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CHARINSAK SAETIAW : STUDY OF IMPEDANCE OF RFID TAG ON
VARIOUS SURFACES. THESIS ADVISOR : ASST. PROF. CHANCHAI

THONGSOPA, Ph.D., 122 PP.

RFID TAG ANTENNA/MULTIPLE LAYERS STRIP DIPOLE

Radio Frequency Identification (RFID) system has been widely used in many
services in the industry in the past decade. RFID system consists of RFID tags and
a reader. The RFID tags can be divided into a tag antenna and a chip. The chip contains
information about goods while the tag antenna is used for tag-to-reader communication as
well as energy harvesting. Since the tag antenna is used for harvesting energy, it occupies
most of the tag area. The tag antenna may be mounted on various size and shape objects
that will alter the tag antenna properties such as impedance and resonance frequency.

In this research, a stacking technique of antenna was proposed to automatically
adjust the length of a strip dipole antenna for compensating the changes in impedance and
resonance frequency due to the tag bending. The proposed stacked strip dipole antenna
was simulated on the various curvature surfaces and it was found that the impedance and
the resonant frequency of the multiple layers strip dipole were slightly changed.
Moreover, the proposed stacked strip dipole was fabricated on flexible printed circuit
board (PCB) and mounted on various curvature surfaces and the impedance and
resonance frequency are measured. The measured results agree very well with the

simulated results.
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A = magnetic vector potential

/ = length

& = dielectric constant

Eyp = effective dielectric constant
g, = relative permittivity

n = intrinsic impedance

My = permeability of free space
&, = permittivity of free space

E = electric field

H = magnetic field

P = power

1 = current

Vv = voltage

R = resistance

Z = impedance

G = antenna gain

f = frequency

0] = angular frequency

A = wavelength

IEEE = the Institute of Electrical and Electronics Engineers
IEICE = the Institute of Electronics, Information and Communication Engineers
HPBW = half power beam width

PCB = printed circuit board

RFID = radio frequency identification
rms = root mean square

DC = direct current
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® 1y T151uY EEPROMs (electrically  erasable programmable read-only

Y v J = =~ o ' .
memory) %3Gl“l)'ﬂ‘]Jﬁ%‘U‘U@']ﬁlf)"l/‘lhl@ﬂll‘ll‘]JﬂWﬁ!“Vqul'Ju’]ﬂ')‘Uﬂ (Inductive

= A =

. ] <3 A 9 Y (% A 1
coupling) 8819 l5Amuvzlideide Ao Tnisldndenungaluszvuiig
o a = o g’/ = d‘ o 3 a =) ?:l
AUNUNMTVYY Az UIUATI UM TReuNIne (Iagdnaaiuisameud

v o
15zt 100,000-1,000,000 A5)

& . = Y} A

® uuTuSHUU FRAMs (ferromagnetic random access memory) s leanun
Y o ' o ' = 1
i laslsnasanulunise1udini1 EEPROMs Usgunal 100 99 1000 1911
1A a XK o Y 9 [ 1 1 I
uartipsnndamlumsnaa 3ehldms ldauds liunsvareninin

= X A g ] v
® uuluTHUY SRAMs (static random access memory) oluruleIaN

9 gi’ Aq Yo l ~ -
ﬂlﬂyawumu‘wclslfﬂucluizuUﬂiummmllﬂﬂinw HAZUANUTSAIN

a9

< 1 o o N
saa5n lums@eu uasdes s IWfirdrsesnnuuameidieluns
v < 9
Tanudoya
d' g’z 9 ax = 1 ] o o w
Tuszuunausaad llsunsuld 35ams@sunazo1unIsnNuT Az A
1a q Mo snums@eunazeiu azgnaiunn Iasganssnznigluiliuinmsdoyalu
dy 9 d o 1 dy J . AA o o
ey Wandumaitiszgnasisaen laegaginisinruguaniug (State machine) NNAIA
° A v Y ] o o Y
mshnuigudeun wazawnsnlsgaglnssinruauaoiug lumsasinasumsariinula
J =\ 4 A = A (] ~ d o A
uaraLdovesyaglnsainduauaniug A Lilianudangulunisulaounlasiensu vie
Tdsunsunsviiau esanmanlasunlasdanan azdoalimaasuuasluszauigng
A Aaa a oA =® 9 = = lg’J =
YosInFanou Iaglumalfiianinedsdestimsoonuuninesnieluledluinaue Faoy
U (% 1 Pl d‘ A dy
aaranua lgaenmuy
tﬂy Y =t 9 14 aA g 9 o
uenvntingda daliunuieersiodlodMnudoyalasordonansznunig
" ] 4 1 1 U 4 a 1
menn lTdun wruiheorse leduuusiuesruder Tngordenauil (Surface wave) ALKy
4 % a { a 1 1 [} a
Theorse leduuunilatanaunsosnanms laauld uase laansanaunitlaldauld
2.3.4 UHAIPNAINY
é A o W J s A 1 1 [ o [ 1
wiklupuauiadguesszun or5iedlod Av unasiewdasnudmsuuny
4 o Y] ] 4 ] v 1 @
Theo15enled Tasdmsuuruiheerso loAuuumwias az luluvasniondsauves
] g.ll [ ~ o < ) [ o a 1 9 4 = Y
AU aatunasnunsududmsunisduivauvearuileorsien lefaz lduiain

