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Design of A Microstrip Antenna for

UHF(433MHz) Band RFID/USN

Sung-Yung Baek

Department of Telecommunications Engineering
Graduate School of Industry

Pukyong National University

Abstract

In this paper it is introduced that RFID standardization and RFID/USN
system technique, and an UHF microstrip antenna in RFID used in
several wireless frequency widths are explained and this antenna 1s
designed and also characteristic of the antenna is introduced.

Ubiquitous computing puts computing in the periphery of our lives, as a
tool, not a focus, out of the way so that we can get on with the true
tasks we wish to accomplis. The term 'ubiquitous’ is used because
computers and computation will be everywhere, embedded in the fabric of
our lives. It envisions appliances that can dial in and download or

schedule repairs, control panels that know the location of your coworkers,
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or even clothes that know when they need to be washed.

A future like this would help with the problem of 'information overload.’
Instead of minds with all sorts of things to remember, the things could
remember for us. Your car could remind you that the oil needs changing;
your kitchen cupboard could tell you that you are out of coffee. In fact,
why not have the kitchen doing the shopping, by sending an order
directly to the grocery store? The type of music coming out of your
alarm clock in the morning could tell you what kind of day to prepare
for.

An example of a ubiquitous technology present today is literacy. Words
are displayed on every surface and body part imaginable, and they convey
information to us automatically, without invoking our conscious mind. We
don't suffer from 'literacy overload’, cases of stress because we are
being surrounded by too many words. We automatically read a street
sign and it guides us without undue effort on our part.

Ubiquitous computing will bring the Internet into our daily lives with
less effort. Instead of keeping lists of pertinent. URLS or ’favorite places’
on our browsers, the devices that need the information can find it
themselves. Instead of ’‘surfing’ to find and sift through all of the
information available to us, some other agent or device will do the
searching for us.

RFID systems are also distinguished by their frequency ranges.

Low-frequency (30 KHz to 500 KHz) systems have short reading ranges

= vii -



and lower system costs. They are most commonly used in security
access, asset  tracking, and  animal identification applications.
High-frequency (850 MHz to 950 MHz and 2.4 GHz to 2.5 GHz) systems,
offering long read ranges (greater than 09 feet) and high reading speeds,
are used for such applications as railroad car tracking and automated toll
collection. However, the higher performance of high-frequency RFID
systems incurs higher system costs.

The significant advantage of all types of RFID systems is the
noncontact, non-line-of sight nature of the technology. Tags can be read
through a variety of substances such as snow, fog, ice, paint, crusted
grime, and other visually and environmentally challenging conditions,
where barcodes or other optically read technologies would be useless.
RFID tags can also be read in challenging circumstances at remarkable
speeds, in most cases responding in less than 100 milliseconds. The
read/write capability of an active RFID system is also a significant
advantage in interactive applications such as work-in-process or
maintenance tracking. Though it is a costlier technology (compared with
barcode), RFID has become indispensable for a wide range of automated
data collection and identification applications that would not be possible
otherwise.

Developments in RFID technology continue to yield larger memory
capacities, wider reading ranges, and faster processing. Pt is highly

unlikely that the technology will ultimately replace barcode - even with
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the inevitable reduction in raw materials coupled with economies of scale,
the integrated circuit in an Rf tag will never be as cost-effective as a
barcode label. However, RFID will continue to grow in its established
niches where barcode or other optical technologies are not effective. If
some standards commonality is achieved - whereby RFID equipment from
different manufacturers can be used interchangeably - the market will
very likely grow exponentially.

This thesis is organized as follows. Chapter 1 is an introduction of this
thesis. In Chapter 2 a tendency of research concerned the study of this
paper and a drift of RFID standardization and system technique are
introduced. Chapter 3 explains concept of microstrip antenna in UHF of
some frequencies applicable RFID technique. Chapter 4 designed the UHF
band microstrip antenna by using CST MicroWave studio program, and explain

the character is of antenna Chapter 5 summarizes and concludes the theories

and findings of this thesis.
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g7l eb Bl zke) Balel glo} o2 A A" HA e F323HCoding)
= olgstd 1 AWAY dolHE nFH NF2 WHse] WFI L
o 3z g fisld  F2  ASK(Amplitude  Shift  Keying),
FSK(Frquency Shift Keying), PSK(Phase Shift Keying) ¢ WS
Apgsit, =9 A4S UHF dde dAste] dalgdgely g S =H
7o) 7HAS 72X 77 skl Fukg E4H(Spread Spectrum, SS) HA &
A g3t o] CDMA =utd Eojuy FAde of&xx 23 AlH2(Direct
Sequence, DS) WAa EFFxo olgHE F3F  ZH(Frequency
2 AFETHI0L o9k 2ol Az E 53 F3g o9
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an
S
2
=
@
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L
o
N
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o7+
o AA FH5E FEHEES Afsld ASK 5 olgda 458 AE

