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This paper displays a new design of a small antenna proposed for radio-
frequency identification (RFID) applications in the UHF band (ultra-high
frequency). Our antenna is constituted of two rectangular patches linked
together with a meander line. Using this technique reduction in antenna size
of equal to 62% with respect to the conventional antenna was achieved. The
antenna has a simple structure and small antenna size of 60 x 74mm? or
0.184 ;4 x 0.226 4. It has been fabricated on a low-cost FR4 substrate and
measured to validate the simulation performances. The measured bandwidth
is around 54.4 MHz (889.3 - 943.7 MHz) with reflection coefficient less than
10 dB, which covers all of the American RFID band (902 - 928 MHz),
Chinese RFID band (920.5 - 924.5 MHz), Korea Republic and Japan RFID
band (917 - 923.5 MHz). The design and simulations have been effected by

Reflection Coefficient electromagnetic simulators HFSS and CST microwave studio. A good accord
REID-UHE is getting between the simulated and measured results. This antenna is
intended for the reader of RFID applications.
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1. INTRODUCTION

Radio-frequency identification, well known as RFID, is an intelligent technology system that is
highly efficient, flexible and well appropriate for operations automatic. RFID is an identification method that
employs radio frequency waves to capture data held in gadgets titled RFID tags. It presents various
advantages compared with other identification technologies for instance barcodes. It is a contactless
technology, which makes the automatic interchange of information rapid and extra efficient. It can operate
under a diversity of environmental conditions, allows storing a quantity of encrypted and secured data. RFID
technology employs electromagnetic fields to identify, monitor and trail objects, animals or people remotely
utilize radio waves [1], [2].

An RFID radio frequency identification system typically comprises of two entities that communicate
together, a smart tag and a reader. The tag linked with the element to be identified who is able to respond to a
request from a reader. The latter has the task of identifying the label. It sends an electromagnetic wave to the
element to be recognized. As a response, the reader obtains the information sent back by the tag.

RFID systems can be designed to operate in low-frequency (BF) to the super-high-frequency band
(SHF). This operation has been standardized to keep away from any interference with another
electromagnetic device [3]. The frequency bands allocated to RFID applications are a low-frequency band
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(LF: 125 KHz), the high frequency band (HF: 13.56 MHz), UHF band (860-960 MHz), and the microwave
band (2.45, 5.8 GHz) [4], [5].

In latest years UHF RFID technology remains the most coveted in the various areas especially
traceability, given its low cost and performance regarding speed and reading distance. The use of the RFID
applications in UHF band is different from one country to another, according to Regulatory status for
utilizing RFID in the EPC Gen2 (860 to 960 MHz) band of the UHF spectrum [6]. The frequency bands used
are as follows: 866-869MHz in Europe, 902 - 928 MHz in United States, 920.5 - 924.5 MHz in China,
916.7 - 920.9 MHz and 916.7 - 923.5 MHz in Japan, 918 - 926 MHz in Australia, and 867.6 - 868 MHz in
Morocco, and so on [7], [8].

Having been designated as the most indispensable components for the transmission and reception of
EM electromagnetic waves, antennas play a fundamental role in the systems that use them. They remain the
focal support that provides the link between the tag and the reader [9].

Over the last decades, micro strip patch antennas have been a topic of intense consideration in RFID
systems, due to their several advantages [10] such as size, generally smaller than other types of antenna, low
manufacturing cost, easy to fabricate [11], very flexible power supply and the choice of a polarization of the
linear or circular electromagnetic wave by adjustment of the geometry and excitation of the radiating
element. Much attention has been focused on miniaturizing and improving the bandwidth of patch antennas.

Some techniques have been discussed in the literature to realize the miniaturized of microstrip
antennas with high performance such as changing geometry, by adding slots or notches on patch antenna
[12], [13], using discrete components or adding short circuits [14], using fractal structure [15], [16],
modifying ground plane (method DGS: defected ground structure), [17], [18], or miniaturization by using a
high relative permittivity of the dielectric substrate, [19]. The most used technique to miniaturize the size of
microstrip antennas is the folding of the dipole by meander line [20], [21]. It has important advantages; it is
electrically slight, small profile antenna and has simple structure [22]. But these antennas have small
radiation efficiency.

In this study, a miniaturized patch antenna founded on meander line technique at 920 MHz is
proposed for UHF band. Our antenna simply consists of a meander line with a different length of a vertical
segment designed to get better bandwidth. The proposed antenna design has a small size of 60 x 74 mm? or
about 0.184,, x 0.226 .