] <3 4 ' 1 1 14 =
ﬁu’lllllw%’}\hllﬁ51’?%’E'Jﬁu'llllliJLWﬁﬂi]'lﬂlﬂ%@\?fJ'lu LWIﬂ@l’Ni]']ﬂLLWU‘ﬂ’lﬁl@’lilflwllﬂallﬂﬂlmﬂﬂw



19

¥ v Y
Fatuuan o3 ne 1S UENEINUNIVNUANT DU NAIUVBINAINUTHSTUNTINNUVDI
=S
Todaelu
235 anuddfianmsuazszazlumsliau
A Yy ¥ v '\ o Ao w 7 A A
UoNINNNAINIRIINAU ANuuananuidnnvesszuueisenled Ao
d' a oA d‘ 1 & 1 1 Aax a 1 d‘ 9
ANUDURIANMIVOUATOID I FIVLAINAADITNITAAAD ADATHALTLHZNS 1FIIUVDITS L
4 = o a Sldl dl ?zl; (BN d' = d'
Tasszuuosenlofszaunsaduiums Idnvaiennud Aduar¥19Aud 135kHz  aUDIN
[l < Y Y 1 1 [ o w & o
5.8GHz Tavavmnimianuazauy Iihezgnldlumsdeiudyaiaaz iy Fazim
Pl v
Tszezms lFanuliaae lidladwasaunani 15 was
~ 1 [ T 9 14 a ] I d’d @
anud lumsasdyanavesunuiheorsion loddiulve vwiflunnudiferny
[ A [ 1o o I T 9 4 = A1 Y " o o I A 1
MIADAUATDI01 uamasasveanuiensen lofrziinniosnnimdidveunsos91u
1A 1 [~ 1 ~ o PR .
Anaum Tagazannsoutauiluaimanudnan 181l (Finkenzeller K., 2003)

L Ehl.!ﬂ’nuﬁ@%”l (Low Frequency - LF) 30 - 300kHz

L t’immmﬁqq (High Frequency - HF) 3 - 30MHz

° Ehuﬂ’ﬂnali;‘f Qéﬂ (Ultra-High Frequency - UHF) 300MHz - 3GHz
o dundlulasd aad 3GHz 'l

A v ] Aa 4 = @ Y
UDNIINANUDLAD 15 1ENITatwiiaszuuoson lod Tagodeszey luns e
= [ v Jo 1 A A 9 Y Y L] ! Y .
Ou Feegduiusnugiuaudnlgauale Taun s29msaaugauinlng (close-coupling)
1 ] ~ 9 I 1 2
HATFINNITAIVYTZE2 1A (long-range) TaeszuuNszezms Idauilunuuaugauning ag
1 { Zl.z 1 Aa a ¥ 1 J 1
Haams Iaundunn lunu 1 sudwas Felumsldauukuiheersionled sedosgnla
9 A [ A &’ a A 1 A Jq 9 Y ' Y
11 11 lun3 09911 WieeDUNUAIvEuATeIe N 1F 151U 1A Tuszuuarugauining
v ¥ 9 v o2 2 e < A
sruvaglansau Iiihuez auuniman awadyaunszudass aud@IUA1IND 30MHz
A o " Y [ ] A ] A o Y 9 1 1 <
iwosnnlumsau lildeglugrsnlimsunnszaeaau mldmsldauaiulng sy
d‘d =S 1 = 9 [ 1 9 d‘ 9 1Y
nuund ledognielu 3eldnasnuaoudiegs Tassznuwnluszunidesmannulaoasie
d‘ 9 ~ 1 9 o W @ [ ] a d a 4 [ Y
g9 Tagnszoemsldnudnoudading dree1usy szuvullssgaanniolnaunududd
o s A ° A 3 Y
szyvausamsanlylumstszau dudu
14 A 9 A 1 dg! = 1
szuvorstonlodnausoldanunszezuinnin 1 wasvu ll azFenin sz
! 2 o a Y A ) 9 ’
AU7Izez Ina (long-range systems) 5z UUNIMNAIZANTUMST TaolFnauuiman luihlugu

tﬂ' Q' 1 td‘ 1 ) U 1 =} 1
ANVDFIU uazmumma'laﬂﬂmw Iﬂﬂﬁ’)uiﬁiyi&‘ﬂﬂﬂﬁﬂﬁ"ﬂ%%ﬁfJﬂ’N IUUNITINTSY

4
=

ALNOUNTY (back-scatter system) 11049 INTNBULHUTIUMIINNUVBTZLY Haziing 1Hau

%9



20

U 1 o w 1 4 1 1 J
mﬂmmmmuﬂmmﬂiumsmmwﬁ’ayauazmawmﬁzmmﬂ%qamuazuwu%’hﬂamm\l

109

24 MSUNATRUTRLAUST I IMALazMIIToUMEINH

seuvorite lod WuszuumsdearsuuuBaenldanuaulaluGesnmsdoais

9 o

Foyanazmrdsumasnunnnieseu lluruiheorsionledilunan Tavgilnsaifivh

Y A [ dy A A o o o A 9 ' Y A o
niavanlumsi Ao "Uﬂﬁ’JﬂWi‘LlEJ’JL!1E‘T"ﬁ’iﬁ”]Jﬁg‘]J‘]JVIGlGHﬂ"Iiﬂ’J‘]Jﬂﬁuﬁngﬂﬁ (BUANUDA :

