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ABSTRACT

This thesis presents the RFID tag antenna designs for the frequency band of 920-925
MHz corresponding to the standard of UHF RFID in Thailand. The design is carried out in free
space environment. An importance for design the tag antenna is that the impedance of the tag
antenna must be conjugately matched with the impedance of the IC chip for the maximum power
transfer from the tag antenna to the IC chip. The tag antennas are designed for conjugate
matching with NXP G2XL IC Chip which has the impedance of 21.3+j191.7 Ohms at the center
frequency of 922.5 MHz. The tag antenna design using dipole with parasitic lines is presented to
show the concept of tag antenna design and test with NXP G2XL IC Chip. This tag antenna can
be easily designed and adjusted its input impedance. To improve the characteristics and structure
of the tag antenna, the small meander-line tag antenna on flexible PCB is presented. The proposed
antenna is relatively small which are designed to match with the impedance of the same IC chip.

The maximum read range is measured.
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=
HUALADT

IA39991U 4
; unn @1
Yoya

°o_ o o [ A a ]
MANTUTHITUAUMNPUASUND

4 [ ° o a o
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2.3.3.3 msuyalszamueaninadsmsvennuuanmaveslasaaiaasms

ooniuy

2.3.3.3.1 UNAUUUIUUALINIBEY (Disk and coin)
uﬁmzqnusmad“luiﬂNﬂ%nanauﬂﬁ'wmun?ﬂm?uq;ua:ﬁﬂ1smﬁauﬂmﬁ'u15'

ﬂ " A Yy o -] PR U M lda a < -
IHUUHDUNA 'U'lnﬂlﬁuN‘luﬂUUﬂﬁ’N\laqllﬂﬂﬁuﬂuﬂﬂquﬁl‘lnnl]ﬂﬁlu%'lﬁ‘hjﬂUfN 10 YUALNAT

Ui 212 ufinuuueazms vy [15]

2.3.3.3.2 unnuuunszithzuna (Glass housing)
=1 1 [ a = -; Y o o o 4
Fuuinit1dsumswauazrantudmin i 1318 misvesdadime 19 ums
a 3/ A v o o =1
aanudoya Tasmwizedissaluiaislgdaduazmsmsisugy danszizudarfivung

anuolugie 32-12 Jaawas
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Pet M ‘hip : Blocompatiole
——,
' "l:; ! r?l‘I!lll'!lll_ﬂlllllf]ll.llﬂ‘
| i D

U 2.13 winuwunszahzuda [16]

2.3.3.3.3 WANUUUUNWAIAN (Plastic housing)
a o 4 . o a o 4 o
fouGonduluiotodn PP (Plastic package) 1@5umsAadunazianniudmsvly
. y o -
Tufamsgamunssunalszianiiinnudesmsmwizgluuy unauuuiilivinauiuag

o a 3 ot a W 4
awnsmi lAadaseneununaaduainai 9 Uszian

UM 2.14 uinuuuuwaa@n [17)

2.3.3.3.4 unnaniulvimmzie

‘ﬂ o 1 o A a = ] :hl Vo 'ﬂ

Wumnluszuuszydnyurmenduing andsziannian lasumseenuuuuuily
firry dmsulFamlunsdimmzddarumsih llszgaldfunoumumeiniedaqn

fuTanz TaofimsaduuazianiieussuiinasluTassadanaswhdudanidulany

UM 215 windmivlfinmeio (18]



20

2.3.3.3.5 UNAMUUN YLD (Key and key fob)
o Y A o a o 8
winluszuuszydnuaznnauing annsaldsumsdannlieglugdvesnyus
— d. o o o 1 A
i ldlumndatalszq nieldiuszvuinvinnulasanoais 9 Fanngue
a = = dv =) " o o 4 " W ' =&
Sidmseiindwiiail hifignaaue udnduimihilumsdadygadeyadia 9 geiing

o 9 @ A N oW W
indhsmie 15 lunsouduanana

31 2.16 uRAUUNIINYID [19]

2.3.3.3.6 UNDIVVHINM

< - o a o n’: v a e oW
unnuuuuin 1dsumsnadunas Wanaua a.a .1990-1992 TasuTumdyya
1 . 1 - z 4 _ 1
poAASURTF071 Sky-Data  TaordavuelFidniimainlddeiiouaz15idugunsal
o o v o o @ o y ] I i |
uansdaauludnvazsoudusesuun1ins dudd (Contactless sensor) oM MIIGIAY

