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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
< 1IEC taalas

particular fields

£ taoalaas 1 faxzad 1SO. d 1 Y Hols £ 2 £ald 4 I’t tOth
of—technteal—aettvity—1SO—and—TEC—techntealcommittees—eoHaborate—n—ftelds—eof—mutaal—mterest. er

international organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part id the work. In the

field of informa
International St4
The main task d

the joint techni
approval by at 1

ion technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.
ndards are drafted in accordance with the rules given in the ISO/IEC Directives, Part3.
f the joint technical committee is to prepare International Standards. Draft Intérhational Standardls adopted by

al committee are circulated to national bodies for voting. Publication as anjlnternational Starnldard requires
ast 75 % of the national bodies casting a vote.

Attention is dran to the possibility that some of the elements of this International Standard may be the subject off patent rights.

ISO and IEC shgll not be held responsible for identifying any or all such patent rights.

ISO/IEC 22050

was prepared by ECMA (as ECMA-319) and was adopted,*under a special “fast-track procedyre”, by Joint

Technical Comrpittee ISO/IEC JTC 1, Information technology, in parallelwith its approval by national bodies of SO and IEC.

Annexes Ato F

form a normative part of this International Standard."Annexes G to I are for information only.

© ISO/IEC 2002 — All rights reserved


https://iecnorm.com/api/?name=8a00b1bcbdb05f5ad9fcd109fa960044

INTERNATIONAL STANDARD

ISO/IEC 22050:2002(E)

Information technology — Data interchange on 12,7 mm, 384-track
magnetic tape cartridges — Ultrium-1 format

1

This Internatjessa

12,65 mm w
recorded sigr]
such cartridg
for data comy

This Internat
types are refq
10 Gbytes, g

NOTE - One

Information
interchange d

This Internat

Together with a standard for volume and file structure, e.g. Standard ISO 1001, this document provid|

interchange Y

2 Con
2.1 Mag

A tape cartri
herein. The t3

2.2

A system gen
recordings th

2.3 Rec

A system reg
able to handl

Generating system

Section 1 — General

Scope

de so as to provide physical interchange of such cartridges between drives. It also specifie§ fth
als, the recording method and the recorded format, thereby allowing data interchange between-dr
bs. The format supports variable length Logical Records, high speed search, and the use.of a regi
pression.

onal Standard specifies four types of cartridges depending on the length of tape.€dntained in the
rred to as Type A, Type B, Type C and Type D; their nominal capacity is 100 Gbytes, 50 Gbyte
spectively.

byte contains 1 000 000 000 bytes.

nterchange between systems also requires, at a minimum, agreerhent between the interchange
ode(s) and the specification of the structure and labeling of the information on the interchanged ca

onal Standard shall be used only in conjunction with ISO/IE€22091.

etween data processing systems.

formance

Inetic tape cartridge

Ige shall be in conformance with this.International Standard if it meets all the mandatory requir
pe requirements shall be satisfied throughout the extent of the tape.

erating a magnetic tape cartridge for interchange shall be in conformance with this International S
ht it makes meet the mandatory requirements of this International Standard.

piving system
eiving a magnetic tape cartridge for interchange shall be in conformance with this International
e any recofding made on the tape according to this International Standard.

The following—: 3 HRe 3 ch. £ s—text stity
Standard. For dated references, subsequent amendments to, or revisions of, any of these publications do not apply.

International

mative references

BsHIC magnetic tape

e quality of the
ves by means of
stered algorithm

case. These four
, 30 Gbytes and

parties upon the
rtridge.

es for full data

bments specified

tandard if all the

Standard if it is

ovisions of this

However, parties to agreements based on this International Standard are encouraged to investigate the possibility of applying
the most recent editions of the normative documents indicated below. For undated references, the latest edition of the normative
document referred to applies. Members of ISO and IEC maintain registers of currently valid International Standards.

ISO 1001:1986

ISO 527 (all parts)
ISO 3574:1999

Information processing — File structure and labelling of magnetic tapes for information
interchange

Plastics — Determination of tensile properties

Cold-reduced carbon steel sheet of commercial and drawing qualities

ISO 4287:1997 Geometrical product specification (GPS) — Surface texture: Profile method — Terms, definitions

and surface texture parameters

ISO/TEC 646:1991 Information technology — ISO 7-bit coded character set for information interchange

© ISO/IEC 2002 — All rights reserved
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ISO/IEC 11576:

ISO/IEC 14443-

ISO/IEC 22091:
IEC 60950-1:20

ASTM D4065-01:1995

ASTM D4092-01:1996

1994 Information technology — Procedure for the registration of algorithms for the lossless compression
of data

2:2001  Identification cards — Contactless integrated circuit(s) cards — Proximity cards — Part 2: Radio
frequency power and signal interface

2002 Information technology — Streaming Lossless Data Compression algorithm (SLDC)

01 Information technology equipment — Safety — Part 1: General requirements

Procedures

Standard Terminology: Plastics: Dynamic Mechanical Properties

Standard Practice for Plastics: Dynamic Mechanical Properties: Determination and Report of

4 Term
For the purpose
4.1

A point, at the
required to start
that point or at 4

4.2

A set of rules fo

4.3
Data that has be|
4.4 a.C. erase

A process of erg

4.5

The average ped
recording densit

Avera

4.6 back s

The surface of t

4.7

The reference p

4.8
The Logical Poi

4.9 bit

Accesy Point

algorithm

algorifhmically processed data

Beginning of Tape (BOT)

Beginning of Wrap (BOW)

and definitions

of this International Standard the following terms and definitions apply.

tart of a sequence of Processed Records, at which the presentation of Symbolsitosa reprocessing
at a known state to enable recovery, regardless of whether the data of interest,in a retrieval oper
subsequent point.

I transforming the logical representation of data.

bn processed by a defined processing algorithm.

sure utilising alternating fields of decaying level:

pe Signal Amplitude

k-to-peak value of the output signal from the read head at the fundamental frequency of the spec
over a minimum of 25,4 mm of track] exclusive of missing pulses.

nrface
he tape opposite to the magnetic coating which is used to record data.

int on the tape nearést to the leader pin assembly.

nt that indieates the beginning of a wrap: LP3 for forward wraps, LP4 for reverse wraps.

r algorithm is
ation starts at

ified physical

A single digit in
4.10

the binary number systen, a ZERO of a ONE.

bit cell

A distance along the track between adjacent RLL encoded bits.

4.11 Broad

Band Signal-to-Noise Ratio (BBSNR)

The average read signal power divided by the average integrated broad band (floor) RMS noise power and expressed in dB.

412 byte

An ordered set of eight bits (12 Channel bits) that are acted on as a unit.

4.13

cartridge

A case holding a single supply reel of magnetic tape and leader tape with an attached leader pin assembly at the BOT end.

© ISO/IEC 2002 — All

rights reserved
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Channel bit

A bit output from RLL channel encoding.

415 Cod

eword

A set of bytes containing data and the ECC bytes calculated on that data.

416 Codeword Pair

An interleaved pair of Codewords.

4.17 Codeword Quad (CQ)

A set of two Codeword Pairs.

4.18 CQ[Set

A group of C[Qs that are written at the same time, i.e. one on each of the active tracks.
4.19 cycljc redundancy check (CRC) character

A mathemati

4.20

The smallest

Data Set

ally computed code which yields check bytes used for the detection of errors.

complete unit of information written to, or received from, the tape.

421 Dat

A table withip a Data Set which describes the content of the Data Set.

4.22

4.23

4.24

4.25 Err
A mathemati
4.26 File

A recorded ¢
serial file stry

End of Data (EOD)
The point on [the tape at the end of the last valid Data Set recorded Otntape.

End of Tape (EOT)
The point onja track farthest from BOT up to which recording is allowed.

End of Wrap (EOW)

The Logical Point that indicates the end of a wrapl.P4 for forward wraps, LP3 for reverse wraps.

Set Information Table (DSIT)

r Correcting Code (ECQC)

ally computed code which yields check bytes used for the detection and correction of errors.

Mark
[ement requested tobe written (or read) by the host that is typically used to mark organisational
cture, such aswdirectory boundaries.

transition position

the magnetic tape that exhibits the maximum free-space flux density normal to the tape surface.

4.27 flux
The point on
4.28 flux

The distance

4.29

[transition spacing
>

along a track between successive flux transitions.

forward tape motion

boundaries in a

The tape is moving forward when it is leaving the reel in the cartridge and being wound onto the reel in the mechanism.

4.30

header

Data that is prefixed to a data entity to provide identification and checking.

4.31

Housekeeping Data Set

A Data Set which contains no user data and which is identified as such by the values in the data fields therein.

© ISO/IEC 2002 — All rights reserved
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4.32 logical

forward

The direction of tape motion toward End of Wrap.

4.33 logical

reverse

The direction of tape motion away from End of Wrap.

4.34 Logical Point

Defined bound where regions of the tape begin or end.

4.35

magnetic tape

A tape that accepts and retains magnetic signals intended for input, output, and storage of data for information processing.

4.36 Maste

A tape selected
signal amplitudg

NOTE - A Mastet

4.37 LTO (

A contactless s
cartridge, the taj

4.38  Opti

1,15 times th
of the maximunj

4.39 physic

Position of the
manufacture.

4.40

The direction of

physic

4.41

The direction of

physic

4.42

A tape cartridgg
condition.

pre-re

4.43

A sequence of Symbols which results from the application of processing to data.

Data that has bepngproeessed by an algorithm.

4.44

A sequence of S
4.45
The use of an al

4.46

el:[ilnimum current which, when applied to a magnetic tape, will’cause the average signal amplitude

processed data

- Standard Reference Tape (MSRT)

as the standard for reference recording current, signal amplitude, resolution, BBSNR, oyverwrit
, and servo signal polarity.

Standard Reference Tape has been established at Ladas and Parry.

Cartridge Memory (LTO CM)

orage device that is mounted in the case, and which can be used to.hold information about
be in the cartridge, and the data on the tape.

m Recording Current

average signal amplitude when recorded at density TRD14

al end of tape
tape farthest from the leader pin assembly at which the tape is cut and wrapped onto th

hl forward

tape motion from BOT to EOT. This will be logical forward for even numbered wraps.

hl reverse
tape motion from EOT to BOT> This will be logical forward for odd numbered wraps.

tord condition

that has been a.c, erased and subsequently servo-written in preparation for data recording is ir

e ratio, servo

that specific

o equal 95 %

e hub during

a pre-record

Processed Record

ymbols which results from the application of processing to a Protected Record.

Processing (Compression)

gorithm to transform host data into Symbols.

Protected Record

A Record with a 4-byte CRC added to the end. The CRC is checked during the deformatting process to ensure that the Record

is uncorrupted.

© ISO/IEC 2002 — All

rights reserved
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4.47 Record

A Record is the smallest distinct set of data bytes supplied, e.g. from a host, for processing and recording by a tape drive
system, and the smallest distinct set of data to be read from tape, reprocessed and made available, e.g. to a host, by a tape drive

system.

4.48 recorded element
A File Mark or Record.
4.49 Reference Recording Current

The Optimum Recording Current of the Master Standard Reference Tape.

4.50

The use of an

Rep

4.51
The tape is 1]

revg

4.52

An algorithny
specified min

run

4.53
A tape, the pq

NOTE - Secor
5670 Wilshire
publication of
be shortened o

It is intended t

4.54

A region on {

Sery

4.55

The average
Current at de
each Seconds

4.56

An associate
bytes of data,

Syni

4.57 Syn

mppceing (Dponmprpuinn)

algorithm to transform Symbols into data as required by the host.

rse tape motion

oving in reverse when it is leaving the reel in the mechanism and being wound onto thesreel in the

length limited encoding (RLL)

ic process applied to an arbitrary input binary sequence that produces, an_output binary seqy
imum number of ZEROs between ONEs, and a specified maximum numberof ZEROs between O]

Secondary Standard Reference Tape (SSRT)

rformance of which is known and stated in relation to that of the-Master Standard Reference Tape|

dary Standard Reference Tapes can be ordered as "Ultrium Fornrat‘Specification Generation 1 SSRT" fron
Blvd., 21st Floor, Los Angeles, CA 90036. In principle such‘tapes will be available for a period of

the first edition of this International Standard. However, by agreement between ECMA and Ladas and Parr
extended to take account of demands for such SSRTs.

hat these SSRTs be used for calibrating tertiary reference’tapes for use in routine calibration.
0 acquisition region
hpe that may be used by the servo circuifry.

Standard Reference Amplitude (SRA)

signal amplitude from the Master Standard Reference Tape when it is recorded with the Refe
hsity TRD1. Traceability to the Standard Reference Amplitude is provided by the calibration factg
ry Standard Reference Tape.

bol

] string of bits_generated by a processing (compression) algorithm, which represents a byte of
or control infermation.

Chronised Codeword Quad (SCQ)

cartridge.

ence that has a
NEs.

Ladas and Parry,
0 years from the
, this period may

rence Recording
rs supplied with

data, a string of

A serial bit stlream formed by inserting synchronisation patterns into an RLL encoded Codeword Quad.

4.58

Test Recording Density (TRD)

The recording density at which specific tests are performed. There are three test recording densities: TRD1, TRD2 and TRD3.

See 12.1.

4.59 wrap

A track group recorded in the physical forward or physical reverse direction.

4.60

write equalisation

An algorithmic process that linearly transforms an input binary sequence into another binary sequence.

4.61

(1,7) RLL code

A run length limited encoding scheme the output of which has no fewer than one ZERO between ONEs and no more than seven
ZEROs between ONEs.
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5 Conventions and notations

5.1 Representation of numbers

The following conventions and notations apply in this International Standard unless otherwise stated.

— A measured value is rounded off to the least significant digit of the corresponding specified value. It implies that a
specified value of 1,26 with a positive tolerance +0,01, and a negative tolerance -0,02 allows a range of measured values

from 1,235

to 1,275.

— In each block and in each field the bytes shall be arranged with Byte 0, the most significant, first. Within each byte the bits
shall be arranged with Bit 7, the most significant, first and Bit 0, the least significant bit, last.

—  Letters and

digits in parentheses represent numbers in hexadecimal notation.

—  The setting fof bits is denoted by ZERO or ONE.

— Numbers in| binary notation and bit patterns are represented by strings of digits 0 and 1 shown with thexmost

significant bit

to the left. Within such strings, X may be used to indicate that the setting of a bit is not specified within'the stifing.
5.2 Dimensions
Unless otherwisg stated, all dimensions in the figures are in millimetres with a tolerance of = 0,50unhm.
5.3 Names
The names of bgsic elements, e.g. specific fields, are written with a capital initial letter,
5.4 Alphahumeric string encoding
Unless otherwisg stated, all alphanumeric strings shall be encoded using ISOJEC 646.
6 Acronyms
ACN Absolute CQ Sequence Number
BOT Beginning of Tape
BBSNR Broad Band Signal-to-Noise Ratig
BOW Beginning of Wrap mark
CRC Cyclic Redundancy Check character
DSIT Data Set Information Table
ECC Error-Correcting Code
EOD End of Data
EOT End of Tape
EOW End of Wrap'matk
FID Format Identification Data Set
LPn Logical Point, where n =0 to 7
LPOS Longitudinal Position
Isb Eeast Signicant Bit
LSB Least Significant Byte
msb Most Significant Bit
MSB Most Significant Byte
MSRT Master Standard Reference qup
RLL Run Length Limited
RWW Read-While-Write
SCQ Synchronised Codeword Quad
SNR Signal-to-Noise Ratio
SRA Standard Reference Amplitude
SSRT Secondary Standard Reference Tape
TRD Test Recording Density
7 Environment and safety

The conditions specified below refer to the ambient conditions immediately surrounding the cartridge.
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Cartridge and tape testing environment

Unless otherwise stated, tests and measurements made on the cartridge and tape to check the requirements of this International
Standard shall be carried out under the following conditions:

— temperature:
— relative humidity:

— conditioning before testing:

7.2

23°C+2°C
40 % to 60 %
24 h min.

Cartridge operating environment

Cartridges used for data interchange shall be capable of operating under the following conditions:

- temperaIJre:
— relative humidity:

—  wet bulb
NOTE - Local

If during stq
conditioned |
operating eny

10°Cto45°C
10 % to 80 %
temperature: 26 °C max.

tape temperature in excess of 52 °C may cause permanent tape damage.

rage and/or transportation a cartridge has been exposed to conditions outsidé€ the above va
efore use by exposure to the operating environment for a time equal to, ot 'greater than, the tim|
ironment up to a maximum of 24 h. There shall be no deposit of moisture o1 or in the cartridge.

7.3 Carfridge storage environment

Cartridges shpll be stored under the following conditions:

— temperature: 16 °Cto 32 °C

— relative umidity: 20 % to 80 %

— wet bulb|temperature: 26 °C max.

The stray magnetic field at any point on the tape shall not exceed 4 000 A/m. There shall be no deposit of mois
cartridge.

7.4 Tape tension

The tape bety
area the tape
7.5 Safe
The cartridgg
foreseeable uj
7.6
The cartridgg

continue to b

7.7 Tra

veen LP1 and LP6 shall not be subjécted to a tension higher than 2,0 N under any circumstance
shall not be subjected to a tension’ higher than 6,0 N.

ty
and its components-shall satisfy the requirements of IEC 60950-1 when used in the intended n
se in an information processing system.

Flammability

as an assembly shall be constructed such that, if ignited from a match flame, and when so
Lirn in-a'still carbon dioxide atmosphere.

ues, it shall be
e away from the

ture on or in the

Outside of this

hanner or in any

gnited does not

pspertation

Recommended limits for the environments to which a cartridge may be subjected during transportation, and the precautions to
be taken to minimise the possibility of damage, are provided in annex G.
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Section 2 - Requirements for the Cartridge

8 Dimensional and Mechanical Characteristics of the Cartridge

8.1 Elem

ents of the cartridge

The tape cartridge shall consist of the following elements:

- acase
- positioning

notches

- handling notches
- awrite-inhibit mechanism

- areel form

agnetic tape

- alocking

- amagnetic fape wound on the hub of the reel

- aleader pi

- aparking mechanism for the leader pin

- asliding d
- acartridge
- handling fe

Dimensional ch|
cartridge. Wher
figures a typical

Figure 1 : Genefal view of the cartridge

Figure 2 : View
Figure 3 : Botto
Figure 4 : Top s
Figure 5 : Rear
Figure 6 : Front
Figure 7 : Right
Figure 8 : Left s
Figure 9 : Locki
Figure 10 : Cro{
Figure 11 : Enlaj
Figure 12 : Cro{
Figure 13 : Cro{
Figure 14 : Cro{
Figure 15 : Lead
Figure 16 : Lead
Figure 17 : Lead
Figure 18 : Locg

chanism for the reel

r
emory
itures

hracteristics are specified for those parameters deemed mandatory for ifitérchange and compatil
e there is freedom of design, only the functional characteristics of thelelements described are ind
implementation is represented in third angle projection.

of the Reference Planes A, B and C

n side

de

ide

side

side

de with access door open

ng pad features in the reel

s-section of the hub/brake assembly injthe in-hand position

rged partial view from figure 10

s-section of the hub/brake assembly in the cartridge-in-drive position

s-section as viewed toward centre of reel through the teeth at diameter 37,50 mm
s-section of a tooth part.

er pin assembly with-attached tape seen from the top and from the side

er pin assembly inparked position and detail of the door in closed position

er pin assemblynin parked position and door in open position, viewed from the left side
tion of the LTO'CM

Figure 19 : Han

8.2 Reference Planes of the case (figure 2)

Where they are [putely descriptive, the dimensions are referred to three orthogonal reference planes — A, B, and

ling grip§ and cartridge insertion indicator

dimensions are related to the position of the cartridge in the drive, they may be referenced to Plane P.

le use of the
icated. In the

C. Where the

Three locating areas A, Ay, and Aj shall be in Plane A. Plane B is perpendicular to Plane A and passes through the centre of
locating hole B and the centreline of locating slot B,. Plane C is perpendicular to Planes A and B and passes through the
centre of locating hole B;.

8.3 Dime

nsions of the case

The dimensions of the case shall be measured in the Test Environment. The dimensions of the case in any operating
environment can be derived from the dimensions specified in this clause.

8.3.1 Overall dimension (figures 4, 6, 8)
The length of the case shall be

/1 =102,00 mm + 0,30 mm

© ISO/IEC 2002 — All rights reserved
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The width of the case shall be
[, =105,40 mm * 0,30 mm
The height of the case shall be
l3=21,50 mm * 0,25 mm
The height of the stacking features is not included in /5.
The case shall have general radii for vertical edges and horizontal edges.
The radius of the specified vertical edges shall be

71 = 2,00 mm * 0,50 mm

The radius off the specified horizontal edges shall be
ry = 1,00fmm £ 0,50 mm
All other features shall have general radii of 0,50 mm max.

8.3.2 Rpference points for reference planes (figure 3)

The locating areas A, Ay, and A3 shall be flush with the bottom of the cartridge. The locating’area A4 shall be{ within 0,25 mm
from Plane A in the free state. These locating areas shall be non-textured to allow(acCurate locating of the cartridge on
reference poifts in the mechanism and handling equipment.

The size and Jocation of the four locating areas, A, Aj, A3, and A4 (see figure 39, are specified as follows.
The centre off locating area A is on the intersection of Planes B and C, thus its_position is specified by
[;=20,5¢ mm + 0,20mm
Is=11,43 mm + 0,20 mm
Its diameter ghall be
dy = 7,80|mm min.
The locating prea A, presents an oval area. The length'shall be
le = 1,80 mm min.
The radius at{the end of the oval shall be
r3 = 3,80|mm min.
The centre off locating area A, is on:Plane B at a distance
l7= 86,13 mm * 0,25mm
from Plane Cj
The position pf the rectangular locating area A5 shall be

lg = 13,73 mm min.

lg=4,75 mm'min

The position of the rectangular locating area A, shall be
l10= 13,75 mm min.
11 =4,75 mm min.
The position of the locating features B and B, for Plane B shall be specified as follows.
B shall be centred within locating area A;. It shall be a square hole of side
l1, = 3,00 mm * 0,08mm
with rounded corners with a maximum radius of 1,00 mm.
B, shall be centred within location area A,. It shall be a slot of side

I, = 3,00 mm + 0,08 mm

© ISO/IEC 2002 — All rights reserved 9


https://iecnorm.com/api/?name=8a00b1bcbdb05f5ad9fcd109fa960044

ISO/IEC 22050:2002(E)

Both B, and B,

shall have a depth specified by

l13 = 5,00 mm min.

8.3.3

There shall be three positioning notches, open toward the bottom side, and one secondary datum area on the front of the
cartridge. Where surfaces have draft angle, dimensions shall be controlled at Plane A (except as noted), and the angle shall be

0° 45' nominal.

Positioning notches (figures 3, 6, 7)

The location of the centre of the V-shaped notch shall be specified by

l14= 81,95 mm= 0,15 mm

l15=1547 mm =+ 0,15 mm

Its radius at the
r4 =1,50 mn

Its opening shal
a; =60°+1

The depth of thg
l16= 8,90 m|

bottom shall be

1 max.

be

o

V-shaped notch shall be

m min.

This notch position is measured with a 3,50 mm spherical probe, 3,0 mm above PlaneA.

The dimensions
Their dimensior]
l17=47,50 1
The length of th
/18 =15,00 m|
The width of thq
119 =2,80 m|
The depth of thg
b =28,70 m|
The secondary
1300 = 8,00
1391 =7,50
l302 =13,50

This surface ma

of the two side notches shall be specified as follows.
shall be
hm £ 0,15 mm
e notches shall be
m =+ 0,15 mm
notches shall be
m min.
notches shall be
m min.
atum area on the front.of\the cartridge shall be specified by
min.
max.
mm min.

y haye draft from Plane A and shall be located at a distance from Plane B by

1303 = 20,36

mm4 0,10 mm

when measured with a spherical probe, 3,0 mm above Plane A.

8.3.4

Handling notches (figures 3, 4, 7)

There shall be three notches used for handling. They shall be specified as follows:

The dimensions

of the bottom notches shall be

b1 =81,00 mm £ 0,25 mm

by = 82,00 mm £ 0,25 mm

53 =6,00 mm + 0,25 mm

10
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the bottom notches shall be

lg = 4,75 mm min.