30Hz-30MHZ ) nazagermad miuszuuildnisaivgszes Tna (drunnudges :

A o =2 Ao dy v ¥ =2 A o Y 9 =2 A
300MHz-3GHZ ) VIﬁ]S’;VITﬂWiﬁﬂHTEl‘LN"Iu’Jﬁ]EJu muumumwmuﬂummmﬂ%mms‘ﬂ

J

9 v
mﬂmmﬂﬁ]:mmmmuazmmumawmuu"lﬂiﬁ’ﬂmqﬁ]imaiuuwu‘i’ﬂwslamaw‘l@ﬁ Gl]?\iﬂ”li

A 1 ] o w J YA a A 3’, 9 9 =3
mzmmumawmsxw3Nﬁmmmmmz3wssaﬂwuﬂimmquqmuu aoudnlang

q
Y

HUFIUUIMsINA T NALAUFIazMToe Toufdsny
o Y = Y1 a a 4 A A S 2
dmsumsanyazesnuuyIimpuiitaUFYD I INALANRNIZANTY V2N
= dy ] di [ (] [ FY
MIMsANEINUgIUMIHEnszenau Insdyaazegluginszuanazuseau IWihuoy
A o Y 1 A A A Ay Yo [ g}.l @
mu N ldinsudnszaeadueen ldvseninaaun 1dsunnaige1na AsuLsIdUUDY

o = = < o 7 ¢
dyanaina (1) sz@ou ldillunaguuesvuiauoassau (v,) uazdensuaiula lalla

[
Y

=

U

aE

V(t) =v,cos(wt) (2.1)

A { a ] I 1A R o {
Tagn @ unuaNudFuInatus@euaaIn Aaully 27 guiuanud 1)

v 4 H < o ' ]
uazAmnszuannszne Ui Tnasszilunaguvesssnuanason Tnaauaznszua luihnlva

Il a 1 AaAa 4 o '
WU ‘ﬁ"lﬂWﬂ'l'imnﬂWWgﬂ'ﬁ“}fﬁlmuqﬁl@\ﬂﬁﬁﬂ ﬂUﬂWilea"llf)\‘lﬂ'i&Lﬁiwhlﬁj’N
4 v
P:I-Vz(—VZT (2.2)

A I Y [ A 3 a ' o o
LW@GlWVlﬂWﬁ\‘lﬂumﬁﬁl (Ew) VAIFYYIULUUAIUY LTIFNITANIITUINTINIAINIUTIY

' & ) & ANY Ao I =< < 4 A
AQDATINLIATUUITDULASHITINIYTSISLIATIUITOU Waﬂqﬂﬂguﬁﬂﬁaulﬂuﬂiﬂﬁuﬂ HUND



21

=0 (2.3)
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Farfield Gain Abs (Theta=0)

farfied (F=0.92) [1]
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Farfield Gain Abs (Theta=0)
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Abstract

This paper presents the RFID tag antenna design for use on cylindrical object. Our proposed
Double-Layer antenna has physical change itself for better performance than modern antenna. An
importance concept of the design is each layer of antenna can freely change to make a physical tuning.

Keywords : RFID Tag Antenna

1. Introduction

The advancement of radio frequency identification (RFID) systems has made them attractive
for various applications including logistics, inventory management and human monitoring [1]. The
non-line-of sight operation, longer read range, capability and ability to store information make these
RFID systems ideal candidates to replace barcode technology.

In supply chain system, many RFID antennas designed for different types and shape of
products. One problem when using RFID antennas on the product is various shapes and sizes. The
flexible surfaces of the tag antenna has effected by various distortions such as bending when the
product 1s attached to flexible package (Such as plastic and paper). Structural distortion changes the
performance of the tag antenna and the performance decline especially when operating in microwave
frequencies. By the way, the most used for tag RFID is dipole antemma [2, 3]. This paper will discuss
the optimization reduced by simulating curving the RFID tag antenna models by using a double-layer
antenna. The result of curving will change the resonance frequency of antenna. Double-layer antenna
will reduce the effect of eurving based on relative changes m length on each layers. Caused by curving
of the antenna is not the same for both layer of antenna. Result of changes to compensate for the
resonance frequency which allows the antenna performance inereasing. So result of this a little length
will be prove a resonance frequency on antenna and make it has better efficiency compares to modern
antenna.

This paper is organized as follows. In the next section, the proposed antenna design structure
and discussed for both single-layer and double-layer antennas. In section 3, simulations of the
reflection coefficient in various radius of curved antenna are presented. The measurement results of
the single-layer and double-layer prototype antennas with strength and curved are presented in section
4. Section 5 concludes the paper.

