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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission)
form the specialized system for worldwide standardization. National bodies that are members of ISO or IEC
participate in the development of International Standards through technical committees established by the
respective organization to deal with particular fields of technical activity. ISO and IEC technical committees

collaborate in

fields of mutual interest. Other _international organizations, governmental and non-gover

nmental, in

liaison with 190 and IEC, also take part in the work.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

In the field of information technology, ISO and IEC have established a joint technical comimnittee, ISO/JEC JTC 1.
Draft Internatjonal Standards adopted by the joint technical committee are circulated tomational bodieg for voting.
Publication a$ an International Standard requires approval by at least 75 % of the natignal bodies casting a vote.
Attention is drawn to the possibility that some of the elements of this part of ISQIIEC 11694 may be the subject of
patent rights.{ISO and IEC shall not be held responsible for identifying any or alhsuch patent rights.

International [Standard ISO/IEC 11694-4 was prepared by Joint Technicah€ommittee ISO/IEC JTC 1, |nformation
technology, Jubcommittee SC 17, Identification cards and related devices:

This second |edition cancels and replaces the first edition (IS@/IEC 11694-4:1996), which has been [technically
revised.

ISO/IEC 11694 consists of the following parts, under the general title Identification cards — Optical memory cards
— Linear recprding method:

Part1: P

Part 2: D

Part3: O

Part 4: L

Annexes A apd B form a normative part of this part of ISO/IEC 11694.

hysical characteristics
imensions and location of the_accessible optical area
ptical properties and chatacteristics

hgical data structures
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Introduction

This part of ISO/IEC 11694 is one of a series of standards describing the parameters for optical memory cards and
the use of such cards for the storage and interchange of digital data.

The standards recognize the existence of different methods for recording and reading information on optical
memory cards, the characteristics of which are specific to the recording method employed. In general, these
different rgcording methods will not be compatible with each other. Therefore, the standards are |structured to
accommodate the inclusion of existing and future recording methods in a consistent manner.

This part df ISO/IEC 11694 is specific to optical memory cards using the linear recording method. Qharacteristics
which apply to other specific recording methods shall be found in separate standards documents.

This part of ISO/IEC 11694 defines the logical data structures and the extent of compliance with, addifion to, and/or
deviation ffom the relevant base document ISO/IEC 11693.

© ISO/IEC 2001 — All rights reserved \
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INTERNATIONAL STANDARD ISO/IEC 11694-4:2001(E)

Identification cards — Optical memory cards — Linear recording
method —

Part 4:
Logical data structures

1 Scope

This part of ISO/IEC 11694 specifies the logical data structures for optical{memory cards necespary to allow
compatibility and interchange between systems using the linear recording method.

2 Nornpative references

The following normative documents contain provisions which, through reference in this text, constitutg provisions of
this part df ISO/IEC 11694. For dated references, subsequent amendments to, or revisions of, fany of these
publications do not apply. However, parties to agreements based on this part of ISO/IEC 11694 are gncouraged to
investigate| the possibility of applying the most recent\editions of the normative documents indicatgd below. For
undated rdferences, the latest edition of the normative document referred to applies. Members of ISO and IEC
maintain rdgisters of currently valid International Standards.

ISO/IEC 11693:2000, Identification cards —'Optical memory cards — General characteristics

ISO/IEC 11694-1:2000, ldentification~ecards — Optical memory cards — Linear recording meth¢d — Part 1:
Physical characteristics

ISO/IEC 11694-2:2000, ldentification cards — Optical memory cards — Linear recording methgd — Part 2:
Dimensionp and location of the accessible optical area

ISO/IEC 11694-3:200%~Identification cards — Optical memory cards — Linear recording method — Rart 3: Optical
properties pnd characteristics

3 T cand dafiniticone
ermsaRtaoaetHtons

For the purposes of this part of ISO/IEC 11694, the terms and definitions given in ISO/IEC 11693,
ISO/IEC 11694-1, ISO/IEC 11694-2, ISO/IEC 11694-3 and the following apply.

3.1

data bit

area which represents data on an optical memory card; mark which has a different reflectivity and/or phase
difference from the background reflectivity

NOTE One mark can define one or two data transitions dependent on the modulation method selected.

© ISO/IEC 2001 — All rights reserved 1
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3.2
data track

area located between adjacent track guides where data are written and/or read

3.3

error correction code (ECC)

code designe

3.4

d to correct certain kinds of errors in data

error detection and correction (EDAC)
family of methods in which redundancy is added to a message block, at the time the message block is recorded, in

known fashiop;

and correct e

35
modulation
system for cd
memory card

3.6

pitch
distance betw
3.7

sector
minimum unif

4 Refere

The referencq

upon read hnr\l{l adecoderremoves the rndllnrl:\nm}/ and uses the redundant informatiao

rroneous channel symbols

ode
ding which transforms information bits into some physical representation for recording onto

een corresponding points on adjacent data spots

of data that can be accessed on a card for any read and/or write command

nce points

p track and reference edges defined in ISOHEC 11694-2 apply unless otherwise specified.

4.1 First daffa bit

The first dat
dependent or
5 Trackl

Track layout

The total nu

h bit shall be located on the reférence track and is part of the track ID. The location
the track layout selected. Seelannex A or annex B.

ayout

nformation shall\bé preformatted on cards during manufacture and/or written to cards prior

be arranged |n order,;and numbered sequentially, beginning with the reference track. See annex A or 3
actual track layouts and numbering sequences.

5.1 Track rayoutoptions

n to detect

the optical

may vary

0 use.

ber of tracks-may vary dependent on the application requirements; however, in all cases, fracks shall

nnex B for

See annex A or annex B for information concerning data structures that support the optional card layouts described
in ISO/IEC 11694-2.

6 Track guides

Track guides shall be uniformly spaced across the card and shall extend the length of the accessible optical area.
The accumulated tolerances across the width of all track guides shall be less than or equal to 0,01 % at 25 °C. See
annex A or annex B for specific dimensions.
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7 Guard tracks

There shall be 20 guard tracks, ten located directly above and ten directly below the user data area to enable the
optics to locate the user data tracks and prevent the optical head from overrunning the accessible optical area if
auto-tracking is lost.

Guard tracks may contain data relating to card type, physical data format, specific application and/or card drive
autodiagnosis and calibration. See annex A or annex B.

8 Data tracks

Written ancli/or preformatted data shall be located within data tracks and centred between adjacent tra¢k guides to a
tolerance gf £ 0,5 um in the y-axis. See annex A or annex B.

9 Track ID

Written angl/or preformatted track ID shall identify the physical address of each data track. See annex|A or annex B
for specifid configuration and location.

10 Sectors

Sectors ar¢ defined by the amount of user data in bytes and the number of sectors which can be written to a single
data track.|See annex A or annex B for specific types/sizes.

All sectors| within a given track shall be identical in type ‘and partially written tracks shall only be appended with
sectors of the same type as those previously written en\the track unless otherwise specified in annex A or annex B.

NOTE Sector types/sizes have been defined .tgzmaximize the efficiency of data storage on a track anfl may vary by
modulation fode.
11 Datalencoding

To encode|data requires the use\of a modulation code. See annex A or annex B for acceptable modulgation codes.

NOTE The user data on ‘any single optical card shall only be encoded using one modulation code.

© ISO/IEC 2001 — All rights reserved 3
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Annex A
(normative)

8-10 NRZI modulation code, PWM recording method

A.1 Scope

This annex d
method and 3

A.2 Termg
For the purpg

A.21
carrier/burst
form of FM m

A.2.2
NRZ|
non-return-to

A.2.3
Reed-Solom

byte error defection and/or correction code which is generally used in optical and magnetic storage

A.3 Referg

The first bottd
reference edg

NOTE Th

A.3.1 First

The first datg
distance betw
of the card sH

n 8-10 NRZI modulation code.

and definitions

ses of this annex, the following terms and definitions apply.

modulation code
odulation code which makes 1,0 information correspond to a-different frequency

zero-inverse; a specific modulation method to make/1 corresponding to inverse and 0 to nd

bn code

ence points

m guard track (LPT9) is the\reference track and shall be located 5,4 mm + 0,3 mm from thg
e.

s dimension is tighter yet still falls within the tolerance range specified by dimension D of ISO/IEC 11

data bit

bit clesest to the left edge of the card shall be located at 12,50 mm + 0,40 mm in the
jeenithe first data bit closest to the left edge of the card and the first data bit closest to the
albe 60,6 mm + 0,1 mm in the x-axis.

efines the logical data structures specific to optical cards using a pulse width modulatiodl recording

n-inverse

horizontal

594-2.

-axis. The
right edge

A.4 Track

layout

Tracks shall be arranged in order beginning with the reference track and shall be numbered sequentially beginning
with track —10, the reference track.

© ISO/IEC 2001 — All ri
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Track Description Track No. Hex

Guard track

LPT9 (first bottom) -10 FFE6

LPTO(last bottom) -1 FFFF

Guard track
First user data track 0 0000
Last user data track n

Guard track

UPTO (first top) n+1

Guard track]

UPT9 (last top) n+10

NOTE
and the top
A.5 Trad

This sectid
ISO/IEC 1]

A.5.1 Ca

This layou
sequentiall

NOTE

A5.2 Ca

This layou
sequentiall

NOTE

A.5.3 Ca

This layou
sequentiall

Because the total number of tracks may vary dependent on the application requirements, the last
guard tracks are expressed in parametric form.
k layout examples

n provides information concerning data structures that support the optional card layouts
1694-2.

ds with moderate data capacity

shall contain 2520 data tracks, of which 2500/ shall be user data tracks. Tracks shall
y beginning with track —10, the reference track.

This layout supports the inclusion of a maghetic stripe and/or signature panel.

ds with small data capacity

shall contain 1128 data-tracks, of which 1108 shall be user data tracks. Tracks shall
y beginning with track —10;the reference track.

This layout supports’the inclusion of a magnetic stripe, IC chip with contacts, embossing and/or signal

ds with maximum data capacity

shall.contain 3593 data tracks, of which 3573 shall be user data tracks. Tracks shall
y beginning with track —10, the reference track.

Iser data track

described in

be numbered

be numbered

fure panel.

be numbered

NOTE

I'NIS Tayout SUpports the Inclusion oT a magnetic Stripe ana/or sighature panel.

A.6 Track guides

The width of the track guides shall be 2,3 um + 0,3 um. The distance from the centre of one track guide to the
centre of an adjacent track guide shall be 12,0 pum + 0,2 um.

No track guides shall have any breaks exceeding 180 pum.

© ISO/IEC 2001 — All rights reserved
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A.7 Guard

tracks

All guard tracks shall contain preformatted track-ID and card-type data and/or card-ID field data. Cards shall not be
issued with these tracks left blank nor shall these tracks be made available to the application for writing.

Each guard track shall contain two track ID areas, one to the left, the other to the right of the card-type data and/or

card-ID field.

NOTE

See A.10.

or pre-recorded with card-ID field data.