The depth of
lo=8,70

the bottom notches shall be

mm min.

The dimensions of the side notch shall be

b4 = 6,00 mm + 0,50 mm
lys = 18,00 mm + 0,50 mm
o = 30° + 2°

03 = 60° § 2°

be =2,25mm + 0,50 mm

l7=10,7
8.3.5 M

The cartridgg
wrong orient

The depth of
128 = 5,00

The surface
same centre 4

8.3.6

The bottom s
I3 = 3,00
I31=674
I3p = 6,00
liog = 1.2
I200 =50

The corners

Stacking features (figures 3, 4, 5, 8)

5 mm £+ 0,50 mm

is-insertion protection (figures 4, 6)

shall have a cut-out in the front side of the case to prevent the cartridge from being inserted intd
tion. This feature further prevents the use of unsuitable cartridges of simildt; but not identical, cor

the notch shall be
mm + 0,25 mm

t forms shall be defined by /9 = 16,80 mm nominal and th€, tarigent to an arc 75 = 51,50 mm 1
s the central window as described in 8.3.8. The actual surfacé shall be within 0,50 mm of this nom

de of the case shall have four parallel stacking ribs.“The dimensions shall be
mm £ 0,20 mm

5 mm £+ 0,20 mm

mm £ 0,20 mm

D mm max.

00 mm £ 0,30 mm

hall have a radius

m min.

all be defined by

mm =+ 0, F5\am (measured locally around each pad)

b the-case shall have recess areas for the stacking ribs to fit into. The dimensions shall be

St + 0,30 mm

re = 0,60
The height sh
133=0,50
The top side
[34=674
35 =16,60
l36=4,30
I201 =50,
The depth of
I37=10,85

mm £ 0,30 mm

mm £ 0,30 mm

00 mm £ 0,30 mm

the recess areas shall be

mm min. (measured locally around each recess)

The radii of the recess areas shall be

r7=0,35 mm max.

© ISO/IEC 200
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8.3.7

Label area of the rear side (figure 5)

There shall be one label area on the rear side of the case.

The distance of the bottom edge of the label area from the bottom side of the case shall be

I33=2,00 mm + 0,25 mm

It shall be recessed from the rear side by 0,20 mm min. and 0,50 mm max.

The radii of the corners shall be

rg = 1,25 mm max.

The distance of the edge of the label area from the left side of the case shall be

I40="7,50 m|
The width of thq
141 =280,00 1
The top of the 14
l4p=19,50 1
8.3.8 Cent
The bottom sidg

Its diameter sha
d3 = 40,00 1
Its centre shall §
l43=42,45 1
l44=30,50 1
8.3.9

On the left side
be held in place
at Iy dimensiof
position.

The door shall i
lys9 = 10,00
rg = 0,50 mn
l46 = 0,75 m|
l47=0,60 m|
48 = 2,95 m|

m =+ 0,25 mm

label area shall be
hm + 0,35 mm

bel area shall be
hm + 0,35 mm

ral window (figure 3)

of the case shall have a central window to allow penetration of the drive spindle into the hub.
1 be

)m min.

e defined by

hm + 0,15 mm

hm + 0,15 mm

Sliding door (figures 8, 16)

of the cartridge, there shall be a door that-slides toward the rear of the cartridge when opened. T
by features internal to the case. Theforce required to slide the door fully open shall be no greate
. The cartridge means to close the door shall provide a minimum of 0,20 N closing force at th

ave a feature for opening as‘detailed with the following dimensions
mm min.

h + 0,25 mm

m max. (no protrusion beyond cartridge case)

m =+ 0,25.mm

m min.

his door shall
r than 1,30 N
e fully closed

The door shall p

as outlined in 8.3.1

8.3.10

Case opening (figures 8, 16)

tde the opening

The case shall have an opening that is visible when the door is in the open position. This opening is where the leader pin
assembly is seated.

The opening shall be defined by

45 =12,50 mm = 0,25 mm (located with respect to the centreline shown)

49 = 17,20 mm min.

I50 =4,00 mm min.

r10 = 2,50 mm max.

r11 = 1,00 mm £ 0,25 mm

12
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8.4 Write-inhibit mechanism (figures 3, 5)

The write-inhibit mechanism shall have a flat surface identified by a visual lock mark, such as a padlock on the rear of the
cartridge, when in the position in which writing is inhibited. In the write-enabled position the surface of the write-inhibit
mechanism shall be flush to 0,30 mm from the bottom surface of the cartridge case. In the write-inhibit position the write-
inhibit mechanism shall be at a minimum distance of 5,00 mm from the bottom surface. The force needed to move the write-
inhibit assembly, when applied tangentially to the surface of the cartridge, shall be in the range 2 N to 7 N.

The target area for sensing on the bottom of the case shall be
I51=77,50 mm = 0,20 mm

Is, = 82,95 mm + 0,20 mm

The sensing greaonthe-bottonrof-the-case-shatt-be-defined-by
d4 = 4,00/mm min.
The write-inHibit indication window on the rear side of the case shall be defined by
I53="7,50| mm £ 0,50 mm
54 = 14,50 mm = 0,50 mm
I55=15,75mm + 0,50 mm

Is¢ = 15,75 mm + 0,50 mm

ot

8.5 Fl¢xibility of the case

The flexibilify of the top and bottom sides of the case of the assembled carfridge (see figure 4) is the amoynt of deflection
observed whgn they are subjected to a perpendicular force, with the carttidge resting on a flat surface.

8.5.1 Rpquirements
The case shall not deflect by more than 2,50 mm max. when a fore¢’of 35,0 N is applied as described in 8.5.2.

8.5.2 Procedure

Measure the flexibility of the case in a universal testing;machine operating in compression mode, using a suitdble load cell for
the test.

Apply a single point load with a radius of 10 mn¥&-1 mm to the top side of the case at the point shown in figur¢ 4 and specified
by
57 = 53,90 mm nominal

53 = 76,00 mm nominal

Repeat for the bottom side at th€ same point and specified by the same method.

8.6 Tape reel
8.6.1 Lpcking mechanism (figure 9)

The locking jmechanism for the tape reel maintains pack tension during shipping and storage over the allpwable range of
environmentdl donditions. Functionally, it shall satisfy the following requirements in the locked position:

— the angular resolution shall not be greater than 3°

— the reel shall not rotate by more than 10° when a torque not greater than 0,32 N-m is applied in the direction that will cause
the tape to unwind

The locking mechanism shall have an interface to the drive through 3 pads protruding through the toothed rim. The dimensions
of the locking pads shall be

r12 = 17,50 mm nominal
I59 = 1,00 mm min.

lgo = 3,00 mm min.

© ISO/IEC 2002 — All rights reserved 13
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and no larger than the space from removal of 2 or 3 teeth of the toothed rim per locking pad. The locking pads shall be centred
on the mating tooth (for 2 teeth removed) or teeth (for 3 teeth removed). The angle between the locking pads shall be
a5 = 120,00° nominal

These pads shall be flush within 0,10 mm with the flats on the toothed rim in the locked or in hand position. With the cartridge
in the drive, the pads shall be recessed 1,80 mm = 0,15 mm from the flats on the toothed rim. The ends of the locking pads shall
have no sharp corners, edges, or burrs. The force required to move the three locking pads into this position shall be greater than
2,80 N at the in-hand position and not exceed 5,00 N at the in-drive position. The 3 pads protruding through the toothed rim
shall be non-metallic.

8.6.2 Axis of rotation of the reel (figure 3)
The axis of rotation of the reel shall be perpendicular to Plane P and pass through the centre of the central window as specified
by 143 and 144.
8.6.3 Reel|flanges (figure 12)

The outside diameter of the reel flanges shall be

ds5 = 96,80 nim min.

There shall be a|radius on the tape side of the flanges at the outside diameter
7200 = 0,50 thm £ 0,25 mm

The distance from the inside of the lower flange of the reel to Plane P shall be
ls6 = 1,92 mn =+ 0,10 mm at the hub diameter dg

The distance from the inside of the upper flange of the reel at the hub diametérdg to Plane P shall be
lgp = 14,88 hm = 0,10 mm at the hub diameter dg

The distance frgm the inside of the lower flange of the reel at the flange*outer diameter ds shall be
lg3 = 1,78 min + 0,12 mm at the flange outer diameter d5

The distance from the inside of the upper flange of the reel at'the flange outer diameter d5 shall be
l00 = 15,02 jmm + 0,12 mm at the flange outer diaméter d5

The maximum Ipwer flange total indicated runout shall be 0,165 mm for any diameter along the tapered surface. The maximum
upper flange total indicated runout shall be 0,165 mim for any diameter along the tapered surface.

There shall be ajminimum taper of 0,03 mm\on both upper and lower flanges with no negative taper areas on the qurface. Taper
is defined by th difference between the, minimum height of the flange at the inner diameter circumference and fhe maximum
height of the flapge at the outer diameter circumference, both measured relative to the Plane P for the bottom flange.

The minimum hpib height (flange te-flange spacing) at the diameter dg shall be 12,78 mm.
The radius at th¢ intersectionof the flanges and the outer surface of the hub shall be

r13 = 0,08 mim max,

8.6.4 Metallic insert (figures 9, 11, 12)

The reel shall khese—a—snets Rsert—ade
corrosion.

The thickness shall be

lg1 = 1,00 mm + 0,06 mm

The outer diameter shall be
de=730,00 mm = 0,25 mm

The inner diameter shall be
d7=9,00 mm + 0,25 mm

and shall be concentric with the axis of rotation within 0,20 mm.
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The metallic insert shall be parallel to Plane P within 0,15 mm.
It shall withstand a pull out force of 150 N min.

If holes are used in the insert to improve pull-out retention between the insert and molded reel, they shall not exceed 10,0 mm?
total area.

8.6.5 Toothed rim (figures 9, 12, 14)
The reel shall have a toothed rim accessible through the central window. Its dimensions shall be

dig=30,50 mm =+ 0,75 mm

dg =40,00 mm + 0,25 mm
8.6.6 Hub-of-the-reel-(figure12)
The diameter|of the hub shall be

dg =44,00 mm £ 0,10 mm

The hub shal] meet the following requirements:

— the straightness of the hub surface shall be within 0,04 mm

— the perpgndicularity to Plane P (see 8.6.8 for Plane P definition) shall be within 0,07 mm

—  conical thper shall not exceed 0,4 %

— the rate ¢f change of diameter dgy across the width of the hub surface shall not.exceed 0,025 mm per mm

— the total|runout of the hub relative to the cylinder perpendicular to the circular pitch line of the teeth off the toothed rim
shall notlexceed 0,10 mm total indicator reading (TIR)

8.6.7 RElative positions of hub and case (figures 3, 9, 10, 11;.12)
With the carttidge held in the hand

The distance [from the surface of the flats of the toothed rimnte, Plane A shall be
lg4 = 0,25 mm + 0,25 mm

The d|¢ dimgnsion of the reel shall be centred to the central window d3 (figure 3) within 0,25 mm in the bottpm or horizontal
orientation afjd within 0,30 mm in the vertical orfentation (resting on right or left side).

With the cartfidge in the hand or in the drive

The distance [from the bottom surface of the metallic insert to Plane P shall be
lgs =1,400mm £ 0,10 mm

With the carttidge in the drive

The distance [from the tip§ ofthe three locking pads to Plane A shall be
lg7 = 3,25 mm £,0;25'mm

The distance [from ‘Plane A to Plane P shall be

lgg =2,35mm = 0,15 mm

A minimum clearance of 0,50 mm shall be maintained between the reel and the inside surfaces of the case for all tolerance
conditions and feature sizes.

8.6.8 Characteristics of the toothed rim (figures 9, 13, 14)
The toothed rim shall contain no fewer than 42 teeth, spaced at an angle of

ag = 6° = 10 ' non-cumulative

If fewer than 54 teeth (60 minus 3 sets of 2 for the locking pads) are provided, the teeth shall be grouped into 6 contiguous
groups, symmetrically arranged adjacent to the locking pads with no gaps greater than 3 teeth.

The teeth are specified at the pitch diameter 37,50 mm.

© ISO/IEC 2002 — All rights reserved 15
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The theoretical tip to tip dimension shall be
l70=2,321 4 mm
Plane P is a plane defined by the pitch line of the hub teeth at the 37,50 mm diameter.

Plane P shall be defined at the distance /7; = 1,160 7 mm or halfway between the theoretical tips of a complete tooth.

The angle of the teeth shall be defined by
o7 = 30° nominal
og = 15° nominal

the error of the tooth angle @ and og shall be less than or equal to 10 ' (non-cumulative).

The pitch line s
The flat at the ti
170 =10,90 my
The trough at th
l73=1,16 m|
l74= 10,50 m|
The geometry o
dio=37,85
di1=39,00
og=45°+5
8.7 Magnc

8.7.1 Tap

When the cartri
recording surfag

The end of the t

8.7.2 Win
The tape shall b

8.7.3 Circ]

For the followin

Type A

jall be the circumference of the teeth in Plane P.

ps of the teeth shall be defined by

m =+ 0,05 mm

e bottom of the tooth shall be defined by

m min. centre of radius

m =+ 0,20 mm

[ the toothed rim around the outside diameter (figure 14) shall be
nm min.

mm = 0,15 mm

<

tic tape

e wind

dge is viewed from the top side, turningsthe hub counter-clockwise shall wind tape onto the
e toward the outside (away from the hub):

hipe shall not be attached to the hub.

l tension
e wound with a tension of 1,00 N + 0,40 N.

umference of the tapeireel

o lengths of tape (Se€™9.2), the circumference of a wound tape shall be

295,33 mm neminal

hub, with the

Type B 234,06 ‘mm nominal
Type C 204,48 mm nominal
Type D 169,82 mm nominal
8.7.4 Moment of inertia

The moment of inertia of the reel and tape shall be

For the empty reel

28,40 x 10-6 kg'm2 = 2,84 x 10-6 kg-m2

For Type A 16,69 x 10-5 kg'm? + 1,67 x 10-5 kg'm?
For Type B 7,88 x 10-5 kg'm2 £ 0,78 x 10-5 kg-m2
For Type C 5,49 x 10-3 kg'm2 £ 0,55 x 10-5 kg'm?2
For Type D 3,73 x 105 kg'm2 £+ 0,37 x 10-5 kg-m2

16
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Procedure

Torsionally oscillate the reel on an inertial dynamics unit. Measure the period of oscillation with a universal counter. Convert
the period of oscillation to its rotational value.

8.8
8.8.1

Leader pin assembly

Leader pin assembly dimensions (figure 15)

The leader pin assembly shall have the following dimensions

l75 =19,46 mm = 0,04 mm
l76 = 1,480 mm = 0,075 mm

[77 =3,130mm + 0 075 mm

di2=2,90 mm £ 0,20 mm

l73 =13,
l79=17,

dy3=3,20 mm £ 0,05 mm

d14: 1,6
ri4 = 0,0f
rys = 14;

re= 0,2(
The leader pij

8.8.2 L
The leader ta

The leader ta

The bottom 4
within 0,50 ny

The leader pi

operating eny

If the leader
figure 15, so
and the free ¢
8.8.3 L

This Internat
International
to insert it inf

When the lea]

0 mm £ 0,075 mm

0 mm £ 0,075 mm

mm + 0,05 mm
mm min.
5 mm + 4,75 mm (no sharp points or cut-off nibs allowed)
mm = 0,10 mm
h assembly shall be made from non-magnetic materials with, maximum magnetic level of 3 200 A/1
pader tape attachment to leader pin assembly (figure\15)
be shall be attached to the leader pin assembly centred to /g within 0,15 mm.
be shall be retained to the leader pin assembly by means that shall not protrude beyond d,.

dge of the tape (as seen in figure 15) shalPbe perpendicular to the axis of the leader pin assembl
im over the first 150,0 mm of tape.

h assembly shall not detach from,the ‘tape when a force of 16 N is applied normal to the pin assem
ironmental conditions (see 7.2).

pin assembly has a portion of diameter d|, open, the tape shall be wrapped around the central
that the open section faces the front of the cartridge. The open section shall not be more than 120
nd of the tape shall fiot extend more than 1,50 mm beyond d,.

htching the leader pin assembly in the case (figures 16, 17)

Standard 'specifies the position of the leader pin assembly and the forces required to pull it out of
o the-cartridge.

Herpin assembly is latched into the case, the point shall be defined by

y (centre of di4)

bly, over all

pin as shown in
> of the cylinder

onal Standard-does not specify the implementation of the latching mechanism for the leader pin assembly. This

he cartridge and

lgo=13,5

0 mm nominal

lg1 = 6,30 mm nominal

The leader pi
The leader pi

n assembly shall fall within a circle of radius 0,25 mm.

n assembly parking position relative to Plane A shall be

Igp = 1,00 mm + 0,20 mm

The leader pi

n assembly parking position shall have a lead-in defined by

ajo=20°+2°

app =10°£2°

lg3 = 1,00 mm nominal

© ISO/IEC 2002 — All rights reserved
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Ig4 = 1,50 mm nominal
1304 = 3,50 mm nominal
and r;7 = 0,20 mm min. (no sharp edges or flash permitted)
1305 = 0,40 mm min.
1306 = 0,90 mm min.
This lead-in area shall have no sharp edges or flash and shall be recessed from the outside of the case by

lg5=0,50 mm + 0,20 mm

The limits on the insertion force shall be met when the leader p1n assembly is posmoned w1th1n 0,60 mm toward the front of the

cartridge, or 1,p
extraction and ipsertion force, i.e. the force requlred to pull (push) the leader pin assembly and the tape attachd
(into) the cartridge, shall be greater than 0,50 N and less than 1,50 N, measured perpendicular to the Plane-of tlhie d

The retention means and/or geometry described above shall maintain the leader pin assembly positiof when a fi
applied to the lepder pin assembly toward the right side of the cartridge, or at any angle up to

a4 = 85°
from the right side toward the front of the cartridge. See figure 16.

8.8.4 Mechanism and tape exit keepout area (figure 16, 17)

The cartridge shall have volume clear of any components or material for access by the mechanism and tape tra
volume reserved for mechanism keepout and tape travel shall be defined by

oy =2,10
bz = 4,40
los = 1,90
los = 3,00

max.
min.

min.

max.

hog = 17,25 jmm min.

b7 = 18,00 jmm min.

hpg = 18,50 jmm min.

bo9 = 7,45 mim min.

Ir10 = 14,70 jmm min. about the centteline of the cartridge
b11 = 2,30 mm max.

br12 = 19,10 mm min.

89  LTO (M (figure 18)

Figure 18 showp the(general layout of the LTO CM, showing the top view of a case bottom half and left side
assembly side) gs.described in figure 1. The dimensions of the device shall be

and /g.The
d to it out of
00T opening.

rce of 6 N is

vel. The total

or leader pin

I3 =20,00 mm + 0,50 mm
l37 =10,00 mm + 0,50 mm
lgg = 0,80 mm + 0,20 mm
r1g = 2,50 mm + 0,50 mm
The location of the LTO CM in the case and the dimensions controlling its position shall be
lg9 = 1,50 mm % 0,25 mm
log = 1,50 mm £ 0,25 mm
l9; =5,00 mm + 0,30 mm

a1y = 45° £ 3°

18 © ISO/IEC 2002 — All

rights reserved
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No metal components shall be closer than 2,00 mm to the LTO CM.

8.10

Areas reserved for cartridge presence sensing (figure 3)

The following areas shall have material present in Plane A, in order to allow mechanisms to sense that the cartridge is properly

seated in the

drive.

Location 1 shall be

151 = 77,5

0 mm £ 0,20 mm

lo3 = 88,45 mm = 0,20 mm

dy5=4,00 mm min.

Location 2 sH
l109 = 18,
li10 =24,

alr be
D0 mm = 0,20 mm

D0 mm = 0,20 mm

d17 = 5,5

8.11 H

There shall 4
cartridge, an
moulded into|

8.11.1

The grip feat
lgg =1,20
lgs=9,00
lo = 0,90
lg7=2,50

8.11.2

The indicator
lgg=4,70
a3 = 86,

and an arc wi
lgg = 36,0
hoo =52,
r19 =24,
8.11.3

mm max. (within edge of cartridge)

dling grips and insertion indicator (figure 19)

e features on the top, bottom and sides of the cartridge to provide a pdsitive grip for manual
I an arrow indicating the proper insertion direction of the cartridge into 'a mechanism. These
the respective surfaces, 0,30 mm + 0,10 mm deep.

Side grips

ire on each side of the cartridge shall be described by
mm + 0,20 mm (6 places)

mm + 0,25 mm

mm + 0,20 mm (5 places)

mm + 0,25 mm

Insertion indicator

for proper insertion direction shall be centred side to side on the top of the cartridge, and shall be
mm £ 0,30 mm

°1+ 300

th centre and radius§hall be defined by

0 mm + 0,40 mm

70 mm + 0,40-mm (the centreline of the cartridge)

mm +:0,40 mm

Top,grip

handling of the
eatures shall be

defined by

The grip feattre omtietop of theTartridge statth-bedescribed by
1191 = 0,90 mm = 0,20 mm (9 places)

l192 = 1,20 mm = 0,20 mm (10 places)

770 = 50,0 mm + 0,40 mm

ry1 = 46,0 mm = 0,40 mm

)y = 35,0
3= 39,0

0 and r

mm + 0,40 mm (2 places)
mm + 0,40 mm (2 places)

1 are from the centre located by

© ISO/IEC 2002 — All rights reserved

19


https://iecnorm.com/api/?name=8a00b1bcbdb05f5ad9fcd109fa960044

ISO/IEC 22050:2002(E)

1103 = 25,00 mm £ 0,40 mm

100 = 52,70 mm £ 0,40 mm

7 and 7,3 shall be from the centre located by

1104 = 39,00 mm + 0,40 mm and tangent to 7 and ;| respectively

8.11.4 Bottom grip
The grip feature on the bottom of the cartridge shall be described by

1105 = 1,20 mm = 0,20 mm (6 places)
106 = 0,90 mm £ 0,20 mm (5 places)

g4 = 18,0
s = 13,0

+ 0,40 mm

+ 0,40 mm
with centre locajed by the rear of the cartridge and

lo7=53,90 + 0,50 mm (the centre of the window for the hub)

8.12 Pad Printing Areas (figure 19)

The cartridge shall have two areas designated for pad printing, logo moulding, or labeling as defined by

dimensions:
l13=15,00 nominal from the centreline of the cartridge
D14 =15,00 nominal from the centreline of the cartridge
l15=15,00 nominal from the curve bound by the handling grip
h16=15,00 nominal from the outside edge of the cartridge

The second area shall be the mirror image of the first area reflectedjabout the centreline of the cartridge.

8.13 Opacity

There shall be 1gss than 5 % transmission passing through-any two walls of the cartridge case for wavelengths fr
1 100 nm.

he following

m 600 nm to

20 © ISO/IEC 2002 — All rights reserved
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Top side

Rear side

Front side

j Right side

Bottom side

Figure 1 - General view of the cartridge
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Plane C

Plane B

Left side

Top side@
Rear side /
.’