2. Proposed Antenna Design Structure

In this section. a brief review of single layer antenna model is given. Then, the proposed
double layer model of Strip Dipole with the effect of curving antenna is discussed.
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a) smgle-layer stnp dipale b) Double-layer stnp dipele ) Diapram of puipose antenna

J

- S

Figure 1: Schematic of the flexible strip dipole antenna

In Fig, 1, show structure of single-laver stiip dipole compare to double-layer stiip dipole
antenna, Each layer has the same length but when it curving, the inner laver will be little shorter than
outer layer because of radius of each layer not the snme, as show in Fig le. An iner layer has length
equal to (278 / 360)R, where @ 15 an angle of each layer in degree and B1 15 tnner radius of curving

antenna, The difference length of cach layer is equal to (2m@/360)R, - R).50. we can use this

physical change for mining it own properties of antenna, Normally, when a stip dipole has more length
it's resonance frequency will change 1o a lower frequency [3], In opposite way, if it length shorter than
the original. it will shift to a higher resonance frequeney. From this behavior, we design a madel for
study effect of double<layer strip dipole antenna with two difference type. Double<lnyer type-l used an
mmner layer shorter than outer layer and Double-layer type-Il is used an outer layer shorter than inner
layer as show mn Fig.2,

£
*
h"‘“—-_ _-l"'rf M‘.""‘-l— - _.-l""’v(
a) Double-layer stnp dhpole type | b) Double-layer stnp dipale type 11

Figure 2: Strueture of Double-layer strip dipole with curving radius used i smmlation

@i ‘?"’ \\ "
| S 31N .
e LN
.
/ G-, AL
a) Double-layer strip cipole type I straight b) Double-laver stnip dipole type-I curved
# | 5
| AN .
[ A .+ B S I I
} l; @ .1.' P E— - ./_'." l_“!,-"n
L e }‘\\. Al
) Dauble-layer strip dipole type-I1 straaght d) Double-layer stnp dipale type-I1 curved

Figure 3: Diagram of double-layer stip dipole for ealeulate effective length

In Fig.3. 1t 15 a demonstrate diagram to show how we can caleulate effective length of antenna
when it f,trnig,ht and cwrved without overlap ln:ugth s
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Ly=1L,, =2"(A+B+T)=2%(C+D+T) (1

The effective length (L) of antenna from equation (1) is the same for both types.

However. the effeenve length has change when antama has curved. We ¢an wrnte the cffeetive
length of double-layer strip dipole type-I and double-layer strip dipole type=II as

L ppat = 2%(A+ D+T = AL) O]
Ly ey = 2" (C+B+T+AL) @)

From equation (3) and Fig, 3(b), length of section € was fixed by physical struenwe, So, it
makes length of section A is reduce cause of curved, The same result for equation (4) and Fig, 3(d),
where length of scetion A was fixed by physical structure, So, it makes seetion € will be extended, A
difference lcn;lh far boath types canea leulate |:ly

2n0
M-E(R:—Rl) {:'}

A negative sign in equation (3) mean to an effective length is decrease from normally length
and positive sign in equation (4) mean to it extended from normally length of the first section of
antenna’s center,

However, Fig, 2 show that section A and € i both type of antennn must have some extended
laiigth to cover n difference length that ocewived from curved effect for make both layer contacted to
ench other,

3. Simulation Results

In Fig, 2. o structure of the double=laver strip dipole antenna simulated by using CST [4], All
tag antenna lie on XY=plane and cwving in XZ-plane, We curve it for radius 20, 30 and 1000 i,
From Fig. 3, length of seetion A and € s 10 mni, 18 nun, for section B and D, 1 nun for everlap on
each layer, 4mun, for o strip width and thickness is 0.3 mun, We changed the radius and observe result
of reflective coefficient ($11) and resonanee frequency, Result from simulation show in Fig, 4,

T ] s

ReiloQ g 450 GHs

L T T T e
" . - ol . i | : '_,.--"'"'_'_-.
. e, 82 41 Gt R 1A 70 Gz = R, 124 g
| medmoe | P W23 G et A e
) smple-layer i.-mp dipole ) ¢l¢ubl¢-lnyh'-;nltip dipole type-l  ¢) double-layer u-u‘:p dipole type 11

Figure 4: Reflection coefficient (511) for difference radius of clu'v.'ing

From Fig. 4(a). Smgle-layer strip dipole has resonance frequeney at 2.450 GHe. 2,469 GHZ
and 2,485 GHz when cwrving rachus was 1000, 50 and 20 nun. respectively. A frequency sluft 1o
hig,l:er resonance ﬁ'equcucy when it curved was report in ['5] 50, n doubleslayer strips dipole type [
has resonance fmquency at 2,450 GHz, 2470 GHZ and 2,493 GHz Fig. 4(b). Finally, double-laver
strps dipole type 1T m Fig 4(¢) has resoninee frequeney at 2.450 GHez, 2,451 GHZ and 2.464 GHz
when curving radhus was 1000, 50 and 20 nun. respectively. All of this shaws that a double-layer strip
r;lipq;lc type II has most stable resonance ﬁ'cquem:y than the others. For f,ing]c laver *,trip dipole
antenna, it shifts resonance frequency with 19MHz and 35MH compare to straight antenna, Next, a
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double-layer strp dipole antenna type-l change 1t resonanee frequency for 20MHz and 43MHz, Then.
a double-layer strip dipole antenna type-II change it resonanee frequency for 1MHz and 14MHz,

4, Measurement Results

The prototype antenna is fabricated from copper sheet thickness 0.3 mm. and other size is
samie as simmlation model. A network analyzer HPE722D used for measurement 511 result i anechowe
chamber. From measurement results, double-layer antenna nmst have a structural supported sheet
cover on front and back of antenna, We used a thin PVC film for this purpese. Propaty of PVC
dielectric constant i1s 3 and thickness around 0.1 mun, So, it makes a small frequency shift when we
compare to an original antenna without PVC cover, However, we can m'lliu-.t it length for matching in
the same resonance frequency. For smgle-layer antenna with PVC cover as show m Fig. 5(a) has a
frequency resonnnce at 2.45 GHz. After curved. a resonance frequency has sluft to 2.690 GHz with
curving radius 20 mm. For double=layer strip dipole antenna type-I1, a resonance frequency s 2.45
GHz for straight antenna, Next, the resonance frequency shift to 2,49 GHz when it curved at radius 20
mim, This result agree with simulation result in section 3 that double-layer strip dipole has improve
resonange frequency slufted cause by curved antenna.