W RFIDE $& Fu4 oo we FEHsd £ 249 20
195kHz - 134kHz te] #AZF3(Low Frequency, LF), 1356MHz e} i

s}(High Frequency, HF), 8607960MHz t¢| Z>31F 3 (Ultra High
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2.3.2 USN 7Ad

RFID 714¢ tulol2 AZ(Device Tier), A4 WEHZ AZ, LZES
Z L A =(Software platform Tier), 91E# A o]d A Z(Application Tier)
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= gojHel AXe, iR dolsH BHNAL AN A FH 2L A
Wl ok o] ZH Ao Al ]l Aol 3 2 a9l Tutelx AFe] T2
A% APL & Azdch wALoR ofTAeld AFe ¥F(Logistics)

(SCM)¥ Ze 7tE ¢4 AZEYojo RFIDE HEAZIE 7%

O Z213H0I& H=(Application Tier)

Z H=(Software platform T|er)

EE-‘FJIOi EYS

MA WES A HE(Sensor Network Tser)

ClHHOl A HIZ&(Device Tier)

718 26 RFIDY 4 AT 7%
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olgs 71& TAHLAES FRHor WEHA a4 AAHS F=d
(Global) WEYZE Fgsty ol Uwrxox USN(Ubiguitous Sensor
Network)olgtm @t} Bl2e} AA7F A5 sl Bz vie] A5 ARPT of
et Az ANz 874 Frvh 2ed =2 23 ol oo

zx9ng. 7 AdolEe Bl 2 AAM 2 Hu71E 2l 4T
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ox

2 A % Qi AolE e A VEQD FHZ LA =Y TF

)

om zZzd $2A YEYIY Ao FHA: MM HEAILE 4

A Eot A UEYDI AodMe 53 et gzt
9 4E %
Global Network
Application Quey ™ ERC in formation
Layer roduct Data Service
o nt ,Ct
data
S/W Platform /r Context-aware Middle ware EPC FQDN
Layer e o L O serer
2 . Bervice URI
o 2 Event
Profiling Management/
:

N

iRFlD Generic Middle ware
Task Managemsnt System (TMS)
“Security/Aunthentication/Monitoring = 7

‘Real-timo In-memory Database (RIED) j

Reader Drivers & intortace

=

" RFID Sensor Network




ozl USN BAeIAE 44 2 2§5E dolgt 71E A 44
de 4HQ o, ol dold, auln ANRREH YA HoHE X

gaA Aoz ol EeAclde sel 4% A4 s Az Ausg A

g e Ao (Query) 59 N T AFARE & F e AF
B qu~2 AEet wgad oed AFAR Mulze 7 V9EE 7=
g} olgjulatel] HAET ol# e Mu|2E RFID USNelA &83t7] 413
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2 gad A3 FF3 71% Ao](Standardized Description Language)
s}, T2 AF = EPCE AHgste] sg 1ol FES AFAE A
Bl ~o] o8 A ¥z URI(Universal Resource Identifien)& ®4& + U=

d =24 o}7] 8] (Resolution Architecture)’t BFH o2 2 L EoH13]
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A 3F vfojlaz 2EY <HEY

3.1 WAHA

o]z AEY WA E 195310 Deschampsoll 23 AlbE AL, 19743

Munsonel €3 AA wxpde] FEFE F Qe GeEivrb A" ofH Aw

A wlolmm~E Y otglubo] thd Bale] kg wHoR FEHI Utk

o

a9 3l 99 TE HAE o] &3 nelaRsEY SHUY] B

oty AxAE A Aol wet ®Es 2 3l@AM & T

30

So] nlolmg~EY QteLbe] MAbAE o] Ael(L=1/24) ¥ 42

ol WA 7R AAH Atolo A 74T WAE =(Radiation edge)

4

Mo EFoln], £ AV WFY FEAH(M)E RE A HolER

¥ A (313 2o

=51

—

M=Z2E.=2z 2Vy/h (3.1)

A7) H, Vo= &8 S dAgoltt 19 31 2ol & 79 SxelA

A r ) AR YA HA(Far FieldE 2 (32)¢ ol Yed & o
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—jkyr

F(6, ¢)

E,=0 (3.2)
og7|1M, F(4,¢)T 2(3.3)3 2.
Sin(—k-zgé sin § cos ¢) sin( kgw cos 5)
F(6, ¢)= T sin é
TO sin @ cos ¢ % cos @ (3.3)

283, @=x/2 AN E—plane HEL 4 B4HE He B F U,

¢=r/2 NNE H—plane & 4 35 58E & 9

=g, Ag L wF "@oj7 F eRA P

2(36)3% 2k ¥, H—plane HE 78] Lol
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Ground Plane

(b) Geometry of radiating slot.

