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Contactless IC Cards and the ISO
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IC (Integrated Circuits) cards, used in a large scale infrastructure across borders, should be
mass-produced and have costs reduced on an international standard. An international standards
committee, ISO/IEC JTCI/SC17/WGS, has been developing specifications for contactless IC cards,
which are classified into four types: Close-coupled, Proximity, Vicinity and Microwave. Global radio
regulations and the requirements of IC cards—0.76mm thick and batteryless —affect interface specifi-
cations pivotal for contactless cards. A committee draft has almost completed interfaces for the
proximity card, which has around 10cm coverage and 106kb/s data rate and which is expected to be
used not only for transport fare collection but also for future electronic transactions as an alternative
to an IC card with contacts. The vicinity card covers the longest distance, around 70cm, of all types
of batteryless cards, with interfaces to be completed at the end of 1998 and very likely incorporated

into one of the RFIDs (radio frequency identifications). RFIDs for Automatic Date Capture are to

be standardized under ISO/IEC JTC1/SC31/WG4, newly organized in 1998.
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Fig. 1 Block diagram of contactless IC card and
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Integrated
...... | Qircuit(s) Card |
O| <ISO/EC
JTC1/8C17>
IC Card with Contactless IC
Contacts Card
Close-coupled Remote
Abbreviation
[CICC] |
I i :
Proximity Vicinity Microwave
Abbreviation Abbrevialion
[PICC] [vice]
F {3.57MHz) {4.91MHz) 13.56MHz 13.56MHz 2.45GHz/
5.80GHz?
l - Capacitive Inductive Inductive Radio
and/or coupling coupling wave
Inductive
coupling
D Contact ~2mm ~10cm ~70cm Afewm
R 9.6 kb/s~ 9.8 kbfs~ 106 khy/s~ ~ 10 kb/s ~ Mb/s
N 7816 10536 14443 15693 -
o] <WG4> <WGB/TF1> <WGB/TF2> <WG8TF3> -

O:<iSO Councit>  F: Frequency(Clock) | Contactless Interface
D: Reference Communication Distance  R: Data Rate  N:ISO/IEC No.

Fig. 2 IS0 classifications of IC cards
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Close-coupled Type Microwave Type
Contactless IC Card Contactless IC Card

* Contactless IC card is drawn in perspective

Fig. 3 Images of cards
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Fig. 4 Characteristics and use of contactless IC cards

Table 1 IS0 target dates for contactless IC cards
(as of July 27, 1998)

ISONEC 10536 CD FCD | FDIS IS
{Publication) J
g -1 Physical characteristics | *89-11 - *91-07 | *92-09
,g -2 Dimensions and location | *92-11 — *93-11| *95-12
.g of coupling area
3 | -3 Electric signals and *94-05 - *95-02 | *96-12
g reset procedures
% |-4 Answer to reset and *95-10 | 98-11 | 99-03 | 99-11
5 transmission protocols
Test methods *96-12 | 98-11 | 99-03 | 99-11
(ISO/IEC10373-4)
ISO/IEC 14443 CD FCD | FDIS IS
{Publication)
o |-1 Physical characteristics | *96-12 | *98-07 | 99-03 | 99-11
§ |-2 Radio frequency power | 98-11 | 99-03 | 99-11 00-07
2 and signal interface
E |-3 Initialization and 99-03 | 99-11 | 00-03 | 00-11
3 anticoliision
o | -4 Transmission protocols | 00-03 | 00-11 | 01-03 | 01-11
Test methods 98-11 | 99-03 | 99-11 00-07
(ISONEC10373-6)
ISONEC 15693 cD FCD | FDIS IS
{Publication
° -1 Physical characteristics ] *97-10 [ *98-07 [ 99-03 [ 99-11
© |-2 Air interface and 98-11 | 99-03 | 99-11 00-07
; initialization
T |-3 Transmission protocols | 99-03 | 99-11 | 00-03 | 00-11
:;:’ -4 Registration 99-11 | 00-03 | 00-11 01-07
of applicationsfissuers
Test methods 98-11 | 99-03 | 99-11 00-07
(ISO/IEC10373-7)
General characteristics tests for | *96-12 - *97-12 | 98-09
ID cards  (ISO/IEC10373-1)
*Completed