n) single-lnyer straight b) amngle-layer curved o) dotible-layer strmight  d) dotible-layer curved

Figure 5: Prototype nntennns used for mensurement

5, Conclusion

We have showin a design of double-layer strip dipole antenna ¢an improve the performance of
EFID tag when the antenna was eurved. Result of improveinent ¢an be achieved when the RFID tag
hns curving characteristic. We have shown that doubleslayer strip dipole antennn type=II are more
attractive than double-layer strip dipole antennn type-l for unprovement because of resonance
frequency was more stable when ewrving, Henge, the antenna has o be design 1o mateh specific olyject
suiface so that the RFID performanee is improved,
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This paper presents the design of multilayer strip dipole antenna by stacking a flexible copper-clad laminate utilized for curved
surface on the cylindrical objects. The designed antenna will reduce the effects of curving based on relative lengths that are changed
In each stacking fexible copper-clad laminate layer, Curving i different from each layer of the antenna, o the resonance frequency
that resulted from an extended antenna provides better frequency response stability compared to modern antenna when It s curved
of attached 1o cylindrical objects. The frequency of multilayer antenna is designed at 920 MHz for UHF RFID applications.

1. Introduction

In the last decade, the technology of Radio Frequency Identi-
fication (RFI13) has been used In many aspects of daily life
including the logistic system, object tracking system, inven-
tory management, human monitoring, and electronic bank-
ing [1]. RFID is a very valuable technology tool that holds the
promise of replacing existing Identification technologies like
the bar code because it can provide longer reading distance,
better reading speed, and large information storage capability.
REID system consist of reader and tag, A reader broadeasts
a radio signal in 1ts wireless transmission range for queried
information contained in tag. After that, the tag will reply
with required information. The detection range and accuracy
are directly dependent on the performance of reader/tag
antennas, However, RFID tag antenna has a lot of different
types and shapes applicable with various kinds of products.
‘The tag antenna can be printed onto flexible substrates (or
the so-called inlays). The flexible substrates of the tag antenna
have been aifected by various distortions when applying to
different packages on nonflat surface. This distortion in the
structure will usually change the performance of the RFID
tag antenna and the performance degradation in the RFID
system, especlally when operating in very high frequency.

A problem of antenna design 1s that it is ditheult to cover
all requirements, espectally on different types of surface used

if there are techniques to make an antenna tune itself by
changing some properties depending on different environ-
ments, This technique will be efficient for a manufacturer
and eventually for user as it Is easily used in all types of
application. A technique of stacking layer called multilayer
antenna has been purposed, The proposed REFID tag antenna
is operated in the ultra-high frequency (UHF) industrial-
sclentific-medical (15M) band around 200 MHz. UHF RFID
15 most popular because of 1ts best appropriate properties
such as size and reading range especlally low cost and easy
fabricate. A design of multilayer strip dipole antenna has been
demonstrated of a purpose of this technique used in antenna
deslgn that make an antenna tune itself on different types of
surface especially on curved surface.

In this paper, we purpose a novel UHF tag antenna with
stacking technique sultable to be applied to curved surface
or eylindrical object 1o resolve the performance degradation.
We Introduced a flexible material structure of copper clad
laminate with dielectric substrate stacking on layer by layer
that has better frequency response stability than single layer
and suitable for RFID applications. However, the tag RFID 15
maoatly used as strip dipole antenna 2, 3], Practically, strip
dipole antenna property and efficiency Including resonance
frequency will be changed depending on the surface of the
object on which it 1s laid, which may be rough or curved
surfaces [4]. The result of curving will change the effective
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Frounn 2: schematic of strip dipole antenna.

length of antenna and affect the resonance frequency of
antenna [5]. Multilayer strip dipole antenna will reduce the
effect of curving based on relative changes in length on each
layers caused by curving of the antenna which is not the
same on each layer of antenna, So, the result of an extended
length will prove a resonance frequency of antenna and better
efficiency compared to modern antenna, The simulation and
measurement of curving the RFID tag antenna models by
using a multilayer strip dipole antenna will be discussed.

This paper 1s organized as follows. The first section 1s
an Introduction of RFID as already mentioned above. The
second section 15 a demonstration of the antenna structural
design and discussion on single-layer strip dipole antenna
and multilayer strip dipole antenna. In simulation section, a
reflection coefficlent of curved antenna In various radiuses
and different types of antenna are presented as a result of
simiilations, The next section presents a measurement result
from prototype of the single-layer, triple-layersand five-layers
antennas with straight and curved, The last section is the
conclusion of the paper.

2. Multilayer Strip Dipole Antenna

In this section, a brief review of strip dipole antenna model
and design is given. ‘Then, the proposed multilayer strip
dipole antenna with the etfect of curving antenna Is discussed.

Dipole antenna was designed in the late 19th century by
Helnrich Hertz Rudolph [&]. The components of the dipole

antenna connector consist of two straight lines of equal length
Iving on the same axis, separated by a small gap. ‘The main
factor for determining the frequency 15 the length of the
antenna. The number of half wave length will be used for this
purpose. After that, a design of thin-wire dipole antenna can
be adapted to strip dipole antenna as shown in Figure 1.

