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Abstract: Over the past decade, radio-frequency identification (RFID) technology has attracted significant
attention and become very popular in different applications, such as identification, management, and monitoring.
In this study, a dual-band microstrip-fed monopole antenna has been introduced for RFID applications. The
antenna is designed to work at the frequency ranges of2.2-2.6 GHz and 5.3-6.8 GHz, covering 2.4/5.8 GHz RFID
operation bands. The antenna structure is like a modified F-shaped radiator. It is printed on an FR-4 dielectric
with an overall size of 38 X 45 X 1.6 mm?®. Fundamental characteristics of the antenna in terms of return loss, Smith
Chart, phase, radiation pattern, and antenna gain are investigated and good results are obtained. Simulations have
been carried out using computer simulation technology (CST) software. A prototype of the antenna was
fabricated and its characteristics were measured. The measured results show good agreement with simulations.
The structure of the antenna is planar, simple to design and fabricate, easy to integrate with RF circuit, and
suitable for use in RFID systems.

Keywords: dual-band antenna; microstrip-fed printed antenna; monopole antenna; RFID; wireless
communication

1. Introduction

RFID is a recent outstanding technology which uses radio frequency (RF) signals for theidentification of objects
and has been employed in many applications, such as service industries and moving vehicle identification. In
general, RFID is a paste and tag antenna for the purpose of identification and tracking by radio. An RFID system
contains three major components: a transponder, a reader, and a computer for data processing. The reader
(Interrogator) includes an antenna, whichcommunicates with the TAG. The antenna should be inexpensive, light,
simple, and easy to fabricate.

Different frequency bands of the electromagnetic spectrum, such as 130 kHz (low-frequency),

13.5 MHz (high-frequency), 900 MHz (ultra-high-frequency), 2.4 GHz, 5.8 GHz, and 24 GHz (microwave frequency)
are allocated for RFID applications. Recently, several antenna designs with single, dual, and multi-band characteristics
were reported in the literature for RFID applications .A closely-spaced loop antenna array with directional radiation
patterns is proposed in to operateat 900 MHz. In, an active RFID tag antenna operating at 2.4 GHz has been
introduced for RFID applications. In, a dual-band circularly-polarized antenna is designed for covering both 900
MHz and 2.4 GHz frequency bands. Another design with multi-band function is proposed in, which can cover
0.9/2.4/5.8 GHz RFID frequency bands. In this study, 2.4 GHz and 5.8 GHz are selected as the desired dual
operation bands for RFID applicationsPrinted monopole antennas are very attractive and suitable for dual-band or
multi-band applications owing to their simple structures, compact size, good impedance matching, and
omnidirectional radiation patterns. Multi-band monopole antennas can be realized by employing parasitic
structures, slots, or slits in the antenna configuration or using various radiating elements with different shapes.
Configuration of the presented design consists of a modified F-shaped radiation patch, a rectangular microstrip
feed-line, and a ground plane. The antenna with aplanar structure is designed on an FR-4 substrate. Its frequency
operation covers the frequency bands from 2.2-2.6 GHz and from 5.3-6.8 GHz. The antenna provides omnidirectional
radiation patterns atboth of the desired frequency bands (2.4 and 5.8 GHz).

In contrast to the reported RFID antenna designs, the presented design exhibits wider impedance bandwidth at lower
and upper operation bands with higher gain values, especially at the upper band. The antenna operation bandwidth is
highly sensitive to small changes in the fabrication process. There must be very strict guidelines in order to avoid
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shifting of the resonance to lower or higher frequencies outside the required narrow band of interest. This drawback
could be avoided if a wideband antenna is designed instead. The proposed RFID antenna provides more than 85% total
efficiency characteristic at the resonant frequencies (2.4/5.8 GHz).