CD: Committee Draft, FCD: Final CD, FDIS: Final Draft of IS,
1S: International Standard



WHRDY) =754 27T, Z—F&1xd1o@BEEH
R LTEY, BRI -FDEREZFEL T\,
T =54 9DBKRIZIN ST —%RZITHEA—
ki3 E R I WL (Answer to Reset) §4. 7°
o b3, A EIC A — FotsE2 FIA LTy
BA%, A2FEMEMGL YR b L7z l{EHE DA
XICH— FEEED 9.6kb/s #HAL L TWA

COERE, RN, 1 24 VEBEEEE LN, 2
24 NEBHE T AOBThH# kD2, 2N, 2
Y F 7N v AT SRR R R 72—

DERTLH 5., Ffmich— FIAMISERSE L
L, —J TISO#ER, N =574 73T XTDo—
FOMERR DL L B UHE Lz, K22 ISO
YL — 75 4 Z I Lo,

BIEDEEEIZ 4.91 MHz TH 555 213 9.6 kb/
SO2DONFHETLLAZ Oy 7THY, EEERIZ, L
H LIzl & i 5 BT L, 72,
BEWFESR TR L2 E@MREDNTDIZ, V-FF74%
o H— FADERKFNE LTERER4.91 MHz 8
ROMHEREZ L, 7 — FOlE IC y#MLT 2% ER
LT b,

%213 WG 8/TF1 (Task Force 1) Tirvy, (13u3#
TLTWAY, AT & THNBEMERED A L /x—0H
EROE L2220 h ), Rzl anzz LTy
5. LaL, 2ogEgETtnlafrFRoa 27t
RO O LD H> T b, BHEMIZOWTE,
a8 7 b L ZORTE, HTREDLOTHY, #
I ZDIEOAIZED 5,

5. AENOBRBHE

SEHEESE, AR, A — FOREEILoPF T L ELBO
DL, ISOFRICHELTT VT - AT =T
XTHNKZ B Z 5 FE OB EINT—F, %
FENZE RFEREAA—F L L THEFHEE L
Twa, HNTL, & FRAR2 LT, ERMLZG
RS 2 ML, WY m%%nﬂfwa
72, NTT Aokt nREEH 7L R — I
0947%ém¢11%$WmWG8ﬂF2_é&ﬁﬁ
WL, WiERE, 835 ALNESHYIZ, 1H 3
AN E BRI L Twd, Zoldnrid, B2 ERD
TEBRHMENADINEEHF IS,

TN LERER A > 313, KAV, 77 R, F—
ZFYT, RA4R, AZYT, AF7F, EHE, 4 X
SN, 747 F, KiE, DATEMNEAL»LOT

Frey—Fr7=AhnbEa— Vol 3 No. 2 1998

WL REE LN SISO TOWINABLMIL, A —

FOBEE D 5 LIRM b L o> T b, FRTIE, KX
D IC £ —71, & BV (TKIE IC A — 7 DRKMNBLHE D
FTEFI—FLTwa, it TIhsnfh¥idE
EETHL, 201025 ICH— FOEED»S
b, ZETHETEBVHIZOE, &E 3 ANEAEH,
KL AL, TG, DE—ZATiIrbN Ly, XYY
412 National Position 75K S 4L, B2 4175, AA
Ny 7 b RICH— FORNAEKS AL, B
46 N EFTER, B, 0055, AR, ZmEN M.
HEDZI) OFRE» SRR L T 225, [HE2RT
X T1E, Thad, ZEEEGHESZ VL, 7=
BHAIZ N —7ENTH LI LIINNAITH L, TF2
DT 1994 -2 SBAMG L, 2 FERR IS LUK
AR EIUCT R L72hs, = M 1 OWEIIEHEC
fix, 25— b 20EWEA > 72— 20 CD(Committee
Draft : ZHE2%) ITE L, wmADIIGEBE:
L5255,

ZOMOBEE RICHET 5, EBMER L SFH I
Xz, 1 oW, §EIZWRMEA, 727 2k, XK
E 1 [ETH 5, BHEImH D 10 B 60 aikic, 3
H, AE»50BMLTRETH %

WE1R —1994F9H H—r (75 R)