- o o =t 3
andImIvUnaNNIvaIY

1 2.17 uRnuUEN [15]
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o d d v o
2.3.3.3.7 UNNMIAIIH ID-1nazansamsanuy 1smsduna
¢ o Y & ‘ﬂ d a a A & I 1
amntamianny1Zmsduiadugduvuveswmnsiamadvdngiluvunin lasly
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UNNIUY ID-1 uzﬂanymmuuan"lnmamnummsﬂwsavmimﬂwwm'lﬂ Taoll
a =a a o oa o o oa d o a
vualseuiuiafiuns 85.72 X 54.03 UaduAT AIUNUI 0.76 YDA Wuunnn14sv
° 3 " " wa a oA ° Y 1 o P - "
mai ¥ nuediaunsnats AdouaulanAEnAeIzoLNIMITUTITYYIUMHUDND
o A S Jdd A A 4 v o d4 ¥ v o q ¥ -
UANIDUBUS NATATTDINIINHUNMINIAANNIRNINYBIAIUAT mIdmsetaneszuy

c’d L) :': o = o 3’ ey
awomansunuvalngsoiusaiininisvuldenunn

31t 2.18 winwiAs g ID-1 waz mndamianuy1¥nsdida 20)

2.3.3.3.8 UNNIUY Smart label
=1 o A a - :5 9 ar
WuunnluszuuszydnyaznnauIng uanﬂw'lﬂsumsaammuﬁjunszmu
119 q gansasensonyld Tasvaaadmivsvdedyguszgneenuuuiiunouvlesd
WaEAnANLMLARes 0.1 Taawas TavlFvuiunsnaauuuiuianiu Tasnaluoy
P P A v A o &y - A >
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UM 2.19 uAnIY Smart label [15)

2.3.3.3.9 iinuuvvaaInvu¥l (Coil-on-chip)
=1 [ A a =Y d’u " o é & a
unnluszuUsEYANYUENAAUING FHATIAMIULANAININUNALDLDY 9 FI
MSHENAIUTLH RN VVARIANS DA INIABIITAIIU HATING PUNNLUVVYARIAVY

b ]
SUvueesaudufiiiuvaalnmwemaazAesslszananadnA ey

'3 s |
ME-Y2000 series

51N 2.20 winuuuvaalAUUF [21]
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b 4 'A o w v d'l =)
2.4 MIIAATIAAUANUDINGIIUTIHIUSZVUITYANHUZNINAUINY

i]wﬁuﬂﬁuwmﬂuszuus:uﬁnyiu:'n1aﬂﬁu%qﬁﬁuu'luﬂnmﬂ"lm&waq”lu
§11AW8 ISM  (Industrial-Scientific-Medical) Fafugmanuinsmualums1duss
QATINATTN ININTAT LAZMISUNNG annsoldaon 18 Taoliassfudwanudildluns
doansTaoa lF sz amnsonteen1diu 4 dwaudildou fe

1. thumm?;é'h (LF: Low Frequency) Gi‘lﬂ’]l'l 150 kHz

2. thuﬂ’J'llI?;fﬁ (HF: High Frequency) 13.56/27.125 MHz

3. 6ANWAFeBs (UHF: Ultra High Frequency) 433/860-960 MHz

4. twanudlulnsianl (Microwave Frequency) 2.45/5.8GHz

5.8 GHz
2.45 GHz

915 MHz

433 MHz
13.56 MHz

6.8 MHz
125 kHz,134.2 kHz

10kHz 100kHz 1MHz 10MHz 100 MHz 1GHz 10GHz

s 2.21 Srumwdiin 1 lussuussydnuazmenauing

Tums1Fanuaes druanudusnezmnzdmivlFfununiissuznmsdemsdoya
Tuszoz1nd drunudd (LF) flszozemszuna 10-20 udAns uagtuanunga (HF)
4 ¥

fiszozem)szunn 15-100 IBUALAT 1FU MIATIVAOUNMITHIUITIOOANUN MIATIVM
o e o o 0 " P a 9 ar s 4 9

uazifvlszialudad dauludwanudgedeszgnldfvnuniiszozmsdemsdoyalu
¥ - a = ' ' -] U a

sz 1na 61uANUDYIDI (UHF) 520201 Y520N 1-10 1WAT 1¥U MINVATVINITNN

a2 szvvvuasdud uazluiligiuszy szuuszydnpazmenduing Magnidouay

Wannludwanud lulasnvianud 2.4/5.8 GHz e lFluszuuadsduduiiesninuig

- i d s w ) A -
vosmwomaiivinafidnuin dmsuludmvesiinuazanuiilumsdedoya ooy
o a A a 4 3 A U = et o
fundaszuuszydnyurneaduing daldaaunmzdmnnuiguiuszuuiianuialu

msdadoyagauaziismgedrnsuiy
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=