It is expected that card drive units will have the ability to read guard tracks whether preformatted with card-type data

A.7.1 Card

Card-type da
specific type
eight times. S

Card-type d
available to tl

The carrier/b
difference be
pitch shall be

The length, o
shall be 2,5

The distance
the card type

Type data

a are pre-set indicia that denote the physical data format, the number and location-of trac
ppplication. There shall be two blocks per track each containing the same card-type‘patter
ee Figure A.1 and Table Al.

ta shall be preformatted using a carrier/burst modulation code. Thesextracks shall no
e application for writing nor shall cards be issued with these tracks left blank.
ween patterns being the pattern-pitch. The L-pattern pitch shall be 240 pm =5 pm and th

120 um + 5 um. See A.12.2, Figure A.1 and Table A.1.

I x-axis dimension, of preformatted data bits shall be 650 um + 0,6 um; the width, or y-axis
m + 0,5 um; the bit pitch shall be 12,0 um + 0,3 um,~See Figure A.1.

between the first data bit of the left track ID closest to the left edge of the card and the firs
pattern closest to the left edge of the card shall be 14,9 mm + 0,1 mm in the x-axis.

A.7.2 Uniquie card identification (ID) field

For those applications requiring unique card serialization, guard tracks LPT1 (track -2) and LPTO (track

used as a ca
be included i

Card-ID field
available to tH

There are tw|

(card-type 15).

A7.21 Co

d-ID field. If using this option, information related to the application and other issuer inforn
these tracks along with the.card serialization data.

data shall be pre-recorded during the manufacturing process. These tracks shall no
e application for writing nor shall cards be issued with these tracks left blank.

D types of card identification (ID) field data described in A.7.2.1.1 (card-type 0 to 14) an

htent

s and/or a
n repeated

be made

irst pattern shall consist of an L-pattern (denotes 0 data) and an ‘S:pattern (denotes 1 data), the only

P S-pattern

dimension,

data bit of

1) shall be
hation may

be made

l A.7.2.1.2

Figure A.2 shows the structure and data content of the card-ID field. Data shall be pre-recorded usir

sector as defined in A.11.1 and Table A.2. The same information shall be repeated in each sector of each track,
that is four times in two tracks.

NOTE 1

NOTE 2
A7.1.

It is not permissible to set all data fields to OFF hex.

Field components are described in both A.7.2.1.1 and A.7.2.1.2.

g a type-2

If no components of the card-ID field are used, these two tracks must be preformatted with card-type data. See

© ISO/IEC 2001 — All rights reserved
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A.7.21.1 Card-typeOto 14

— Application identifier (AID): The AID shall consist of 16 bytes of alpha/numeric data, which data shall be
agreed to by the card manufacturer and card issuer. If the AID is not implemented, these 16 bytes shall be
set to OFF hex.

NOTE Card manufacturers shall have the responsibility to manage the information to ensure AID's are not duplicated
between different card issuers.

— Unique identifier (UID): The UID shall consist of six bytes, one byte containing the card manufacturer

identifier (CMID), and five bytes containing a unique card identifier (UCID). If the UID is not implemented,
these-six hyfnc shall be set to QFEE hex

NOTE 1 The card manufacturer shall have the responsibility to ensure only one UID is contained in~their card products.

NOTE 2 Since different card manufacturers can use the same UCID, it is recommended thapthe entirg UID (CMID +
UClIQ) be used.

—  Nunjber of issuer data bytes (NID): The NID shall consist of two bytes which specify the number of bytes
used in the ISSUER portion of the card-ID field. If the NID is not implemented, these two bytes $hall be set to
OFF|hex.

—  Optional issuer data (ISSUER): The ISSUER shall consist of(488 bytes and shall be reserved for the
exclyisive use of the card issuer. Any unused bytes in this area shall’be set to OFF hex.

NOTE Since card-ID field data are pre-recorded, the ISSUER data must be pre-recorded at thg time of card
manyifacture.

A.7.2.1.2 | Card-type 15

— Application identifier (AID): Same with A.7.2°0:1.

— Unique identifier (UID): Same with A.7.2:1"1.

—  Nunpber of issuer data bytes (NID); Same with A.7.2.1.1.

—  Format identifier (FID): The\EID shall consist of six bytes of alpha/numeric data, which spedify the format
classification. "SIOCO01" shall-be recorded for the current international standard.

—  Card type (CTYPE); T,he CTYPE shall be one byte data which is same with the card-type datal In this case,
it shall be OF hex.

—  Tragk pitch (PITCH): The PITCH shall be one byte data, which is ten-times value of track pit¢h. For 12 um
track pitchNit'shall be 78 hex.

—  Nunther of user track (NUMBER): The NUMBER shall consist of two hytes which specify the user track
number in the card. It shall be recorded the most significant byte first.

—  Media type (MTYPE): The MTYPE shall be one byte which specifies the media type which is under control
of the card manufacturer.

—  Contacts for IC chip (CONTACT): The CONTACT shall be one byte which specifies the presence/absence
of contacts for IC chip. This byte is optional, and OFF hex shall be recorded in no use.

00 hex : No IC contacts

10 hex : Contacts on the same side with AOA (Accessible Optical Area)

© ISO/IEC 2001 — All rights reserved 7
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20 h

othe

ex : Contacts on the opposite side with AOA

rs : Reserved

contactless IC chip. This byte is optional, and OFF hex shall be recorded in no use.

00 h

10h

ex : No IC chip

eX : Includes inductive coupling IC chip

La:

Contactless IC chip (CLIC): The CLIC shall be one byte which specifies the presence/absence of

20
othe

— Magns
This by

00 h
10 h
20 h
30 h
othe

—_ Embog
embos

00 h
10 h
othe

—  Option
exclusi

NOTE
manufal

A.8 Datat

PR | Liacl HH L |Vl
A TTTCTUUTCT O \.’GP(J.L:ILIVC \.’Uur.lllllu "o \.alllr.l
s : Reserved

tic stripe (MS): The MS shall be one byte which specifies the presence/absence of magn
te is optional, and OFF hex shall be recorded in no use.

ex : No magnetic stripe

ex : Magnetic stripe on the same side with AOA
ex : Magnetic stripe on the opposite side with AOA
ex : Magnetic stripe on both sides

rs : Reserved

sing (EMBOSS): The EMBOSS shall be, one byte which specifies the presence/d
5ing. This byte is optional, and OFF hex shalkbe recorded in no use.

ex : No embossing
ex : With embossing

I's : Reserved

al issuer data (ISSUER): The ISSUER shall consist of 472 bytes and shall be reser
ve use of the card(issuer. Any unused bytes in this area shall be set to OFF hex.

Since card-1R_field data are pre-recorded, the ISSUER data must be pre-recorded at the ti
Cture.

facks

etic stripe.

bsence of

ed for the

me of card

Each data track can contain a maximum of 60,7 mm of written and/or preformatted data, including the gaps
between sectors.

A.8.1 Data

bits

Use of the 8-10 NRZI modulation code requires that written and/or preformatted data bits consist of four different
sizes. The length, or x-axis dimension, shall be 3,0 pum+0,6 um, 6,0 um+ 0,6 pm, 9,0 um + 0,6 um or
12,0 ym + 0,6 pm; the width, or y-axis dimension, shall be 2,5 ym + 0,5 pm.

The minimum distance from the centre of one data bit to the centre of an adjacent data bit shall be

6,0 pm +£ 0,3

um.

© ISO/IEC 2001 — All ri
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A.9 Track components

A.9.1 Preamble (PRE)

A series of 60 consecutive bits laid out from the left edge direction of the card. The PRE bit-pattern shall be
1010101010... or 0101010101... See Figure A.3.

NOTE The PRE generates the data clock required by the card drive's phase-lock-loop (PLL) circuit when an optical card is
read from left to right.

A.9.2 Sync marker

A specific [LO-bit pattern which does not show up as a read-output signal when the 8-10 NRZI modulation code is
implemented on the track ID and/or user data.

NOTE \When asynchronization occurs during reading, data can be re-synchronized after sensing<successive|sync markers.

The sync marker shall be set on the border of the data matrix, created when implementing the Reed-Solomon
code, to diyide the user data into multiple blocks. See Figure A.4.

The first sync marker from the left edge of the card, in every sector and ,in\bcth track ID's, shall bg 1100010001
prior to NRZI modulation. All other sync markers shall be either 1180010001 or 0100010001 prior to NRZI
modulatior].

Thus all wijitten sync markers shall become either 1000011110 0r9111100001 after NRZI modulation,

A.9.3 Post-amble (PST)

A series of 60 consecutive bits laid out from the left<edge direction of the card. The PST bit-paftern shall be
01010101Q1... or 1010101010... See Figure A.3.

NOTE [The PST generates the data clock required by the card drive's PLL circuit when an optical card is reqd from right to
left.
A.10 Trjack ID

Track ID shall be preformatted-at'the right and left side of each data track. See Figures A.3 and A.5.

NOTE The structure allows the track ID to be read from either direction, that is from left to right or right to lef{.

A.10.1 Cantent

track ID shall

The track IDshall consist of 75 bytes of information and the length shall be 2,25 mm = 0,02 mm. The
consist of , , ; - '

The track number itself shall be repeated twice per track ID with the most significant bit (MSB) positioned closest to
the left edge of the card.

A.11 Sectors

Every sector shall contain a PRE, sync markers, user data, ECC and a PST and shall be separated from adjoining
sectors by a gap, that is an unrecorded area. See Figures A.4 and A.5.

User data shall be written within a sector and arranged from left to right regardless of the writing direction
implemented.

© ISO/IEC 2001 — All rights reserved 9
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NOTE

reverse direction.

The accumulated tolerances across any sector shall be less than + 3 % of the sector length.

A.11.1 Types of sectors

Sector types shall be as defined in Figure A.6 and Table A.2.

NOTE

deviation in the velocity of the card drive mechanism which is anticipated in the actual use of optical card systems.

Sectors can be written in either direction, that is, from left to right, the forward direction, or from right to left, the

The sector lengths shown in Figure A.6 are the maximum allowed when taking into consideration up to a 3 %

All sectors, r
shall always

A.12 Datg

This section ¢

A.12.1 Mod

All track ID's
code. See Fig

NOTE
reading, the or|

A.12.2 Carr

All card-type
Table A.1.

NOTE In
with software,

A.12.3 Erro

Each track IO
following gen

G(x)

where

igardless of sector type, shall be located relative to the first bit position of the left track 1Dj

Wihen encoding, ten bits are assigned to every eight bitssof\actual data using the 8-10 modulation

e placed at the edge of each sector closest the left edge of the card.

L encoding

escribes the method for encoding and storing data on optical cards using'the various sectoj

Llated data

and user data along with their associated ECC shall be modulated using the 8-10 NRZI
ures A.7, A.8, A.9 and Table A.3.

ginal eight bits are retrieved/demodulated from the corresponding 10-bit data pattern.

er/burst modulation code

data shall be preformatted using thevtcarrier/burst modulation code. See A.7.1, Figut

he read mode, this modulation cade”permits card-type information found in the guard tracks to be d
bliminating the influence from thé variable velocity, if any, of the optical card drive.

I correction code

brator polynorhial:

= (X - o) (X- o) (X-a) (X-1)

The MSB

I types.

modulation

able. When

e A.1 and

emodulated

and every sector;-of written data shall be encoded using the Reed-Solomon ECC generated by the

X%+ x* +

o is a primitiv

X+x*+1=0

e element of GF (2°).

