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INTERNATIONAL STANDARD

ISO/IEC 22050:2002(E)

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

Section 1 — General

1

This Intgrnational Standard specifies the physical and magnetic characteristics of magnetic tape cartridges, usingmg

12,65

recorded signals, the recording method and the recorded format, thereby allowing data interchange betwéen drives 4

such ca
for data

This Int
types ar
10 Gbyt

NOTE -

Informa
intercha

This Int
Togethe
intercha
2

2.1
A tape
herein. ]
2.2
A syster]
recordin
2.3

A syste]
able to i

3

The fol
Internat

Scope

wide so as to provide physical interchange of such cartridges between drives. It also specifie§)the qu

ridges. The format supports variable length Logical Records, high speed search, and the usg of-a registere
compression.

prnational Standard specifies four types of cartridges depending on the length of tape ¢oritained in the case.
e referred to as Type A, Type B, Type C and Type D; their nominal capacity is 100.Gbytes, 50 Gbytes, 30
s, respectively.

Dne Gbyte contains 1 000 000 000 bytes.

ion interchange between systems also requires, at a minimum, agreement between the interchange partig
hge code(s) and the specification of the structure and labeling of the information on the interchanged cartridg

brnational Standard shall be used only in conjunction with ISO/IEC 22091.

r with a standard for volume and file structure, e.g. Standard ISO 1001, this document provides fq
hge between data processing systems.

Conformance

Magnetic tape cartridge

artridge shall be in conformance with this\International Standard if it meets all the mandatory requiremen
[he tape requirements shall be satisfied-throughout the extent of the tape.

Generating system

h generating a magnetic tape dartridge for interchange shall be in conformance with this International Standd
os that it makes meet the mandatory requirements of this International Standard.
Receiving system

h receiving a magnetic tape cartridge for interchange shall be in conformance with this International Stan
andle any recofding made on the tape according to this International Standard.

Normative references

owidg\normative documents contain provisions which, through reference in this text, constitute provisi

ofial Standard. For dated references, subsequent amendments to, or revisions of, any of these publications d

lgnetic tape
ality of the
y means of
1 algorithm

These four
Gbytes and

s upon the
re.

r full data

ts specified

rd if all the

Hard if it is

ons of this
not apply.

Howeve

, partics 10 agreements based on tnis Intérnational Standard are e€ncouraged to mvestigate the possiDIlity

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

ISO 527 (all parts) Plastics — Determination of tensile properties

ISO 3574:1999 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
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ISO/IEC 11576:1994

ISO/IEC 14443-2:2001

of data

frequency power and signal interface

ISO/TEC 22091:2002 Information technology — Streaming Lossless Data Compression algorithm (SLDC)

IEC 60950-1:2001 Information technology equipment — Safety — Part 1: General requirements
ASTM D4065-01:1995  Standard Practice for Plastics: Dynamic Mechanical Properties: Determination and R

Procedures

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

Identification cards — Contactless integrated circuit(s) cards — Proximity cards — Part 2: Radio

eport of

ASTM D4J)92—0 1:1996  Standard Terminology: Plastics: Dynamic Mechanical Properties

4 T
For the pur

4.1 A

A point, at
required to
that point g

4.2 al
A set of rul
4.3 al
Data that h
4.4 a.
A process

4.5 AY

The averag
recording ¢

brms and definitions

pose of this International Standard the following terms and definitions apply.

cess Point

the start of a sequence of Processed Records, at which the presentation of Symbols’ to-a reprocessing alg
start at a known state to enable recovery, regardless of whether the data of interest™nl a retrieval operation
r at a subsequent point.

porithm

es for transforming the logical representation of data.

porithmically processed data

hs been processed by a defined processing algorithm.

L. erase

f erasure utilising alternating fields of decaying level;

Ferage Signal Amplitude

e peak-to-peak value of the output signal fromthe read head at the fundamental frequency of the specified
ensity over a minimum of 25,4 mm of track) exclusive of missing pulses.

4.6 bdck surface

The surfac

4.7 Be¢

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

ginning of Tape (BOT)

The refererjce point on the tape nearest to the leader pin assembly.

4.8 Bg
The Logic3

4.9 bi
A single di

ginning of Wrap (BOW)
1 Point that indicates the beginning of a wrap: LP3 for forward wraps, LP4 for reverse wraps.

|
bit ih\the binary number system, a ZERO or a ONE.

rithm is
starts at

physical

4.10 bi

A distance

cell
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.

4.12 Dbyte
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


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

ISO/IEC 22050:2002(E)

4.14 Channel bit
A bit output from RLL channel encoding.

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

4.16 Codeword Pair

An interleaved pair of Codewords.

4.17 Codeword Quad (CQ)

A set of|two Codeword Pairs.

418 |CQ Set

A group|of CQs that are written at the same time, i.e. one on each of the active tracks.

4.19 |cyclic redundancy check (CRC) character

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

4.20 |Data Set

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

4.21 |Data Set Information Table (DSIT)
A table Within a Data Set which describes the content of the Data Set.

4.22 |End of Data (EOD)
The poift on the tape at the end of the last valid Data Set recorded damjtape.

4.23 |End of Tape (EOT)

The point on a track farthest from BOT up to which recording is allowed.

4.24 |End of Wrap (EOW)

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

4.25 |Error Correcting Code (ECC)

A mathgmatically computed code which-yields check bytes used for the detection and correction of errors.

4.26 |File Mark

A recordled element requestedto, be written (or read) by the host that is typically used to mark organisational boupdaries in a
serial file structure, such as(directory boundaries.

4.27 |flux transitiofrposition

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

4.28 |flux transition spacing

The distance along a track between successive flux transitions.

4.29 forward tape motion

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.

431 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 3
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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 processiJig.

4.36 Miaster Standard Reference Tape (MSRT)

A tape selgcted as the standard for reference recording current, signal amplitude, resolution, BBSNR, @verwrite ratjo, servo
signal amplitude, and servo signal polarity.

NOTE - A Mlaster Standard Reference Tape has been established at Ladas and Parry.

4.37 LTO Cartridge Memory (LTO CM)
A contactlgss storage device that is mounted in the case, and which can be used tohold information about that|specific
cartridge, the tape in the cartridge, and the data on the tape.
4.38 Optimum Recording Current

1,15 times [the minimum current which, when applied to a magnetic tape, willCause the average signal amplitude to eqpal 95 %
of the maxjmum average signal amplitude when recorded at density TRD1.
4.39 physical end of tape

Position of the tape farthest from the leader pin assembly at, Which the tape is cut and wrapped onto the hub during
manufactute.

4.40 physical forward

The directipn of tape motion from BOT to EOT. Thiswyill be logical forward for even numbered wraps.

4.41 physical reverse
The directipn of tape motion from EOT to BOT.-This will be logical forward for odd numbered wraps.

4.42 prle-record condition
A tape carfridge that has been a.c.(etased and subsequently servo-written in preparation for data recording is in a pie-record
condition.
4.43 processed data

A sequencg¢ of Symbolstwhich results from the application of processing to data.

Data that hps beenproeessed by an algorithm.

4.45 Processing (Compression)

The use of an algorithm to transform host data into Symbols.

4.46 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.

4 © 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 |Reprocessing (Decompression)

The use|of an algorithm to transform Symbols into data as required by the host.

4.51 |reverse tape motion

The tapg¢ is moving in reverse when it is leaving the reel in the mechanism and being wound onto the réel in the cartrjdge.

4.52 |run length limited encoding (RLL)
An alggrithmic process applied to an arbitrary input binary sequence that produces @nyoutput binary sequence| that has a
specified minimum number of ZEROs between ONEs, and a specified maximum number)of ZEROs between ONEs.
4.53 [Secondary Standard Reference Tape (SSRT)

A tape, the performance of which is known and stated in relation to that of th€¢ Master Standard Reference Tape.

NOTE - Becondary Standard Reference Tapes can be ordered as "Ultrium Forniat Specification Generation 1 SSRT" from Lad3s and Parry,
5670 Wilshire Blvd., 21st Floor, Los Angeles, CA 90036. In principle such)tapes will be available for a period of 10 yefrs from the
publicatipn of the first edition of this International Standard. However, byagreement between ECMA and Ladas and Parry, thi$ period may
be shorteped or extended to take account of demands for such SSRTs.

It is interjded that these SSRTs be used for calibrating tertiary reference tapes for use in routine calibration.

4.54 |servo acquisition region

A region) on tape that may be used by the servo circuitry.

4.55 |[Standard Reference Amplitude (SRA)

The average signal amplitude from the Master Standard Reference Tape when it is recorded with the Referencel Recording
Current pt density TRD1. Traceability te the Standard Reference Amplitude is provided by the calibration factors supplied with
each Se¢ondary Standard Reference/Tape.

4.56 |Symbol

An assogiated string of bits-generated by a processing (compression) algorithm, which represents a byte of data,|a string of
bytes of|data, or control.information.

4.57 [Synchroniséd Codeword Quad (SCQ)

A serial |bit streamformed by inserting synchronisation patterns into an RLL encoded Codeword Quad.

4.58 [Lest'Recording Density (TRD)

The recording density at which specific tests are performed. There are three test recording densities: TRDT, 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

5.1

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

5.2 Dimensions
Unless oth¢rwise stated, all dimensions in the figures are in millimetres with a tolerance of = 0,50.rhm.
53 Names

Conventions and notations

Representation of numbers

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.

Letterq and digits in parentheses represent numbers in hexadecimal notation.

The seftting of bits is denoted by ZERO or ONE.

Numbgrs in binary notation and bit patterns are represented by strings of digits 0 and 1 shown with the-most signil
to the left. Within such strings, X may be used to indicate that the setting of a bit is not specified within the string.

The names|of basic elements, e.g. specific fields, are written with a capital initial letter

5.4

Alphanumeric string encoding

Unless oth¢rwise stated, all alphanumeric strings shall be encoded using ISQ/TEC 646.

ficant bit

6 Agronyms

ACN Absolute CQ Sequence Number
BOT Beginning of Tape

BBSNR Broad Band Signal-to-Noise Ratio
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 Lougitudinal Position

Isb Keast Signicant Bit

LSB Least Significant Byte

msb Most Significant Bit

MSB Most Significant Byte

MSRT Master Standard Reference Tape
RLL Run Length Limited

RWW Read=White=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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7.1 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: 23°C+2°C
— relative humidity: 40 % to 60 %

— conditioning before testing: 24 h min.

7.2 Cartridge operating environment

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

— temperature: 10°Cto 45 °C
— relative humidity: 10 % to 80 %
—  wet|bulb temperature: 26 °C max.

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

If during storage and/or transportation a cartridge has been exposed to conditions oufsid€ the above values,
conditioped before use by exposure to the operating environment for a time equal to, or greater than, the time aw.
operating environment up to a maximum of 24 h. There shall be no deposit of moisture-0n or in the cartridge.

7.3 Cartridge storage environment

Cartridges shall be stored under the following conditions:

— temperature: 16 °Cto 32 °C
— relative humidity: 20 % to 80 %
—  wet|bulb temperature: 26 °C max.

The straly magnetic field at any point on the tape shall not exceed 4 000 A/m. There shall be no deposit of moisture
cartridgg.
7.4 Tape tension
The tap¢ between LP1 and LP6 shall not be subjected to a tension higher than 2,0 N under any circumstance. Ouf
area theltape shall not be subjected to a tension higher than 6,0 N.

7.5 Safety

The carfridge and its components.shall satisfy the requirements of IEC 60950-1 when used in the intended manng
foreseeable use in an information-processing system.

7.6 Flammability

The carfridge as an aSsembly shall be constructed such that, if ignited from a match flame, and when so ignitd
continug to burn in-a,still carbon dioxide atmosphere.