m51ai 2.2 A angimihnlFluaududngdmsy STUVTTYANBULNAAUING

AN
, 2 52Uz L, | wesgmiIso ’
gUANND , Tumssu-aa mstszgnaliam
NI0IU v (Passive Tag)
Joya
. s STUYVISYIN
0IUANVDA : e s
<lm i 1SO 18000-2 | Uszddadm)
120-150 kHz e
AlasHnudieonizg
¢ ¢ @
AUITANITA A2
GIMUANUD 5 a Tavas
<1m @109 1hunane | 1SO 18000-3 o e
13.56 MHz -ASIANEY
-Hosaya
GIMANNDID -STUUAAITUAT
>1m 1unans 18000, part 7 < al
433 MHz -szuvaDIaANd
, 3 d -52U EPC
GIUANUDYIT . A
1-5m yhunans B9 qa | 18000, part 6 | -szuuAdIFUM
860-960 MHz B
-szuvaevaAnd
CRETE R ETE
TuTasn 1-10m q 18000, part4 | -gnsallime
2.4 GHz

2.5 IATFIMVDITTUUSZYANBULNIINAUING

mﬁsj1uf'hn%’ums‘h’s’ﬂuszvus:uﬁﬂymzmméu?ﬂq wusoemiudaoa
MNUIUNEN A9 International Standard Organization %38 1SO 11ag EPC Global iueadnsi
{RA1INA2W3ITB3EM I Uniform Code Council (UCC) 11ag EAN Intemational Tag'1431
MIANUAYUIINNINGATINATIY wmihi lumssmuanazanmnasgusHavesdud
sidnnsoiindunz In3av101a0 EPC 38 Electronic Product Code iinguiterinnlgfa
madumsszydIauuesiag arudeatums ldnuvessiauns éqqnﬁ'mmi‘fﬂﬂuquﬁ
Auto — ID taumIINeds MIT F185uqunnuiimuinalvanaiouiingu Intel uaz
Wal-Mart iifaquszasandndemai lFonumedumssanms luszuuvearas Tagunu

(Supply chain) Tasszgniniseaniilu 6 Uszinn (0-5) Auaasluaisei 2.3
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szozms |, N
ey Do, | e | o 4 ¥iiavea
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AU uin
(1n3)
. Rl NINITIA .
0 i <3 | 1:96bit| |, _ | wadd | g
p01IALY | nszaudeundy
- PwAloU | MINIIA .
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doya 1 a%a | nszaudeundy
Aoy | MINITIA
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Joya | nszawdoundy
2 1 <100 | ewAlou | msnsEdR |,
3 |uwawes | <100 Y o[ nawadad | e
kilobytes| ¥oya | nszerwdoundu
P’ <100 | ewavou |msdedeyanuy| |
4 | uumaes | <300 ; d uonivl 9
kilobytes| VoY@ udni
yr
HUAIADS . -
o L o | Bndou [ msdadeyauuy
5 | acoe | hida |[lidwa| e qaun
Joya uannvl
Connection

¥
Taun 15019 T2IANIZQAUUIBYUUNUFIUYD A1099IU 5302NITOIU N3

a 1 y - ° =] -3 = - ° ' P -
ﬂﬂﬂﬂﬁi’)ﬁ‘li FUANTITNNIUVDIUND lmﬂ‘lfuﬂﬂ"lﬁ‘]iﬂﬂ:ﬂﬂﬂ1ﬂuﬁ0g1uﬂﬁ1ﬁﬂ 0-2 ARaN 3

a & " 4 = g A H
Suniinvianenaa dolunaiad 4 wduuiinsiaudniivl Tasaanai 5 sxgadisesld

o 5 ' a o 4 ' d o
Gy uitnindesgudeya (Tag reader) tazuinwiiaudniiniannsagmdoyannuingd

di o = " " - A
ou9 14 Tuilagiiu EPC Global 92i3n1@3§ 1100011 2 U JUISNAB EPC Global Gen 1 ¥349%

Y32nou' 1120 Class 0 Class 1 1azii EPC Gen 2 ihinasgiudumganildiniess

v b4 ]
Foyannoud i laas g EPC Gen 2 flivzdosnsasmldhinasgumeninud
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LF HF UHF Microwave
433 MHz
] d'. d =
gUANND <135 kHz 13.56 MHz (wonnw) 2.4 GHz
860-960 MHz
mIfnneaoas ISO/IEC 18000-7
ISO/IEC 18000-2 | ISO/IEC 18000-3 ISO/IEC 18000-4
MU INMA ISO/IEC 18000-6
ISO/IEC 11784 | ISO/IEC 14443 | ISO/IEC 10374 | ISO/IEC 10374
MATFIHEIHTD
v ISO/IEC 11785 | ISO/IEC 15693 | ISO/IEC 18185 | ISO/IEC 18185
suuumslyam = — ~ -
4 (UASEUITANITA | (ADUINUIUDS (AOUINUIUDI
NN | [SO/IEC 14223 i . .
wul3dude) | vudadui) yuaaFum)
(M3szydad)