The Reed-Solomon code arranges every track ID and every sector of user data into a matrix as shown in
Figure A.10 and then applies the ECC based on the generator polynomial, resulting in the addition of four parity
bytes to the matrix.

EXAMPLE 1

EXAMPLE 2

10

Track ID are encoded using a C1 (6,2), C2 (5,1) Reed-Solomon code. As a result, 28 parity bytes are added to
the original two bytes which make up the track ID.

Encoding a sector type 7 using the Reed-Solomon ECC.

© ISO/IEC 2001 — All ri
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Write 16 bytes of data containing the following integer values in hexadecimal:

00 01 02 03 04 05 06 07 08 09 OA 0B OC 0D OE OF

Arranging the bytes into an 8 x 2 matrix, the data becomes:

00 |01 |02 (03 |04 |05 |06 | O7

08 |09 |OA (OB |[0OC | OD | OE | OF

Encoding gach row of the matrix using the generator polynomial G(x), the above matrix becomes:

00 {01 |02 [03 [04 |05 |06 |07 |2C |84 |05 | AD

08 |09 |OA [OB |OC |OD |OE |OF | D8 | 4E |65 | F3

Encoding gach column of this matrix using the generator polynomial G(x), the matrix becomes:

00 |01 (02 |03 |04 |05 |06 |07 |2C |84 |05 | AD

08 | 0 OA | OB |OC [OD |OE |OF | D8 |4E | 65 | F3

78 |14 |AO |[CC | D5 B9 |OD |61 | EE | FB | DB |\CE

AD | C

O

6F [ OE |34 |55 |F6 |97 |18 |91 |77, | FE

E7 | 4D | AE |04 |75 | DF | 3C |9 |67 |[8F | E8 | 00

3A | 9D |69 | CE | 9C | 3B |CF |68 |65 |2F |24 | 6E

A.13 Measurement

NOTE 1 [The reading/writing test conditions outlined in ISO/IEC 11694-3 apply unless otherwise specified when observing
the optical gharacteristics:

NOTE 2  JAn Optieal Specialties, Inc. Video Linewidth System, VLS-I is used for physical measurements. Thi$ information is
given for thg convenience of users of this part of ISO/IEC 11694 and does not constitute an endorsement by 1ISO|jand IEC of the
product nanlled. Equivalent products may be used if they can be shown to lead to the same results.

A.13.1 Track guide measurement
The measurement of the track guide pitch and width shall be performed in the nine areas shown in Figure A.11.

Each area shall consist of ten tracks and the average value at each of the nine areas shall fall within the specified
range.

A.13.2 Track ID measurement
The measurement of the track ID data bit size, bit pitch and the length of the track ID shall be performed in the six

areas designated by D and E in Figure A.11. Each area shall consist of ten tracks and the average value at each of
the six areas shall fall within the specified range.

© ISO/IEC 2001 — All rights reserved 11
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A.13.3 Guard track measurement

The measurement of the guard track data bit size, bit pitch and the carrier pattern pitch shall be performed in two
tracks each in the areas designated A and C in Figure A.11. The average value of a minimum of ten measurements
taken at each location shall fall within the specified range.

A.13.4 Preformatted data characteristics

The following characteristics shall be achieved when scanning a preformatted portion of the accessible optical area
containing a card-type carrier/burst pattern. See Figure A.1.

To achieve tie expected results, tests shall be conducted using a beam diameter of 2,5 um and a n

velocity of 48
A13.41 T
A13.42 T
A13.43 T

0,8. See ISOJIEC 11694-3.

A.13.5 Writ
The measure
signal using
480 mm/s + (

The bit size
average valu

A.13.6 Writ

The following
containing hig

To achieve the expected results, tests-shall be conducted using a beam diameter of 2,5 um and a m

velocity of 48

20 kHz shall
A136.1 T
A136.2 T
A13.6.3 T

D mm/s + 3 %.

he low frequency recovery value shall be greater than or equal to 0,9. See ISO/IEC 11694

he signal overlap (So) divided by the high frequency amplitude (Ang) shall be greater than

en data measurement
a beam diameter of 2,5um, a read power of 8;XmW +5% and a media linear
,5 %.

bhall be measured at the half value point and*the bit pitch at the peak point of the read
b of a minimum of ten measurements shall falbwithin the specified range.

en data characteristics
characteristics shall be achieved when scanning a written portion of the accessible o
h frequency data (80 kHz), and-low frequency data (20 kHz).

D mm/s + 3 %. The write ‘power shall be 18 mW + 5 %. A pulse width of 3,5 us at 80 kHz, a

pe used.

he low frequency recovery value shall be greater than or equal to 0,9. See ISO/IEC 11694

0,8. See ISONEEC_11694-3

A.13.6.4

he_signal overlap (So) divided by the high frequency amplitude (Ane) shall be greater than

he amplitude comparison value shall be greater than or equal to 0,8. See ISOQ/IEC 11694-3.

he amplitude comparison value shall be greater than or equal to 0,8. See ISO/IEC 11694-3.

edia linear

or equal to

Iment of the written data bit and the bit pitch shall be determined using the wave shape of the read out

velocity of

bignal. The

ptical area

edia linear
nd 22 s at

or equal to

bandwidth 1 kHz at a carrier frequency of 80 kHz.

12

The carrier-to-noise ratio (C/N) shall be greater than or equal to 40 dB when measured across a
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|
|
T

UPT9

10 Upper guard tracks

UPTO

|
|
\

User datatracks

?
3

10 Lower guard tracks

LPT9

|
_’|
-l
:

Lefttr

8

k 1D Card-type data and/or Right track ID
Card-1D field data

NOTE LPT9 is the reference track as described in ISO/IEC 11694-2.

(a) Guard track layout

@ @ ®

EEpEE EEEN |llll |llll |Illl EEENE (NEEEN |EEEE |(EEEE
'4?_“m) L (1205“m) K l S S S S
¢ < | g

< For pattern length see Table A.1 >

—~

Dimensions in micronjetres

L r— J 1 L r— @ ] I ©

— f = — f - o s Y s Y
T 6 6 T 6 6
<«p <>
< <

(b) Example of card-type pattern (P11) - See Table A.1

NOTE Drawings not to scale.

Figure A.1 - Guard track structure

© ISO/IEC 2001 — All rights reserved 13
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Top
0= o e N B
Track (-1) TrK ID Gap Sector 0 Gap Sector 1 Gap Trk ID
LPT1 TIK ID CGap Sector 0 Gap Sector 1 Gap Trk ID
Track (-2)
AID UID NID ISSUER
16 bytes CMID " UCID 2 bytes 488 bytes
lbyte ! 5hytes
-- For card-type O to 14 --
AID uiD NID ISSUER
16 bytes CMID ‘ UcCID 2 bytes 16 bytes 472 bytes
lbyte ! 5 bytes
""" FID CTYPE PITCH NUMBER MTYPE CONTACT CLIC MS EMBOSém
6 bytes 1 byte 1 byte 2 bytes 2 bytes 1 byte 1 byte 1 byte 1 byte
(optional) (optional) (optional) (optional)
-- For'tard-type 15 --
NOTE Type-2 sectors shall be used for card-1D field data.

(a) Structure of each sector in the card-ID field

Figure A.2 -

Structure and content of the card ID field

14
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Length Field Name Description Control Remarks
16 AID Application identifier Mfg/lIsr
1 CMID Card manufacturer identifier Std
For all card-types
5 UCID Unique card identifier Mfg
2 NID Number of issuer data bytes Isr
488 ISSUER Reserved for issuer data Isr For card-type 0 to 14
6 FID Format identifier Std
1 CTYPE Card type Std
1 PITCH Track pitch Std
2 NUMBER Number of user track Mfg
2 MTYPE Media type Mfg
For ¢ard-type 15
1 CONTACT Presence/absence of contacts for IC chip Mfg
(optional)
1 CLIC Presence/absence of contactless IC chip Mfg
(optional)
1 MS Presence/absence of magnetic stripe Mfg
(optional)
1 EMBOSS Presence/absence of embossing Mfg
(optional)
472 ISSUER Reserved for issuendata Isr

Note 1 Length values are in bytes.

Note 2 Mfg are fields assigned/controlled by each individual card manufacturer.

Note 3 Isr are fields assigned/controlled by each individual card issuer.

Note 4  [Std are fields assigned/controlled by.the appropriate ISO/IEC standards body.
Note 5 If CONTACT/CLIC/MS/EMBQSS are not in use, they shall be filled with OFF hex.

(b) Content of the card-ID field

Figure A.2 - Structure and content of the card-ID field

© ISO/IEC 2001 — All rights reserved 15
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Left edge Right edge
PRE PST PRE PST
1010101010 %) %) 1010101010 1010101010 1) J%) 1010101010

k=] 8 8 o
S ECC S ECC Q| Ecc Q| Ecc
o 9] o 5] o a o 5] ) ] )
or Z -] z 9 z or b4 or z 9 z 2 = or
2 § 280 bits 2 § 280 bits 2 © 2 § 280 bits & § 280 bits &
0101010101 é é 0101010101 0101010101 é é 0101010101
= = = =
60 bits 60 bits 60 bits 60 bits
NOTE Each sync pattern is 10 bits set to 1000011110 or 0111100001.
Figure A.3 - Track ID format
Left edge
PRE Sync Block 1 Sync Block 2 Sync Block 3 sync | < Sync Block m Syhc PST
NOTE m flenotes m in Table A.2.
Figure A.4 . -~ Format of a sector
Left edge
Track ID | Gap | Sector 1 Gap | Sector2 | Gap ! 1 Gap | Sectorn | Gap | [frack ID
NOTE n denodtes'n in Table A.2.

16

Figure A5 -

Format of a data track
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Dimensions in millimetres

351 53,64
Tvpe 0 <— >3 > —
e - |
yp! —> > “—>
2,25 (1,20)
]
9,51 41,58 (7,26)

Typel | < >« - >
—— - ] —
<+» <>

2,25 2,25
5,07 23,82 2,82 (2.82)

Type?2 <— >¥< >_ ¢ »

<+—>»
2,25
2,79 13,38 0,54 (0,42)

Type3 || < > < >—<4— —>—

I N ] S
2,25 2,25
3,03 846 0,78 (0,66)

Typed || &——Pt—>—< .
N I I I E— I
<>

2925 2,25
3,81 5,28 (1,38)

Type5 <4+“— P4 <
—— I . — — [ ] —
<+—»

2,25 2,25
321 366 0,96 (0,66)
+“—P < > < »>—<

Type6 EEE EEE EEE BN BN BEE ENE BN BN BEE  EE .
<>

2925 2,25
291 282 0,66 (0,42)

Type? || € —P>—< >« >«
I EE B D D S B B B B B B B B B .

—p | ——><¢ | P

(12,50) 56,10 2,25 (12,50)

— | Reference edge of card Right edge of card | —————»

NOTE Drawing not to scale.

