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Foreword

ISO (the International Organization for Standardization) and
International Electrotechnical Commission) form the<specialized s

[EC (the
ystem for

worldwide standardization. National bodies that, are members of ISO or IEC

participate in the development of Internatiopal Standards through
committees established by the respective ofgamzation to deal with

technical
particular

fields of technical activity. ISO and IEC téchnical committees collaborate in
fields of mutual interest. Other internatienal organizations, governnjental and
non-governmental, in liaison with dS@"and IEC, also take part in the work.

In the field of information technology, ISO and IEC have establish

ed a joint

technical committee, ISO/IECJTC 1. Draft International Standards aflopted by

the joint technical commiittee are circulated to the national bodies f

br voting.

Publication as an International Standard requires approval by at least 75 % of the

national bodies casting a vote.

International ;Standard ISO/IEC 11694-4 was prepared by Joint
Committee\ ISO/IEC JTC 1, Information technology, Subcommittee
Identification cards and related devices.

Technical
SC 17,

ISO/IEC 11694 consists of the following parts, under the general title
ldentification cards - Optical memory cards - Linear recording metHod:

- Part 1: Physical characteristics

- Part 2: Dimensions and location of the accessible optical area
- Part 3: Optical properties and characteristics

- Part 4: Logical data structures

Annexes A and B form an integral part of this part of ISO/IEC 116

D4

111
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Introdug

This part
parameter
and interc

The stand4
reading in
specific to
methods W
structured

tion

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

rds recognize the existence of different methods for recording and
formation on optical memory cards, the characteristics of which are
the recording method employed. In general, these different recording
ill not be compatible with each other. Therefore, the standards are
to accommodate the inclusion of existing and future recording

methods i a consistent manner.

This part g
recording
methods s

This part ¢
complianc
ISO/IEC 1

The user’s
ISO/IEC 1
other matg
11694, no
patent righ

f ISO/IEC 11694 is specific to optical memory cards using the linear
method. Characteristics which apply to other specific recording
hall be found in separate standards documents.

f ISO/IEC 11694 defines the logical data structures and‘the extent of
e with, addition to, and/or deviation from the relevant.base document
1693.

attention is called to the possibility that conipliance with this part of
1694 may require use of an invention coveréd by patent rights and/or
rial covered by copyrights. By publication of this part of ISO/IEC
position is taken with respect to_the validity of this claim or of any
ts or copyrights in connection ‘therewith.

v
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Identification cards - Optical memory cards - Linear recording

method

Part 4:
Logical

1 Scope

This part of I
for optical mg
interchange
method.

2 Normat

data structures

BO/IEC 11694 defines the logical data structures
mory cards necessary to allow compatibility and
between systems using the linear recording

ive references

The followinjg standards contain provisions which, through

reference in
ISO/IEC 114

this text, constitute provisions of this part ef
94. At the time of publication the editions

indicated were valid. All standards are subject to gevision and

parties to agr
encouraged t
recent edition

pements based on this part of ISO/IEC11694 are
investigate the possibility of applying the most
s of the standards listed below. Members of ISO

and IEC maintain registers of currently-valid international

standards.

ISO/IEC 116
cards - Gene,

ISO/IEC 116
cards - Lin
characteristid

03:1994, Identification cards - Optical memory
Fal characteristics.

D4-1:1994, Identification cards - Optical memory
ear , recording method - Part 1: Physical
54

3 Definitions

For the purpeses’of this part of ISO/IEC 11694, th¢ definitions
given in ISQAEC 11693, ISO/IEC 11694-1, ISO/IHC 11694-2,
ISO/IEE€A1694-3 and the following definitions apply.

3.1\"data bit: An area which represents data or| an optical
memory card. A mark which has a different reflectivity and/or
phase difference from the background reflectivity.| One mark
can define one or two data transitions dependg¢nt on the
modulation method selected.

3.2 data track: The area located between adjjcent track
guides where data are written and/or read.

3.3 error correction code (ECC):
correct certain kinds of errors in data.

A code designed to

3.4 error detection and correction (EDAC): A family of
methods in which redundancy is added to a message block, at
the time the message block is recorded, in known fashion.
Upon read back, a decoder removes the redundandy and uses
the redundant information to detect and correct| erroneous
channel symbols.

3.5 modulation code: A system for coding which|transforms

ISO/IEC 11694-2:1995, Identification cards - Optical memory
cards - Linear recording method - Part 2: Dimensions and
location of the accessible optical area.

ISO/IEC 11694-3:1995, Identification cards - Optical memory
cards - Linear recording method - Part 3: Optical properties
and characteristics.

information bits into some physi"a‘. represed tation for

recording onto the optical memory card.

3.6 pitch: The distance between corresponding points on
adjacent data spots.

3.7 sector: The minimum unit of data that can be accessed
on a card for any read and/or write command.
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4 Reference points

The reference track and reference edges defined in ISO/IEC

11694-2 apply unless otherwise specified.

4.1 First data bit

The first data bit shall be located on the reference track and is
part of the track ID. The location may vary dependent on the
track layouf selected. See annex A or annex B.

5 Track

© ISO/IEC

Guard tracks may contain data relating to card type, physical

data format, specific application and/or
autodiagnosis and calibration. See annex A or a

8 Data tracks

card drive
nnex B.

Written and/or preformatted data shall be located within data

layout

Track layout information shall be preformatted on cards during

manufacturg

and/or written to cards prior to use.

The total pumber of tracks may vary dependent on the

application
arranged in

fequirements; however, in all cases, tracks shall be
order, and numbered sequentially, beginning with

the reference track. See annex A or annex B for actual track

layouts and
5.1 Track

See annex
structures t

numbering sequences.
layout options

A or annex B for information concerning data
at support the optional card layouts described in

ISO/IEC 11694-2.

6 Track

Track guid

guides

s shall be uniformly spaced across.the card and

shall extend the length of the accessibleoptical area. The
accumulated tolerances across the width-of all track guides
shall be les$ than or equal to 24 um.at 25° C. See annex A or

annex B fo

7 Guard

There shall
ten directlyl|
locate the

specific dimensions:

tracks

be 20.guard tracks, ten located directly above and
below the user data area to enable the optics to

sef_data tracks and prevent the optical head from

tracks and centred between adjacent track guides.tp a tolerance
of + 0,5 um in the y-axis. See annex A or'anngx B.

9 Track ID

Written and/or preformatted\ track ID shall

identify the

physical address of each- data track. See annex A or annex B

for specific configuration/and location.

10 Sectors

Sectors)are defined by the amount of user data

the iumber of sectors which can be written to 4

trdck. See annex A or annex B for specific type

All sectors within a given track shall be identica
partially written tracks shall only be appended w
the same type as those previously written on the
otherwise specified in annex A or annex B.

In bytes and
single data
5/s1zes.

in type and
th sectors of
track unless

NOTE - Sector types/sizes have been defined to maximize the efficiency of

data storage on a track and may vary by modulation code.

11 Data encoding

To encode data requires the use of a modulatign code. See

annex A or annex B for acceptable modulation

NOTE - The user data on any single optical card shall only b¢

one modulation code.

odes.

encoded using

over runnin

g the accessible optical area if auto-tracking is lost.
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A.1 Scoy

This annex
optical cards
and an 8-10

A.2 Defi
For the purp

A.2.1 car
modulation

ISO/IEC 11694-4:1996(E)

Annex A
(normative)
8-10 NRZI modulation code, PWM recording method

[

defines the logical data structures specific to
using a pulse width modulation recording method
NRZI modulation code.

nitions

ose of this annex, the following definitions apply:

Fier/burst modulation code: A form of FM
code which makes 1,0 information correspond to

a different

A.2.2
modulation
to non-inve;

requency.

Z1: Non-return-to-zero-inverse; a specific
ethod to make 1 corresponding to inverse and O
se.

A.2.3 Reed-Solomon code: A byte error detection and/ot

correction
magnetic st

A.3 Refq

The first bo
shall be locg

NOTE - This

tode which is generally used in optical and
brage.

rence points

tom guard track (LPT7Y9) is thereference track and
ited 5,4 mm + 0,3 mm-from the reference edge.

dimension is tighter yetUstill falls within the tolerance range

specified by dimension D of ISO/IEC)11694-2.

A.3.1 Firs

The first d4
located at 1

| data bit

ta bit\closest the left edge of the card shall be
P /S0 mm + 0,40 mm in the x-axis. The distance

Track description Track # Hex
Guard track LPT9 (first bottom) -10 HFF6
Guard track LPTO (last bottom) SI FFFF
First user data track }000
Last user data track n
Guard track UPTO (first top) n+1
Guard track UPT9 (last top) n+10

NOTE - Because thie_total number of tracks may vary dej
application requirements, the last user data track and the top g
expressed in parametric form.

A.5 Track layout options

This section provides information concerning da
that support the optional card layouts described
11694-2.

A.5.1 Cards with moderate data capacity

This layout shall contain 2 520 data tracks, of Y
shall be wuser data tracks. Tracks shall beg
sequentially beginning with track -10, the refere

NOTE - This layout supports the inclusion of a magneti
signature panel.

A.5.2 Cards with options, no embossing
This layout shall contain 1 128 data tracks, of Y

shall be user data tracks. Tracks shall be
sequentially beginning with track -10, the refere

bendent on the
uard tracks are

a structures
in ISO/IEC

which 2 500
numbered
hce track.

stripe and/or

which 1 108
numbered
hce track.

NOTE - This layout supports the inclusion of a magnetic strip

e, IC chip with

between th

vt dato lost A1 s N £ ol £ ¢l 1 4
ISt Uata O LIostot T Io i TuE U oT o vara—and

the first data bit closest the right edge of the card shall be

60,6 mm +

0,1 mm in the x-axis.

contacts, and/or signature panel.

A.5.3 Cards with options, no IC chip

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.

This layout shall contain 1 128 data tracks, of which 1 108
shall be user data tracks. Tracks shall be numbered
sequentially beginning with track -10, the reference track.

NOTE - This layout supports the inclusion of a magnetic stripe, embossing,
and/or signature panel.
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The reference edges for this layout shall be the top edge and
the right edge of the card. See ISO/IEC 11694-2.

