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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-governmental, in liaison with ISO and IEC, also take part in the
work. In the field of information technology, ISO and IEC have established a joint technical committee,
ISO/IECJTC 1.

The prodedures used to develop this document and those intended for its further maintenange afe
describegl in the ISO/IEC Directives, Part 1. In particular the different approval criteria.needed fpr
the diffefent types of document should be noted. This document was drafted in accordance with the
editorial|rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subjelct
of patent rights. ISO and IEC shall not be held responsible for identifying day or all such patept
rights. [Jetails of any patent rights identified during the development of the~document will be in the
Introducfion and/or on the ISO list of patent declarations received (see wwi:is0.org/patents).

Any tradp name used in this document is information given for the convenience of users and does npt
constitute an endorsement.

expressigns related to conformity assessment, as well as information about I1SO's adherence to the
World Trpde Organization (WTO) principles in the Technical,Barriers to Trade (TBT) see the followi
URL: www.iso.org/iso/foreword.html.

For an explanation on the voluntary nature of standards, the ‘meaning of ISO specific terms aid

g

This dodqument was prepared by ISO/IEC JTC 1, faformation technology, SC 17, Cards and personal
identificdtion.

This thifd edition cancels and replaces the‘second edition (ISO/IEC 7811-7:2014), which has be¢n
technically revised.

Major changes from the previous editien‘are as follows:

— the primary standard cards held by Q-Card are used to calibrate the manufacture of secondary
referjence cards; other primary standard cards held by PTB and Card Testing International (CTI) afe
used|as backup to replaceycards held by Q-Card as they wear out;

— deleted reference to character sets in the Scope since none are used in this document;
— list df major differences has been moved from the Introduction to Annex A;

— the supplieriof secondary reference cards has changed from PTB to Q-Card.

Notes in| this document are only used for giving additional information intended to assist in the
understanding or use of the document. They do not contain provisions or requirements to which it is
necessary to conform in order to be able to claim compliance with this document.

Alist of all the parts in the ISO/IEC 7811 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Identification cards — Recording technique —

Part 7:
Magnetic stripe: High coercivity, high density
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Scope

his document is one of a series of standards describing the characteristics for identifieation
fined in the definitions clause and the use of such cards for international interchange.

rerlay) on an identification card and encoding technique. It takes into consideration both hy
achine aspects and states minimum requirements.

percivity influences many of the quantities specified in this document but is not itself speci
ain characteristic of the high coercivity magnetic stripe is its improved resistance to erasuf
hieved with minimal probability of damage to other magnetic stripes by contact while retai
mpatibility with magnetic stripes as defined in ISO/IEC 781%-2.

0O/IEC 7811-6. The number of tracks has been incredased to 6, each track being approxim
e width of tracks conforming to ISO/IEC 7811-6y,located so that readers designed to re

high density tracks will also be able to read cards.conforming to ISO/IEC 7811-2 and ISO/IE

hta is encoded in 8 bit bytes using the MFM encoding technique. Data framing is used to li
opagation and error correction techniques-further improve reliability of reading.

is the purpose of the ISO/IEC 7811 seriés-of standards to provide criteria to which cards shall
b consideration is given within these/standards to the amount of use, if any, experienced by
ior to test. Failure to conform tgspecified criteria is negotiated between the involved partie

0/1EC 10373-2 specifies the test procedures used to check cards against the parameters sp
is document.

unded off and are.¢ensistent with, but not exactly equal to each other. Using either system is c

intermixing or recéonyerting values can result in errors. The original design was made using the

easurement system.

Normative references

ne-following documents are referred to in the text in such a way that some or all of thei

cards as

his document specifies requirements for a high coercivity magnetic stripe fincluding any pyrotective

man and

fied. The
e. This is
hing read

nis document provides for a card capacity of approximately 10 times that of a card confgrming to

tely half
ad these
C 7811-6.
mit error

perform.
the card
S.

bcified in

DTE Numeric values in the SI and/or Imperial measurement system in this document may have been

rrect but
Imperial

" content

TIOTITU OO T O Uit CHITC Ity O tIHo STO CUTIIICIIt: T O Ot to o T I CIrctO; OTITy tIic T Ortrortorceor

pplies. For

undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 4287, Geometrical Product Specifications (GPS) — Surface texture: Profile method — Terms, definitions
and surface texture parameters

[SO/IEC 7810, Identification cards — Physical characteristics

ISO/IEC 10373-1, Identification cards — Test methods — Part 1: General characteristics

ISO/IEC 10373-2, Identification cards — Test methods — Part 2: Cards with magnetic stripes

©
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3 Terms, definitions, symbols and abbreviated terms

