\ U | Y d‘ |l < Y
fﬂii’)fz)ﬂ!!‘]J‘]Jﬁ'1£J’(")1ﬂ1ﬂl1ﬂIWﬁ§’JNﬂ‘]J‘lff’N’JN!!ﬂ‘lJﬂ’JﬁJﬂ!!&l!ﬁaﬂ"l‘ll‘l‘l/‘h

0 (Y} d A
i’l’“l‘l’ﬁ‘ljﬂ”lilﬁ‘ll‘lvlﬂﬂ!!ﬂﬂ

WMYBIAA 1HAT]

a a dng I U d! = (Y] a U A
Ieniinusiuaiunilavesmsanmnmunangasliyanininssumansumuda
1913313 SHNINIANUIAN
v Ingnaemalulaggsuns

Umsanu 2557



DESIGN OF A DIPOLE ANTENNA WITH
ELECTROMAGNETIC BAND GAP

FOR RFID TAG

Chavalit Phatra

A Thesis Submitted in Partial Fulfillment of the Requirements for the
Degree of Master of Engineering in Telecommunication Engineering
Suranaree University of Technology

Academic Year 2014



\J % L \ d‘ ) < Y|
msaammumﬂmmﬂ"lﬂiwmmnwmanuaummmmman"lwm

amSuerstenlefuiin

Qs v A a v

a Y I o f I 1 %
winMIneaoma luladgsuis eyiia lmivInentnusatiuildludiuvilsvesmsnmn

q

auvangasIyanumiada

AUZATTUMIADUINGTNUT

(Wel. m.s};am NWINUNIN)

1J5851UNTTUNS

o L
e, a3.2ennsal adad)

S a a o
NITUNIT (ﬂ?’lﬂifmlﬁ'ﬂ']%’l‘l/lﬂ”luwu‘ﬁ)

(561, 93590538 WAATIA)

NITUNII

a a Ao < 4 o A J
(@. a3.9409 autlTInan) (57. 9.9. A3.NUATIT F1HUszRE)

= v A

a J a o ) a J
589995NM VAN UAZ UIANT U AUUATIUNIBIIAINTTUAITNT



¥IA0 10AT1 - MIvenLULUeInd lalnasiuiusesnauauanuanuman lwih
dmsuerien ledudin (DESIGN OF A DIPOLE ANTENNA WITH
ELECTROMAGNETIC BAND GAP FOR RFID TAG) 9101360135081 :

Y ¢ A s A o £ v
@“])'?lflﬁ'lf’f@]ﬁ'ﬁ]'liﬂ ﬂﬁ.ﬂﬂ1ﬂim yagae, 116 viun.

Aa A 4

[ 4 =3
SYUVITLYONANHAIA8AUDING 13001510W 109 (Radio Frequency Identification
Y. Y 3 [ I~4 ] H 1 J
- RFID) lanmswanniussasiasi lurraviaretnruu szuvesen ledlszneu ladne
s A < A o @ 1 9 a 4
N3 UaoUIADI W3 OUNN (transponder/tag) 1A50IFIMTVBIUTDYA (reader) AT AONNUADS

o @ 3 = 9y a o a 3
Wan (host computer) Tagaaunn F91lsznovaiediseimeuas luTnssl azgniiunaaasuy

[

4 A d aA o [ @ v Aa v
ag 0151e ledillumaTuladnurauledmivszyingluadedual msaiuauuas

Q El

'
A A [ 1

NSZUIUMIOR TUITADY 9 N159an1sHae Tagilniunaz Ta3a@anuin1s AI981u%U 11150
v a = Y3 = 'S 9y A ) 4 = A
pan3oy audasIdimiudalsz Teninazdoavoansldszun o15iewlod Tasmmizod19oans

o a Y Yy s a3 s a A4
ﬁuﬂﬁuuﬂﬂﬂﬁiﬂﬂWl‘! M-Commerce “lumﬂmﬂ@ummu@i @fJNlliﬂﬁ"lﬂJLLﬂﬂt’ﬂuﬂ'J']iJﬂi;f\it’JQ
A g a 4

