n1sRanUUUEaIgaINIALNNIzUUa1StanlafRauURIlAY

ANUSUNANNUNYNA1MNTTH

Tng
NYBUUN  29ARSSS

Sudy WUNW

aduayuIudssnlay
UINY1a8NALLlags1vUIAASAULNEUNS

Uszantauuszanau 2561



RFID Tag Antenna Design on Curved Surface for

Industrial Product

By
PITCHANUN WONGSIRITORN
TAJCHAI PUMPOUNG

Granted by
Rajamangala University of Technology Rattanakosin

Fiscal year 2018



ANANIsuUsZNIA

Fanvivevounszauamyisiniiide Alimnutiemdeanzgdarii IrduInw
g Yefniu Frewdldymdieg guanisdniiunisdnnis aaenaunsisdeusasuily
fofiawarnvesiifeatuifiviateauysal

YoraUANIUUTEIURUTIE U5Ednl we. beoe UnInetdumaluladsvueng

Soulnduns dyan KNO-e&/ocoe NiNsatuayuiuiel

PYVTUN WARSET hATANE

NINHIAN W.A.2562



UNANED

SWELASINNS  : KNO-o&/edhe

FolAsan1s : N150DNLUVEIEDINIFLTNSZUUaNS N laRRAULRNLAIE NS UNER S U
QNAIMNTIY
vounddy A% Wvwiun 19ARSES wae as. Sudy vunas

NuITsaduildiausnisesnwuukaras1saigeinianine1sienlefgiundun

giavion lagenfevdnniseenwuuvesmsaimalilasansuuazangeiniavealn a1ee1ne

sonuuulinzgauiunsUssendldausiuiuianiuilans Jaaralas uagiagiuiailyily
Tang dwsunisiluussyndldlunisszydnusaludd dmsulunisdanuduiinengds

9

' i
aa v = a

svuuladafnduagndndnsignavnssufiifaniiufiaivarnats einaoenuuulildan
$20fUTU9935W5U NXP G2XL f9150u1A1muddl 922.5 wnnetdsnd ardufiunudus
FUrsasTmAIniY 15.873+j148.82 Tosiu ansennafiviauedaeuvaunsalduls
ATEUAQUENUAIINE 920-925 winnwiBsad Mdulumuuinsgiugiavieneisionled
melulszmelng areeiniasiassiieluswnsudviulasendamnianduudmdn i
aweImAgnaiIsuasvnaeuiieUsziliulsEavsnlagainnanIsade UA1EeINAE1ANTa

[
[ A

SwiuTanurlane Jagialas waviagiuianlilylany

¥
A A o/

o o w 3 4 =
AEIALY @ EUBINALLNN gwmaﬂmsww‘lm NWUNIINE)

9

E-mail Address : pitchanun.won@rmutr.ac.th

528217a11ASINTS Do AaNAd W.Ab&oe - mo AULIBU W.Alo&Dl



Abstract

Code of project : KNO-15/2561
Project name : RFID Tag Antenna Design on Curved Surface for Industrial Product

Researcher name : Dr.Pitchanun Wongsiritron and Dr.Tajchai Pumpoung

This research presents a design and fabrication of UHF RFID tag antenna. The
antenna design is based on microstrip and slot antenna. The antennas are designed
for the metallic surface curve surface and non-metallic surface which are appropriated
for automatic identification inventory management logistics management and
industrial product with a variety of surface materials. The tag antennas are designed
for NXP G2XL chip with the impedance of 15.873+j148.82 ohm considering at the
center frequency with 922.5 MHz. The proposed antennas can operate covering the
frequency band of 920-925 MHz along the UHF RFID Thailand standard. The simulated
was done by the program using electromagnetic waveform analysis. The proposed
antennas were measured to evaluate the performances. The proposed antennas can

be operated on metallic surface curve surface and non-metallic surface.

Keywords: Antenna Tag  UHF RFID  Object Surface

E-mail Address : pitchanun.won@rmutr.ac.th
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Metallic and Non-Metallic Surface UHF RFID Tag Antenna for Intelligent Logistic Management

Pitchanun Wongsiritorn'” Sathitthep Sangthong?, Panida Aunkittiphong?
and Rattana Noisomwong®
124 Department of Telecommunication Engineering, Faculty of Engineering,
Rajarmangala University of Technology Rattanakesin
2Depar‘tment of industrial engineering, Faculty of of Engineering,
Rajamangala University of Technology Rattanakosin
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ABSTRACT

The metallic and non-metallic tag antenna for UHF RFID system is designed and presented in this paper.
The tag antenna can be operated covering UHF RFID Thailand standard from 920 to 925 MHz with the gain of 3.1
dBi. The tag radome was fabricated by using 3D-printer with RMUTR Logo on the surface for protecting the
proposed tag antenna from a physical damage. The performances of the proposed tag antenna were verified by
using a commercial UHF RFID Reader on both metallic and non-metallic platforms. The maximum reading ranges

on metallic surface and non-metallic surface are 4.8 meter and 5.5 meter.