19 31 vlolanA~EY <tHYe T4
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-
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I

Ground Plane Slot #1 Slot #2

a9 32 melaR2EY V)de] AAALE

32 949 ol=vdx

nlolag ~EY Hxe AHHAE 2de a7 330 o] Bde 57t

2 29 330 2o 29 330049 A4 oj=mdaE 4 G713 2.

G+ #(B+ Yytan8L)

Y =GC+iB+ Yy 3 50GTB) tan AL (3.7
— kodloc\/_&—e — ZN?Q
47N, G=1/R, B="7z — BT . Y=1z, d.=

fringing fieldoll ©1& A7st Az & 7o) dolori14l.
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(a) Microstrip patch with arbitrary feed point.
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[ e 26 2 e, e X
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(b) The equivalent circuit for a microstrip radiating element.

a9 33 AZhe A AR e &
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19 33014 Ho
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2 24 B B !
Y,»n(yp)=2G[c05“(By,>)+ G;;% sin*(8y,) — 3~ sm(ZByp) (3.9)

A7, vye wA AN FAA AA Ageld 2, G/Y<]

ol B/Y K1a w 24 (37)& A (31002 7+eksl =)

2G

Vialyy) = cos *(By,) (3.10)

Sy} £27e] 45 AYEaE A 1D it

| s Q(K—W;CM)tanzﬁsin 0]0( azL sina)
— 0 (4]
12— 2 joﬂ G do (3.11)

714, o= 93 Bessel FFolth A (31Do]&5tH 94 o=rEHAe

4 (312)2 ¥ dth

Y 1(v,) =2(Gxg,)/ cos*(By,) (3.12)
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1 Coax.Feed

(a)

Zin Ya=G+iB

(b)

2% 34 vlo]aR2ER SHelve) T

FAY §, AeMZ Es2E 09 349 23 384 9 o=

TF wdd o,
B 4 (313)3 ZHHI5)

Zycos BL, +jZysinBL, | ZycosBL,+ jZysinBL, ]

Y, =Y, Zycos L, + jZysin BL, Zycos BLy+ jZysin SL, (3.13)

wxZy & 77 4

H

A7 4, HA AR duhs Zy 9 549

(3.14) & 3.15)2 EAAH.
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. 120 v X
2
142,55 0.7747+o.5977(%’—1)—0.1638(%‘/—1)]
(3.14)
8
()
0 e, +1 Wl 11 W
8 2
14+(—)
e )\ an\t, 2, 1
+ﬂ 1 ,(W>+ 2(” )] (3.15)

2 FAY Aol TeHe % FEA PPt S TF
AA PAdAE 4 (316)3 2T
x, =30 tan( 27rh)
. ; (3.16)

2 (3173 2.

Zin:ZI+jXL(Zl:1/Y1> (3.17)
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(b)

Offvet bine

(b) Dual fed CP patches.
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7 a3 370 9A%2 A7) 98 2AeErt 4wd 2dd Ay whol

Soseg 94 outel 2ot 1Y 379 Aust kel FAA
o Ao B x FEE yFA AAEE, x Tl A W A4

a2 _,:| €\
\“\ ds,
F
N\,
\ N\
dm s

ds = ds, + 4w

ground plane

F : feed point ( oy, O ©)

(a)

(a) Standard patch.

-c‘
s =4

(b)

(b) Singly fed CP patch.
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(V,/ V) = (N, [N/ )(Y,/T))

s el J})}
‘ {g’ 4 '(f ’;b )} (3.18)

0

A Z=gzolth 4 (318)M A waEe (V,/V,) =2 & @5

Ae & qomz ¥ AWRE Aole] AriHe AEi PAEHL v 4

|Vl V, =1
arg(V,/ V,) = £90° (3.19)

F— a —4 hx
. =T
451 A8z
« — - o
Y Y
l%s; 45
+X ——a —

F(po,ﬂ) F(—P 0/0)

(a) RHCP ( logl < a/2)
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—a ——

(b) LHCP ( legl < a/2)