185 umansznuedauInnnmunasing lngmwiziagiilulane ifesainduiinaudue

q

)

k4
a (4

areormaianddeulyd M lduninuunlalwa ldamsaiinuldilegnaadeuulane

U

@ g’/ A A 4 ] dyd o 4 A 3 & 9 k) &' Aa
ﬂﬂLlu?ITIEHUWLl‘ﬁﬂ‘]J‘]Juﬁ]Qu1L’du’e)m’i6’e]ﬂLL‘]J‘]Jm'iL’e)‘l/\lll’f)ﬂLLVIﬂGNfT”IiJﬁﬂElGN”Iublﬂ‘]JuWHN’J
. < ' ' { ' a3
Tawny é]?ﬂ!,mﬂﬂizﬂ’f)ll@%j’w ’d’”IEJ’tJTﬂWﬁUlﬂIWﬁ uaz615@mwuaummﬁxmmaﬂﬂﬂw

. @ 1 1 a 1 I Yy A

(Electromagnetic Band Gap : EBG) IﬂEJ’Jﬂ’ﬁ]GHE’NQNLL‘E]‘]JFIQTJJEIMJL‘Viaﬂ]’lWWTQﬂ@@ﬂLL‘]_I‘]J‘VI
a ad Y o ] 1 a ] <3 Y A 1

AITUD 922 LUNNTLITA LLﬁ%LWﬁﬁz%ﬂuﬂﬁ‘Uﬂlﬂﬂf@ﬂ’JNLm‘]m’J”IiJf]LLiJL‘Vmﬂ“h/\IWHJNﬁﬂiz‘mJ@]i’]

Y ] o ' 1 { ] [
UANYUSUDIA1YDINIA IﬂEJl,mﬂi]3’JN"Uuaﬁﬁ]g1uiE]W’EJ\‘IGH’O\?’JNLLﬂ‘Uﬂ’JmaLLNmaﬂM%}\h

f]
& g A g KX a o 3 9y @ Y
miﬂﬂi%twagﬂuﬂuaummf’nﬂmmmmzﬂﬂamﬂﬂu Lmﬂmmmgﬂl"mmuuaaﬂiawﬂmmz

U U

]
(% I3

= 49! Y I 1 3 A o A v w1 Y 3
VAT IVIINGIVY Naﬂ’li(iflﬂﬁ'ﬂﬂuﬁﬂﬂﬁlﬂl'ﬂuﬂ’]uﬂﬂ‘ﬂu’]!ﬁu'ﬂﬁ’lll’lﬁﬂﬁ'ﬁ]ﬁ’]iﬂﬂﬁ?@’lullﬂ!ﬂu

TELYSNN 8.6 LUAT

A A @

AV1$128N3 5N INTANUIAY Meilo¥orinAny

B
Unsdnm 2557 Aol ¥D01156NUI N




CHAVALIT PHATRA : DESIGN OF A DIPOLE ANTENNA WITH
ELECTROMAGNETIC BAND GAP FOR RFID TAG. THESIS ADVISOR :

ASST. PROF. PIYAPORN MEESAWAD, Ph.D., 116 PP.

ELECTROMAGNETIC BAND GAP/ METALLIC OBJECT/UHF RFID TAG

Development of Radio Frequency Identification (RFID) systems has increased
rapidly in recent years. RFID systems consist of radio frequency transponders (tags),
radio frequency transceivers (readers) and a host computer. Tags that consist of an
antenna and a microchip are attached to objects. RFID is a promising technology for
products tracking in warehousing, control and other automation processes, supply
chain management and service logistics. Such as intelligent port that illustrates
the benefit and advantages of using an RFID system, particularly its support of
m-commerce activities in the container depot. However, the UHF RFID tag is greatly
affected by backside object especially metallic object because the antenna impedance
has changed. The dipole tag even can’t work when it is attached on metal. Therefore,
this thesis presents the design of a RFID tag that works reliably on metallic surface,
it consists of a dipole antenna and an Electromagnetic Band Gap (EBG). The design of
EBG material is operated at 922 MHz and its reflection phase has an effect on the
antenna characteristic. The tag includes an EBG substrate which is used to insulate
antenna and tagged on it. The tag can be used on metallic objects and have higher
gain. The experimental results showed that the proposed tag can communicate with

reader from a distance of 8.6 m.
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312 ANNATMZUY RFID
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915 MHz

