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An Analysis of Radio Frequency ldentification System Technology

ATS(J.D. Jang) OlSA/NHE M) =@

&2=(M.S. Jang) OlSA/NHE HAHR

/& 91(S.1. Choi) OISANGIRE MR EF
28 FIH4 QIA(RFID) JI&2 BIRS AIAED OFIUIE 3HS AIAROl 2| ME0 LEG 018
D QUOLE M4 BrAlS] BBH ABIXH QA9 BiE, 25 Y J|§O| A HES9 0UE Jle B
A QT CISH HLE AIAROICH =, PHOZ AR, 221, S2 SS 04, 28, Algg £ Ys )|

=0ICH RFID JtE= UE 854! Jteets 2el 018Xt P':E clHol &lot= /\IDFOI 2RI %2
0 JIAIEQ EF0| 20| =0l OHEOILE =201 811D 280[LE &3 H&ol 2 A0l &

RFID AIAE2 & IS8 us 20k 25 20 didU AIZ0ME 20l SEEHH ME22 =292 &
=2 = A= 20l E H2Z A=ECH

PSR O Atole] HolH FAl - SAl WAl o]3|A
o] ol Bi1= dlolEl & A7datar ol =g
4 3k 912 (Radio Frequency Identifica~  IC 3|2, wlo]ARZEA|A, SkelLt 585 vdataL
tion: RFID) 7] vpa= A|283t mpadg 7k= glom Jhe(Ej 1) W9 o< o] &4 of o
Alz=dlo] 2] gl WA o] &L glovt A wet 553 Eli(active tag)et FEH B
b2 e] sl Anjap o 2lo] Wg) 3 9 7] (passive tag)® TEETE @ ElTLY] A9 A}
Au, vpEee vladlE JhEe) v sk 2 7] A AL T FAE 7K AL 97 wiitel, g
ofa /i Alz=glolth & FHOE AL = g fk ARl EiA LS TEwE 7Y
A, 57 55 42, 74, AHE A= Vlseltk 1o w3 B4 W A& 14 e] 753t
RFID 7F=+= B]3E4] 7}=(contactless card)9] 2] -9 ekeluell A 2&4 o7 Aul= whak
rﬂﬁ“lﬂ‘r B3 HHE =2 28 W= RFID 74 8k Qla ID9} dlolelrt A3d =7t

A=tk Ak W19 Qhell So17h Aol AYaL 3l= 1Dt

RFID 74= the 454 shuske ge] o84 dlo]eE cheuhe A58, o|n) etz 7heol
7 =8 P (readen)el Y3 ARbel BLA A A5H DE HolE AT Waste] PCo A%
won 71 AHS Bl gl/] el vhRelut &g s PO w2 AgE doleuolxs} ulastol
o] gl .ol Bl ol AL o] Sgo]  Wag An|AZ AT

o webd @Ale) Fhe A|ssll A gl o

RFID 7h=7} o] 85 a1 9tk W22 Aol 7Y 9@ Meld o viEg]2 4

i 3= 10kHz~300GHz7}F AR5 2 A5
= AQ3 £AE e R s Al2Hl = 3H134.2kHz)7}F AFS-S a1 Q1AL 7FE dRbd o

O_i.,

RFID A281& g1(7}=), @t(interrogator), =™ 64bits~8kbytes7H<] TFFsHAl ARE= a2l
a8a BaRRY ¢o] £ dHelHE AT RFID Al28l2 37 2538}, 1l #of 95 &

dlolg #2] AlxFlo R et Bek 2 of A 2, A 5 9] A SRl S88)
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I glow, i Aol A ZF B35l Bl 1E &
oA Bsk= AR &4 74 (Electronic Article

Surveillance: EAS) A|2~H1S E3] & <= 9]

Il. RFID A& 4

REID A28 (19 D} o] A A wE A%
3= RFID BlU(EAAED), 35 9 3= 75
4=85l= RFID g t(interrogator), Bl 1Z5E ¢
o] £} HlolEE AT F U&= TAE FFFE (A
H), & AZEQo] P UEYIZ FAHHTH1].
e $2417)/29719 A o(transponder) &
254, o] TRANSmitter/resPONDER®] A
gl Dol IC 3} tet Qii T/3%] o]
“19F 2y Aol ] QFELbe REF Baol of3 74 A