WATTIUMI5EYAITAT (Animal Identification) MIATFIU 1SO 11784 Wunasgni
Auarumsszyidaidionnudingdaihunasgifoady Tnsaadrasiia 150 11785 1y
nAsgURREIRUMdmAiia Loz 150 14223/1 Whanasgwiinearunin

nasgmtiasauiamsauuy 1§ uda (Contactless smart  cards) 13§14 1SO
10536 1umAs§mvee993590 FeazdmuaTasaadiaazdanlslumsiaues
Contactless coupling smart cards ¥3zozmathauazgadmualiiiszos 1 wuAmas 1SO
14443 1fuasgiuiiesviedamdnmamiauuazdanylslun1siimves  Contactless
proximity coupling smart cards T1ii5z0zMIBMsZII 7-15 IBUAWAT HAZ 1SO 15693 1Ty
11M3§14YD4 Contactless vicinity coupling smart cards ﬁszﬂzmsdmﬁqaﬁq 113

YINTFIUNITIANISIAG (Item management) WIATFIU ISO 18000 dhunasgi
Rurrumsszyiagdaoanudinglasmmzmaiinesaeg dmiumsandedonsfiuiin
DI Air Interface Standard nruiiu 5 SrunIMEAwAURD 1. d1uANE A1 <135 Kz -
18000 - 2 2.61uAMVAFA 13.56 MHz — 18000 - 3 3,£i1umm?;qqﬁa 433 MHz - Active —
18000 -7 4. $7UAWHYIB4 860 ~ 960 MHz — 18000 - 6 5.6uAAgaBa09A 2.45 GHz -

18000 - 4
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2.6 szUVIZYANEUZMINaNINGlHEIUANDYIBY (Ultra  High  Frequency

RFID Systems)

' {4 2 ' 4 4 an
szuuimanudgatniuziins lFnuluinnnud 860-960 MHz 39921MIAN
& - U 1 ﬂ'l
p1naulszInm 33 uANes sLUUHANUDgIBIgNAILAY 1ALINATI U ISOIEC 18000-
6 114z Gen 2-110 EPC global uiinuazinessmdeyaiiiniskanzgnaiuquaiold EPC
global @MY class 0 class 1 4ag class 2 GanaiimslFamegluilogiiu Tasluilagiusimae
mitsvoanindanalinmaiumseguanainolueaasulndsnveswmndemivezil
- o ] - a 1 9/
s1mfanas M3 1Fauvewinludiuanudgets Tasdaumnnezgalfamluszuums
1 a 1 [ o ' = & o
yudedud vaalggumu dmsulumsszynaoanieddud Fams1Fanuveainezii
» '
ms1amauumadruinuazudniinuiin 92amsew 18 laoUnAveaunnildemludm
a a 3 Vet 9/ ] 0 a4 ¥ = " o
ANUDPABNIUIZOYN 1-9 AT Taoms 1 ausemanuanlfnunssuanaresiueen

AUt uAveIAazlsTINA

AT 2.5 MATTIUANNAQI0I (UHF) Y9932 015yanyagn1enauIngneya

WM luuaazszima
YaennuaniFau HUUAINS Masnu
Uszma
(MHz) (MHz) (Watt)
TFuaud 864-868 4 4
dUIAY 865-868 3 4
ylsy 865-868 3 4
ssnunile 865.6-867.6 2 2
AHIFY 865.6-867.6 2 2
Auuaua 865.6-867.6 2 2
i ure 865.6-867.6 2 2
wosuil 865.6-867.6 2 2
GG 865.6-867.6 2 2
A L HIGI] 865.6-867.6 2 2
ANNUBI TS aNTY 865.6-867.6 2 2
anlu 865.6-867.6 2 2
aAAu 865.6-867.6 2 2
aInesuaud 865.6-867.6 2 2
ANIIFDIUIINT 865.6-867.6 2 2
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Y2 HuHAIAN Masnu
szina