The geometry of our conception will be presented in the next part of this paper. A parametric study
will be demonstrated in part 111 and the last part will display simulated and measured results of the proposed
antenna.

2. ANTENNA DESIGN

The design of our patch antenna founded on meander line technique is presented in this section and
its geometry is exposed in Figure 1. Table 1 display the optimized dimensions of our antenna. The antenna is
designed for UHF RFID applications in the frequency range of 890 - 943 MHz, it has designed and fabricated
on an FR-4 substrate due to its low cost and easy fabrication with dielectric constant er = 4.4, substrate height
h = 1.6 mm and loss tangent of 0.025. The antenna is fed by microstrip line (50 Q) via an SMA connector.
The patch and the ground plane are Perfect Electric Conductor (PEC) of 0.035 mm of thick. The proposed
antenna has smaller and compact size of only 74 x 60 mm? or about 0.226 ;, x 0.184 ;, where ,, is a free-
space wavelength at 920 MHz. The results of simulation of the antenna were achieved using the software
HFSS and CST.

The design of the meander lines is done by the construction and combination of lines. It’s one
technique of reducing the size of an antenna and can be realized by meandering vertical and horizontal lines.
In case of meander line, if meander spacing is increased, resonant frequency lessens, and if meander spacing
is decreased increase, resonant frequency expands. In our antenna, we try the maximum to make the space of
the meander smaller according to improve the adaptation. The variation of the operating frequency by the
geometrical values of the structure of meander line is described in a parametric study. Our antenna comprises
of a meander in the middle of the radiating element that connects two rectangular patches with the same
length, different width, and a rectangular stub inserted at the top of the feed line to improve the adaptation of
the impedance.
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Figure 1. Geometry of the proposed antenna

Table 1. Dimensions of the Proposed Antenna

Parameter Value (mm) Parameter Value (mm)
Ws & Wg 74 Wpl & Wp2 71
Ls 60 Lpl 11.5
Lg 1 wd 2
Wif 3.2 Ld 6
Lf 15 Wc 1.7
Wa 95 Lc 40
La 8.5 Wih 15
Drw 15 Lp2 9

3. PARAMETRIC STUDY

To improve the matching input impedance we have launched a study on the different parameters
that can influence on the reflection coefficient at the operating frequency. After many series of optimizations,
we have concluded that the La parameter is the key to ameliorate the return loss.

Figure 2 shows the impact of varying La on the impedance matching. By varying La starting from
1.5 to 8.5 mm, the reflection coefficient S11 improves considerably from -14 dB to -44.58 dB and the
resonant frequency shifted slightly towards center frequency (920 MHz). From these results, as shown in
Figure 2, the optimized length of the vertical line (La) is 8.5 mm (see also Table 2).

3.1. The effect of the length of vertical line (La) on the impedance matching

To improve the matching input impedance we have launched a study on the different parameters
that can influence the return loss at the operating frequency. After many series of optimizations, we have
deduced that the La parameter is the key to enhance the return loss.

Figure 2 shows the impact of varying La on the impedance matching. By varying La starting from
1.5 to 8.5 mm, the reflection coefficient S11 improves considerably from -14 dB to -44.58 dB and the
resonant frequency shifted slightly towards center frequency (920 MHz). From these results, as shown in
Figure 2, the optimized length of the vertical line (La) is 8.5 mm (see also Table 2).
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Figure 2. Simulated values of |[S11]| of the antenna for various sizes of La
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Table 2. Effect of Changing Size of (la) on Antenna Performance Parameters

Value of La [mm] Refle((:gi)g)c[cc)jeg;ment Freqﬁgrig?/a[rl]\t/IHz] Bandwidth [MHz]
15 -145 913.34 8894 —944.8
35 -27.3 914.5 889 - 939
6.5 -37 918 892 - 941.7
8.5 -44.58 920 896.1 —942.5

3.2. The effect of the width of horizontal line (Wc) on the resonant frequency

The plots of S11 for different values of Wc is shown in Figure 3 although the other parameters kept
constant. It can be clearly seen that the return loss curves change the position of the resonant frequency with
the variation of parameter Wc. In Figure 3, when Wc varies from 0.2 to 4.2 mm, the position of the resonance
frequency moves from 8867.6 MHz to 948.8 MHz. Table 3 summarizes the bandwidth and resonances
frequencies obtained by varying the Wc parameter.