For this layout, the first data bit closest the right edge of the
card shall be located at 12,50 mm + 0,40 mm in the x-axis.
The distance between the first data bit closest the right edge of
the card and the first data bit closest the left edge of the card
shall be 60,6 mm + 0,1 mm in the x-axis.

© ISO/IEC

Card-type data shall be preformatted using a carrier/burst
modulation code. These tracks shall not be made available to
the application for writing nor shall cards be issued with these
tracks left blank.

The carrier/burst pattern shall consist of an L-pattern (denotes
0 data) and an S-pattern (denotes I data), the only difference
between patterns being the pattern-pitch. The L-pattern pitch

shall be 240 yum + 5 um and the S-pattern pitch shall be

The track la
the top to the
track.

pout for these type cards shall be displayed from
bottom of the card, beginning with the reference

A.5.4 Cards with maximum data capacity

This layout phall contain 3 593 data tracks, of which 3 573

shall be u
sequentially

NOTE - This
signature panel

er data tracks. Tracks shall be numbered
beginning with track -10, the reference track.

layout supports the inclusion of a magnetic stripe and/or

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 trag

No track gu

A.7 Gual

All guard tr
type data an
with these t
available to

Each guard
left, the othg
field. See A

NOTE - It is ex]
tracks whether

k guide shall be 12,0 um + 0,2 pm.

des shall have any breaks exceeding 180 ums

d tracks

ks shall contain preformatted-track-ID and card-
/or card-ID field data. Cards shall not be issued
racks left blank nor shall\ these tracks be made
the application for wiiting.

rack shall contain two track ID areas, one to the
r to the right-ofithe card-type data and/or card-ID
10.

pected that card drive units will have the ability to read guard
réfermatted with card-type data or pre-recorded with card-ID

field data.

120 um + 5 pum. See A.12.2, figure A.1 and\ta

The length, or x-axis dimension, of preformattd
shall be 6,0 um + 0,6 um; the width; or y-axis

shall be 2,5 um + 0,5 um; thecbit/pitch shall b
+ 0,3 um. See figure A.1.

The distance between the first data bit of the lg

le A.1.
d data bits

dimension,
e 12,0 um

ft track ID

closest the left edge of the card and the first data bit of the

card type pattern closest the left edge of the card
14,9 mm + 0,1 mm in the x-axis.

A.7.2 Unique card identification (ID) field

For ‘those applications requiring unique card s
guard tracks LPTI (track -2) and LPT0O (track -1) s
a$ a card-ID field. If using this option, informatio
the application and other issuer information may

in these tracks along with the card serialization d

Card-ID field data shall be pre-recorded
manufacturing process. These tracks shall no

shall be

brialization,
hall be used
n related to
be included
ata.

during the
t be made

available to the application for writing nor shalll cards be

issued with these tracks left blank.
A.7.2.1 Content

Figure A.2 shows the structure and data content of]
field. Data shall be pre-recorded using a type-|

the card-ID
D 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 f
two tracks.

NOTES
1 It is not permissible to set all data fields to OFF hex.
2 If no components of the card-ID field are used, these two

ur times in

racks must be

preformatted with .«ard_ty{_m data-See A 7 1
P

A.7.1 Card-type data

Field components include:

Card-type data are pre-set indicia that denote the physical data
format, the number and location of tracks and/or a specific
type application. There shall be two blocks per track each
containing the same card-type pattern repeated eight times. See
figure A.1 and table Al.

- 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.
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- 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 bytes
shall be set to OFF hex.

NOTES
1 The card manufacturer shall have the responsibility to ensure only one

ISO/IEC 11694-4:1996(E)

A.9.2 Sync marker

A specific 10-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.

UID is conjtained in their card products.
2 Since diff¢rent card manufacturers can use the same UCID, it is
recommended that the entire UID (CMID + UCID) be used.

- Number ¢f issuer data bytes (NID): The NID shall
consist of fwo bytes which specify the number of bytes used
in the ISSUER portion of the card-ID field. If the NID is
not implerhented, these two bytes shall be set to OFF hex.

- Optional |issuer data (ISSUER): The ISSUER shall
consist of {88 bytes and shall be reserved for the exclusive
use of thecard issuer. Any unused bytes in this area shall
be set to QFF hex.

NOTE - Sinde card-ID field data are pre-recorded, the ISSUER data must
be pre-recorded at the time of card manufacture.

The sync marker shall be set on the border of the data matrix,
created when implementing the Reed-Solomon’ codk, to divide
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 both track ID’s; shall be 1100010001 prior to
NRZI modulation. All other sync markers shal] be either
1100010001 or 0100010001 prior to NRZI modulation.

Thus all written sync-markers shall become either 1000011110
or 0111100001 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-pattern| shall be

A.8 Data

Each data tra

tracks

bk can contain a maximum of 60,7 mm of written

and/or prefogmatted data, including the gaps between sectors.

A.8.1 Data

Use of the 8
and/or prefo
The length,

6,0 um + O,
the width, o1

bits

10 NRZI modulation code requires that written
matted data bits consist of four-different sizes.
r x-axis dimension, shall be'3,0 um + 0,6 um,
b6 pum, 9,0 um + 0,6 pm-or12,0 um + 0,6 um;
y-axis dimension, shall-be 2,5 um + 0,5 pum.

The minimutE distance from<he Ccentre of one data bit to the

centre of an

A.9 Trac

djacent data ‘bit-shall be 6,0 ym + 0,3 pm.

kK components

0701010101... 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 read from right to left.

A.10 Track ID

Track ID shall be preformatted at the right and feft side of
each data track. See figures A.3 and A.S.

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

A.10.1 Content

The track ID shall consist of 75 bytes of informatjon and the
length shall be 2,25 mm + 0,02 mm. The tragk ID shall
consist of the PRE, sync markers, track numbery, ECC and
the PST. See A.12.3 and figure A.3.

A.9.1 Pre-amble (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.

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

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

X+x+x+x2+1=0

a is a primitive element of GF (2°).

© ISO/IEC

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.

The accumutated-toterances acrossany sectorshattbetessthan
+ 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.

EXAMPLE - Track ID are encoded using a C1 (6,2), CZ (5;1

Reed-Solomon

code. As a result, 28 parity bytes are added to the original tivo bytes which

make up the track ID.

EXAMPLE - Encoding a sector type 7 using the Reed-Solothon ECC.

Write 16 bytes of data containing “the following intpger values in

NOTE - The gector lengths shown in figure A.6 are the maximum allowed
when taking info consideration up to a 3% deviation in the velocity of the card
drive mechani$m which is anticipated in the actual use of optical card systems.

All sectors,
to the first

regardless of sector type, shall be located relative
bit position of the left track ID. The MSB shall

-always be placed at the edge of each sector closest the left

edge of the

card.

A.12 Data encoding

"This sectiom describes the method for encoding and storing

data on opt|

cal cards using the various sector types.

A.12.1 Mgdulated data

All track II
shall be mo
figures A.7

NOTE - Whe
data using the
retrieved/dem

D’s and user data along with their associated ECC
Julated using the 8-10 NRZI modulation code. See
| A.8, A.9 and table A.3.

encoding, ten bits are assigned ‘toevery eight bits of actual
-10 modulation table. When feading, the original eight bits are
dulated from the corresponding 10-bit data pattern.

A.12.2 Carrier/burst medulation code

All card-typ
modulation

NOTE - In the

e data shall be preformatted using the carrier/burst
code. See* A.7.1, figure A.1 and table A.1.

read mode, this modulation code permits card-type information

hexadecimal:
00 01 02 03 04 05 0607 08 09 0A OB OC OD OE OF
Arranging the byt¢s.into an 8 x 2 matrix, the data becomes:

00 01 02203 04 05 06 07
08 09,0A OB 0OC OD OE OF

Encoding each row of the matrix using the generator polyfgomial G(x), the
above matrix becomes:

00 01 02 03 04 05 06 07 2C 84 (5 AD
08 09 0A OB OC OD OE OF D8 4E {5 F3

Encoding each column of this matrix using the generator pplynomial G(x),
the matrix becomes:

00 01 02 03 04 05 06 07 2C 84 (5 AD
08 09 0OA OB OC OD OE OF D8 4E (5 F3
78 14 A0 CC DS B9 OD 61 EE FB IDB CE

AD CC 6F OE 34 55 F6 97 18 091 7 FE
E7 4D AE 04 75 DF 3C 96 67 8F
3A 9D 69 CE 9C 3B CF 68 65 2F

L) et
S =
=3
S

6E

A.13 Measurement

NOTES

1 The reading/writing test conditions outlined in ISO/IEC
unless otherwise specified when observing the optical cha
2 An Optical Specialties, Inc. Video Linewidth System, VLS-

11694-3 apply
acteristics.
, or equivalent,

is used for physical measurements.

A.13.1 Track guide measurement

found in the g

uard tracKs to be demodulated with soltware, eliminating the

influence from the variable velocity, if any, of the optical card drive.

A.12.3 Error correction code

Each track

ID and every sector of written data shall be

encoded using the Reed-Solomon ECC generated by the

following g

enerator polynomial:

Gx)=X-a)X-a)X-a)(X-1)

where

6

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
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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.

A.13.3 Guard track measurement

The measurement of the guard track data bit size, bit pitch and
the carrier p. t 1

in the areas flesignated 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 Pref

ormatted data characteristics

ISO/IEC 11694-4:1996(E)

be determined using the wave shape of the read out signal
using a beam diameter of 2,5 um, a read power of 0,1 mW
+ 5% and a media linear velocity of 480 mm/s + 0,5%.

The bit size shall be measured at the half value point and the
bit pitch at the peak point of the read signal. The average
value of a minimum of ten measurements shall fall within the

rge-
A.13.6 Written data characteristics

The following characteristics shall be,achieved when scanning

The followinlg characteristics shall be achieved when scanning

a written portion of the accessible gptical area con

faining high

frequency data (80 kHz), and low-frequency datq (20 kHz).

a preformattgd portion of the accessible optical area containing

a card-type

arrier/burst pattern. See figure A.1.

To achieve the expected results, tests shall be conducted using
a beam diameter of 2;5/¢m and a media linear|velocity of
480 mm/s + 3%. The write power shall be 18 mW + 5%. A

To achieve :Ie expected results, tests shall be conducted using
a beam diameter of 2,5 um and a media linear velocity of
480 mm/s H 3%.