(MH3z) (MHz) (Watt)
Fan s 866-869 3 0.5
VU351%0 902-907.5 55 4
HALIAN 902-928 26 4
ansgosm 902-928 26 4
PI5IIUA 902-928 26 4
¥a 902-928 26 4
Imna 910-914 4 4
onimla 917-921 4 4
W 917-922 5 2
no 920-925 - 5 4
DOAIATIAY 920-926 6 4
1awiu 920-925 5 1
ity 952-954 2 4
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= o 3 o A4 a a ' a
1NA151N 2.5 s ld sz uuszydnyuemanduinginlFludmnnuigeds
[y - é Y - ] { 4 a'e; 9 o o 4 1 a
Fanadidamimilslumslfaudennu himiveuvesmanudnldiunlan Fmnamd
uazuuuaIasimasg sty limuiauazdesmuavesnaazilsyime 1asgiu EPC
P ° o y ' H ' v -
global Gen-2 #avz 19dmiuineasmdoyanannsagmunnldnsouaquanearrsnud
a 1Y " o ' o o v [ '
qaba (UHF) danmssmdmiunsswuinnawagdnzuandeiulmuuaazildszms
4 v ' ' o = a 4 4 o 4
idiosnnany limiveussnhanuuaiatuagIEmsmsAaredemssznaunnuaziAgo
4 Y - ° 9/ & da  da a o a 4 ar '
swdoyaiignir 1o dlenvuddaiivinaiindufzansodadedeasiunguuos
o = g ¥ d ' oo da o v &
uinluusnaildau1@sasmaniimsntinuuaiatuay Asiumasgiuvesdszimd
ar = o da o ar ' o o o 1= =
anigeuimAiuuuAIat 26 MHz sasimsemuineziiaiszinm 1600 windedudi Tu
nqulszmAylsUiduuudiag 3 MHz sefidasimsswegiilszana 600 ufindoduii ua

9 da  da =y = " Y a o a o e 1 Y
mslsuuualasnnnanu llfewszne liinatlyinimenudyaiss ununnsunu

2.7 szumzue‘l’nﬂmzmani‘fﬁnqﬁu“mmammzuz‘lna (Far-field RFID)

srpusTydnuazneaduIngiuinuauiuszezIna (Farfield) szldmannms
[ q [ o [ -
unsnseaonaundiman i Tnssadravesunnilsznoudan 2 dau Ae uWINNIINITBFY

(Chip) Mifvfuindeyame nazmooimadmiumsiuazmsasdyn o
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s o 4
2.7.1 wiamsmanvesszuuszydnsazmanauInglumnuszeylna
o o A = n‘a’ = L
dmsvszunszydnsazmanauinglumnuszes Inaiu awemaiianudingy
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AogussouzuazANLuFedeveszuy 1o IAndnmIsiinuilizerdonis
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moomanieas ndoyn

) iin
Grevsram oy amiorion
: AL
n3oadmdeya
ulnsl
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Prten: P
a : waniognn e NImNin

4 o o s 4 o o A “a Ead
qUi 222 AdsnuuaznalnnmisdadedoasdmiUszUUITZYANYULANAAUINGUSIIU

aumszozlna

2744 msﬁnﬂ'aé’;ai,mmaaa:umzué’numzmmgu’mq Tuamnuszezlna

szoznansaarededssznhuniossudeyaduuinlusyuussydnuasniy
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wazszormalnafigaiinisssmdeyaaunsodudygraiiiamsnsziansznofoundy
wdauniossmudoyald uaTaoir luduniessudeyasziinnu lannisanefies Sy
Fyyrdinszianszanofoundunld Futuszozmalunisaadedemstussnauindy
idossudoyatetuagiuniin iy dnuarmsnedivendin quaifvesingiiuin
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= 1 ﬂ. d' U £ L a4
2.7.1.2 Mm3nafedea130 N8 HTexa ldauin
A ° 4 o : . A 1a vy
doannmamanvesmniuilunuumiadyl (Passive operation) e hiliunaasiy
o o o & o 14 o o o d.l ' 9
fdanumoluiluvesdes Seduiuszdesiuiasnu (Power) M1INIATEIOINVDYD
¥ ey - A v 4 o ¥ A.ﬂ
Taunse Aromqil 39deaiinsoeniuYITIMUDINIAYENATEIDUYDYA FHIIMINNY
' ¥ v
iniosdanadeyanazmdanu i ldansadedidsnuiisigane Idawise
» ' ]
unsnsznel luiuilFou vazansom imeeimeavesin ldsumdsnuidisanelu
@ ya g e = o A a A 1
msdaliFnoluuiniian maTuTagvesszuus Y anyULNIAAUINGUUUMTIFOUAD
¥ ] " 0] " v v
svozanuszos TnaiudundnnsilFauiinnuige Wi Sruaudget uazdunnud
TuTasov iWudu
Tuglii 2.22 uarmsszuuszydnyusnanduingildnannsnsiveusessoyauy
A o \J \J " o _ o ﬂ' ' 4 L\ o
szozlna eansasnnummmen 18 wu Mdndiesmnuniniessiudoya das1venn
A ' 9 ﬁ v
YDIMUDIMAYDINT DD UTOYA 1TluAu )

nnaumMInsaadyguveania 1u¥padndase (Friis free space transmission)

' e o - 4 o o a’
ﬁ"lll’lif’m’lﬂ'lﬂTﬂNTu‘i‘lﬁ'ltlﬂ’lﬂ']ﬁ'llﬂilmﬂiﬂ‘lﬁ' AU

A

2
Plag-am = (4KR) Preader—amGreader-aanlag—amZ (21)

Taon
P .. fio Masnundeesswsuld
P oironi fip MdsnudoenunnnIeseudoyn
o= flo SasvnramTeIMAY AT BIBUTBYD
R A szuymaszninmooImAvoun’ o deyaiuudin
- fio Sas1vewaoeIMALTin