For the purposes of this document, the terms and definitions given in ISO/IEC 7810 and the
following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

3.1 Te

3.1.1

primary
set of ref
PTB, Q-C

3.1.2

seconda
referencq
certificaf

Note 1 to
source of

3.1.3

unused yn-encoded card

card pos
to any pd

10 % to 9

3.1.4
unused ¢

card accutﬁrding to 3.1.3 that has only been’encoded with all the data (magnetic, embossing, electron

etc) req
3.1.5

returnedl card
rding to 3.1.4 afteriPhas been issued to the card holder and returned for the purpose of testipg

card accd

3.1.6
flux trarg
location

3.1.7

'ms and definitions

standard
erence cards established by Physikalisch-Technische Bundesanstalt (PTB) and ‘maintained 1
hrd, and Card Testing International that represent the values of Ur and Ir designated RM7811

ry standard

card designated RM7811-6 that is related to the primary standard-as’stated in the calibrati¢n

e supplied with each card

entry: Secondary standards can be ordered from Q-Card, 301 Reagan St., Sunbury, PA 17801, USA. T
econdary standards will be maintained at least until 2018.

cessing all the components required for its intehded purpose, which has not been subjecte

rsonalization or testing operation, and whichshas been stored in a clean environment with no
more than 48 hour exposure to day-light at temperatures between 5 °C to 30 °C and humidity betweg

0 % without experiencing thermal shock

bncoded card

ired for its intended purpose

sition
bf the gré€atest rate of change with distance of the magnetization

Dy

e

pd

20!

—

C

referend

eleurrent

Ir

minimum recorded current amplitude under the given test conditions that causes, on the reference
card, a readback signal amplitude equal to 80 % of the reference signal amplitude U, at a density of 20
flux transitions per millimetre (508 flux transitions per inch) as shown in Figure 6

3.1.8

reference flux level

Fr

flux level in the test head that corresponds to the reference current Ir

3.1.9

test recording currents
two recording currents defined by:

2
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I'min= Recording current corresponding to 2,2 FR

I'max= Recording current corresponding to 2,5 Fr

1.10

individual signal amplitude
Ui
base-to-peak amplitude of a single readback voltage signal

3.

1.11

a\
Ui
St
P

3
I¢
U,
m

3
p
n

3
b
n

]

w T w

a\
B
pi
di

3
lo
B
Cq
th

3
d

rerage signal amplitude

\
m of the absolute values of the amplitude of each signal peak (U;) divided by the number

baks (n) for a given track over the length of the magnetic stripe area

1.12
tference signal amplitude
R

1.13
hysical recording density

timber of flux transitions per unit length recorded on a track

1.14
t density

wimber of data bits stored per unit of length

1.15
t cell
stance for a data bit nominally the reciprocatof the bit density as shown in Figure 8

1.16
ferage bit cell

oduct of bit cell length and,sum of the actual distances for all flux transition intervals o
vided by the sum of the nomiral distances for all flux transition intervals on the track

1.17
cal average bit cell

6
mparison reference for a given flux transition interval equal to the nominal L1 distance mul

1.18
bmagnetization current

Iq

of signal

aximum value of the average signal amplitude of a reference card corrected to the primary gtandard

h a track

iplied by

e sum of the actual distances for the previous six flux transition intervals divided by the sim of the
n¢minal distatices for the previous six flux transition intervals (L1 * (£ actual)/(2 nominal))

D.C. current value that reduces the average signal amplitude to 80 % of the reference signal amplitude
(URr) on a secondary reference card that has been encoded at a density of 40 ft/mm (1 016 ftpi) at a
current of Imin

3.

1.19

Ur
magnitude of the individual element at 20 flux transitions per mm frequency of the Fourier spectrum

fo

©

r a given track over the length of the magnetic stripe area
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3.2 Symbols and abbreviated terms

CRC cyclic redundancy check

CP column parity

FSC frame synchronization character

L1 short distance between adjacent flux transitions nominally equal to 1 times the bit cell

Ly medium distance between adjacent flux transitions nominally equal to 1,5 times the bit cell
L3 long distance between adjacent flux transitions nominally equal to 2 times the bit cell

4 Confformance

Aprereq

1isite for conformance with this document is conformance with ISO/IEC 7810. An identificati

card is ip conformance with this document if it meets all mandatory requirements specified here

Default v

5 Phy

5.1 Ge

The iden

WARNIN
magneti

5.2 M4

alues apply if no others are specified.

sical characteristics of the identification card

neral

ification card shall conform to the specification given in ISO/IEC 7810.