29 39 A48 2 $AFHAAT ] WY FHA
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A 2
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28 413% 9% otelbe WAl RS 2o FE 3ot
Main lobe magnitude® ©$1%= dBiZ A, dBigte & <HHY o5& W&
W= oot} i isotropic antenna (54 el F Apfo® dEo] &
Zo] Urbi= otElLhel okxtolm ol g A <reluel tig 54 <rElG
of WalmiE o] AthH el A7)E gt o stEuelFe] ¥&FH AT
o] =& olgu}E watth 183 Thetast Phix %& ovsti Theta¥=
295 47 et
219 4139 % ot} A$ Thetad Wl Main lobe magnitudew 0.5 dBi

J|Zzo2 A2 A Phins 7Igos A& Z, T

= Jelyd(a) Phi?d @ Main lobe magnitude= 1.4 dBiE WERHATH(b)
29 4149 415% 77 $43 ddds reiviel A3 dFA A e
o] WAdEdS yEbdATE M
12 dBiZ E7o] vgtow wWAlsEe] RS AWRW ey AA Al A
7t ot YE B FHE o] FEd WA RYE 2 JHE
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a9 416 943 9y} eyl Axial Ratio(FH)E Wehli 11
417¢ BA3 Ad@W otevbe] Axial Ratio® YERHTE 4169 (a)9 4.17

9 (F 2¥%E 99 FAEF vpAkA FHZ YF A FHE o7

ain lobe magnitude¥> Theta®™ -20.4 dBi, Phi=

2k

0Ny 98HT HU AS YEE FHE &R 148 dB ~
193 dB 9o N7k AFHA AE AL B F A; H3 9B e
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Farfield “farfield [f=433] [1]' Directivity_Theta[Theta)

Frequency =433

Main lobe magnitude = 0.5 dBi
Main lobe direction = 5.0 deg.
Angular width (3 dB) = B82.3 deg.

Side iobe suppression = 0.8 dB

(@) 15 erelupe] WArHE Theta

.
/ Phi=270

60

Farfield "farfield [f=433) [1]' Directivity_Phi[Theta)
90

Frequency =433
Main lobe magnitude = 1.4 dBi
Main lobe direction = 180.0 deg. X
Angular width (3 dB} = 92.4 deg. 120
Side lobe suppression = 0.3 dB %

(b) =] ¢relvte] HAE Phi

19 413 s te|vhe] WA E
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Farficld “farfield [t=433] [1]' Directivity_Theta{Phil: Theta= 90.0 deg-
90

Frequency = 433
Main lobe magnitude = -20.4 dBi
Main lobe direction = 245.0 deg.
Angular width (3 dB} = 79.6 deg.

Side lobe suppression = 1.3 dB

(a) $43 9%

Farfield “farfield (f=433] [1]' Directivity_Phi(Phi); Theta=

i : - 0
-40 -30 } 22 14Bi]

270
Asl obeute] WAL E Theta

90.0 deg.
90

=433
Main lobe magnitude = -1.2 dBi
Main lobe direction = 115.0 deg.
Angular width (3 dB) =106.1 deg.

Frequency

Side lobe suppression = 1.7dB
270
(b) 438 g7t erelke) MAsiE Phi
28 414 $43 4FA ke PAeE
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Farfield ‘farfield (f=433) [1]' Dircctivity_Theta[Phi); Theta= 90.0 deg.
90

Frequency = 433
Main lobe magnitude = -20.4 dBi
Main lobe direction = 295.0 deg.
Angular width [3 dB) = 79.6 deg.
Side lobe suppression = 1.3 dB

270
(a) #43 AW} L] YAHAY Theta

Farfield ‘farfield {=433] [1]' Directivity_Phi[Phi); Theta= 80.0 deg.

90

Frequency
Main iobe magnitude = -1.2 dBi
Main lobe direction = 65.0 deg.

Angular width (3 dB} = 106.1 deg.

Side lobe suppression = 1.7 dB

(b) F43] 943

270

A5 crelibel WALAE Phi

T 415 A3 9 A dHe] EAE



Type = Farfield
fipproximation = enabled (kR > 1)
Monitor = farfield (f=433) [1]
Component = Axial Ratio
fFrequency = 433
° - oy -
(@ $43% Qe kelvks] F¥) 3D
Farfield farfield (f=433) [1] Axial Ratio in dB
; : AR(ph=90.0 deg.)
50| I e e S R
9 IS NS S N S S—
0 30 60 a0 120 150 180
Frequency = 433 Theta / Degree

(b) $-43 @Az} relvke] FH| Theta

a9 416 $48 QFAS el F)
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[+]
to= 0N AW m R

-14.

Type = Farfield
Approximation = enabled (kR >> 1)
Monitor = farfield (f=433) [1]
Component = Axial Ratio
Frequency = 433
(a) 43 QA kel Fv) 3D
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