2 FAlo] o]FoXith RFID A|2EloA] 2]t
2718 EA1717F 2] =] 2lH o] F4l7]
A B e 9%, BlzelA e A7)
T Aetal gt
I delHE Ak e vRee] 27,
B, Lol wet 7HA o] that) 53] ve] FE
H% 917] A& H(read-only), §71/2717} 7Fs

H(read/write), 18]l g H 2231 of2] ¥ §}7]

Jo —111

é [
X, _l), 10

o

gL

W
mlo

é&

ofl rf = ot

ag)a Wiy SRelMs d71H e Ae g glal
Z g0 7FsEk ¢)7] A48 W= (EEPROM),
ol gloli= wlol8E A& & = ¢)7] 2717}

RF
Energizing/Command Signal

P RFID Reader
(Interrogator)
Backscattering Data Signal
EIA-232C
=3
Host
Computer

(3% 1) RFID AlAE FHE

112

3(Write Once Read Many: WORM) 2. & &=t}

gk gy mRE]dl Al RAM
(Ferroelectric Random Access Memory: FRAM)
o BFaka Ik

B 19] QHEY 3|2+ LC
E}Ol:ﬁ Sref o] %

% 7bs

73| &2 == AHfield)
A% kol TAlE T
73] 2= 100MHz Bt 22 & 2y

7]9Jr B2 Abolell Zhgh 1S g e
7172 2E 9] SHHUE Sate] Bl Le] s QL
Lol fri=7g Zd?&% A oA 2 g 2].

B2 Ui o] A 35 g o] EA] of Fofl w
55 Y Bt ¢ 4 aug TeEth v d
18] A5 A7 Al A AR5t
HolE & & - AalskaL, Eﬁé B 2¢] A5 29
e Aol oA HdLS Tatobs HolHE
& - FAlg A B 5 EH:’-OH
H] 3 %’%‘_ 1 Ao A= Q¥ e] 7Fssttth 53
B 5% e 7PEar vjgo] AHah,
&2 —/F“éol At} o]2lgt o] & 5 Hoae A
& Al 2/ A A dEo] aqtd w, HolH
A7l Algho] §l= o = ARE-FH3].

oo} gmo] A AsE HEo
= S Msh7E e Hx i ow &

W Z(Amplitude Shift Keying: ASK), 3= HZ
(Frequency Shift Keying: FSK), Y4 ¥ 2(Phase
Shift Keying: PSK)& o]&3lo] 7|4 412 & 1
I Als g Helsto] F - F2lE

RFID 2Jt] 9 o1 &7} (2§ 2)of yehd
Uxo] =5 g % Vs Tk FFA7IE
S EA 74‘5;31 217,

—=

263, 357

Q—E‘i

_TL:L =} X}

L

offt rﬁ
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=

E
&
o
RN
7

O XE3= interrogator) =
g FE7), 93 A1), aga
Aol soR FAErh af ARE A=
RFID ElZ(E#2#H)i= ROM, RAM, EEPROM
o] WEy, xR, 25 DA iy, ANs
AE7), A5 A9 o= AdHnk

o relug ZA1AE5)2 8L QY ZU(@
245) Aolell 3%l A2 ErjollA] Bizel A
A& T o] YA R ez -9 H R
A7 dolHE 819 eteluE 3k 2lHE A
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RFID Reader RFID Tag
Power [
o] ‘
Micro— [
Controller Command Encode
f Detector
Filtering Peak R .
Amplifying Detector [ | Mc%iuilitkllon < hﬁ?ﬁgﬂiﬁ?s}
Shaping -
j%
(O 2)RFID 2|1 & e 25
s} 2ol e BasiE gEs el |||, RFID Ej £8 Y 3
£ FAIE 5 dolE7E Agled 2] el 9= mt
o]A% AEZ I} 418 A5 7} glgertE A} RFID 213 <3F 1>3} o] Bz o] XW ¥
Ak o714 Elgaltta debe AsE dolE] A1 # Aol mel Agl m wjEE glo] 2ue)
B2 WG] S PO A4 T2 AR A A AEEE ADAE Pold
FERE Ve AE dolellol s wmstol Wa  FASE 553 B9 A9 EE wElesh £
M) 2E AFEie) o]9f o] RFID Al-~Ele o] 5&d LR vro] It} Bk vlolEE A7gstaL
e Elﬂ L2 A ?L“Eloi T E - A Qe R TE %“‘Oﬂ W}E} H71 AL, H71/2
o 71RkE a1 lvH 4 717} 7hsek 9, 18 2o o] W e7] &
#1>RFD 81 557 o S5
Ty =4
— 09 fre Al Sl ARE o
- 7 T
-EAHoRE 97 H8 3
- 23 3%
S5 - 18 43
- %} 50]
- B A1)
_ Eﬂ ]E—] e }\]ﬂo] ] ] 124
2t A 1k 38 Yo 4 8 BAGAS) A
e el £ A9 e AA ATS
- ¢7)/27 8
-ZAE Zd%(‘d*—“)
X3 g - =2 o] zﬂﬁlﬂ
- tlo]g HF Agto] AlgH4]
- wEllol o|% 714 4
- E% % Yol o= ol A4 B, A4
- Electric antenna UHF(2.45GHz) — Chip and Printed dipole antenna
Z(chip) B} - Inductive antenna(125~134kHz, 13.56MHz) | - Chip and etched antenna wire or coil antenna