Keywords : 3D-Printer, Antenna, tMetallic, RFID, Tag

1. INTRODUCTION

Radio frequency identification (RFID) is increasingly important at the present time. The operating
frequency range can be divided in to four parts; namely low frequency (LF) with 13.567-13.553 MHZ, high
frequency with 434.79-433.05 MHz and ultra-high frequency with 925-920 MHz and microwave frequency with
2.45 GHz. Application for RFID in each operating frequency is different [11.

Low frequency identification has a shorter wave length than both HF and UHF. Its reading-range is
around 10-50 centimeters owing to magnetic coupling mechanism. The LF RFID tag is relatively costly, non-
securty standard; hence it is generally used for agricultures, animal tracking. Hight frequency RFID also uses
magnetic coupling to communicate between tag and reader. The HF RFID reading-range can be reached to 1
meter depending on a system. In this frequency band, a near-field communication (NFC) is a protocol. HF RFID

applications are for access control, tracking applications. The ultra-high frequency (UHF RFID) uses backscattering

" Corresponding author, e-mail: Pitchanun.won@rmutr.ac.th
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for communication. In this frequency band, the equipment is rather low-cost and it has long reading-range. The
maximum reading range can be reached to 10 meters. However, there are some disadvantage such as sensitive
to metal and liquid. The UHF RFID is mostly applied in logistics for goods distribution, industry and manage
product in warehouse. For the microwave frequency, the RFID is for road tolling, container tracking

In the case of RFID providing for warehouse management, logistic control, the UHF band is mostly used
owing to the long-reading range, low cost, security. Although, there are many advantages, the sensitive of metal
surface becomes a problem [2] in UHF frequency band. Generally, using of an UHF RFID tag on a metal surface
modifies the radiation pattern, impedance, gain and efficiency of the tag antenna [3] because of the
electromagnetic interference generated causing the reduction of the reading range. To avoid this phenomenon,
the tag antenna needs to be a special design for metallic surface. [4] There are many researches an UHF RFID
Tag design for metallic surface [5]-[7]. However, there are a few in Thailand. This special design tag is relatively
expensive and need to order from oversea.

A UHF RFID standard is different based on each country's regulations because the countries have
allotted different parts of the radic spectrum for RFID for example, in EU the allotted frequency ranges from 865
to 868 MHz in China allotted frequency ranges from 840.25 to 844.75 MHz and 920.25 to 924.75 MHz. In
Thailand, the standard of UHF RFID of National Broadcasting and Telecommunication Commission is between 920
and 925 MHz with 4 Watt EIRP. The RFID component and equipment should meet the required nation standard.

In this paper, the UHF RFID tag antenna which can be applied for metallic and non-metallic surface is
presents. The structure is easily to adjust when the operating frequency is changed due to a different of the UHF
RFID frequency standard in each country. The antenna can be operated covering the operating frequency band
of UHF RFID Thailand standard with 920-925 MHz The measured results show that the proposed antenna can

operate reliably on non-metallic and metallic surface products.

.2METHODOLOGY AND TAG ANTENNA DESIGN

The antenna structure is based on a microstip antenna. The width and length of initial antenna

c
structure can be calculated via e ?g,p/s Lposen = Lo — 2AL respectively.  when
”

@
Leﬂ =——--=[8]. The figure of the calculated tag is illustrated in figure 1 and its parameters is tabulated in
2 A /5#

table 1. The initial antenna is simulated and the [Sy| shows that the initial structure have to be improved as
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The "

shown in figure 3. In figure 3, it is obvious that the calculated antenna can not be operated in the desired

operating frequency band from 920 to 925 MHz.

" h
_ ‘ > | e
Iy In ¥
7 |l
3 A
¥ ¥
S [
g || Z
Wi
(a) Front view (b) Side view

Figure 1 An initial metallic and non-metallic tag antenna structure

Table 1 The initial antenna parameters

parameters size (mm)

v 100.0

Wi 93.0

Wi 8.0

= 95.0

T 64.0

15 47.0

i 72.0

h 1.6
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: —— w100 mm ¢ 1dd—95 mm
!0 200 1000 1100 1200 1300 1400

Frequency (MHz)

Figure 2 An |S,,| of the initial metallic and non-metallic tag antenna

To improve the antenna structure, the antenna parameters are varied. The parameter (X) is varied from

20 mm te 100 mm and parameter (y) are adjusted from 95 mm to 155 mm.