From [7] we will have the relation of thin-wire dipole
diameter (”"|) compared to strip dipole antenna width (i)
a8

a, = ? i

By this equation, we can design any strip dipole antenna
that has some properties related to thin-wire dipole. Oth-
erwlse, the strip dipole antenna length will relate to their
frequency designed,

Basically, rectangular strip antenna can be classified into
two main categories depending on their length-to-widih
ratio. An antenna with a narrow rectangular strip (typically
s!rlr width less than 0.054,) 1s called a microstrip dipole
and a broad rectangular antenna is called microstrip patch,
Microstrip width has a minor effect on the resonant fre-
quency and radiation pattern of antenna. A larger strip width
Increases the power radiated and thus decreases resonance
reslstance and Increases bandwidth [8]. We can model a
microstrip dipole antenna or a strip dipole antenna that its
dimensions related to thin-wire dipole model as shown in
Figure 2.

Microstrip dipole can be designed for the lowest resonant
frequency using transmission line model, Thus, L, = L, =
Af4 and the gap between each arm of antenna Is too small
compared to total length of antenna,

Figures 3(a) and 3(b) present a demonstration structure of
strip dipole antenna called single-layer strip dipole antenna.
Single-layer strip dipole antenna can be added with more
layer stack into a structure, This 15 called double-layers strip
dipole antenna, as shown in Figures 3(c) and 3(d). Each layer
has the same length when it 1s stralghtened but the inner layer
will be little longer than the outer layer because the radius
of each layer Is not the same when It Is curved, Accordingly,
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W,

{a) Single-layer siraight

() Single-layer curved

J

{g) Daiible-layers suraight

() Dhiviible-layers curved

Fiauen 3: Schematic of strip dipole antenna.

&

(a) Top view

() Perspective view

Fraune 4: Double-layers strip dipole antenna schematic.

we can implement this changeable characteristic for suitable
tuning properties of antenna, Normally, when a strip dipole
has more length, its resonance frequency will decrease as
well [2]. On the other hand, if the length 15 shorter than the
original, the resonance frequency will increase. So, we design
a double-layers strip dipole antenna that uses this physical
change to compensate curving of antenna. Normally, double-
layers strip dipole antenna has been designed to have shorter
outer layer than inner layer as shown in Figure 4 [10].

From Figure 5, the schematic 18 created to demonstrate
how we can calculate effective length when it is curved, The
effective length (L ;) of slot antenna and double-layers strip
dipole antenna when being stralghtened and curved was
reported In [5, 10] as

Lig=2e (L +AL +7T, + L), {2)

where L, 1s the length of strip on layer s sectionnand T, 15
thickness of strip on layer . From (2), the effective length of
antenna Is the same on the left arm and right arm. However,

AL, isan expanded length on layer | that came from the effect
of difference curving on each layer shown as

T L
ALy = T8, = =L220 (3)
i 11 NI

where Ly, = R,#, and T' 15 equal to an antenna thickness on
inner layer.

From Figure 5(b), the length of section L,; was fixed by
physical with supporting structure, So, it would make section
Ly, move away from the center rather than section L,,. This
functioning affects on extension of length AL, occurred on
layer m. A positive sign of AL In (2) mean to the normal
length has fm-n extended, Figure 5 shows that sections L,
and L;; must have some extended length (X)) to cover a
difference length that occurred from curved effect for making
both layers contacted to each other.

Next, we adapted a flexible copper-clad laminate as raw
material because of flexibility and it Is easy to be fabricated.
‘There are many types of materlals that are normally used
for RFIDY antenna. For our design, a Pyralux AP2I2IR of
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Fiauk 6: Schematic of single-layer strip dipole antenna design with flexible copper-clad laminate,

Tapry It The dimension parameters of multilayer strip dipole antenna (unit; millimeter(s)}.

Antenna type
Parameter name ¥

Single-layer Daouble-layers Triple-layers Four-layers Five-layers

w 10,00 10.00 10,00 10,00 10,00
Teis 0,035 0,035 0,035 0.035 0,035
Tai-m 0,051 0,051 0,051 0.051 0,051
i (K11 LOd L0 1.00 L)

Oy 0,00 5.00 5,00 5,00 5,00

Ly 72.625" 15,04 1500 15.00 15.00
L 1 15.00 15.00 15.00 15.00
Ly, 5187° 10.00 10,04 10,00
Ly 215,00 25.00 25,00
Ly 42.62° 1003 10.00
Ly 15.00 5,00
Ly 10" 10,00
L., - 45,00
I —_ 2337

‘ny
plimized value from I at 920 MHe.

3
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Ficvm 71 Pive-layers strip dipole antenna schematic,

{a) Bingle:layer sirip dipole antenna

() Double:layers sirip dipole antenna

(€} Triple-layers sirip dipole antenna

(e} Vourlayers sirip dipale antenna

i) Vive:layers sirip dipole anienna

Fiaure 8 Multilayers strip dipole antenna maodel (not true scale).

DuPont is selected [11]. A copper-clad laminate 15 an all-
polyimide composite of polyimide ilm bonded 1o copper foll.
This material system 13 ideal for multilayer flex and rigid flex
applications which require advanced material performance,
temperature resistance, and high rellability, It has dielectric
constant, dielectric thickness, and copper clad thickness
equal to 3.4, 0.051 millimeters and 0.035 millimeters, respec-
tively.