Figure 3 show that good input impedance matching for the RFID bands can be obtained by tuning
the values of the parameter Wc. As a result, it is observed that the other bands of RFID can be controlled
simultaneously by varying the width of Wc.

According to this study on the Wc parameter, it can be seen that the variation of Wc gives us the
possibility of covering different bands allocated to RFID-UHF, allowing to the regulatory status for using
RFID in the EPC Gen2 (860 to 960 MHz) band of the UHF spectrum. When Wc lowers to 0.2 mm, the
antenna will operate well on Europe RFID Band (865-868 MHz), when Wc takes the value of 1.7 mm, the
antenna is also adapted to the Korea RFID band (917 - 923.5 MHz), the Australia RFID Band
(918 - 926 MHz) and other RFID bands like the American, Mexican and Canadian Bands (902 - 928 MHz),
because the antenna has enough bandwidth that exceeds 50 MHz.
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Figure 3. Simulated values of |[S11| of the antenna for various sizes of Wc

Table 3. Effect of Changing Size of (Wc) on Antenna Performance Parameters

Value of La [mm] Refle?tsltl)?)c[%egglaent Freqﬁszggirl]\t/l Hz] Bandwidth [MHz]
0.2 -42.28 867.6 844 —885.3
1 -41.79 900.3 878 - 921
1.7 -44.58 920 896.1 - 942.5
4.2 -51.77 948.8 920 - 970

3.3. The effect of the width of horizontal line (Drw) on the center resonant frequency

The study was also carried out on another parameter important of the meander dipole; one parameter
is changed, while the others kept constant. Figure 4 shows that the center frequency is increasing while the
Width of Dr varies in a range when is changed from 0.5 mm to 2 mm. Table 4 summarizes the bandwidth and
resonances frequencies obtained by varying the Drw parameter.

This parameter slightly shifts the resonance frequency from 917.5 MHz to 920.7 MHz keeping the
same bandwidth, its usefulness is to reach exactly the desired resonance frequency in the various RFID-UHF
bands, it is enough just to vary the parameter for different values.

A Miniature RFID Antenna at UHF Band using Meander-Line Technique (Y. Gmih)
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Figure 4. Simulated values of |[S11| of the antenna for various sizes of Drw

Table 4. Effect of Changing Size of (Drw) on Antenna Performance Parameters

Value of La [mm] Reflet(:él:cL):rl\)c[zeI;‘?uent Frequeersmg?/a[?\;Hz] Bandwidth [MHz]
0.5 -43.83 917.5 892.7 - 940.3
1 -44.38 918.76 895 -941.6
15 -44.58 920 896.1-942.5
2 -45.21 920.7 896.5—9435

4. RESULTS AND DISCUSSION

To confirm the results of the simulation, an original model of the proposed antenna is fabricated and
verified. The circuit is manufactured by using LPKF machine and it is printed on the FR-4 substrate with
dielectric constant of 4.4 and having a thickness of 1.6mm. Figure 5 shows a photograph of the fabricated
antenna. The final antenna is compact, miniature and low cost, with a full size of 60 x 74 x 1.6 mm?®. The
results of simulation of the antenna were achieved using the software HFSS and CST.
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(a) Front view (b) Back view

Figure 5. Photographs of the fabricated antenna (a) Front view. (b) Back view.

Simulated and measured results of the return loss of the proposed antenna are shown in Figure 6 The
simulated -10 dB return loss bandwidth is -44.58 dB at 920 MHz (890 - 950 MHz) in CST-MS and -37.24 dB
at 920 MHz (894.8 - 943 MHz) in HFSS .The measured bandwidth of the antenna prototype is 54.4 MHz
(889.3 - 943.7 MHz), under the condition of reflection coefficient less than -10 dB, which covers the China,
Korea Rep, Japan, North and South America RFID Band (900 - 928 MHz) completely. In Figure 6, the
antenna prototype exhibits a resonance frequency equal to 919 MHz and a return loss of about -25.41 dB,
which is a good result of measurement. Table 5 presents a comparison between the results of measured and
simulated reflection coefficient of our miniaturized antenna.
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Figure 6. Simulated and measured reflection coefficient of the proposed antenna

Table 5. Comparison between the measured and simulated reflection coefficient

Freqssrig;a[%mz] Return loss [dB] ~ Bandwidth [MHz]
CST 920 -43.83 182
HFSS 920 -37.24 60
Measured 920 -25.41 54.4

The experimental results demonstrate that the proposed design completely conforms with the of
impedance matching obligatory on a handheld reader antenna, and the operating bandwidth with a return loss
less than -15 dB covers the whole allocated spectrum for UHF-RFID applications in different bands starting

from 902 to 932 MHz.
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Figure 7. Simulated input impedance of the proposed antenna in (a) HFSS and (b) CST
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One of the important parameters that need be verified is the input impedance. In reality, this
parameter reflects the adaptation of the antenna which generally allows, optimizing the transfer of electric
power between the source and the load. Figure 7 appearances the variation of the input impedance.