- Capacitative antenna(~130kHz)

- Chip and thickfilm printed antenna

F(chipless) ElL

- Microwave reflector

- Remote magnetic

— Simple transistorless circuit
- Transistor circuit

- Fibers

- Thin films, wire or fibers

- Printed or bonded inductors, capacitors, diodes
- Plastic or silicon thin films not yet available
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<3 2> 7|Z& RFID2t MH|& RFID H| 1 [5]

e 7] RFID

8] RFID

Mode of use Usually reused

Usually disposable

Typical shape

Pendants, nails, boxes of electronics,
contactless smart cards, glass beads

Labels, laminates

Typical frequencies

Low(125~135kHz) to keep system cost
low where there are few tags per reader |where there are many tags

High(13.56MHz, 2.45GHz) to keep system cost low

Typical suppliers and

value—-added users makers

Electronics companies and some label

Security printers, paper, packaging and label manu-
facturers, new start-ups. Sometimes electronics
companies supply the naked tag called “inlet”

Typical end users and [Manufacturers, heavy logistics, farming,

uses of the system car keys, financial cards

Airlines(baggage), laundry, toys, libraries, passports

Typical payback Greater security, better flow

Reduced losses, entertainment, automation, anti—
counterfeiting

o= FEEh WA IC & o83k F(chip) H
T19 LC AAf 52 FehE AR FAEE T
(chipless) El712 ¥ m, 35 A7} 9] A7
M 71E vkEes) viayE 7= s giAd 5= s
ZA7HE F3 2~ntE gpo] EA|H o] AR ZWHY
o= F4357 &89 o AlsHh
14 RFIDE= 7]&9] RFIDO vl3l) 7]5S
2 @7HE o] Folo}h 2 1318 =
HIESE RE AR 3w s 218 HRE 3§,
<GE 2>¢) o] Fe] FshE, A, AlEE, A
b o], Aol = ¥z 4= 9t} 7]& RFIDE 4
shtel npola 2 Mt EANAAH 2R A
Hk ol 0] RFID= 7] ¥4 S 2nlE 7}
& A F A= A7 F3 AnE e o
AAoF 2ukE BjTL 7)ol ARt 2ntE ¢
E(smart dust)7} &89 = JTH6].
AULE H2RE J]E2 W

oH Ay

K

<X 3> RFID A|AHIO|A EH= HZHo| A of

ERRERE

e, M el 4ng

=5 tolgE A + U= &
& 5:2*_1401(0]1 gAlold) e g T Ed
2EE 8 2y Ate] 1Al 2} of E Aol
Atole] "oy FAl& (d 3)3 2ol F- T34
(master—slave)& 71302 Q)7]/2A7] F#fo] Fx
&2 WA o) SJsfA] o] Fol it

Master <> Slave

Commandk Command
Application [ "1 Reader Transponder
Response Response

Master [T > Slave

A

Data flow

i

(12l 3) RFID Al2Ele| Hole 325

Application <-> Reader

Reader <-> Transponder

Comment

— Blockread_Address[00]
— Request
«— ATR_SNR[4712]

— GET_Random

< Random[081514]
— SEND_Token1

— GET_Token2

— Read_@[00]
< Data[9876543210]
<~ Data[9876543210]

Read transponder memory[address]
Transponder in the field?
Transponder operates with serial number