G — The attention of card issuers is drawn to the fact that information held on t

h

e

stripe may be rendered ineffective throught\eontamination by contact with dift
and cerfain commonly used chemicals including plasti€¢izers. It should also be noted that any
printing| or screening placed on top of the magnetic stripe must not impair the function of the
magnetik stripe.

|gnetic stripe area warpage

Applicatrn of a 2,2 N (0.5 Ibf) load evendy~distributed on the front face opposite the magnetic stripe
shall bring the entire stripe within 0,08.mm (0.003 in) of the rigid plate.

5.3 Sufrface distortions

There shall be no surface distortions, irregularities or raised areas on both the front and the back of the
card in the area shown in Figure 1 that might interfere with the contact between the magnetic head and
magnetid stripe.

4 © ISO/IEC 2018 - All rights reserved
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Dimensions in millimetres (inches)

2,54 (0.100)
maximum
/Top reference edge l
P — N —
Distortion-free |
area
) - )

tg

mj

19,05 (0:750)
minimum

\\ A

Figure 1 — Distortion-free area on card with magnetic stripe

a raised signature panel area is located on the front or back @fthe card, then it shall be no clo
p edge of the card than 19,05 mm (0.750 in).

DTE Raised areas and distortions on other areas of the card can cause card transport prob
pgnetic stripe processing equipment resulting in reading or writing errors.

Physical characteristics of the magnetic stripe

1 Height and surface profile of the magnetic stripe area
he magnetic stripe area is located'on the back of the card as shown in Figure 2.

DTE In the case of the maghetic stripe area used for track 1 and 2, the dimension a as shown in |
e magnetic media could be less'than the maximum dimension b as shown in Figure 11 for the location

gta on the card. It is desirable-that the magnetic stripe area extend beyond the limits of the encoded t

Ser to the

ems with

igure 2 of
of track 2

rack.

©
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Dimensions in millimetres (inches)

5,54 (0.218)
max

/Top reference edge 1

1 ( )

Mi

nimum magnetic Magnetic stripe area 1 A

q

stripe width (W)

6.1.1 S

The max
shown b
to: —4a/\

When th
profile li

Minimuin stripe width As.shown in Figure 3A As shown in Figure 3B

W=6,35
W=10,2
When th

profile li

f |

2,92 (0.115) max

A
s

—— 82,55 (3.250) min ”

. J/

11,89 (0.468) min
15,95 (0.628) min

For use of tracks 1 and 2: A
For use of tracks 1, 2, and 3/ A

Figure 2 — Location of magnetic'material

urface profile of the magnetic stripe area

imum vertical deviation (a) of the transverse surface profile of the magnetic stripe area
low. See Figure 3, Figure 4, and Figure*5-The slope of the surface profile curve shall be limitg
V < slope < 4a/W.

e bending stiffness value (see ISO/IEC 7810) for the card is 20 mm or more then the surfa
mits are:

mm (0.25 in) a<9,5um (375 pin) a <5,8 um (225 pin)
B mm (0.405,i11) a < 15,4 um (607 pin) a<9,3 um (365 pin)
e bending stiffness value (see ISO/IEC 7810) for the card is less than 20 mm then the surfa

nits are:

is
pd

Ce

Ce

Minimum stripe width As shown in Figure 3A As shown in Figure 3B

W =6,35 mm (0.25 in) a <73 um (288 pin) a<4,5pum (175 pin)
W =10,28 mm (0.405 in) a<11,7 pm (466 pin) a <73 um (284 pin)
6 © ISO/IEC 2018 - All rights reserved
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L —
-

_ I
|

Figure 3 — Surface profile

\’/

Permitted

Abruptdrop

Not permitted

Figure 4.>= Surface profile examples

N N g e N

Irregular profiles as shown may result in poor quality encoding.
Figure 5 — Irregular surface profile examples

611.2 Height of the magnetic stripe area

The vettical deviation (h) of the magnetic stripe area relative to the adjacent surface of the card shall be:

=0,005 mm (=200 pin) <h < 0,038 mm (1500 pin)

Spiking in the profile caused by the material “squirt out” in hot stamping is not part of the stripe. It shall
not extend above the magnetic stripe area height (h) as defined above.

6.2 Surface roughness

The average surface roughness (R,) of the magnetic stripe area shall not exceed 0,40 pum (15.9 pin) in
both the longitudinal and transverse directions. Refer to ISO/IEC 4287.

6.3 Adhesion of stripe to card

The stripe shall not separate from the card under normal use.