The input impedance can be seen in Figure 7 with Zin = 50.64 +j0.36 Q at 920 MHz in CT-MS and
Zin = (50.68 - j1.2) Q at 920 MHz in HFSS. This proves that the antenna is adapted. Figure 8 demonstrates
the simulated voltage standing wave Ratio (VSWR) of our antenna. It reaches a value of 1.01 (<2) in
CST-MS and 1.02 (<2) in HFSS at 920 MHz resonant frequency. The results are agreed well with each other
with VSWR less than 2. This parameter can also demonstrate that our antenna is adapted.

= \SWR in CST
=== VSWR in HFSS

892.83, 2.0082 )
946.14, 2.013 )

g (
8 (
g (520, L0279)
§ (
g (

886.97, 2.0042 )
952.34, 1.9837)

Figure 8. Simulated VSWR of the proposed antenna

Figure 9 show the radiation patterns in the E (¢ = 0 deg) and H (¢ = 90 deg) plans of the proposed
antenna at the several typical frequencies (902 MHz, 920 MHz, and 928 MHz). It reflects the variation of the
radiated power in different spatial directions. Note that the presented radiation pattern in the E and H plans is
almost bidirectional at the resonant frequencies 902 MHz, 920 MHz, and 928 MHz. It can be clearly seen in
Figure 9 that a good agreement is reached between simulated results in HFSS and CST.

Figure 10 shows the simulated gain versus frequency of the proposed antenna. The gain analysis
results fluctuated between 1.81 and 1.83 dB from 902 to 928 MHz in HFSS and between 1.52 dB and 1.56
dB from 902 to 928 MHz in CST. The simulated maximum gain of 1.83 dB in HFSS and 1.56 dB in CST
was observed at 920 MHz. Meaning that our recommended antenna has a good directional characteristic, it is
suitable for UHF RFID systems.

Table 6 presents comparison of the various antennas with the same substrate (FR-4 1.6 mm in thick)
recently reported in the literature with the proposed design for UHF RFID application in terms of size,
resonant frequency, bandwidth, and gain.

Table 6. Comparison of Previous Designs with the Proposed Antenna

References [23] [24] [25] Proposed antenna

Size (mm) 46.8x 74 81 x 58 105 x 90 60 x 74

Fr (MHz) 878 916 910 920
Bandwidth (MHz) 48.83 25/(905-930) 26/ (902-928) 54.4/(889.3-943.7)

Gain (dB) -1.18 0.5 1.35 1.56

It is discovered that the impedance bandwidth and gain of the proposed antenna are higher
compared to [23]-[25]. We can conclude that the proposed and validated antenna has a simple structure of
smaller size approaching electrically small antenna, presents good performances in comparison with other
structures validated in literature, and easier to fabricate.
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Figure 9. Simulated radiation patterns of the proposed antenna in the H and E planes at (a) 902 MHz,

(b) 920 MHz, and (c) 928 MHz in HFSS and CST
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Figure 10. Simulated peak gain of the proposed antenna in HFSS and CST
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5. CONCLUSION

This paper research presents configuration, design theory, simulation and measurement of a novel
UHF RFID reader antenna. It's based on meander line concept for UHF band applications at a resonant
frequency of 920 MHz with a bandwidth of 54 MHz, which can cover the China, Korea Rep, Japan, North
and South America RFID Band (900 - 928 MHz) completely.

The input impedance of our antenna and its resonance frequency can be tuned by properly adjusting
the parameters of the meander lines giving freedom for optimization. These parameters can be modified to
handle different UHF RFID bands in this article.

Our antenna has compact dimensions of 60 x 74 x 1.6 mm?; a size reduction of 62 % has been
obtained with respect to a conventional antenna in an RFID-UHF band. Our recommended antenna is a good
applicant for UHF RFID applications.
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