Right side

Figure 2 - View(of the Reference Planes A, B, and C

Front side

Plane A
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Spherical probe
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Figure 3 - Bottom side
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Figure 4 - Top side

© ISO/IEC 2002 — All rights reserved


https://iecnorm.com/api/?name=8a00b1bcbdb05f5ad9fcd109fa960044

ISO/IEC 22050:2002(E)

A

\ 4

r'g 141

> ey

See detail
s f\/

38
/
Is¢ ¢ i 42
T

—T
155
Label area
€« lsq —»
137
( J
ﬁ A
ry M
Detail
Figure S - Rear side
}’2 7'2
k b
] o {
- e
[
Bo1—» L
"2 <3 )

1300

Figure 6 - Front side
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Probe to measure /303
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Figuke 7 - Right side
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Figure 8 - Left side with access door open
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Figure 9 - Locking pad-features in the reel
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See figure 11

Figure 10 - Cross-section of the hub/brake assembly in the in-hand position
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Figure 11 — Enlarged partial view from figure 10
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Figure 12 - Cross-section of the hub/brake assembly in the cartridge-in-drive position
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igure 13 — Cross-section as viewed toward centre of reel through the)teeth at diameter 37,50/mm
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Leader pin assembly:

with attached leader tape

47

)

s
dy3
ﬁ 16
‘ d144|:_L

Leader tape

16

ye

v

%

b5 i d12 —> <
79 178
T4
A 16 l
N 82
l77 #
y Y v ‘ ¢

Leader pin assembly:
shown in cross section
with case half

16

r1s

Free end of leader tape

Figure 15 - Leader pin assembly with attached tape seen from the top and from the side
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Figure(16 - Leader pin assembly in parked position and detail of the door in closed position
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See detail
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Figure| 17 - Leader pin assembly in parked position and door in open position, viewed from the left{side
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Figure 18 - Location of the LTO CM
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Figure 19 - Handling grips and cartridge insertion indicator
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Section 3 - Requirements for the Unrecorded Tape

9
9.1

The tape shall consist of a base material (polyethylene 2,6-naphthalate (PEN) or an equivalent) having a glass transition
temperature greater than 125 °C. The glass transition temperature shall be defined as the temperature at which the tan(d) peak
maximum is observed (see ASTM D 4092-96 and ASTM D 4065-95). The base material shall be coated on one side with a
strong yet flexible layer of ferromagnetic material dispersed in a suitable binder. The back surface of the tape shall be coated
with a non-ferromagnetic conductive coating.

Mechanical, physical and dimensional characteristics of the tape

Materials

The leader tape shall consist of polyethylene terephthalate (or equivalent) base material. The front and back surface may be

coated.

The splicing
adhesive mat

9.2
9.2.1
The length of

Type A: 609
Type B: 319
Type C: 203
Type D: 87,0
9.2.2
The length of

The leader ta
the splice tap|

T

The gap betw
The offset be
The bottom ¢

9.2.3
The length of
The splicing
the splicing t

9.3
9.3.1

hpe length

Tape Width

tape shall consist of polyethylene terephthalate (or equivalent), coated on one side with ancacryli
prial. The splicing tape shall be attached to the back surface of the magnetic tape.

Length of magnetic tape
the tape from the splice to the hub shall be

Om+1,0m

0m=+ 1,0 m

Om+1,0m

m=1,0m

Length of leader tape

the leader tape shall be 900 mm + 30 mm.

pe and magnetic tape shall be butted together ‘with no overlap. The leader tape and magnetic taps
e with no curled or raised corners or edges.

een the end of the magnetic tape and the“leader tape shall be less than 0,20 mm.

ween the leader tape and the magnetic tape at the splice shall be less than 0,30 mm.

dge of the leader tape shall be aligned to within 1° to the bottom edge of the magnetic tape.
Length of splicing tape

the splicing tape shally4,0 mm £ 1,0 mm.

fape shall extend a-distance of not less than 6,0 mm and not more than 8,0 mm over the leader taj
ipe over themagnetic tape shall not be less than 6,0 mm and not more than 8,0 mm.

Width of magnetic tape

The tape wid

C (or equivalent)

shall lie flat on

e. The extent of

thoshall be measured-across-the fqpp from p{]gp 10 p{]gp The fqpp width-shall be 1’)’K<n -

0,006 mm. The

fluctuation of the tape width shall be no more than 0,006 mm.

9.3.2
The width of
9.3.3
The width of

Width of leader tape

the leader tape shall be 12,650 mm + 0,010 mm.
Width of splicing tape

the splicing tape shall be 12,20 mm + 0,20 mm.

The width of the splicing tape and its position across the width of the leader and magnetic tape shall be such that the bottom
edge of the splicing tape shall be no more than 0,40 mm and no less than 0,05 mm from the bottom edges of the other tapes.
The top edge of the splicing tape shall be no more than 0,40 mm and no less than 0,05 mm from the top edges of the other
tapes.
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9.34

1.

ii.

Procedure
Hold the tape flat.

having an accuracy of 1 pum or better.

iil.

iv. The tape wi
v. The tape wi
9.4

Repeat the measurement nine times at points separated by 100 mm.

dth is the average of the widths measured.

dth fluctuation is the difference between the maximum and minimum of the widths measured.

Tape Thickness

Measure the width with no tension applied to the tape, using a calibrated microscope, profile projector, or equivalent,

The total thickr
coating. The avg

The total thickn
The thickness o
The total thickn
9.4.1 P

i
with an acc

ii. Obtain a mi

iii. The total ta

£l 4 lowdl 1 1 £ 4l 1 £1 1 — — 1 1 1
CSS Ul UIU lClPC Slidll UU 1I1dUCT up Ul UIv UasT 1111, UIC lllaéllcl,l\.a L«Ual.llls dlIt ally UIIUCTT laycl,

rage total thickness of the tape shall be 8,9 um + 0,3 pum.

ss of the leader tape shall be 17,0 um £ 1,0 pum.

the splicing tape shall be 24,0 pm max.

bss of the tape at the splice, comprising the leader tape and the splicing tape, shathnet exceed 42,0

rocedure

The measugement method shall be to measure multiple layers (ten layers minimum)‘and determine a mean 14

iracy of 0,04 um or better.
nimum of 10 measurements along 2,0 m of tape.

pe thickness shall be the average of the thicknesses measured,

9.5

The radius of cu

9.5.1 P

Allow a 1,0 m lgngth of tape to unroll and assume its naturdPcurvature on a smooth flat surface. Measure the dey
1,0 m chord. The deviation shall not exceed 3,8 mm. This‘deviation corresponds to the minimum radius of curvat

measured over 4

9.6 Edge (
The tape shall b
9.6.1 E

The deviation o
measurement sh
following proce

9.6.1.1

i.  Place a 450

Longifudinal curvature

rvature of the edge of the tape shall not be less than'33'm.

rocedure

m arc of a circle.
Duality
e manufactured such that thé edge of the tape is uniform and free from defects.

ge deviation

[ either tape edge from the calculated edge position over a sample length of 50 mm shall be 3,5

ure or equivalent.

Procedure

mm sample under a tension of 1,00 N £+ 0,05 N.

ii. Using a c

ibrated edge position sensor (see figure 20), with an accuracy of 0.5 ym or better, take me

and the back

pum.

yer thickness

iation from a
hre of 33 m if

m max. The

all be made with the sample under a tension of 1,00 N £ 0,05 N and with an accuracy of 0,5 jim, using the

surements at

0,25 mm intervals along 250 mm of the tape edge of the sample. The tape shall be held flat at the measurement point.

iil.
analysis (se

iv.

figure 21).
V.
vi. Repeat step
vii.

36

e figure 21).

Move the start position for the calculation of the next 50 mm length by an interval of 0,25 mm.

s iii, 1v, and v, for successive 50 mm lengths along 250 mm of the tape edge.

The edge deviation is the average of the 801 values from step iv.

Using the edge position data for the first length of 50 mm, calculate the length's edge position using linear regression

Determine the maximum deviation of the edge measurements within that length from the calculated edge position (see
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Edge position sensor

S~ am

Tape Flanged guide

9

v
1,00 N 1,00 N

<4+— 250 mm —»

01-0042-A

Figure 20 - Measurement.ef edge deviation

Tapg Reference Edge

\

\ /\\//\\//\\//'\\//' —
Maximum _ K

deyiation

Calculated
~—— pdge
position

< 50 mm »

98¢0102:A

Figure 21 - Edge deviation

9.7 Tapk flatness

The tape shall be designed such that an unconstrained length of tape lies flat. The required flatness is specified by cupping, curl
and twist as follows.

9.7.1 Cupping

The departure of the surface of the tape, across the width of the tape, from a flat surface shall be 0,0 mm to 1,5 mm negative
cupping. Negative cupping is defined such that when a sample of tape is laid on a flat surface with the magnetic side up, the
centre of the tape is higher than the edges.

9.7.1.1 Procedure

Cut a 1,0 m£ 0,1 m length of tape. Condition it for a minimum of 24 h in the Test Environment by hanging it so that both
surfaces are freely exposed to the Test Environment. From the centre portion of the conditioned tape cut a piece of tape
approximately 300 mm in length. Place the test piece on an optically flat surface, with the magnetic surface uppermost. Secure
each end of the tape to the surface. The centre 100 mm of the tape shall be used for cupping measurements. Using an optical
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comparator, with an accuracy of at least 0,01 mm, measure the maximum deviation of the tape from the surface of the flat.
Repeat this measurement at 25 mm intervals for a further four points. The cupping shall be the average of these five
measurements.

9.7.2 Curl/Twist

Curl is the curvature of an unconstrained length of tape in the longitudinal direction. Curl can be assessed by measuring the
resulting twist in an unconstrained length of hanging tape. The twist shall be 0° £ 180° measured with an accuracy of 15°.

9.7.2.1 Procedure

Cut a 0,50 m £ 0,05 m length of tape. Attach a mass of 200 mg to one end of the tape. Condition it for a minimum of 24 h in the
Test Environment by hanging it vertically from one end so that both surfaces are freely exposed to the Test Environment. If
there is no curl, the tape will hang straight with no twist. If there is curl, the bottom of the tape will tend to twist with respect to
the held end. Thie Twist can be measured in degrees of rofation with respect to the held end.

9.8 Coatinlg adhesion
The initial forcelrequired to cause the coating to separate from the tape base material shall not be less than.l,0 N.
9.8.1 Procedure

i. Take a test|piece of the tape approximately 380 mm long and scribe a line through the recotding coating acfjoss the width
of the tape |25 mm from one end.

ii. Using a nop-acrylic based double-sided pressure sensitive tape, attach the full width*of the test piece to a pmooth metal
plate, with the recording surface facing the plate, as shown in figure 22.

iii. Fold the test piece over 180°, attach the metal plate and the free end of thevtest piece to the jaws of a unjversal testing
machine anfl set the speed of the jaw separation to 1 000 mm/min.

iv. Note the fofce at which any part of the coating first separates from the base material. If this is less than 1,0 N, the tape has
failed the tdst. If the test piece peels away from the double-sided pressure sensitive tape before the force excgeds 1,0 N, an
alternative {ype of non-acrylic based double-sided pressure sensitive tape shall be used.

v. Repeat the procedure for the back coating.

Recording surface Scribed line

-\ i
/

«|
o— 3 /|
125 mm Pressure-sensitive tape
93-01p0A

Figure 22 - Measurement of the coating adhesion

9.9 Layer-to-layer adhesion

Layer-to-layer adhesion refers to the tendency of a layer, when held in close proximity to the adjacent layer, to bond itself to an
adjacent layer so that free and smooth separation of the layers is difficult.

9.9.1 Requirement

Adjacent layers shall separate easily and there shall be no evidence of delamination or other damage to the coatings.
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99.2 Procedure

i.  Fasten one end of a 1 m length of tape, magnetic coating inwards, with a low cold-flow adhesive material to a horizontally
mounted stainless steel cylinder of diameter 12,7 mm.

ii. Attach a mass of 100 g to the opposite end of the tape.
iii. Attach, 25,4 mm above the mass, a narrow strip of double-sided adhesive tape to the magnetic coating.

iv. Slowly rotate the cylinder so that the tape winds uniformly around it into a compact and even roll. The double-sided tape
secures the end and prevents unwinding when the mass is removed.

v. The cylinder with the tape shall then be exposed to the following temperature and humidity cycle:

Time Temperature RH

16 hto 18 h 54 °C 85 %
4h 54 °C 10 % or l¢ss

lhto2h 21°C 45 %

vi. Open thg end of the roll and remove the double-sided adhesive tape.
vii. Release the free end of the tape.

viii. The outer one or two wraps shall spring loose without adhesion.

ix. Unwind fhe tape from the cylinder and inspect.

x. The tape|shall show no coating delamination, except where the tape{directly contacts the cylinder.

25,4

i :

100 g

01-0043-A

NOTE - All measurements are in mm.

Figure 23 - Measurement of layer-to-layer adhesion
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9.10
9.10.1

Coefficient of friction

Requirement

These measurements shall be made at 23 °C + 2 °C and 45 % RH + 5 % RH.

Between the magnetic surface and the back surface

Coefficient
Coefficient

of static friction shall be greater than 0,20
of dynamic friction shall be greater than 0,20

Between the magnetic surface and other materials

Between the bag

Test materials sl

9.10.2 P
surface
i.  Wrap a firs
than 180° w
ii. Wrap a sec
170° and 19§
iii. Exert on onl
iv. Attach the
v. Measure thg
vi. Calculate th

Where 0 is the

9.10.3 P
steel
i.  Wrap a pie
between 17
ii.  Exert on on
iii. Attach the
iv. Measure th
v. Calculate th

Coefficient
Coefficient

of static friction shall be between 0,10 and 0,30
of dynamic friction shall be between 0,10 and 0,30

Coefficient
Coefficient

k surface and other materials

of static friction shall be between 0,10 and 0,25
of dynamic friction shall be between 0,10 and 0,25

nall have a surface finish R, =70 nm £ 10 nm.

piece of tape around the Al,O3/TiC cylinder of diameter 25,4 mm and Wwrap it with a total wrap
ith the back surface outwards.

0°.
E end of the outer test piece a force of F; = 0,64 N.
ther end to a force gauge mounted on a linear slide:

force F', required to drive the slide at a speed 60,5 mm/s.

e coefficient of dynamic friction Y from the equation
v = In(F,/F1)(1/0)
alue of the wrap angle in radians’

focedure for the measurement of the dynamic friction between the back surface and SS-

be of tape around a $S=310 stainless steel cylinder of diameter 25,4 mm and wrap it with a total
D)° and 180° with the,back surface inwards.

e end of the ofiter test piece a force of F; = 0,64 N.
ther end to a force gauge mounted on a linear slide.

forée F required to drive the slide at a speed of 0,5 mm/s.

focedure for the measurement of the dynamic friction between the magnetic surface apd the back

hingle of more

pnd test piece, with the magnetic surface inwards, around the first test piece with a total wrap angle between

310 stainless

vrap angle of

e-coefficient-of-dvmamie-frietionfrom-the-equation
HHeteRt-o+aY HieHOR—— -t S haacazacco

v = In(F»/F1)(1/0)

Where 0 is the value of the wrap angle in radians

9.10.4

ceramic

i.

ii.

iil.

40

Procedure for the measurement of the dynamic friction between the magnetic surface and AlO,/TiC

Wrap a piece of tape around an Al,O;/TiC cylinder of diameter 7,0 mm and wrap it with a total wrap angle of between
170° and 180° with the magnetic surface inwards.

Exert on on

e end of the outer test piece a force of F;= 0,64 N.

Attach the other end to a force gauge mounted on a linear slide.
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the force F, required to drive the slide at a speed of 0,5 mm/s.

Calculate the coefficient of dynamic friction Yy from the equation

v = In(Fy/F)(1/0)

Where 6 is the value of the wrap angle in radians.

9.11

Surface quality

The recording surface shall be free from scratches, indentations and creases.

9.11.1

Surface roughness

The surface roughness shall be measured in accordance with ISO 4287.

9.11.1.1
The arith

The arith
9.11.1.2

The measurements of surface roughness shall be made using non-contacting measuring equipment with a long

of 0,8 mm m:
9.12
Tape abrasiv

When measu
65 um after
pattern length

These measu
The average

9.13

Measurement
shall be used

9.13.1

Load the test
of the tape.

9.13.1.1
The breaking]

The breaking
80 % min.

9.13.2

Ten

Abrpsivity

Requirement

metic mean surface roughness of the recording surface shall be R, = 6,0 nm £ 3,0 nm.
metic mean surface roughness of the back surface shall be R,>8,0 nm and R,<50 nm,

Procedure

LX.

ty is the tendency of the magnetic coating to wear the magnetic recording heads.

red according to annex C, the average wear pattern length<in an Alfesil wear bar shall be bety
00 passes using new tape. A repeat measurement using-the same segment of tape shall provid
within 30 %.

ements shall be made at 23 °C £ 2 °C and 45 % RH'®5 % RH.
vear pattern length in an Alfesil wear bar, for thie leader tape material, shall be 81 um maximum af

sile strength

s shall be made in accordance with ISO 527-3. The length of the test piece shall be 150 mm mij
with a strain rate of 0,1 per minute.

Breaking strength

piece until the breaking point’is reached. The maximum force required to reach that point is the b

Requirement

strength of the magnetic tape shall be 28 N min.
strength ©of\the leader tape shall be 28 N min. The elongation of the leader tape at the breaking

Offset yield strength

wavelength limit

veen 35 um and
b the same wear

ter 100 passes.

h. The test piece

reaking strength

strength shall be

The offset yi

tdStreng T IS Te Stress at WhicHT The Straii exceeds by 0,2 %6 al eXIens{on ot e ital proporto

stress-strain curve.

9.13.2.1

Requirement

The offset yield strength of the magnetic tape shall be 7 N min.

The offset yield strength of the leader tape/splice/magnetic tape assembly shall be 7 N min.

al portion of the

After application of the 7 N load the leader tape/splice/magnetic tape assembly shall still meet the requirements of 9.2.2.

9.14 Lon

gitudinal compliance

The tensile compliance of the tape in the longitudinal direction when strained in accordance with ISO 527-3 over the range
from 0,4 N to 5,0 N shall be less than 0,133 mm/N per 100 mm length of tape. This is equivalent to a modulus of elasticity of
the tape in the longitudinal direction of greater than 6,9 GPa.
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9.14.1

Clamp a 180 mm test piece of tape in a universal testing machine, allowing a 100 mm separation between the machine jaws. Set
the jaw separation speed for a strain rate of 0,1 per minute. Plot distance against force. Calculate the modulus of elasticity and

Procedure

the tensile compliance using the slope of the curve between 0,5 N and 1,5 N. The calculation is:

The modulus of

elasticity (Young's modulus) is £ = (6F/WT) x (1/(6L/L))

The tensile compliance is (OL/L)/0F

where:
oF change in force in Newtons
T measured thickness in millimetres
w measured width in millimetres
OL/L change in sample length between the jaws divided by the original length betweén the japws
9.15 Residyal elongation
Residual elongation is a measure of the permanent stretch that occurs when a length of tape(is held under tengion and then
released.
9.15.1 Rpquirement
The residual elopgation, expressed as a percentage of the original length, shall be less-than 0,03 %.
9.15.2 Procedure

Measure the or
10 minutes, app)

ginal length of a test piece of approximately 1,0 m with<an applied tensile force of less th{
ly an additional force of 2 N. Remove the additional foree/and measure the length of the test

n 0,1 N. For
biece after an

additional 3 minutes.

9.16
Flexural rigidity]

9.16.1 R
The flexural rigj

Flexunfal rigidity

is a measure of the tape bending stiffness.

Pquirement

dity in the longitudinal direction shall be'S mg/um to 9 mg/um.
The flexural rig

9.16.2 P

The flexural rig
See annex E for

dity in the transverse direction shall be 4 mg/um to 8 mg/pm.

rocedure

dity shall be derived from a measurement of the displacement as a function of force applied to a loop of tape.

the procedure.

9.17

The transverse
conditions. The
the life of the ta

Transyerse dimensignal stability

dimensional stability is the percentage change in tape width, when measured under different gnvironmental
transvers¢ dimensional stability of the tape shall be 0,12 % max. within the specified operating enyironment for
be cartridge, and over the tension range of 0,6 N to 1,4 N.
9.18

9.18.1

The electrical resistance of the recording surface of the magnetic tape, measured on any square area of the tape shall be within
the range:

5x105Qto5x 10100

Electrical resistance of coated surfaces

Requirement

The electrical resistance of any square area of the back coating of the magnetic tape shall not exceed 2 x 106 Q.
The electrical resistance of any square area of the leader tape shall not exceed 1 x 1012 Q.

9.18.2

Condition a test piece in the Test Environment for 24 h. Position the test piece over two 24-carat gold-plated, semicircular
electrodes having a radius 25,4 mm and a finish of at least N4, so that the recording surface is in contact with each electrode
(see figure 24). These electrodes shall be placed parallel to the ground and parallel to each other at a distance 12,65 mm
between their centres. Apply a force of 1,62 N to each end of the test piece. Apply a d.c. voltage of 100 V = 10 V across the

Procedure
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electrodes and measure the resulting current flowing (wait for the current to stabilise). From this value, determine the electrical
resistance.

Repeat for a total of 5 positions along the test piece and average the 5 resistance readings. Repeat the procedure with the back
surface in contact with the electrodes.

\ 4

N L

v

B o

93-0050-B
Figure 24 - Measurement of electrical xésistance

When mount|ng the test piece, make sure that no conducting paths exist between the electrodes except that thrpugh the coating
under test.

NOTE - Particulpr attention should be given to keeping the surfaces clean.

10 Magnetic Recording Characteristics
10.1 Genjeral

The magnetiq tape shall have a magnetic coating of metal particles.

10.2 Test conditions

When performing the tests, the output or(resultant signal shall be measured on the same relative pass for both p tape calibrated
to the Master|Standard Reference Tape-and the tape under test on the same equipment.

The following conditions shall applyto the testing of all magnetic recording characteristics, unless otherwise nqted.
Tape conditign: servo written'tape as received
Tape speed: 3,0 m/s

Read track wjdth: 12 ym £ 2 pm

—

Gap alignment: within 7' between the mean write transitions and the read gap

Write gap length: 0,9 um + 0,3 pm

Write track width: 27 ym £ 2 um

Shield-to-shield

spacing: <0,4 um

Write equalisation: Apply write equalisation as defined in 14.2
Tape tension: ION£0O,IN

Recording current: Set per head to the Optimum Recording Current
Recording density: TRDI1

Bandwidth of read

amplifier: > 15 MHz
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10.3
The Optimum R

Optimum Recording Current

ecording Current shall be between 80 % and 120 % of the Reference Recording Current.

Traceability to the Reference Recording Current is provided by the calibration factors supplied with each Secondary Standard

Reference Tape.

10.4 Signal

amplitude

The Average Signal Amplitude shall be between 80 % and 120 % of the Standard Reference Amplitude. The average shall be
calculated over a minimum of 25,4 mm of track at the density TRD1, and shall exclude missing pulses.

Traceability to the Standard Reference Amplitude is provided by the calibration factors supplied with each Secondary Standard

Reference Tape.

10.5

The ratio of the
of that for the M

Resolu

tion
Average Signal Amplitude at the density TRDI, to that at the density TRD3 shall be between 85
aster Standard Reference Tape.

0% and 115 %

Traceability to the resolution of the Master Standard Reference Tape is provided by the calibratiofi factors suppllied with each

Secondary Stan
10.6

Overwrite is th
original signal aj

10.6.1 R

The overwrite
Reference Tape

Overw

lard Reference Tape.

rite
ratio of the residual low frequency signal (density TRD3) after being\overwritten by density
plitude of TRD3.
Pquirement
alue for the tape under test shall be less than +2,5 dB relative to the overwrite value for the M4

Traceability to

Secondary Standlard Reference Tape.

10.7

When the tape
shall not exceed|

Ease 0

NOTE - An a.c. era

10.8 Broad
The Broad Ban
of a tape written
10.8.1 R|

The BBSNR fo
Reference Tape
skirt) noise <S]
Standard Refere

TRDI1 to the

ster Standard

he overwrite of the Master Standard Reference Tape«is*provided by the calibration factors supplied with each

erasure

has been subjected to a longitudinal a.c, @vasing field of 382 000 A/m, any remaining servo sig]
2 % of the Servo Amplitude before erasure.

e field will erase the servo tracks rendering the tape unusable.

Band Signal-to-Noise Ratjo

| Signal-to-Noise Ratio (BBSNR) is the ratio of average signal power to average integrated broa
at density TRD2 and is-expressed in dB.

Pquirement

the tape under-test <BBSNR,pe> shall be greater than -2 dB relative to the BBSNR for the M4
<BBSNR>when measured according to the procedure describe in annex B. In addition the nj
NRsk>_for-the tape under test SNRsk¢,pe shall be greater than -2 dB relative to the SNRsk fi
nce Tape <SNRskysrT>-

hal amplitude

| noise power

ster Standard
odulation (or
r the Master

Traceability to

the. < BBSNRygp>and <SNRsknigpt> is provided by the calibration factor supplied with ea

th Secondary

Standard Reference Tape.