7.7 Transportation

it shall be
y from the

bn or in the

side of this

r or in any

d does not

cautions to

Recommefided limits for the environments to which a cartridge may be subjected during transportation, and the prd

b k 4 e +1 L3 S AP £ 11 pa
¢ takentommmmrsethe PUSSIUIIITY UI'UdIIIdET, dIT PDIUVIUCTU I dAIIITA Y.
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Section 2 - Requirements for the Cartridge

8 Dimensional and Mechanical Characteristics of the Cartridge

8.1

Elements of the cartridge

The tape cartridge shall consist of the following elements:

- a case

- positi
- handl

oning notches
ing notches

- awritd-inhibit mechanism

- areel

or magnetic tape

- alocking mechanism for the reel

- amagnetic tape wound on the hub of the reel
- aleadgr pin

- aparking mechanism for the leader pin

- asliding door

- acart
- handl

rldge memory
ihg features

Dimensionpl characteristics are specified for those parameters deemed mandatory for ihterchange and compatible u

cartridge.
figures a t

Figure 1 :
Figure 2 :
Figure 3 :
Figure 4 :
Figure 5 :
Figure 6 :
Figure 7 :
Figure 8 :
Figure 9 :

Figure 10 :

Figure 11

Figure 12 :
Figure 13 :
Figure 14 :
Figure 15 :
Figure 16 :
Figure 17 :
Figure 18 :
Figure 19 :

8.2

Where they

Where there is freedom of design, only the functional characteristics of thetelements described are indicate]
ypical implementation is represented in third angle projection.

reneral view of the cartridge

YView of the Reference Planes A, B and C

Bottom side

[op side

Rear side

ront side

Right side

Left side with access door open

Locking pad features in the reel

Cross-section of the hub/brake assembly in the in-hand position

:|Enlarged partial view from figure 10

Cross-section of the hub/brake assembly in the cartridge-in-drive position
Cross-section as viewed towardseentre of reel through the teeth at diameter 37,50 mm
Cross-section of a tooth part

Leader pin assembly with attached tape seen from the top and from the side

Leader pin assembly in parked position and detail of the door in closed position
Leader pin assembly‘in-parked position and door in open position, viewed from the left side
Location of the LTO/CM

Handling grips and cartridge insertion indicator

]
I
I
I
I
I

Referencé. Planes of the case (figure 2)

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

Three local

r are, purely descriptive, the dimensions are referred to three orthogonal reference planes — A, B, and C. W

e of the
d. In the

here the

ing 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

Dimensions 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
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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

r1=[2,00 mm + 0,50 mm
The radius of the specified horizontal edges shall be
r5 =[1,00 mm + 0,50 mm
All othe} features shall have general radii of 0,50 mm max.

8.3.2 Reference points for reference planes (figure 3)

The locdting areas A, Ay, and A3 shall be flush with the bottom of the cartridge. The locating’area A4 shall be withjn 0,25 mm
from Plhne A in the free state. These locating areas shall be non-textured to allow ‘accurate locating of the cartridge on
referencp points in the mechanism and handling equipment.

The sizq and location of the four locating areas, A, Aj, A3, and A4 (see figure 3), are specified as follows.
The cenfre of locating area A, is on the intersection of Planes B and C, thus-its position is specified by
1,=P0,50 mm + 0,20mm
Is=]11,45 mm + 0,20 mm
Its diampter shall be
d, =|7,80 mm min.
The locqting area A, presents an oval area. The length'shall be
le = [1,80 mm min.
The radfus at the end of the oval shall be
r3 =[3,80 mm min.
The cenfre of locating area A, is on(Plane B at a distance
7 =186,15 mm * 0,25mm
from Plgne C.
The posjtion of the rectangular locating area A5 shall be
lg =[13,75 mni'min.

lg =@, 75mirmin.

The posjtion’ 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
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Both B, and B, shall have a depth specified by
l13 = 5,00 mm min.

8.3.3 Positioning notches (figures 3, 6, 7)

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.

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

l14=8195 mm= 0,15 mm

l[;5=14,47 mm= 0,15 mm
Its radius af the bottom shall be
r4 = 1,30 mm max.
Its opening shall be
ap=60° £ 1°
The depth ¢f the V-shaped notch shall be
16 = 8,p0 mm min.
This notch |position is measured with a 3,50 mm spherical probe, 3,0 mm above Planc\A.
The dimensions of the two side notches shall be specified as follows.
Their dimepsion shall be
l17=47,50 mm + 0,15 mm
The length|of the notches shall be
l1g=5,p0 mm + 0,15 mm
The width pf the notches shall be
/19 = 2,80 mm min.
The depth ¢f the notches shall be
b = 8,J0 mm min.
The secondary datum area on the front©fthe cartridge shall be specified by
5300 = 8,00 mm min.
5301 = 7,50 mm max.
302 = 113,50 mm min.
This surfage may haye draft from Plane A and shall be located at a distance from Plane B by
303 = 20,36, mm+ 0,10 mm
when measpifed with a spherical probe, 3,0 mm above Plane A.

8.34 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
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The width of the bottom notches shall be
lg = 4,75 mm min.

The depth of the bottom notches shall be
>0 = 8,70 mm min.

The dimensions of the side notch shall be
lr4 = 6,00 mm =+ 0,50 mm
ly5=18,00 mm = 0,50 mm
o ={30° £ 2°

o3 ={60° + 2°

I 942,25 mm + 0,50 mm
l579410,75 mm £ 0,50 mm

8.3.5 Mis-insertion protection (figures 4, 6)

The carfridge shall have a cut-out in the front side of the case to prevent the cartridge from\being inserted into the frive in the
wrong orientation. This feature further prevents the use of unsuitable cartridges of similar, but not identical, construdtion.

The depth of the notch shall be
I 45,00 mm + 0,25 mm

The surface it forms shall be defined by /9 = 16,80 mm nominal and th€ tangent to an arc r5 = 51,50 mm nomiral with the
same ceptre as the central window as described in 8.3.8. The actual surfdee. shall be within 0,50 mm of this nominal geometry.

8.3.6 Stacking features (figures 3, 4, 5, 8)
The botfom side of the case shall have four parallel stacking ribs*The dimensions shall be

130 =3,00 mm =+ 0,20 mm
I31 967,45 mm = 0,20 mm
I35 56,00 mm £ 0,20 mm
log ¥ 1,20 mm max.
[ 200F 50,00 mm £ 0,30 mm
The corfers shall have a radius
r¢ =,60 mm min.
The height shall be defined by,
/33 940,50 mm + 0,15 tam (measured locally around each pad)
The topside of the-case shall have recess areas for the stacking ribs to fit into. The dimensions shall be
I349467,45mm + 0,30 mm

I35 46;60 mm + 0,30 mm

l36=4,30 mm =+ 0,30 mm

/501 =50,00 mm £ 0,30 mm
The depth of the recess areas shall be

37 = 0,85 mm min. (measured locally around each recess)
The radii of the recess areas shall be

r7=0,35 mm max.
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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 o

f the corners shall be

rg = 1,25 mm max.

The distang
lyo=1,
The width
I41 = 8(
The top of

Iy =19

e of the edge of the label area from the left side of the case shall be
b0 mm £ 0,25 mm

bf the label area shall be

,00 mm £ 0,35 mm

the label area shall be

,50 mm £ 0,35 mm

8.3.8 nlCentral window (figure 3)

The botto
Its diamete
ds =40
Its centre s
ly3 =42
44 = 3(
8.3.9

On the left
be held in
at I5y dime
position.

The door sl
hso =
rg=0,5
l46=0,
l47=0,
l4g =2,

The door s}
as outlined

side of the case shall have a central window to allow penetration of the drive spindle into the hub.
 shall be
00 mm min.
hall be defined by
45 mm =+ 0,15 mm
50 mm £ 0,15 mm
Sliding door (figures 8, 16)

side of the cartridge, there shall be a door that'slides toward the rear of the cartridge when opened. This d
blace by features internal to the case. Thedorce required to slide the door fully open shall be no greater tha
nsion. The cartridge means to close the door shall provide a minimum of 0,20 N closing force at the full

hall have a feature for openingsas'detailed with the following dimensions
0,00 mm min.

0 mm £ 0,25 mm

/S mm max. (no protrusion beyond cartridge case)

b0 mm + 0,25 Mm

DS mm niins

hallpravide protection on one side of the cartridge and when in the open position, the door shall provide the
in-8,3.10.

bor shall
n 1,30 N
y closed

opening

8.3.10

Case opening (figures 8, 16)

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,

rip =1,

12

50 mm max.

00 mm + 0,25 mm
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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

Is; = 77,50 mm + 0,20 mm

5o 82,95 mm £ 0,20 mm
The senging area on the bottom of the case shall be defined by
d4 =14,00 mm min.
The wrife-inhibit indication window on the rear side of the case shall be defined by
537,50 mm =+ 0,50 mm
I54 914,50 mm = 0,50 mm
555,75 mm £ 0,50 mm
I56 915,75 mm = 0,50 mm

8.5 Flexibility of the case

The fleyibility of the top and bottom sides of the case of the assembled{gcarfridge (see figure 4) is the amount of deflection
observedl when they are subjected to a perpendicular force, with the carttidge resting on a flat surface.

8.5.1 Requirements
The casg¢ shall not deflect by more than 2,50 mm max. when a foree of 35,0 N is applied as described in 8.5.2.

8.5.2 Procedure

Measurg the flexibility of the case in a universal testing.machine operating in compression mode, using a suitable 1pad cell for
the test.

Apply a[single point load with a radius of 10 mm'%-1 mm to the top side of the case at the point shown in figure 4 and specified
by

57 453,90 mm nominal

53 476,00 mm nominal
Repeat flor the bottom side at the'same point and specified by the same method.
8.6 Tape reel

8.6.1 Locking mechanism (figure 9)

The locking mechanism for the tape reel maintains pack tension during shipping and storage over the allowable range of
environinental conditions. Functionally, it shall satisfy the following requirements in the locked position:

— the pngular resolution shall not be greater than 3°

— the reel shall not rotate by more than T0° when a torque not greater than 0,32 N-m 1s 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.
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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 mati

ng 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

The axis of
by /43 and

8.6.3
The outsid
ds =96
There shall
7200 = (
The distang
les =1,
The distang
lgp =14
The distang
le3=1,
The distang
leoo = 1

The maxin
upper flang

There shall
is defined
height of th

The minim|
The radius

r;3 =0,
8.6.4

The reel s
corrosion.

Axis-ofrotation-ofthe reel (figure 3)
7

rotation of the reel shall be perpendicular to Plane P and pass through the centre of the central window-as
44-

Reel flanges (figure 12)

b diameter of the reel flanges shall be

80 mm min.

be a radius on the tape side of the flanges at the outside diameter

,50 mm + 0,25 mm

e from the inside of the lower flange of the reel to Plane P shall be

D2 mm + 0,10 mm at the hub diameter dy

e from the inside of the upper flange of the reel at the hub diameterg to Plane P shall be
,88 mm + 0,10 mm at the hub diameter dy

e from the inside of the lower flange of the reel at the flang¢-outer diameter d5 shall be
/8 mm + 0,12 mm at the flange outer diameter ds

e from the inside of the upper flange of the reel at-the flange outer diameter d5 shall be

5,02 mm =+ 0,12 mm at the flange outer diameter ds

e total indicated runout shall be 0,165'mim for any diameter along the tapered surface.

be a minimum taper of 0,03 muen both upper and lower flanges with no negative taper areas on the surfag
by the difference between the ‘minimum height of the flange at the inner diameter circumference and the
e flange at the outer diameter-circumference, both measured relative to the Plane P for the bottom flange.

im hub height (flange‘to)flange spacing) at the diameter dg shall be 12,78 mm.
at the intersection of'the flanges and the outer surface of the hub shall be
08 mm max.

Metallic-insert (figures 9, 11, 12)
hall<haye a metallic insert made of low carbon steel (AISI 1005 through 1095), with nickel plating to

The thickness shall be

lg1 = 1,00 mm + 0,06 mm

The outer diameter shall be

dg=30

,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.