© ISO/IEC 2018 - All rights reserved 7
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6.4 Wear of magnetic stripe from read/write head

Average signal amplitude (Up) and individual signal amplitude (U;j) are measured before and after
2 000 wear cycles and shall result in:

Ua after = 0,60 Ua before and Ui after 2 0,80 Up after

6.5 Resistance to chemicals

Average" amphtade{Eand Trarvratarsigharamp greoaremeasuatrea™o
term explosure (as defined in the referenced Test Method document) shall result in:

Ua affer = 0,90 Up before and Ui after 2 0,90 Ua after

Average signal amplitude (Ua) and individual signal amplitude (U;j) are measurged before and aftpr
long ternp exposure (24 h) to acid and alkaline artificial perspiration, as defined(inthe referenced Test
Method document.

Ua after = 0,90 Up before and Ui after 2 0,90 Ua after

7 Performance characteristics for the magnetic material

7.1 General

The purpose of this clause is to enable magnetic interchangeability between card and processing
systems.[Media coercivity is not specified. The media’s performance criteria, regardless of coercivity,|is
specified in 7.3.

This method uses a reference card whose material is traceable to the primary standard (see Clause 3}).
All signall amplitude results from the use“of the secondary reference card must be corrected by the
factor supplied with the secondary reference card.

7.2 Testing and operating environment

The testing environment for-signal amplitude measurements is 23 °C = 3 °C (73 °F £ 5 °F) and 40 % fo
60 % relgtive humidity. When'tested under otherwise identical conditions, the average signal amplituﬁe
measurefl at 40 ft/mm¢(1-016 ftpi) shall not deviate from its value in the above test environment by
more than 15 % after54nin exposure over the following operating environment range:

temperature -35°Cto 50 °C (-31 °F to 122 °F)

relative humidity 5%to95%

7.3 Signal amplitude requirements for magnetic media

The requirements for recording characteristics of the card are shown in Table 1, Figure 6, and Figure 7.
The media’s performance requirements specified in 7.3 shall be met in order to achieve improved
resistance to erasure, and to enable magnetic interchange between card and processing systems. The
properties in Annex C are intended as guidelines for magnetic material. Annex C is informative and
shall not be used as performance criteria for cards.

8 © ISO/IEC 2018 - All rights reserved
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Table 1 — Signal amplitude requirements for unused unencoded cards

I§is not permissible to combine the above requirements mathematically.

D . Density Testrecording Sigpal .
escription ft/mm (ftpi) current amplitude Requirement
result
Signal amplitude 20 (508) Lnin Ua1 0,8 Ur<Up1 1,2 Ur
Signal amplitude 20 (508) Imin Uil Ui1 £ 1,26 UR
Signal amplitude 20 (508) Imax U2 Ua2 20,8 Ur
Signal amplitude 40 (1016) Imax Uiz Uiz 20,65 UR
Resolution 40 (1016) Imax Uas Uasz = 0,8Uf2
Hrasure 0 I'min, DC Uas Upa4 £0,038 URr
Hxtra pulse 0 Iin, DC Uia Uy<10,05 Ur
Jemagnetisation 0 Iq, DC Uas Uas = 0,64 Ur
Jemagnetisation 0 Iq, DC Uis Uis 2 0,54 Ur
Qverwrite 20 (508) Imax Ure Ur7< 0,03 Urg
40 (1016) Imin Ur7
The slope of the saturation curve shall never be positive between Inyip and.Ljhax-

NPTE 1

mpre accurate conversion is used in this document.

NOTE 2

trpnsition spacing variation as measured per Table 2.

The density of 20 ft/mm converts to 508 ftpi in this docdment and to 500 ftpi in ISO/IEC 7
ISO/IEC 7811-6. These 2 are not different in principle. To ensure.compatibility at the higher recording d

It has been observed that low resolution as,nteasured per Table 1 can correlate with

811-2 and
ensity the

high flux

A
130 Ua2
Readback 120
voltage
80
60_ ......................... Example curve
404 Reference card curve
corrected to thg primary
20— standard
J= Imir Ima: Recording current
Eicure 6 Saturation curve examnle showing tolerance area
Figure 65— Satuy ncurye le showing ioler req
NOTE The curve defines the primary standard response (on a card). The window parameters define a card

that will be functional in the machine readable environment.

© ISO/IEC 2018 - All rights reserved
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flux transitions flux transitions

8 Dat

The enca
which th

— aflu
— aflu
The data
NOTE 1

NOTE 2

base line

flux transitions flux transitions

Figure 7 — Waveform example

h structure

ding technique for each track shdll-be Modified Frequency Modulation (MFM) recording fi
e conditions are:

k transition shall be writteirat the centre of each bit cell containing a ONE;

k transition shall be written at each cell boundary between adjacent bit cells containing ZERO

shall be recorded‘as-a synchronous sequence of characters without intervening gaps.
Recording with.d write current which is less than Iiyj, can result in poor quality encoding.