10.9
10.9.1

Tape quality

Missing pulses

A missing pulse is a loss of read signal amplitude. A missing pulse exists when the base-to-peak read signal amplitude is less
than 35 % of half the Average Signal Amplitude, written at density TRD1 for the preceding 25,4 mm of tape.

10.9.1.1

Definitions

A short defect is 1, 2 or 3 consecutive missing pulses.

A long defect is 4 or more consecutive missing pulses or when more than one short defect occurs within any span of 500 bytes.

44
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Requirements
hort defect rate per track shall be less than 20 per metre.

The average long defect rate per track shall be less than 1,5 per metre.

The average long defect length shall be less than 3 660 RLL encoded ONEs.

10.9.2

Missing pulse zone

The start of a missing pulse zone is a missing pulse. The end of a missing pulse zone occurs when 6 000 consecutive pulses

occur without

10.9.2.1

a missing pulse.

Requirement

No missing pulse zones longer than 20 mm are allowed.

11

11.1

There shall Y
servo locatio
shall be writt
distances frot

The Tape Re
the observer's

Met

Each servo b
longitudinal j
the servo ban|

Genferal

hs shall be used for track following while the cartridge is being operated<n the cartridge drive.
bn prior to the cartridge being usable for data storage and retrieval. All-servo locations shall be 1o
n the Tape Reference Edge.

ference Edge is the bottom edge when viewing the recording side‘of the tape with the hub of the

hind shall contain servo frames consisting of 18 servo stripesServo frames are encoded as LPOS 7

ds. The details of the servo bands are shown in figur€s25, 26, and 28.

Section 4 - Requirements for an Interchanged Tape

hod of recording servo bands

e five servo bands pre-recorded on the tape. Multiple servo locations are defined within each

right.

osition down the length of the tape. Longitudinal shifts of servo frames among the servo bands 1

Tape edge guard band

A0 V0.0 I

Servo band 0

Servo band pitch
Data band 3

Servo band 1

servo band. The
he servo bands
cated at specific

tape cartridge to

wvords to provide
iniquely identify

11.2

¢ Data track locations Data band 1
Servo tand width \ NAYNY. Servo band 2

A Data track locations Data band 0
Ebrward (BOT to EOT) NAY1lW Servo band 3
Tape mogion Data track locations Data band 2

N W— A o

Tape edge guard band

ﬁ

Tape reference edge

Figure 25 — Servo band locations

Servo bands

The five servo bands shall be numbered 0 to 4. Data tracks shall be recorded between pairs of servo bands, see figure 25. Servo
bands comprise recorded servo stripes.
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11.2.1

Servo stripes

A servo stripe shall consist of two magnetic transitions, which shall be spaced 2,1 um + 0,4 um apart.

The width of each servo stripe measured perpendicular to the Tape Reference Edge shall be

+6 um

186 pm

11.2.2

-0 pm

Servo bursts

Servo bursts are groups of servo stripes. There are four types of servo burst: A burst, B burst, C burst and D burst. There shall
be 5 stripes each in A and B bursts. There shall be 4 stripes each in C and D bursts. When averaged over the length of one
LPOS word, the first transition of the servo stripes within the same servo burst shall be spaced 5,00 pum £ 0,05 um apart except

as noted in serv

11.2.3 S¢
A servo frame §

a B burst. A se
interchange and

Corresponding $
to the first strip
etc. through a to

The relative pos
transition of its

The servo band
to B stripe pairs

The five st
A and B bu

C and D by

The four st
and C burs

aggregate s
C and A bu

Cand A bu

When viewing
perpendicular tg

azimuth angle i
The five str

The relative an

The four stfipe aggregate average distance over the length of one LPOS word between the four corresponding

The four stfipe aggregate average distahce over the length of one LPOS word between the four corresponding

frame encoding, 11.3.

rvo frames
hall comprise an A burst, a B burst, a C burst and a D burst. A servo subframe 1 shall comprise a

[vo subframe 2 shall comprise a C burst and a D burst. Tolerances on servo frame ditnensions 3
as such include the effects of servo writing and tape dimensional stability. See figure-26.

tripes are the like-number stripes in a burst and the succeeding burst, e.g., the-first stripe in a burs
e in the succeeding burst, the second stripe in a burst corresponds to the s€eond stripe in the suc
tal of four/five stripes.

ition of corresponding stripes shall be measured from the first (of twg) transition of a stripe to thg
orresponding stripe.

centreline is defined as that point where the average distanee{over the length of one LPOS word,
plus the four C to D stripe pairs is 50,00 um.

ipe aggregate average distance over the length of one LPOS word between the five corresponding
sts shall be 50,00 pm + 0,05 pum.

sts shall be 50,00 um + 0,05 pm.

ipe aggregate long-term average distance over the length of 1 m, between the 4 corresponding st
ts and the 4 corresponding stripes~of the C and A bursts, shall be 100,00 pm £ 0,15 um. T}
hort-term average distance over @ny 4 adjacent subframes between corresponding stripes of the A
sts shall be within 0,20 % of the long-term average distance.

sts shall be 100,00 gm* 0,25 um.

the tape recording”surface the azimuth angle of a feature on the tape is the angle between
the Tape Reference Edge and the feature of interest. With the Tape Reference Edge at the bo
rotation ima‘clockwise direction from the line perpendicular to the Tape Reference Edge.

pes of the A burst shall be written at azimuth a5 = 6°+ 5' when averaged over the length of one I

n A burst and
re to support

t corresponds
eeding burst,

first (of two)

of the five A

stripes of the

stripes of the

ipes of the A
e four stripe
hind C and the

stripes of the

a line drawn
tom, positive

POS word.

plo.between A and B stripes and the linearity of the stripes are controlled by requirements on the difference

between A-B burst separations at various locations across the servo band. Similar requirements are applied to C and D bursts.
The cross tape positions for the separation measurements are taken in pairs symmetrically located about the servo band
centreline. The average A-B burst separation shall be taken over the length of one LPOS word. The average C-D burst
separation shall be taken over the length of one LPOS word. The requirements for the differences of burst separations are listed

in table 1.
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Table 1 - Burst Separation

Position above and below Servo band Difference in average A-B or C-D burst
centreline separations
90,00 um 37,90 um + 0,10 um
68,75 pm 28,95 um + 0,10 um
41,25 pm 17,37 pum + 0,10 um
13,75 um 5,79 um £ 0,10 um
<«— AC distance —»<—— CA distance —»|
o O1s
15

‘AB distancei CD distance
) » <«

&

Servo
centre

Typic
locati

Typic
readb

11.2.4

The average
servo locatio|
Master Stand
Standard Ref]

The amplitud
and D bursts

band —»--|+
line

1 servo —»- -4+
n trajectory

1l servo
ck signal

B Burst —»<'C BurstJ¢D Burst—»
<«—— Subframe 1 ——»<——— Subframe 2 ——
Servo frame ————————————»

>l
«

Figure 26 — Servo frames

Servo signal amplitude

base-to-peak servio signal amplitude of an interchange cartridge, measured for all servo bands
h, averaged oyer.1 000 servo stripes, shall be between 70 % and 150 % of the amplitude valug
ard Referefice-'Tape at the centre of Servo Band 1. Traceability to the servo signal amplitud
prence Tape'is provided by the calibration factors supplied with each Secondary Standard Referen

e of the A and C stripes averaged over a total of at least 500 stripes shall be within 20 % of the an
averdged over a total of at least 500 stripes. The measurements of the average amplitude for al

at each nominal

measured for a
e of the Master
ce Tape.

hplitude of the B
stripes shall be

made over the same set oI servo irames.

11.2.5

Servo signal polarity

The first transition of each servo stripe with the tape moving from BOT to EOT shall be a source of magnetic field where the
divergence of the magnetisation is negative, the second transition is therefore, a sink for magnetic field where the divergence of

the magnetisation is positive. See figure 27.
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x4+ ~H Ny ¥

+ p—
a.c. Erased + . M _ a.c. Erased
+ - _
BOT i EOT
<« Forward tape motion Ly
Tape substrate
Figure 27 - Servo signal polarity
11.2.6 S¢rvo defects

A servo frame
average peak-to
stripes. Coincid
frame.

A servo fade de
than 11 consecul

11.3

Information sh4q
manufacturer's d

11.3.1 M

Information sha
figure 28. Each

Servo

lefect has been encountered if any of the 18 stripe peaks contained in a servo frame fall below
-peak signal. The average servo amplitude is the average peak-to-peak amplitude measured ove
ent servo frame defects exist when servo defects are encountered in adjaeent servo bands at th

fect exists when the peak-to-peak amplitude falls below 25 % of\the average servo stripe ampli
Live servo frames (equivalent to 2,2 mm of tape).

frame encoding
Il be encoded into the servo frames to indicate absolute position along the length of the tap
ata, and to enable identification of servo bands.

ethod of encoding position and manufacturer's data

[l be encoded into servo frames by shifting the relative positioning of the stripes in servo sul
kervo frame shall encode one bit, which-is either a ONE or ZERO.

25 % of the
r 1 000 servo
t same LPOS

lude for more

e, to include

frame 1, see
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Encoding a ONE

N A
|

Subframe 1 <«—— Subframe2 ——— >

A ONE shall

shifting the fourth stripe of the A burst by 0;25 um toward the fifth stripe. In order to maintain the correct]

correspondin

A ZERO sha
shifting the f§
correspondin

The distance
isused in C 4

Figure 28~=Servo frame encoding

be encoded in the A burst by shifting the second stripe of the A burst toward the first stripe

b stripes of A and B bursts, the same shifts shall be applied to the second and fourth stripes of the

1 be encoded in the Atburst by shifting the second stripe of the A burst away from the first stripe
urth stripe of the-Avburst by 0,25 um away from the fifth stripe. In order to maintain the correct
b stripes of A and B’bursts, the same shifts shall be applied to the second and fourth stripes of the

between sttipes in the A and B bursts for encoding ONEs and ZEROs and the nominal distances|
nd D bursts) shall be as given in the table below.

Table 2 - Stripe Separation

P AL e———

by 0,25 um and
timing between
B burst.
by 0,25 um and
timing between
B burst.

for null data (as

Bit errcoded-im Pistancebetween Pistancebetween Pistancebetween Pistancebetween
bursts stripes 1 and 2 stripes 2 and 3 stripes 3 and 4 stripes 4 and 5
C&D 5,00 5,00 5,00 n/a

A & B (ONE) 4,75 5,25 5,25 4,75

A & B (ZERO) 5,25 4,75 4,75 5,25

In addition to the position information down the track, the LPOS word shall also include tape manufacturing information.

© ISO/IEC 2002 — All rights reserved
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11.3.2 LPOS word construction

The absolute location down the length of the tape and manufacturers’ data shall be recorded within LPOS words. Each LPOS
word shall comprise 36 servo frames (7,2 mm). LPOS words shall be recorded continuously along the length of the tape. The
layout of the LPOS words is shown below. The LPOS value shall be determined by the six LPOS symbols of the LPOS word
from the base 14 alphabet shown in figure 29 and table 3. The LPOS value shall take the value:

LPOS value=LO+ L1 x 14+12x 142+ L3 x 143 + L4 x 144+ L5 x 145

As the tape is removed from the cartridge, i.e. the forward direction, the LPOS value shall increment. The LPOS values fall in a
range from 0 to 7 529 535. The LPOS value shall increment by one every 36 servo frames and shall represent a distance of
7,2 mm. The next value after 7 529 535 shall be 0. However, the rollover to 0 shall not occur within any single cartridge. The
physical location glven by the LPOS value shall be considered to be the pomt following the last servo frame of the LPOS word
containing that yalue-on-the-¢ 2 2 a

LPOS word LPOS word LPOS word

(Sync mark | Longitudinal position | Manufacturer Data j

Figure 29 LPOS word layout

In the forward djrection, the LPOS word shall consist of seven'symbols and a sync mark as shown below.
LPOS Word: Sy,L0,L1,L.2,L.3,1.4,L5,Tx

Where:
Sy is the word sync mark

LO is the least significant symbol in longitudinal position

L1 is the next mpst significant symbol.in longitudinal position
L2 is the next mpst significant symbo¥in longitudinal position
L3 is the next mpst significantssymbol in longitudinal position
L4 is the next mst significant symbol in longitudinal position

L5 is the next mst significant symbol in longitudinal position

Tx is one symbdl of‘tape manufacturer information

The LPOS word symbols shall be constructed from the bit sequences shown in table 3. The most significant bit within each
symbol shall be encoded into a servo subframe first.

The LPOS word shall contain 36 bits and shall have a length of 36 servo frames.
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Table 3 - LPOS word symbols

Symbol Bit sequence

w2
<

10000000
0001
0010
0011
0100
0101

11.3.3

The sequenc
97 Tx symbo

Manufacturef

Manufacturet
shall be enco|
recorded in

Manufacturet

0110
0111
1001
1010
1011
1100
1101
1110
11K

of =| o] W] B | o 9| oo ©| »| W Ol T

Tape manufacturer encoding

b of symbols Tx forms a Manufacturer's Word down the tape. The Manufacturer's Word shall
s including the initial synchronisation characters~The Manufacturer's Word shall be structured as:

's Word: D,A0,A1,A0,Al,...

information shall be encoded into the-LPOS words using table 4. Any value to be recorded in
ded as two symbols from table 3 by«fe¢ording in the LPOS word the Symbol Pair corresponding t

have a length of

[LPOS in table 4
b the value to be

LPOS. The bit sequence of "D from table 3 shall be reserved as the synchronisation character for the

's Word.

Encoding of the characters in the Manufacturer's Word:
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Table 4 - Manufacturer's word characters

Value to be Symbol Value to be Symbol
recorded in Pair recorded in Pair
LPOS A0,A1 LPOS A0,A1
A 0,0 0 2,0
B 0,1 1 2,1
C 0,2 2 2,2
D 0,3 3 2,3
E 0,4 4 2.4
F 0,5 5 2,5
G 0,6 6 2,6
H 0,7 7 2,7
I 0,8 8 2,8
J 0,9 9 2,9
K 0,A . 2,A
L 0,B ) 2'B
M 0,C ; 2,C
N 1,0 : 3,0
o 1,1 ! 3,1
P 1,2 @ 3,2
Q 1,3 # 3.3
R 1,4 / 3,4
S 1,8 % 3,5
T 1,6 & 3,6
U 1,7 blank 3,7
v 1,8 ( 3,8
W 1,9 ) 3,9
X LA - 3,A
Y 1.B + 3.B
4 1,C = 3,C
The informatior] i the Manufacturer's Word shall contain only characters with translation defined in table 4. The|word content
shall be

"D" The word synchronisation character as defined in LPOS encoding.
yyyymmdd The Calendar Date that the servo information was written.
MMMMMMMM An eight character field for manufacturer's name.

NOTE - See annex I for information regarding vendor identification code lists and registration.

AARRARRR An eight character alpha-numeric field for tape pancake identification.
SSSS A four character alpha-numeric field for servo writer identification.
VO0-V19 A 20 character alpha-numeric vendor specific field.
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11.3.4 Cross tape identification

The identity of servo band n may be determined by the relative positions down the tape of frames in servo bands » and n + 1,
reading with the top and bottom servo elements, respectively. The relative shifts of the n + 1 servo with respect to the n servo
when the tape is moving in the forward direction (BOT to EOT) shall be as listed in table 5.

Table 5 - Cross tape identification relative position

Servo Band Servo Band Relative position of n+1 servo
n n+l
0 1 Late by 33,33 um + 4,16 um
1 2 Early by 33,33 um + 4,16 pm
2 3 Late by 66,67 um + 4,16 pm
3 4 Early by 66,67 um + 4,16 um

11.4 Seryo band location
Servo band 4 shall be nearest the Tape Reference Edge and servo band 0 shall be farth€st-from the Tape Refgrence Edge. See
figure 25.

The centre off servo band 4 shall be 607,5 um + 20,0 um from the Tape Reference-Edge.

11.5 Seryo band pitch

The distance |between the centre of one servo band to the centre of anadjacent servo band shall be 2 858,8 pum + 5,5 um non-
cumulative b¢tween all servo bands.

11.6 Nominal servo locations

Six nominal fervo locations, numbered 0 to 5, are defined\within each servo band. Servo locations are positigns transverse to
the tape within the servo band where the average distancebetween corresponding leading edges of the A burst|relative to the B
burst and C burst relative to D burst shall be as given iridable 6.

Table 6 - Nominal servo locations

Servo Location Average Distance (um)
0 35,52
1 41,31
2 47,10
3 52,90
4 58,69
5 64,48

11.7 Long-term average servo location

The long-term average servo location shall be determined from the Average Distance measured by the servo elements reading
two adjacent servo bands. The average shall be taken over 5 000 servo frames (approximately 1 m of tape). The average is
defined as follows. The distance determined from the jth frame in servo band n is distance_n;. The distance determined from the
jth frame in servo band n+1 is distance n+1 i

Average Distance = [1/(2 x 5 000)] x Z(distance_n; + distance_n+1;)

The long term average distance for any servo location shall be within 0,1 % of the value shown in table 6.
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12 Method of recording data tracks
The method of recording shall be the write equalised (1,7) Run Length Limited (RLL) code in which

— a ONE is represented by a flux transition at the centre of a bit cell;
— aZERO is represented by no flux transition in the bit cell.

12.1 Physical recording density

There shall be three test recording densities:

TRDI1 shall be the recording density that results from applying the repetitive bit pattern 10 to the input of the write equalizer
described in 14.2. This recording density has 3 660 RLL encoded data ONEs per mm and produces the maximum recording
density.

TRD?2 shall be tLe recording density that results from applying the repetitive bit pattern 1000 to the input of the Mrite equalizer
described in 14.P. This recording density has 1 830 RLL encoded data ONEs per mm.

TRD3 shall be the recording density that results from applying the repetitive bit pattern 10000000’ teothe inpuf of the write
equalizer descriped in 14.2. This recording density has 915 RLL encoded data ONEs per mm.
12.2 Nominal bit cell length

The nominal RIL bit cell length shall be 0,136 6 um.

12.3 Long-ferm average bit cell length
The long-term gverage RLL bit cell length shall be measured over a minimumZef 5 000 consecutive servo framnes (which is
approximately 1| m of tape and hence 7,32 x 107 consecutive cells) in a track/ It shall be within 0,50 % of the nothinal RLL bit
cell length.
12.4  Short-ferm Average Bit Cell Length (STA)
The STA, refefred to a particular RLL bit cell, shall be the,average taken over the previous 366-bit cellls (which is
approximately 50 pum). It shall be within 4 % of the nominal bitCell length.

12.5 Rate of change of the STA

The rate of charjge of the STA, taken over any two consecutive 366-bit cell lengths, shall not exceed 0,8 %.

100 x |[STA,, - S[TA ,,+1 |/ STA, < 0,8

12.6  Bit shift

The average deyiation of the interval between RLL encoded data ONEs from its nominal value shall be less thap 20 % of the
nominal bit cell [length. This requirement is intended to cover systematic bit shift caused by a poor writing process| See annex A
for the test procg¢dure.

12.7 Recordling performance test conditions

All recording pdrformance_tests shall be done as specified in clause 10, Magnetic Recording Characteristics.

12.8 Track|sequence addressing
There shall be 384-data
The area between adjacent servo bands is a Data Band. There shall be 4 Data Bands each with 96 data tracks. The Data Bands

shall be numbered 2, 0, 1, 3 with Data Band 2 being nearest the Tape Reference Edge and Data Band 3 being farthest from the
Tape Reference Edge.

elEdge.

The sets of 12 data tracks in a Data Band, which are accessed in a spiral manner, are data sub bands. There shall be eight data
sub bands per Data Band.

The set of tracks recorded concurrently is a track group. The tape shall contain 48 track groups. 24 shall be written from LP3,
and extend beyond LP4. The other 24 shall be written starting from beyond LP4, and extend beyond LP3.

Wraps shall be numbered sequentially in the order they are processed, starting with wrap 0. The wraps shall be recorded in a
serpentine fashion starting in Data Band 0. Wraps recorded while tape is moving from BOT to EOT are Forward Wraps. Wraps
recorded while tape is moving from EOT to BOT are Reverse Wraps. Track wraps shall be recorded sequentially as Forward
Wraps and Reverse Wraps.
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12.9 Location of data tracks

The location of data tracks is referenced to the centreline of servo location 0. See figure 30.

The distance between the centreline of the first data track in a data band and servo location 0 shall be
[ = 180,70 um % 0,55 pm

The distances between centrelines of adjacent tracks in a track wrap shall be
l,=333,00 pm % 0,55 pm

The distance between centrelines of servo location 0 and servo location 5 shall be

[3=137,50 um + 0,55 pm

The distanced between the centrelines of servo locations 0 in adjacent servo bands shall be
[;=2 854,80 pm + 5,50 um

The distance petween centrelines of the first track of the first reverse wrap and servo location 5 shall'be
[s=3472um=* 0,55 um

The angle a5 i the stripe azimuth angle specified in 11.2.3.

=
5
nnnpn nnnn ﬁ T 7y Servo Location 0
Servo Band N / \ I3
u

Servo Location 5

» o
-

. Centreline of first
- data track in data
S Is sub band 0

Data Sub Band 0

u
=5 Centreline of first
C» data track in data
Data Sub Band 1 - ly sub band 1

Centreline of first
Di— data track in data
— sub band 7

Data,Sub Band 7

Servo Location 0
Servo Band N+1

Figure 30 - Data band

12.10 Track width
The nominal width of each recorded data track shall be 27,5 um.

© ISO/IEC 2002 — All rights reserved 55


https://iecnorm.com/api/?name=8a00b1bcbdb05f5ad9fcd109fa960044

ISO/IEC 22050:2002(E)

The edges of a written track shall be a minimum of 10,0 um from the nominal track centreline.

12.11 Adjacent track pitch

The distance between the centrelines of any two adjacent tracks that are recorded with the tape moving in the same direction,
measured perpendicular to the track centrelines, shall be 27,5 pm nominal.

The distance between the centrelines of any two adjacent tracks that are recorded with the tape moving in opposite directions,

measured perpendicular to the track centrelines, shall be 29,0 um nominal.

12.12 Azimuth

The angle that a data flux transition makes with a line perpendicular to the Tape Reference Edge shall not be greater than
+ 12,0 ' of arc.

12.13 Total ¢haracter skew

No bit in a track belonging to the same CQ Set shall be displaced by more than 50 RLL bit cell lengths from a sjmultaneously
recorded bit in gny track in the same CQ Set when measured in a direction parallel to the Tape Referenée\Edge.

12.14 Channel Layout
The logical track layout shall be as follows where physical tracks are listed in ascending logieal track order from (fto 7.
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Table 7 - Channel Layout

Wrap Data Physical Tracks Wrap Data Physical Tracks
Band Band
0 0 192 204 216 228 240 252 264 276 24 2 288300312 324 336 348 360 372
1 0 203 215227 239 251 263 275 287 25 2 299 311 323 335 347 359 371 383
2 0 193 205 217 229 241 253 265 277 26 2 289 301 313 325 337 349 361 373
3 0 202 214 226 238 250 262 274 286 27 2 298 310 322 334 346 358 370 382
4 0 194 206 218 230 242 254 266 278 28 2 290302 314 326 338 350 362 374
5 0 201 213 225 237 249 261 273 285 29 2 297 309 321 333 345¢35]7 369 381
6 0 195207 219 231 243 255 267 279 30 2 291 303 315 327339 35|l 363 375
7 0 200 212 224 236 248 260 272 284 31 2 296 308 320,332 344 35p 368 380
8 0 196 208 220 232 244 256 268 280 32 2 292 304'316 328 340 35p 364 376
9 0 199 211 223 235 247 259 271 283 33 2 295307 319 331 343 35p 367 379
10 0 197 209 221 233 245 257 269 281 34 2 293 305 317 329 341 35B 365 377
11 0 198 210 222 234 246 258 270 282 35 2 294 306 318 330 342 354 366 378
12 1 96 108 120 132 144 156 168 180 36 3 0 12 24 36 48 60|72 84
13 1 107 119 131 143 155167 179 191 37 3 11 23 35 47 59 71|83 95
14 1 97109 121 133 145 157 169 181 38 3 1 13 25 37 49 61|73 &5
15 1 106 118 130 142 154 166 178 190 39 3 10 22 34 46 58 70(82 94
16 1 98 110 122 134 146 158 170 182 40 3 2 14 26 38 50 62|74 86
17 1 105 117 129 141 153 165 1737189 41 3 9 21 33 45 57 69 |81 93
18 1 99 111 123 135 147 159-171 183 42 3 3 15 27 39 51 63|75 87
19 1 104 116 128 140352164 176 188 43 3 8 20 32 44 56 68 |80 92
20 1 100 112 124 1367148 160 172 184 44 3 4 16 28 40 52 64 |76 88
21 1 103 115427139 151 163 175 187 45 3 7 19 31 43 55 67179 91
22 1 101 143125 137 149 161 173 185 46 3 517 29 41 53 65|77 89
23 1 102 114 126 138 150 162 174 186 47 3 6 18 30 42 54 66 |78 90
13 Format

13.1 General

The smallest collection of data supported by the format shall be a Record. The largest Record supported by this format shall be
224 _] bytes. The host may use File Marks to indicate the logical separation(s) of the data within a structuring scheme.