A.13.4.1 The low frequency recovery value shall be greater
than or equaj to 0,9. See ISO/IEC 11694-3.

A.13.4.2 The amplitude comparison value shall be greater
than or equal to 0,8. See ISO/IEC 11694-3.

A.13.43 The signal overlap (S,) divided by the high
frequency amplitude (A shall be greater than or equal-to
0,8. See ISQ/IEC 11694-3.

A.13.5 Written data measurement

The measurenent of the written data bit-anidthe bit pitch shall

pulse width of 3,5 us at 80 kHz, and 22 us at 20
used.

Hz shall be

A.13.6,1\ The low frequency recovery value shall be greater

than or'equal to 0,9. See ISO/IEC 11694-3.

A,13.6.2 The amplitude comparison value shal] be greater

than or equal to 0,8. See ISO/IEC 11694-3.

A.13.6.3 The signal overlap (S,) divided b
frequency amplitude (A4,;) shall be greater than
0,8. See ISO/IEC 11694-3.

A.13.6.4 The carrier-to-noise ratio (C/N) shall
than or equal to 40 dB when measured across a
1 kHz at a carrier frequency of 80 kHz.

[y the high
or equal to

be greater
bandwidth
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<«— UPT9

<«— UPTO

User data tracks

I .| —— «—— LPTO
e H
H 10 Lower guard tracks H
L | H
— (] —— «— LPT9
.|
A A A
Left track ID - L Right track ¥D
Card-type data and/or
card-ID field data
NQTE - LPT9 is the reference track as described in ISO/IEC 11694-2.
(a) Guard track layout
A
L (1) (2) (3)
mEmEN EEER EEER EEER amEmn mEEN EENN EEmN mEEN
(240um) (120um)
L L S L S S S S
< > |« > |« >l > |« > |« > |« | R | »
< For pattern length see table A.1 >
Detail A Dimensions in micfjometres.
| &P | ) 3
A ” 1 Yo 8 — I a 1
2,5 | < 25— (I I R N R N I
A 6| 6 A 6| 6
| l«—> | <> | <> | >
«——— 36 < 36 >
ler————— S = 120 > | < L = 240 — >

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

NOTE - Drawings not to scale.

Figure A.1 - Guard track structure
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Top
LPTO
Track(-1)| Trk ID Gap Sector O Gap Sector 1 Gap Trk ID
1 [}
1 [}
LPT1
Track(-2)] Trk ID Gap Sector O Gap Sector 1 Gap Trk ID
’4" N
_-- [N
P [N
- N
—’ A
f‘ \
Pl N
_ - N
- \
- N
-7 \
AID UID NID ISSUER
CMID ¢ UCID
16 bytes 1 byte j 5 bytes 2 bytes 488 bytes

NOTE -|Type-2 sectors shall be used for card-ID field data.

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

Length Field name Description Control
16 AID Application identifier Mfg/Isr
1 CMID Card manufacturer identifier std
5 UCID Unique card identifier Mfg
2 NID Number of issuer data bytes Isr
488 ISSUER Reserved for issuer data Isr

NOTES
1 Length values are, in bytes.

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

3 Isr arq fields’assigned/controlled by each individual card issuer.

4 Std arp fields assigned/controlled by the appropriate ISO/IEC standards body.

(b) Content of the card-ID field

Figure A.2 - Structure and content of the card-ID field
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Left edge
T T
PRE S| Track E C C S| Track E C C S PST
1010101010- - -or |y| number : y| number y! 1010101010---or Gap
0101010101~ - - n : n H n| 0101010101---
60 bits|c| 20 bits: 280 bits|c| 20 bits: 280 bits|c 60 bits
1 |
T T
PRE S| Track E C C S| Track i E C C S PST
Gap 1010101010+ - -or |y| number : y| number : y| 1010]01010---or
0101010101- - - n H n H n| 0101¢10101---
60 bits{c| 20 bits: 280 bits|c| 20 bits: 280 bits|c 60 bits
| 1
Right edge
NOTE] - Each sync pattern is 10 bits set to 1000011110 or 0111100001.
Figure A.3 - Track ID/format
Left edge
PRE |Syfhc| Block 1 |Sync| Block 2 |Syne| Block 3 |Sync Sync| Block m |[|[Sync|PST
NOTE - mz denotes m in table A.2.
Figure A.4 - Format of a sector
Left ¢dge
........................... | R
Tradk -ID |Gap| Sector 1 |Gap| Sector 2 |Gap! :Gap| Sector n [Gap| Track ID
........................... L J

NOTE - n denotes n in table A.2.

10

Figure A.S - Format of a data track
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Dimensions in millimetres.

e
3,51 53,64

TyPe O | | oo N

— >t

2,25 1,26 (1,20) 2,25
s

9,51 41,58 (7,26)

Type 1 || s ] —

> <«

2,25 7,26 2,25
[
5,07 23,82 2,82 (2,82)

< > < > 4—> 4>
Type 2 || uem | R Y M —

<« <>

2,25 2,25
- ______________________ |

2,79 13,38 0,54 (0,42)

< > < >—< >
Type 3 | |pums eessssssss—— S S FEE S

G« <«

2,25 2,25
e
3,03 8,46 0,78 (0,66)

« > < >— ——
Type 4 | pusn Soeses——" S IS IS BN SN RS

«~— «—

2,25 2,25
- ]

3,81 5,28 1,56 (1,38)

< > < > < - -«
Type 5 || e I NN N I NN D B —

> <«

2,25 2,25
e ]
3,21 3,66 0,96 (0,66)

«— <« e —>—<—
Type 6 |(posss oo S o S S DN DN DN DENEN IS BEESE DN .

«—> «—>

2,25 2,25
- _____________________________________________ |

2,91 2,82 0,66 (0,42)

> <« —>—a —> <
Type 7 || usem -y -y §F 8 B _ & B B &8 B 08 § | —

« “—r< >a—> | —————>
(12,50) 2,25 56,10 2,25 (12,50)
e - |
<« Reference edge ot card " Right—edge of card —»

NOTE - Drawing not to scale.

Figure A.6 - Sector layout by type
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Dataword
8
0
v v
8-10 Modulation
conversion table
Q
10
»| One symbol delay |—
v
Codeword
EXIAMPLE
Dataword Sync (Q‘= -1) FF (Q‘'= 1) FF (Q'= -1)
Q putput -1 1 -1 -1
T |
Cofleword 010001000 110 111101010 } 1111010104

M

NQ
17
27
37

TES
lhe 8-10 miodulation conversion table is shown in table A.3.

bdulated
waveform — (b L[ LI LI LI oI 1

he codeword is selected by the dataword and Q’. Q’ is the Q output of the previous codeword.
he modulated waveform is made from the codeword stream according to the NRZI rule.

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

04 E2 46 AOQO 99 99
3C D7 C5 2E 54 54
D8 E1 B5 8C DE DE
FD F6 66 6D 9A 9A
1D 22 50 6F 89 89

8-1Q modulation plus sync markers:
0101001001 1111011101 xxxxxecc00 xxxxxecc0l xxxxxecc02 xxxxxecc03
xxxxxecc04 xxxxxecc05 xxxxxecc06 xxxxxecc07 xxxxxecc08 xxxxxecc09
xxxxxecclO0 xxxxxeccll xxxxxeccl2 xxxxxeccl3 ¢ xxxxxeccld xxxxxeccl5
xxxxxecclé xxxxxeccl7 xxxxxeccl8 xxxxxeccl9() xxxxxecc20 xxxxxecc2l
xxxxxecc22 xxxxxecc23 xxxxxecc24 xxxxxeccl25 xxxxxecc26 xxxxxecc2?
xxxxxsyncx 0101001001 1111011101 xxxxxecc00 xxxxxecc0l xxxxxecc02
xxxxxecc03 xxxxxecc04 xxxxxecc05 xxxxxecc06 xxxxxecc07 xxxxxecc08
xxxxxecc09 xxxxxecclO xxxxxeccll xxxxxeccl2 xxxxxeccl3 xxxxxeccld
xxxxxeccls xxxxxeccl6 xxxxxeccl7 xxXxxxeccl8 xxxxxeccl9 xxxxxecc20
xxxxxecc2l xxxxxecc22 xxxxxecc23 . xXxxxxecc24 xxxxxecc25 xxxxxecc2é
Xxxxxecc27 XXXXXSYNncx

NRZI conversion plus PRE, sync and PST pattefns:
1010101010 1010101010-1010101010 1010101010 1010101010 1010101010
xxxxxsyncx xxxtr#high xxxxtr#low XXXXXXNrzi XXXXXXnrzi xxxxxxnrzi
XXXXXXNrzZi XXXXXXNLz1 XXXXXXNrzi XXXXXXNrzi XXXXXXNrzi XXXXXXNrzi
XXXXXXNrzi XXXXXXNrzi XXXXXXNrzi XXXXXXNrzi XXXXXXNrzi XXXXXXNrzi
XXXXXXNrzZi XXXXXXNrzi XXXXXXNrzi XXXXXXNrzi XXXXXXNrzi XXXXXXNrzi
XXXXXXNrzi _XXXXXXNrzi XXXXXXNrzi XXXXXXNrzi XXXXXXNrzi XxXxXxXxxnrzi
XXXXXXNrzi s xxxxxsyncx xxxtr#high xxxxtr#low xxxxxxnrzi xxxxxxnrzi
XXXXXXNrzi) XXXXXXNrzi XXXXXXNrzi XXXXXXNrzi XXXXXXNrzi Xxxxxxnrzi
XXXXXXDEZ] XXXXXXNrzi XXXXXXNrzi XXXXXXNrzi XXXXXXNrzi XXXXXXnrzi
XXXXXXNrZi XXXXXXNrzi XXXXXXNrzi XXXXXXNrzi XXXXXXNrzi XXXXXXNnrzi
XXXXXXNrzi XXXXXXNrzi XXXXXXNrzi XXXXXXNrzi XXXXXXNrzi XXXXXXNrzi
XXXXXXnrzi xxxxxxnrzi xxxxxsyncx 0101010101 0101010101 0101010101
0101010101 0101010101 0101010101