14

pecified

um lower flange total indicated runout-shall be 0,165 mm for any diameter along the tapered surface. The njaximum

e. Taper
aximum

prevent
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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 =p0;00 T ="0;25 I

8.6.6 Hub of the reel (figure 12)
The diamneter of the hub shall be

dg =|44,00 mm £ 0,10 mm
The hub|shall meet the following requirements:
— the ptraightness of the hub surface shall be within 0,04 mm
— the perpendicularity to Plane P (see 8.6.8 for Plane P definition) shall be within 0,07(mim
— conjcal taper shall not exceed 0,4 %
— the fate of change of diameter dg 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 eircular pitch line of the teeth of the foothed rim
shall not exceed 0,10 mm total indicator reading (TIR)

8.6.7 Relative positions of hub and case (figures 3, 9, 10, 11;,12)
With thg cartridge held in the hand

The disthnce from the surface of the flats of the toothed rim to,Plane A shall be
lg4 40,25 mm + 0,25 mm

The d|g|dimension of the reel shall be centred to the-central window d3 (figure 3) within 0,25 mm in the bottom of horizontal
orientatijon and within 0,30 mm in the vertical etientation (resting on right or left side).

With thg cartridge in the hand or in the drive

The distpnce from the bottom surface ¢f the metallic insert to Plane P shall be
lgs (1,40 mm £ 0,10 mm

With thg cartridge in the drive

The distance from the tip§ of the three locking pads to Plane A shall be
lg7 93,25 mm + 0;25 mm

The distpnce from:Plane A to Plane P shall be

lg9 42,35.mm + 0,15 mm

A 1M1 1 £ 050 Lall L 11 ta d Lot 4+l 1 = AN 3 2] £ £ 4l £ ltl
minirms-erearanee—or USOU T Stiarr oC arreact OCTW O T tHIU- TOCT at tic IS rac—sur rat TS~ oT o~ vast—1oT- d olerance

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.
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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 ;7 and og shall be less than or equal to 10 ' (non-cumulative).
The pitch Ijne shall be the circumference of the teeth in Plane P.
The flat at fhe tips of the teeth shall be defined by
I75=0,p0 mm + 0,05 mm
The trough|at the bottom of the tooth shall be defined by
73 = 1,16 mm min. centre of radius
174 =0,p0 mm + 0,20 mm
The geomefry of the toothed rim around the outside diameter (figure 14) shall be
dyp = 37,85 mm min.
dy1 =3p,00 mm £ 0,15 mm
a9 =43 +5°
8.7 Miagnetic tape

8.7.1 Tape wind

When the partridge is viewed from the top side, turning-the hub counter-clockwise shall wind tape onto the hub, with the
recording urface toward the outside (away from the hub):

The end of]the tape shall not be attached to the hub:

8.7.2 'Wind tension
The tape shall be wound with a tension of-1,00 N £ 0,40 N.

8.7.3 Circumference of the tape.reel

For the following lengths of tape (sc€e-9.2), the circumference of a wound tape shall be

Type A 295,33 mm.nominal
Type B 234,06 ‘mim 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
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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

lys =

19,46 mm = 0,04 mm

14 AWAw 2~

76
779
d12 7
78
l79
d13 7
di47
147
159
16 7
The lead

8.8.2
The lead

The lead

The bot
within 0|
The lead
operatin|

If the le
figure 1
and the
8.8.3

This Int
Internat
to insert

When tH

I30 =

17,980 mm + 0,075 mm

QO L
ToroU T —T— U;U7 O T

3,130 mm £ 0,075 mm
£ 2,90 mm + 0,20 mm
13,200 mm =+ 0,075 mm

F 3,20 mm + 0,05 mm

£ 1,60 mm + 0,05 mm

0,05 mm min.

14,75 mm + 4,75 mm (no sharp points or cut-off nibs allowed)

0,20 mm + 0,10 mm

er pin assembly shall be made from non-magnetic materials with'thaximum magnetic level of 3 200 A/m.

Leader tape attachment to leader pin assembly (figure;15)
er tape shall be attached to the leader pin assembly centred to /7¢ within 0,15 mm.

er tape shall be retained to the leader pin assembly.by means that shall not protrude beyond d5.

om edge of the tape (as seen in figure 15) shall’be perpendicular to the axis of the leader pin assembly (ce
50 mm over the first 150,0 mm of tape.

er pin assembly shall not detach fromthe-tape when a force of 16 N is applied normal to the pin assembly, g
b environmental conditions (see 7.2).

ader pin assembly has a portion 'of diameter d, open, the tape shall be wrapped around the central pin 4

ree end of the tape shallfot-extend more than 1,50 mm beyond d5.

Latching the leaderpin assembly in the case (figures 16, 17)

ernational Standard does not specify the implementation of the latching mechanism for the leader pin assg
onal Standard specifies the position of the leader pin assembly and the forces required to pull it out of the c4
it into thecartridge.

e leader pin assembly is latched into the case, the point shall be defined by

13550 mm nominal

htre of d}4)

ver all

s shown in

b, so that the open section facesthe front of the cartridge. The open section shall not be more than 120° of the cylinder

mbly. This
rtridge and

lg1 = 6,30 mm nominal

The leader pin assembly shall fall within a circle of radius 0,25 mm.

The leader pin assembly parking position relative to Plane A shall be

Igp = 1,00 mm + 0,20 mm

The leader pin 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 ry = 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
cartridge,
extraction
(into) the ¢|

The retenti

applied to the leader pin assembly toward the right side of the cartridge, or at any angle up to

0!1428

from the ri

bn the insertion force shall be met when the leader pin assembly is positioned within 0,60 mm toward thefrg
r 1,34 mm toward the rear of the cartridge from the nominal parking position as defined by gy and
hind insertion force, i.e. the force required to pull (push) the leader pin assembly and the tape attached to
hrtridge, shall be greater than 0,50 N and less than 1,50 N, measured perpendicular to the Planeof.the door

pn means and/or geometry described above shall maintain the leader pin assembly positioh)when a force

50
bht side toward the front of the cartridge. See figure 16.

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

ge shall have volume clear of any components or material for access¢by the mechanism and tape travel. ]
erved for mechanism keepout and tape travel shall be defined by

,10 mm max.
140 mm min.
90 mm min.
,00 mm max.
7,25 mm min.
8,00 mm min.
8,50 mm min.
45 mm min.
4,70 mm min. about the centreline of the cartridge
.30 mm max.
9,10 mm min.

'O CM (figure-18)

hows thedgeneral layout of the LTO CM, showing the top view of a case bottom half and left side (or lg
de) as deseribed in figure 1. The dimensions of the device shall be

,00 mm £ 0,50 mm

nt of the
lg 1 .The

it out of

pening.

fo6N is

'he total

ader pin

8.8.4

The cartrid

volume res
b2 =2
ho3 =4
hosa=1
hos =13
o6 =1
ho7=1
g =1
o9 =1
hip=1
b1 =2
hi2=1

8.9 L

Figure 18

assembly s
I = 20
Ig7 =10

,00mm =+ 0,50 mm

Igg = 0,80 mm + 0,20 mm

rg =2,

50 mm + 0,50 mm

The location of the LTO CM in the case and the dimensions controlling its position shall be

Ig9 = 1,50 mm + 0,25 mm

lgop = 1,50 mm + 0,25 mm

l9; =5,00 mm + 0,30 mm

0(12:4

18
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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

Isy =

lo3 =

77,50 mm + 0,20 mm
88,45 mm = 0,20 mm

dis5 ¥ 4,00 mm min.
Location 2 shall be

lo9 ¥ 18,00 mm + 0,20 mm

1110 F 24,00 mm + 0,20 mm

dy7 F 5,50 mm max. (within edge of cartridge)

8.11

There shall be features on the top, bottom and sides of the cartridge to provide a positive grip for manual hand
b, and an arrow indicating the proper insertion direction of the cartridge (nto“a mechanism. These featus

cartridg
mouldeg

8.11.1
The grip
los =
los =
los 5
ly7 7
8.11.2
The indj
log =
a3
and an o
lgg 5
100
719 7
8.11.3
The grip

F 86,0° +3,0°

Handling grips and insertion indicator (figure 19)

into the respective surfaces, 0,30 mm + 0,10 mm deep.
Side grips

feature on each side of the cartridge shall be described by

1,20 mm £ 0,20 mm (6 places)

9,00 mm £ 0,25 mm

0,90 mm £ 0,20 mm (5 places)

2,50 mm =+ 0,25 mm

Insertion indicator
cator for proper insertion direction shall\be centred side to side on the top of the cartridge, and shall be defir

4,70 mm £ 0,30 mm

rc with centre and radiussshall be defined by

36,00 mm + 0,40 mm

= 52,70 mm + 0,40 mm (the centreline of the cartridge)
24,0 mm £ 040 mm

Teop'grip
feature on the top of the cartridge shall be described by

ling of the
es shall be

ed by

lo1

TH TH T Preaces

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

770 = 50,0 mm + 0,40 mm

ry1 = 46,0 mm = 0,40 mm

77 = 35,0 mm £ 0,40 mm (2 places)

723 = 39,0 mm £ 0,40 mm (2 places)

o a

nd 1, are from the centre located by

© ISO/IEC 2002 — All rights reserved
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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)

lo6 = 0,90 mm £ 0,20 mm (5 places)
ro4 = 18,0 mm = 0,40 mm
ry5=13,0 mm = 0,40 mm
with centre|located by the rear of the cartridge and

o7 = 93,90 mm + 0,50 mm (the centre of the window for the hub)

8.12 Pgd Printing Areas (figure 19)

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

dimensiong:
I>13 = 1|5,00 mm nominal from the centreline of the cartridge
I>14 = 1]5,00 mm nominal from the centreline of the cartridge
l>15= 9,00 mm nominal from the curve bound by the handling grip

116 = 9,00 mm nominal from the outside edge of the cartridge

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

8.13  Opacity

There shall be less than 5 % transmission passing throughany two walls of the cartridge case for wavelengths from 600 nm to

1 100 nm.

20
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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

Top side@ s
Left side
/ 1 v

Rear side

Front side

Right side
Plane A

Figure 2 - View (of the Reference Planes A, B, and C
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Figure 4 - Top side
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Figure 8 - Left side with access door open
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Figure 9 - Locking paddeatures in the reel
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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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Figure 13 — Cross-section as viewed toward centre of reel through the teeth at diameter 37,50 mm
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Figure 14 — Cross-section of a tooth part
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Leader pin assembly:

with attached leader tape
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Figure<l6—- 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 Mechanical, physical and dimensional characteristics of the tape
9.1 Materials

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.

The leadler tape shall consist of polyethylene terephthalate (or equivalent) base material. The front and back sutfhce may be
coated.

The splicing tape shall consist of polyethylene terephthalate (or equivalent), coated on one side with an @erylic (or [equivalent)
adhesivg¢ material. The splicing tape shall be attached to the back surface of the magnetic tape.

9.2 Tape length
9.2.1 Length of magnetic tape
The length of the tape from the splice to the hub shall be

Type A1609,0m+ 1,0 m
Type B:|319,0m+ 1,0 m
Type C:]203,0m+ 1,0 m
Type D 87,0 m £ 1,0 m

9.2.2 Length of leader tape
The length of the leader tape shall be 900 mm + 30 mm.

The leader tape and magnetic tape shall be butted togetherwith no overlap. The leader tape and magnetic tape shall lie flat on
the splige tape with no curled or raised corners or edges.

The gap|between the end of the magnetic tape and the.leader tape shall be less than 0,20 mm.
The offget between the leader tape and the magnetic tape at the splice shall be less than 0,30 mm.
The botfom edge of the leader tape shall be.aligned to within 1° to the bottom edge of the magnetic tape.