In the following description all operations on the data received from the host computer, including the use of error detecting and
correcting codes are described. Then the method of recording on the tape and the tape layout itself are described.

Figure 31 shows the way in which the data shall be transformed as it flows from the host to the recorded tape.

A 4-byte CRC shall be added to the end of each Record received from the host thereby forming a Protected Record. The data
compression algorithm shall process one or more Protected Records and File Marks to produce a stream of Symbols. Symbols
shall consist of user bytes, File Marks, and Control Symbols. The Symbol stream shall be broken into sets of 403 884 bytes to
which a 468-byte Data Set Information Table (DSIT) shall be appended to form a 404 352-byte Data Set. The Data Set shall be
split into 16 Sub Data Sets of 25 272 bytes. Each Sub Data Set shall be arranged into a 54x468-byte matrix. Two levels of
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Error Correction Coding shall be added to the Data Set. To each 468-byte row of the Sub Data Set shall be added 12 bytes of
C1 ECC forming an interleaved Codeword Pair of 480 bytes. This results in 54 Codeword Pairs arranged in a 54x480-byte
matrix. To each 54-byte column of this matrix shall be added 10 bytes of C2 ECC forming 10 additional Codeword Pairs. The
resulting 64x480-byte matrix shall be an ECC Encoded Sub Data Set comprising 64 Codeword Pairs.

An ECC Encoded Data Set shall contain 491 520 bytes consisting of 16 64x480-byte ECC Encoded Sub Data Sets. Each row
of each ECC Encoded Sub Data Set is a 480-byte ECC Encoded Codeword Pair. Thus there are 1 024 ECC Encoded Codeword
Pairs per ECC Encoded Data Set.

Codeword Quads shall be formed by combining headers with Codeword Pairs from corresponding rows of successive ECC
Encoded Sub Data Sets.

HOST RECORD
16 777 215 bytes maximum
v \
HOST RECORD <«
4-byte CRC
AROTECTED RECORD e ¢ ¢ | PROTECTED RECORD PROTECTED RECORIp

STREAM OF SYMBOLES

P A"

HOST DATA | DSIT | * **° | HOST DATA | .BSIT HOST DATA | DSIT
X 468 bytes
403 884 bytes

DATA SET ¥ 404 352 bytes

SUB DATA SET 0 e o oo SUB DATA SET 15

~—— 25272 bytes

Figure 31 - Data flow from host to tape

13.2 ProtectedRecord

Records are received from the host system for processing and recording by the tape drive system. A 4-byte CRC shall be
appended to each User Data Record to create a Protected Record. These CRC bytes shall be Reed-Solomon (N, N-4) codes
over GF (256).

Calculation in a GF (256) shall be defined by
P(x) = x8+x¥+x3+x2+1

A primitive element o in GF (256) shall be
a=(0000O0O0T1D0)
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r polynomial shall be

0L126)(x + 0.127)()6 + (1128)()6 + 0.129)

= x4 @ o208 ® o246’ ® o201y @ 1

The CRC bytes shall be generated by processing the requisite bytes through a generator circuit whose registers shall be set to
ZEROs prior to beginning processing. See figure 32. Registers RO to R3 shall be 8 bits wide. Data bytes shall be fed
sequentially into the encoder. After the requisite bytes have been processed, the content of R3 is CRC3, that of R2 is CRC2,
that of R1 is CRCI1, and that of RO is CRC0. When these CRC bytes are appended to data bytes, or placed into a field, CRC3
shall be the first byte appended, followed by CRC2, CRCI1, and then CRCO.

13.3 Pro

One or more
produce a sty
outside of th
Control Sym

Y

> RO P Rl [> R2 P> R3 D
A A
0201 0246 0201
! | I

Figure 32 - CRC generator circuit

fessed Protected Record Sequence

cam of Symbols. File Marks may be received between host Records and shall be encoded into

Records. Symbols outside of Processed Protected Records can only be Control Symbols. End of Record Contr

only occur w

13.3.1

Control Sym
which the cd
Marks, Flush|

thin Processed Protected Records.

Control Symbols

bols shall be used to control.the operation of the data compression process. Control Symbols i
mpression algorithm is reset, the encoding scheme currently in use, the locations of Record
points and End Markers. The Control Symbols shall be as defined in table 8.

Protected Records and File Marks shall be processed.by the data compression algorithm (ISQ/IEC 22091) to

Control Symbols

b Processed Protected Records. Symbols within-Processed Protected Records can be Processed IPata Symbols or
bols, with the exception that File Mark and End Marker symbols shall not occur within Progessed Protected

bl Symbols shall

Hentify points at
boundaries, File
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Table 8 - Data Compression Control Symbols

Control Symbol Name Align with Description
next 32-bit
boundary
Reset 1 No Used to reset the Data Compression History Buffer and to
assume Scheme 1.
Reset 2 No Used to reset the Data Compression History Buffer and to

assume Scheme 2.

Scheme 1 No Used to indicate that the Processed Protected Record sequence

;D b\/;lls lJlU\/\/DD\/d ub;115 S\/h\/lll\/ l.
Scheme 2 No Used to indicate that the Processed Protected Record-sequence
is being processed using Scheme 2.
File Mark Yes Used to represent a File Mark in the Proces§ed-Protecteq

Record Sequence.

Epd Of Record Yes Used to indicate the end of a record in‘the Processed Protedted
Record Sequénce.

Flush Yes Used to force the start of the next/codeword in the Processed
Protected Record Sequence’to be aligned with a 32-bit
boundary.
End Marker Yes Used to indicate thatno more data within the current Data Bet
is part of the\Processed Protected Record Sequence.

To allow for an e next 32-bit

boundary. This

y subsequent appending, those Symbols that precede appendable points shall be aligned with t}
equirement is also indicated in table 8. See 18.3'4 for a description of the alignment rules.

File Mark and H
aligned with a 3
length by padd
compression alg

13.3.2

The stream of s
considered a Cqg
symbol. When :
subsequent Prot

13.3.3 A

Access Points shall designate the position at which the data compression history buffer is reset and at which decoq

begin, and shall

Ehd Marker

nd Marker Control Symbols shall start en‘a 32-bit boundary. Those Control Symbols, which are 1
2-bit boundary (table 8 identifies which Control Symbols shall be aligned), shall be extended t
ng with ONEs or ZEROs. The (value used for padding is defined, for each Control Symbo
orithm (ISO/IEC 22091).

bmbols written into a seties of Data Sets for a continuous stream of Protected Records and File N
mpressed Data Stream). The end of each Compressed Data Stream shall be indicated by an End M
n End Marker js ‘written into a Data Set, the rest of the information in that Data Set shall be uf
pcted Recordston File Marks shall start from the beginning of the next Data Set.

ccess Points

bé.at 32-bit boundaries. There shall be, at most, one Access Point per Data Set; the location of v}

equired to be
the required
, In the data

flarks shall be
[arker control
defined. Any

npression can
hich shall be

specified in the

DSIT (Date-Setdrformation Tablesee13-5)
13-5).

o1 aoTC,50¢

The Access Point shall be positioned immediately following the end of any Record spanning into the Data Set from a previous
Data Set, or at the beginning of the Data Set if no such spanning occurred. In the first Data Set following the Format
Identification Data Set (FID) the Access Point shall be positioned at the beginning of the Data Set. If the Record spanning into
the Data Set is so long that it either fills the Data Set completely, or spans into the following Data Set, then there shall be no
access point in the Data Set and the content of the access point field in the DSIT shall be set to (FFFFFFFF).

A Data Set:

Shall contain an Access Point at the beginning of the Data Set if the Data Set begins with a new Protected Record or a File
Mark.

Shall never contain more than one Access Point.
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—  Shall never have a File Mark preceding an Access Point.

— Shall have an Access Point immediately following the first End of Record within the Data Set provided that the three rules
above are not violated. This will only occur when a Record begun in a previous Data Set spans into this Data Set. In this
case, the Access Point shall point to an End Marker Control Symbol if there are no subsequent Records or File Marks in

the Data
13.3.4

Set.

Alignment and append points

Whenever a Symbol is required to be aligned with the next 32-bit boundary, such as at an Access Point, that Symbol shall be
extended up to the 32-bit boundary, before being written to the Data Set. See table 8 for the Control Symbols that shall be
aligned on 32-bit boundaries.

An append point is a location within the Data Set at which data may be appended in subsequent writing operations. Append

points shall be the first byte location, on a 32-bit boundary, following an End Of Record, File Mark, or Flush,p

points shall

13.4 Data Set

Data Sets shall be the smallest complete unit of information written to or read from the tape.

There shall b
— Format |
—  User Dat
— EOD Da
— Houseke]

The Data Set
of the Data R
Table (DSIT
Data Set, daf
information i

Data Sets within the User Data area’(see 15.3) shall be identified by their ordinal number. The first Data Set §

within the U
subsequent D

The first bytg
13.4.1

coincident with a 32-bit boundary.

e four types of Data Set:
Hentification Data Set (FID)
a Set

fa Set

eping Data Set

shall consist of two parts. See figure 33. The first part sall be the Data Region having 403 884 by
legion is dependent upon the type of Data Set being tesorded. The second part shall be the Datal

having 468 bytes. The information in the DSIT shall describe the content of the Data Region.
a shall be placed in the Data Region and the DSIT shall be appended to form the 404 352-byt
h the DSIT shall not be processed by data compression.

Data)Region DSIT
403 884 bytes 468 bytes

Figure 33 - Data Set

ker Data Area, theé FID, shall be Data Set number zero. The Data Set number shall increment
ata Set recorded on tape.

in the Data,Set shall be byte 0 and the last byte shall be byte 404 351.
Format Identification Data Set (FID)

The FID sha][ centain information regarding the format of the tape and about the drive that wrote the FID. The

first Data Set-witht

oint. All append

ites. The content
Set Information
For all types of
e Data Set. The

ecorded on tape
by one for each

FID shall be the

The Data Region of the FID shall contain 863 instances of the 468 bytes defined in table 9. These bytes shall contain data
extracted from the LTO CM, with the addition of a region that may be used for Housekeeping information, the contents of
which shall be undefined for interchange. If the Media Manufacturer’s Information page, which is optional in the CM, is
present in the CM, then it shall be copied into the FID; and if it is absent, then the respective 64 bytes in the FID shall each be

set to (00).
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Table 9 - Content of FID Data Region

13.4.1.1

This field shall
Housekeeping f}

calculated as follows:

The even n|
which shall

The odd ny
which shall

See 13.6.2 for d|

13.4.2 U

The User Data
Symbols. The D

The content of
broken into sets

When the Data
then the Data S
The contents of
interchange.

The number of 1
stored in the Va
13.4.3 E

The EOD Data
immediately fol
shall be conside

Byte Position Length Contents
0 32 LTO CM Manufacturer's Information
32 64 Cartridge Manufacturer's Information
96 64 Media Manufacturer's Information
160 64 Initialisation Data
224 104 Reserved
328 128 EID Housckeeping
456 12 FID Housekeeping C1
FID Housekeeping C1

contain 12 bytes of ECC calculated over bytes 328 to 455 in the FID Housekeeping fielg
eld contains all ZEROs then the FID Housekeeping C1 field shall also be alljZEROs. The C1

hmbered bytes in the FID Housekeeping field shall be processed by-the’C1 ECC to generate 6 1
be placed in the even numbered bytes of the FID Housekeeping C1 field.

mbered bytes in the FID Housekeeping field shall be processed’by the C1 ECC to generate 6 4
be placed in the odd numbered bytes of the FID Housekeeping C1 field.

ptails of the C1 ECC algorithm.
ser Data Set

Set shall contain Processed Symbols produced, from Protected Processed Records, File Marks
ata Set number of the first User Data Set recorded on tape shall be (00000001).

of 403 884 bytes. Each set shall beplaced into the Data Region of a Data Set.

Set is to be written to tape andcthe number of Symbols is insufficient to fill the Data Region of]
et shall be completed as follows. The last valid Symbol shall be followed by an End Marker Co
the bytes remaining between the End Marker and the start of the DSIT are not specified and shall

bytes that are occypied by the valid Symbols up to, but not including, the End Marker Control Sy
id Data Length'field in the DSIT of the Data Set.

DD Data Set

Set shall<indicate the end of recorded user data. If no user data has been recorded, then the EOD |
ow the/FID. User data recorded after the EOD Data Set, such as that remaining from previous us
Fed inaccessible and invalid.

I. If the FID
bytes shall be

ytes of ECC,

ytes of ECC,

and Control

he Data Region of a User Data Set shall consist of the stream of Symbols. The stream of Synjbols shall be

the Data Set,
htrol Symbol.
be ignored in

mbol shall be

Data Set shall
s of the tape,

The content of the Data Region of an EOD Data Set is not specified and shall be ignored in interchange. The ECC within the
Data Region shall be valid.

13.4.4 H

ousekeeping Data Set

Housekeeping Data Sets shall only be recorded in the Calibration Region of tape. The content of the Data Region of any
Housekeeping Data Set is not specified and shall be ignored for interchange. The Data Set number of any and all Housekeeping
Data Sets recorded on tape shall be (FFFFFFFF). Housekeeping Data Sets shall only be written by the vendor that wrote the

FID.
13.5

Data Set Information Table (DSIT)

The Data Set Information Table shall describe the content of the Data Set.
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The DSIT shall have the fields described in table 10. The number of bytes for each field, and the locations of the fields within
the DSIT shall be as shown in table 10. Within each field the most-significant byte shall be in the lowest-numbered byte
position and the least-significant byte shall be in the highest-numbered byte position.

Table 10 - Data Set Information Table

13.5.1
This field sh
this field is n
13.5.2

This field sh
Manufacturet
shall be calcy

—  The evef
ECC, wh

—  The odd
ECC, wh

Byte positions |Length in bytes Field Name
0 228 Drive Manufacturer Use
228 12 Drive Manufacturere Use C1
240 176 Reserved
416 8 Drive Manufacturer's Identity
424 4 Data Set number
428 4 Valid Data Length
432 4 Access Point Offset
436 6 Total Records
442 6 Total File Marks
448 4 Record Count
452 4 File Mark‘Count
456 2 Thread Count
458 1 Data Set Type
459 1 Data Set Flags
460 4 Thread Write Pass
464 4 Tape Write Pass

Drive Manufacturer Use

lated as follows:

PaC ik =PV

Drive Manufacturer Use C1

all contain 12 bytes of,ECC calculated over the 228 bytes in the Drive Manufacturer Use figld. If the Drive
Use field contains allFZEROs then the Drive Manufacturer Use C1 field shall also be all ZER(s. The C1 bytes

11 be be used only by the drive manGfacturer identified in the Drive Manufacturer's Identity field. The content of
t defined in this International Stahdard and shall be ignored in interchange.

| numbered bytes in the Drive Manufacturer Use field shall be processed by the C1 ECC to genperate 6 bytes of
ich shall be'placed in the even numbered bytes of the Drive Manufacturer Use C1 field.

numbgred bytes in the Drive Manufacturer Use field shall be processed by the C1 ECC to generate 6 bytes of
icly shall be placed in the odd numbered bytes of the Drive Manufacturer Use C1 field.

See 13.6.2 fo
13.5.3

Reserved

All bytes of this field shall be set to (00). These bytes shall be ignored in interchange.

13.5.4

This field shall identify the manufacturer of the drive that wrote the current Data Set. See annex I.

13.5.5

Drive Manufacturer's Identity

Data Set number

The Data Set number shall be the ordinal number of the Data Set from BOT. The first Data Set shall be numbered 0. The Data
Set number of subsequent Data Sets shall increment by one for each Data Set recorded.

The content of the Data Set number field shall be as shown in table 11.

© ISO/IEC 200
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Table 11 - Data Set number

Data Set Type Value
User Previous Data Set number + 1
EOD Previous Data Set number + 1
FID (00000000)
Housekeeping (FFFFFFFF)

13.5.6 Veplid-Datatength
The Valid Data|Length field shall contain the count of the number of bytes in the Data Set that contain processed Symbols, up
to, but not inclufling, any End Marker that may exist within the Data Set.

The content of the Valid Data Length field shall be as shown in table 12.
Table 12 - Valid Data Length

Data Set Type Value
User See above
EOD (00000000)
FID (00000000)
Housekeeping Seeabove
13.5.7 Agcess Point Offset

The Access Point Offset field shall contain the count of bytes within the Data Set before the location of the Access Point.
Therefore, if thg Access Point is the first byte of the Data-Set, then the Access Point Offset shall be set to (00007J000). If there
is no Access Point within the Data Set, then this field shall be set to (FFFFFFFF).

The content of the Access Point Offset field shall be\as shown in table 13.
TFable 13 - Access Point Offset

Data Set Type Value
User See above
EOD (FFFFFFFF)
FID (FFFFFFFF)
Housekeeping (FFFFFFFF)
13.5.8 Total Records

The Total Records field shall contain the count of Protected Records that have been completely processed in all Data Sets from
BOT up to the Access Point that exists in this Data Set.

If no Access Point exists in this Data Set then this field shall contain the count of Protected Records that have been completely
processed in all Data Sets from BOT up to the latest previous Access Point. If this Data Set is an EOD Data Set, then the count
shall be computed as if it held an Access Point.

The content of the Total Records field shall be as shown in table 14.
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If no Access
Data Sets fr
computed as

The content g

13.5.10
The Record
Data Set and

If no Access
latest previoy

If a Record
Access Point
as the Record

If a Record s
Set.

If there is no
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Table 14 - Total Records

Data Set Type Value
User See above
EOD See above
FID (000000000000)
Housekeeping (000000000000)
_Total File Marks

that exists in this Data Set.

Point exists in this Data Set then this field shall contain the count of File Marks that(have been
m BOT up to the latest previous Access Point. If this Data Set is an EOD Data.Set, then thi
fit held an Access Point.

f the Total File Marks field shall be as shown in table 15.
Table 15 - Total File Marks

Data Set Type Value
User Seesabove
EOD See' above
FID (000000000000)

Housekeeping (000000000000)

Record Count

Count field shall specify the number of Protected Records that exist between the Access Point t
the first Access Point that occurs'in-a subsequent Data Set.

Point exists in this Data Sét then this field shall specify the number of Protected Records that ¢
s Access Point and the first.Access Point that occurs in a subsequent Data Set.

tarts in a previous Data Set, and ends in the current Data Set, then that Record is not counted
in the current Data)Set, then no Records start or end within this Data Set, and the Record Count s
Count in the DSIT of the previous Data Set.

arts in this"Data Set, but is not completed until a subsequent Data Set, then it shall be counted in

subsequent Data Set then the Record Count shall be computed for the above conditions as if th

contained an Aee

e Marks field shall contain the count of File Marks that have been processed in all Data Sets frorL BOT up to the

processed in all
e count shall be

hat exists in this

xist between the

If there are no
hall be the same

the current Data

e EOD Data Set

Point

YOTOSST-OTITIt

The content of the Record Count field shall be as shown in table 16.

Table 16 - Record Count

Data Set Type Value
User See above
EOD (00000000)
FID (00000000)

Housekeeping (00000000)
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NOTE - Within this format, File Marks are not counted as Records.

13.5.11 File Mark Count

The File Mark Count field shall contain the number of File Marks written between the Access Point that exists in this Data Set
and the first Access Point that occurs in a subsequent Data Set.

If no Access Point exists in this Data Set then this field shall specify the number of File Marks that exist between the latest

previous Access Point and the first Access Point that occurs in a subsequent Data Set.

If there is no subsequent Data Set then the File Mark Count shall be computed for the above conditions as if the EOD Data Set
contained an Access Point.

The content of the File Mark Count field shall be as shown in table 17.

13.5.12 T

The Thread Co
(threaded) from|
LTO CM, Cartr

The content of t

Table 17 - File Mark Count

Data Set Type Value
User See above
EOD (00000000)
FID (00000000)

Housekeeping (00000000)

hread Count

he Thread Count field shall be as shown in table\I'S.

Table\18 - Thread Count

int field shall contain the count of the number of times‘that the leader pin of the cartridge has been extracted
the cartridge at the time that the Data Set was written: This shall be equal to the Thread Count field in the
dge Status and Tape Alert Flags Page (annex D.2.7.2)at the time of writing.

Data Set Type Value
User See above
EOD See above
FID See above

Housekeeping See above

The Data Set T

e fi€ld shall indicate the Data Set type.

13.5.13 D)I;ta Set)Type

The content of the Data Set Type field shall be as shown in table 19.

66

Table 19 - Data Set Type

Data Set Type Value
User (00)
EOD (01)
FID (02)

Housekeeping (OF)
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13.5.14 Data Set Flags

The Data Set Flags field shall indicate special features. The setting of the bit to ONE shall indicate that the feature occurs
within the Data Set.

Bit 0: when set to ONE shall indicate that the Data Set is a Beginning of Wrap Data Set.
Bits 1-7: shall be set to ZERO.
13.5.15 Thread Write Pass

The Thread Write Pass field shall be set to 0 each time that a cartridge is threaded. While the cartridge is threaded, this field
shall be incremented by 1 each time that the Tape Write Pass field is increased.

The content of the Load Write Pass field shall be as shown in table 20.

Table 20 - Load Write Pass

Data Set Type Value
User See above
EOD See above
FID Previous Load Write Pass\
Housekeeping Previous Load Write-Pass +1
13.5.16 Tape Write Pass

A Tape Writp Pass field shall exist both in the DSIT and in the Codeword Pair Headers (see 13.7.1). These| two fields shall
agree, when an Interrupted Data Set occurs (see 15.4). The Tape-Write Pass shall be set to 1 when the tape i$ first written to.
The value shgll be incremented by 1 in the following circumstances:

—  When anj append operation causes any existing Data Set,-including an EOD Data Set, to be overwritten.
—  When wiiting from Beginning of Wrap.

—  When ar Interrupted Data Set is rewritten,xtheén this field need not be changed in the DSIT although this field must be
changed [in the Codeword Pair Header. Thus it is possible that the Tape Write Pass field in the Codeworfd Pair Header is
greater than that in the DSIT (see 15,10);

The content qf the Tape Write Pass field shall be as shown in table 21.

Table 21 - Tape Write Pass

Data Set Type Value

User See above

EOD See above

FID Previous Tape Write Pass +1
Housekeeping Previous Tape Write Pass +1

13.6 ECC

The Data Set shall be protected by two orthogonal Reed-Solomon codes. These are called C1 and C2. The Error Correction
Coding bytes shall be added to the 404 352-byte Data Set thereby producing the 491 520-byte ECC Encoded Data Set.
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13.6.1

Sub Data Set

The Sub Data Set shall be the basic data unit processed by the ECC algorithm. The Sub Data Set shall contain 25 272 bytes
organised as a 54x468-byte matrix. Sixteen Sub Data Sets shall be constructed from each Data Set.

The first Sub Data Set shall be filled by placing the first Data Set byte into row 0, column 0 of the Sub Data Set and continuing
as shown in figure 34. Subsequent Sub Data Sets shall be filled in the same manner, in order.