Figure A.8 - Example of modulation code using the track ID # 1250 (04E2 hex)
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ECC encoding:

DOO DO1 D02 D03 D04 DOS5 DO6 DO7}EOO EO1 EO2 EO3
D08 D09 D10 D11 D12 D13 D14 D15|E04 EO5 EO06 EOQ7
D16 D17 D18 D19 D20 D21 D22 D23}E08 EO09 E10 E11l
B24—b25—Pp26—Db27Db28—BA9 B3B3+ EI2EI3FE1H4—E3IS
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 ES50 E51 E52 E53 ES54 ESS
E56 E57 E58 E59 E60 E61 E62 E63 E64 E65 E66 E67
E68 E69 E70 E71 E72 E73 E74 E75 E76 E77 E78 E79

8410 modulation plus sync markers:

MDOO MDO1 MDO2 MDO3 MDO4 MDO5 MDO6 MDO7|MEG@ MEO1 MEO2 MEO3 SYNC
MDO8 MDO9 MD10 MD11 MD12 MD13 MD14 MD15}MEO4 MEO5 MEO6 MEO7 SYNC
MD16 MD17 MD18 MD19 MD20 MD21 MD22 MD23ME0O8 MEO9 ME10 ME1l1l SYNC
MD24 MD25 MD26 MD27 MD28 MD29 MD30 MD31}ME12 ME13 ME1l4 ME15 SYNC
MD32 MD33 MD34 MD35 MD36 MD37 MD38 MD39|ME16 ME17 ME18 ME19 SYNC
MD40 MD41 MD42 MD43 MD44 MD45 MD46 MD47|ME20 ME21 ME22 ME23 SYNC
MD48 MD49 MD50 MD51 MD52 MD53 MD54\ MD55|ME24 ME25 ME26 ME27 SYNC
MD56 MD57 MD58 MD59 MD60 MD61 MB62 MD63|ME28 ME29 ME30 ME31 SYNC
ME32 ME33 ME34 ME35 ME36 ME37 ME38 ME39 ME40 ME41 ME42 ME43 SYNC
ME44 ME45 ME46 ME47 ME48 ME49\ME50 ME51 MES52 MES53 MES54 ME55 SYNC
ME56 ME57 ME58 MES59 ME60 ME61 ME62 ME63 ME64 ME65 ME66 ME67 SYNC
ME68 ME69 ME70 ME71 ME72 (ME73 ME74 ME75 ME76 ME77 ME78 ME79 SYNC

NRZI conversion plus PRE, sync, PST patterns:

PRE1 PRE2 PRE3\.PRE4 PRE5 PRE6 SYNC MDOO MDO1l MDO2 MDO3 MD0O4 MDOS5
MDO6 MDO7 MEOO ' MEO1 MEO2 MEO3 SYNC MDO8 MD0O9 MD10 MD11 MD12 MD13
MD14 MD15.MEO4 MEOS5 MEO6 MEO7 SYNC MD16 MD17 MD18 MD19 MD20 MD21
MD22 MD2B-~MEO8 MEO9 ME10 ME11l SYNC MD24 MD25 MD26 MD27 MD28 MD29
MD30 MD31 ME12 ME13 ME14 ME15 SYNC MD32 MD33 MD34 MD35 MD36 MD37
MD38 ‘MD39 ME1l6 ME17 ME18 ME19 SYNC MD40 MD41 MD42 MD43 MD44 MD45
MD46\MD47 ME20 ME21 ME22 ME23 SYNC MD48 MD49 MD50 MD51 MD52 MD53
MbDS54 MD55 ME24 ME25 ME26 ME27 SYNC MD56 MD57 MD58 MDS59 MD60 MD61
MD62 MD63 ME28 ME29 ME30 ME31 SYNC ME32 ME33 ME34 ME35 ME36 ME37
ME38 ME39 ME40 ME41 ME42 ME43 SYNC ME44 ME45 ME46 ME47 ME48 ME49
ME50 ME51 ME52 MES53 ME54 ME55 SYNC MES56 MES57 ME58 MES59 ME60 ME61

alia) Va o Nalke) iV, | - w3 (=1 OIXIAIN AL e o AT =20 a
MEGZ2—MEG3MECEMEGCS MEGOMEC7TSYNCMEGEMEGCS—MEFOMEFTMETMETS

ME74 ME75 ME76 ME77 ME78 ME79 SYNC PRE1 PRE2 PRE3 PRE4 PRE5 PRE6

* MDxx, MExx : 10 bits

Figure A.9 - Example of modulation code using a sector type 5
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Left edge ————» C1l direction
4
v > 44—
P
C User a
2 r
bytes i
d t
i y
r
e b
c y
t t
i e
o v s
n
4 Parity bytes
i
(a) Sector layout with ECC applied
User Parity Structure of ECC
Type bytes bytes in bytes
per per
sector sector (direction) (direction)
Sector type 1368 312 C1(40,36) C2(42,38)
Sector type 1024 272 Cl1(36,32) C2(36,32)
Sector type 512 208 Cl1(20,16) C2(36,32)
Sector type 256 144 C1(20,16) C2(20,16)
Sector type 128 112 Cl(12,8) C2(20,16)
Sector type 64 80 Ccl(12,8) c2(12,8)
Sector type 32 64 Ccl(12,8) Cc2(8,4)
Sector~type 16 56 Cl(12,8) C2(6,2)
(b) Content of sector with ECC applied
D:lv{f-}y Structure of ECC
Type Bytes bytes
per ID per ID (direction) (direction)
Track ID 2 28 Cl(6,2) C2(5,1)

(c) Content of track ID with ECC applied

Figure A.10 - ECC matrix

15
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Dimensions in millimetres.

D E

N¢

A

NN A W =

Top

Accessible optical area

B X X X—
A I X X X—
L J
<« >
13
<« 43 >
< 73 >
DTES

Drawing not to scale.

A designates the lower guafdtrack area.

B designates the center region of the user data track area.
C designates the uppér-guard track area.

B and C shall vary-aecording to card type.

D designates the\left track ID area.

F' designatesithe right track ID area.

Figure A.11 - Measurement points

© ISO/IEC
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Table A.1 (a) - Guard tracks - Structure of card-type data
First—pbloek—1—Seecondblock
H x 8 H P x 8
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 Card-type Pattern Length of Length of Total GYupper
type pattern (P) length 1st block 2nd rblock TNmax tracks (in mm)
See figure A.1l (in pm) (in pm) (in pm) (* 0,Bmm)
0 LLLLLLSS 1680 15360 15480 RESERV D
1 LLLLLSSS 1560 14400 14520 2509 2520 35,p
2 LLLLSLSS 1560 14400 14520 3582 3593 48,5k
3 LLLLSSSS 1440 13440 13560 1117 1128 18,p
4 LLLSLLSS 1560 14400 14520 * % * %k * %
5 LLLSLSSS 1440 13440 13560 * % * %k * %
6 LLLSSLSS 1440 13440 13560 okl * % * %
7 LLLSSSSS 1320 12480 12600 * % * % * %
8 LLSLLLSS 1560 14400 14520 *k * % * %
9 LLSLLSSS 1440 13440 13560 * % * %k * %
10 LLSLSLSS 1440 13440 13560 ** * % * %
11 LLSLSSSS 1320 12480 12600 * % * % * %
12 LLSSLLSS 1440 13440 13560 * ok * %k * %
13 LLSSLSSS 1320 12480 12600 * % * % * %
14 LLSSSLSS 1320 12480 12600 * % * % * %
15 LLSSSSSS 1200 11520 11640 * % * %k * %
H SSSSSSSS 960 - - - - -
T SSSSSSSSS 1080 - - - - -
NOTES
1 S denotes a short pattern pitch (120 um); L denotes a long pattern pitch (240 um).
2 TNmax is the maximum value assigned a track number,the last upper guard track
UPT9), using a specific card type pattern.
3 GYupper is the location, the y-axis measurement from the reference edge, of the
last upper guard track (UPT9).
4 ** These fields are determined by the application and shall be assigned and
controlled by the card manufacturer in conjunction with the card issuer.

17
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Table A.2 - Structure of the sectors

© ISO/IEC

Sector User Bytes Blocks Sectors Bytes Total
type bytes per per per per bytes
per block sector track sector per
sector (m) (n) with ECC sector
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 6 240 273
Type 5 64 12 12 8 144 169
Type 6 32 12 8 12 96 117
Type 7 16 12 6 16 72 91
NOTES
1 User bytes per sector is the number of user bytes available
after ECC has been applied.
2 m denotes the number of datal\blocks per sector.
See figure A.4.
3 n denotes the number of sectors allowed per track.
See figure A.S5.
4 Total 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 Q' = -1 Q' =1