Howaever, it seems that flexible copper-clad laminate has a
very small thickness to make a lot of extend length comparing
to double-layers strip dipole made from pure copper sheet
when It Is curved. So, It 1s possible that we can stack It to
make a multilayer strip dipole antenna with this material to
Increase thickness and make a better frequency response of
antenna compared to an nngm:ll de:r.lgn with a double-layers
strip dipole antenna.
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Fiauri 9: Resonance frequency of single-layer strip dipole antenna
with difference width (millimeters).
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Fiauii 10: Resonance frequency of five-layers strip dipole antenna
with difference overlap length (millimeters),
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Fravui 11; Resonance lrequency of single-layer strip dipole antenna
with difference curving radius (millimeters).
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Figuri 12 Resonance frequency of double-layers strip dipole
antenna with difference curving radius (millimeters),
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Fraune 15 Resonance frequency of five-layers strip dipole antenna
with difference curving radius (millimeters).

T

{a} Triple-layers sirip dipole anienna

(b} Five-layers strip dipole anlenna

() Prototype of multilayer sirip
dipele antennas after assembly with

glue

Frauke 16: Prototype of multilayer strip dipole antennas.

Tapur 21 Curving ratio and actual curving radius,

Curving ratio Actual curving radius (mm)

0.2, 65
044, 130
L6l 195
0.8, 260
L0, 335

So, when it has alot of layers, it makes a bit longer process
to make an antenna. This means to a limitation of multilayer
with stncklng technique which will be decided for how many

layers for fabrication to be capable to perform with good
economic value,

Figure 6 shows a model for single-layer of flexible copper-
clad laminate strip antenna, We can call them in general ferm
as a multilayer strip dipole if we stack a flexible copper-clad
laminate more than two layers, A demonstrated diagram to
calculate effective length of five-layers strip dipole antennas
is shown in Figure 7,

From Figure 7 the schematic of five-layers strip dipole
antenna 1s demonstrated, with the effective length written as

Lyg=2%{L, AL, +T, + Ly + AL, + T, + Ly,

{4
ALy + Ty + L+ AL, + T, + Lys},
where
AL, = M. AL, = T!!‘.‘I‘
Bey Res
(%)

= . AlLy= LELET

Tl
ALy = —=
! o4 Res

The thickness of each layer (Ty;) can be caleulated by
total thickness of ilexible copper-clad laminate that equals
thickness of copper layer (T,.,) plus thickness of dielectrie
substrate (T,,) where M is number of layers. Otherwise, a
radius of curved on each layer can be used as a radius of
copper layer (R, S0, we can find out an extended length
of each layer for five-layers strip dipole antenna by (5).

3. Simulation Results

Figure 8 shows a schematic of the multilayer strip dipole
antenna simulated by using CST-Microwave Studio high fre-
quency simulator [12], ‘The antenna is laid on XY -plane and
curve in XZ-plane, Some of the antenna parameters aifected
the resonance frequency of the antenna, The comparable
result found that only one parameter chanrnl when the other
was fixed, By the way, the strip width will mostly affect the
frequency bandwidth [9],

Typically, strip width 1s less than 0.054,, for a strip dipole
[9] that 1s around 16.3 millimeters for center frequency at
920 MHz. Figure 9 shows effects of strip width that extend
antenna bandwidth. So, a strip width 1s set to 10 millimeters
for a proper size for use and has enough bandwidth covering
UHE-RFID standard (850 to 960 MHz). The bandwidth of
UHE-RFID standard in Thailand 1s 920-925 MHz [13].

Otherwise, this design will not be aifected by the overlap
length, If they are changed, the overlap lengths (Oy;) are
varying from 3, 4, &, &, and 7 millimeters, respectively, The
resonance frequency is still the same at 920 MHz as shown 1n
the simulation result in Figure 10,

Flexible copper-clad laminate has copper layer of 0,035
millimeters in thickness: the substrate thickness s 0.051
millimeters, The total length of the antenna will be used for
a quarter wavelength, which is equal to 81.25 mm. but the
final length will be changed depending on simulation result
to provide frequency response at 220 Mhz. ‘The other lengths
of all section are shown in Table 1, where antenna type is a
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{a) Straight

(b} Curved ai E = 13 mm

() Curved ol B = 65 min

Fraune 17: Multilayer strip dipole antenna with balun and cover paper used for measurement.

Tanii 3 Resonance requency of strip dipole antenna with difference curving radius,

Curving radius (mm)

Single-layer Double-layera

5 212.50 924.50
260 212.50 92150
195 21100 920.00
13 Q11,00 G20, 00
il 24,50 R AR
Average 915,23 924,25
sh S A2

.\;Ingh--l-.\yg*r, double-layers, triple-layers, four-layers, and five-
layers strip dipole antenna,

‘The simulation result of using different curved radius is
equal to a curving ratio multiplied by wavelength (1) of
center frequency. In this case, center rl'l.'\]tli'llﬁ'ﬁ‘ 15 920 MHz.
S0, 8 wavelength is equal to 325 millimeters that converts to
actually curving radius as shown in Table 2,

‘The radius of curve has been changed in order to observe
the reflection coefhicient (511) and resonance frequency. The
result of the simulation with different curving ratios of single-
layer, double-layers triple-layers, four-layers, and five-layers
strip dipole antenna are shown in Figures 11,12,13, 14, and 15,
respectively.