)& — b — FOEHEE A

MR 72 ) € — MBS 2 EICRE 2 WA
WE3 M —19954FE6H AN (74050 F)

)&= FDOWADEIEN 2, KOS 2 &

2, HRECHARI NS IFEEREVALNT T
WE4l —1995F10H TLAATAIA(TZY)

CORABEY RS — F—10Kkb/s, 70cm

AR RRARKEE A — F—100 kb/s, 10 cm 1245

G, RIS EEEO @ DR 2B ER QL
1998 -2 A X U #iako TF3 THERME.)
BE6m —196%6) 77y (XA—Z2F)T)
< TR B B i RIS R ) T REZ 13.56 MHz
2RI
W& 7T —1996E 100 v (EEE)
- ¥ (ASK 100% 8 L 18 10%) DA — Fodtfiz
A

« ) -5 4% Talk first #{kE
WE I —19984E2H Hul (HA)

SEHA 97 2 — AN ISO/IEC 14443-2CD £5% T

A1, BIE7 L — A2 E (anticollision) 12
kM, BT a b a— R L T L.

— 64 —



6. AFHOFMRE

SEAERNE, EEM TR O ERES Y2 b0 R BIET.
N—a—FOBEBWRZEBEL, K22 b, RIEMI
BThd, BEPHETICE, /—FOICOHERENZ
BTSSR B2MEYSH Y, HANEREE L k5,

FOR®IE, SC17 & LT, ANBlicEbah—FE
LTABEEORHRE*HMET 245, FHMms 70 A
MORLYIC L2 IKIFTWB. RFIDICA 972 —
R ERE, UR-MESOAFTHHETE S, 29 E-
RERT, feRDEMEPLETIERLNIL, ER
3, - MZEDEREFEL T3, #— FOBHES
BEE (3m/s i3y RT7—2EBHEL TS, ERIC
IATA S 3HEWICY 2V OBMRICH 5.

Tl A v x—BIUWEIL, LB EENL, K
RTORRZIED LIEIIEELE TTH TV,
1998 FHICEEHB D/ N—+ 20BIA v 2 7=—R
DCDHFFELEEHHELTWD,

1. A9 2 FLRICH~FADERLH
A3 7 PV RICH— FAOERMFEE LT X
DEEYHITFHNL B,
(1) ISO %A X—53.98 mm X 85.60 mm X 0.76 mm
By — K, ST HEICH— FEoMEERENE
KSR, Fl—H A4 XHRKHLNE, ZDHh—FHA X
PEEDOIERAFRICHET S, BEAOMEBEZITE Y
DELTaANDBEEESD D, HEED kHz 0%
BIT13,100 7 — > 2 HEZ B 72 IHERRSRE ZEDRER
L,

(2257 FPLVATHEEZ0.76mm (3, AT & T #
1990 FICHEER THRMICER L, 20% L REHDFE
BHESEL, BARIGHL WL Y OREIHW %
RIZTZ VT TERDIL, 1994 4ETHS.)

(20 |zl

a2 2 M, A, #FLTHY—FD0.76 mm DEA
DFEH, BWELYFERINSE, A—-FR) -5
FASDLOWAKIVENE L B,
(3) IC # v 7'hlEEnfR/Mb

ABEHT 2RO S 2B TH), ICF v T
DEENERFH B, 2 D7z IC F » 7O E EEiE#IT
BN ek LNSE, T ki, EFAFR
LB L TYwW3 4mm ALTNEE W G
bh b,

(4) 74— F Listen () —% 54 % Talk first)

R, BRI TIIEBO Y — FO®ELRFIHRE L,
V=54 8 SOBREFEOMUH L a— F2BHEHLT
MHTRET 2 HREHA,

(—%, RIS, ABE, &8s 7rETcEATIE
Ws 7D, BREBMT 5 L BRMZID 2 %4(E
(77— F Talk first) ¥ 5. E#bT, RikEHET,
13.56 MHz #8BT 52 L b~ —2DBHEATHL H

3.)
(5) &R ILH%RE

ERRY, EERTREEOEBYILEL, V=754
ZIEED S — Ko HiEEE R T 2 REE S E ., —
WD —F2BIRT HHEECE S, Fiz, HEERTIE
BRI A 72BN — F b 0B H — FE8IRT
LA TREEND,

(6) A{EHEME

RO EICEL T, SHBOBEREHRICLY
BT A5 L FEEL ISORTIZIFTLA L%, L
L, %Ruhsn, BEDHERIIH 2.