Dataword Codeword DC Q Codeword DC Q Dataword Codeword DC Q Codeword DC. Q

MSB-LpB MSB - LSB MSB - LSB MSB-LSB MSB - LSB MSB - ISB
00 00000p00 0101010101 0 1 0101010101 0 -1 28 00101000 0111110101 0 1 ,0441110/101 0 -1
01 00000p01 0101010111 0 -1 0101010111 0 1 29 00101001 0111110111 0 -1 0111110111 0 1
02 00000p10 0101011101 0 -1 0101011101 0 1 2A 00101010 C111111101 0 -1,x0111111)101 0 1
03 00000p11 0101011111 0 1 0101011111 0 -1 28 00101011 0111111111 0 1 o111 0 -1
04 000000100 0101001001 0 -1 0101001001 0 1 2C 00101100 0111101001 0%J)-1 0111101001 0 1
05 00000[101 0101001011 0 1 0101001011 0 -1 20 00101101 0111101011 0 1 0111101p11 0 -1
06 0000010 0101001110 0 1 0101001110 0o -1 2E 00101110 0111101110 0 1 01111011110 0 -1
07 0000011 0101011010 0 1 0101011010 0 -1 2F 00101111 0111111040 0 1 0111111p10 0 -1
08 00001p00 0101110101 0 -1 0101110101 0 1 30 00110000 0111016010 0 1 0111010p10 0 -1
09 00001p01 0101110111 0 1 0101110111 0 -1 31 00110001 1140010010 2 -1 0110010p10 -2 -1
0A 00001p10 0101111101 0 1 0101111101 0 -1 32 00110010 114010010 0 -1 1111010p10 0 1
0B  00001p11 0101111111 o -1 010111111 0 1 33 00110011 1111110010 0 1 1111110p10 0 -1
0c 0000100 0101101001 0 1 0101101001 0 -1 34 001101005 0111110001 2 1 1111110p01 -2 1
0D 00001j101 0101101011 0 -1 0101101011 0 1 35 0011010% 0111110011 2 -1 1111110p11 -2 -1
OE 0000110 0101101110 0 -1 0101101110 0 1 36 00103110 0111110110 2 -1 1111110010 -2 -1
OF 000010111 0101111010 0 -1 0101111010 0 1 37 00110111 0111110010 0 -1 0111110p10 0 1
10 00010p00 1101010010 0 1 1101010010 0 -1 38.,°00111000 0111000101 2 -1 1111000101 -2 -1
11 00010001 0100010010 2 -1 1100010010 -2 -1 39~ 00111001 0111000111 2 1 11110000111 -2 1
12 00010p10 0101010010 0 -1 0101010010 0 1 3A 00111010 0111001101 2 1 1111001101 -2 1
13 00010p11 0101110010 0 1 0101110010 0 -1 38 00111011 0111001111 2 -1 1111001111 -2 -1
14 00010400 1101110001 2 1 0101110001 -2 1 3C 00111100 0111011001 2 1 1111011p01 -2 1
15  00010f101 1101110011 2 -1 0101110011 -2 -1 30 00111101 0111011011 2 -1 1111011p11 -2 -1
16 00010f10 1101110110 2 -1 0101110110 -2 3 00111110 0111011110 2 -1 1111011010 -2 -1
17 00010011 1101110010 0 -1 1101110010 0 1 3F 00111111 0111001010 2 -1 1111001p10 -2 -1
18 00011900 0101100101 2 -1 1101100101 -2 -1 40 01000000 0100010101 2 1 1100010101 -2 1
19 00011901 0101100111 2 1 110110011 -2 1 41 01000001 0100010111 2 -1 11000100111 -2 -1
1A 00011910 0101101101 2 1 11011071101 -2 1 42 01000010 0100011101 2 -1 1100011/101 -2 -1
18 00011911 0101101111 2 -1 1101101+ -2 -1 43 01000011 0100011111 2 1100011111 -2 1
1C  00011§00 0101111001 2 1 1104111001 -2 1 44 01000100 0101010001 2 1101010p01 -2 1
10 00011J01 0101111011 2 -1 1101111011 -2 -1 45 01000101 0101010011 2 -1 1101010p11 -2 -1
1 00011§10 0101111110 2 -1 1101111110 -2 -1 46 01000110 0101010110 2 -1 1101010110 -2 -1
1F 00011011 0101101010 2 -1 1101101010 -2 -1 47 01000111 0100011010 2 1 1100011p10 -2 1
20 00100900 0111010101 0_~=1 0111010101 0 48 01001000 0100110101 2 -1 1100110101 -2 -1
21 00100901 0111010111 0 1 0111010111 0o -1 49 01001001 0100110111 2 1 1100110“11 -2 1
22 00100910 0111011101 0] 1 0111011101 0 -1 4A 01001010 0100111101 2 1 1100111f101 -2 1
23 001009011 011101111 0o -1 011101111 0 48 01001011 0100111111 2 -1 1100111111 -2 -1
24 00100400 1111010001 2 1 0111010001 -2 1 4C 01001100 0100101001 2 1 1100101p01 -2 1
25 00100001 1111010011 2 -1 0111010011 -2 -1 4D 01001101 0100101011 2 -1 1100101p11 -2 -1
26 001000110 11M010110 2 -1 0111010110 -2 -1 4E 01001110 0100101110 2 -1 1100101110 -2 -1
27 00100f11 0111011010 0o -1 0111011010 0 1 4F 01001111 0100111010 2 -1 1100111p10 -2 -1

NOTES

1 The dataword (input) is a fixed-length sequence of bits (8 bits long) prior to conversion.

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’.

3 Q’is the Q output of the previous codeword.

4 Q is the DC information of the codeword.

S The coding direction is from left to right, from MSB to LSB.

1¢
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Table A.3 (continued) - 8-10 modulation conversion table
Q' = -1 Q’ =1 Q' = -1 Q=1

Dataword Codeword DC Q Codeword DC @ Dataword Codeword pC a Codeword pC a

MSB-LSB MSB - LSB MSB - LSB MSB-LSB MSB - LSB MSB ~\.LSB
50 01010000| 0100100101 0 -1 0100100101 0 1 80 10000000 1010010101 0 1 1010010101 0 -1
51 01010001| 0100100111 0 1 0100100111 0 -1 81 10000001 1010010111 0o -1, 1010010111 0 1
52 01010010 0100101101 0 1 0100101101 0 -1 82 10000010 1010011101 0 -A 1010011101 0 1
53 01010011| 0100101111 0 -1 0100101111 0 1 83 10000011 1010011111 0 1< 1010011111 0 -1
54 01010100 0100111001 0 1 0100111001 0 -1 84 10000100 1010001001 0N 1010001001 0 1
55 01010101 0100111011 0 -1 0100111011 0 1 85 10000101 1010001011 0 1 1010001011 0 -1
56 01010110| 0100111110 0 -1 0100111110 0 1 86 10000110 1010001110 0 1 1010001110 0 -1
57 01010111| 0100101010 0 -1 0100101010 0 1 87 10000111 1010011010 0 1 1010011010 0 -1
58 01011000 0110100101 0 1 0110100101 0 -1 88 10001000 1010110101 0 -1 1010110101 0 1
59 01011001| 0110100111 0 -1 0110100111 0 1 89 10001001 1010110111 0 1 1010110111 0 -1
5A 01011010 0110101101 0 -1 0110101101 0 1 8A 10001010 1010111101 0 1 1010111101 0 -1
58 01011011] 0110101111 0 1 0110101111 0 -1 88 10001011 17010111111 0 -1 1010111111 0 1
5C 01011100 0110111001 0 -1 0110111001 0 1 8C 10001100 1010101001 0 1 1010101001 0 -1
50 01011101| 0110111011 0 1 0110111011 0 -1 80 10001401 1010101011 0 -1 1010101011 0 1
SE 01011110 0110111110 0 1 0110111110 0 -1 8E 10001170 1010101110 0 -1 1010101110 0 1
S5F 01011111] 0110101010 0 1 0110101010 0 -1 8F  1000M11 1010111010 0 -1 1010111010 0 1
60 01100000| 0010010101 0 -1 0010010101 0 1 90__ 10010000 1100100101 0 1 1100100101 0 -1
61 01100001| 0010010111 0 1 0010010111 0o -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 1 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 0010010110 -2 1 96 10010110 1100111110 0 1 1100111110 0 -1
67 01100111 0010011010 0 -1 0010011010 0 1 97 10010111 1100101010 0 1 1100101010 0 -1
68 01101000 0010110101 0 1 0010110101 0’ -1 98 10011000 1010100101 2 -1 0010100101 -2 -1
69 01101001 0010110111 0 -1 0010110111 0 1 99 10011001 1010100111 2 1 0010100111 -2 1
6A 01101010 0010111101 0 -1 0010111101 0 1 9A 10011010 1010101101 2 1 0010101101 -2 1
68 01101011| 0010111111 0 1 0010%1AM1 0o -1 98 10011011 1010101111 2 -1 0010101111 -2 -1
6C 01101100 0010101001 0 -1 0010101001 0 1 9C 10011100 1010111001 2 1 0010111001 -2 1
6D 01101101| 0010101011 0 1 0010101011 0 -1 90 10011101 1010111011 2 -1 0010111011 -2 -1
6E 01101110| 0010101110 0 1,-.0010101110 0 -1 9 10011110 1010111110 2 -1 0010111110 -2 -1
6F 01101111]| 0010111010 0 180010111010 0 -1 9F 10011111 1010101010 2 -1 0010101010 -2 -1
70 01110000 0010010010 0 1 0010010010 0 -1 A0 10100000 1011010101 2 1 0011010101 -2 1
71 01110001 1011010010 2) -1 0011010010 -2 -1 Al 10100001 1011010111 2 -1 0011010111 -2 -1
72 01110010| 1010010010 o -1 1010010010 0 1 A2 10100010 1011011101 2 -1 0011011101 -2 -1
73 01110011 1010110010 0 1 1010110010 0 -1 A3 10100011 1011011111 2 1 0011011111 -2 1
74 01110100 0010110001 2 1 1010110001 -2 1 A4 10100100 1011001001 2 -1 0011001001 -2 -1
75 01110101| 0010%16011 2 -1 1010110011 -2 -1 AS 10100101 1011001011 2 1 0011001011 -2 1
76 01110110| 0010140110 2 -1 1010110110 -2 -1 A6 10100110 1011001110 2 1 0011001110 -2 1
77 01110111 0010110010 0 -1 0010110010 0 1 A7 10100111 1011011010 2 1 0011011010 -2 1
78 01111000 O0TTTO0TOT 0 1 COTTTOO0TOT 0 -1 A8 10707000 TO0TTTT0T07 2 -1 0071110101 -2 -1
79 01111001 0011100111 0 -1 0011100111 0 1 A9 10101001 1011110111 2 1 0011110111 -2 1
7A 01111010 0011101101 0 -1 0011101101 0 1 AA 10101010 1011111101 2 1 0011111101 -2 1
78 01111011 0011101111 0 1 001110111 0 -1 AB 10101011 1011111111 2 -1 0011111111 -2 -1
7C 01111100 0011111001 0 -1 0011111001 0 1 AC 10101100 1011101001 2 1 0011101001 -2 1
70 01111101 0011111011 0 1 001111101 0 -1 AD 10101101 1011101011 2 -1 0011101011 -2 -1
7€ 01111110 0011111110 0 1 0011111110 0 -1 AE 10101110 1011101110 2 -1 0011101110 -2 -1
7F 01111111 0011101010 0 1 0011101010 0 -1 AF 10101111 1011111010 2 -1 0011111010 -2 -1
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Table A.3 (continued) - 8-10 modulation conversion table)

oL - 1 oL -1 oL — 1' /I = 1
Dataw Codeword DC Q Codeword DC Q Dataword Codeword DC Q Codeword pDC Q@
MSB-L MSB - LSB MSB - LSB MSB-LSB MSB - LSB MSB - LIsB