5 .
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M13799 3.2 1INIFINEIUAND UHF vouaazilszme

Uszine AN
US and Canada 902 ~ 928 MHz
Mexico 915 MHz
South America 915 MHz
Europe 865 ~ 868 MHz
Northern Africa 862 ~ 870 MHz
South Africa 915 MHz
Middle East 862 ~ 870 MHz
China 917 ~922 MHz
Japan 952 ~ 954 MHz
Pacific Rim Tuifundazalszimd — 866 ~ 925 MHz
Australia 915MHz
New Zealand 862 ~ 928 MHz
Thailand 920-925 MHz

3.1.3 sm‘ugﬂmmm’nszmﬂﬁﬁfedm (Radiation pattern)
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3.1.6 AU (Bandwidth)
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Reader introduce: RFID Fixed reader MR 6134A

MR6134A is base on generation 1 (MR6034A) product improved generation 2 RFID

reader, This reader compatible many protocol, separate type design, connect with 4 antenna, fast

reading, multi tag identify, Industry protection grade design etc. This reader are widely use in

various RFID system, reference application as below:

Logistics and warehouse Management: Goods flow, warehouse management, and the
flowing management of mail, parcel, luggage.

Intelligent parking Management :Parking management and automatic charge
Productive lines Management: Production process fixed Identify

Product counterfeit-proof inspection: Using memory’s write-protect functions inside
tags, and identifying with true-false of products

Other fields: Used widely in club management, library, student’s school,

consumption management, time management, dinner management, pool management

Reader characteristic:

Special Anti collision algorithm, high efficient of multi-tag identify capability;

Four separate transmit/receive antenna to make more wide of area in the application;
Compatible ISO18000-6B and ISO18000-6C(EPC-GEN2) protocol standard;
Read/Write tag capability : read 5-8m, write is 60% of read reading (depend on
different tag)

Reader support multi tag identify, single tag read, tag write, lock, and Kill tag etc.
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Model No. MR 6134A
Standard ISO18000-6B, ISO18000-6C (EPC GEN2)
Compliance

Frequency Range

Standard ISM 902~928MHz or ISM 865~868MHz option

(other frequency depend on customer request)

Operation Mode (FHSS)

RF Power 0~30dBm, software configurable

Communication Standard RS232, RJ45 (TCP/IP), RS485

Interface

Output Port 4 Tem OUTPORT (can control output high/low level)

Reading Range Depends on antenna gain connect 12dBi antenna, the reading distance
above 8 m

Signal BUZZER and LED

Antenna One ~ Four Antennas, TNC connector

Power Supply DC+ 9V(Supply AC/DC power adapter)

Dimension 310mm x 210mm x 40mm

Weight 2Kg

Operation 20 C~+ 80 iC

Temperature
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IC Chip innldie UCODE G2XL iy 1C Chip Avhaulugregunrud UHF

UCODE G2XM
UCODE G2XL
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passive intelligent tags and labsls. Conforming to the EPCglobal Class1 Gen2 standard,
the devices address application areas which demand long operating distances and

high anti-collision rates, such as supply chain management anc logistics.

General Description

The devices show unsurpassed JHF performance over the
entice UHF bandwidth, relizble operation in dense reader
crnwvironment and ong read ranges. UCODE G2X feature an
extended 240 bit EPC numaer znd a 64 bit tag identifier,

|n-::|uc||ng aal DITUanUe serial number.

UCODE G2XM and UCODE G2XL provide a unique custom
command set, such as Electronic Article Surveillance (EAS)
for increased thef: protection, Read Protect which prevents
unautharized chip mermory access and Calibrate, which
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Benefits

Long read range duz to nigh chip sensitivity

Ease uf lag assembly duz Lo nigh chip inpul capacilance
Consistent performance on cifferznt materials

Reliab e operaton in multi-reader envronment

Theft protection through EAS feature

Prevention of unauthorizad memary arcess due to

* T v v v ¥

read protectior
Wide temperature range: -40°C up to +85°C
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tag communication.
All custom cernmands are 32 bit access password orotected.