9.2.3 Length of splicing tape

The length of the splicing tape shall 14,0 mm £ 1,0 mm.
The splicing tape shall extend\a-distance of not less than 6,0 mm and not more than 8,0 mm over the leader tape. The extent of
the spliding tape over the;magnetic tape shall not be less than 6,0 mm and not more than 8,0 mm.
9.3 Tape Width

9.3.1 Width of magnetic tape

The tapg width shall be measured across the tape from edge to edge. The tape width shall be 12,650 mm + 0,006 mm. The
fluctuatipnof the tape width shall be no more than 0,006 mm.

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

The width of 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 Procedure

1.
il.

iil.

iv.

V.

9.4

Hold the tape flat.

Measure the width with no tension applied to the tape, using a calibrated microscope, profile projector, or equivalent,
having an accuracy of 1 pum or better.

Repeat the measurement nine times at points separated by 100 mm.
The tape width is the average of the widths measured.

The tape width fluctuation is the difference between the maximum and minimum of the widths measured.

Tape Thickness

The total thickness of the tape shall be made up of the base film, the magnetic coating and any under layer,~and the back

coating. THe average total thickness of the tape shall be 8,9 um + 0,3 um.

The total thickness of the leader tape shall be 17,0 um + 1,0 um.

The thickngss of the splicing tape shall be 24,0 pm max.

The total thickness of the tape at the splice, comprising the leader tape and the splicing tape, shall-net exceed 42,0 pum.
9.4.1 Procedure

1.

il.

iil.

9.5
The radius fof curvature of the edge of the tape shall not be less than<33'm.

9.5.1 Procedure

The mpasurement method shall be to measure multiple layers (ten layers minimum).and determine a mean layer thickness
with am accuracy of 0,04 um or better.

Obtainj a minimum of 10 measurements along 2,0 m of tape.

The tofal tape thickness shall be the average of the thicknesses measured.

Lgngitudinal curvature

Allow a 1,p m length of tape to unroll and assume its natural>curvature on a smooth flat surface. Measure the deviatiop from a
1,0 m chorfl. The deviation shall not exceed 3,8 mm. This deviation corresponds to the minimum radius of curvature of 33 m if

measured dver an arc of a circle.
9.6
The tape slall be manufactured such that the.edge of the tape is uniform and free from defects.

9.6.1 Edge deviation

Edge Quality

The deviatlon of either tape edge from' the calculated edge position over a sample length of 50 mm shall be 3,5 um max. The
measuremgnt shall be made withthe sample under a tension of 1,00 N £ 0,05 N and with an accuracy of 0,5 um, ysing the

following pgrocedure or equivalent.

9.6.1.1 Procedure

1.

ii.

iil.

iv.

Vi.

Vil.

36

Place 3 450 mmsample under a tension of 1,00 N £+ 0,05 N.

Using [a calibrated edge position sensor (see figure 20), with an accuracy of 0,5 um or better, take measurejnents at
0,25 njnr’intervals along 250 mm of the tape edge of the sample. The tape shall be held flat at the measurement poiht.

Using the edge position data for the first length of 50 mm, calculate the length's edge position using linear regression
analysis (see figure 21).

Determine the maximum deviation of the edge measurements within that length from the calculated edge position (see
figure 21).

Move the start position for the calculation of the next 50 mm length by an interval of 0,25 mm.
Repeat steps iii, iv, 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.
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Edge position sensor

S~ am

Tape Flanged guide

9

v
1,00 N 1,00 N
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Figure 20 - Measurement of edge deviation
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~—— edge
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< 50 mm »

98¢0102-A

Figure 21 - Edge deviation

9.7 Tape\flatness

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

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

measureme

9.7.2

nts.

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

ment. If

Test Envir
there is no
the held en|

9.8 Coating adhesion

The initial

9.8.1

i. Take 4
of the

ii. Using
plate,

ili. Fold t
machif

iv. Note t
failed
alterna

v. Repea
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curl, the tape will hang straight with no twist. If there is curl, the bottom of the tape will tend to twist with|r
. The twist can be measured in degrees of rotation with respect to the held end.

force required to cause the coating to separate from the tape base material shall not be less than-1,0 N.

Procedure

test piece of the tape approximately 380 mm long and scribe a line through the recetding coating across ¢
ape 125 mm from one end.

a non-acrylic based double-sided pressure sensitive tape, attach the full width-of the test piece to a smod
with the recording surface facing the plate, as shown in figure 22.

he test piece over 180°, attach the metal plate and the free end of the ‘test piece to the jaws of a universg
le and set the speed of the jaw separation to 1 000 mm/min.

ne force at which any part of the coating first separates from the base material. If this is less than 1,0 N, the
he test. If the test piece peels away from the double-sided pressure sensitive tape before the force exceeds
tive type of non-acrylic based double-sided pressure sensitive tape shall be used.

the procedure for the back coating.

Recording surface Scribed line
|
J =
I | V4 |

I X

Pressure-sensitive tape

<€« 125 mm ———»
93-0120-A

Espect to

he width

th metal

1 testing

tape has
,ON, an

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 less

lhto2h 21°C 45\%

vi. Opdn the end of the roll and remove the double-sided adhesive tape.
vii. Relgase the free end of the tape.

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

ix. Unyind the tape from the cylinder and inspect.

x. Thgtape shall show no coating delamination, except where the tape directly contacts the cylinder.

strin

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 Coefficient of friction

9.10.1

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

Between the magnetic surface and other materials

—  Coeffifient of static friction shall be between U,10 and U,30
—  Coeffigient of dynamic friction shall be between 0,10 and 0,30

Between the back surface and other materials

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

Test materfals shall have a surface finish R, =70 nm + 10 nm.

9.10.2
surface

i.  Wrap 4 first piece of tape around the Al,O3/TiC cylinder of diameter 25,4 mm and wrap it with a total wrap angle]

than 1

Procedure for the measurement of the dynamic friction between the magnetic surface and t

0° with the back surface outwards.

ii. Wrap p second test piece, with the magnetic surface inwards, around the-first test piece with a total wrap angle
170° ahd 180°.

iii. Exert

iv. Attach|

n one end of the outer test piece a force of 7| = 0,64 N.

the other end to a force gauge mounted on a linear slide:

v. Measure the force F, required to drive the slide at a speed 0,5 mm/s.

vi. Calculpte the coefficient of dynamic friction ¥ from the,equation

Where 0 is

9.10.3
steel

i.  Wrap
betwed

ii.  Exert
iii. Attach|
iv. Measu

v. Calcul

v = In(F,/F1)(1/0)
the value of the wrap angle in radians!

Procedure for the measurement of the dynamic friction between the back surface and SS-310

piece of tape around a SS-310 stainless steel cylinder of diameter 25,4 mm and wrap it with a total wrap
n 170° and 180° with the-back surface inwards.

n one end of the outer test piece a force of £ = 0,64 N.
the other end to"a force gauge mounted on a linear slide.

re the force /7 required to drive the slide at a speed of 0,5 mm/s.

hte the\Coefficient of dynamic friction Y from the equation

he back

of more

between

stainless

angle of

Where 0 is

9.10.4
ceramic

the value of the wrap angle in radians

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

i.  Wrap a piece of tape around an Al,O3/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.

ii. Exert on one end of the outer test piece a force of 7| = 0,64 N.

iii. Attach

40

the other end to a force gauge mounted on a linear slide.
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iv. Measure the force F, required to drive the slide at a speed of 0,5 mm/s.
v. Calculate the coefficient of dynamic friction Yy from the equation

v = In(F»/F1)(1/6)
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 Requirement

—  Thg arithmetic mean surface roughness of the recording surface shall be R, = 6,0 nm + 3,0 nm.
—  Thg arithmetic mean surface roughness of the back surface shall be R,>8,0 nm and R,<50 nm,

9.11.1.2 Procedure

The megsurements of surface roughness shall be made using non-contacting measuring equipiment with a long wavelength limit
of 0,8 mm max.

9.12 |Abrasivity

Tape abfasivity is the tendency of the magnetic coating to wear the magnetic recording heads.

When nmpeasured according to annex C, the average wear pattern length 4n an Alfesil wear bar shall be between (35 um and
65 um gfter 100 passes using new tape. A repeat measurement using the same segment of tape shall provide the[same wear
pattern length within 30 %.

These njeasurements shall be made at 23 °C £ 2 °C and 45 % RH* 5 % RH.

The avefage wear pattern length in an Alfesil wear bar, for.the Teader tape material, shall be 81 um maximum after 1P0 passes.

9.13 |[Tensile strength

Measurgments shall be made in accordance with SO 527-3. The length of the test piece shall be 150 mm min. Thg test piece
shall be jused with a strain rate of 0,1 per minute.

9.13.1 Breaking strength

Load thg¢ test piece until the breaking point is reached. The maximum force required to reach that point is the breaking strength
of the tape.

9.13.1.1 Requirement
The bregking strength of th€_magnetic tape shall be 28 N min.

The bregking strength©f the leader tape shall be 28 N min. The elongation of the leader tape at the breaking strength shall be
80 % min.

9.13.2 Offset yield strength

The offset yield strength is the stress at which the strain exceeds by 0,2 % an extension of the initial proportional pdrtion of the
stress-straifcurve.

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.
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 Longitudinal 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 Procedure

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
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 E = (6F/WT) x (1/(6L/L))
The tensile compliance is (OL/L)/0F
where:

OF. (‘hnngp in force in Newtons

T measured thickness in millimetres
measured width in millimetres

ol/L change in sample length between the jaws divided by the original length between the jaws

9.15 Residual elongation

Residual elongation is a measure of the permanent stretch that occurs when a length of tape/is“held under tension and then
released.

9.15.1 Requirement

The residugl elongation, expressed as a percentage of the original length, shall be less than 0,03 %.
9.15.2 Procedure

Measure the original length of a test piece of approximately 1,0 m with ‘an applied tensile force of less than 0,] N. For
10 minutes| apply an additional force of 2 N. Remove the additional foree.and measure the length of the test piece|after an
additional 3 minutes.

9.16 Flexural rigidity

Flexural rigidity is a measure of the tape bending stiffness.

9.16.1 Requirement

The flexurdl rigidity in the longitudinal direction shall\be 5 mg/um to 9 mg/um.

The flexurdl rigidity in the transverse direction shall'be 4 mg/um to 8 mg/pm.
9.16.2 Procedure

The flexurgl rigidity shall be derived from a measurement of the displacement as a function of force applied to a loop of tape.
See annex E for the procedure.

9.17 Transverse dimensional stability
The transvprse dimensional-stability is the percentage change in tape width, when measured under different envirgnmental
conditions.| The transvers€ dimensional stability of the tape shall be 0,12 % max. within the specified operating environment for
the life of the tape cartridge, and over the tension range of 0,6 N to 1,4 N.
9.18 Electricalresistance of coated surfaces

9.18.1 Requirement

The electricat TesiStamnce of e TeCOTding Surtace ot e Magetic t@pe, Measured Ol any Square arca of tie tape snatt be within
the range:

5x105Qto5x 1010Q
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 Procedure

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
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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.

v

B o

93-0050-B

Figure 24 - Measurement of electrical resistance

the coating

b calibrated

When njounting the test piece, make sure that no conducting paths exist.between the electrodes except that through
under tept.

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

10 Magnetic Recording Characteristics

10.1 ([General

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

10.2 [Test conditions

When pg¢rforming the tests, the output or.resultant signal shall be measured on the same relative pass for both a tap
to the Mlaster Standard Reference Tap¢ and the tape under test on the same equipment.

The follpwing conditions shall apply;to the testing of all magnetic recording characteristics, unless otherwise noted.
Tape cohdition: servo writtenfape as received

Tape spged: 3,0 m/s

Read trgck width: 12 ym £ 2 pm

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

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

Write track width: 27 pm T Z pm

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 Optimum Recording Current
The Optimum Recording 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.

Traceabilityto Standard

Reference [Tape.

The ratio of the Average Signal Amplitude at the density TRD1, to that at the density TRD3 shall be between'85 % and 115 %
of that for the Master Standard Reference Tape.

Traceability to the resolution of the Master Standard Reference Tape is provided by the calibration factors supplied with each
Secondary [Standard Reference Tape.