Initiate authentication

Authentication successfully completed

Read command[address]
Data from transponder
Data to application
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=g Aol AZEYo|2RE HHS
7] Sfate] eue EdAECR SAS AR
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& AxEol2R Y 97| WHe #re EW
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FHo2 a7H dolHE A5

o] F8 758 EdAFEY 243} B
FOZ B A xR, 58 AZEoje} v E
EEY Abe]o] W% dlolE Foltt. gl Ed
2-EY 7h HlofE] AR Al2d-S A7) S8

N ol
el

}

mlo Okﬂ I"H mz

ot

&

o

£l

]_

L
s

O

<E 4> W& Fatpoll hE 2F

ofe] A5 A7t FaE =, Tl A duka o
2 ARE-EE CSMA/CD(Carrier Sense Multiple
Access/Collision Detection)th CSMA/AD(Carrier
Sense Multiple Access/Collision Avoidance)2}
AR WA AR T WA W, tlolEl ]
HoE Qe 5 darg|5s ARahe ol Het

5ol ik

V. 8% Foj+

RFID Al2~8HS 7% Fuppel| ma) #5738k A
Fa= ) €(100~500kHz), 3+ 9= thY(10~
15MHz), Z8]ar 153 th9(850~950MHz,
2.4~5.8GHz) 0.2 TRHTHE 4> F2). <3 5>
AEskE b ek 58 ok vEh ATH 7]

of>

(100~500kHZ) _ EﬂO]E % 34{‘ —/i,\—l-:_

Fue 9o =4 8
Xﬂzﬁl—/\l’ﬂ _H]O]Ei% %}%ZF?\}]\T‘:‘ 7‘1317}'?}&‘:]' _Z‘j Zﬂoi
N - Hlgo] A7 s - 5% Q4
A}

7F = -

~ ol gl % ke

Tl
>

787} oA Fot

- delE e ol

(2.4~5.8GHz)

=7V F3k N - A 012
RS, - il go] A} e e
~ HolE 2 glo] Bol S50} wEolT -
e THRIHE 98 & A A7 Ay -
- 712 EYUHH
(850~950MHz) - u]go] Wo] =t} _ Elxlm]j]iiu
o = 5 =%

w=oh whE

<¥E 5> Futp HL2t 38 =20k

Foh 9] 3§ o}
Jp— 7Fg del ol 8HE WAE A AL, BF A4, 34 59| 3-89 A8H L BE el A s17k 9ol
ARG b 5k welolth

1.95MHz, 3.25MHz,
4.75MHz, 8.2MHz

2ol A ARg-E]= b = A4 FHA(EAS) Al2=8ol) ARg-3,

=
13MHz <3, EAS A|2-8] 2 ISM(ndustrial, Scientific and Medical) -8 AH&-It}.
13.56MHz
27MHz &3] ISM -§-8-of A-8-%t}
430~460MHz E3] A 1A Goll A ISM &gl A-8-3ic},
53] Al 2x]H oA ISM g8l AR&-St}, o A= o] t g 4ol mef thE o] &8 A&
902~916MHz ar ok o] A& railcar?} toll road application®l] AF&3C} o] thY-& narrow band source 2} wide
band source® o] ARE-FITE A 1A ol X = o] FI+ & GSM 380 = ARg-ghry
918~926MHz S oA RFID Ed2n|E 3-8l AR8-3kt}

2,350~2,450MHz

A AA gl 1A% ISM thelt) IEEE 802.11¢] RF S4l& 483}
spread spectrum®} narrow band systemol] AF&-#t}.

rir

EEDERIEEE

5,400~6,800MHz

o & vleh AHEE Slsl Bgslof irk.

) A 1A 71, ofze] gt Al 249 B oprg] gt Al 34 SF, =F
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B oA F ol 23S whal 91 RFID(F-A
Fap 9124)) A2 7)< disiA A Bk
RFID AJ2El 7] HA]

=
bl .
= o
A AF glo] FHOR AR, B, T8 5 4

y O A= K}
1, A9 5 gl slEolt) ol BelN 91
ol 253} 5o AAAA FEe oF S 7t

Zlt},

FHLIT A7) A= E7sta 43 g &
2 2k ko]l w2 A ske] o] Fo 2] g A
H|l27h 7hs e die WA o8 Ao Vi) @
A B 7FA o] B Flo] A7 )= kAR 71k
& el g gk 7l 7 7HA o] 1041E ofst= d
AOR oidsn, &5 3 W Fo& RFID HL7}
vt =8 i AEl diatE A o] o] FolA A
A&l A AA| o) AL} Zp2le] Badt AR E VE
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