Applications

# Supply chain management
» Assetiracking

# Pallct and casc tracking

» Contaner identification

¥ itemn level tagging

Key Features

EPCglobal C1G2 1.0.9 certified, compliant to EPCglobal
CI1G2 1.0.0

512-bit an-chip user memory (avalable on UCODE G2XM)
240-bit EPC number

64-bittag identifier, including 32-bit uniqus serial numbzr

EAD [;eleCTanIC artice sur velllanoe; custem commann

Read Protect custom command
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Calibrate castom command

32-bilaccess password, 32-bil kill password
Fast data rate:

- Forward Ink: 40 - 160 kbits/s

- Return ling: 40 - 640 kbits/s

Multi-label opearation

v v v v v

-

- Europe: 600 tags/s
-US: 1600 ags's
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Standards Compliance
UCODE G2XM and UCODE G2XL are certified according

to EPCglobal Class1 Generation2 Version1.0.9 and conform !i €c | .gl
to EPCglobal Class1 Generation2 Version1.1.0.

Frequency Band

Smbol ——— Josrpton— ———————— Tun Do |
LIHF 260 MHz

Frequency Band 840

Electrical Parameter

T 7 S
Input chip capacitance 0.9 pF

Quality factor 9

Minimum operating power -15 dBm
Interfarence signal suppression* -4 dB

* Modulated jammer, offset to carrier frequancy = 1.0 MHz

Ordering information

Part " Tordeing number " Deliverytype descriptin

SL3ICS1002FUG/NVTAF Bumped and sawn wafer on foil frame carrier (8 inch)
UCODE G2XM SL3S1002FTT w pﬂckaga: TSSOP8

SL3FCS1002FC F]‘TP- chip package: Polymer strap

SL3ICS1202FUG/TAF jﬁfmped and sawn wafer on foil frame carrier (8 inch)
UCODE G2XL SL351202FTT SMD package: TSSOP8

SL3FC51202FC F?Tp’ﬁhlp package: Polymer strap
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1. PRODUCT DESCRIPTION

The Confidex Survivor™ Class 1 Gen2 UHF hard tag has been especially designed for excellent performance in the
goods transportation industry . The Survivor offers the best performance-to-cost ratio and applicability in the market.
Its features form a clever combination for industrial and logistics applications from local to global operations.

Survivor is an all-purpose tag; it functions as well on metal as on plastic, wooden or any surface materials. Being the
first encapsulated EPC Class 1 Gen2 UHF hard tag in the market in early 2006, Survivor has been the safe tag choice for
various applications. Since its launch as Confidex’s first tag product, Survivor has been used in various roll cage and
other container applications. Confidex Surviver ™ is also used to track large valuable items and vehicles, including
construction parts and steel pipes, as well as trucks in the petrochemical industry.

1.1 SPECIFICATION DATA

Device type Class 1 Generation 2 passive UHF RFID transponder
Air interface protocol EPCGlobal Class1 Gen2 150 18000-6C
Operational frequency B85-869 MHz (EU), 902-928MHz (US), 952-955 MHz (IPN)
IC options NXP UCODE G2XM
EPC memory up to 240 bit (G2XM)
EPC memory content Unigue number encoded as a default
Extended memory 512 bit (G2XM)
Read range up to 8-12 m (26-39 ft) with reader power 2W ERP (dependent on application)
Applicable surface Any surfaces, incl. metal, plastic and wood
materials

Encapsulation material PC/ABS
Color Dark grey
Weight 5¢g
Delivery format Single
Amount in box 250 pes (default)

Product is RoHS compliant

1.2 DIMENSIONS

General dimensions 224 x24x8mm /[ 8.8x0.94x0.31in
(Width x Height x
Thickness)

@5,25

Confidex Ltd. Haarlankatu 18, 33230 Tampere, Finland Tel. +358 (0110 4244 100 Fax. +358 (0]10 4244 110 www,confides fi
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* Read ranges are theoretical values that are calculated for nonsreflective environment, in where antennas with optimum directivity
are used with maximum allowed operating power according to ETS| EN 302 208 (2W ERP). Variation of 3o from test batch marked in
the picture. Note, tag performance in other frequency bands is not marked in the picture; tag will remain functional but the

performance is low.

1.4 RADIATION PATTERNS

Estimated radiation pattern
when tag orientation towards
reader antenna is optimized.

Confidex Ltd.