10.6 Oyerwrite
Overwrite fs the ratio of the residual low frequency signal (density TRD3) after being,overwritten by density TRIJ1 to the
original signal amplitude of TRD3.
10.6.1 Requirement

The overwtite value for the tape under test shall be less than +2,5 dB relative to the overwrite value for the Master ftandard
Reference Tape.

Traceability to the overwrite of the Master Standard Reference Tape.is’provided by the calibration factors supplied with each
Secondary [Standard Reference Tape.
10.7 Ease of erasure

When the fape has been subjected to a longitudinal a.c, €pasing field of 382 000 A/m, any remaining servo signal amplitude
shall not ejceed 2 % of the Servo Amplitude before erasure.

NOTE - An ac. erase field will erase the servo tracks rendering the tape unusable.

10.8 Broad Band Signal-to-Noise Ratio

The Broad|Band Signal-to-Noise Ratio (BBSNR) is the ratio of average signal power to average integrated broad noige power
of a tape written at density TRD2 and is.expressed in dB.

10.8.1 Requirement

The BBSNR for the tape undér’test <BBSNRy,,.> shall be greater than -2 dB relative to the BBSNR for the Master ptandard
Reference [Tape <BBSNR>" when measured according to the procedure describe in annex B. In addition the modulation (or
skirt) nois¢ <SNRsk> for the tape under test SNRsk¢,p. shall be greater than -2 dB relative to the SNRsk for th¢ Master
Standard Rleference Fape <SNRskysrT>-

Traceability to,the~<BBSNRysgr>and <SNRskpyisr> is provided by the calibration factor supplied with each S¢condary
Standard Rleference Tape.

10.9 Tape quality
10.9.1 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.
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Requirements

The average short 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 a missing pulse.

10.9.2.1

No miss|

11

ing pulse zones longer than 20 mm are allowed.

Section 4 - Requirements for an Interchanged Tape

Method of recording servo bands

11.1 ]lGeneral

There s
servo lo|
shall be
distance

The Taq
the obse]

Each sel
longitud|
the serv

all be five servo bands pre-recorded on the tape. Multiple servo locations are defined within each servo
cations shall be used for track following while the cartridge is being operated-in_the cartridge drive. The S
written prior to the cartridge being usable for data storage and retrieval. All servo locations shall be locateq
5 from the Tape Reference Edge.

e Reference Edge is the bottom edge when viewing the recording side,of the tape with the hub of the tape
rver's right.

vo band shall contain servo frames consisting of 18 servo stripes."Servo frames are encoded as LPOS word
inal position down the length of the tape. Longitudinal shifts, of servo frames among the servo bands uniqu|
bands. The details of the servo bands are shown in figuzes'25, 26, and 28.

Tape edge guard band
, HAY1l N Servo band 0
Servo band pitch Data track locations Data band 3
I Servo band 1
¢ Data track locations Data band 1
Servo_gand width \ W Servo band 2
* Data track locations Data band 0
forward (BOT to EOT) NiYl W Servo band 3
Tape mogion Data track locations Data band 2
v NAY 1N Servo band 4

band. The
ervo bands
at specific

cartridge to

to provide
cly identify

Tape edoe onard band
s e

11.2

0 N

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 stripe
LPOS wor
as noted in

11.2.3
A servo {1

a B burst.
interchangg

Correspond
to the first
etc. throug

The relativ
transition d

The servo
to B stripe

—  The iy
A and

—  The fo
Cand

— The f9
and C
aggreg
C and

—  The {9
C and

When viey
perpendicu
azimuth an

—  The fiy
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between A

aand D I ha bha- 4 ctrimac aoockh Q gaad 1 bosecte W h o ovaragad oxzg
e——oH B - S o = v o

1, the first transition of the servo stripes within the same servo burst shall be spaced 5,00 um + 0,05 pm-apa
servo frame encoding, 11.3.

Servo frames

me shall comprise an A burst, a B burst, a C burst and a D burst. A servo subframe 1 shall comprise an A |
A servo subframe 2 shall comprise a C burst and a D burst. Tolerances on servo frame dimeénsions are tg
and as such include the effects of servo writing and tape dimensional stability. See figure 26.

ing stripes are the like-number stripes in a burst and the succeeding burst, e.g., the\first stripe in a burst cor
stripe in the succeeding burst, the second stripe in a burst corresponds to the seécond stripe in the succeedi
1 a total of four/five stripes.

e position of corresponding stripes shall be measured from the first (of two) transition of a stripe to the first
f its corresponding stripe.

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

e stripe aggregate average distance over the length of ong~-[EPOS word between the five corresponding strip
B bursts shall be 50,00 um + 0,05 um.

ur stripe aggregate average distance over the length.6f one LPOS word between the four corresponding strip
D bursts shall be 50,00 um + 0,05 pm.

ur stripe aggregate long-term average distanee over the length of 1 m, between the 4 corresponding stripes
bursts and the 4 corresponding stripes;of the C and A bursts, shall be 100,00 um £ 0,15 um. The fo
ate short-term average distance over. any 4 adjacent subframes between corresponding stripes of the A and (
A bursts shall be within 0,20 % ef'the long-term average distance.

ur stripe aggregate average distance over the length of one LPOS word between the four corresponding strip
A bursts shall be 100,00 gom £ 0,25 um.

ing the tape recording’/surface the azimuth angle of a feature on the tape is the angle between a lin
lar to the Tape Reference Edge and the feature of interest. With the Tape Reference Edge at the bottom,
ble is rotation ifva‘clockwise direction from the line perpendicular to the Tape Reference Edge.

e stripes_of the A burst shall be written at azimuth o5 = 6°t 5' when averaged over the length of one LPOS

e angle-between A and B stripes and the linearity of the stripes are controlled by requirements on the d
B-burst separations at various locations across the servo band. Similar requirements are applied to C and 1

The cross

of one
It except

urst and
support

esponds
hg burst,

(of two)

e five A

es of the

es of the

of the A
ir stripe
and the

es of the

e drawn
positive

word.

fference
D bursts.

tape positions for the separation measurements are taken in pairs svmmetricallv located about the sen

vo 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

—_— O N

=

11.2.4

The ave
servo lo
Master

Standar

The amy
and D b
made oV}

Position above and below Servo band Difference in average A-B or C-D burst
centreline separations
90,00 um 37,90 pm + 0,10 pum
68,75 pm 28,95 um + 0,10 um
41,25 pm 17,37 um + 0,10 um
13,75 um 5,79 um £ 0,10 um

AB distance
< »

«— AC distance —»<€— CA distance ——»f

CD distance

ervo band —»--14
Entreline

ypical servo — -+

itch

cation trajectory

ypical servo
padback signal
<A Burst
Servo signal amplitude

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

Figure 26 — Servo frames

rage base-to-peak seryo.signal amplitude of an interchange cartridge, measured for all servo bands at each nominal
cation, averaged oyer™I 000 servo stripes, shall be between 70 % and 150 % of the amplitude value measured for a

Standard Referenicé Tape at the centre of Servo Band 1. Traceability to the servo signal amplitude of|the Master

er the same set of servo frames.

| Reference Tap€is provided by the calibration factors supplied with each Secondary Standard Reference Tqpe.

litude ofithe’ A and C stripes averaged over a total of at least 500 stripes shall be within 20 % of the amplityde of the B
ursts averaged over a total of at least 500 stripes. The measurements of the average amplitude for all stripes shall be

11.2.5

el . 1 M o
DCTVU SIglial pular l‘l‘y

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 ¥

+ _
a.c. Erased + . M _ a.c. Erased
+ h —
BOT ) EOT
<« Forward tape motion »

Tape substrate

Figure 27 - Servo signal polarity

11.2.6 Servo defects

A servo frame defect has been encountered if any of the 18 stripe peaks contained in a serve*frame fall below 25 %o of the
average pepk-to-peak signal. The average servo amplitude is the average peak-to-peak amplitude measured over 1 0P0 servo
stripes. Cojncident servo frame defects exist when servo defects are encountered in adjaeent servo bands at the sanje LPOS
frame.

A servo fafle defect exists when the peak-to-peak amplitude falls below 25 %.of the average servo stripe amplitude for more
than 11 cogsecutive servo frames (equivalent to 2,2 mm of tape).

11.3  Sarvo frame encoding
Informatiof shall be encoded into the servo frames to indicate absolute position along the length of the tape, to include
manufactuter's data, and to enable identification of servo bands.

11.3.1 Method of encoding position and manufacturer's data

Information shall be encoded into servo frames by shifting the relative positioning of the stripes in servo subfranje 1, see
figure 28. Fach servo frame shall encode one bit, which iseither a ONE or ZERO.
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Encoding a ONE

A ONE
shifting
correspd
A ZER(
shifting
correspd

The dist]
is used i

F— Subframe 1

Figure 28~ Servo frame encoding

shall be encoded in the A burst by §hifting the second stripe of the A burst toward the first stripe by 0
the fourth stripe of the A burst by 0,25 um toward the fifth stripe. In order to maintain the correct timi
nding stripes of A and B bursts,.the same shifts shall be applied to the second and fourth stripes of the B buj

shall be encoded in the A ‘buist by shifting the second stripe of the A burst away from the first stripe by 0
the fourth stripe of the A burst by 0,25 um away from the fifth stripe. In order to maintain the correct timi
nding stripes of A and B'bursts, the same shifts shall be applied to the second and fourth stripes of the B buj

ances between stripes in the A and B bursts for encoding ONEs and ZEROs and the nominal distances for 1
h C and D bursts) shall be as given in the table below.

Table 2 - Stripe Separation

25 um and
hg between
St.

125 um and
hg between
St.

ull data (as

it encoded in Distance between Distance between Distance between Distance betwden
bursts stripes 1 and 2 stripes 2 and 3 stripes 3 and 4 stripes 4 and B
um um pm pm
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.
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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 lofation given by the LPOS value shall be considered to be the point following the last servo frame of the EPPS word
containing fthat value, on the centreline of servo band 2, when moving from BOT to EOT.

LPOS word LPOS word LPOS word

(Sync mark | Longitudinal position | Manufacturer Data j

Figure 29 LPOS wornd layout

In the forwprd direction, the LPOS word shall consist of seveh.symbols and a sync mark as shown below.
LPOS Word: Sy,L0,L1,L2,1.3,L4,L5,Tx

Where:
Sy is the wprd sync mark

L0 is the lepst significant symbol in longitudinal position

L1 is the n¢gxt most significant symbol in longitudinal position
L2 is the ngxt most significant symbol/in longitudinal position
L3 is the n¢gxt most significant(symbol in longitudinal position
L4 is the n¢xt most significant symbol in longitudinal position
L5 is the ngxt most significant symbol in longitudinal position

Tx is one symbolipf'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 Tirst.

The LPOS word shall contain 36 bits and shall have a length of 36 servo frames.
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recorde(
Manufa

Encodin|

ISO/IEC 22050:2002(E)

Table 3 - LPOS word symbols

Symbol Bit sequence

w2
<

10000000
0001
0010
0011
0100

0101
0110
0111
1001
1010
1011
1100
1101
1110
JENN)

of =| o] W] & »| o 2| o O >»| W | T

Tape manufacturer encoding

pence of symbols Tx forms a Manufacturer's Word down the tape. The Manufacturer's Word shall have
mbols including the initial synchronisation character;The Manufacturer's Word shall be structured as:

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

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

in LPOS. The bit sequence of "D! from table 3 shall be reserved as the synchronisation charac
turer's Word.

o of the characters in the Man(facturer's Word:

a length of

S in table 4
value to be
ter for the
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Table 4 - Manufacturer's word characters

The infornj
shall be

HDH

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 n"z 3 ’)"2
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 # 33
R 1,4 / 34
S 155 % 3,5
T 1,6 & 3,6
U 1,7 blank 3,7
v 1,8 ( 3,8
W. 1,9 ) 3,9
X 1,A - 3,A
Y 1,B + 3.B
zZ 1,C = 3,C

ation incthe Manufacturer's Word shall contain only characters with translation defined in table 4. The worg

The word svnchronisation 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.