2. Antenna Design and Configuration

Configuration of the antenna is illustrated in Figure 1. It is printed on a low-cost FR-4 dielectric, whose relative
permittivity, loss tangent, and thickness are 4.4, 0.025, and hsu = 1.6 mm, respectively.The FR4 dielectric combines
good electrical features, price, and availability. Compared with other materials, FR4 material is sufficiently cheap
and available in the market and has been widely used in antenna designing for frequencies less than 6 GHz.
Moreover, FR-4 material is available in more thickness values than other ones, which gives more design flexibility.
However, as the antenna operation frequency is increased, the permittivity of FR-4 varies and loss in the substrate
increases. Therefore, for ultra-high frequency designs, it is better to use materials prone to loss, such as Arlon,
Roger, and others.
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Figure 1. (a) Side, (b) top, and (c) bottom views of the antenna.
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The radiation patch of the designed antenna is connected to a rectangular feed-line with Wr width and L¢ length. The
width of the microstrip feed-line is fixed at 3 mm. On the other side of the substrate, a conducting ground plane of
Wsub width and Lgna length is placed. The antenna is connected to a 50 Q SMA connector for signal transmission.
The parameter values for the antenna design are listed in Table 1.

Table 1. Parameter values of the antenna design.

Parameter Value (mm) Parameter Value (mm) Parameter Value (mm)
Wsub 28 Lsub 40 hsyp 1.6
We 3 L¢ 20 w 10
Wi 4 W> 4 L 8
L1 6 L2 3 L3 3
La 3 Lgnd 17 W3 3

3. Results and Discussions

The motive behind the presented design is to achieve a dual-band characteristic for use in RFID applications. This has
been achieved by using the presented antenna design with a modified radiation patch. Return loss characteristics of the
rectangular monopole antenna (Figure 2a), the antenna with a I'-shaped radiating patch (Figure 2b), and the antenna
with a modified F-shaped radiator (Figure 2c)are illustrated compared in Figure 3.

(b) (c)

Figure 2. Different structures of the antenna, (a) rectangular-shaped, (b) -shaped, and (c) F-shaped.
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Figure 3. The return losses for the structures shown in Figure 2.
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It is observed that the lower frequency bandwidth (2.2-2.6 GHz) with a resonance at 2.6 GHz is affected by I'-
shaped structure, and the upper-frequency bandwidth (5.2-6.8 GHz), resonating at

5.8 GHz, is created and improved by adding a short rectangular strip, which modifies the radiation patch to the F-
shaped structure. The optimized length Lresonance is set to resonate around 0.25Aresonance, where Lresonance1r = Lz + Lz +

L+ L4+ (W — W3) +L1 and Lresonancez = L3 + W2 + Wf/2 + L2. Aresonancel and Aresonance2 Correspond to the first

and second resonance frequencies (2.4 GHz and

5.8 GHz), respectively.
The voltage standing wave ratio (VSWR) and Smith-Chart results of the antenna are represented in Figure 4. It is

seen that the antenna properly resonates at 2.4 and 5.8 GHz. As shown,itoperates from 2.2 to 2.6 GHz (400

MHz impedance-bandwidth) and from 5.3 to 6.8 GHz (1500 MHzimpedance-bandwidth). In addition, the reflected
phase of the antenna Si11 and its real and imaginaryparts are illustrated in Figure 5, respectively. As seen, the effects

of the resonances at 2.4/5.8 GHz areevident in the provided results.
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Figure 4. (a) VSWR and (b) Smith-Chart result of the antenna.
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Figure 5. (a) Phase, (b) real and imaginary parts of the antenna.

In order to further understand the principle of the dual-band characteristic, simulated surface current densities for

the resonant frequencies on the radiation patch and the ground plane are illustratedin Figure 6. As seen in Figure 6a, at

2.4 GHz, the current flow contraries on the interior edge of the first
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resonator (the main arm of the modified F-shaped radiation patch). At 5.8 GHz, the current flows are highly dominated
around the second arm of the radiation patch, as illustrated in Figure 6b. Figure 6c,d show the current distributions in
the ground plane of the proposed design at the resonant frequencies: the current flow concentrates around the top
edge of the ground plane. In addition, it is observed that at 5.8 GHz, the direction of current flows changes at the
edges of the ground plane in comparison to that at the first resonance (2.4 GHz).