=1 q' (] " = ci “ 3
A Ao anuumaauluresinwasznanudlyau

-~ " e o o o 1 A 3
z Ao mduszanimsuuarves Inar lsFsznI19ao9INAYIUAT B0

JoyauazamooInAvein

y ' ) d A P a 1
ﬁ'mwmmﬁ-uaam‘%‘aamu'i’n'm;,aﬂumummﬁumtmnnmsTwm'lscfwmanm:ﬁm

s a s d 1 o ' - [ v
SuseAninsuuasveanis nar lsamindy 1 v3e 0dB ualunmisAarpAoa15¥DITZUY
ar M a o A ' ) -
sruuszydnpaznanauinglumnuszes Ina Taona lumoomaveunieseuveyaszil
o o o = [ : "
ms Inar lsanilunuulenanuazawoimeaveannezi Inar lsmdunuuFadu dnium

o a o LAl Y -
ﬁuﬂs:ﬂmﬂmmﬂwaamﬂwm'lwnmmmu 0.5v159-3dB



31

o o [ A 9 o ¥ 1=t o a 4 a v o
Sidsnmeuiimeomavoadiniumn 1dssgnaae T dad delianuduius

o o l:
AUAIU [1]
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A F reader—uGreader— ant Grag —ant r &3
Rmax( reader) =T (23)
4n ‘Dlag ~threshold z
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Rmax( reader) =10° (m) (24)
Tao#

a =27.6—20log[f (MHZ) |+ P,psers (dBM) + G,y on (ABiC)

i Grag—am (dBi) + Z(dB) + T(dB) i Rag-lhreshold (dBm)
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N30
Reuiiaiionnss = 107 (m) (2.8)
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B =16.6-20log[f (MHZ)]+ P, 5., (dBM) + 26, er_gn (dBiC)

+ Z(dB) & G(stm) = Preader—lhmshold (dBm)
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Fosap =0 ~T) g am (2.18)

tag
o a o 1 " o o = o d’
fnlseansmsdeiuiidanuannsodonluglauns 1ddad

B

__ “tag-chip _ 1 _| l2

4R R,

= : -, 0<z<l (219
(R, +Ry)" + (X, + X7)

tag—ant

4 o o o o o °
demwermmiluuuaddagadudy fufe R, = R, uaz X, =-X, sz
f]=0,z=1 wldmasnuiidauannmoemauin ludFlnniga uazuaaalugy
4
aums laaail

P, =P =S4

tag —chip—max tag—ant e—max

(2.20)

| o Y o = o I~ A (Y o
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(Z, =0)dawald [T =1 uaz 7 =0 Aniusglifiddsada s
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i @ ] :l‘ 1
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o a o Vo & v A a o 4 a = d o
FurlszAnimsdari Faldineofoqudnumzveanisuuaduesduiiuaud fmua'ld

o

&eit
RL(dB) = —20log,, () (2:21)

2.7.4 dadszansmsuunyvealnarlsd (Polarization matching coefficient)
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2.7.5 MAMNDIZVINAMA (Directivity)
famwzaaian A sasaauvesnnudumsunInIzMIUAIUNIINIgARD
9/ U A . =1
anuduveamsuninszaonauvesmeemeauuy leTensein (sotropic) d1liilimIszy
a 3 2 a - Y ' A A -
el ivunodaismaninnudunsuns nsznoaaunnnnga
dmsvmooineaniinisunsnszawaduduuuylo Tenseln (Isotropic) i
. 1 o 4 A U 1 4 1
anmmzfigmeniunile esnnmanudunsunsnszenau (U) HazAmANUYY
NMSININILOAAUINATIEA (U, ) 1azAInudunsunsnsgenauyesaue My
1o Twnsetln (Isotropic) UMY
n'l Al - 1 el J
Tamir lmanmimzaaiamaszuaaslumiisveuadiua (dB) Feamnsonld

91NN sudasman eIz eanaIan 11118 (Dimensionless)

2.7.6 Y52aN571NULIA BB INA (Antenna efficiency)
- oo 4 ° 1 (] ] & [
Uszansnmuescveimas: Idemilsdsmmsgaydoludiuaien Faniseenld
' 1 4 v oar o
i 2 Uszian Ao msgapdoainms hinuadvesdinudeudefumoeimeunnuaznis
Y [ = o o ad a b 4
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a ' a a g ar P
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2
e =e e = eﬂ,(l | ) N (2.22)
A o 3
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e, =1szdnsnmsdn
e, = VszAnsamanuiludniuas ladianasnvesmoeina
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A{ - H
uaz Cifludulszansmsaziou 919090 naunsn (2.14)
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2.7.7 8AT1VLNVRIAIBINIA (Gain of antenna)
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G(0.¢)=e.,D(0.¢) (2.23)

