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Abstract

In this paper, a UHF (Ultra High Frequency) RFID (Radio-frequency identification) circular polarization reader antenna is presented.
The proposed antenna is a low cost, easy to manufacture UHF RFID reader antenna in the European UHF RFID band. The proposed
antenna design employs an air-substrate patch antenna. The antenna size of 250x250x7mm. The proposed antenna works from 850 to
874 and 880 to 893 MHz with return loss less than -10 dB, thus covering the European UHF RFID band. The proposed antenna return
loss bandwidth is 37 MHz. The gain of the designed antenna is 7.88 dBi at 867 MHz. Also, with a bandwidth of 864-870 MHz, the axial
ratio (AR) is less than 3dB. This means that the antenna has circular polarization at 867 MHz. Each result has been calculated on CST
Studio Suite 2020. The antenna recommended for use in smart factory applications promises a good antenna among RFID reader
antennas.

Keywords: RFID Reader, UHF (Ultra High Frequency), RFID (Radio-frequency identification), Circular Polarization (CP), Axial
Ratio

Akillh Fabrika Uygulamalar i¢in Yiiksek Kazanch Dairesel Polarize
Kare Yama UHF RFID Okuyucu Anten Tasarim

Oz

Bu bildiride, bir UHF (Ultra Yiiksek Frekans) RFID (Radyo frekansi tanimlama) dairesel polarizasyon okuyucu anteni sunulmaktadir.
Onerilen anten, Avrupa UHF RFID bandinda diisiik maliyetli, iiretimi kolay bir UHF RFID okuyucu antenidir. Onerilen anten tasarimu,
bir hava-substrat yama anteni kullanir. 250x250x7mm antenin boyutudur. Onerilen anten 850 ila 874 ve 880 ila 893 MHz arasinda ve -
10 dB'den daha az geri doniis kaybiyla galisir, bdylece Avrupa UHF RFID bandini kapsar. Onerilen anten déniis kayb1 bant genisligi
37 MHZz'dir. Tasarlanan antenin kazanc1 867 MHz'de 7.88 dBi'dir. Ayrica, 864-870 MHz bant genisligi ile eksenel oran (AR) 3dB'den
azdir. Bu, antenin 867 MHz'de dairesel polarizasyona sahip oldugu anlamma gelir. Her sonu¢ CST Studio Suite 2020 iizerinde
hesaplanmistir. Akilli fabrika uygulamalarinda kullanilmasi dnerilen anten, RFID okuyucu antenler arasinda iyi bir anten vaat ediyor.

Anahtar Kelimeler: RFID Okuyucu, UHF (Ultra Yiiksek Frekans), RFID (Radyo frekansi tanimlama), Dairesel Polarizasyon (CP),
Eksenel Oran
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1. Introduction

Today, factories are rapidly transitioning to mechanization
technologies. The most important improvements made in this
process are made with UHF (Ultra High Frequency) RFID
(Radio-frequency identification). RFID systems are frequently
utilized in industries such as object monitoring, product
manufacturing, production tracking, sales, and logistics. [1-4].
Due to the obvious rapid technological discoveries in microwave
and millimeter wave component technologies, existing wireless
components [5-9] are being replaced by alternative wireless
component designs that are targeted to be technically compatible
with emerging technology. RFID technology is an automatic
identification system consisting of a tag and a reader with an
antenna wrapped around it. Data and energy transfer are provided
without any contact between the tag and the reader. As in every
wireless communication system, the antenna is one of the vital
parts of in RFID systems [10]. A circularly polarized antenna is
required to ensure reliable communication between the reader and
the tag [11]. Air-substrate can be used to obtain circularly
polarized characteristics, increase impedance bandwidth and
reduce antenna dielectric loss [12-14]. In recent years, different
architectures have been proposed to generate broadband circular
polarization radiation [10-15]. In [15], a reader antenna with a
maximum gain of 8.9 dBi in the 890 - 944 MHz range is
presented. The disadvantage of this antenna is that the antenna
does not have circular polarization and its dimensions are large
(305x3025x7mm). In [12] presents an L-shaped ground plane
powered antenna with a maximum gain of 8.6 dBi in the 836 and
986 MHz range. The disadvantage of this antenna is its large
dimensions (250x250x60mm). In [16], a reader antenna with a
maximum gain of 4 dBi is presented in the 618- 998 MHz range.
The Dimension size of the antenna is 120x120x0.8 mm. In [17],
a reader antenna with a maximum gain of 5.62 dBi is presented in
the 850 - 1060 MHz range. The disadvantage of this antenna is
that the antenna is very thick and has a more complex structure
because it is multi-layered. (150x100x10mm). However, these
antennas are either large, have a small bandwidth, or have a small
gain compared to the antenna.