Figure A.6 - Sector layout by type

© ISO/IEC 2001 — All rights reserved 17
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Dataword

8-10 Modulation

EXAMPLE

Dataword

Q output

Codeword

Modul atgd
waveform

conversiontabla
COHY-Erorot-taibre

10 Q
One symbol delay
Codeword
Sync (Q'=-1) FF@Q=1) FF(Q=-1)
-1 1 -1 -1

0100010009/0111101010

11111010130

B S S B

NOTE 1 The 8-10 madulation conversion table is shown in Table A.3.

NOTE 2  The codeword is selected by the dataword and Q'. Q' is the Q output of the previous codeword.

L]

I S |

NOTE 3  The modulated waveform is made from the codeword stream according to the NRZI rule.

18

Figure A.7 - 8-10 modulation method
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ECC encoding:

04 E2
3C D7
D8 E1l
FD F6
1D 22

46
C5
B5
66
50

A0
2E
8C
6D
6F

99 99
54 54
DE DE
9A 9A
89 89

8-10 modulation plus sync markers:

ISO/IEC 11694-4:2001(E)

0101001001 1111011101

XXXXX
XXXXX
XXXXX
XXXXX
XXXXX
XXXXX
XXXXX
XXXXX
XXXXX
XXXXX

NRZI conv,

10101
XXXXXS
XXXXX
XXXXX
XXXXX
XXXXX
XXXXX
XXXXX
XXXXX
XXXXX
XXXXX
XXXXX

cc04
ccl0
ccl6
cc22
yncx
cc03
cc09
ccl5
cc2l
cc27

01010,

xxxxxecc05
xxxxxeccll
xxxxxeccl7
XXxXxxecc23
0101001001
xxxxxecc04
xxxxxeccl0
Xxxxxeccl6
XXXXXecc22
XXXXXSYNCX

xxxxxecc00
xxxxxecc06
xxxxxeccl2
Xxxxxeccl8
XxXxxxecc24
1111011101
xxxxxecc05
xxxxxeccll
xxxxxeccl7
XXxxxecc23

10101 0101010101 0101010101

xxxxxecc01l
xxxxxeccQO7
xxxxxeccl3
xxxxxeccl9
XXXXXecc25
xxxxxecc00
xxxxxecc06
xxxxxeccl2
xxxxxeccl8
Xxxxxecc24

ersion plus PRE, sync and PST patterns:
01010 1010101010 1010101010 1010101010
yncx  xxxtr#high  xxxxtrilow  xxxXxxnrzi
Nrzi - XXXXXXNrzi - XXXXXXNrzi - -XXXXXXNrzi
Nrzi - XXXXXXNrzi - XXXXXXNFZi ™~ XXXXXXNrZi
Nrzi - XXXXXXNrzi - XXXXXXArZi - XXXXXXNrzi
Nrzi - XXXXXXNrzi - XXXXXXNrzi - XXxXxXxXxnrzi
Nnrzi - XXXXXSyncx_sxXxxtr#high  xxxxtr#low
Nrzi  XXXXXXNEZi v/ XXXXXXNrZi - XXXXXXNrZi
nrzi - XXXXXXArZi - XXXXXXNrzi - XXXXXXnrzi
nrzi - XXOXXNrzi - XXXXXXNrzi - XXXXXXNrzi
Nrzi _XXXXXXNPZi - XXXXXXNrzi - XXXXXXNrzi
NrZil_)XXXXXXNIZi  XXXXXSYNCX

xxxxxecc02
xxxxxecc08
xxxxxecclsd
xxxxxecc20
XXXXXecc26
xxxxxecc01l
xxxxxeccQO7
xxxxxeccl3
xxxxxeccl9
XXXXxecc25

1010101010
XXXXXXNIZi
XXXXXXNIZi
XXXXXXNIZi
XXXXXXNIZi
XXXXXXNIZi
XXXXXXNIZi
XXXXXXNIZi
XXXXXXNIZi
XXXXXXNIZi
XXXXXXNIZi

0101010101 0101010101

xxxxxecc03
xxxxxecc09
xxxxxeccl5
xxxxxecc21l
XxXxxxecc27
xxxxxecc02
XXXXXEccO8
xxxxxecclsd
xxxxxecc20
XXXXXecc26

1010101010
XXXXXXNIZi
XXXXXXNIZi
XXXXXXNIZi
XXXXXXNIZi
XXXXXXNIZi
XXXXXXNIZi
XXXXXXNIZi
XXXXXXNIZi
XXXXXXNIZi
XXXXXXNIZi
0101010101

Figure A.8 -

© ISO/IEC 2001 — All rights reserved
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ECC encoding:

D00 D01 D02 D03 D04 D05 D06 D07 | EOO EO1 EO02 EO3
D08 D09 D10 D11 D12 D13 D14 D15| EO0O4 EO5 EO6 EO7
D16 D17 D18 D19 D20 D21 D22 D23 | EO08 EO09 E10 Ell
D24 D25 D26 D27 D28 D29 D30 D31 | E12 E13 E14 E15
D32 D33 D34 D35 D36 D37 D38 D39 | E16 E17 E18 E19
D40 D41 D42 D43 D44 D45 D46 D47 | E20 E21 E22 E23
D48 D49 D50 D51 D52 D53 D54 D55| E24 E25 E26 E27
D56 D57 D58 D59 D60 D61 D62 D63 | E28 E29 E30 E31
E32 E33 E34 E35 E36 E37 E38 E39 E40 E41 E42 E43
E44 E45 E46 E47 E48 E49 ES0 E51 ER2 FB/3 ES4 ESS

E56 E57 E58 E59 E60 E61 E62 E63 E64 E65 E66  E67
E68 E69 E70 E71 E72 E73 E74 E75 E76 E77 E78 E
8-10 modulatfon plus sync markers:
MDO¢ MDO1 MDO2 MD03 MDO4 MDO5 MDO6 MDO7 | MEOO MEOT MEO2 MEOB SYNC
MDOg MD09 MD10 MD11 MD12 MD13 MD14 MD15 | MEO4 MEO5 MEO6 MEQOF SYNC
MD16 MD17 MD18 MD19 MD20 MD21 MD22 MD23 | ME08<{, ME09 ME10 MEI1fL SYNC
MD24 MD25 MD26 MD27 MD28 MD29 MD30 MD31 | ME12“"ME13 ME14 ME1p SYNC
MD3? MD33 MD34 MD35 MD36 MD37 MD38 MD39 | ME16 ME17 ME18 ME1P SYNC
MD4) MD41 MD42 MD43 MD44 MD45 MD46 MD47 | ME20 ME21 ME22 ME2B SYNC
MD43 MD49 MD50 MD51 MD52 MD53 MD54 MD55¢)y*ME24 ME25 ME26 ME2[f SYNC
MD56 MD57 MD58 MD59 MD60 MD61 MD62 MD63 | ME28 ME29 ME30 ME3[L SYNC
ME32 ME33 ME34 ME35 ME36 ME37 ME38 ,ME39 ME40 ME41 ME42 ME4B SYNC
ME44 ME45 ME46 ME47 ME48 ME49 ME5Q. ME51 ME52 ME53 ME54 MES5p SYNC
ME5¢ ME57 ME58 ME59 ME60 ME61 ME62" ME63 ME64 ME65 ME66 ME6)7 SYNC
ME68 ME69 ME70 ME71 ME72 ME73 ME74 ME75 ME76 ME77 ME78 ME7P SYNC
NRZI convergion plus PRE, sync, PST patterns:
PRE1 PRH2 PRE3 PRE4 PRE5 PRRE6 SYNC MDOO MDO1 MDO2 MDO03 MDO# MDO5
MDO6 MDQ7 MEOO MEO1 MEO2--ME0O3 SYNC MD08 MD09 MD10 MD11 MD1p MD13
MD14 MD15 MEO4 MEO5 MEO6~ MEO7 SYNC MD16 MD17 MD18 MD19 MD2p MD21
mMD22 MD33 MEO8 ME09 MEI0 ME1l1 SYNC MD24 MD25 MD26 MD27 MD2B MD29
MD30 M™MD31 ME12 ME13_\“ME14 ME15 SYNC MD32 MD33 MD34 MD35 MD3p MD37
MD38 MD39 ME16 MEX7y> ME18 ME19 SYNC MD40 MD41 MD42 MD43 MD4¢ MD45
MD46 MD47 ME20 ME21 ME22 ME23 SYNC MD48 MD49 MD50 MD51 MD5p MD53
MD54 MDJ5 ME24 .ME25 ME26 ME27 SYNC MD56 MD57 MD58 MD59 MD6P MD61
MD62 MD§3 ME28/~ME29 ME30 ME31 SYNC ME32 ME33 ME34 ME35 ME3p ME37
ME38 ME39 ME40 ME41 ME42 ME43 SYNC ME44 ME45 ME46 ME47 ME48 ME49
ME50 MEJ1 ME52 ME53 ME54 ME55 SYNC ME56 ME57 ME58 ME59 ME6p ME61
ME62 MEQ3< ME64 ME65 ME66 ME67 SYNC ME68 ME69 ME70 ME71 ME7R ME73
ME74 MEAWN"ME76 ME77 ME78 ME79 SYNC PRE1 PRE2 PRE3 PRE4 PREP PRE6

*  MDxx, MExx : 10 bits

Figure A.9 - Example of modulation code using a sector type 5
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Left edge
l B
o
s User bytes 2
S | S |4
o o
= S
© D
o~ (72}
3 !
4 Parity bytes
(a) Sector layout with ECC applied
Type User bytes Parity bytes Structure of ECC in bytes
Per sector Per sector (direction) (direction
Secgtor type O 1368 312 €1(40,36) C2(42,38
Sector type 1 1024 272 C1(36,32) C2(36,32
Segtor type 2 512 208 C1(20,16) C2(36,32
Segtor type 3 256 144 C1(20,16) C2(20,16
Segtor type 4 128 112 C1(12,8) C2(20,16
Segtor type 5 64 80 C1(12,8) C2(12,8)
Sector type 6 32 64 C1(12,8) C2(8,4)
Sector type 7 16 56 C1(12,8) C2(6,2)
(b) Content of sector with ECC applied
Structure of ECC
Type Bytes Per ID Parity bytes (direction) (direction)
per ID
Track ID 28 C1(6,2) C2(5,1)

© ISO/IEC 2001 — All rights reserved

(c) Content of track ID with ECC applied

Figure A.10 -

ECC matrix
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NOTE 1
NOTE 2
NOTE 3
NOTE 4
NOTE 5
NOTE 6

NOTE 7

22

Dimensions in millimetres

Dra

Ad

Bd

D E
Top
4 N\
C X X X —
Accessible optical area
B X X X T~
I
A X X X —
\ %
13
43 ——————P
73 >

wing not to scale.

Psignates the lower guard track area.

esignates the center region of the userdata track area.
Esignates the upper guard track-area.

nd C shall vary according.to card type.

psignates the left frack ID area.

bsignates thelright track ID area.

Figure A.11 - Measurement points
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Table A.1 (a) - Guard tracks - Structure of card-type data

First block

Second block

Px8

Px8

NOTE

P is the card-type pattern and shall vary by card type.