BO 10110 1101110101 0 1 1101110101 0o -1 D8 11011000 1110100101 0.“%1 1110100101 0 1
B1 10110 1101110111 0 -1 1101110111 0 1 D9 11011001 1110100111 0 1 1110100111 0 -1
B2 10110 1101111101 0 -1 1101111101 0 1 DA 11011010 1110101101 0 1 1110101901 0 -1
B3 10110 1101111111 0 1T 110111111 0 -1 DB 11011011 11101011 M 0o -1 1110101111 0 1
B4 10110 1101101001 0 -1 1101101001 0 1 pC 11011100 1110111001 0 1 1110111001 0 -1
BS 10110 1101101011 0 1 1101101011 0 -1 DD 11011101 1110110011 0 -1 1110111011 0 1
B6 10110 1101101110 0 1 1101101110 0 -1 DE 11011110 1110117110 0 -1 1110111110 0 1
B7 10110 1101111010 0 1 1101111010 o -1 DF 11011111 1110101010 0 -1 1110101010 0 1
B8 10111 1011100101 0 -1 1011100101 0 1 EO 11100000~ 1111010101 0 1 1111010101 0 -1
B9 10111 1011100111 0 1 1011100111 0 -1 E1 11100007~ 1111010111 0 -1 1111010111 0 1
BA 10111 1011101101 0 1 1011101101 0 -1 E2 11300010 1111011101 0 -1 11110119101 0 1
BB 10111 1011101111 0 -1 1011101111 0 1 E3 14100011 1111011111 0 1T 11101 0 -1
BC 10111 1011111001 0 1 1011111001 0o -1 E4 . 11100100 1111001001 0 -1 1111001001 0 1
BD 10111 1011111011 0 -1 1011111011 0 1 ES5 «\11100101 1111001011 0 1 1111001911 0 -1
BE 10111 1011111110 0 -1 1011111110 0 1 E6 11100110 1111001110 0 1 1111001110 0 -1
BF 10111 1011101010 0 -1 1011101010 0 1 E7 11100111 1111011010 0 1 1111011010 0 -1
co 11000 1110010101 2 1 0110010101 -2 1 E8 11101000 1111110101 0 -1 1111110101 0 1
c1 11000 1110010111 2 -1 0110010111 -2 -1 E9 11101001 1111110111 0 1 111111011 0 -1
c2 11000 1110011101 2 -1 0110011101 -2 A1 EA 11101010 1111111101 0 1T 1111110 0 -1
c3 11000 1110011111 2 1 0110011111 -2 1 EB 11101011 1111111111 o -1 1M 0 1
c4 11000 1110001001 2 -1 0110001001 -2°J -1 EC 11101100 1111101001 0 1 1111101001 0 -1
c5 11000 1110001011 2 1 0110001011 /-2 1 ED 11101101 1111101011 0 -1 1111101011 0 1
cé6 11000 1110001110 2 1 0110001110, (=2 1 EE 11101110 1111101110 0 -1 1111101110 0 1
c7 11000 1110011010 2 1 0110011010~ -2 1 EF 11101111 1111111010 0 -1 1111111010 0 1
c8 11001 1110110101 2 -1 0110110101 -2 -1 FO 11110000 1101010101 0 -1 1101010701 0 1
c9 11001 1110110111 2 1 p4t0110111 -2 1 F1 11110001 1101010111 0 1 1101010111 0 -1
CA 11001 1110111101 2 1,~0110111101 -2 1 F2 11110010 1101011101 0 1 1101011101 0 -1
c8 11001 1110111111 2 -1.011011111t -2 -1 F3 11110011 1101011111 0 -1 1101011111 0 1
cc 11001 1110101001 2 1 0110101001 -2 1 F4 11110100 1101001001 0 1 1101001001 0 -1
cD 11001 1110101011 2C~-1 0110101011 -2 -1 F5 11110101 1101001011 0 -1 1101001011 0 1
CE 11001 1110101110 2\"-1 0110101110 -2 -1 F6 11110110 1101001110 0 -1 1101001710 0 1
CF 11001 1110111010 2 -1 0110111010 -2 -1 F7 11110111 1101011010 0 -1 1101011910 0 1
DO 11010 1101000101 2 -1 0101000101 -2 -1 F8 11111000 1111100101 2 -1 01111001010 -2 -1
D1 11010 1101000111 2 1 0101000111 -2 1 F9 11111001 1111100111 2 1 0111100111 -2 1
D2 11010 1101001101 2 1 0101001101 -2 1 FA 11111010 1111101101 2 1 0111101901 -2 1
D3 11010 1104001111 2 -1 0101001111 -2 -1 FB 11111011 1111101111 2 -1 onmmonpnt -2 -1
D4 11010 1901011001 2 1 0101011001 -2 1 FC 11111100 1111111001 2 1 0111111001 -2 1
DS 11010 1101011011 2 -1 01010110117 -2 -1 FO 11111101 1111111011 2 -1 ommmpnt -2 -1
06 11010” 11n1n1111n 2 =1 0101011110 =2 =1 EE 11111110 1111111110 2 =1 n1111'1'1' 10 -2 -1
D7 11010111 1101001010 2 -1 0101001010 -2 -1 FF 11111111 1111101010 2 -1 0111101010 -2 -1
Sync 0100010001 0 1 1100010001 0 1
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Annex B

(normative)
MFM/NRZI-RZ modulation codes, PPM recording method

B.1 Scope

This annex defines the logical data structure specific to optical
cards using a pulse-position modulation recording method and
MFM-RZ and NRZI-RZ modulation codes.

B.2 Definitions
For the purpode of this annex, the following definitions apply:

B.2.1 address: A character or group of characters that

identifies a reg
data source o1

B.2.2 BES
System for-

ister, a particular part of storage, or some other
destination.

code: Burst and random-Error correction-
eletext; a 272,190 majority-logic decodable

cyclic error dgtection and correction code.

B.2.3 code

rd: The fixed length sequence of bits resulting

from encoding a message block using some error detection and
correction method.

B.2.4 data area: That portion of the accessible optical area

that can be

ritten and/or read under the control of the

application software.

B.2.5 error
which elemen!

detection code (EDC): /A sét of code words in
s conform to specificrules. If errors occur, the

resulting pres¢ntation will not cofiform to the rules, indicating
that errors arg present.

B.2.6 error
unit to indica

message:{ A 'message returned by a card drive
e that_the*card inserted in the drive cannot be

processed.

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 alspyreferred to as|{1,3 RLL.

B.2.11 NRZI-RZ: Non-retum-to-zero-inverted, | return to
zero. A specific modulation code. NRZI-RZ is pimilar to
MFM-RZ except that a\tfansition does not occur between
adjacent zeros.

B.2.12 sector code word: A sector data block encgded using
an error detection and correction code.

B.2.13 ‘sector data block: A block of data contajning user
data and system information.

B.3 First data bit

The first data bit closest the right edge of the car{l shall be
located at 77,4 mm + 0,7 mm in the x-axis.

B.4 Format structure

This section details information which makes up the E\ccessible
optical area and is placed on cards during manufactyire and/or
at the time of card initialization.

Area Subsets

Accessible optical area
Data area

Guard tracks and data area.
Format description tracks, tept
tracks, application description
tracks and application area.

Application area Application data and user datal.

B.2.7 information: The 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: The process of distributing the physical
location of code words to render the data more immune to

clustered bit errors.

B.2.9 message block: The fixed length sequence of data bits

22

B.5 Track layout

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
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the last use

r 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 ouard track. the

QL 1AL Iast DOV B2 180K, LI

reference track.
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B.6.2 Cards with options, no embossing

NOTE - These layout options support the inclusion of a magnetic stripe, IC

chip with contacts, and/or signature panel.

B.6.2.1 Normal density mode

Nominal number of tracks 1 000. This layout shall contain

Track description Track # Hex
Guard track (last bottom) n+9

Guard track (f|rst bottom) n

Format descrigjtion track n-1 !

Test track 1 (Hottom) n2 !

Test track 4 (Hottom) ns5 !

Application description track n-6 !?

Last user data |track n-7 2

First user datairack 6 12 0006
Application description track 5 12 0005
Test track 4 (1pp) 4 1! 0004
Test track 1 (tpp) 1! 0001
Format descriition track 0! 0000
Guard track (13st top) -1 3FFF
Guard track (flrst top) -10 3FF6

! Data arca

Tracks shal
last bottom

B.6 Tragq
This section
that suppor

11694-2.

B.6.1 Car

NOTE - Thes

signature pane].

B.6.1.1 N

Nominal nu
2 603 data

2 Application area
be numbered in reverse order beginning with the
guard track, the reference track.
'k layout options
provides information concerning ddta structures

the optional card layouts described in ISO/IEC

s with moderate data.capacity

e layouts support the jinclusion of a magnetic stripe and/or

brmal density-mode

mbertofitracks 2 583. This layout shall contain
tracks,’ of which 2 571 shall be user data tracks.

Tracks sha

1 be numbered sequentially, in reverse order

1 UZU data tracks, ol which 988 shall be user

data tracks.

Tracks shall be numbered sequentially, ifizréverse order,

beginning with track 1009, the reference. track.
B.6.2.2 High density mode

Nominal number of tracks 1 6127 This layout s

hall contain

1 632 data tracks, of which 1600 shall be user| data tracks.
Tracks shall be numbéred’ sequentially, in reyerse order,

beginning with track 1621, the reference track.

B.6.3 Cards with’options, no IC chip

NOTE - Thése’ layouts support the inclusion of a magnetic strjpe, embossing,

and/or signature panel.

The reference edges for these layouts shall be the
the right edge of the card. See ISO/IEC 11694-

top edge and
D

For these layouts, the first data bit closest the left edge of the

card shall be located at 77,4 mm + 0,7 mm in

The track layout for these types of cards shall

the x-axis.

be displayed

from the top to the bottom of the card, beginning with the

reference track.