MFM is the same as the FM technique described in ISO/IEC 7811-6 except that clocking flux transitio

for 1 bits

requires pore accuracy for flux transition intervals. With this technique there may not be a flux transition at t
bit cell bo'Fndary.

1S

have been removed. This results in a loss of some of the self-clocking feature with FM encoding apd

e

See Figure 8.

10
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L

0 0 0 0 0 0 0 0 0 0

1 1 1 1 1 1 1 1 1 1

o ., 0 1 0 1 1 1 o . 0 1

L R R
Key
t | bitcell boundaries
Figure 8 — Examples of MFM encoding

9| Encodingspecification
9|11 Angleofrecording
The angle of recording shall be normal to the nearest edge of the card parallel to the magnetic stripe
wlithra tolerance of +20 min. The angle of recording (a) is determined by measuring the angle of the

head gap when the reading amplitude 1S maximum (see Figure Y ).

© ISO/IEC 2018 - All rights reserved
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Top reference edge \ Nwoo + 20’
I
Back of card !
|

encodeavec \ |||| | ||| [ [[[ [ [[[[]]]

~

Magnetic stripe \‘\N

width

Figure 9 — Angle of recording

9.2 Ngminal bit density
The nomjnal bit density for each of the tracks shall be 40 bits/nimn (1016 bpi).

9.3 Flux transition spacing variation

Flux trarsition spacing variations for all tracks are given in Table 2.

Table 2 — Flux transition spacing variation

Term Description Requirement Variation
Ba Average bit cell 23.um (906 pin) < By < 25,3 pm (994 pin) -8%to+1 %
Bas Local average bit cell 0,92 B, <B,6<1,08 B, +8 % of B,
L1 Short interval 0,80 B3 < L1 < 1,20 Bag +20 % of Bag
Ly Medium interval 1,30 Bag < Ly < 1,70 Bag +13,3 % of 1,5 Basg
L3 Long interval 1,80 Bag < L3 < 2,25 Bag +10 % of 2 Bag
NOTE It has been‘gbserved that low resolution as measured per Table 1 can correlate with high flux

transitior] spacing yariation as measured per Table 2.

9.4 Signal amplitude requirements

The requirentents forsigmatamptitude omatt tracks sirattbeasfottows:
— unused encoded cards: 0,64 Ur < Uj < 1,36 Ug;

— returned cards: 0,52 Ur < U; < 1,36 Ug.

NOTE The requirements above specify the interchange signal amplitude limits for each of the encoded track

locations at the specified bit densities. Signal amplitude requirements specified in Table 1 reflect the magnetic
media limits at the specified recording frequency and recording test currents.

9.5 Bit configuration

Data shall be recorded with the least significant bit (29) first.

12 © ISO/IEC 2018 - All rights reserved
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9.6 Direction of recording

The encoding shall begin from the right-hand side viewed from the side with the magnetic stripe and
with the stripe at the top.

9.7 Leading and trailing clock bits

The lead-in up to the first FSC shall be recorded with ones and the space after the last FSC shall also be
recorded with ones. Ones encoded from the edge of the card to 3,30 mm (0.130 in) in from the edge of

the card are not required to meet the specifications given herein

10 Data structure

User data to be written on the card shall be divided among the tracks used. Each.track usec
of a fixed length depending on the type of card used requiring the user data to-be-padded wi

shall be
th binary

zgro bytes if it does not fill the available space on the track(s) used. Data structure on each track is

independent of other tracks. The general process for structuring of the data‘is)shown in Table 3

Table 3 — Data structure process steps

, see also

Process

Determine number of tracks needed based on data capacity for card type used.

Divide card data into data for each track and pad end-of card data with binary zero bytes if ne
such that all frames on every track used are filled."Padding may be done before dividing onto t

after. More error correction is obtained if data isdivided equally among the tracks used and tlen each

track padded.

Cessary
racks or

Generate CRC for track data and append teend of track data.

Divide track data into frames.

Generate Reed-Solomon column parity.

Add frame ID number.