.i ° Y
e mualv
D = Manniganan19veIa o0 A

a a @ o ad =
e, = Yszaninmmsiudniuaz ladidnasnvosmoeinis

v o o . o 1o
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=(1-Ir )G (0.9) (2.24)

2.7.8 ANN11v99512393559U (Sensitivity of IC chip)
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Abstract- This paper presents the RFID tag antenna design
for the frequency band of 920-925 MHz corresponding to the
standard of UHF RFID in Thailand. An importance for design the
tag antenna is that the impedance of the tag antenna must be
conjugately matched with the impedance of the IC chip for the
maximum power transfer from the tag antenna to the 1C chip.
The tag antenna can be easily designed and easy to adjust for its
input impedance.

I. INTRODUCTION

Nowadays, the RFID systems are used in many applications
such as logistics, supply chain, access control, product
management in warehouse and many others [1]. Therefore,
many countries including Thailand have used these systems in
many applications, and the demand increases all the times. The
RFID systems are generally distinguished into four frequency
ranges; i.e., low frequency (125-134.2 kHz), high frequency
(13.56 MHz), ultra high frequency (433, 860-960 MHz) and
microwave frequency (2.45, 5 GHz). The standards of the UHF
RFID are different for each country [2]. For example, the UHF
RFID in Thailand employs the frequency range between 920
and 925 MHz, where the center frequency is 922.5 MHz [3].
The RFID systems use wireless radio communication
technologies to uniquely identify tagged objects. There are
three basic parts, namely tag, reader and controller. The tag is
composed of electronics chip and antenna. The reader consists
of an antenna, RF electronics module and electronics module
controller. The controller is either PC or workstation, and it is
used with controlled software [4].

The investigations of tag antennas for UHF-RFID systems
are very active research topic. Generally, the antenna design
for RFID systems uses some specific antenna types, such as
dipole antennas, patch antennas and many others [5]. It is
known that IC chip have complex input impedances, and their
impedances are varied with frequency. One important point for
tag antenna design is that the tag antenna must be conjugately
matched with the desired IC chip for the maximum power
transfer [1-5]. For this reason, this paper presents the antenna
structure that is easy to adjust its input impedance, and
convenient to design and fabricate.

This paper is organized as follows. Section Il presents tag
antenna design. Antenna characteristics and fabrication and

measurement are illustrated in Sections 111 and IV, respectively.

Finally, Section V provides conclusions.

978-1-4244-3388-9/09/$25.00 ©2009 IEEE

Il. TAG ANTENNA DESIGN

The objective of tag antenna design is to obtain high
communication performance with increasing the maximum
read range. For the maximum power transfer from the tag
antenna (£, ) to the IC chip (£, _,, ), the real part of tag
antenna impedance (R, ) must be equal to the real part of the
IC chip impedance (R;), and the imaginary part of the tag
antenna impedance (.X',) must be added with the imaginary
part of the IC chip impedance ( X} ) to obtain null value
(conjugate matching). This can be readily seen in the following

equation [1].
2 )
P =| 1-2—H |£,.. \ 1
g i [ Z,+2, ]..... (1

where Z, = R, + X, is the IC chip impedance, and the tag
antenna impedance is Z, = R, + jX,. The impedance of the
NXP G2XL IC chip from the data sheet in [7] is approximately
21.3-j191.7 Q at the frequency of 922.5 MHz. Therefore, it
aims to design the tag antenna such that its impedance is close
t0 21.3+j191.7Q2.

For the first design, the dipole antenna in Fig. | is used because
the structure is easy to design. It is designed on FR-4 substrate
(&,= 43, tand = 0.025, thickness = 0.764 mm). The gap (v.)
between the radiating patch is fixed at 2 mm. Subsequently, the
length (L) of the conventional dipole antenna is varied to seek for
the appropriated impedance where the length (/) is 3 mm, and the
width (w,) is fixed at 4 mm to match with the chip configuration.

Figure 1. The conventional dipole antenna.
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lines can be appropriately adjusted such that its input resistance
is close to 21.3Q. In addition, the length of the parasitic line
can be used to adjust the resistance of the tag antenna. Each
parasitic line possesses the width ¢(w,) of 1 mm, respectively.
All antenna parameters are tabulated in Table 1. The length (/)
of the antenna is varied to determine the appropriate
impedance. Figure 4 illustrates variations of the impedance of
the proposed tag antenna to its length. Figure 4(a) shows the
simulated resistance when the length of the proposed tag
antenna is varied. It is observed from Fig. 4(b) that the
increasing of the reactance of the proposed tag antenna is
occurred when the length is increased. From Fig. 4, the proper
length of the proposed antenna is chosen as /=156 mm
resulting in the impedance of 23.43+j186.7 Q, which is close
to the conjugate of the IC chip impedance.