The design of a UHF RFID high-gain circularly polarized RFID
reader antenna is presented in this article. The proposed new
antenna offers high gain for better readability of tags along with
good impedance matching in the 864-870 MHz UHF RFID band.
The proposed antenna circular polarization design is preferred
because circular polarization provides distance gain over linear
polarization and facilitates communication between antennas that
are not in direct line of sight [19]. In addition, a suitable size
design has been made for the reader antenna and the use of FR4
has been presented for a low cost.

2. Material and Method
2.1. Antenna Design

Figure 1 shows the geometry and size of the proposed
antenna. The air-substrate thickness used in the proposed antenna
is 5.42 mm. Used FR4 A 0.8 mm thick and FR4 substrate with
permittivity =4.4, and loss tangent =0.02.
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Fig.1: Geometry of proposed antenna. (a) top view, (b) antenna
view (c) side view.

Fig.1 (e) shows the simplified version of the antenna from the
side. Fig.1 (c), the antenna has 0.035 mm thick copper ground, 0.8
mm thick FR4, 5.42 mm air, 0.8 mm thick FR4, and 0.035 mm
thick copper, from bottom to top, respectively. The patch and
ground plane are connected by four copper pins. The antenna is
fixed with these copper pins, which force the radiation patch to
connect directly to the ground plane, increasing the antenna’s
impedance bandwidth. The antenna is fed by a 50 Q SMA
connector. The parameters used are G=250 mm, L=183 mm,
L;==82 mm, C=22.50 mm, C;=24.50 mm, C,==10 mm, S=30
mm.
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3.Results and Discussion
3.1. Results

The proposed antenna was constructed and simulated using
CST Studio Suite 2020. Antenna dimensions are optimized to
achieve desired performance in reflection coefficient, bandwidth,
axial ratio, and gain. The S parameters of the proposed antenna
are shown in Fig.2. When Figure 2 is examined, the proposed
antenna offers a bandwidth of 37 MHz in the frequency range of
from 850 to 874 and 880 to 893 MHz. When Fig.3 is examined,
the antenna provides 7.88 dBi gain at 867 MHz.
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Fig.2: |S11]| of a proposed reader antenna

Realized Gain

| Realized Gain : 7.8813685

kN W s 1 @ W @ W

860 [86770 880 890 900 910 920
Frequency / MHz

20 830 840 850

Fig.3: Realized gain of a proposed reader antenna

farfield (f=867) [1]

Type Farfield
Approximation enabied (kR >> 1
Component  Abs

Output Realized Gain
Frequency 867 MHz

Rad. Effic. -0.7435 dB

Tot. Effic. -0.9083 g8

Rizd. Gain 788108

Phase center (0, -0.286203, 38.281) Sigma 2.32583

Fig.4: Realized gain of the proposed reader antenna

The 3D radiation patterns of the designed antenna are
illustrated in Figure 4. The realized gain of the antenna is 7.88 dBi
at 867 MHz.

When Fig.5 is examined, the axial ratio is below 3 dB in the
range of 864-870 MHz. In the frequency range where the axial
ratio is above 3 dB, the antenna exhibits circular polarization.
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Fig.5: Axial the ratio of a proposed reader antenna

3.2. Discussion

As seen in Table 1, the proposed reader antenna is better when
compared to the reader antennas in the literature. Different studies
have been examined in different working ranges and gains created
with different parameters and methods. The proposed antenna is
more applicable and usable than other antennas in terms of size
and gain.

Table 1. Comparison of the performance parameters of the
proposed antenna

10d8 AR Gain | Dimensions
Ref. | Bandwidth | Bandwidth (dBi) (mm)
(MHz) (MHz)
[7]1 | 880-960 906-928 9 | 254x254x18
[8] | 890-944 902-928 89 | 305x305x7
[9] | 685-1125 | 836-986 8 | 250x250x60
[10] | 618998 | 761-1123 | 4 120"1820"0'
[11] | 850-1060 | 876-1084 | 5.62 | 150x100x10
Prop | 940940 911-921 | 8.64 | 250x250x7
osed

4. Conclusion

In this paper, a high-gain circularly polarized RFID reader
antenna has been proposed. The proposed antenna has a reading
range from 850 MHz to 874 MHz, from 880 MHz to 893 MHz,
and offers 37 MHz bandwidth. The gain of the designed antenna
is 7.88 dBi at 867 MHz. Also, with a bandwidth of 864-870 MHz,
the axial ratio (AR) is less than 3 dB. This indicates that the
antenna has circular polarization at 867 MHz. The antenna, which
is recommended to be used in UHF RFID applications, promises
a good and useful antenna among RFID reader antennas.
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