Generate CRC for each frame:

DI |[u| D |w

Arrange for writing on«card: add lead/trail clock transitions, convert frame ID from 8 bit to 5
string, and add FSC’s(

Dit

1
E

DTE

n-text applications:
D.1 Track format

D).1.1 Track layout

neh-track shall consist of leading clock transitions, a FSC, data frames each separated by a F|

No coded chafragter set is defined by this document. Most uses for the high density format

vill be for

bC, a FSC,

- 1 1 14+ 1k i) h) 1
aneatr dllilllg LIUCLR T dIISTUIULLS d5 SITUWIT UTIUVY.
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Leading clock transitions

FSC

Frame identifier 1

Data

Frame CRC

FSC

10.1.2 ESC

The FSC s used to determine direction and identify the edge of the data frame. A FSC shall occur befo
and after each data frame but only one FSC shall occur between adjacent data frames. The FSC has the

Frame identifier 2

Data

Frame CRC

FSC

Frame identifier 3

Data

Frame CRC

FSC

FSC

Frame identifier 18

Data

Frame CRC

FSC

Trailing clock transSitions

represenfation shown in Figufe)10.

bdjacent

first
transition

'

last
transition

|

adjacent

e

oIt

14

L3

L1 L2

bit

L3

direction of recording

Figure 10 — FSC representation

FSC

v
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NOTE

ISO/IEC 7811-7:2018(E)

The FSC occupies a space of 7,5 bits and is a series of flux transition intervals where the edges are like

1 bits (transition in middle of bit boundary). It is not a series of 1 and 0 bits since this pattern of flux transition
intervalsis unique and will never occur with MFM encoding rules. Therefore, the FSC can be found even if character
synchronisation within the data frame has been lost, and synchronisation begins with the next data frame.

10.1.3 Data frame

Data frames shall consist of a frame number, data and a frame CRC character. The number of frames per
track shall be 18.

1
E

n¢
th

1
D
T

ed

E

1
Ti

D.1.3.1 Frame identifier

ich data frame shall be identified with a 5 bit character representing a number. Frames
niimbered consecutively starting with 1 for the frame nearest the start of encoding and-endin
parest the end of encoding. When performing data operations prior to writing oh.the card

D.1.3.2 Data

hta shall be represented in 8 bit bytes and shall be user data, column'\parity, or track CRC infq
he capacity and number of bytes per frame depends on the card size’and shall be as shown i
For each card size all the amounts are fixed (no variable lengths)

e decoding process after reading, the frame identifier shall be represented as@n'8 bit string

Table 4 — Track capacity

Card type ID-1 ID-2 ID-3
Frame data capacity (bytes per frame) 17 22 28
Frame size (bits per frame) 156,5 196,5 244.5
Track data capacity (bytes per track) 306 396 504
Track size (bits per track) 2824,5 | 3544,5 | 4408,5
Column parity (bytes) 68 88 112
Track CRC (bytes) 4 4 4
User data capacity (bytes) 234 304 388

DTE The user data capacity shown in Table 4 is based on the amount of error correction used. H
uals FSC+Frame ID+(bytes.per frame*8)+CRC. Track size equals (bits per frame*18)+FSC.

D.1.3.3 Frame GRC€character

hch frame shall-include one 8 bit CRC character.

D.2 Coding for error detection and correction

ack data shall be located in frames as shown in Figure 11 where N is 2 plus the number of |

shall be
b with 18
r during

rmation.
n Table 4.

rame size

pytes per

tr

I LI oLl h o1l 4 YALL . 1 11 el £ g4 1 £
dCR d5 SPECInIed T 1dDIE %, VVIICIT WITLLCTT OIT UIC CdI'd, Dy tE 1 O1'IT4IE LIS NIEdrest LIC Stdlrt O1

and byte N of frame 18 is nearest the end of encoding (left to right, top to bottom).

©
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Byte
1 2 3 4 N-5 | N-4 | N-3 | N-2 | N-1 N
Frame | Data area CRC
ID
1 CpP CP CP CP CP CpP CP CpP CRCy
2 CP CP CP CP CP CP CP Cp CRC;
3 CP CP CP CP CP CP CP CpP CRC3
4 CP CP CP CP CP CP CP Cp CRC4
5 Data | Data | Data Data | Data | Data | Data | Data | CRGs
6 Data | Data | Data Data | Data | Data | Data | Data | CRCs
7 Data | Data | Data Data | Data | Data | Data | Datay| “CRCs
8 Data | Data | Data Data | Data | Data | Data | Data | CRCs
9 Data | Data | Data Data | Data | Data | Datas[<Pata | CRCo
10 Data | Data | Data Data | Data | Data | Data’ | Data | CRCio
11 Data | Data | Data Data | Data | Data_fData | Data | CRCy;
12 Data | Data | Data Data | Data | Data | Data | Data | CRC1
13 Data | Data | Data Data | Data {«Data | Data | Data | CRCy3
14 Data | Data | Data Data | Data’| Data | Data | Data | CRCis
15 Data | Data | Data Dataf~Pata | Data | Data | Data | CRCis
16 Data | Data | Data Data | Data | Data | Data | Data | CRCis
17 Data | Data | Data Data | Data | Data | Data | Data | CRCy;
18 Data | Data | Data Data Track CRC CRCis
Figure 11 — Track data structure
NOTE The frame CRC characteris-used for error detection and column parity is used for error correction.
10.2.1 Track CRC
The track shall includea CRC comprised of four 8 bit bytes generated as follows and added to the end
the trackldata. Highest order term for track CRC shall be in byte (N-4) frame 18:
CRC F [x*M @} mod g(x) over GF(28)
where
M(x) = all user data for the track in polynomial form (length depends on card type used).
Highest order term is in byte 2 frame 5 and lowest order term in byte N-5 frame 18.
See Figure 11;
g(x) = (x-a)( x-a?)( x-a3)( x-a*) = generator polynomial for the track CRC;
GF(28) = a finite Galois field of 256 different 8 bit binary symbols generated by a primitive poly-
nomial defined as: p(x) = 1 + x2 + x3 + x4 + x8;
xi = bit at position i.
16 © ISO/IEC 2018 - All rights reserved
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NOTE1  The track CRC will allow the detection of up to 4 errors with a probability of 1. For more than 4 errors
the probability of detecting errors is equal to 1-1/(256)%.