Table A.1 (b) - Guard tracks - Configuration of card-type pattern

Card-type Length of Length of Gyupper
Card type Pattern (P) Patt((ierr]npl:]r)]gth 1*' block 2" block TNmax Total Tracks (in mm)
See Figure A.1 (in pm) (in um) (0,3 mm)

0 LLLLLLSS 1680 15360 15480 RESERVED

1 LLLLLSSS 1560 14400 14520 2509 2520 35,6

2 LLLLSLSS 1560 14400 14520 3582 3593 48,5

3 LLLLSSSS 1440 13440 13560 1117 1128 18,9

4 LLLSLLSS 1560 14400 14520 hid *x **

5 LLLSLSSS 1440 13440 13560 fd Hox *

6 LLLSSLSS 1440 13440 13560 ki *x *x

7 LLLSSSSS 1320 1248Q 12600 hd ox Hox

8 LLSLLLSS 1560 14400 14520 ki *x **

9 LLSLLSSS 1440 13440 13560 fd Hox *

10 LLSLSLSS 1440 13440 13560 ki *x **

11 LLSLSSSS 1320 12480 12600 fd Hox ok

12 LLSSLLSS 1440 13440 13560 hid *x **

13 LLSS LSSS 1320 12480 12600 il Hox *

14 LLSSSLSS 1320 12480 12600 ki *x *x

15 LLSSSSSS 1200 11520 11640 fd ox Hox

H SSSSSSSS 960 -- - - -- --

T SSSSSSSSS 1080 -- -- -- -- --
NOTE 1 Sjdenates a short pattern pitch (120 pm); L denotes a long pattern pitch (240 um).
NOTE 2 TNmiax is the maximum value assigned a track number,the last upper guard track UPT9), using a spetific card type

patterm.

NOTE 3 GYupper is the location, the y-axis measurement from the reference edge, of the last upper guard track (UPT9).

NOTE 4

conjunction with the card issuer.

** These fields are determined by the application and shall be assigned and controlled by the card manufacturer in

© ISO/IEC 2001 — All rights reserved
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Table A.2 - Structure of the sectors
Sector User bytes Bytes per Blocks per Sectors per Bytes per Total bytes
type Per sector Block Sector (m) track (n) sector per sector
With ECC

Type O 1368 40 42 1 1680 1735
Type 1 1024 36 36 1 1296 1345
Type 2 512 20 36 2 720 769
Type 3 256 20 20 4 400 433
Type 4 128 12 20 6 240 473
Type 5 64 12 12 8 144 169
Type 6 32 12 8 12 96 117
Type 7 16 12 6 16 72 D1

NOTE 1  Usdr bytes per sector is the number of user bytes available after ECC has been applied:

NOTE 2 m denotes the number of data blocks per sector. See Figure A.4.

NOTE 3 n dénotes the number of sectors allowed per track. See Figure A.5.

NOTE 4 Tothl bytes per sector includes PRE, PST and sync markers.
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Table A.3 - 8-10 modulation conversion table
Q=-1 Q=1
Dataword Codeword Codeword Dataword Codeword Codeword
DC |Q DC DC DC |Q
MSB-LSB MSB-LSB MSB-LSB MSB-LSB MSB-LSB MSB-LSB
00 | 00000000 | 0101010101 0| 10101010101 0| -1] 30 | 00110000 | 0111010010 0o/ 1| 0111010010 0| -1
01 00000001 0101010111 0 -1[0101010111 0 11 31 00110001 1110010010 2 -1| 0110010010 -2 -1
02 00000010 0101011101 0 -1[0101011101 0 1 32 00110010 1111010010 0 -1| 1111010010 0 1
03 00000011 0101011111 0 110101011111 0 -1 33 00110011 1111110010 0 1| 1111110010 0 -1
04 00000100 0101001001 0 -1{0101001001 0 1] 34 00110100 0111110001 2 1| 1111110001 -2 1
05 00000101 0101001011 0 110101001011 0 -1§ 35 00110101 0111110011 2 -1| 1111110011 -2 -1
06 0000011p 0101001110 0 110101001110 0 -1 36 00110110 0111110110 2 -1 1121110110 -2 -1
07 0000011[L 0101011010 0 110101011010 0 -1 37 00110111 0111110010 0 -1| 0111110010 0 1
08 |0000100p | 0101110101 0| -1|0101110101 o] 1] 38 | 00111000 | 0111000101 2| -1 11090101 2] 1
09 0000100fL 0101110111 0 1[0101110111 0 -1 39 00111001 0111000111 2 41 1111090111 -2 1
0A | 0000101p 0101111101 0 1[{0101111101 0 -1] 3A 00111010 0111001101 2 1| 1111091101 -2 1
0B 0000101[L 0101111111 0 -110101111111 0 1] 3B 00111011 0111001111 2 -1 1111091111 -2 -1
0C |0000110p | 0101101001 0| 10101101001 o| -1] 3c | 00111100 | 0111011002 2| 1| 1111011001 2] 1
0D | 0000110fL 0101101011 0 -1)10101101011 0 1] 3D 00111101 0111012011 2 -1| 1111011011 -2 -1
OE 0000111p 0101101110 0 -1)10101101110 0 1] 3E 00111110 0111011110 2 -1| 1111031110 -2 -1
OF 0000111fL 0101111010 0 -110101111010 0 1§ 3F 00111111 0111001010 2 -1| 1111091010 -2 -1
10 0001000p 1101010010 0 111101010010 0 -1 40 01000000 0100010101 2 1| 1100010101 -2 1
11 0001000[L 0100010010 2 -1{1100010010 -2 -1 41 01000001 0100010111 2 -1 1100010111 -2 -1
12 0001001p 0101010010 0 -1{0101010010 0 18 42 01000010 0100011101 2 -1| 1100011101 -2 -1
13 0001001 0101110010 0 110101110010 -1 43 01000011 0100011111 2 1| 11000311111 -2 1
14 0001010p 1101110001 2 110101110001 -2 18 44 01000100 0101010001 2 1| 1101010001 -2 1
15 0001010 1101110011 2 -1[0101110011 -2 -1, 45 01000101 0101010011 2 -1| 1101010011 -2 -1
16 0001011p 1101110110 2 -1{0101110110 -2 -1 46 01000110 0101010110 2 -1| 1101010110 -2 -1
17 0001011 1101110010 0 -1[1101110010 0 14 47 01000111 0100011010 2 1| 1100011010 -2 1
18 | 0001100p  |0101100101 2| -1]|1101100101 2| -1] 48 | 01001000 | 0100110101 2| -1 1100110101 2| 1
19 0001100 0101100111 2 111101100111 -2 18 49 01001001 0100110111 2 1100110111 -2 1
1A [0001101p 0101101101 2 111101101101 -2 18 4A 01001010 0100111101 2 1| 1100111101 -2 1
1B 0001101 0101101111 2 -1[110110113T -2 -1] 4B 01001011 0100111111 2 -1 1100111111 -2 -1
1C [0001110p 0101111001 2 1(11012411001 -2 1§ 4C 01001100 0100101001 2 1| 1100101001 -2 1
1D [0001110QL 0101111011 2 -1 (1104111011 -2 -1] 4D 01001101 0100101011 2 -1 1100191011 -2 -1
1E 0001111p 0101111110 2 -1(1101111110 -2 -1} 4E 01001110 0100101110 2 -1 1100191110 -2 -1
1F 0001111t 0101101010 2 ~1[1101101010 -2 -1 4F 01001111 0100111010 2 -1| 1100111010 -2 -1
20 |0010000p | 0111010101 o) -1|0111010101 1] 50 | 01010000 | 0100100101 0| -1| 0100190101 0| 1
21 |0010000f | 0111010111 0| 10111010111 -1] 51 | 01010001 | 0100100111 o] 1| 0100190111 0| -1
22 |0010001p | 0111011101 0| 1|o111011101 -1] 52 | 01010010 | 0100101101 o] 1| 0100191101 0| -1
23 |0010001) | 0111047314 0| -1|o111011111 1] 53 | 01010011 | 0100101111 0| -1| 0100191111 0| 1
24 |0010010p | 1143020001 2| 10111010001 2| 1] 54 | 01010100 | 0100111001 o] 1| 0100111001 0| -1
25 |0010010f A 3111010011 2| -1]|0111010011 2| -1] 55 | 01010101 | 0100111011 0| -1| 0100111011 0| 1
26 |0010011p \ 4111010110 2| -1]|0111010110 2| -1] 56 | 01010110 | 0100111110 0| -1| 0100111110 0| 1
27 |00100111 0111011010 0| -1[o0111011010 ol 1] 57 | 01010111 | 0100101010 o] -1| 0100101010 0| 1
28 00101000 0111110101 0 110111110101 0 -1 58 01011000 0110100101 0 1| 0110100101 0 -1
29 |00101001 | 0111110111 0| -1|o111110111 o/ 1] 59 | 01011001 | 0110100111 0| -1| 0110100111 0| 1
2A 100101010 0111111101 0 -1(0111111101 0 1] 5A 01011010 0110101101 0 -1| 0110101101 0 1
2B 00101011 0111111111 0 110111111111 0 -1] 5B 01011011 0110101111 0 1| 0110101111 0 -1
2C 00101100 0111101001 0 -1[0111101001 0 1] 5C 01011100 0110111001 0 -1| 0110111001 0 1
2D 00101101 0111101011 0 110111101011 0 -1 5D 01011101 0110111011 0 1| 0110111011 0 -1
2E 00101110 0111101110 0 110111101110 0 -1] 5E 01011110 0110111110 0 1| 0110111110 0 -1
2F 00101111 0111111010 0 110111111010 0 -1§ 5F 01011111 0110101010 0 1| 0110101010 0 -1
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Table A.3 (continued)

8-10 modulation conversion table

Q=-1 Q=1
Dataword Codeword Codeword Dataword Codeword Codeword
DC |Q DC |Q DC |Q DC
MSB-LSB MSB-LSB MSB-LSB MSB-LSB MSB-LSB MSB-LSB