38.1 36
E E
< <
™ o ;
T T *
% &
1.8 -3.6 2

> b

& )
# pe
a b
&
g}“;‘ * i}f&

—
Q
~
—_
O
~

Pt

':"403‘:, ;"a

R A

i

SRR LT H TN

R AW

LSy 3
bl f SRR
R é‘é&&}.ﬁ AR
A ety AR 4 Hak e
wa ety ‘:ﬁqff ég{ RSt
RS & YORAPE § TR RO E I X L

(d)

Figure 6. Current distributions at (a) 2.4 GHz and (b) 5.8 GHz on the radiation patch, and (c) 2.4 GHzand (d) 5.8 GHz in
the ground plane.

Results of varying fundamental design parameters, Wi, Wz, L, L1, Lz, L3, L4, and Lgnd are shown in Figure 7a-h.
Figure 7a,b shows the effects of L and Lz on the impedance matching; the operation frequency bands of the
antenna are not affected significantly. In contrast, as shown in Figure 7c,d, the return loss characteristic of the
antenna can be tuned at both of the resonant frequencies for different values of L1 and W1. Figure 7e,f illustrates the
impact of different values for Lz and W2 on the antennaoperation frequency; they have significant impacts on the
second resonant frequency (5.8 GHz) with
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very little impact on the first resonant frequency (2.4 GHz). It is observed from Figure 7gh that theisolation and
impedance-matching characteristics of the antenna at both resonant frequencies are highly depended on values of
Lgnda and La. Figure 8 illustrates the antenna fundamental radiation characteristics over the operation bands. As
shown, more than 75% radiation and total efficiencies (R.E. and T.E.) have been achieved at the frequency bands.
More than 2 dBi and 4 dBi maximum gainlevels are obtained for the antenna at 2.4 and 5.8 GHz, respectively.
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Figure 7. Return loss results for different values of (a) L, (b) Lz, (¢) W1, (d) L1, (e) L3, (f) W2, (g) Lgna,and (h) La.
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Figure 8. The antenna fundamental radiation characteristics.

Top and bottom views for the prototype are illustrated in Figure 9. The antenna has been constructed on a low-cost FR4
dielectric substrate with an overall dimension of 40 X 28 X 1.6 mm3. The measured and simulated return loss
characteristics of the antenna are represented in Figure 10.As can be observed, the antenna exhibits good return loss
characteristic, covering 2.4/5.8 GHz resonant frequencies, which compared with the simulated result, the agreement
is acceptable. However, there is a slight discrepancy between them which could be mostly due to possible errors in the
prototype dimensions as well as the permittivity of the high-loss FR-4 substrate.
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Figure 9. Fabricated antenna, (a) top and (b) bottom views.
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Figure 10. Measured and simulated return losses of the antenna.

The simulated and measured 2D-polar radiation patterns of the antenna for H-plane and E-planeat 2.4 and 5.8 GHz
are illustrated in Figure 11; the antenna provides omnidirectional radiation patterns in the H-plane, while 8-shaped
radiation patterns in E-plane have been achieved for different resonant frequencies. The simulation and measurement
results of the antenna gain versus its operation frequencyare plotted in Figure 12; the antenna provides sufficient gain
levels with more than 2 dB at 2.6 GHzand 3.5 dB at 5.8 GHz.
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Figure 11. Simulated and measured 2D-polar radiation patterns.
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Figure 12. Measured and simulated gain results of the antenna.

Conclus

ions

A design of dual-band antenna covering 2.4/5.8 GHz has been presented for RFID applications.To achieve the dual-
band function, a monopole antenna with a radiation patch similar to F shape was designed and its properties were
investigated. The impedance-bandwidth of the antenna spansfrom 2.2-2.6 GHz and 5.3-6.8 GHz, providing broad
bandwidth and good radiation characteristics. The antenna provides omnidirectional radiation patterns with

appr

opriate gain values at both of theoperation bands. The antenna is simple and might be a suitable candidate for

use in RFID systems.
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