0 1 2 3 4 463 | 464 | 465 | 466 | 467
0 0 1 2 3 4 463 | 464 | 465 | 466 | 467
1| 468
52 24803
53([24804]24805|24806|24807)24808 25267(25268|25269)25270(25271
Figure 34 - Sub Data Set
13.6.2 C|l Sub Data Set

The C1 Sub D4
12 bytes of C1 H
First, a (240, 23
bytes. These by]

shall be applied
locations for tha

Each row of thg
first Codeword

Calculation in a

P(x) = x8+x*1

ta Set shall be the result of processing a Sub Data Set by the C1 E€€ algorithm. The process
CC to each 468-byte row of the Sub Data Set forming a 54x480 matrix of 25 920 bytes. See figur|

4, 7) Reed-Solomon code shall be applied to the 234 even sumbered bytes in each row producil
es shall be placed in the even numbered C1 Parity locatiens for that row. Then the same Reed-S
to the 234 odd numbered bytes with the resulting 6 €1 ECC bytes placed in the odd number
t row.

matrix shall comprise one interleaved Codeword Pair of 480 bytes. The even numbered bytes 5
f the Codeword Pair and the odd numbered bytes shall form the second Codeword of the Codewo

GF (256) shall be defined by

_x3+x2+1

A primitive element o in GF (256) shall be

a=(000

The generator p

GE) = (x+al
— 6@ o3

The ECC bytes
(00) prior to be

0 0010)

blynomial shall be

5)(x + a126)(x + o2 (x + a128)(x + a129)(x + o130)
5 5@ 0250 A2 3@ 62502 @ 036 x @ 1

shall be_generated by processing the requisite bytes through a generator circuit whose registers §
binning processing. See figure 36. Registers RO to RS shall be 8 bits wide. Data bytes shall be fe

ing shall add
e 35.

ng 6 C1 ECC
olomon code
ed C1 Parity

hall form the
rd Pair.

hall be set to
1 sequentially

into the encoder} Afterthe requisite bytes have been processed, the content of RS is ECCS, that of R4 is ECC4, et¢. When these
ECC bytes are gpperided to data bytes, or placed into a field, ECC35 shall be the first byte appended. followed by FCC4, ECC3,
etc.
0 1 2 465 | 466 | 467 |468 479
0 0 1 2 465 | 466 | 467
1
User Data Cl ECC

. Information

52

53124804|24805(24806 25269(25270(25271

68

Figure 35 - C1 Sub Data Set
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Y
» »l »( »( »l »( w1
» RO > R1 > R2 LAY R3 LA R4 > R5 >
A A A A A
36 (1250 o254 0(.250 36
A A A A A

13.6.3

The ECC En
shall add 10 {

A (64, 54,11
bytes per coll
30 720 bytes

Calculation i1
P(x) = x8+]
A primitive ¢
o=(00
The generato
G(x) = (x+of
= x10g

The ECC byf
(00) prior to
into the enco|
ECC7, etc.
followed by |

Figure 36 - C1 ECC

ECC Encoded Sub Data Set

oded Sub Data Set shall be the result of processing a C1 Sub Data Set by the C2 ECC algorithm
ytes of C2 ECC to each 54-byte column of the C1 Sub Data Set. See figure 37.

) Reed-Solomon shall be applied to each 54-byte column of the Codeword Pair“matrix produ
umn. The added 10 bytes of C2 ECC shall form 10 additional Codeword Raigs. The resulting 6
shall be an ECC Encoded Sub Data Set consisting of 64 Codeword Pairs,

1 a GF (256) shall be defined by

413 +52+1

lement o in GF (256) shall be

D 0 0 01 0)

F polynomial shall be

123) (x40 24) (x+0 1 25) (v 26) (e 1 27) (oo 2890600 129) (ko 130) (ean 131 (e 32)
all9%9 @ a38x8@® o 160x7 @ o#3x0 ® 1223x5® 34 @ a100y3 @ 282 119 @ 1

es shall be generated by processing the-requisite bytes through a generator circuit whose registe
beginning processing. See figure 38. Registers RO to R9 shall be 8 bits wide. Data bytes shall be
der. After the requisite bytes haverbeen processed, the content of R9 is ECC9, that of RS is EC
Vhen these ECC bytes are appended to data bytes, or placed into a field, ECC9 shall be the firs
KCCS8, ECC7, etc.

478 479

C1 Codeword Pairs

L

52

53
54

C2 ECC Information

63

Figure 37 - ECC Encoded Sub Data Set
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X
N

0223 o3 0160 o8 o119

ol19 o8 0160 o3

Figure 38 - C2 ECC

13.6.4 Cpdeword Pair designation

An ECC Encod¢d Data Set shall contain 491 520 bytes consisting of 16,64x480-byte ECC Encoded Sub Data Sets. Each row
of each ECC Encoded Sub Data Set shall be a 480-byte ECC Encoded.Codeword Pair. Thus there shall be 1 024 ECC Encoded

Codeword Pairs|per ECC Encoded Data Set.

Table 22 shows|how the designations for the 1 024 Codeword Pairs shall be allocated from the 16 Sub Data Setf and the row
number within the Sub Data Set.

Table 22 - Codeword Pair Designation

Sub Data Set Number
Row within 0 1 2 3 4 5 6 7 8 9 (10 (11 (12 |13 |14 | [I5
Sub Data Set
0 0 1 2 3 4 5 6 7 8 9 (10| 11 |12 | 13| 14 | [I5
1 16 | 17408 | 19 | 20 | 21 | 22 |23 |24 | 25|26 |27 |28]29 ]| 30| Bl
2 32 |,33. )34 |1 35|36 |37 |38 |39 |40 |41 |42 |43 |44 |45 |46 | @47
61 976 197719781979 1980|981 982983984 |985]|986|987|988]989]990| 991
62 992 (9931994 (9951996 |997 | 998 | 999 {1000]1001{1002|1003|{1004|1005|1006(1p07
63 1008 (1009|1010{1011|1012{1013{1014{1015(1016|1017({1018|1019({1020|1021{1022|1p23

13.7 Codeword Quads (CQ)

Codeword Quads shall be formed by adding header information to two Codeword Pairs. See figure 39.

Each Data Set shall produce 512 Codeword Quads. For each of the 64 rows of the 16 ECC Encoded Sub Data Sets, 8 CQs shall
be constructed. One CQ shall be constructed for each pair of Sub Data Sets.

Codeword Pair First Codeword Pair Second
Header Codeword Pair Header Codeword Pair
10 bytes 480 bytes 10 bytes 480 bytes

Figure 39 - Codeword Quad
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Codeword Pair Header

A 10-byte Codeword Pair Header shall prefix each Codeword Pair. The Codeword Pair Header shall contain the information

shown in tabl

e 23.
Table 23 - Codeword Pair Header

. The Codeword

Byte Length in Name of the field
positions bytes
0 2 Codeword Identifier
2 4 Write Pass
6 o] Abcaliita CO Saqianca Nool oo
6——2 1 Abselute Q-SeguenceNumber
8 2 Header Parity
13.7.1.1 Codeword Identifier
The Codeword Identifier shall uniquely identify the Codeword Pair and Codeword Quad set fo|which it belongy
Identifier sha]l contain 4 sub-fields as shown in table 24.
Table 24 - Codeword Identifier
Byte 0 Byte 1
7 [ a3 [oafuvfol7 [ BT [ [ [ Jo
Data Set Id AF | Res Codeword Pair Designation
Fragment
— Byte 0, Hit 7-4. Data Set Id Fragment. Shall contain the 4 least'significant bits of the Data Set Number.
— Byte 0, bit 3. Amble Flag (AF). Shall be set to ONE if‘the CQ is an Amble CQ, and ZERO if the CQ is
15.6.
— Byte 0, Yit 2. Shall be set to ZERO.
— Byte 0, Hits 0 and 1
If the CQ is an Amble CQ then these bitsshall be set to ZEROs
If the CQ is not an Amble CQ then thiése bits shall be set to the 2 most significant bits of the Codeword Pai
— Bytel
If the CQ is an Amble CQ thenvthese bits shall all be set to ZEROs.
If the CQ is not an Amble CQ then these bits shall be set to the 8 least significant bits of the Codeword Pai
13.7.1.2 Write Pass Identifier
This field shdll identify the write pass on which the Data Set was written. The content of this field shall be the s

Write Pass v
described in

plue in‘the DSIT for the Data Set to which the Codeword Pairs belong, except following a Servo T
540

13.7.1.3

a Data CQ. See

I Designation.

Designation.

ame as the Tape
racking Fault as

A A
Mcuuc INUTIOET (ZYCIN)

Each CQ Set shall have an Absolute CQ Sequence Number (ACN) between 0 and 65 535. This number shall be one greater
than the ACN of the CQ Set written immediately before it on tape, or shall be ZERO if the previously written ACN is 65 535.
The ACN shall be the same in all Codeword Pair Headers in the CQ Set.

The ACN of the first CQ Set written on a wrap shall be ZERO.

When appending to the tape, the ACN of the first CQ Set written at the append point shall be between 8 and 24 greater

mod(65 536)

© ISO/IEC 200
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13.7.1.4 Header Parity

The Header Parity shall be a Reed-Solomon code over GF (256).

Calculation in a GF (256) shall be defined by
P(x) = x8+x¥+x3+x2+1

A primitive element o in GF (256) shall be
a=(0000O00O0T1D0)

The generator polynomial shall be

G(x) = (x+ al27)(x + al28)

=xX2@alpx®1

The CRC bytes|shall be generated by processing the requisite bytes through a generator circuit whose registers
(00) prior to beginning processing. See figure 40. Registers RO and R1 shall be 8 bits wide. Data bytes shall’be fe
into the encoder] After the requisite bytes have been processed, the content of R1 is CRC1 and that of"R0 is CRC
be the first byte fin the header, and CRCO shall be the second byte in the header.

R1

ald2

i

ad

NEN)

13.7.2 First Codeword Pair

Figure 40 - Header Parity

The first Codeword Pair for the CQ shall beiselected from the Sub Data Set and row of the Sub Data Set a

table 25, beginnjng with Sub Data Set 0 and'row number 0.

Table 25 - First Codeword Pair

hall be set to
1 sequentially
. CRCI1 shall

indicated in

Sub Data Set Number
Row| within 0 2 4 6 8 10 12 14
Sub Data Set
0 0 1 2 3 4 5 6 7
1 8 9 10 11 12 13 14 15
2 16 17 18 19 20 21 22 23
61 488 489 490 491 492 493 494 495
62 496 497 498 499 500 501 502 503
63 504 505 506 507 508 509 510 511
13.7.3 Second Codeword Pair

The second Codeword Pair for the CQ shall be selected from the Sub Data Set and row of the Sub Data Set as indicated in

table 26, beginning with Sub Data Set 1 and row number 0.

72
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Table 26 - Second Codeword Pair

Sub Data Set Number
Row within 1 3 5 7 9 11 13 15
Sub Data Set
0 0 1 2 3 4 5 6 7
1 8 9 10 11 12 13 14 15
2 16 17 18 19 20 21 22 23
61 488 489 490 491 492 493 494 495
62 496 407 498 455 566 50+ 502 03
63 504 505 506 507 508 509 510 411

13.8 Allgcation of CQs to Logical Tracks

CQs shall be
of each set s
physical trac
correspond tq
track in the s

The set for a

Set  Numbe.

The track nuj

Track _Num|

Track Num|

NOTE - The a
rewriting CQ §
This has the

the tape, as s
the bytes fron

written simultaneously onto the tape in sets of 8 CQs, where 8 is the number of ¢oncurrent active

all be written to each of the 8 tracks. Tracks are numbered 0 to 7, where Logical/Tracks 0 to 7

ks that are defined to be in the current wrap (see 12.14), in numerically @seending order. Logig
the lowest numbered physical track in the set. Logical Track 7 shall corréspond to the highest nu

t. CQ Sets shall be numbered 0 to 63.
(CQ can be found by

_ CQ _ Number — Mod(CQ _ Number,8)
8

hber to which a CQ is written can be found by

per = Mod(CQ _ Number — Set _ Number,8)

CQ Number — Mod(CQ _Number,8) B
8 B

per = Mod[CQ _ Number —

|

bove description does not include the effect of CQ Sets rewritten due to Read-While-Write failures. See 15.

ets.

ffect of presenting the CQs that-contain the bytes from any specific Sub Data Set column in a di
hown in figure 41, rather than in a vertical line across the tape. The shaded boxes represent the
h Sub Data Sets 1 and.2.\The numbers indicate the number of the CQ given in table 22.

tracks. One CQ
prrespond to the
al Track O shall
mbered physical

C

b for the details of

agonal line across

Qs that contain

Tradk 0 9 8T 27 [36] 45 [ 54 73 | .. [448] 457 ] 466475484493

Tradk 1 | 1 |49[19] 28 [37] 46 65 | 74 | .. | 449 [ 458467476485 [ 494

Tradk 2 | 2. 01 [20] 29 66 | 75 450 [ 459 | 468 477

Tradk 3,[3)] 12 21 58 | 67 | 76 451460 | 469

Tradedd/4 | 13 50 [ 59 [ 68 [ 77 452461 4h8 [507
Track3 [ 5 | 13 32 | 51160 | 69 ] 78 | .. | 453462 2901 499 | 508
Track 6 | 6 | 15 34|43 [ 5261 |70 [ 79 | .. [454]463 482491500 [509
Track 7| 7 2 [35] 44 |53 [ 62|71 . 455 474483 [492[501 510

Figure 41 - Diagonal C2 Codewords
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13.9 Datar

andomisation

The data stream allocated to each track shall pass through a data randomiser. The randomisation algorithm shall be preset at the
beginning of every Codeword Pair Header.

Preset value

For each byte
operators are EX
13.10 RLLe

The randomised
of the first rand
most significant

The encoder sh4

1 0 0 0 0O 00 00O O 0O O o0 0 O
47
¢ Y
s>
) E—— .
Input bit &2 Randomised Bit clock
stream bit stream

Figure 42 - Randomisation shift register

f the Codeword Pair Header and data, the most significant bit, i.e. bit,7, shall be input firs{
clusive OR's. The result of this operation is a randomised bit stream.
ncoding

bit streams shall each pass through a (1,7) RLL modulation enceder. RLL encoding shall start wj
bmised byte of each Codeword Pair Header, followed by bit§ 3 to 0 of the first byte, and all subs
bits first.

Il operate at rate 4:6 (i.e. 4 user bits to 6 Channel bits),;and shall be as shown in table 27.
Table 27 - RLL Encoder

. The logical

ith bits 7 to 4
equent bytes,

Current State
1 2 3 4 5 6 7
Data In| Data | Next | Data | Next | Data | Next'| Data | Next | Data | Next | Data | Next | Data || Next
Out | State | Out | State | Out [*State | Out | State | Out | State Out | State | Out || State
0000 (000000 4 000000 4 |00Q10r| 6 |100101( 6 (101010 4 001000 4 010101 6
0001 [000000| 5 |000000 000101 1 100101 1 101010 2 001000 5 010101 1
0010 [00QO0O| 7 |101000| 6% (000101 3 100101 3 101000 6 001000 6 010101 3
0011 (010100 3 |101000)) 7 [000100| 3 |100100( 3 101000 7 001000 7 010100 3
0100 (010100 4  |FOGDO0| 4 |000100| 4 |100100( 4 [100000 4 010000 4 010100 4
0101 [010]100]  5\\.}100000| 5 [000100| 5 100100 5 100000 5 010000 5 010100 5
0110 [010100{\_&6 |100000| 6 |000100| 6 |100100( 6 [100000 6 010000 6 010100 6
0111 |o1oonl” 7 1100000l 7  loootool 7 1100100l 7 1100000 7 010000 7 01010 7
1000 (010001 6 |101001] 6 |[000001| 6 |100001 6 (101001 6 001001 6 010001 6
1001 (010001 1 101001 1 |000001 1 100001| 1 101001 1 001001 1 010001 1
1010 fo10001| 3 |101001| 3 [000001| 3 |100001( 3 101001 3 001001 3 010001 3
1011 (o10010{ 3 |101010f 3 [000010| 3 |100010( 3 101010 3 001010 3 010010 3
1100 (010010 4 |101000| 4 |[000010| 4 |100010( 4 (101000 4 001010 4 010010 | 4
1101 [010010{ 2 |101000| 5 |[000010| 2 |100010f 2 (101000 5 001010 2 010010 | 2
1110 [o10010{ 6 |101010/ 6 |[000010| 6 |100010f 6 (101010 6 001010 6 010010 6
1111 (o1o010{ 7 |101010| 7 |[000010| 7 |100010( 7 (101010 7 001010 7 010010 7
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In this table the rows shall be indexed by the 16 possible data input values, and the columns shall be indexed by the 7 current
states of the encoder. For each combination of input data, and current state, the table shows the output data, and the resultant
state. For each Data Out value, the most significant bit, i.e. bit 5, shall be output first. The result of this operation is an RLL

encoded bit stream.

The RLL encoder shall be placed into state 7 prior to encoding every Codeword Pair Header.

14 Rec

ording of data on tape

The synchronised bit stream written to each data track shall be formed by adding synchronising information to the RLL
encoded bit stream. The synchronised bit stream shall then be processed by a write equalisation algorithm.

14.1

Synchronised Data Set

Synchronisat
being written|
shown in figy

14.1.1
The Data Set

The Data Se
variable.

14.1.1.1
The Long DS

on information shall be added to the RLL encoded bit streams prior to being processed by write
onto the individual tracks of the tape. The layout of the Synchronised Data Set for each regerded
re 43.

cqualisation and
track shall be as

| DSs | vFo1 | scQ | vFO2 [ scQ | ... | VFO2 | scQ | VFQI/| DsS |

Figure 43 - Synchronised Data Set layout on tapé

Data Set Separator (DSS)

Separator shall be written before each Data Set recorded on tapé, and after the last Data Set writtd

t Separator shall consist of the repeated binary pattern 400°000 000. The length of the Data

Long DSS
S shall be up to 3 200 000 occurrences of the.9-bit binary pattern in length. A Long DSS shall b

following corditions:

the DSS
the first ]

the last I

14.1.1.2

The Extende
shall be writt

after the
before th
after the
before th

preceding the first Data Set written after,a‘Servo Tracking Error (See 15.10 for minimum length)
DSS written on the tape at each Beginning of Wrap (See 15.7 for minimum length)
SS written on the tape at eachh End of Wrap (See 15.8 for minimum length)

Extended DSS

] DSS shall be between\8 000 and 160 000 occurrences of the 9-bit binary pattern in length. At
en for any of the following conditions:

F1D

e EOD Data‘Set

EODData Set

e'tirst CQ of an appended Data Set

n on each wrap.

Set Separator is

e written for the

1 Extended DSS

14.1.1.3

Short DSS

The Short DSS shall be between 80 and 800 occurrences of the 9-bit binary pattern in length. A Short DSS shall be written for
either of the following conditions:

between

CQ Set

© ISO/IEC 200
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14.1.2

VFO Field 1

VFO Field 1 shall consist of the bit sequence 000010 followed by 59 occurrences of the bit sequence 101010. The VFO bits
shall not be RLL encoded. VFO Field 1 shall be written immediately after the preceding Data Set Separator and immediately
before the following Data Set Separator.

14.1.3

VFO Field 2

VFO Field 2 shall consist of the bit sequence 000010 followed by 27 occurrences of the bit sequence 101010. The VFO bits
shall not be RLL encoded. VFO Field 2 shall be written between adjacent CQs in the Data Set.

14.1.4

Synchronised Codeword Quad (SCQ)

Synchronised Codeword Quads (SCQ) shall be formed by inserting synchronisation patterns into the RLL encoded CQ byte
stream. See figure 44.

14.14.1 Forward Sync
The Forward Sy
14.1.4.2 Resync

The Resync paftern shall be a unique bit pattern that cannot be generated normally using the RLL encoding
a function of the RLL Encoder state preceding the Resync:

Resync shall be

14.1.4.3

The Reverse Syl

76

Forward
Sync

Codeword First
Pair Header | Codeword
Pair

Resync Codeword Second
Pair Header | Codeword
Pair

Reverse
Syfie

Figure 44 - Synchronised Codeword Quad

nc pattern shall consist of the bit pattern 1010 0001 0010 1001 0001-0100.

Table 28 - Resync

Preceding RLL Resync
Encoder State(s)
1,7 010010 000000 010101 010101
2,5 101010 000000 010101 010101
3 000010 000000 010101 010101
4 100010 000000 010101 010101
6 001010 000000 010101 010101

Reverse Sync

hc shall-be a function of the RLL Encoder state preceding the Reverse Sync.

Table 29 - Reverse Sync

Preceding RLL Reverse Sync
Encoder State(s)
1,7 010010 001010 001001 010010
2,5 101010 001010 001001 010010
3 000010 001010 001001 010010
4 100010 001010 001001 010010
6 001010 001010 001001 010010

scheme. The
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Write equalisation bit encoding

The Synchronised Data Set for each track, the synchronised bit stream, shall be treated as a continuous stream of bits. Each bit
in the synchronised bit stream shall be write equalisation encoded according to table 30 and shall be written on the tape as five
consecutive write equalisation cells, the most significant cell shall be written first. The encoder shall operate at rate 1:5, i.e.
each bit in the synchronised bit stream shall produce 5 write equalisation cells.

In this table t
input bit valu
next state.

The Write Ed
14.3

The recordin|
adjacent writ

15
15.1

Re

ions on tape

Table 30 - Write Equaliser Encoder Table

ualisation encoder shall be placed into state 1 at the beginning of-every write operation.

Writing cells on tape

b method shall be such that a flux transition is writtén: to tape when there is a change in the d
e equalisation cells.

Logjcal Points and regions

Dataln=0 Dataln=1
Current State Data Next Data Next
Out State Out State
— | o [ oo | T | - | - [ ]
1 00110 1 00000 2
2 11111 3 - -
3 11001 3 11111 0

he rows shall be indexed by the 4 current states of the encoder, and the colurhns shall be indexed by the 2 possible
es. For each combination of input bit and current state, the table shows.the output write equalisation cells, and the

ata contained in

The tape shdll be divided into seven regions. The boundaries of the regions shall be marked by eight Logjical Points. The

Logical Poinfs shall be
Table 31 - Logical Points
Lggical Point Description
LHO The physical beginning of the leader tape at the leader pin.
LH1 The point at which the Servo detection shall commence.
The Servo Bands shall be valid between this point and the LP6 point.
LH2 The start of the Calibration Region.
LH3 The start of the User Data Region.
LP4 The current end of the User Data Region.
LP5 The maximum end of the User Data Region.
LP6 The point at which the Servo detection shall commence in the reverse direction.
The Servo Bands shall be valid between this point and the LP1 point.
LP7 The physical end of tape.

© ISO/IEC 2002 — All rights reserved
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The regions of the tape as bound by the Logical Points shall be

Table 32 - Regions of tape

Logical Points
encoded in LPO

— LPI1 shall b
— LP2shallb
— LP3shallb
— LP6shallb
— LP5shallb
— LP4shallb

Region Usage

LPO-LP1 Unused

LP1-LP2 Forward Servo Acquisition Region

LP2 -LP3 Calibration Region

LP3 -LP4 User Data Region

LP4_1P5 Unused Data Area (may have zero length)
LP5-LP6 Reverse Servo Acquisition Region

LP6 - LP7 Unused

b located 7,0 m + 0,1 m from LPO.
e located at LP1 + 694 LPOS words (approximately 5 m).
 located at LP2 + 833 LPOS words (approximately 6 m).
e located at LP5 + 694 LPOS words (approximately 5 m)c
e located at LP3 + Max User Data LPOS words.

IPOS counts

to 6 shall be defined in terms of absolute location down the length of tape recorded in the servp frames, and
S words as defined in 11.3.2.

e located no closer to LPO than LP3 + 6 944 LPOSwords (approximately 50 m) and no closer to [}P7 than LP5.
Table 33 —Max User Data

Cartridge Type MaxUser_Data Approximate Length (m)
A 80 556 580
B 40 278 290
C 24167 174
D 8056 58
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Figure 45 illustrates the locations of the Logical Points and the regions created thereby.