0

Resistance (£2)

= Resistance of Tag Antenna B

--==-- Resistance of 1C Chip

Hag(mm)
(b) Reactance for various lengths.

Figure 2. The impedance of the conventional dipole antenna
for various lengths at 922.5 MHz.

In Fig. 2, the impedance of the conventional dipole antenna
simulated by using CST [8] varies with the dipole length. From
this structure, the resistance of the conventional dipole antenna
is too high to obtain the opposite reactance of the IC chip.
Therefore, parasitic lines are applied to adjust the resistance of
the antenna as shown in Fig. 3.

155
1y tmm)

Resistance for various lengths.

160 163

(a)

(b) Side view

Figure 3. Proposed antenna structure.

The structure and dimension of the proposed antenna are
illustrated in Fig. 4. The antenna contains three symmetrical
parasitic lines with identical length. The number of parasitic
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(b) Reactance for various lengths,

Figure 4. The impedance of the proposed tag antenna for various lengths.

TABLE |

ANTENNA PARAMETERS

Parameters

Physical Size (mm})

15

2

156

3

160

Z

25

2




III. ANTENNA CHARACTERISTICS
The simulation of the antenna characteristics (radiation
pattern, impedance, directivity and return loss) at 922.5 MHz

will be reported in this section. From the design of the
proposed antenna, the tag antenna was simulated by using
parameters in Table I.

A.  Radiation Parttern

180°

(b) H-plane (XZ-plane)

Figure 5. Simulated radiation pattern.

The radiation pattern is plotted for both E-plane and H-plane.

Figure 5 (a) shows the simulated result of the radiation pattern
in the E-plane (YZ-plane). From Fig. 5(a), it is obvious that the
radiation pattern of the proposed tag antenna is omni-
directional beam with the vertical half-power beamwidth of
767", In addition, Figure 5(b) illustrates the radiation pattern in
the H-plane (XZ-plane). It is found that the beam is rotational
symmetry along the X-axis.

B. Impedance Characteristics

In this section, the impedance characteristics as a function of
the frequency are shown in Fig. 6. Note that the resistance of
the tag antenna varies between 17.3 Q and 28.7 Q for the
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frequency range between 860 MHz and 960 MHz, which is in
neighborhood of the resistance of the IC chip which varies
between 20.5 Q and 22.9 Q. Note that the reactance of the tag
antenna increases with the frequency between 1259 Q and
2323 Q. The impedance at the frequency of 922.5 MHz is
equal to 23.43+)186.7 2.

1
'
1
' i
' 1
1 !
860 LE 830 290 o0 910 920 930 940 %0 P60

Frequency (MHz)
{a) Resistance

250 i 2 T T T T T T T 250
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Frequency (MHz)
(b) Reactance

Figure 6. Impedance of the proposed tag antenna.

C.  Directiviy

In Fig. 7, the directivity of the proposed tag antenna is
decreased with the frequency. Note that the directivity of the
antenna is equal to 2.53 dB at the frequency of 922.5 MHz.
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Figure 7. Directivity of the proposed tag antenna.
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D. Return Loss

Figure 8 shows the return loss of the proposed tag antenna.
Note that the half-power bandwidth (return loss less than -3
dB) of the proposed antenna covers the frequency range of
887-960 MHz, which cover the operating frequency of UHF
RFID in Thailand (920-925 MHz).

o T T T T

T
|
1
1
L
'
|

Return loss (dB)

Frequency (MHz)

Figure 8. Return loss of the proposed tag antenna.

IV. FABRICATION AND MEASUREMENT

The prototype antenna was fabricated by using parameters in
Table 1. The photograph of the proposed antenna is depicted in
Fig. 9. The maximum read range was measured by using IE
Technology Reader (RU-110U). The reader antenna radiates
circular polarization, and the gain of the reader antenna is 7.7
dBic. The obtained maximum read range is 2.6 m.

Figure 9. Photograph of the prototype antenna.

V. CONCLUSIONS

The tag antenna for the UHF-RFID system is presented in
this paper. The length and the number of the parasitic lines are
appropriately adjusted for impedance matching. The
appropriate impedance of the tag antenna for conjugate
matching with the IC chip impedance is found to be
21.3+j191.655 Q. The impedance of the presented tag antenna
is 23.43+j186.7 Q at the center frequency of 922.5 MHz, and
possesses the power transmission about 98.56%. The radiation
pattern is omni-directional beam. From the measurement, the
maximum read range of the proposed antenna is 2.6 m. This
tag antenna can be used in the national standard of UHF RFID
in the frequency range of 920-925 MHz.
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