B.6.3.1 Normal density mode

Nominal number of tracks 1 000. This layout s
1 020 data tracks, of which 988 shall be user
Tracks shall be numbered sequentially, in re
beginning with track 1009, the reference track.
B.6.3.2 High density mode

Nominal number of tracks 1 612. This layout s

hall contain
data tracks.
verse order,

hall contain

1 632 data tracks, of which 1 600 shall be user| data tracks.

beginning with track 2592, the reference track.

B.6.1.2 High density mode

Nominal number of tracks 4 144. This layout shall contain
4 164 data tracks, of which 4 132 shall be user data tracks.
Tracks shall be numbered sequentially, in reverse order,
beginning with track 4153, the reference track.

Tracks chall ba ayiaob d—seaguentigll—
RCIS—ona—oS—hHuioerea—Ssequehtiany i1

beginning with track 1621, the reference track.

B.6.4 Cards with maximum data capacity

NOTE - These layouts support the inclusion of a magnet
signature panel.

yerse order,

ic stripe and/or

23
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B.6.4.1 Normal density mode

Nominal number of tracks 3 425. This layout shall contain
3 445 data tracks, of which 3 413 shall be user data tracks.
Tracks shall be numbered sequentially, in reverse order,
beginning with track 3434, the reference track.

B.6.4.2 High density mode

© ISO/IEC

the error message to be returned in case of improper use 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.

- dataformat identifier: A format identifier unique to each
variation in format.

Nominal number of tracks S 492. This layout shall contain
5 512 data tracks, of which 5 480 shall be user data tracks.
Tracks shall|be numbered sequentially, in reverse order,
beginning with track 5501, the reference track.

B.7 Track guides

The width of|the track guides shall be 2,2 um + 0,5 um. The
distance fromn] the centre of one track guide to the centre of an
adjacent track guide shall be 12,0 um + 0,1 um in the normal
density mode|and 7,5 um + 0,1 um in the high density mode.

A maximum |of ten track guides can have breaks exceeding
100 um; no breaks shall exceed 500 pum.

B.8 Guard tracks

Guard tracks|-1 to -10 and n to n+9 shall contain a copy of

the format description track formatted using sector type“l3.
The 71 excess bytes shall be filled with zeros.

B.9 Format description tracks

There shall e two format descriptionstracks, one located at
the top and the other at the bottom/of the data area, that shall

be preformat
to automatic

ed with information.that permits the card drive
hlly switch betWween formats and allows later

generations df card formats'to be introduced alongside earlier

generations.

Co achieve this upward compatibility, the format

description tfack must-be of identical format and location on

all generations of card formats.

- 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 areay expressed in 0,01 mm
units.

- usable track length: <Thé maximum track length available
for written information and preformatted datal

- type of preformat data: The method of foding the
preformat data.

- data éncoding identifier: An encoding schem§ identifier
defining the encoding scheme used.

</ max. sectors per track: The maximum numbef of sectors
per track allowable.

- preformatted data bit size: The nominal $ize of the
preformatted data bits.

- written data bit size: The nominal size of the Written data
bits.

- written data pitch: The minimum spacing from the centre
of one written bit to the centre of an adjacent pvritten bit.

- sector type identifier: An identifier code indicating the
type of card sector.

- EDAC scheme identifier: An identifier codq indicating
the EDAC scheme used.

- media type identifier: An identifier code indicating the
type of media used

Format description tracks shall be created when an optical
card is manufactured. Card drives shall be unable to write to
this track and an optical card shall be deemed invalid unless
the format 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

24

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

- manufacturing plant identifier: An identifier code used
to indicate where the card was made.

- master identifier: A four character identifier indicating
the master used to make the cards.
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- serial number of master: A four character identifier
indicating the serial number of the master used to make

A
the cards.

- reserved for future use: Area reserved for future usage.

Fields marked Std shall be controlled by the standards body
which will 2 3
values assigned. Flelds marked Mfe shall be assigned values
by the indiviidual manufacturers of the cards in cooperation

ISO/IEC 11694-4:1996(E)

The fourth test track shall consist of 15 type O sectors
containing incremental data 00, 01, 02, ...FF, 00, 01, 02,

e nn N1 n» 0A L.

.0, VU, Ui, Uz, ...0% 0€X.

B.11 Application description tracks

Two apphcatlon descrrptron tracks, one at the top and the

the card application alone with an

card application along with

3}/
returned if there is a conflict between card and a

with the car

B.10 Tes

l issuer. See tables B.1 and B.2.

t tracks

There shall e elgm test [l'aCKS, four at the [Op and four at the

bottom of t
calibration

ne data area, for card drive autodiagnosis and
urposes.

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

The first tes
leadins, six
pattern (00O
sync marker|

t track shall consist of one sync marker, four

BOS (see B.13.2), a continuous high frequency

D) 12 784 bits long, 24 sector padding bits, one
six BOS and ending with four leadins.

B.10.2 Co

tent - Test track 2 (top and bottom)

These tracks are optional and can be created either
manufacture and/or written to the(eard using an
program. Each application description track sha
sectors of 162 bytes (sector type 1) or 4 sectors

{(sector type 13).
required, these tracks shall be left blank.

B.12 Data tracks

Each data track can contain a maximum of 69
written ‘and/or preformatted data.

B.12.1 Data bits

Written and/or preformatted data bits shall be 2

during card
application
1 contain 6
f 233 bytes

If application description tratks are not

,64 mm of

2 pm +

The second fest track shall consist of one sync marker, four
leadins, six BOS, a continuous low frequency pattern (0101)
12 784 bits lpng, 24 sector padding bits, one sync marker, six
BOS and engling with four leadins.

B.10.3 Conjtent - Test track 3 (top and bettom)

The third tegt track shall consist of one leng sector containing
random data|generated using the genérator polynomial defined
in B.16.3 gccording to the following algorithm (x is an
unsigned 16ibit number):

Step 0: If first generated value, set x=8000 hex, go to step 4.
Step 1: Sef x to the ldst generated value.
Step 2: Shift x byrene position to the left, that is, multiply by

2 tpodule 2'S.
Step 3. If but1S of the last gpnprafpd value is set, take the bhit

0,5 um in size and the minimum distance from the centre of

one data bit to the centre of an adjacent data bif
5,0 um + 0,3 pm.

B.13 Track components
B.13.1 Auxiliary field

Since the EDAC scheme uses a message block 1
and the sector data consists of an integral numb
bits must be added to form an integral number
blocks. These additional bits, called auxiliary
processed by the EDAC scheme and are avail
application. The size of the auxiliary field

computed from the number (m) of message block

shall be

DO bits long
er of bytes,
of message
fields, are
hble to the
s,) can be
s contained

in the sector:

by bit exclusive OR of x with 1021 hex and put the
result in x.
Step 4: Return x.

The series of random numbers begin with hex 8000, 1021,
2042, 4084, 8108, 1231, 2462, 48C4, 9188, 3331, 6662,
CCC4, 89A9, etc...

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

= 190 m mod 8

NOTE - If m is a multiple of 4, the size of the auxiliary field is zero. Such
sectors have no auxiliary fields. See table B.3.

B.13.2 Beginning of sector (BOS)
A series of 48 bits beginning with the track sector address

followed by a 4-bit position field which counts the repetition
of the BOS, 16 bits of EDC and terminating with a sync

25
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marker. The argument of the EDC polynomial is given by the
track sector address and the position field. See figure B.1.

B.13.3 Error detection code (EDC)

A code computed using the generator polynomial found in
B.16.3.

© ISO/IEC

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 0 to 3

A partially filled track shall consist of a preformatted track

B.13.4 Leadin

A series of 48 bits beginning with 40 bits all set to 1 followed

by six BOS appearing at the end of the last filled [sector. Data

header and at least one sector of data and shall t;[ terminated
added to the track shall be written immediately

ter the sync

by an 8-bit

sync marker.

B.13.5 Pogition field

Four bits which count the repetition of identical BOS data.

Counting i done with negative numbers ending at -1
expressed in two’s complement. Since data are repeated six
times, the ppsition fields contain respectively -6, -5, -4, -3, -2
and -1.

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

B.13.6 Segtor padding bits

Continuous
the sector 1
these bits

zero bits which are added to each sector to make
ength equal to an integral number of BOS. Since
are not processed by the EDAC, they are not

available tq the application.

B.13.7 Sy

hc marker

A unique §-bit pattern which cannot be reproduced by any
other data ysing the current modulation codel\See figure B.2.

NOTE - When asynchronization occurs dufing reading, data are

resynchronize

| after sensing successive synC markers.

B.13.8 Data Frame

A 48 bit lo
terminated

B.13.9 Tr

hg data structure containing 40 user data bits and
by a syncmarker. See figure B.3.

hck“sector address (TSA)

marker contained in the last BOS andyno gap ghall be left

between the sync marker and the beginning of the
See figure B.6.

NOTE - This structure allows tracks to be read in either dir

B.13.12 Structure_.of a’full track, sector type

next sector.

ction.

s 7 to 15

A track which is filled with maximum interleave ejnzctors, types

7 to 15, shall Consist of a preformatted track h

of 272 frames, a written track header, and shall b
by at J€ast’ two leadins to allow the track to be
directions. The first 40 bits of each frame shal

er, a series
e terminated
read in both
contain the

first’'bits of each sector, and the last 8 bits of each frame shall

contain a sync marker. The sector number of the
header 1is set to one.

The structure of a track filled with sector typq
shown in figure B.7.

B.13.13 Structure of a partially filled track,
sector types 7 to 15

written track

s 7 to 15 is

sectors, types 7 to 15, shall be identical to th

t of a filied

A track which is partially filled with maximU{\ interleave
|

track. In case of a track which is partially fi
corresponding to the sectors which have not yet
are missing in every frame. Sectors with maximu
can be written in any order. See figure B.7.

B.14 Track ID

Track 1D shall he prf-fnrmmted at the right sid

ed, the bits
been written
m interleave

e of the data

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.

B.13.10 Structure of a full track, sector types 0 to 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

26

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 Preformatted track header

The preformatted track header shall consist of 488 bits
beginning with one sync marker followed by two leadins
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minimum (four 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
to right.

be read in either direction, that is from right to left or left

ISO/TIEC 11694-4:1996(E)

such that sectors on the same track may have different sizes.
However, the sum of the message blocks of all type-7 sectors
contained within one full track must be equal to 40.
B.15.2.2 Sector types 8 to 15

The maximum number of sectors per track, n, is obtained

B.15 Sectors

The type and
and the numb

ize of each sector, the respective auxiliary field
er of padding bits are shown in table B.3.