T e
- %
=3 = C
4
-6
-8 %
m
=
— -0
w
=12
— - =x=100 mm/y=05 mm
-14 4
- = x=80mm‘y=110mm
£, 4 B 0 =60 mm /=125
——x—40 mm ¢ y—140 mm
-18 ]
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Figure 3 An |S,| of the initial metallic and non-metallic tag antenna for various parameters (x) and (y)

In this work, the desired bandwidth is from 920 to 925 MHz according to Thailand UHF RFID frequency
standard. The proposed antenna should have the operating frequency covering the desired frequency band. In
figure 3, the [Sy,| were changed by (x), (y) parameters. Parameter (x) is represented the total width of the tag and

the parameter (y) is the total length of the tag. The appropriate size is (x) of 40 mmand (y) of 140 mm.
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3ANTENNA CHARACTERISTICS

The antenna characteristics such as impedance, radiation pattern and gain are described in this section.
The previous section shows that the antenna parameter should be improved to meet the requirement. The
appropriated antenna structure is illustrated in figure 7. The parameter is in table 2. The size of the antenna is
smaller than that of the calculated structure. The total size is 140 mm x 40 mm with the thickness of 1.6 mm on

FR-4 substrate.

h

»P:j

\

w| L

A
i X
o | 244%

(a) Front view Ib) Side view

Figure 4 The proposed metallic and non-metallic tag antenna structure

Table 2 The proposed antenna parameters

parameters size (mm)
W 40.0
W, 30.0
W, 8.0
e 140.0
B 84.0
i 67.5
lys 24.0
h 1.6
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Figure 5 The Impedance of the proposed metallic and non-metallic tag antenna

Figure 5 describes the impedance characteristics of the proposed tag antenna. The blue line presents the
impedance of IC chip and the red-dot line presents the impedance of the proposed tag antenna. The resistance

of the tag antenna is around 59.69 ohm and the reactance is around 103.55 Ohm considering at the center

frequency of 922.5 MHz.
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Figure 6 The [Sy4| of the proposed metallic and non-metallic tag antenna
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Figure 7 The radiation pattern of the proposed metallic and non-metallic tag antenna

The [Sy| of the proposed tag antenna is presented in figure 6. The operating frequency considering with
[Sy| of less than -3 dB is from 906 to 948 MHz which is covered the operating frequency of 920-925 MHz. The
resonance frequency is around 922.5 MHz which is the center frequency of 920-925 MHz. The radiation pattern
of the tag antenna is shown in figure 7 considering at 922.5 MHz. Figure 7 (a) presented the antenna pattern in

ZX-plane and in figure 7(b),the radiation pattern is shown in YZ-plane. It is illustrated that the antenna pattemn is
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symmetrical and it has omni-like radiation pattern. The gain of the tag is presented in figure 8. The average gain

from 920 to 925 MHz is around 3.145 dBi.

6
4
2
0

Gain (dB)

900 920 940 960 980 1000
Frequency (MHz)

Figure 8 The gain of the proposed metallic and non-metallic tag antenna
AMEASURED RESULTS

The tag antenna was fabricated on FR-4 substrate and the IC chip was soldered .The position of the NXP
IC chip is placed at the tag antenna feeding point by solder as shown in figure 9. However, in practical, the RFID
tag antenna for a platform tolerance application should have the radome to prevent the tag antenna from

nearby environment such as humid, crushing and dirtiness.

Coppe "R
il IC Chip iy

Figure 9 The photo of the proposed tag
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The antenna radome was designed in the RMUTR Logo using SOLIDWORK. Then, in order to fabricate the
tag antenna radome, the 3D-printer is used. The designed and fabricated radome are depicted in figure 10 (a) and

(b), respectively. For other company logos, it can be changed and fabricated easily by using 3D-printer.

(a) Modeled RFID tag antenna radome

(b) Fabricated tag antenna radome

Figure 10 The proposed tag antenna with radome using 3D-printer

The measured results were done by using a commercial UHF RFID reader with 4 WEIRP as shown in
figure 11. In figure 12, an installation of a test eguipment of proposed tag is illustrated. The tag was measured
both metallic and non-metallic surfaces. The results show that the proposed antenna can work properly both
metallic and non-metallic surfaces. The maximum reading range on non-metallic and on metallic surface are 5.5

meters and 4.8, respectively.
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Figure 11 The tested RFID reader
Tag Reader
Computer

Figure 12 An installation diagram of a maximum-reading range RFID test equipment

5 .CONCLUSION

In this paper, the tag antenna for metallic and non-metallic surfaces is presented. The design is for UHF
RFID Thailand standard with 920-925 #Hz at the center frequency of 922.5 MHz. The tag antenna has a simple
structure which is easy to design and fabricate. The proposed tag antenna structure is based on a microstrip
structure. The NXP G2XL is used with the impedance of 15.873+j148.82 Ohms considering at the center
frequency. The antenna radome was done by using 3D printer. The antenna structure is 140 mm x 40 mm. The
antenna substrate is FR-4 with the thickness of 1.6 mm. The proposed tag antenna was designed for non-metallic
surface and metallic surface applications. The impedance of the proposed antenna is +59.69j 103.550hms. The

operating frequency of the proposed tag antenna considering with the S| is less than -3 dB is from 906 to 948
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tAHz. The antenna gain is 3.145 dBi. The maximum reading range with non-metallic surface is 5.5 meters. On

metallic surface, the maximum reading range is around 4.8 meters. It is obvious that the proposed antenna is

appropriated for both metallic and non-metallic item.
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