60 01100000 0010010101 0| -1| 0010010101 0 1] 90 10010000 1100100101 0 1] 1100100101 o] -1
61 01100001 0010010111 0 1| 0010010111 0 -1 91 10010001 1100100111 0 -1] 1100100111 0 1
62 01100010 0010011101 0 1| 0010011101 0 -1 92 10010010 1100101101 0 -1] 1100101101 0 1
63 01100011 0010011111 0 -1] 0010011111 0 93 10010011 1100101111 0 1| 1100101111 0] -1
64 01100100 1010010001 2 1| 0010010001 -2 1§ 94 10010100 1100111001 0 -1] 1100111001 0 1
65 01100101 1010010011 2 -1] 0010010011 -2 -1 95 10010101 1100111011 0 1| 1100111011 0 -1
66 01100110 1010010110 2 -1 010010110 -2 -1 96 10010110 1100111110 0 1| 1100111410 0 -1
67 01100111 0010011010 0 -1] 0010011010 0 1§ 97 10010111 1100101010 0 1| 1100101910 0| -1
68 01101000 0010110101 0 1] 0010110101 0| -1] 98 10011000 1010100101 2| -1]¢ b010100j01 2 -1
69 01101001 0010110111 0 -1| 0010110111 0 1] 99 10011001 1010100111 2 1k “0010100411 -2 1
6A 01101010 0010111101 0 -1| 0010111101 0 9A 10011010 1010101101 2 1| 0010101401 -2 1
6B 01101011 0010111111 0 1| 0010111111 0 -1] 9B 10011011 1010101111 2 -1| 0010101j11 -2 -1
6C 01101100 0010101001 0| -1| 0010101001 0 1] 9C 10011100 1010111001 2 1| 0010111901 -2 1
6D 01101101 0010101011 0 1| 0010101011 0 -1} 9D 10011101 1010111011 2 -1| 0010111911 -2 -1
6E 01101110 0010101110 0 1| 0010101110 0 -1 9E 10011110 1010114140 2 -1| 0010111)10 -2 -1
6F 01101111 0010111010 0 1| 0010111010 0 -1} 9F 10011111 1010101010 2 -1| 0010101910 -2 -1
70 | 01110000 0010010010 0| 1| 0010010010 0| -1] Ao 10100000 1011010101 2| 1| oo11010)01 2 1
71 | 01110001 1011010010 2| -1| 0011010010 2 1] A1 10100001 1011010111 2| -1]| oo11010)11 2 1
72 | 01110010 1010010010 0| -1| 1010010010 o] 1] A2 10100010 1011011101 2| -1]| oo11011)01 2 1
73 | 01110011 1010110010 0| 1| 1010110010 -1 A3 10190011 1011011111 2| 1| oo11011)11 2| 1
74 01110100 0010110001 2 1| 1010110001 -2 1] A4 10100100 1011001001 2 -1] 0011001p01 -2 -1
75 01110101 0010110011 2 -1] 1010110011 -2 -1 A5 10100101 1011001011 2 1| 0011001p11 -2

76 01110110 0010110110 2 -1] 1010110110 -2 -1). A6 10100110 1011001110 2 1| 0011001410 -2 1
77 01110111 0010110010 0 -1] 0010110010 0 4 A7 10100111 1011011010 2 1| 0011011910 -2 1
78 | 01111000| | 0011100101 0| 1| 0011100101 o)\ -1] A8 | 10101000 | 1011110101 2| -1| o0o11110)01 2| 1
79 | 01111001 0011100111 0| -1| 0011100111 0 A9 10101001 1011110111 2| 1] oo11110)11 2 1
7A | 01111010 | 0011101101 0| -1| 0011101101 0| 1] AA | 10101010 | 1011111101 2| 1| oo11111jo1 2| 1
7B | 01111011 | 0011101111 0| 1| 00111011%& 0| -1] AB | 10101011 | 1011111111 2| -1| oo11111j11 2| 1
7C | o1111100f | 0011111001 0| -1| 0011¥11001 0| 1] AC | 10101100 | 1011101001 2| 1| oo11101f€01 2| 1
7D | 01111101 | 0011111011 0| 1| poiat11011 0| -1] AD | 10101101 | 1011101011 2| -1| 001110111 2| 1
7E | 01111110 | 0011111110 0| 1| 0011111110 0| -1] AE | 10101110 | 1011101110 2| -1| 0011101}10 2| 1
7F 01111111 0011101010 0 1} 0011101010 0 -1] AF 10101111 1011111010 2 -1] 0011111910 -2 -1
80 | 10000000 | 1010010101 0/ 1| 1010010101 o| -1] BO | 10110000 | 1101110101 0| 1| 1101110)01 o] -1
81 | 10000001 | 1010010111 0| -1| 1010010111 0 Bl | 10110001 | 1101110111 0| -1| 1101110}11 o] 1
82 | 10000010 | 101001110% 0| -1| 1010011101 0 B2 | 10110010 | 1101111101 0| -1| 1101111)01 o] 1
83 | 10000011 | 1010017T1T 0| 1| 1010011111 o| -1] B3 | 10110011 | 1101111111 0| 1| 11011121)11 o] -1
84 | 10000100 | 1010002001 0| -1| 1010001001 o| 1] B4 | 10110100 | 1101101001 0| -1| 1101101f01 o] 1
85 | 10000101 | 1010001011 0| 1| 1010001011 o| -1] B5 | 10110101 | 1101101011 0| 1| 1101101911 o] -1
86 | 10000110 [\1010001110 0| 1| 1010001110 o| -1] B6 | 10110110 | 1101101110 0| 1| 1101101}10 o] -1
87 | 10000111 | 1010011010 0| 1| 1010011010 0| -1} B7 | 10110111 | 1101111010 0| 1| 1101111010 0| -1
88 10001000 1010110101 0 -1] 1010110101 0 1] B8 10111000 1011100101 0 -1] 1011100101 0 1
89 10001001 1010110111 0 1] 1010110111 0| -1] B9 10111001 1011100111 0 1] 1011100111 o] -1
8A 10001010 1010111101 0 1| 1010111101 0 -1] BA 10111010 1011101101 0 1| 1011101101 o[ -1
8B 10001011 1010111111 0 -1| 1010111111 0 1] BB 10111011 1011101111 0 -1] 1011101111 0 1
8C 10001100 1010101001 0 1| 1010101001 0 -1} BC 10111100 1011111001 0 1| 1011111001 0| -1
8D 10001101 1010101011 0 -1| 1010101011 0 BD 10111101 1011111011 0 -1] 1011111011 0 1
8E 10001110 1010101110 0 -1| 1010101110 0 1] BE 10111110 1011111110 0 -1] 1011111110 0 1
8F 10001111 1010111010 0 -1| 1010111010 0 BF 10111111 1011101010 0 -1| 1011101010 0 1
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Table A.3 (continued)

ISO/IEC 11694-4:2001(E)

8-10 modulation conversion table

Q=-1 Q=1
Dataword Codeword Codeword Dataword Codeword Codeword
DC | Q DC | Q DC | Q DC | Q
MSB-LSB MSB-LSB MSB-LSB MSB-LSB MSB-LSB MSB-LSB
CO0 11000000 1110010101 2 1| 0110010101 -2 1 EO 11100000 1111010101 0 1 1111010101 0 -1
Cl 11000001 1110010111 2 -1 ] 0110010111 -2 -1 E1 11100001 1111010111 0 -1 1111010111 0 1
Cc2 11000010 1110011101 2 -1 ] 0110011101 -2 -1 E2 11100010 1111011101 0 -1 1111011101 0 1
C3 11000011 1110011111 2 1| 0110011111 -2 1 E3 11100011 1111011111 0 1 1111011111 0 -1
C4 11000100 1110001001 2 -1 ] 0110001001 -2 -1 E4 11100100 1111001001 0 -1 1111001001 0 1
C5 11000101 1110001011 2 1| 0110001011 -2 E5 11100101 1111001011 0 1 1111001011 0 -1
C6 110001410 1110001110 2 1| 0110001110 -2 E6 11100110 1111001110 0 1 1111701110 0 -1
C7 11000111 1110011010 2 1| 0110011010 -2 1 E7 11100111 1111011010 0 1 1141011010 0 -1
C8 110010p0 1110110101 2 -1 | 0110110101 -2 -1 E8 11101000 1111110101 0 -1 1111710101 0 1
C9 110010p1 1110110111 2 1| 0110110111 -2 1 E9 11101001 1111110111 0 1 1111710111 0 -1
CA 11001040 1110111101 2 1| 0110111101 -2 EA 11101010 1111111101 0 1 1111711101 0 -1
CB 110010fL1 1110111111 2 -1 | 0110111111 -2 -1 EB 11101011 1111111111 0 -1 1111911111 0 1
CC 110011p0 1110101001 2 1| 0110101001 -2 1 EC 11101100 1111101001 0 1 1111101001 0 -1
CD 110011p1 1110101011 2 -1 | 0110101011 -2 -1 ED 11101101 11117101011 0 -1 1111101011 0 1
CE 110011410 1110101110 2 -1 | 0110101110 -2 -1 EE 11101110 11124101110 0 -1 11111701110 0 1
CF 11001111 1110111010 2 -1 | 0110111010 -2 -1 EF 11101111 1111111010 0 -1 1111111010 0 1
DO | 110100p0 1101000101 2| -1| 0101000101 2] 1] Fo 11110000 1101010101 0| -1| 1101010101 0| 1
D1 110100p1 1101000111 2 1| 0101000111 -2 F1 11110001 1101010111 0 1 1101010111 0 -1
D2 110100p0 1101001101 2 1| 0101001101 -2 F2 11110010 1101011101 0 1 1101011101 0 -1
D3 110100p1 1101001111 2 -1 0101001111 -2 -1 F3 11110011 1101011111 0] -1 1101¢11111 0 1
D4 110101p0 1101011001 2 1| 0101011001 -2 1 F4 11110100 1101001001 0 1 1101701001 0 -1
D5 110101p1 1101011011 2 -1 0101011011 -2 -1 ES 11110101 1101001011 0] -1 1101701011 0 1
D6 1101010 1101011110 2 -1 0101011110 -2 -1 F6 11110110 1101001110 0] -1 1101701110 0 1
D7 11010111 1101001010 2 -1 0101001010 -2 N F7 11110111 1101011010 0] -1 1101011010 0 1
D8 | 110110p0 1110100101 0| -1| 1110100101 0| 1) Fs 11111000 1111100101 2| -1| 0111100101 2| -1
D9 110110p1 1110100111 0 1 1110100111 0 -1 F9 11111001 1111100111 2 1 0111100111 -2 1
DA 11011000 1110101101 0 1 1110101101 0 -1 FA 11111010 1111101101 2 1 0111101101 -2 1
DB 1101101 1110101111 0| -1| 1110101¢11 0 1 FB 11111011 1111101111 2| -1| 0111301111 2| -1
DC | 110111po 1110111001 0 1| 1110111001 0| -1 FC 11111100 1111111001 2 1| 0111311001 -2 1
DD | 110111p1 1110111011 0| -1| 2010111011 0 1 FD 11111101 1111111011 2| -1| 0111311011 2| -1
DE 110111f0 1110111110 0 |o-1] 1110111110 0 FE 11111110 1111111110 2| -1| 0111311110 2| -1
DF 110111p1 1110101010 Of-1 | 1110101010 0 1 FF 11111111 1111101010 2| -1 0111201010 2] -1
Sync 0100010001 0 1| 1100410001 0 1
NOTE 1 [The dataword (input) is‘a-fixed-length sequence of bits (8 bits long) prior to conversion.
NOTE 2 [The codeword is«the result (output) of the 8-10 conversion and is a fixed-length sequence of bits (10 bits long). The codeword is selected by the
dataword and @Q".
NOTE 3 Q' is the Q oUtput of the previous codeword.
NOTE 4 Q is the DE,information of the codeword.
NOTE 5 The cading direction is from left to right, from MSB to LSB.
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B.1 Scope

Annex B
(normative)

MFM/NRZI-RZ modulation codes, PPM recording method

This annex defines the logical data structure specific to optical cards using a pulse-position modulatiorh recording

method and I}ZFM—RZ and NRZI-RZ modulation codes.

B.2 Termsg

For the purpdses of this annex, the following terms and definitions apply.