Data band
- Servo band 0
3 Housekeeping
Servo band 1
| Calibration
area
Servo band 2
0 Erased or FID
DSS
Servo band 3
1 Housekeeping (1/
$i)@gba hd 4
LPO LP2 LP3 LP4 LP5S LP6 _{p7
LP1 BOW, forward EOW, forward
EOW, reverse BOW, reverse Hatched < sefvo
Figure 45 - Tape regions
15.2 Calibration Region

The area bety
be recorded i

Servo an|

Storage

The informat]
be written as

— Between|
Between
Between|
— Between
The format o
The content d
15.3 Us
The User Da

veen LP2 and LP3 shall be reserved for calibration and thé.storage of Housekeeping Data Sets. N
h this area. The Calibration Region may be used for the following purposes:

d Read/Write calibration and tuning;
f Housekeeping Data Sets.

on that can appear in the Calibration and Hoeusekeeping Area depends on the Servo bands betwe
follows:

Servo Bands 0 and 1: HousekeepingData Sets;

Servo Bands 1 and 2: Servo.and-Read/Write Calibration;

Servo Bands 2 and 3: Erased or DSS;

Servo Bands 3 and 4:-"Housekeeping Data Sets.

F the HousekeepingData Sets shall conform to the requirements of this International Standard.
f the Calibratien Region is not specified by this International Standard and shall be ignored in intdg

pr Data Region
ta<Region shall contain the FID, the User Data Sets, and the EOD Data Set. Housekeeping Da

o user data shall

en which it shall

rchange.

ta Sets shall not

occur within

he l Set Data Racion
et TIcO SO

The number of Data Sets written within a wrap shall be dependent upon the number of CQ Sets which have been rewritten due
to errors encountered during the write process, and the number and length of DSS written. The number of Data Sets written
within a wrap is not specified.

154 Inte

rrupted Data Sets

When writing is interrupted for any reason (e.g. Servo Tracking Fault), then any Data Set for which all the CQ Sets have not
been successfully recorded and subsequently verified shall be considered to be an Interrupted Data Set. Data Sets so interrupted
shall be rewritten in their entirety.

© ISO/IEC 2002 — All rights reserved
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15.5 Repeated CQ Sets

If an error is detected in a CQ Set during Read-While-Write verification, then that CQ Set shall be rewritten farther down the
tape. The original CQ Set shall be left on the tape as written. No more than 6 other CQ Sets shall be written between the point
at which the error was detected, and where the CQ Set in error is rewritten.

When a CQ Set is repeated due to a Read-While-Write error, the SCQs within the CQ Set shall be rotated around the tracks so
that they do not appear on the same track as the last time that they were written.

The Track Number for each CQ in a CQ Set shall be given by the following equation:

CQO _ Number — Mod(CQ _ Number,3)
8

Track _Number = Mod{CQ _ Number — - W,8}

Where W is an qrbitrary, but different, number in the range 0 to 7 between successive writings of the same CQ_Sét

An example of puch rotation is shown in table 34 in which a number of CQ Sets are rewritten because an.errorfwas detected
while they werg| being written. The notation K* indicates that an error was detected while writing CQ~Set K. The notation X'
indicates that the CQ Set K was rewritten once. The notation K" indicates that the CQ Set K was rewritten twice, etc. N is the
CQ Set number within the Data Set.

Table 34 - SCQ Allocation to Tracks with RWW Failures

wloJoJo 1112222 ]3T3[3]3
Trk[N]o [ 1 [ 2 o3 40|35 | 3| 7]|8]09
0 9 [18 [ 1" [27 362 [29°] 45 [x54
1 1[0 [ 19 [ 22 [28[37 [37[30° [ 46
2 2 [ a1 (203 29|38 |4 [304% 66 | 75
3 o[ 322t [4 [30][39]5” 49 [257] 58 | 67 | 76
4 |s|413]22]5 31 6 25 [ 41 [ 50 [26] 59 [ 68 [ 77
5 |s|[ 5 [14]23 26 [ 42 [ 51 [277] 60 [ 69 | 78
6 6 |15 27 [ 43 [ 52 [28] 61 [ 70 [ 79
7 7 28 [ 44 [ 53 [297[ 62 | 71

Each CQ Set cah be rewritten multiple times. The maximum number of CQ Sets that shall be rewritten within a single Data Set
shall be 128.

When a CQ Set|is rewritten, any CQ Sets thatyhave been written between the original and the rewritten version do not need to
be rewritten unlgss one of the following.conditions apply:

— Anerror is fletected in one of thosg*CQ Sets.
— They have 4 Data Set Number. that is higher than that of the CQ Set that is being rewritten.
NOTE - The Tapd Write Pass.dets not change for rewritten CQ sets.

15.6 Amblgq CQs
When the last CQS¢t of a Data Set is written to tape, there may not be any subsequent Data Set ready to be written to tape. Due

1 £ £ o R d N hila W\ Lerta 1ot +l 1ts 2| + dat 3 +la bhalData - SQat o 1
to the requiremdcnts-eftheRead-Whilte-Writetateney—the-writing-deviee-eannot-determine-that the Pata-Setis-eemplete until the

last CQ Set has been verified. In the interval between writing the last CQ Set and it being verified, more CQ Sets must be
written.

The writing drive may perform either of the following:
— Repeat CQ Sets from the end of the last Data Set until it has verified that there is a good copy of every CQ in the Data Set.

—  Write Amble CQs until the verification is complete.
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Amble CQs do not contain user data, and shall be indicated by the Amble Flag in the Codeword Headers being set to ONE. The
other fields of the Codeword Header shall be set as follows:

Codeword Identifier:

Write Pass Identifier: shall be set to the current Write Pass Identifier.

ACN: shall be set to the ACN of the previous CQ +1.

All CQs in an Amble CQ Set shall be Amble CQs. Amble and Data CQs shall not be mixed within a CQ set.

Data Set ID Fragment: shall contain the 4 least significant bits of the Data Set Identifier of the most recent Data Set.
Amble Flag: shall be set to ONE.
Codeword Pair Designation: shall contain ZEROs.

When Amblg
verification fi

Amble CQs s

15.7 Beg

The first Datj
BOW point 4

The first corr

15.8 End

If, when EOV
considered tg

No CQ Sets
100 mm befo

When EOW
point.

159 App

When new d
recording m4
repeated CQ
Set that the n|

The smallest
NOTE - After

The rules for

CQs are being written, it may be necessary to rewrite CQs from the end of the Data Set, if the R«
hils. This will result in Amble CQ Sets being interspersed among CQ Sets that contain user data’

hall not be required to be Read-While-Write verified.

Inning of Wrap (BOW)

a Set Separator written in any wrap shall be a Long DSS. It shall begindetween 0 mm and 10
nd shall continue at least 100 mm beyond the BOW point.

ectly written Data Set on a wrap shall end between 100 mm and 4 mafter the BOW point.

of Wrap (EOW)

V is reached, a Data Set has not been completely written to tape and verified by write error checks
be an incomplete Data Set. Incomplete Data Sets shall.be rewritten in their entirety on the next ay

shall be written past the EOW point. After the last Data Set written a DSS shall be written th
Fe the EOW point and continues for between 0'nim and 100 mm beyond it.

s reached, the last correctly written Data(Set on the wrap shall finish between 100 mm and 4 m

ending and Overwriting

hta is appended to data already recorded on tape, or existing data is overwritten by new data, th
y start shall be referenced to the last recorded DSS following the Data Set that the new data
Sets have been recorded, the relevant DSS shall be the one after the last rewritten CQ Set that bel
ew data is to follow(CQ Set A in figure 46).

unit of appending or overwriting shall be a Data Set.
bverwriting-eommences, all data beyond the current recording point is logically inaccessible.

appending and overwriting shall be identical. For simplicity, the following description refers only

tad-While-Write

mm before the

, then it shall be
ailable Wrap.

at starts at least

before the EOW

e point at which
is to follow. If
ongs to the Data

to appending.

The CQ Sets,

g
nnyg

Figure 46 - Appending rules

up to and including CQ Set A in figure 46, contain information which is to be retained.
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The information in the CQ Sets in B shall be considered to be residual and shall be ignored in interchange. The CQ Sets in B
may be incomplete or damaged by the append operation. The number of CQ Sets in B shall not exceed 14, and may be 0.

The append shall start with the new information at CQ Set C after the DSS.

The writing drive shall write an Extended DSS preceding the first of the new CQ Sets at C.

15.10

Servo Tracking Faults

If a defect is detected in the Servo Tracks while recording data, recording shall stop until the validity of the Servo Tracks is re-

established.

When the defect no longer affects the tracking, then recording of data can recommence. Once back on track, a Long DSS shall
be written, of at least 200 mm, followed by a complete copy of the Data Set with the lowest Data Set number among those that

were incomplet
and the new val
value held in thi
Pair Headers fo
rewritten Data §

The ACN in the
value in the Cod

If another Servd
Write Pass valu

The physical di
Set, on the samd

If a Servo TracK
shall stop as in ¢

when the detect was detected. For the Tewritien Data Set, the Tape WTite Pass shall be increm
e shall be written into the Codeword Pair headers. This may lead to a mismatch between the~Tia
e DSIT, and the value in the Codeword Pair Headers. The Tape Write Pass values in the-DSIT a
I all subsequent Data Sets shall be equal to, or greater than, the value in the Codeword Pair Hg
et.

Codeword Pair Headers of the first CQ Set written after the Long DSS shall becl greater mod(65
eword Pair Headers of the last CQ Set that was started before the servo defegt'was detected.

Tracking Fault is detected before the Data Set is completed, then the precess shall be repeated,
b shall be incremented.

tance between the end of a correctly written Data Set and the end.of‘the subsequent next correctly
wrap, shall not exceed 4 m.

ing Fault occurs just before EOW, then the EOW cannotbe dealt with as defined in 15.8. In this d
ther cases.

ented by one,
pe Write Pass
nd Codeword
aders for the

536) than the

and the Tape

written Data

ase recording
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Annex A

(normative)

Measurement of Bit Shift

In order to measure short term bit cell length, rate of change of short term bit cell length and bit shift, the test read channel shall
yield an isolated pulse (step) response which passes through 0 at locatlons which are 2T (where T, is the RLL bit cell time)
from the cenfre-of-the-puise—and—w ' e et —Achmmelwitha sponse-of-eas?(0wT/3) meets
these requirements.

12
1.1
1
0.9 {
0.8 &
0.7 O
0.6 NE,
0.5 \
0.4 ¢
0.3 S
0.2 <l
0.1 GO
0 X
0.1 O
0.2

-3 2.5 -2 -1.5 -1 0.5 0 0.5 1 1.5 2 2.5 3
Channel step (Isolated pulse) response

cos*(wTy/3) response

Figure A.1 — Channel step response

BIT SHIFT

Read a tape, [which has been recorded with any valid data pattern, using the channel described above. Detect|at least 100 000
peaks, ignore| all missing/pulses (see 10.9). Use an HP E1740A, or equivalent, TIA, and display the histograms jof time intervals
between detegted peaks. Individual histograms are centred at NT. (where 2 <N < 8). Using all intervals (2 <N < 8), calculate
the average vpluerof the RLL bit cell, T, .

In a random (1,7) encoded data stream, there are various environments of intersymbol interference (IST) for peaks contained in
time intervals of 2T.. The ISI induced peak shift of a peak contained in a 2T time interval can be 0 or dT. Hence, a 2T, time
interval can be changed due to ISI by one of the following values: (0, dT, 2dT). The frequency of occurrence of each of these
values in random (1,7) encoded data is such that the measured mean of the 2T, spacing, M2T,, is given by

M2T, = 0,457(2T+dT) + 0,451(2T, +2dT) + 0,092(2T+0dT)
dT/T, = (M2T-2T.)/(1,36T,)
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B.1
The

Annex B

(normative)

Measurement of Broad Band Signal-to-Noise Ratio

Measyrement equipment

Broad Ban

than 30 kHz, a

0to

20 MHz. TI

the test conditio|

For

B.2
The

i
ii.
iii.
iv.
V.
Vi.

Vil.

viii.

iX.

XI.

Xil.

xiii.

spectrum aj

Measyrement procedure

following p,
Condition t
Record the
Measure th
The peak si

Re-measurg
spectrum S

Using the s
and fy. Defi

Using the s
ranges f; - |

Calculate th
f,+ 1 MHz
using a sigf
as Ebns.

Compute S}
Esn = SFn(

I Signal-to-Noise Ratio shall be measured using a spectrum analyser with a resolution bandwidth

hs shall be those defined in clause 10.

focedure shall be used to measure the skirt noise and the Broad Band' Signal-to-Noise Ratio.
he tape by writing at density TRD1. Then rewind.

ape at density TRD1. The associated fundamental recofding frequency is denoted as f;.
spectrum (single sweep mode) of the output of the¢preéamp.

pnal from this spectrum is Sgype.

Skirt.

hived spectrum SpSkirt, define the upper and lower frequencies at which the amplitude drops to 0,0
ne the signal amplitudes associated-with these frequencies as Ay and Ay respectively.

MHz to 1 and fy; to f; + I MHz. Define this value as Est.

using a signal amplitude for the lower range of the average amplitude from f,- 1 MHz to f, -

e square root of the"sum of the squares of the spectrum over the frequency range f, - 1 MHz t;[b
al amplitude for\the upper range of the average amplitude from f, + 0,9 MHz to f; + 1 MHz. De

NRsk for-this pass, 20 log (Sape/Esn) dB, where

Est2~Ebns2)0-5

SFn = [(B

[/Nbin)/RB]0 S

Nbin = number of bins in saved spectrum.

Condition the tape by writing at density TRD1. Then rewind.

(RB) of less

ideo bandwidth of less than 300 kHz, a sweep time of less than 20 s and a measurement bandwidth (BW) from
e measurement bandwidth for skirt noise is 2 MHz centred about the signal frequency.-Unless otherwise stated,

halysers with a peak detect function, peak detect shall be ON for signal characterisation and ()FF for noise
characterisation).

the spectrum (single sweep mode, peak.detect OFF) of the output of the preamp and save|the resultant

3 Stape as fy

hved spectrum SpSkirt, calculate the square root of the sum of the squares of the spectrum over the frequency

fi and fy to
,9 MHz and

ine this value

Record the tape at density TRD2. The associated fundamental recording frequency is denoted as f;. Equalisation pulses
shall be included according to the requirements for write equalisation.

With the spectrum analyser set to Noise Level measurement, measure the noise at a minimum of 8 points across the
bandwidth. None of these points shall include any of the power in the written signal fundamental or harmonics or in the
skirts around the written signal fundamental or harmonics.

Calculate the total base noise (TBN) as the square root of the integral of the noise power from 0 MHz to 4f}, using only the
noise level values measured in the previous step. The power in the signal fundamental or harmonics is not included in the

integral.

xiv. Compute BBSNR¢, for this pass, 20 log(S¢ape/ TBN).
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xv. Steps i to xiv shall be performed a minimum of 5 times. Take the average of these measurements to determine
<BBSNR¢ape> and <SNRskzpe>.

xvi. Steps i to xiv shall be performed a minimum of 5 times for the Secondary Standard Reference Tape, to determine
<BBSNRysrT> and <SNRskysrT>-

xvii.Comparison of these measurements shall meet the requirements given in 10.8.
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Annex C

(normative)

Tape Abrasivity Measurement Procedure

C1 Genellal

Tape abrasivity

C.2 Testfi

Install a clean A
facing upward s
13 pm.

The wear bar m
- Al54wt?

Heat Treatn
Rockwell G

Process: V3

The surface fini

NOTE - A possib

C3

A test piece of t
4,5 mm * 0,3 m|
shall be 1,0 N H
width of the tap

Proce

A repeat measu|
length within 30

is the tendency of the magnetic coating to wear the magnetic recording heads.

xture

\1fesil wear bar as shown in figure C.1 on a holding fixture similar to that showm in figure C.2.
hall be unworn and free of chips or voids greater than 1 pm in size. The radius-of the test edge sh.

terial composition shall be
, S19,6 wt %, Fe balance
nent: 1 000 °C

Hardness: 46 = 1

cuum melt and cast

h on all four sides shall be to N2, 0,05 um. The bar shall be square to within 0,05 mm.
e source of Alfesil wear bars is Vacuum Specialities Inc., 1005 Host Drive, Lake Geneva, W1 53147, USA.

Hure

hipe 580 m in length shall be pas§ed for 100 passes (50 cycles) over a rectangular bar of Alfesil. Th
m square and a minimum of 18 mm long as shown in figure C.1. The tape speed shall be 3,0 m/
0,1 N and the wrap angle shall be 12°. The wear pattern length shall be measured at three locati
b path as shown in figure*C.3.

Fement using the 'same length of tape and a new edge of the Alfesil bar shall produce the sameg
% of the original measurement.

The test edge
W11 not exceed

e bar shall be
s, the tension
ns across the

wear pattern
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4—— 18 mm min. ———p|

A

4,5 mm

+
95-0010-B - 0’3 mm

ISO/IEC 22050:2002(E)

Fi €1=Alfesit-wearb
h A lgulc Cel ALIT 1 val

—12° Tape wrap on each side
Ifesil wear bar

\~

01-0044-A

Figure C.2 -Wear bar holding fixture

Wear pattern length
_> 47

3/4 —»p,

1/2
Tape Wldth

94-0025-A

NOTE -The amount of wear is exaggerated for clarity.

Figure C.3 - Wear bar measurement
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D.1

communicate w

The LTO CM |
blocks of 32 byf
which consists g

Full requiremen

D.2 Conte
There shall be a

of 32 bytes, therefore, fields have been arranged to align on 32-byte boundaries whete’possible. All unused bits in|

shall be setto Z

The LTO CM ¢
address which s
from the start ad

The LTOCM ¢
and offset in thi

Block Address:
Word Address:

Annex D

(normative)

LTO Cartridge Memory

Background
The LTO Cartry

do O L\

ththe LTO CM transponder.

f 256 bits (32 bytes).

s for the transponder can be found in annex F.

nts
number of distinct data fields within the LTO CM, as shown in table-D.l. The LTO CM has a blo
ERO.

bntent shall be organised into logical regions called Pages. The location of a Page shall be speci

dress.

annex, to LTO CM block address and word address, shall be
BO = integer part of [ (start address + offset) + 32 ]
w = mod(start address + offset, 32 )~ 2

Table D.1 - LTO CM Data Fields

Section Access Restrictions
LTO CM Manufacturer's Information Read-Only
LTO CM Write-Inhibit Read-Only
Protected Page Table Read-Only
Protected Pages Read-Only

Unprotected Page Table Restricted Write Capability

Initialisation Page Restricted Write Capability

Fansponder contains a serial EEPROM whose size is 32 768 bits (4 096 bytes), which ds ergan|
es per block. The LTO CM has writeable units of either a word, which consists of 16 bits (2 bytd

hall be the number of bytes from address 0. Access to afelement within a Page shall be via an of

a; controller to

ised into 128
s), or a block

Ck access size
the LTO CM

fied by a start
fset, in bytes,

ntent shall be accessed by a block address and a gvord address. See annex F. The conversion frony start address

Read/Write

Other Unprotected Pages

For an Initialised Cartridge, the Read-Only sections shall be protected from re-programming by the Write-Inhibit Block
Number in the LTO CM Write-Inhibit block, D.2.2. The Restricted Write Capability sections shall not be protected against re-
programming, but shall be updated only when a field in the Initialisation Page is changed, or an Unprotected Page is added or

deleted from the

Unprotected Page Table.

Field values shall not roll over past their maximum field value. For example, if the value of a 4-byte field would exceed the
value (FFFFFFFF) it shall be set to a maximum value of (FFFFFFFF).

88
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D.2.1 LTO CM Manufacturer's Information

This Page shall contain 32 bytes. This Page shall be required for interchange for both an initialised and uninitialised cartridge.
The definitions of uninitialised and initialised cartridge are given in D.2.4.

The LTO CM Manufacturer's Information shall start at address 0 in the LTO CM.

ISO/IEC 22050:2002(E)

Table D.2 - LTO CM Manufacturer's Information

Field Offset | Bytes Description
LTO CM Serial Number 0 4 This field shall contain the Serial Number of LTO CM
transponder. See table D.3.
Byte LTO CM Serial Number bytes.
CM Size 5 1 This field shall indicate the size of thé \LTO (M in
units of 1 024 bytes. This shall be set t6_(04).
Type 6 2 This field shall indicate the type-of'transponder| This
shall be set to (0001).
Manufacturer's 8 24 The content of this field,is not defined in this
Information International Standagd~\and shall be ignorgd in
interchange.
D.2.1.1 LTO CM Serial Number (bytes 0 -3)
Each LTO CM shall have a unique 32-bit (4 bytes) serial number.<The serial number shall be assigned By the LTO CM

Manufacturey. Byte 0 shall be the least significant byte and byte 3\shall be the most significant byte and bits
shall uniquely identify the LTO CM manufacturer.

Table D.3 - LTO CM Serial number

Byte 3

Byte2

Byte 1 Byte 0

MSB

LSB

Table D.4 - LTO CM Manufacturer's identifier

7 to 4 of byte 3

Manufacturer's Identifier

Part of Serial Number

BiY7 Bit 6 Bit 5

Bit4

Bit 3 Bit 2 Bit 1 Bit

D.2.2 LT CM Write-Inhibit

This Page shgllcontain 4 bytes. The LTO CM Write-Inhibit Page shall start at address 32 in the LTO CM.

© ISO/IEC 2002 — All rights reserved
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Table D.5 - LTO CM Write-Inhibit

Field

Offset

Bytes

Description

Last Write-Inhibited
Block Number

0

1

This field shall contain the number of the last 32-byte
Block within the LTO CM that is write-inhibited. This
shall be set to the start of the Unprotected Page Table

on an uninitialised cartridge.

Block 1 Protection Flag

This field shall indicate whether Block 1 in the

LTO CM is write-inhibited. It shall be set to (00) on an

uninitialised cartridge, and to (01) on an initialised
cartridge.

NOTE - Block 1 refers to address range 32 to 63 of the LTO,
therefore includes this Page itself, and the Protected Page t:
Once this flag is set this Page cannot be changed again.

CM,
ble.

Reserved

Set to (0000).

The definitions

D.2.3 Page’l

This Page shall
defines two Pag
of two or morg

ables

contain 4(N+2) bytes, where N is the total number of Pages defined in the Page Table. The fq
e Tables. These are the Protected Page Table and the Unprotected\Page Table. Each of these table
4-byte Page Descriptors, followed by a 4-byte CRC. LTQ’CM Pages may appear in any or

bf uninitialised and initialised cartridge are given in D.2.4.

Descriptors shalll be arranged in the same order as LTO CM Pages.

llowing table
5 shall consist
ler, but Page

The Protected Hage Table shall start at address 36 in the LTO CM,.and the Unprotected Page Table shall starf immediately
after the last pratected Page.
The Page Table|format is defined in table D.6.
Table D.6 - Page Tables
Field Offset Bytes Description
Pgge Descriptor 0 0 4 Page Descriptor
Pgge Descriptor 1 4 4 Page Descriptor
P4ge Descriptor.N 4N 4 End Of Page Table (EOPT) Page Descriptor
CRC 4(N+1) 4 CRC generated over all Bytes from 0 to (4(N+1))-1|of
this Page Table. See 13.2 for details of the CRC
algorithm.

The format of the Page Descriptors is defined in table D.7.

Table D.7 - Page Descriptor format

Byte 0 Byte 1 Byte 2 Byte 3
76543210 76543210 76543210 76543210
Page Page Id Starting Address Starting Address
Version (msb) (Isb) (MSB) (LSB)

Page Version:

90

This field shall be set to 0000 for all LTO CM Pages.
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Page Id: This

ISO/IEC 22050:2002(E)

12-bit field shall be set to one of the Page Ids defined in D.2.4.

Starting Address: This field shall be set to the absolute starting address, in bytes, of the associated LTO CM Page. Since unused
areas are not allowed between Pages, the length of each Page may be determined by subtracting the Starting Address of its Page
Descriptor from the Starting Address of the next Page Descriptor.