B.15.1 Sectdr types 0 to 5

The structure
shall consist (

of a sector is shown in figure B.8. Each sector
f:

- User dataL auxiliary fields and system data encoded with

EDAC (e

and B.16
- Sync mar|
- Six BOS

follows.

NOTE - Type-5

cept for type-5) as described in section B.16.3
4.

ker.

containing the address of the sector which

bectors shall consist of only user data bytes.

B.15.2 Sectqr types 7 to 15

These sector t
interleaving f3
each frame

simultaneousl
type sectors. ]
portion locatg
frames of 48

The frame nu
containing the

ypes shall be written with the maximum possible
ctor (48). There shall be one sync marker within
and all sync markers shall be. written
y at the first write to a track contaifiing these
For a track containing these types of sectors, the
d between the two BOS shall.consist of 272
bits each. See figure B7.

mber i shall consist of-a sync marker and 40 bits
bit number i of each ‘code word contained in the

track. See figure B9.

These sector
blocks which
factor used t

Lypes are defined by the number m of message
hre written Within the sector and the interleaving
write/the sector. The amount s, of user data

written in a qiven sector is expressed in bytes as:

from the number m of message blocks as:

n = m/40
All sectors on a given track shall have the same I¢ngth.

NOTE - Additional sector types are alloweéd)  However, it is |ntended that
every card drive support at least those, sector types specified |n table B.3.
Applications which use additional~sector types must indicat¢ 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 sectipn/describes the method for encoding ahd storing
data on optical cards using the various sector typI

B;16.1 Error detection and correction

Two levels of error control shall be applied before data are
written to a sector of an optical card. Data shdll first be
collected into a block containing user data and certjin system
information. A first level EDC shall be applied th{s block to
form a sector data block. The sector data block shall be
further encoded using an interleaved EDAC codinjg scheme.

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

The final code word shall be written to the optical kard using
a modulation code to represent the binary bits of the code
word.

Note: An EDAC coding scheme shall be written, in addition to|user data, to

: + -t

The size s, of

s, = floor (190 m/8) - 4

the auxiliary field available is the sector data is

expressed in bits as:

s, = 190 m mod 8

B.15.2.1 Sector type 7

The number of message blocks written in one sector can vary

S whiah—challb
W

H te el r
ald types-exeeptiype-S-which-shat be-written-without-EDAC.

B.16.2 Structure of sector data block
B.16.2.1 Length

The length of the sector data block shall be a multiple of 190
bits. The multiple shall depend on the sector type as given in
table B.3 and the value shall be equal to the interleaving factor
of the EDAC code to be applied later. The block shall be

27
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filled with user data and shall end with the lower 16 bits of the
track sector address, the auxiliary field, if any, and 16 bits of
EDC resulting from the application to the three items above.
See figure B.10.

B.16.2.2 Construction

For all sector types, except type-5 sectors, the sector data

© ISO/IEC

be constructed by encoding 190-bit message blocks forming
the sector block. The resulting 272-bit code words shall be
arranged in a rectangular matrix array, an interleaving frame,
with dimensions n rows by 272 columns, where n is the
interleaving factor. The value of n will depend on the sector
type as given in table B.3. The interleaving frame shall be
filled in by row and written to the optical card, column by
column, with each column starting at row 1 as shown in

block shall be constructed in the following manner:

- The lower 16 bits of the track sector address shall be

append

to the user data block, most significant bit first.

- Data shgll be divided into 190-bit message blocks with the
last blodk having auxiliary bits added after the track sector
address to bring it up to 174 bits; adding 16 bits of EDAC
to these |174 bits equals a complete 190-bit message block.

- The firgt level EDC is calculated across all the 190-bit
messagdq blocks with the 16 EDC parity-check bits

append
if any,

190 bitd.

B.16.3 Fir;

The first lej
polynomial:

B.16.4 Sed

The sector
described in
X 272 bits w
the number
See figure K

to the last message block after the auxiliary bits,
ost significant bit first. This makes the last block
5t level error detection code
el EDC shall be computed using the generator
Gkx) = x + x? +x* + 1
ond level sector block encoding
data block shall be encoded using\the EDAC
B.16.4.1 to form a sector code word of length n
here n is the interleaving factor,which is equal to

bf 190-bit message blocks i the sector data block.
12,

B.16.4.1 Hrror detection and correction code

Each sector

data block shall be encoded using an interleaved

code based| on the BBST EDAC code generated by the
polynomial:
g(x) = x2 £ X7 + x" + x4+ x7 + x% + x50+ x4+ x*®

figures B.12 and B.13. The code word shall be-w
optical card using MFM-RZ encoding.

B.16.4.3 Type-5S sectors

ritten to the

For type-5 sectors, the sector data-block shall cogsist of only

user data bytes. See figure B.11x No track secto

r address or

auxiliary bits shall be added nor shall the first level EDC be

applied. The data shall_be arranged in 272-bit
interleaved as described*in B.16.4.2. See figure

B.16.4.4 Interleaving for sector types 7 to 15

The intepleaved sector code word for a given sect
maximiim” interleave is constructed by enco

message blocks forming the sector block to ob

bits\which are appended to the 190 bit message b
4272 bit code word. The resulting 272 bit cod
inverted and are placed in a rectangular matri
interleaving frame, with dimensions 40 rows by 2

The row at which the first message block
corresponds to the position of the sector along
Unused rows are set to zero.

EXAMPLE - If the second sector of type 9 is written, only ro|
be filled with code words. The remaining rows are filled wit

blocks and
B.14.

br type with
ing 190-bit
in 82 parity
ock to form
e words are
X array, an
72 columns.

is placed
r the track.

b

s 3 and 4 will
h zeroes.

The 272 frames are then read and sent to the modhlation unit,

one column corresponding to one data frame :
figure B.15. Data frames are written using th

s shown in
e NRZI-RZ

encoding which ensures that positions corresponding to the

unused rows are not written on the card. If the tra
sync markers are written at the end of each data f
track was partially filled, sync markers are not wr
B9 shows a frame resulting from the interleaving

ck is empty,
rame. If the
tten. Figure
¥ process.

+ x4+ x4 P A xPxBEx+x+ ]

with the SynC marker [ocated at the end of each

data frame,

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 Interleaving for sector types 0 to 5

The interleaved sector code word for a given sector type shall

28

a track with sector types 7 to 15 can be read using the MFM-
RZ decoding used for sector types O to 5.

B.17 Measurement

NOTES
I The reading/writing test conditions outlined in ISO/IEC 11694-3 apply,
unless otherwise specified, when observing the optical characteristics.
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2 A Nanometrics Nanoline® 4C critical dimension measuring system, or
equivalent, with the recommended threshold setting of 35% using the
reflected light mode, is used for physical measurements.

B.17.1 Preformatted data measurement

Track pitch, track guide width, and preformatted data bit size
shall be measured. The average of a minimum of ten

ISO/IEC 11694-4:1996(E)

B.17.2.3 The signal overlap (S,) divided by the high
frequency amplitude (4,;) shall be greater than or equal to
0,5. See ISO/IEC 11694-3.

B.17.3 Written data characteristics

The following characteristics shall be achieved when scanning

measurement$ each shall fall within the specified range.
B.17.2 Prefprmatted data characteristics

The following characteristics shall be achieved when scanning
a preformattedl portion of the accessible optical area containing
high frequendy data (5 um bit pitch), and low frequency data
(10 pm bit pitch).

To achieve the expected results, tests shall be conducted using
a beam diamgter of 2,5 um and a media linear velocity of
100 mm/s.

B.17.2.1 Thg low frequency recovery value shall be greater
than or equal|to 0,7. See ISO/IEC 11694-3.

B.17.2.2 THe amplitude comparison value shall be greater
than or equallto 0,4. See ISO/IEC 11694-3.

T WrTtterr portion of the dccemﬁmﬁlmrining high
frequency data (6 um bit pitch), and low frequency data

(10 um bit pitch).

To achieve the expected results, tests shall be condficted using
a beam diameter of 3,2 um and 4-mnedia linear pelocity of
100 mm/s. The write power shall*be 6,5 mW ang the pulse
width shall be 7 us.

B.17.3.1 The low frequency recovery value shall be greater
than or equal to 0,7.\See ISO/IEC 11694-3.

B.17.3.2 Theamplitude comparison value shall|be greater
than or equal to 0,4. See ISO/IEC 11694-3.

B.17.3.3- The signal overlap (S,) divided by the high
frequency amplitude (4y;) shall be greater than ¢r equal to
075. See ISO/IEC 11694-3.
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Right edge
Track address Sector address |Pos. Field| EDC | Sync marker
(14 bits) (6 bits) (4 bits) |(16 bits) (8 bits)
Figure B.1 - Structure of the beginning of sector
Right edge
2 bits 1,5 bits 2,5 bits I'bit
> <€ > <€ > €<—>

I T I |

Figure B.2 - Structure of the sync marker

Right edge

User data
(40 bits)

QZ~<wn

Figure B.3 - Structure of a data frame
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Right edge
Bit

Ol 18j17116}15 |14 1312111019 }8}|7]61]S5 41312 110

13y ,12) 1) 100 9| ,84,7],6],5] ,4] 3] .2

2712 |2
-« > | >
Track number Sector number
Figure B4 - Track sector address format
Right edge
S | Leadin Other Leadi
Y | (2 min. B%{S Sector 0 Sector 1 Sectors Sector n (ze?mlnn.
I(\:I dmax.) | | | N e 4 max.)
- >
Preformat data

Figure B.S - - Structure of a full track, sector types 0 - 5

Right edge
S )
Y Leadm 6 Other
I,:I 22 n?:.l‘l,l\ B (3(8 Sector 0 Sectors Sector n
e ax)y—-> 00000 0 L
-«

Preformat data

Figure B.6 - Structure of a partially written track, sector types 0 - 3



https://standardsiso.com/api/?name=96980e3d31718f18d75ce25be0a2cef3