Haarlankatu 18, 33230 Tampere, Finland

SURVTYOR RADIATION PATTERN
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Tel. 4358 (0110 4244 100

Faw. +358 (0110 4244 110
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1.5 RESISTANCE AGAINST ENVIRONMENTAL CONDITIONS*

Typically values are valid for all tag versions. If not, applicable IC versions are marked

Operating temperature -35°C to +85°C / -31°F to +185°F

Ambient temperature -35°C to +85°C / -31°F to +185°F '

@ -35°C /-31°F 16h duration

IP classification IP67:

- Complete protection against dust
- Protection against temporary immersion in water

Weather ability Good, incl. UV-resistance and sea water

Vibration resistance Good:
- According to JESD22-B103B, service condition 2; vibration that is aligned

Chemical resistance 11 No physical or performance changes in:
- Salt water (salinity 10%, tested in 168h exposure)

- MNaOH (10%, pH 13, tested in 24h exposure). Note, tag's metal background

laminate may corrode.

- Sulfuric acid (10%, pH 2, tested in 168h exposure). Note, tag’s metal

background laminate may loosen.

- Motor oil (tested in 168h exposure)

Generally good resistance against moderate concentrations of acids, alcohols,

with tag thickness (z-axis).

alkalis, detergents and cleaners. Acetone should be avoided.

Expected lifetime Years in normal operating conditions
* Values in the table are the best recommendations; resistance against enviranmental conditions depends on the combination of all
influencing factors, exposure duration and chemical concentrations. Thus, praduct’s final bility for certain envirc tal conditions is

recommended to be tested. Contact Confidex for more specific Information.

1.6 SUPPORTING COMPONENTS

Survivaor cor

Purpose To fix Survivor on curved parts, e.g. tubes or roll cage’s curved metal frames

Advantages Eases up the tag fixing, brings additional mechanical support for the tag by filling
up the gap in between the tag and curved background
Dimensions 225 %25 mm / 8.86 x 0.98 in
2B
L 0
[
- ey A

Mechanical pictures

Concave part Concave part with the tag

Material PC/ABS

Confidex Ltd. Haarlankatu 18, 33230 Tampere, Finland Tel. +358 (0)10 4244 100 Fax. +358 (0)10 4244 110 weww.confidex fi
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Delivery format Single, as a separate part from the tag. Screws not supplied with the part.

1.7 SUPPORTED SERVICES

There are several personalization options available for Confidex Survivor™ in order to “fine tune” the tag to match
with the application requirements:

Pre-encoding
Customized data label
Laser engraving
Tampo (color) printing

For exact specifications, please refer “Personalization Datasheet”.

1.8 POSSIBLE APPLICATIONS

Metal Metal containers, roll containers, industrial and retail metal RTI's in general
Plastic | | N Plastic RTI's, also water and chemical containers
Wood Wooden transit items

Any material types

2. INSTALLATION INSTRUCTIONS

2.1 TAG PLACEMENT

Survivor tag polarization is aligned with the Confidex text. Tag front side is marked with “Confidex” text, in order to get
maximum performance don’t cover this front side. Survivor can be used on any type of materials, including metal,
plastic and wood.

2.2 TAG FIXING METHODS

Mechanical fixing ensures the best and most reliable grip in various use conditions. It's recommended to be used in
every application that includes risk for high mechanical stress or low temperature during tag fixing. Survivor tag can be
attached mechanically with:

s Cable ties (metal or plastic)

*  Screws (size MS)
& Poprivets (size 4.8 mm)

Confidex Ltd. Haarlankatu 1B, 33230 Tampere, Finland Tel. +358 (0)10 4244 100 Fax. +355 (0)10 4244 110 www.confidex fi




108

e v CconFipex

Procedure: When fixing the tag with screw or rivets, drill two holes on the surface 200mm apart from each other and
fix the tag.

* Silicone sealants

Silicone sealant adhesives like Dow Corning AS 7096 provide very high bond strength and resistance against
mechanical stress. Usually, fixing must be done indoors in room temperature and in 50% humidity. Total curing time
can be several days.

Procedure: When fixing the tag with sealant adhesive, insert a layer of sealant under the tag and press the tag on the
surface. Increase the bond by adding extra sealant from the tag holes.

Survivor tag is not sensitive to silicone sealant thickness under or on the sides of the tag. Please refer silicone sealant
supplier for exact product specifications.