B.2.1
address

and definitions

character or group of characters that identifies a register, a particular part.of storage, or some other data source or

destination

B.2.2
BEST code

Burst and rapdom-Error correction-System for- Teletext; a 272,190 majority-logic decodable cyclic errg
and correctiop code

B.2.3

code word
fixed length g
method

B.24
data area
portion of the

B.2.5

error detectipn code (EDC)
set of code words in which elements conform to specific rules; if errors occur, the resulting presentat
conform to the rules, indicating that errors are present

B.2.6

error message

equence of bits resulting from encoding a message block using some error detection and

accessible optical area that can be written and/or read under the control of the application

r detection

correction

boftware

on will not

message retu

B.2.7
information

rned by a card drive unit to indicate that the card inserted in the drive cannot be processed

totality of data present on the card including service, system, and user data for interchange independent of the
method of recording; that is, whether replicated or written by means of an optical beam

B.2.8
interleaving

process of distributing the physical location of code words to render the data more immune to clustered bit errors

28
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B.2.9

message block

fixed length sequence of data bits which is encoded using error detection and correction methods to form a code
word

B.2.10
MFM-RZ
modified-frequency-modulation-return-to-zero; a specific modulation code also referred to as 1,3 RLL

B.2.11

NRZI-RZ
non-return:to=zero-inverted,return to zerg;,-a cpnr\ifir\ modulation-code, NRZI-RZ is similarto MEM-RZ except that a

transition does not occur between adjacent zeros

B.2.12
sector code word

sector datg block encoded using an error detection and correction code
B.2.13

sector datj block
block of dgta containing user data and system information

B.3 First data bit

The first dgta bit closest to the right edge of the card shall be logated at 77,4 mm + 0,7 mm in the x-axis.

B.4 Format structure

This sectipn details information which makes up:the accessible optical area and is placed on [cards during
manufactufe and/or at the time of card initialization.

Arga Subsets
Accessible optical area Guard tracks and'data area.
Data area Format description tracks, test

tracks, application description
tracks and application area.

Application afea Application data and user data.

B.5 Tragklayout

Tracks shall be arranged in reverse order beginning with the reference track, the last bottom guard track located
nearest the reference edge.

The track layout is outlined below. Because the total number of tracks can vary, the numbers of all tracks located

between the last user data track and the reference track are given in parametric form where n is the nominal
number of tracks and n+9 is the number of the last bottom guard track, the reference track.
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Track Description Track # Hex
Guard track (last bottom) n+9
Guard track (first bottom) n
Format description track n-1*
Test track 1 (bottom) n-2°
Test track 4 (bottom) n-5°
Application description track n-6°
Last user data track n-72°
First user data frack 6" 0006
Application dedcription track 520 0005
Test track 4 (top) 42 0004
Test track 1 (top) 1° 0001
Format description track 0? 0000
Guard track (lapt top) -1 3FFF
Guard track (firgt top) -10 3FF6
® Data area
®  Application area

Tracks shall he numbered in reverse order beginning with the lastjbottom guard track, the reference track.

B.6 Track

This section
ISO/IEC 1164

B.6.1 Card
NOTE Th

B.6.1.1 No

Nominal num|

layout examples

provides information concerning data-structures that support the optional card layouts d
4-2.

b with moderate data capagity
bse layouts support the inclusion of a magnetic stripe and/or signature panel.

mal density mode

per of tracks«2583. This layout shall contain 2603 data tracks, of which 2571 shall be user g

Tracks shall he numbered-sequentially, in reverse order, beginning with track 2592, the reference track.

B.6.1.2 High density mode

bscribed in

ata tracks.

Nominal num

er ol lracks 4144. This Iayout Shall contain 4164 data racks, or wWnich 41s2 shall be user

Tracks shall be numbered sequentially, in reverse order, beginning with track 4153, the reference track.

B.6.2 Cards with small data capacity

ata tracks.

NOTE These layout options support the inclusion of a magnetic stripe, IC chip with contacts, embossing and/or signature

panel.

B.6.2.1 Normal density mode

Nominal number of tracks 1000. This layout shall contain 1020 data tracks, of which 988 shall be user data tracks.
Tracks shall be numbered sequentially, in reverse order, beginning with track 1009, the reference track.

30
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B.6.2.2 High density mode

4-4:2001(E)

Nominal number of tracks 1612. This layout shall contain 1632 data tracks, of which 1600 shall be user data tracks.
Tracks shall be numbered sequentially, in reverse order, beginning with track 1621, the reference track.

B.6.3 Cards with maximum data capacity

NOTE

These layouts support the inclusion of a magnetic stripe and/or signature panel.

B.6.3.1 Normal density mode

Nominal nlimber of tracks 3425. This layout shall contain 3445 data tracks, of which 3413 shall be us§
Il be numbered sequentially, in reverse order, beginning with track 3434, the reference track.

Tracks sha

B.6.3.2 |

Nominal nimber of tracks 5492. This layout shall contain 5512 data tracks, of which 5480 shall be usq

Tracks sha

B.7 Trad
The width
centre of a
high densit

A maximur

B.8 Guard tracks

Guard trad
type 13. TH

B.9 Format description tracks

There sha
that shall b
allows lat€
compatibili
formats.

ligh density mode

h adjacent track guide shall be 12,0 um + 0,1 um in the/normal density mode and 7,5 um +
y mode.

h of ten track guides can have breaks exceeding-100 pm; no breaks shall exceed 500 pm.

ks -1 to -10 and n to n+9 shall contain a copy of the format description track formatted
e 71 excess bytes shall be filled‘with zeros.

Il be numbered sequentially, in reverse order, beginning with track 5501 ,the reference track.
k guides
of the track guides shall be 2,2 ym £ 0,5 um. The distance from the centre of one track

r data tracks.

r data tracks.

guide to the
0,1 pm in the

using sector

| be two format description tracks, one located at the top and the other at the bottom of t

I generationstof card formats to be introduced alongside earlier generations. To achiev
ly, the format description track must be of identical format and location on all gener

he data area,

this upward
ions of card

e preformatted with information that permits the card drive to automatically switch betwee}: formats and

be unable to

Format de

Scliption tracks shall be created when an optical card is manufactured. Card drives shall

write to thisfrack and an optical card shall be deemed Iinvalid unless the tormat description track IS present.

B.9.1 Content

Each format description track shall contain six sectors of 162 bytes. Sectors 0, 2 and 4 shall contain data formats
and card manufacturing information; sectors 1, 3 and 5 shall contain the error message to be returned in case of

improper u

se of the card.

Each format description track shall contain the required fields as described below and as shown in Tables B.1 and

B.2.
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— dataformat identifier: A format identifier unique to each variation in format.

— track pitch: The distance from the centre of one track guide to the centre of an adjacent track guide.

— nominal

number of data tracks: The number of data tracks contained in the data area.

— usable track length: The maximum track length available for written information and preformatted

— type of preformat data: The method of coding the preformat data.

— dataencoding identifier: An encoding scheme identifier defining the encoding scheme used.

data.

— max. se
— preform
— written ¢

— written
written b

— sector ty
— EDACs
— mediaty
— card typ
— manufaq
— master i

— serial ny

the cardsg.

— reserveq
Fields marke

the values ag
cooperation

B.10 Test

tors per track: The maximum number of sectors per track allowable.
htted data bit size: The nominal size of the preformatted data bits.
ata bit size: The nominal size of the written data bits.

jata pitch: The minimum spacing from the centre of one written bit to the centre of a
t.

pe identifier: An identifier code indicating the type of card secter.

heme identifier: An identifier code indicating the EDAC(scheme used.

pe identifier: An identifier code indicating the type€of’media used.

e identifier:  An identifier code indicating the type of card used.

turing plant identifier: An identifier code-used to indicate where the card was made.
Hentifier: A four character identifiefiindicating the master used to make the cards.

mber of master: A four character identifier indicating the serial number of the master us

for future use: Area reserved for future usage.

| Std shall be controlled by the standards body which will assign values and keep a contro

n adjacent

bd to make

register of

signed. FieldSsmarked Mfg shall be assigned values by the individual manufacturers of the cards in

ith the cardlissuer. See Tables B.1 and B.2.

tracks

There shall be eight test tracks, four at the top and four at the bottom of the data area, for card drive autodiagnosis

and calibratio

N purposes.

B.10.1 Content - Test track 1 (top and bottom)

The first test track shall consist of one sync marker, four leadins, six BOS (see B.13.2), a continuous high
frequency pattern (0000) 12784 bits long, 24 sector padding bits, one sync marker, six BOS and ending with four

leadins.
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B.10.2 Content - Test track 2 (top and bottom)

The second test track shall consist of one sync marker, four leadins, six BOS, a continuous low frequency pattern
(0101) 12784 bits long, 24 sector padding bits, one sync marker, six BOS and ending with four leadins.

B.10.3 Content - Test track 3 (top and bottom)

The third test track shall consist of one long sector containing random data generated using the generator

polynomial defined in B.16.3 according to the following algorithm (x is an unsigned 16-bit number):

Step 0:  If first generated value, set x=8000 hex, go to step 4.

Step 1: et x to the last generated value.

Step 2:  Shift x by one position to the left, that is, multiply by 2 modulo 2°.

Step 3: !f bit 15 of the last generated value is set, take the bit by bit exclusive OR of x with-1021 hex and
in Xx.

Step 4: Return x.

The serieq of random numbers begin with hex 8000, 1021, 2042, 4084, 8108, 1231, 2462, 48C4

6662, CCQ4, 89A9, etc.

B.10.4 Cgntent - Test track 4 (top and bottom)

The fourth|test track shall consist of 15 type 0 sectors cofitaihing incremental data 00, 01, 02, ...F

...FF, 00, 01, 02, ...84 hex.

B.11 Application description tracks

Two applid
of the car

application|

These trad
application
4 sectors ¢
blank.

B.12 Data tracks

ation description tracks, one at thextop and the other at the bottom of the data area, contain
1 application along with any\lerror message to be returned if there is a conflict betwsg

ks are optional and can ‘be created either during card manufacture and/or written to the
program. Each application description track shall contain 6 sectors of 162 bytes (sect
f 233 bytes (sectartype 13). If application description tracks are not required, these track

put the result

9188, 3331,

-, 00, 01, 02,

a description
en card and

tard using an
or type 1) or
5 shall be left

Each data

B.12.1 Data bits

Written and/or preformatted data bits shall be 2,2 um + 0,5 um in size and the minimum distance from the centre of
one data bit to the centre of an adjacent data bit shall be 5,0 pm + 0,3 pm.
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B.13 Track components

B.13.1 Auxiliary field

Since the EDAC scheme uses a message block 190 bits long and the sector data consists of an integral number of
bytes, bits must be added to form an integral number of message blocks. These additional bits, called auxiliary
fields, are processed by the EDAC scheme and are available to the application. The size of the auxiliary field (sq)

can be computed from the humber (m) of message blocks contained in the sector:

sq =190

m mod 8

NOTE If ]

B.13.2 Begi

A series of 4
repetition of t

nning of sector (BOS)

8 bits beginning with the track sector address followed by a 4-bit position, field which
he BOS, 16 bits of EDC and terminating with a sync marker. The argument-0¥'the EDC pd

given by the frack sector address and the position field. See Figure B.1.