ERTTIE, HELEEZTLIBA»S, 27— Nk
F—HELA—FErTLEEZRL T TRIET
REE GBI Eh kDo, SLEHEISILTIIRED
V=754 ZMECICHRSI N, BET) THELS
SEIEEE LS, BT, HADBIRREIED
FErL10cmBELTWS . Frire2ITRL, h—
FoERRERE S LT3 20cm 2R T 2S5 0MEHE
BEnb,

ALERY I3 44, Hands-free & % 37243, SC 17 D
METHZET L) IZHRE T, Vicinity & & fH172,
Hands-free DEDRT & 51, I — FE L5 T
ABETE LML BEL L, RO EREHS
S NBBEES e ¥ DR EFEEED LRY 5, 4D

dBpA/m  A/m

140 10

- 3
- 120 1 £
T 0.3 g)
. tH 100 0.1 7]
ﬁ’roximity} N 42 depaim @1om [ 0.03 %
== Upper Limitin E7s1 [ 80 g:g;s o
] S = ——rr+ 60 oo @
F i : 0.0003 * >
1 Vicinity | 40 0.0001
5
E 20 2
: o =

0.1 1 10 100
Distance (m)

Fig. 5 Permissible magnetic field strength of 13.56MHz
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Table 2 IC card functions and OSI layers
JTC1/SC17 JTC1 /SC3H
Basic Reference P A~ -
. IC card with contacts | Proximity card Vicinity card
Modse,;;fegpen IC Card Functions (ISO/IEC 7816) | (ISOMEC 14443) | (ISOMEC 15653) Small & Short Large & Long
Inter-connection Contact ~10cm ~70cm ~70cm A few m
(0SI) (3.57MHz) 13.56MHz 13.56MHz 13.56MHz"? §.80GHz?
9.6kb/s~ 106kb/s~ ~ 10kb/s ~10kb/s? ~ Mb/s?
Part 1 Part 1 Part 1
0 Physical Media 0A Carrier <Credit card> <Cr§dlt card & <Cre_d|t card & <Tag/ label> or no spec.
thin card> thin card>
<Terminal. Antenna>
OB | Interfacing Physical Part 2
Parts
Contact/ Part 2 Part 2 Vicinity card | TC204MWG15
! Physical Layer 1A Contactless usable usable?
Interface (Anticollision '
1B | Bit Representation Part 3 Optional)
2 Data Link 2A | Frame Component (Anticollision Part 3
Layer 2B (Anticollision) excluded)
2¢ Answer to Request
(Select) Part 4 Part 3
2D Transmission Follow IC card Unique to
Protocols with contacts Contactless
g + Standardization of | Standardization of
7 Aprillcatmn TA Commands Part 4 ~ Unique to Part 4 Specification Specification
ayer b b
Contactless suitable for use suitable for use
7B TLV (Tag, Unique to
Length, Value) Contactless
7. Others
. Finance/ .- Electronic ° Access Logistics/ Retails/ . .
Main areas Credit ) ticket control Factory Vehicle/Freight
Target obiect for Persons et for Items
9 Iec (High — Price — Low) _.---"~ (Small/Short — Volume/Space — Large/Long)
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Table 3 Characteristics of each frequency band
used for cards

Low frequency | Hig Microwave
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Coi ] i Dipole
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Standard modulation rite) (With battery)
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Table 4 Interface specifications for proximity card

ASK 100% ASK 10%
Type Type A Type B
. Working Draft ISO/IEC 14443-2
Status in ISO (ISOAEC JTC1/SC17/WG8 N261: 98/2)
Main carrier frequency 13.56MHz + 7 kHz
100 %
AM Modulation index (Pulse: 2.95us) About 10%
= Sub-carrier frequency No
&1 Modulation ASK
§ Coding Modified Miller NRZ
% Self-clock from data Yes No
% Peak Difference between|
§ center and side band ~144d8 ~27dB
2| Baud rate 212 kbaud 106 kbaud
§ 13.56 MHz
&| Nuli by pulse + 330 kHz(=129603) -
Required bandwidth 13.56 MHz + 339 13.56 MHz
* (Baud rate or null by puise ) kHz + 106 kHz
Data rate
(at initialization) 106 kb/s
Response
- Generate power from
13.56MHz carrier | Load Modulation Load Modulation
transmitted by the
reader/writer.