AARRARRA
SSSS
VO0-V19

52

An eight character alpha-numeric field for tape pancake identification.
A four character alpha-numeric field for servo writer identification.

A 20 character alpha-numeric vendor specific field.

content
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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 |Servo band location
Servo band 4 shall be nearest the Tape Reference Edge and servo band 0 shall be farthést)from the Tape Referenc¢ Edge. See
figure 2p.

The cenfre of servo band 4 shall be 607,5 um + 20,0 um from the Tape Reference Edge.
11.5 [Servo band pitch

The distance between the centre of one servo band to the centre of an adjacent servo band shall be 2 858,8 um + §,5 um non-
cumulat]ve between all servo bands.
11.6 |Nominal servo locations

Six nonfinal servo locations, numbered 0 to 5, are defined within each servo band. Servo locations are positions tiansverse to
the tape|within the servo band where the average distance-between corresponding leading edges of the A burst relat{ve to the B
burst anfl C burst relative to D burst shall be as given ir.fable 6.

Table 6 - Nominal servo locations

Servo-Location Average Distance (um)

0 35,52
1 41,31
2 47,10
3 52,90
4
5

58,69
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:

TRD1 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 maximumrgcording
density.

TRD2 shall be the recording density that results from applying the repetitive bit pattern 1000 to the input of thelwrite gqualizer
described ih 14.2. This recording density has 1 830 RLL encoded data ONEs per mm.

TRD3 shalll be the recording density that results from applying the repetitive bit pattern 10000000-to the input of the write
equalizer described in 14.2. This recording density has 915 RLL encoded data ONEs per mm.
12.2 Ne¢minal bit cell length

The nomingl RLL bit cell length shall be 0,136 6 um.

12.3 Lgng-term average bit cell length
The long-term average RLL bit cell length shall be measured over a minimupr~0f 5 000 consecutive servo frames (which is
approximafely 1 m of tape and hence 7,32 x 107 consecutive cells) in a track<Jt $hall be within 0,50 % of the nominal|RLL bit
cell length,|
12.4 SHort-term Average Bit Cell Length (STA)
The STA,|referred to a particular RLL bit cell, shall be the, average taken over the previous 366-bit cells (which is
approximafely 50 pum). It shall be within 4 % of the nominal bit-¢ell length.

12.5 Rate of change of the STA

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

100 x [STA,, - STA .1 |/ STA, < 0,8
12.6  Bit shift

The averade deviation of the interval between RLL encoded data ONEs from its nominal value shall be less than 20 P6 of the
nominal bif cell length. This requirement’is intended to cover systematic bit shift caused by a poor writing process. See jannex A
for the test|procedure.

12.7 Re¢cording performance test conditions

All recordihg performanced€sts shall be done as specified in clause 10, Magnetic Recording Characteristics.

12.8 Track sequence addressing
There shalll be 384 data tracks, numbered O to 383. Data track 383 shall be the track closest to the Tape Reference Edgd.

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.

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.

ISO/IEC 22050:2002(E)

The distance between the centreline of the first data track in a data band and servo location 0O shall be

[ = 180,70 um % 0,55 pm
The distances between centrelines of adjacent tracks in a track wrap shall be
I, =333,00 um £ 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 distpnces between the centrelines of servo locations 0 in adjacent servo bands shall be

1, =P 858,80 um + 5,50 um

The distance between centrelines of the first track of the first reverse wrap and servo location 5 shall be

[s=B47,2 um % 0,55 pm

The angle ¢, 5 is the stripe azimuth angle specified in 11.2.3.

)
%5
nnn

n
Servo Band N /

uuauy uuy
\ 4
—— A
Data Sub Band 0 - ,A‘ I, I
\ 4
= Iy

Data Sub Band 1

Servo Location 0

Servo Location 5

Centreline of first
data track in data
sub band 0

Centreline of first
data track in data
sub band 1

Centreline of first

E data track in data
Dafa'Sub Band 7 N sub band 7
v 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.
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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
+ 12,0 "' of airc.

12.13 To¢tal character skew

No bit in aftrack belonging to the same CQ Set shall be displaced by more than 50 RLL bit cell lengths froni a simultaneously
recorded bt in any track in the same CQ Set when measured in a direction parallel to the Tape Reference Edge.

12.14 Channel Layout
The logical track layout shall be as follows where physical tracks are listed in ascending logical\track order from 0 to 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
f 0 194 206 218 230 242 254 266 278 28 2 290 302 314 326 338 350362 374
b 0 201 213 225 237 249 261 273 285 29 2 297 309 321 333 345357 369 381
J 0 195207 219 231 243 255 267 279 30 2 291303 315 327339 351 363 375
i 0 200 212 224 236 248 260 272 284 31 2 296 308 320,332 344 356 368 380
J 0 196 208 220 232 244 256 268 280 32 2 292 304316 328 340 352 364 376
D 0 199 211 223 235 247 259 271 283 33 2 295307 319 331 343 355 367 379
10 0 197 209 221 233 245 257 269 281 34 2 293 305 317 329 341 353 36% 377
11 0 198 210 222 234 246 258 270 282 35 2 294 306 318 330 342 354 3664 378
12 1 96 108 120 132 144 156 168 180 36 3 0 12 24 36 48 60 72 &4
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 177189 41 3 9 21 33 45 57 69 81 3
18 1 99 111 123 135 147 159171 183 42 3 3 15 27 39 51 63 75 §7
19 1 104 116 128 140 152164 176 188 43 3 8 20 32 44 56 68 80 92
30 1 100 112 124136 148 160 172 184 44 3 4 16 28 40 52 64 76 &8
31 1 103 115-1277139 151 163 175 187 45 3 7 19 31 43 55 67 79 91
32 1 101\}13 125 137 149 161 173 185 46 3 517 29 41 53 65 77 §9
33 1 1027114 126 138 150 162 174 186 47 3 6 18 30 42 54 66 78 90
13 Format
13.1 |Géneral

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

HOST RECORD

16 777 215 bytes maximum

> 4-byte CRC

PROTECTED RECORD

e ¢ ¢ | PROTECTED RECORD

PROTECTED RECORD

STREAM OF SYMBOLS

HOST DATA | DSIT

—

VY

° HOST DATA

DSIT

HOST DATA | DSIT

i

h_ 468 bytes
403 884 bytes

DATA SET

¥ 404 352 bytes

SUB DATA,SET 0 oo

SUB DATA SET 15

13.2 Protected Record

~—— 25272 bytes

Figure 31 - Data flow from host to tape

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) = B +x*+x3+x2+1

A primitive element o in GF (256) shall be

a=(000000T10)

58
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G(x) =
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erator polynomial shall be

(x+ 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, CRC1, and then CRCO.

13.3

One or
produce
outside
Control
Records|
only ocq

13.3.1

Control
which tl
Marks, |

Y

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

Figure 32 - CRC generator circuit

Processed Protected Record Sequence

nore Protected Records and File Marks shall be processed; by the data compression algorithm (ISO/IEQ
a stream of Symbols. File Marks may be received between host Records and shall be encoded into Contr
bf the Processed Protected Records. Symbols within.Rrocessed Protected Records can be Processed Data
Symbols, with the exception that File Mark and\Ehd Marker symbols shall not occur within Processe

Symbols outside of Processed Protected Records can only be Control Symbols. End of Record Control Syj
ur within Processed Protected Records.

Control Symbols

Symbols shall be used to control the operation of the data compression process. Control Symbols identi
ie compression algorithm is reset,»the encoding scheme currently in use, the locations of Record boun
Flush points and End Markers.(The Control Symbols shall be as defined in table 8.

22091) to
pl Symbols
Symbols or
i Protected
mbols shall

'y points at
daries, 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
is being processed using Scheme 1.

Scheme 2 No Used to indicate that the Processed Protected Records€quence
is being processed using Scheme 2.

File Mark Yes Used to represent a File Mark in the ProcessedProtected

Record Sequence.

End Of Record Yes Used to indicate the end of a record in the Processed Protected
Record Sequence.

Flush Yes Used to force the start of the neéxt codeword in the Processed
Protected Record Sequence-to be aligned with a 32-bit
boundary.
End Marker Yes Used to indicate that\wno'more data within the current Data Set

is part of theé/Processed Protected Record Sequence.

To allow fpr any subsequent appending, those Symbols that precede appendable points shall be aligned with the nekt 32-bit
boundary. This requirement is also indicated in table 8. See 13'3°4 for a description of the alignment rules.

File Mark gnd End Marker Control Symbols shall start on’a 32-bit boundary. Those Control Symbols, which are requifed to be
aligned with a 32-bit boundary (table 8 identifies which Control Symbols shall be aligned), shall be extended to the [required
length by padding with ONEs or ZEROs. The~value used for padding is defined, for each Control Symbol, in the data
compressidn algorithm (ISO/IEC 22091).

13.3.2 End Marker

The strean] of symbols written into a series of Data Sets for a continuous stream of Protected Records and File Marks| shall be
considered|a Compressed Data Stréam.’ The end of each Compressed Data Stream shall be indicated by an End Marke} control
symbol. When an End Marker is-written into a Data Set, the rest of the information in that Data Set shall be undefiged. Any
subsequent| Protected Records‘ef)File Marks shall start from the beginning of the next Data Set.

13.3.3 Access Points

Access Poipts shall désignate the position at which the data compression history buffer is reset and at which decompregsion can
begin, and [shall betat32-bit boundaries. There shall be, at most, one Access Point per Data Set; the location of which| shall be
specified i) theDSIT (Data Set Information Table, see 13.5).

The Accest Paint 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
13.3.4

Data 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

An appg
points sl

on 32-bit boundaries

nd point is a location within the Data Set at which data may be appended in subsequent writing operation
nall be the first byte location, on a 32-bit boundary, following an End Of Record, File Mark, or Flush'point.

points shall be coincident with a 32-bit boundary.

13.4
Data Se

There sh
— For
—  Usdg
- EO

Data Set

s shall be the smallest complete unit of information written to or read from the tape.
all be four types of Data Set:

mat Identification Data Set (FID)

r Data Set

D Data Set

— Housekeeping Data Set

The Dat]
of the D
Table (1]
Data Se
informa

Data Se
within t
subsequ

The firs

13.4.1

The FID
first Dat

The Da

h Set shall consist of two parts. See figure 33. The first part shalDbe the Data Region having 403 884 bytes. ]
ata Region is dependent upon the type of Data Set being récorded. The second part shall be the Data Set

DSIT) having 468 bytes. The information in the DSIT shall describe the content of the Data Region. For

t, data shall be placed in the Data Region and the DSIT shall be appended to form the 404 352-byte Dal
ion in the DSIT shall not be processed by data compression.

DafaRegion DSIT
403 884 bytes 468 bytes

Figure 33 - Data Set

s within the User Data area (See 15.3) shall be identified by their ordinal number. The first Data Set recor
ne User Data Area, the-FID, shall be Data Set number zero. The Data Set number shall increment by o
ent Data Set recorded.on tape.

byte in the Data Set shall be byte 0 and the last byte shall be byte 404 351.

Format Identification Data Set (FID)

shall contain information regarding the format of the tape and about the drive that wrote the FID. The FID
p Sef within the User Data area. The Data Set number of the FID shall be (00000000).

s. Append
All append

['he content
nformation
all types of
ta Set. The

led on tape
he for each

shall be the

a Ppginn of the FID shall contain 863 instances of the 468 bvtes defined in table 9 These bytes shall d

ntain 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

the FID
shall be

of ECC,

of ECC,

Control

shall be

Data Set,
Symbol.
nored in

shall be

Set shall
the tape,

ithin the

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

328 128 FID Housekeeping

456 12 FID Housekeeping C1
134.1.1 FID Housekeeping C1
This field [shall contain 12 bytes of ECC calculated over bytes 328 to 455 in the FID Housekeeping field. If
Housekeepjing field contains all ZEROs then the FID Housekeeping C1 field shall also be-all ZEROs. The C1 bytes
calculated s follows:
— The eyen numbered bytes in the FID Housekeeping field shall be processed by the C1 ECC to generate 6 bytes

which ghall be placed in the even numbered bytes of the FID Housekeeping Cd field.
—  The odld numbered bytes in the FID Housekeeping field shall be processed’by the C1 ECC to generate 6 bytes
which ghall be placed in the odd numbered bytes of the FID Housekeeping C1 field.