NOTE 2  The track CRC is the remainder of x4M(x) divided by g(x) using modulo operations. For more than
251 bytes of data, the CRC is technically not a cyclical check, it is a simple redundancy check although it is
generated in the same way.

NOTE 3  Published tables exist showing the bit representations for the corresponding power for a for GF power
of alpha corresponds to the number so that the term alpha raised to it’s power is a unique bit pattern (8 bit binary
string). Each byte of the user data needs to be converted from 8 bit binary into the corresponding power of a
before carrying out the modulo operation. The term x is used to denote the position of the bit in the string for
ejample, x2 in the track data would be the third lowest order byte.

10.2.2 Column parity

Column parity shall be generated for each column of byte information across all uger.data franfes on the
trfack using a shortened Reed-Solomon code RS(255-237,251-237), also called R§(18,14). Highpst order
tdrm for track CP shall be in frame 4 and lowest order term shall be in frame.1:

CP = [x4M(x)] mod g(x) over GF(28)

where

M(x) = user data for a column from frame 5 to frame 18 in polynomial form (length is fixed at
14). Highest order term is in frame 18 and leweést order term in frame 5. See Figure 11;

g(x) = (x-a)( x-a2)( x-a3)( x-a4) = generator polynomial for the Reed-Solomon CP;

GF(28) = a finite Galois field of 256 different'8 bit binary symbols generated by a primitiye poly-
nomial defined as: p(x) = 1 + x2#X3 + x4 + x8;

xi= bit at position i.
NDTE1 The CP will allow the correction of up to 4 “erasures” with a probability of 1. More than 4 ‘|erasures”
o1 a track cannot be corrected. The térnt “erasure” is used in RS codes and denotes an area that is notl readable,
thle decoding process then treats that Sector as “erased” or not there.
NODTE 2  The CP is the remainder of x4M(x) divided by g(x) using modulo operations. The term “shortened”
bgfore Reed-Solomon mean(s that there are higher order terms with a value of 0 (237 in this case) whjch do not

nged to be considered infmopdulo operations.

NOTE 3  This cod€results in 100 %*4/18 = 22,2 % error correction overhead.

10.2.3 Frame CRC

The frameshall include a CRC comprised of one 8 bit byte generated as follows and added to the end of
the frame data:

FalaVal [ W i | 1 Lo O30
CRAU — LKIVIL)& J 10U gLXJ Ooverl ur LLUJ

where
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M(x) = user data for frame and frame ID number from byte 1 to byte N-1 in polynomial form
(length depends on card type used). Highest order term is in byte 1 and lowest order
term in byte N-1. See Figure 11;

g(x) = (x-a) = generator polynomial for frame CRC;

GF(28) = afinite Galois field of 256 different 8 bit binary symbols generated by a primitive poly-
nomial defined as: p(x) = 1 + x2 + x3 + x4 + x8;

xi= bit at position i.

NOTE 1 | The frame CRC will allow the detection of up to 1 error with a probability of 1. For more than Irerrpr
the probability of detecting errors is equal to 1-1/256.

NOTE 2 | The CRC is the remainder of xM(x) divided by g(x) using modulo operations.

NOTE 3 | The frame ID number is an 8 bit byte for all calculations but is written on the card,.asa 5 bit sequende.

11 Decpding

The genejral steps to follow for decoding data for each track after reading aré’shown in Table 5. Specific
implemeptations are left to the user.

Table 5 — Decoding process

Step Process

ead track data from card.