* Concave part

Additional concave part can be used when Survivor should be attached on curved surface, such as small pipes and
metal profiles with round cross section (diameter approx. 34mm). With the concave part, tag attachment is easy and
during the use the concave will give even better mechanical structure for the tag.

Procedure: Concave part and Survivor will be combined during the tag fixing. Use the same mounting material as
described earlier in the part Mechanical fixing. If using screws or rivets, drill two holes 200mm apart from each other
on the item that is going to be tagged, insert the tag and concave part to the right place and fix them firmly on the
surface.

Confidex Ltd. Haarlankatu 18, 33230 Tampere, Finland Tel. +358 (0)10 4244 100 Fax. +358 (0)10 4244 110 weww.confidex fi
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3. ORDER INFORMATION

Product number Product name
3000064 Survivor ETSI G2XM
3000065 Survivor FCC G2XM
3000066 Survivor JPN G2XM
3000030 Survivor concave part

For additional information and technical support contact Confidex Ltd.

FINLAND

Confidex Oy Ltd.

Haarlankatu 1, 33230 Tampere, Finland

Tel. +358 104244 100 Fax. +358 104244 110
contact@confidex.fi www.confidex.fi

USA

Confidex Inc.

1502 Fair Weather Ct., Apex, NC 27523, USA
Tel. +1 919 349 5607 fax +1 810 958 0515
www.confidex.net

CHINA

Confidex China

Guangzhou XinTag Electronics Science and Technology Co. Ltd
3 F Section € Guangzhou Technology Innovation Base

No. 80 Lan Yue Road, Science City, PRC 510663 Guangzhou,
People’s Republic of China

Tel. +86 20 3205 7361 fax +86 20 3205 1429
www.confidex.net.cn

DISCLAIMER
THE MATERIALS, PRODUCTS AND SERVICES ARE SOLD SUBJECT TO ITS STANDARD CONDITIONS OF
SALE, WHICH ARE INCLUDED IN THE APPLICABLE DISTRIBUTOR OR OTHER SALES AGREEMENT.
ALTHOUGH ANY INFORMATION, RECOMMENDATIONS, OR ADVICE CONTAINED HEREIN IS GIVEN IN GOOD FAITH,
CONFIDEX MAKES NO WARRANTY OR GUARANTEE, EXPRESS OR IMPLIED, (i) THAT THE RESULTS DESCRIBED

HEREIN WILL BE OBTAINED UNDER END-USE CONDITIONS, OR (if) AS TO THE EFFECTIVENESS OR SAFETY OF ANY

DESIGN INCORPORATING ITS PRODUCTS, MATERIALS, SERVICES, RECOMMENDATIONS OR ADVICE. EXCEPT AS

PROVIDED IN CONFIDEX STANDARD CONDITIONS OF SALE, CONFIDEX AND ITS REPRESENTATIVES SHALL IN NO
EVENT BE RESPONSIBLE FOR ANY LOSS RESULTING FROM ANY USE OF ITS MATERIALS, PRODUCTS OR SERVICES

DESCRIBED HEREIN.

Each user bears full responsibility for making its own determination as to the suitability of Confidex products, materials, services, recommendations, or advice for
fts own particular use. Each user must identify and perform all tests and analyses necessary to assure that its finished systems incorporating Confidex products,

materials, or services will be safe and suitable for use under end-use conditions.

MNothing in this or any other document, nor any oral recommendation or advice, shall be deemed to alter, vary, supersede, or
waive any provision of this Disclaimer, unless any such modification is specifically agreed to in a writing signed by Confidex.

Confidex Ltd. Haarlankatu 18, 33230 Tampere, Finland Tel. +358 (0)10 4244 100 Fax. +358 (0)10 4244 110 www.confidex. fi
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Design of a RFID Tag using Dipole Antenna
with Electromagnetic Band Gap

C. PHATRA, P. KRACHODNOK and R. WONGSAN
School of Telecommumicatien Engineering, Institute of Engineenng
Suranaree University of Technology
111 University Avenue, Muang District. Nakhon Ratchasima, 30000
THAILAND
¢_phalra@msu.comn, priam@sul ac.(h and rangsan@sut.ac.th

Abstract— Passive RFID is a promising technology for products
tracking in logistics. ITowever, the UIIT RTID tag is greatly
affected by backside goods especially metallic object. This paper
describes the design of a dipole antenna with Electromagnetic
Band Gap (EBG) for RFID tag, so that the tag could still work on
metallic surface, The design of EBG material for UHF RFID is
operated at 922 MHz and its reflection phase has an effect on the
antenna characteristic.