Answer after recognizing unique code
from the reader/writer
(Reader/writer talk first (=card listen))

Communication
with Reader/writer

from card to reader/writer

Sub-carrier 847.5kHz
. ASK by Sub- BPSK by Sub-
Modulation carrier carrier
Coding Manchester NRZ
Data rate(at initialization) 106 kb/s
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Table 5 Interface specifications for vicinity card

Type ASK100% | ASK10%
. Under discussions for ISO/IEC CD 15693-2
Status in IS0 (in Geneva meeting, June 1998)
Main carrier frequency 13.56MHz * 7 kHz
L 100 % About 10%
| AM Modulation index (Pulse:11.1ps) {Pulse: 9.45.5)
ﬁ Sub-carrier frequency No
£ Modulation- coding Pulse Width Pulse Position
& | _Self-clock from data Yes Yes
§ [Peak Difference between N
£ | center and side band 38 ~ 5008
% | Baud rate 12~18kbaud | 0.2~ 6.6 kbaud
E 13.56 MHzt 90 kHz | 13.56 MHzt 106
8| Nukiby puise (=1/11.1ps) kHz (=1/9.45ps)
Required Bandwidth 13.56 MHz 13.56 MHz
+ (Baud rate o null by puise) + 90 kHz + 106 kHz
Data rate 6.2~ 9 kb/s 1.6~ 26.5kb/s

Response-Gererale  povver!
from 1356MHz camer rans|  Load Modulation
mitted by the readeriwriter.
Communication
with Reader/writer

Load Modulation

Answer after recognizing unique code
from the reader/writer
(Reader/writer talk first (=card listen))

from card to reader/writer

Sub-carrier 423kHz/484kHz 423kHz

) FSK by Sub- ASK by Sub-
Modulation carriers carrier
Coding Manchester Manchester
Data rate 26.7 kbis 26.5 kbis

¥ 4, Self-clock HFXEHHT 2 L THRESINT W
5., BHREFSALTNE LT, PWM OV RIEEH) B
FUPPMUVRARY Y a VAR PFRESINT S,
PPM [2Wcilictb L, BN OFREOML K- H
ADBRERETL, &) REHLZHETE ZHTH
2. RS2 0 oEEe kRS T &, Fig. 7 TT—%
BIEOE—7 LHsRENO Y — 2 FHET, Zhick-
T, Fig.8 ™ 13.56 MHz =7 kHz ODFAERLE DD
FHHETLOTH S, PPM 3—0DEHTHEEDT—
SERETHIENTE, BHEELZ NPT TLT -2
BASHE 2 MR L2 2 HRTH D, (JEFER © 6.6 kbaud
DAEFEIE T 26.5 kb/s 07— & {5 % E & £ 5) 1998
ERFZTIIZZOFERE D TETH 5. Table 5 12
1998 F 6 H i U fER TR S LT ks 1~
¥ 7 x— AT RT.

12, —FALDREETRFR

#— R boRAEE, AMEHFKAZHHL, 7
Foo )T (BHERE) 285, 7% ) TOREEK
DEIRICIE, AM KR, ToF T35y FOBELHE
LTwa,

+7% % ) 7L, 13.56 MHz O % A b2 GE
BT 16 1o 847 .5 kHz, BRI T3 32 BD423.7
kHz) KT 5, 2nF 7% ) THILT, £ 7

Type A Type B
from ASK 100% ASK 10%
rea(?er/ Modified Miller NRZ
writer
o |10l ]ofolafifofrjofolr]

card !

&

Load Modulation

fc'g:; Subcarrier Subcarrier
ASK-Manchester BPSK-NRZ

wader || 011 [ 0101 ][0 1]0]0]1]

writer

Load Modulation

Fig.9 Amplitude modulation diagram of proximity card
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