Each Page in

the LTO CM shall be aligned according to the following rules:

The Protected Page Table shall start at Address 36;

The Tape Directory Page and the Tape Write Pass Page shall start on 16-byte boundaries;

apply for the subsequent Page;

All other

Each Page T
the EOPT Pa
Starting Add
These descrif
the following

An End Of P|
shall be set t
byte of the 1
Unprotected

D.2.4 Pag

In the follow|
not. In order
Page Tables,
an uninitialis
In the follow

where:

RU spec

RI specil

specifies|

The Protecte
Table. If a P
fields shall b{

Pages shall start on a 32-byte boundary.

e Descriptor. An Empty Page Descriptor shall have its Page Version set to 0000, its Rage'ld set
fess set to the same value as that of the Starting Address field of the EOPT Page Déscriptor in
tors may be used to reserve space in a Descriptor Table to add more descriptors pyithout having
Pages, and shall be used to pad the Page Table out so that the subsequent Page statts on a 32-byte

poge Table (EOPT) Page Descriptor shall be the last entry in each Page Table, prior to the CRC.
0000, and its Page Id shall be set to (FFF). Its Starting Address shallbe\greater by 1 than the ad
st LTO CM Page defined in the table. For the Protected Page Table, this value indicates the |
Page Table.

b Definitions

to be considered compatible for interchange, an uninitialised cartridge shall have valid Protected
and certain LTO CM Pages, so that it may be distinguished from a failed cartridge. The unprotectg
pd cartridge shall contain only Empty, EOPT Page“Descriptors.

ng tables, the R/O field defines which LTOWEM Pages, and fields within Pages, shall be required

fies that a Page or a Field shall be required for both uninitialised and initialised cartridges.
ies that a Page or a Field shall-be required for an initialised cartridge only.
that a Page or a Field is optienal.

1 field shall indicate-whether a Page may be located in the Protected (P), Unprotected (U), or ¢
hoe is optional, apd\is’ present, then all fields in that Page shall be present. Unless otherwise sp
set to valid data, or to all ZEROs to indicate that valid data is not available.

Pad Pages shall start immediately after the preceding Page, and shall occupy enough bytes to enable the other rules to

hble may contain one or more Empty Page Descriptors following the last non-Empty Page \Desctfiptor and before

to (FFE), and its
hat Page Table.
to move any of
boundary.

ts Page Version
Jdress of the last
beginning of the

ng definitions, a cartridge is defined as initialised if it €ontains a valid FID Data Set, and uninitjialised if it does

nd Unprotected
bd Page Table of

for interchange,

ither (PU) Page
ecified, optional

© ISO/IEC 200

2 — All rights reserved

91


https://iecnorm.com/api/?name=8a00b1bcbdb05f5ad9fcd109fa960044

ISO/IEC 22050:2002(E)

Table D.8 - Page definitions

Name P/U | R/O Page Id Length Description
(Bytes)

Cartridge Manufacturer's P RU (001) 64

Information

Media Manufacturer's P 0 (002) 64

Information

Initialisation Data U RI (101) 64

Tape Write Pass U RI 102) 48

Tape|Directory U RI (103) 1552

EOD|Information U RI (104) 64

Cartrjdge Status and Tape U RI (105) 32

Alert|Flags

Mechanism Related U o (106) 384

Suspgnded Append Writes U RI (107) 128

Usagp Information 0 U o (108) 64 Table shall contain 0 or 4

Usagk Information 1 (109) consecutive Usage Information
Pages.

Usagp Information 2 (10A)

Usagp Information 3 (10B)

Appljcation Specific U o 200y 1056

Pad PU (0] (FFC) - Used to reserve space for future
Pages, and to align some Paggs
to 16-byte and 32-byte
boundaries.

Defegt PU (0] (FFD) - Used to indicate that the
LTO CM contains defective
memory locations in that area

Empty PU o (FFE) 0 Indicates an empty table.

EOPT PU RU (FFF) 0 End Of Page Table.

D.2.5 Common Pages
D.2.5.1 Pad Page

This Page may be used to reserve space for future Pages, or to align some Pages to 32-byte boundaries. This page shall contain
N bytes, where N is the size, in bytes, of the Pad Page.

Table D.9 - Pad Page

Field Offset Bytes Description
Pad 0 N All bytes shall be set to (00).
D.2.5.2 Defect Page

This Page shall contain N bytes, where N is the number of bytes of space for the defective memory locations.
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Table D.10 - Defect Page

Field Offset Bytes Description
Defective 0 N The content of this field is not defined in this
International Standard and shall be ignored in
interchange.
D.2.6 Protected Pages
D.2.6.1 Cartridge Manufacturer's Information

This Page shgtcontam64 byicb.

Table D.11 - Cartridge Manufacturer's Information

Field

R/O

Offset

Bytes

Description

Page Id

RU

0

2

This field shall be set to (000,1) indicating the
Cartridge Manufacturer's Information Page.

Page Length

RU

This field shall be sét to (0040) which
indicates the length.of this Page.

Cdrtridge Manufacturer

This field shall.contain an alphanumeric dtring
identifying'the manufacturer of the cartridge
(based en'the Vendor Ids defined in annek I).

Serial Number

12

10

This field shall contain an alphanumeric string.
This field shall contain the serial number pf the
cartridge, and shall be assigned by the
cartridge manufacturer.

Cartridge Type

RU

22

This field shall indicate the type of tape that is
contained within the Cartridge. It is
constructed as 16 1-bit fields, where only
specific bits are checked to verify compliagnce
with this format.
— Byte 0, bit 7. Cleaning Cartridge. Thjs bit
shall be set to ONE if the cartridge contailns
tape that is used for cleaning purposes. This bit
shall be set to ZERO if the cartridge does|not
contain tape that is used for cleaning purgoses.
— Byte 0, bits 6 to 0. These bits shall pe set
to ZERO:s.
— Byte 1, bits 7 to 1. These bits shall b¢ set
to ZERO:s.
Byte 1, bit 0. This bit shall be set to ONE|if the
cartridge contains tape that can be used for the

recording and reading of data in the format
defined by this International Standard, or if it
contains tape that is used for cleaning
purposes. This bit shall be set to ZERO if
neither of the above conditions are met.

Date of Manufacture

24

This field shall contain an alphanumeric string
identifying the date on which the cartridge
LTO CM was initially programmed. The
format of this string shall be YYYYMMDD.
(YYYY is the year, MM is the month, and DD
is the day of the month.)

© ISO/IEC 2002 — All rights reserved
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Field R/O Offset | Bytes Description

Tape Length RU 32 2 This field shall contain the nominal length of
the tape in the cartridge (in units of 0,25 m).
The values used for the different cartridge
types shall be

Type A: 2436
Type B: 1276
Type C: 812
Type D: 348

Tape Thickness RU 34 2 This field shall contain the nominal thickness

fiha t 1 ~
Otie-+

L

used for this format shall be 9 114.

Enjpty Reel Inertia RU 36 2 This field shall contain the nominal empty rgel
inertia for the cartridge, in units of\1/256 x
10-6 Kgxm2. The value used for_this format
shall be 7 270.

Hub Radius RU 38 2 This field shall containthe riominal radius of
the hub, in units of 1412024 mm. The value
used for this format'shall be 22 528.

Full [Reel Pack Radius RU 40 2 This field shall-be set to the nominal radius ¢f
the pack in tnits of 1/1 024 mm. Values for the
tape types shall be

Typ&\A: 48 128
Type B: 38 144
Type C: 33 321
Type D: 27 668

Maximum Media Speed RU 42 2 This field shall identify the maximum speed |at
which the tape in the cartridge can be used.
This shall be defined in units of mm/s. The
minimum value that this field shall have is

5 465.

[ icense Code o 44 4 This field may be used to contain an
alphanumeric string that represents a Licens¢
Code. The format of this information is not
defined by this International Standard and is|a
matter for agreement between interchange

parties.
Cartridge o 48 12 The content of this field is not defined in thi
Manufacturer's’Use International Standard and shall be ignored in
interchange.
CRC RU 60 4 This field shall contain the CRC generated

over bytes U to 39 ot the Cartridge
Manufacturer information. See 13.2 for details
of the CRC algorithm.
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D.2.6.2 Media Manufacturer's Information

This Page shall contain 64 bytes.

ISO/IEC 22050:2002(E)

Table D.12 - Media Manufacturer's Information

Field R/O Offset | Bytes Description
Page Id RU 0 2 This field shall be set to (0002) indicating the
Media Manufacturer's Information Page.
Page Length RU 2 2 This field shall be set to (0040) which indicates
the length of this Page.
—ServowEHer 123 4 48 Thisfield-shall-be-set-to-the-alphantmertestring
Manufacturer located in the Manufacturer's Word, encoded in
the Servo track, see 11.3.3.
Reserved RI 52 8 The content of this field is not defined in this
International Standard and shall be ignored in
interchange.

CRC RI 60 4 This field shall contain the CRC generated over
bytes 0 to 59 of theMedia Manufacturer
information. Sée)I'3.2 for details of the CRC
algorithm.

D.2.7 Unprotected Pages
D.2.7.1 Initialisation Data
This Page shgll contain 64 bytes.
Table D.13 =Jnitialisation Data
Field R/O Offsetl| Bytes Description
Page Id RI 0 2 This field shall be set to (0101) indicating(the
Initialisation Data Page.
Page Length RI 2 2 This field shall be set to (0040) which ind{cates
the length of this Page.
Initialising Drive RI 4 8 This field shall contain the Drive Manufadturer
Manufacturer Id of the drive that was the last one to write the
FID (based on Vendor Ids defined in annef I).
Drive Id o 12 10 This field shall contain all ZEROs or an
identifier as specified by the Manufacturer of

the drive that was last one to write the FID).

© ISO/IEC 2002 — All rights reserved
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Field R/O Offset | Bytes Description

Format Type RI 22 2 This field shall indicate the format of the
information written on the tape. It shall be
written by the intialising drive.

If Byte 0, bit 7 of the Cartridge Type field in
the Cartridge Manufacturer's Page is set to
ONE, then this field is not defined in this
International Standard and shall be ignored in
interchange.

If Byte 0, bit 7 of the Cartridge Type field in
the Cartridge Manufacturer's Page is set|to
ZERO, then this field shall be set as follows:

— Byte 0, bit 7. This bit shall besetito ZERO.
— Byte 0, bit 6. This bit shalt‘be’set to ZERO.

— Byte 0, bits 5 to 0. These bits shall be [set
to ZERO.

— Byte 1, bits 7~te 1. These bits shall be |set
to ZERO.

—  Byte 1/bit 0. This bit shall be set to ONI

T11

[LP1 Position RI 24 4 This freld shall specify the LPOS value
corfesponding to the location of LP1.

[LP2 Position RI 28 4 This field shall specify the LPOS value
corresponding to the location of LP2.

[LP3 Position RI 32 4 This field shall specify the LPOS value
corresponding to the location of LP3.

[ P4 Position RI 36 4 This field shall specify the LPOS value
corresponding to the location of LP4.

[LP5 Position RI 40 4 This field shall specify the LPOS value
corresponding to the location of LP5.

[LP6 Position RI 44 4 This field shall specify the LPOS value
corresponding to the location of LP6.

Reserved RI 48 12 These bytes shall all be set to (00).
CRC RI 60 4 This field shall contain the CRC generated oYer

bytes 0 to 59 of this Page. See 13.2 for detailp
of the CRC algorithm.
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D.2.7.2 Cartridge Status and Tape Alert Flags
This Page shall contain 32 bytes.

Table D.14 - Cartridge Status and Tape Alert Flags

Field R/O Offset | Bytes Description

Page Id RI 0 2 This field shall be set to (0105) indicating the
Cartridge Status and Tape Alert Flags Page.

Page Length RI 2 2 This field shall be set to (0020) which indicates
the length of this Page.
This-Hrfermationis-netrequiredforinterehange.

This field shall be set to all ZEROs when ‘the
cartridge is threaded.

If used, this field shall be set t@,the Tape Alert
flags as determined by the drive.

)
N
qo

ot

aAlaxt Elooc
7 £5

The Tape Alert flags are nuinbered from 1 fo 64,
and shall be mapped’so-that flag 1 shall be
contained in bit Z of\byte 0 of this field, and flag
64 shall be contained in bit 0 of byte 7 of this
field.

Thread Count RI 12 4 This field'shall indicate the total number of|times
thatheleader pin has been extracted from the
cartridge starting with the instance when th¢
cartridge was first initialised. This field shall be
incremented by one each time that the leadgr pin
has been extracted.

Cartridge Status RI 16 2 This field indicates the status of the cartridge

when it was removed from the drive. This fljeld
shall be set as follows:

(0000): Shall indicate that the cartridge was
unloaded normally.

(0001): Shall indicate that the cartridge wag not
unloaded normally but that the drive was ngt
writing at that time. This value shall be set[just

after the cartridge is loaded into the drive, g¢r after
the completion of any write operation.

(0002): Shall indicate that the tape in the cqrtridge
was not unloaded normally and that the driye was
writing at that time. This value shall be set pefore

the drive starte to write to the tane
P

Reserved RI 18 10 |These bytes shall all be set to (00).

CRC RI 28 4 This field shall contain the CRC generated over
bytes 0 to 27 of this Page. See 13.2 for details of
the CRC Algorithm.

© ISO/IEC 2002 — All rights reserved 97


https://iecnorm.com/api/?name=8a00b1bcbdb05f5ad9fcd109fa960044

ISO/IEC 22050:2002(E)

D.2.7.3 Usage Information

This Page shall contain 64 bytes per Page, for a total of 256 bytes for the 4 Pages. The Usage Information Page shall be
optional. If present, there shall be 4 Usage Information Pages that shall contain information for the last 4 times that the
cartridge was threaded. Each instance of the Page is accessed in turn, in the order of ascending Page number. The values in

each field shall be cumulative over the lifetime of the cartridge.

When these Pages are initially created, the contents of all the fields (except for the Page Id, Page Length, and CRC fields) shall

be set to all ZEROs. The Page 1d of the first Page accessed shall be (0108).

Table D.15 - Usage Information

Field

R/O

Offset

Bytes

Description

Page 1d

Kl

0

2

T'his tield shall be set to (U108) to (U10B)
indicating the Usage Information Page.

Page Length

RI

w

This field shall be set to (0040) which indicatd
the length of this Page.

Driye Manufacturer

This field shall identify the manufacturer of th
drive that last updated this-Usdge Information
Page. See annex 1.

o

Drive Id

12

10

This field shall contain all ZEROs or an identiffier
as specified by th€ Manufacturer of the drive that
last updated this Usage Information Page.

Suspended Writes at
Append

RI

22

This fieldshall contain the total number of Sefvo
Tracking’Errors (see 15.10) that resulted in a
Witite at an Append point being suspended. T}
implies that the suspension occurred before
sufficient CQ Sets were written to tape to
invalidate the Data Set that was supposed to bg¢
overwritten.

—-

S

Thread Count

RI

24

This field shall be set to the same value as

contained in the Thread Count in the Cartridgg
Status and Tape Alert Flags section at the timg it
was recorded.

Total|Data Sets Written

RI

28

This field shall specify the total number of Dafa
Sets written to the tape.

Totdl Data Sets Read

RI

36

This field shall specify the total number of Data
Sets read from to the tape.

Total Write Retries

RI

44

This field shall specify the total number of Wijite
Errors (a failure to finish writing a Data Set dye to
excessive RWW retries), where a subsequent
attempt to write the Data Set succeeded.

Total Read Retries

RI

48

This field shall specify the total number of Data
Sets that were not successfully read on the first
attempt, but which were successfully read
subsequently.

Total Unrecovered Write
Errors

RI

52

This field shall specify the total number of Write
Errors that resulted in a backup being terminated.

Total Unrecovered Read
Errors

RI

54

This field shall specify the total number of Data
Sets that were not successfully read on the first,
nor on a subsequent attempt to read it.
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Field R/O Offset | Bytes Description
Total Number of RI 56 2 This field shall specify the total number of Servo
Suspended Writes Tracking Errors (see 15.10) that resulted in a

Write being suspended, and the Data Set being
written further down the tape.

Total Number of Fatal RI 58 2 This field shall specify the total number of Servo
Suspended Writes Tracking Errors that resulted in a Write failure. In

other words, the drive was unable to write the

suspended Data Set further down the tape.

CRC RI 60 4 This field shall specify the CRC generated over
bytes 0 to 59 of this Page. See 13.2 for detdils of
the CRC algorithm.

D.2.7.4 Tape Write Pass

This Page shpll contain 48 bytes. The Tape Write Pass value encoded in this page shall be equal to the largeqt value of Write
Pass recorded in any Codeword Pair Header of any Codeword Quads recorded on this tape, as defined in 13.7.1{.2.

The sum of the 8 4-byte fields shall equal the Tape Write Pass value. When Tape Write Pass value mod(8) is 0, all 8 4-byte
fields shall b¢ set to the same value. Otherwise, Write Pass Fields 0 to N-1 shall be gteater by 1 than Write Paks Fields N to 7,
where N is equal to the Tape Write Pass value mod(8). This results in each Write Pass Field 0 to 7 being incjemented by 1 in
turn as the Tgpe Write Pass value is incremented, which is intended to extend(the useful life of this Page within|the LTO CM.

This Page ddes not contain a CRC, since that field would be updated @vety time Write Pass is updated. The|integrity of this
Page may be |determined by verifying that the 8 fields are set to values‘Consistent with this International Standard.

Mapping for pach Write Pass Field to the LTO CM is shown in table D.16.
Table D.16:¥ Tape Write Pass

Field R/O Offset- > Bytes Description
Page Id RI 0 2 This field shall be set to (0102) indicating the
Tape Write Pass Page.
Page Length RI 2 2 This field shall be set to (0030) which indicates
the length of this Page.
Reserved RI 4 12 |These bytes shall all be set to (00).
Write Pass Field 0 RI 16 4
Write Pass Field 1 RI 20 4
Write RassField 2 RI 24 4
Write Pass Field 3 RI 28 4 |As defined above.
rite Pass Field 4 RI 32 4
Write Pass Field 5 RI 36 4
Write Pass Field 6 RI 40 4
Write Pass Field 7 RI 44 4
D.2.7.5 Tape Directory

This Page shall contain 16 bytes per wrap section, which is 1 536 bytes for all 96 wrap sections. There shall be a 16-byte entry
for each wrap section, where a wrap section shall be defined as one half of a single wrap.
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The method of determining the transition point from one wrap section to the next, on the same wrap, shall be based on the
LPOS values on the tape. The length of the User Data Area is known in terms of LPOS marks. The ends of all even wrap
sections shall be located by the LPOS value calculated to be halfway between LP3 and LP4. The Data Set Id, Record Count,
and File Mark Count for an even wrap section shall include information from all data sets started between BOW and this point.
The sum of each even wrap section and its next odd wrap section shall exactly match the total number of Records and File
Marks on that wrap.

All fields in the Tape Directory Page shall be required for Interchange.
Table D.17 - Tape Directory

Field R/O Offset | Bytes Description
Page Id RI 0 2 This field shall be set to (0103) indicating the
Tape Directory Page.
Page Length RI 2 2 This field shall be set to (0610) whichrindicatds
the length of this Page.

FID|Tape Write Pass o 4 4 The content of this field is not-defined by this
International Standard and shall’be ignored in
interchange.

Reserved RU 8 8 These bytes shall all.be-set to (00).
Wrap Section 0 RI 16 16
Wrap Section 1 RI 32 16
As defined below.
Wrap Section 94 RI 1520 16
Wrap Section 95 RI 1536 16

The contents of each wrap section shall be as shown in table D.18.

Table D.18 - Wrap Section

Field Bytes Description
Per Wrap Data Set Id 4 This field shall specify the Data Set Identity of the lagt
Sdction Data Set written in this wrap section. If this wrap

section does not contain valid Data Sets, then this field
shall be set to (FFFFFFFF).

Record Count 4 If this Wrap Section is valid, this field shall contain tle
number of Records that are started in the current Wrap
Section. If the Data Set ID of this Wrap Section is

(FFFFFFFF) and hence this Wrap Section is invalid,

the Record Count fieldis not defined forinterchance.
=}

File Mark Count 4 If this Wrap Section is valid, this field shall contain the
number of File Marks that are within the current Wrap
Section. If the Data Set ID of this Wrap Section is
(FFFFFFFF) and hence this Wrap Section is invalid,
the File Mark Count field is not defined for
interchange.

CRC 4 This field shall specify the CRC generated over bytes 0
to 11 of this section of this wrap section. See 13.2 for
details of the CRC algorithm.
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The index into the Tape Directory shall be the wrap section number from BOT, starting from 0.

Whenever writing commences in a wrap section, the Data Set Id for that and all subsequent Wrap Sections shall be set to
(FFFFFFFF), to mark them as not containing valid Data Sets. As each Wrap Section is completed, its Tape Directory entry
shall be updated. When an EOD Data Set is written, and the EOD Information Page is updated, the information for the current
Wrap Section shall also be updated, so that the Tape Directory and the EOD information are consistent. If writing
recommences at EOD, then the current Wrap Section entry shall be set to (FFFFFFFF) again. This enables the position of EOD
to be found with the minimum of searching if, for some reason, the real EOD position is not stored when EOD is written, or if
power is lost during writing.

In order to locate the information for a specific wrap section within the Tape Directory, the offset shall be calculated using the
following:

Offset = 16(Wrap-Seetion)-

The Offset for each element of the information for wrap section N is at
Offset (Data Bet Id) = 16N

Offset (Recotd Count) = 16N + 4

Offset (File Nark Count) = 16N + 8

Offset (CRC)= 16N + 12

D.2.7.6 EOD Information
This Page shdll contain 64 bytes.

Table D.19 - EOD Information

Field R/O Offset | Bytes Description
Page Id RI 0 2 This field shall be set to (0104) indicating|the

EOD Information Page.

Page Length RI 2 2 This field shall be set to (0040) which indjcates
the length of this Page.

Tape Write Pass for last RI 4 4 This field shall indicate the current value ¢f the
written EOD Tape Write Pass.
Thread Count R} 8 4 This field shall specify the value of the THread

Count field in the Cartridge Status Informption
when the EOD Data Set was written.

Rlecord count at EOD RI 12 6 This field shall specify the number of Recprds
that are contained on the tape between BQT
and EOD.

File Mark.Count at RI 18 6 This field shall specify the number of File
EOD Marks that are contained on the tape betwgen
BOT and EOD.
EOD Data Set Number RI 24 4 This tield shall specify the Data Set number of
the EOD Data Set.

Wrap Section Number RI 28 4 This field shall specify the identification of the

of EOD wrap section in which EOD is contained.
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Field

R/O

Offset

Bytes

Description

Validity of EOD

RI

32

This field shall indicate the current status of the
information held about EOD. This shall be set

to
(0000): The position of EOD is unknown.

(0001): The information in this area identifie
the location of EOD

(0002): A Backup was in progress, and so there

is no EOD Data Set on tape. The EOD

S

A P 4 n) 1 11 b dososl £ AnY
IIITUTITIIAUIVUIT I 615\/ oIaIlr Dl_l\/\/ll.y dvianis vl anr
Set that is known to be at or before the curre
location on tape.

(0003): A Backup has been perforined, but tl
drive failed to write the EOD DPata Set to tap
correctly. The EOD Information Page shall

contain details of the Data Sét that caused th¢

Backup to fail.

pta
Nt

1c

w

Firs

CQ Set Number

RI

34

This field shall specify the Absolute CQ Set
Number (ACN)-0f the first CQ Set in the EO|
Data Set.

Phy

sical Position of
EOD

RI

36

This field shall specify the LPOS value
infermation at which EOD was written. This
shall'be a value for a LPOS Mark that lies
within, or before, the DSS preceding the EO]
Data Set.

Reserved

40

20

These bytes shall be set to all (00).

CRC

60

This field shall specify the CRC generated oy
bytes 0 to 59 of this Page. See 13.2 for detail
of the CRC algorithm.

yer

Validity of EO
complete) and a
to tape (i.e. the |

When writing st
position of the f]

When writing p
the content and

D: This shall be set to(0002) when writing starts, and to (0001) when writing ceases (i.e. t
n EOD Data Set hagbeen written. It shall be set to (0003) if writing fails because a Data Set cant
Backup has failed @and there is no EOD Data Set on tape).

prts at any peint'except EOD, the information in the rest of this Page shall be updated to reflect th

rst Data Set'being written.

Foceeds\from one Wrap Section to the next, the information in the rest of this Page shall be upd
bosition of the first Data Set written to the newly started Wrap Section.

he Backup is
hot be written

e content and

ted to reflect

If the reading drive defects that the information in the EOD Informafion is incorrect, it shall set the Validity of EOD to (00),
until the Page is reconstructed correctly.
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