Keywords- UHF RFID tag; EBG; metallic object
I INTRODUCTION

Development of Radio Trequency Identification (RTID)
systems has increased rapidly in recent years. RFID can be
used for example in identifying objects in warehousing. supply
chain management. service logistics. control and other
antomation processes. RFID  systems consist of radio
frequency transponders (tags), radio frequency transceivers
(readers) and a host cowpuler. Tags (hat consist of an anleima
and a microchip are attached to objects.

The antennas used for passive UHF RFID are usually
dipole. folded dipole. and planar based antenna [1-2]. But the
antenna is degraded by the backside objects. The dipole based
UHF anfenna even can't work when it is attached on metal
because it is shorted by the metal ground plane. that the
impedance have changed [3-4]. However. there are many
products made by metal or other condnctive material such as
contamner. In order to make the passive UHF RFID tag for
metallic objects wacking, a lot of research works have been
conducted over the last decade and several types of RFID
antennas are developed specially for metallic obyects tracking
[5-6].

This paper presents the design of a dipole antenna (see Fig.
1) with Electromagnetic Band Gap (EBG) for RFID tag. This
lag includes an EBG substiale wlich 1s used (o msulale
antenna and a tag on ir. The tags can be used on metallic
objects and have higher gain.

II. TAG ANTENNA DESIGN

For the maxmum pewer transter trom the tag antenna
(P sa5 o) 10 the IC chip (P e ). the real part of tag antenna
impedance { R+ ) must be equal to the real part of the IC chip
impedance ( Rr ), and the imaginary part of the tag antenna
impedance { X« ) must be added with the imaginary part of the

078-1-1673-2025-2/12/831.00 ©2012 IEEE

IC chip impedance ( Xr ) to obtain null value (conjugate
wiatching). This can be readily seen m (he following:

d

|+ tag—ant

Z,—L,*
Z,+Z,

P =1- (1)

tag—chip

where Zr TRy jXr 1s the IC chip impedance and the tag
antenna impedance 15 Z; OR, jX; . The mpedance of the
UCODE G2XL IC chip from the data sheet is approximately
21.34191.7 Qat the frequency of 922 MHz. Therefore, it aims
to design the tag antenna such that its impedance is close to
21.3+191.7 Q.

Front View

k e

Side View
(a) the dipole antenna

1]

(b) mushroom-like EBG

Cigure 1. The proposed RIID tag structure.

For the first design, the dipoele antenna in Fig. 2(a) is used
because the structurs is easy to design. It is designed on FR-4
substrate (g ,= 4.5, thickness = 1.6 mm). The gap between the
radiating patch is fixed ar 2 mm. Snbsequently. the length of
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the conventional dipole antenna is varied to seek for the
appropriated impedance where the length (L) is 3 mm. and the
width(Wg) 1s fixed at 4 mm to match with the chip
configuration adjust length of line since 140-170 mm.

In Figs. 2(b) and (c). the impedance of the dipole antenna
simulated by using CST wvaries with the dipole length. It has a
length about 170 mun that the resonant antemma size is relatively
large. Antenna miniaturization is thus required to keep pace
with the small size of the tag, so it can be bent to a smaller
antenna as show in Fig.3(a).

Resistanceichm}

ddimm)
(b) Resistance

40 145 150 156 160 165 17

3 : ‘ d : . B0
I I
| 1
| 1

Reactarce(ohm)

-—=-= Reactance of IC Chip

I b 1 0
140 145 150 158 160 185 170
Idd{mm)

(c) Reactance
Figure 2. The impedance of dipole antenna for various lengths at 922.5 MHz.