N | =

xpand frame ID to 8 bit size.

w

reate data structure as shown in Figure 11.
heck track CRC (result of [x4M(x) + CRC] mod g(x) over GF(28), (result 0 = no errors).

S

f a track CRC error occurs, begin error correction.

w1

heck CRC of each frame. Frame errorsindicate an error location for all columns at that byte position.

f the quantity of frame errors is beyond the capability of the decoder, post a Media Error and quit.
therwise, continue to the next.steps.

ure is assumed).

olumn parity is thenfised along with frame CRC error locations to reconstruct data byte values
Reed-Solomon code-RS(18,14) is used). These byte values are inserted at column-positions indicated
y corresponding frame errors.

heck track GRE (result of [x4M(x) + CRC] mod g(x) over GF(28) must be all 0 bytes for no errors).
rocess the ¢orrected data for output.

9
10
11

H
H
d
(
I
(
I
(
7 Hill the frames at locations ndicated by frame CRC errors with hexadecimal zero (00) bytes (data era-
S
d
(
b
(
H
H

rocessall tracks in the same manner.

NOTE The simplest decode process assumes “data erasure”, but other extended processes are possible.
Numerous references are available describing specific decoding implementations. See Annex D.

12 Location of encoded tracks

Each encoded track shall be located between the two lines as shown in Figure 12b. The start of encoding
is located at the centreline of the first transition of the first FSC. The end of encoding is located at the
centreline of the last transition of the last FSC.
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Dimensions in millimetres (inches)

End of Start of
encoding encoding
Encoded track /Top reference edge l l
l 4 N\
f Fo
6,4 (0.252) P R 6.4 (0.252)
minimum minimum
\. Y
Dimensions in“mm (inches)
Track Dimension
a 5,75 (0:226) | maximum
Track H1
b 6,75 (0.266) minimum
a 7,45 (0.293) | maximum
Track H2
8,45 (0.333) minimum
9,15 (0.360) | maximum
Track H3
b 10,15 (0.400) minimum
10,85 (0.427) | maximum
Track H#%
b 11,85 (0.467) minimum
12,55 (0.494) maximum
frack H5
b 13,55 (0.534) minimum
14,25 (0.561) maximum
Track H6
b 15,25 (0.601) minimum

Figure 12 — Location of encoded tracks
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Annex A
(informative)

Compatibility of magnetic stripes (ISO/IEC 7811-6, ISO/IEC 7811-7)

mentiongd in the scope of this document, and applied to ISO/IEC 7811-6 and ISO/IEC 7811-7.

The high| density tracks specified in this document are arranged such that a reader designed)te read
these trdcks will also be able to read the normal tracks defined in ISO/IEC 7811-6. This 4lso allows
a combirjation of normal and high density tracks to coexist on the same magnetic stripe)\for example
normal tfacks 1 and 2 with high density tracks H5 and Hé6. It is not possible to interchange write heagls
in the same way that read heads can be.

The incre¢ased density specified in this document will result in a lower signal.arplitude compared fo
ISO/IEC 7811-6: approximately 40 % based on testing of PTB. The exact ratio(between these two signfal
amplituT;values will depend on the type of magnetic stripes used.

The following is an overview of the main differences between this document and ISO/IEC 7811-2 and
ISO/IEC 7811-6.

1) The bit density has increased from 8,27 bits/mm (track 1,3)\and 2,95 bits/mm (track 2) to 40 bit
mm for all tracks which results in 234 bytes of user data‘per track for an ID-1 size card.

/

2

2) The pncoding technique referred to as MFM is used<in place of F2F. This change doubles the data
storgge density for the same minimum transitionispacing with only a small reduction in the self-
clocKing ability.

3) The B tracks have been replaced by 6 tracks that are approximately half the width so that they
occupy the same space on the card. These are located so that readers designed to read the high
densjity tracks will also be able to redd cards conforming to ISO/IEC 7811-2 and ISO/IEC 7811-6.

4) Datalis distributed in frames withisynchronisation characters to aid in error recovery, and therelis
a CR( for each frame and a track)CRC. Data recorded on each track is independent from other tracks
(errqr detection and correction for each track is on the same track), even though it may be only palrt
of thp message on the card.

5) Errof detection and.correction is included using a shortened Reed-Solomon code. The amount pf
errof correction is.fixed for all card sizes.

6) The magneti¢stripe area extends completely to the left and right edge of the card.

7) In Tdbledlxtest density values have changed, the resolution requirement has changed from 0,7 fo
0,8, thetest for Waveform has been deleted, and Overwrite has been added to the requirements.

8) The maximum coercivity in Table C.1 has been changed from 335 kA/m (4200 Oe) to 250 kA/m
(3125 Oe).
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