See 13.6.2 [for details of the C1 ECC algorithm.
13.4.2 User Data Set
The User Pata Set shall contain Processed Symbols produced,from Protected Processed Records, File Marks, and|
Symbols. Tihe Data Set number of the first User Data Set recotded on tape shall be (00000001).
The conterft of the Data Region of a User Data Set shall consist of the stream of Symbols. The stream of Symbols
broken intd sets of 403 884 bytes. Each set shall be:placed into the Data Region of a Data Set.
When the Pata Set is to be written to tape and the number of Symbols is insufficient to fill the Data Region of the I
then the Djta Set shall be completed as follows. The last valid Symbol shall be followed by an End Marker Control
The contents of the bytes remaining betweeén the End Marker and the start of the DSIT are not specified and shall be ig
interchangg.
The numbdr of bytes that are occupied by the valid Symbols up to, but not including, the End Marker Control Symbol,
stored in the Valid Data Length fi¢ld in the DSIT of the Data Set.
13.4.3 EOD Data_Set
The EOD ata Set shallindicate the end of recorded user data. If no user data has been recorded, then the EOD Data
immediately follow the/FID. User data recorded after the EOD Data Set, such as that remaining from previous uses of
shall be copsidered-inaccessible and invalid.
The content ©fjithe Data Region of an EOD Data Set is not specified and shall be ignored in interchange. The ECC w

Data Region shall be valid.

13.4.4

Housekeeping 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.

62
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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 fie
this field
13.5.2

This fie
Manufa
shall be

— Thd
EC

— Thd
EC

See 13.6

Byte positions |Length in bytes Field Name
0 228 Drive Manufacturer Use
228 12 Drive Manufacturere Use C1
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

d shall be be used only by the drive mantfacturer identified in the Drive Manufacturer's Identity field. Thg
is not defined in this International Standard and shall be ignored in interchange.

Drive Manufacturer Use C1
d shall contain 12 bytes of.ECC calculated over the 228 bytes in the Drive Manufacturer Use field. I

calculated as follows:

even numbered bytes'in the Drive Manufacturer Use field shall be processed by the C1 ECC to generats
", which shall be'placed in the even numbered bytes of the Drive Manufacturer Use C1 field.

odd numbered bytes in the Drive Manufacturer Use field shall be processed by the C1 ECC to generatg
", which shall be placed in the odd numbered bytes of the Drive Manufacturer Use C1 field.

.2 for details of the C1 ECC algorithm.

content of

[ the Drive

turer Use field contains all"ZEROs then the Drive Manufacturer Use C1 field shall also be all ZEROs. The C1 bytes

6 bytes of

6 bytes of

13.5.3

Reserved

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

13.5.4

Drive Manufacturer's Identity

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

13.5.5

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 2002 — All rights reserved
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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 Valid Data Length

The Valid Pata Length field shall contain the count of the number of bytes in the Data Set that contain processed Syngbols, up
to, but not |ncluding, 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 See-above
13.5.7 Access Point Offset

The Accesp Point Offset field shall contain the count of bytes’ within the Data Set before the location of the Accegs Point.
Therefore, [if the Access Point is the first byte of the DataSet, then the Access Point Offset shall be set to (00000000)} If there
is no Accegs Point within the Data Set, then this field shall-be set to (FFFFFFFF).

The contenft of the Access Point Offset field shallbeas shown in table 13.
Table 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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Table 14 - Total Records

13.5.9

The Totpl File Marks field shall contain the count of File Marks that have been processed in all Data Sets from BO

Access |

If no Ad

Data Sets from BOT up to the latest previous Access Point. If this Data Set is an EOD Data’ Set, then the coy

computg

The confent of the Total File Marks field shall be as shown in table 15.

13.5.10

The Red
Data Se

If no Ad

latest prgvious Access Point and the fitst/Access Point that occurs in a subsequent Data Set.

If a Red
Access |
as the R

If a Rec
Set.

If there
containg

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

oint that exists in this Data Set.

d as if it held an Access Point.

Table 15 - Total File Marks

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

Housekeeping (000000000000)

Record Count

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

cess Point exists in this Data Set.then this field shall specify the number of Protected Records that exist §

Points in the current Data Set, then no Records start or end within this Data Set, and the Record Count shall
ecord Count in the DSIT of the previous Data Set.

brd starts in thistData Set, but is not completed until a subsequent Data Set, then it shall be counted in the ¢

:2002(E)

T up to the

cess Point exists in this Data Set then this field shall contain the count of File Marks that'have been procgssed in all
int shall be

ord Count field shall specify the numberof Protected Records that exist between the Access Point that exists in this

etween the

ord starts in a previousData Set, and ends in the current Data Set, then that Record is not counted. If there are no

be the same
urrent Data

is no subsequent Data Set then the Record Count shall be computed for the above conditions as if the EQD Data Set

d an{A¢cess Point.

The con

ent’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 contenft of the File Mark Count field shall be as shown in table 17.

13.5.12

The Threa
(threaded)
LTO CM,

The conten

13.5.13
The Data §

The conten|

Table 17 - File Mark Count

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

t of the Thread Count field shall be as shown in tablé’18.

Table 18 - Thread Count

| Count field shall contain the count of the number of times‘that the leader pin of the cartridge has been g¢xtracted
from the cartridge at the time that the Data Set was writtén This shall be equal to the Thread Count fie|d in the
Cartridge 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
Data Set Type

et Type-field shall indicate the Data Set type.
t 0fthe 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 confent 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<1
Housekeeping Previous Load Write(Pass +1
13.5.16 Tape Write Pass

A Tape |Write 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(Wrtite Pass shall be set to 1 when the tape is firs{ written to.
The valye shall be incremented by 1 in the following circumstances:

—  When an append operation causes any existing Data Sét;-including an EOD Data Set, to be overwritten.
—  Whpn writing from Beginning of Wrap.

—  When an Interrupted Data Set is rewritten, thén this field need not be changed in the DSIT although this figld must be
chapged in the Codeword Pair Header. Thus it is possible that the Tape Write Pass field in the Codeword Pair Header is
gregter than that in the DSIT (see 15.10).

The confent of the Tape Write Pass figld 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.

13.6.2

The C1 Sy
12 bytes of

First, a (24
bytes. Thes
shall be ap
locations fi

Each row
first Codew

Calculatior
P(x) = 18
A primitive
a=(0d
The genera

G(x) = (x

[=)}

= x
The ECC 1
(00) prior {
into the en

ECC bytes
etc.

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
C1 Sub Data Set

C1 ECC to each 468-byte row of the Sub Data Set forming a 54x480 matrix of 25 920 bytes. See figure 35.
0, 234, 7) Reed-Solomon code shall be applied to the 234 even rumbered bytes in each row producing 6

r that row.

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

in a GF (256) shall be defined by
x4+ x3+x2+1
element o in GF (256) shall be
000010)
tor polynomial shall be
- 0125)(x + al126)(x + 02T (x + a1 28)(x + a129)(x + 130
D 030 0D o250 4 @024 3D o250 2P o3 x @ 1

ytes shall be generated by processing the requisite bytes through a generator circuit whose registers shall
0 beginning processing. See figure 36. Registers RO to RS shall be 8 bits wide. Data bytes shall be fed seq
oder. Afterthe requisite bytes have been processed, the content of RS is ECCS, that of R4 is ECC4, etc. Wh

b Data Set shall be the result of processing a Sub Data Set by the C1 ECC algorithm. The processing ghall add

C1 ECC

e bytes shall be placed in the even numbered C1 Parity locations. for that row. Then the same Reed-Solonfon code
plied to the 234 odd numbered bytes with the resulting 6 GIMECC bytes placed in the odd numbered (1 Parity

form the
ir.

be set to
tentially
en these
, ECC3,

68

are appended to data bytes, or placed into a field, ECC5 shall be the first byte appended, followed by ECCA
0 1 2 . 465 | 466 | 467 (468 c. 479
0| 0 1 2 465 | 466 | 467
1
User Data Cl ECC
. Information
52
53 |24804|24805|24806 25269125270|25271

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

Figure 36 - C1 ECC
ECC Encoded Sub Data Set

|l 10 bytes of C2 ECC to each 54-byte column of the C1 Sub Data Set. See figure 37.

A (64, 34, 11) Reed-Solomon shall be applied to each 54-byte column of the Codeword Pair“matrix producing

bytes pe¢

30 720 bytes shall be an ECC Encoded Sub Data Set consisting of 64 Codeword Pairs.
Calculation in a GF (256) shall be defined by

P(x) =
A primi
a=(0
The gen|
G(x) =

The EC
(00) pri
into the
ECC7, {
followe(

8 x+x3+x2+1
ive element o in GF (256) shall be
0000O0T10)
erator polynomial shall be
(o1 23) (v 1 24) (v 25) (v 26) (e 1 27) (oo 28) 0 o0 129) (ko 130) (e an 131 (e 32)

10 @ 011959 @ o58x8® 160y 7 @ a?3x6 @ 223x5® o334 @ 1 160x3 @ o382 ol 19y B 1

| by ECCS, ECC7, etc.

0 1 S 478 479

1 C1 Codeword Pairs

52
53
54

" Encoded Sub Data Set shall be the result of processing a C1 Sub Data Set by the C2 EC@algorithm. The| processing

10 C2 ECC

r column. The added 10 bytes of C2 ECC shall form 10 additional Codeword Pairs. The resulting 64x48D matrix of

C bytes shall be generated by processing the-requisite bytes through a generator circuit whose registers shall be set to
r to beginning processing. See figure 38 Registers RO to R9 shall be 8 bits wide. Data bytes shall be fed equentially
encoder. After the requisite bytes have-been processed, the content of R9 is ECC9, that of R8 is ECCS8, that of R7 is
tc. When these ECC bytes are appended to data bytes, or placed into a field, ECC9 shall be the first bytg appended,

C2 ECC Information

63

Figure 37 - ECC Encoded Sub Data Set
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) 4
—» R4 [ D> R5 [ > R6 [P > R7 (P> R8 (P> R [ »D
A A A A{ A
0223 o3 0160 o8 o119
A A A y

ol19 o8 0160 o3

Figure 38 - C2 ECC

13.6.4 Codeword Pair designation

An ECC Epcoded Data Set shall contain 491 520 bytes consisting of 16 64x480-byte ECC Encoded Sub Data Sets. Hach row
of each E(IC 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 Sets and the row
number within the Sub Data Set.

Table 22 - Codéword Pair Designation

Sub Data Set Number
Row within 0 1 2 3 4 5 6 7 8 9 (10 (11 (12 |13 |14 | 15
Sub Data Set
0 0 1 2 3 4 5 6 7 8 9 (10| 11 |12 | 13| 14 | 15
1 16 | 17 (. b8 |19 |20 |21 | 22|23 |24 |25]|26|27|28]29] 30| 31
2 32 | 33)"34 | 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({1007
63 1008 (1009|1010{1011|1012{1013{1014{1015(1016|1017({1018|1019({1020|1021{1022|1023

13.7 Cadeword 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 table 23.

Table 23 - Codeword Pair Header

Byte Length in Name of the field
positions bytes

0 2 Codeword Identifier

2 %+ WritePass

6 2 Absolute CQ Sequence Number

8 2 Header Parity
13.7.1.1 Codeword Identifier
The Codeword Identifier shall uniquely identify the Codeword Pair and Codeword Quad set to’which it belongs. Thg

Identifid

- Byt
- Byt

15.6.

