value of d2 increased. The study shows
that the axial ratio bandwidth shifted slightly to lower fre-
quencies when d2 = 2 5mm and 3.5mm, and the wider axial
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ratio bandwidth was achieved at d2 = 4 5mm, as shown in
Figure 6(b).

3.3. Influence of the Length L2. The effects of tuning the
length of the vertical stub of the L-shaped feedline (L2)
from 41mm to 43mm on the S11 and AR bandwidths
are illustrated in Figure 7. As clearly seen in Figure 7(a),
the impedance matching and resonance frequency of the
reflection coefficient bandwidth increased with the increase
in the length of L2. The effect of tuning the length (L2) on
the AR bandwidth is demonstrated in Figure 7(b). Although
the effect of tuning the length (L2) from 41mm to 43mm
on the start frequency of the AR band is inconsiderable,
the end frequency of the band is increased as the length
of L2 increased.

It is worth noting that both the impedance matching and
resonant frequency of the antenna reflection coefficient S11
as well as the AR bandwidth can be controlled by tuning the
parameter L2.
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Figure 6: Simulated S11 and AR results for different distances (d2).
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Figure 7: Simulated S11 and AR results for different lengths of the L2 parameter.
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3.4. Impedance Matching Reconfigurability. Figure 8 exhibits
the influence of tuning the length of the vertical stub (W5) on
the performance of the antenna reflection coefficient. The
increase of W5 from 52mm to 54mm improves the imped-
ance matching of the antenna, as shown in Figure 8. How-
ever, when W5 increased to 55mm and 56mm, the antenna
impedance matching is decreased. To achieve the optimal
performance of the proposed antenna, the value of the length
of W5 is adjusted carefully.

4. Simulation and Measurement Results

An Agilent E5071C vector network analyzer was used to
measure the antenna reflection coefficient S11 . The far-
field performance of the proposed antenna was measured in
an anechoic chamber by using the SATIMO measurement
system. The measured and simulated reflection coefficient
S11 results of the proposed compact antenna are demon-
strated in Figure 9(a). As shown in the figure, the wide
frequency range of both the simulated and measured 10 dB
reflection coefficient S11 bandwidths of 54.4% (632–
1104MHz) and 54.6% (630–1103MHz) was achieved,
respectively. Figure 9(b) presents the simulated and mea-
sured results of the axial ratio bandwidth. Wide simulated
and measured axial ratio bandwidths of 484MHz (792–
1276MHz) and 460MHz (818–1278MHz) were achieved,
respectively. The three CP frequencies (with the lowest AR
value) were measured at 840MHz, 1030MHz, and
1230MHz. As a result of integrating these three CP fre-
quencies, a wide broadband CP bandwidth of 42.4%
(818–1278MHz) was measured. Good agreement was
observed between the simulated and measured results of
the reflection coefficient S11 and axial ratio bandwidths.
As shown in Figure 10, the simulated and measured peak
gains of the proposed compact antenna were measured in
an authorized SATIMO anechoic chamber, and stable gain
levels with small variations of 3.65–4.0 dBi throughout the
UHF RFID band (840–960MHz) can be observed. The

maximum measured peak gain of the antenna was at
880MHz. The normalized simulated and measured radiation
patterns in both x-z and y-z planes at 900MHz (centre fre-
quency of the universal UHF RFID band) are presented
in Figure 11, and good agreements between them were
observed.

The reading-range measurement of the proposed novel
compact CP antenna which was accomplished by rotat-
ing the Alien dipole-like tag AZ9662 with dimensions of
70mm × 17mm along the ±z-axis direction is depicted in
Figure 12. The proposed reader antenna was connected
to a UHF RFID reader module (JRM2030) with a low out-
put power of 27 dBm and an operating frequency of 902–
928MHz. The antenna exhibited a maximum measured
reading range in free space which is maintained between
3.0 and 3.5 meters.

Photographs of the fabricated antenna experiment using
the Agilent E5071C vector network analyzer and the SATIMO
measurement system are depicted in Figures 13(a) and 13(b),
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Pe
ak

 g
ai

n 
(d

Bi
)

6

5

4

3

2

1

0
0.84 0.86 0.88 0.90 0.92 0.94 0.96

Frequency (GHz)
W5 Simulated
W5 Measured

Figure 10: Simulated and measured peak gains of the proposed
antenna.

6 International Journal of Antennas and Propagation



respectively. Figure 13(c) shows a photograph of the fabricated
antenna. Table 2 exhibits a comparison between the proposed
antenna and the antennas which were designed in references
[8–14]. As clearly seen in this table, the overall size of the pro-
posed antenna is small, the CP bandwidth is much wider, and
the impedance bandwidth of the proposed antenna is much
wider compared to all antennas presented in Table 2. The

proposed antenna is composed of one ground plane layer,
while the antennas in [8–11] consisted of more than one
ground plane layer. Notably, the proposed universal UHF
RFID antennas covered the entire UHF RFID band of 840–
960MHz in terms of impedance and axial ratio bandwidths,
whereas the antennas in [8–10, 12, 13, 15, 16] cannot be con-
sidered as a universal antenna type (840-960MHz).
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5. Conclusion

In this study, a new reader antenna for universal UHF RFID
handheld applications was demonstrated and experimentally
investigated. The proposed antenna consists of a CPW L-
shaped feedline mounted at the right edge of the square slot
at the bottom of the ground plane, with a horizontal stub pro-
truding from the right side of the square and a vertical stub
placed at the lower left of the square slot. The positions
and geometries of these L-shaped feedlines and stubs are
carefully adjusted to obtain a wide CP bandwidth. The pro-
posed antenna shows a measured impedance bandwidth
of 54.6% (630–1103MHz) with a reflection coefficient less
than -10 dB, a 3 dB axial ratio bandwidth of 460MHz (818–
1278MHz), and a stable radiation gain between 3.65 and
4.0 dBi throughout the universal UHF RFID band (840-
960MHz). The proposed antenna has the merits of compact
size, simple structure, easy fabrication process, and wide axial
ratio bandwidth compared to the reader antennas mentioned
in Table 2. The measured antenna performances mentioned
above indicate that the proposed antenna easily satisfies the
requirements of the universal UHF RFID handheld reader
antenna applications with a wide axial ratio bandwidth and
a compact overall size of only 120 × 120 × 1 6mm3.

Data Availability

The simulated and measured results for each parameter are
plotted in one figure as a comparison between the simulation
and measurement results.
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220

880-1100
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180

800-980
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820-1000
6.5 250 × 250 × 17 3 4

[12]
225

758-983
121

838-959
8.6 250 × 250 × 36 5 4

[13]
142

860-1002
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857-1023
6.8 126 × 121 × 0 8 1

[14]
380

618-998
332

791-1123
3.4 120 × 120 × 0 8 1

[15]
90

851-941
19

902-921
1.4 60 × 60 × 0 508 1

[16]
185

794-979
60

900-960
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work

473
630-1103

460
818-1278

4.0 120 × 120 × 1 6 1
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