For practical, a multilayer antenna must have a structural
siipporied sheet cover on front of antenna to make each
layer contacted together. We have used a thin paper for this
purpose, Property of paper has a dielectric constant of 2.3 and
thickness around 0,038 mm. So, It makes a small frequency
shift when we compare to an original antenna without paper
cover. Finally, we add a 0.038 mm thickness paper including
in our model o simulation that has size 40 = 16 mm.

Basically, resonance frequency increases higher when a
single-layer strip dipole antenna is curved as reported in
[10, 14]. S0, a simulation results of all strip dipole antenna are
shown in Table 3.

Resonance lrequency (MHE)

Triple-layers Four-layers Five-layers

921.00 914.00 1100

220.00 250 F2.50

218.50 911.00 21100

920,00 G11,00 906,50

920,00 920,00 217,00

931,73 914,73 913,00
v HA 4,23 4,81

According to these simulation results, it could be summa-
rized that the resonance f requency of antenna and curving
ratio 1s more stable when the layers maich as shown in
Table 3. For example, on single-layer strip dipole antenna,
the resonance frequency has been changed from 9200 MHz
to 915,25 MHz for average when curving with different
curved ratlos, Its resonance frequency has been shifted to
4.75 MHz or .75 percent of bandwidth (UHE-RFID standard
850 MHz-960 MHz).

‘Then, the average of the resonance frequency changed
from 920 MHz for double-layers, triple-layers, four-layers
and five-layers strip dipole antenna was 3.25 MHz, 1.75 MHz,
4.75 MHz and 3.00 MHz, respectively. It shows that a stan-
dard deviation of the resonance frequency of single-layer,
douible-layers, triple-layers, four-layers, and five-layers strip
dipole antenna was 5.65, 532, 384, 4.22, and 4,81, respec-
tively. So, the most minimum change of resonance frequency
with difference curving radius s triple-layers strip dipole
antenna,

4. Measurement Results

From simulation result, we choose to represent only three
types of them to make a prototype that was single-layer,
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triple-layers, and five-layers. The prototype antennas were
fabricated from flexible copper-clad laminate that has dimen-
sion and electrical properties is the same as the simula-
tion model, The prototype antenna was made from flexible
copper-clad laminate as shown in Figure 17, A network ana-
lyzer HP872213 used for measurement 511 results in anecholc
chamber,

However, the edge of each layer will be flipped over and
bent backward for joining to another layer to make a physical
contact on entire antenna. Next, each of the layers was fixed
together by glue at the center. Finally, we have a prototype
antennas as shown in Figure 16.

In order to be able to measure the dipole antenna
via coaxial cable, a balance-to-unbalance transformer balun
Is used. A quarter-wave coaxlal balun or folded balun is
relatively easily constructed [15]. A folded balin can be
constructed using extra plece of coaxlal cable, It is connected
between feeding coaxlal cable and the antenna side to the
inner conductor of the feed. This extra cable should be a
quarter of wave length long. Therefore, this type of balun
has no effect on input impedance, Further more, the quarter
wavelength line induces another current on the outside of
the outer conductor, which canceled the unbalanced current.
However, we connected this balun with a SMA connector for
measurement as shown in Figure 17, It is not part of the strip
dipole antenna, and it can be considered an external module
used Just for measurement purposes,

From mensurement results, a resonance frequency of
slnglq'-lnyn.‘r strip dipole antenna is at 920.0 MHz. The reso-
nance frequency has been shifted o 912.5 MHz with curving
radius of 130 millimeters and 924.9 MHz with curving radius
65 millimeters. Then, a triple-layers strip dipole antenna has
resonance frequency at 920.0 MHz when being stralghtened.
The resonance frequency has been shifted o 9209 MHz
and 918.5 MHz when 1t curved at 130 millimeters and 65
millimeters, respectively,

Finally, a five-layers strip dipole antenna has reso-
nance frequency of 920,0 MHz when it is straightened, The
resonance frequency has been shified to 905.4 MHz and
9171 MHz when it curved at 130 millimeters and 65 millime-
ters, respectively, This result agrees with simulation result
in Section 3 that triple-layers and five-layers sirip dipole has
improved the change of resonance frequency due to the
antenna to be curved.

5. Conclusion

This paper presents a novel multilayer strip dipole antenna
using stacking technique, The proposed antenna has uses
flexible copper-clad laminate, which this flexibility 1 the
advantages to be applied for the application of RFID tags. The
simulation of improvement is achieved when the multilayer
strip dipole antenna Is curved. A design of antenna and
effects of size which varied by frequency of antenna have been
presented. The results of simulation will be implemented to
deslgn an appropriate and efficient antenna. According to the
simulation, the multilayer strip dipole antenna is more attrac-
tive than ulngh‘-lnwr strip dipole antenna because it performs

higher stability of resonance frequency while curving. In
addition, the deviation of resonance frequency for multilayer
strip dipole antenna when it curved is less than single-
layer strip dipole antenna with various curving ratios, This
designed technique could be confirmed by a measurement
result from a prototype antenna that agrees with simulation
restilts, Henee, the antenna must be designed to match with
specific characteristics of object surfaces including material
properties in order to iImprove RFID system performance.
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