The value is determined:; the length of the line is fo bend
170 mm with the line width of 1 mm and it is adjusting the
width at the end of the antenna from 1-5 mm. In Fig. 3. the
impedance of the bent ends of the dipole antenna obtains the
opposite resistance and reactance of the IC chip. Therefore,
parasitic lines are applied to adjust the resistance and reactance
of the antenna as shown in Fig. 4. The impedance of IC chip
and antenna are optimized at the parasitic line spacer about 1
mm from the dipole and the parasitic length are varied. The

optimizing parameter of the proposed antenna is small in the
Table L.

TABLE L ANTENNA PARAMETERS
Parameters Physical Size (mm)
W 30
Wa 1.5
Wh 20
Wd 1
We 1
Ws 4

1.75

78

I 1 1 I 1 1
| 1 1 | 1 1
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| L L L | | |
v 5 : 2 B [ : IS 3
]
(b) Resistance
1 + H——r e + 4 20
T T T i T i i
Wb - —— b M L [ Fesnceal D] — — g0
I I 1 1 [] []
e [ e E L [——mduodCte] | gy
I I 1 1 1 1
I I 1 1 1
= it vl [ ¥ 1 i Ity i == "7-""71-—-7=

Pleaganzaishm|

tém)
(c) Reactance
Figure 3. The impedance for adjusting the width of the bent ends.
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(a) Proposed antenna structure
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(c) Reactance
Figure 4. The impedance of the proposed tag antenna

The Fig. 5 have been shown the Sy; (dB) of the tag antenna
designed from simulated. The pattern of the tag antenna is the
omni-directional beam in the H-plane that can be seen from
Fig. 6. so it may is attached on the backside object. The tag
has the gain of 2.2 dB by considered at the frequency band of
922 MHz, however, the low gain is affected to reduce the read
rang of RFID systems.

SHarametar Magrsude n 8
"

[ - 950 1000
Freauency | NHz

Figure 5. The S;; (dB) of RFID tag antenna

100
(a) E-planc

100
(b) H-plane

Figure 6. The radiation patterns of the tag antenna without EBG.

TII. TAG DIPOLE WITH EBG DESIGN

The objective of this tag antenna design is to obtain high
communication performance with increasing the maximum
read range and work on metallic object, so the EBG is
designed to use a mushroom like. The frequency of an EBG
material is determined by the equation below and the
bandwidth of forbidden band is proportional to the ratio
between inductance and capacitance.

1

N meﬁ

BW = \E 3
C

The phase of reflected electromagnetic wave from the EBG
material varies continuously from —180° to 180° with respect
to the frequency. With this reflected phase. the dipole antenna
can still work when positioned near the EBG material and the
effects of EBG material are on the performance of the dipole
anfenna. From studied, the reflection phase characteristics of a
mushroom-like EBG material have revealed that 90°=45°, so
the reflection phase is suitable for a low profile antenna to
obtain a good return loss and antenna gain. Therefore. this
paper will design of a mushroom like EBG at 922 MHz that
will be set according to the Table I

@
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TABLEIL PAMETERS OF EBG
—
T
D
L
_ Parameters Unit cell
No.
component size Twp
1 Top patch size (L) 16.5. mm. | PEC
2 Tickness (D) 32 mm. PEC
3 Via diameter 1 mm. PEC
4 gab size 1.5 mm.
5 Dielectric constance FR4

Figure. 7 The tag on EBG.

The simulation result is shown in Fig. 9. it is S;; of tag on
EBG and a band of stop frequency from 910 to 950 MHz
exists at about 922 MHz. This EBG material is effectively
suppressed the surface waves and allowed the dipole antenna

placed above it with a low profile.

Fig. 10 shows that the pattern of tag antenna on EBG
material is directive and the peak is achieved about 6.9 dBi at
922 MHz. In this paper, prototype is 8 cells = 4 cells and the
driven dimension is 80 mm x 40 mm, respectively.

S Parameter Phsse n Degress

[ 3 [ 12 14 15

1
Freaquincy | G

Figure. 8 The reflection phase of proposed EBG.

S Parameter Magrdude n &8

1
Frequency ] GHe

Figure. 9 Simulated S of tag on EBG.
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Figure. 10 The radiation patterns of the tag antenna with EBG.

V. CONCLUSION

The design of a dipole antenna with Electromagnetic
Band Gap for RFID Tag is presented in this paper. This tag
can be well used on metallic object. It is small size and low
cost. furthermore, it has higher gain.
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