B.13.3 Erro

A code comp

B.13.4 Lead

A series of 48§

B.13.5 Posi
Four bits whi
expressed i
respectively -

EXAMPLE

B.13.6 Sect

Continuous z
Since these 4

B.13.7 Syn(

A unique 8-4

I detection code (EDC)

Lted using the generator polynomial found in B.16.3.
in

bits beginning with 40 bits all set to 1 followed by, an 8-bit sync marker.

tion field

Ch count the repetition of identical BOS:'data. Counting is done with negative humbers e
h two's complement. Since data” are repeated six times, the position field
B, -5, -4, -3, -2 and -1.

(-1) is expressed as 1111 and (+5) as 1011.

or padding bits

Pro bits which aré added to each sector to make the sector length equal to an integral numhi
its are not proeessed by the EDAC, they are not available to the application.

marker

it attern which cannot be reproduced by any other data using the current modulation

Figure B.2.

n is a multiple of 4, the size of the auxiliary field is zero. Such sectors have no auxiliary fields. See Table B.3.

counts the
lynomial is

hding at -1
s contain

er of BOS.

code. See

NOTE

B.13.8 Data Frame

When asynchronization occurs during reading, data are resynchronized after sensing successive sync markers.

A 48-bit long data structure containing 40 user data bits and terminated by a sync marker. See Figure B.3.

B.13.9 Trac

k sector address (TSA)

A 20-bit long word constructed with the sector address in bits 0 through 5, and the track address in bits 6 through
19. See Figure B.4.
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B.13.10 Structure of a full track, sector types 0to 5

A full track shall consist of a preformatted track header, at least one sector, and a termination sequence composed
of two leadins minimum (four maximum). The track structure shall be symmetric and shall always be terminated by
a sync marker. See Figure B.5.

NOTE This structure allows tracks to be read in either direction.

B.13.11 Structure of a partially filled track, sector types 0to 3

A partially filled track shall consist of a preformatted track header and at least one sector of data and shall be
terminated[ By SIX BOS appearing at the end of the last 1illed sector. Data added to the track shill be written
immediately after the sync marker contained in the last BOS and no gap shall be left between the-syric marker and
the beginn|ng of the next sector. See Figure B.6.

NOTE This structure allows tracks to be read in either direction.

B.13.12 S$tructure of a full track, sector types 7 to 15
A track whijch is filled with maximum interleave sectors, types 7 to 15, shall caehsist of a preformatted [track header,
a series off 272 frames, a written track header, and shall be terminated by at least two leadins to allo the track to
be read in|both directions. The first 40 bits of each frame shall contain-the first bits of each sector] and the last
8 bits of edch frame shall contain a sync marker. The sector number of the’written track header is set o one.

The structdre of a track filled with sector types 7 to 15 is shown in‘igure B.7.

B.13.13 $tructure of a partially filled track, sector types 7 to 15
A track which is partially filled with maximum interleavé’sectors, types 7 to 15, shall be identical to {hat of a filled

track. In cpse of a track which is partially filled, thé bits corresponding to the sectors which have [not yet been
written are|missing in every frame. Sectors with maximum interleave can be written in any order. See Figure B.7.

B.14 Track ID

Track ID shall be preformatted at the’right side of the data area. All tracks shall be numbered using 20 bits. See
Figure B.4

NOTE The structure allows,the track ID to be read from either direction, that is from right to left or left to right.
B.14.1 Preformattéd-track header

The preformatted track header shall consist of 488 bits beginning with one sync marker followed bl two leadins
minimum (fodr maximum) and six BOS where the sector number of the track sector address is zero.

NOTE A track is written by scanning the preformatted track header first. A written track can be read in either direction, that
is from right to left or left to right.

B.15 Sectors

The type and size of each sector, the respective auxiliary field and the number of padding bits are shown in
Table B.3.
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B.15.1 Sect

The structure

ortypes0to 5

of a sector is shown in Figure B.8. Each sector shall consist of:

B.16.3 and B.16.4.

Sync ma

rker.

User data, auxiliary fields and system data encoded with EDAC (except for type-5) as described in section

Six BOS

NOTE Ty

B.15.2 Sect
These sector
marker within
these type sq
consist of 273

The frame n
contained in

These sector
interleaving f
bytes as:

sq = floor
The size s, 0

S, =190
B.15.2.1 Seq
The number

different size
be equal to 4

B.15.2.2 Seq(

The maximun

containing the address of the sector which follows.

be-5 sectors shall consist of only user data bytes.

or types 7 to 15

types shall be written with the maximum possible interleaving factor (48): There shall bg
each frame and all sync markers shall be written simultaneously at the first write to a track
ctors. For a track containing these types of sectors, the portion located between the two
frames of 48 bits each. See Figure B.7.

imber i shall consist of a sync marker and 40 bits containing the bit number i of each
he track. See Figure B.9.

types are defined by the number m of message bloeks which are written within the sec
hctor used to write the sector. The amount sy ofiuser data written in a given sector is ex
(190 m/8) - 4

the auxiliary field available is the sector data is expressed in bits as:

m mod 8

tor type 7
of message blocks\Wwritten in one sector can vary such that sectors on the same track

5. However, thesum of the message blocks of all type-7 sectors contained within one full
D.

tor types 8to 15

N Aumber of sectors per track, n, is obtained from the number m of message blocks as:

P One sync
containing
BOS shall

code word

or and the
pressed in

may have
track must

n = 40/m

All sectors on a given track shall have the same length.

NOTE

Additional sector types are allowed. However, it is intended that every card drive support at least those sector types

specified in Table B.3. Applications which use additional sector types must indicate this in the application description track.
Using additional sector types may eliminate the possibility of interchange of cards in other card drives.

B.16 Data encoding

This section describes the method for encoding and storing data on optical cards using the various sector types.
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ror detection and correction

Two levels of error control shall be applied before data are written to a sector of an optical card. Data shall first be
collected into a block containing user data and certain system information. A first level EDC shall be applied to this
block to form a sector data block. The sector data block shall be further encoded using an interleaved EDAC coding

scheme.

The degree of interleaving shall depend on the sector type. Sector code words, which are generated from sector
data blocks, contain data plus parity-check bits which allow the detection of bit-errors and the eventual correction of
some of these bit-errors during decoding.

The final ¢

davvord chall bha vaeittan o tha ah
TV OT O OSTTat 0T vV T Ittt T to—tr e

nticeal ~ard n_caod ranracant th mn
ToCTIT e oTT

PN a Hola-—a-madrlatio a-to
TPttt targ oo gTor roTtiatroT T ot T toT e ot

ary bits of the

code word

NOTE
written withg

B.16.2 St

B.16.2.1 L

The length
given in Ta
block shall
field, if any

B.16.2.2 (
For all sec
The lo

Data g
sector|
messd

The fi
appen
block

B.16.3 Fi

The first le

An EDAC coding scheme shall be written, in addition to user data, to all sector types exceptitype-5
ut EDAC.

fucture of sector data block

ength

ble B.3 and the value shall be equal to the interleaving factor ef the EDAC code to be app
be filled with user data and shall end with the lower 16hits of the track sector address
and 16 bits of EDC resulting from the application to thé.three items above. See Figure B.1

Construction
or types, except type-5 sectors, the sector data block shall be constructed in the following n
wer 16 bits of the track sector address shall be appended to the user data block, most signi

hall be divided into 190-bit message blocks with the last block having auxiliary bits added
address to bring it up to 174 bits; adding 16 bits of EDAC to these 174 bits equals a cor
ge block.

st level EDC is calculated across all the 190-bit message blocks with the 16 EDC pa

190 bits.

st level efror detection code

vel EDC shall be computed using the generator polynomial:

G(x) A

X16+X12+X5+1

of the sector data block shall be a multiple of 190 bits. The multiple shall depend on the §

which shall be

ector type as
ied later. The
the auxiliary
D.

hanner:
ficant bit first.
hfter the track

nplete 190-bit

ity-check bits

ded to the last mesSage block after the auxiliary bits, if any, most significant bit first. This npakes the last

B.16.4 Second level sector block encoding

The sector data block shall be encoded using the EDAC described in B.16.4.1 to form a sector code word of length
n X 272 bits where n is the interleaving factor which is equal to the number of 190-bit message blocks in the sector

data block.

See Figure B.12.
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B.16.4.1 Error detection and correction code

Each sector data block shall be encoded using an interleaved code based on the BEST EDAC code generated by
the polynomial:

900 =7+ X

7+X76+X71+X67+X66+X56+X52+X48+X4O+X36+X34+X24+X22+X18+X10+X4+1

The basic code word for a message block of 190 bits has a length of 272 bits and forms the basis for the different
interleaved codes used for each sector type as described in B.16.4.2.

B.16.4.2 Intg

The interleav
forming the {
interleaving f
depend on th
optical card,

word shall be

B.16.4.3 Tyj

For type-5 sq
address or a
272-bit blockg

B.16.4.4 Intg

The interleaV
190-bit mess
message blo
rectangular n

The row at
Unused rows

EXAMPLE
are filled with 7

The 272 fral
shown in Fi
correspondin
end of each

brleaving for sector types 0to 5

bd sector code word for a given sector type shall be constructed by encoding 190-bit'mess
ector block. The resulting 272-bit code words shall be arranged in a rectangular matri
ame, with dimensions n rows by 272 columns, where n is the interleavingfactor. The val

age blocks
array, an
Lie of n will

e sector type as given in Table B.3. The interleaving frame shall be filled in by row and wijitten to the

column by column, with each column starting at row 1 as shown in Figures B.12 and B.13
written to the optical card using MFM-RZ encoding.

e-5 sectors
ctors, the sector data block shall consist of only user data bytes. See Figure B.11. No t

Lixiliary bits shall be added nor shall the first level EDC be applied. The data shall be 3
b and interleaved as described in B.16.4.2. See Figure\B.14.

brleaving for sector types 7to 15

ed sector code word for a given sector type with maximum interleave is constructed b
age blocks forming the sector block;to obtain 82 parity bits which are appended to

. The code

ack sector
rranged in

encoding
he 190-bit

Ck to form a 272-bit code word. Thevresulting 272-bit code words are inverted and are placed in a

atrix array, an interleaving framewith dimensions 40 rows by 272 columns.

vhich the first message block'is placed corresponds to the position of the sector along
are set to zero.

the track.

If the second sector of type 9 is written, only rows 3 and 4 will be filled with code words. The renmpaining rows

eroes.

es are then“read and sent to the modulation unit, one column corresponding to one dat
ure B.15.%Data frames are written using the NRZI-RZ encoding which ensures th

j to the unused rows are not written on the card. If the track is empty, sync markers are wi
data( frame. If the track was partially filled, sync markers are not written. Figure B.9 sho

h frame as

positions
itten at the
vs a frame

resulting from

the interleaving process.

With the sync marker located at the end of each data frame, a track with sector types 7 to 15 can be read using the
MFM-RZ decoding used for sector types 0 to 5.

B.17 Measurement

NOTE 1

the optical characteristics.

NOTE 2

setting of 35 % using the reflected light mode, is used for physical measurements.
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