- Byt

— Byt
If th
If th

- Byt
If th
If th
13.7.1.2

This fiel
Write P
describe

13.7.1.3

r shall contain 4 sub-fields as shown in table 24.

Table 24 - Codeword Identifier

Byte 0 Byte 1
7] [ [afs[alovfol7[ BT [ [ [ Jo
Data Set Id AF | Res Codeword Pair Designation
Fragment

e 0, bit 7-4. Data Set Id Fragment. Shall contain the 4 least.significant bits of the Data Set Number.
e 0, bit 3. Amble Flag (AF). Shall be set to ONE.if;the CQ is an Amble CQ, and ZERO if the CQ is a D4

e (0, bit 2. Shall be set to ZERO.

E 0, bits 0 and 1
e CQ is an Amble CQ then these bits shall be set to ZEROs
e CQ is not an Amble CQ then these bits shall be set to the 2 most significant bits of the Codeword Pair Deq

e 1
e CQ is an Amble CQ then these bits shall all be set to ZEROs.
e CQ is not an Amble/CQ-then these bits shall be set to the 8 least significant bits of the Codeword Pair Des

Write Pass_ Identifier

d shall identify the write pass on which the Data Set was written. The content of this field shall be the same
iss value in-the DSIT for the Data Set to which the Codeword Pairs belong, except following a Servo Track
d in 15.10.

Absolute CQ Sequence Number (ACN)

Codeword

ta CQ. See

ignation.

ignation.

as the Tape
ng Fault as

Each C

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) than the last CQ Set written in the Data Set before the append point.
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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) = B +x*+x3+x2+1

A primitive element o in GF (256) shall be
a=(000000O0T10)

The generator polynomial shall be

G(x) = (x
= x2
The CRC 1

(00) prior t
into the en
be the first

n (1127)()6 + (1128)
D a2y @ 1

ytes shall be generated by processing the requisite bytes through a generator circuit whose registers shall
o beginning processing. See figure 40. Registers RO and R1 shall be 8 bits wide. Data bytes,shall'be fed seq
oder. After the requisite bytes have been processed, the content of R1 is CRC1 and that of)R0 is CRCO. CR
byte in the header, and CRCO shall be the second byte in the header.

o152

i

Figute 40 - Header Parity

be set to

nentially
C1 shall

cated in

13.7.2 First Codeword Pair
The first Jodeword Pair for the CQ shall be ‘selected from the Sub Data Set and row of the Sub Data Set as ind
table 25, b¢ginning with Sub Data Set 0 andsrow number 0.
Table 25 - First Codeword Pair
Sub Data Set Number
Row within 0 2 4 6 8 10 12 14
bub 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

13.8

CQs shdll be written simultaneously onto the tape in sets of 8 CQs, where 8 is the number of,concurrent active tracl

of each
physical
correspq
track in

The set
Set _Nij

The trad
Track _

Track _

NOTE -
rewriting]
This has

the tape
the byte

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
62 496 497 498 499 500 501 502 503
63 504 505 506 507 508 509 510 511

Allocation of CQs to Logical Tracks

set shall be written to each of the 8 tracks. Tracks are numbered 0 to 7, where Logical/Tracks 0 to 7 corres
nd to the lowest numbered physical track in the set. Logical Track 7 shall cotrespond to the highest number
the set. CQ Sets shall be numbered 0 to 63.
for a CQ can be found by

CQ Number — Mod(CQ _Number,3)
8

mber =

k number to which a CQ is written can be found by

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

CQ Number —Mod(CQ _Number,8) 8}
8 B

(Number = Mod[CQ _ Number —

Che above description does not include the effect of CQ Sets rewritten due to Read-While-Write failures. See 15.5 for
CQ Sets.

the effect of presenting the CQs that contain the bytes from any specific Sub Data Set column in a diagonal

from Sub Data Sets 1 and 2. The numbers indicate the number of the CQ given in table 22.

ks. One CQ
pond to the

tracks that are defined to be in the current wrap (see 12.14), in numerically ascending order. Logical Trjack O shall

ed physical

he details of

line across

Track 0 9 Ta8[ 27 [36] 4554 73 | .. [448] 457466475484 [493]502

Track 1 | 1 [40./19] 28 [37] 46 65 | 74 | .. | 449 [ 458467476 485494503

Track 2 | 2¢p41 [20] 29 66 | 75 | .. [450 459468477 305
Track 3 {3)] 12 21 58 | 67 | 76 | .. [451[460 469 306
Track4| 4 | 13 50 [ 59 [ 68 | 77 | .. [452]461 498 [J07
Trdck's | 5 | 14 42 | 5160 [ 69|78 | . [453]462 490 499 [ 408
Tratk 6 [ 6 | 15 34143 [ 52 [ 61 [70 79 454463 482 [491 500409
Track 7 | 7 26 [35] 44 [ 53 [ 62 | 71 32 .. [ 455 4741483492 501510

Figure 41 - Diagonal C2 Codewords
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13.9 Data randomisation

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

1 0 6 060 060 0 0 0 O OO O O

For each §
operators a

13.10 R]

of the first

47
o
v®
> -
Input bit Randomised Bit clock
stream bit stream

Figure 42 - Randomisation shift register

yte of the Codeword Pair Header and data, the most significant bit, i.e. bit 73 shall be input first. Th¢ logical
re Exclusive OR's. The result of this operation is a randomised bit stream.

L. encoding

The randorpised bit streams shall each pass through a (1,7) RLL modulation encoder. RLL encoding shall start with bjts 7 to 4
randomised byte of each Codeword Pair Header, followed by bits.3 to 0 of the first byte, and all subsequent bytes,
most signifficant bits first.

The encodgr shall operate at rate 4:6 (i.e. 4 user bits to 6 Channel bits)sand shall be as shown in table 27.
Table 27 - RLL Encoder
Cirrent State
1 2 3 4 6 7
Data Inf Data | Next | Data | Next | Data | Nekt | Data | Next | Data | Next | Data | Next | Data | Ndgxt
Out | State | Out | State | Out_j State | Out | State | Out | State Out | State | Out | Stjte
0000f (000000 4 000000 4 |000101| 6 100101 6 [101010( 4 001000 | 4 010101 @
0001f [000000] 5 |000000 000101 1 100101 1 101010 2 001000 5 010101 1
0010f (000000 7 |101000| _ 6~/ (000101 3 100101 3 (101000 6 001000 6 010101 3
0011f (010100 3 |1010001y~ 7 |000100| 3 |100100( 3 (101000 7 001000 7 010100 | 3
0100f (010100 4  |+60000| 4 [000100| 4 |100100( 4 [100000| 4 010000 | 4 010100 | 4
0101f [010100]  5.<|T00000| 5 |000100| 5 |100100( 5 [100000 5 010000 5 010100 | 3
0110f [010100\N6 |100000| 6 |000100| 6 |100100( 6 [100000 6 010000 6 010100 | 4
0111f (0101001 7 |100000| 7 |000100| 7 100100 7 [100000 7 010000 7 010100 | 7
1000 [0J0001] 6 [101001] 6 |000001] 6 100001 6 (101001 6 001001 6 010001 ¢
1001 |010001| 1 101001 1 ]000001| 1 100001| 1 101001 1 001001 1 010001 1
1010 [o10001| 3 |101001] 3 [000001| 3 |100001( 3 (101001 3 001001 3 010001 3
1011 fo10010{ 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 Recording 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

Synchropisation information shall be added to the RLL encoded bit streams prior to being processed by write-equalisation and
being written onto the individual tracks of the tape. The layout of the Synchronised Data Set for each recorded track shall be as
shown i figure 43.

| DSs | vFo1 | scQ | vFO2 [ scQ | ... | VFO2 | scQ | VFO+/| DsS |

Figure 43 - Synchronised Data Set layout on tape

14.1.1 Data Set Separator (DSS)

The Dathp Set Separator shall be written before each Data Set recorded on tape, and after the last Data Set written on each wrap.

The Data Set Separator shall consist of the repeated binary pattern 100 000 000. The length of the Data Set Separator is
variable

14.1.1.1 Long DSS

The Lorig DSS shall be up to 3 200 000 occurrences of the 9-bit binary pattern in length. A Long DSS shall be written for the
following conditions:

—  the PSS preceding the first Data Set written after*a’Servo Tracking Error (See 15.10 for minimum length)
— the first DSS written on the tape at each Beginning of Wrap (See 15.7 for minimum length)
— the Jast DSS written on the tape at each End of Wrap (See 15.8 for minimum length)

14.1.1.2 Extended DSS

The Extended DSS shall be betweén 8 000 and 160 000 occurrences of the 9-bit binary pattern in length. An Extended DSS
shall be [written for any of the following conditions:

—  aftey the FID

—  Dbefgpre the EOD Data'Set

— aftey the EOD/Data Set

—  Dbefore thefirst CQ of an appended Data Set

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:

— Dbetween Data Sets when the Data Sets are written during streaming operations

—  Dbetween any CQs when the Data Set Number of the second CQ Set is greater than that of the Data Set Number of the first
CQ Set
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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)

Synchroni
stream. Seg

14.1.4.1
The Forwa,
14.1.4.2
The Resyn

Ed Codeword Quads (SCQ) shall be formed Dy INSerting synchronisation patterns into the RLL encoded
figure 44.

Forward Codeword First Resync Codeword Second Reversé
Sync Pair Header | Codeword Pair Header | Codeword Sync
Pair Pair

Forward Sync
d Sync pattern shall consist of the bit pattern 1010 0001 0010 1001 0001 0200.

Resync

Figure 44 - Synchronised Codeword Quad

Resync shalll be a function of the RLL Encoder state preceding the Resyric:

14.1.4.3
The Revery

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 Syn¢

Table 29 - Reverse Sync

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

Preceding RLL
Encoder anfn(c)

Reverse Sync

c pattern shall be a unique bit pattern that cannot be generatéd normally using the RLL encoding sche]

CQ byte

me. The

76

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

© ISO/IEC 2002 — All rights reserved


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

14.2

ISO/IEC 22050:2002(E)

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.

Table 30 - Write Equaliser Encoder Table

In this t4
input bif
next stat

The Write Equalisation encoder shall be placed into state 1 at the beginning of.every write operation.

14.3

The rec
adjacent

15

15.1

The tap
Logical

Dataln=0 Dataln=1
Current State Data Next Data Next
Out State Out State
0 00000 1 - -
1 00110 1 00000 2
2 11111 3 - -
3 11001 3 11111 0

ble the rows shall be indexed by the 4 current states of the encoder, and the eolumns shall be indexed by th
values. For each combination of input bit and current state, the table shows\the output write equalisation cq
C.

'Writing cells on tape

rding method shall be such that a flux transition is writtém to tape when there is a change in the data ¢
write equalisation cells.

Regions on tape

Logical Points and regions

e shall be divided into seven regions. <Fhe' boundaries of the regions shall be marked by eight Logical
Points shall be

Table 31 - Logical Points

b 2 possible
1Is, and the

ontained in

Points. The

Logical Point Description

LPO Thephysical beginning of the leader tape at the leader pin.

LP1 The point at which the Servo detection shall commence.
The Servo Bands shall be valid between this point and the LP6 point.

LP2 The start of the Calibration Region.

LP3 The start of the User Data Region.

Fp4 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

Logical Po
encoded in|

78

LP1 sh
LP2 s}
LP3 sh
LP6 s}
LP5 sH
LP4 s}

Table 32 - Regions of tape

Region Usage

LPO-LP1 Unused

LP1-LP2 Forward Servo Acquisition Region

LP2 -LP3 Calibration Region

3P4 YserDataRegton

LP4 -LP5 Unused Data Area (may have zero length)
LP5-LP6 Reverse Servo Acquisition Region

LP6 - LP7 Unused

all be located 7,0 m £ 0,1 m from LPO.

all be located at LP1 + 694 LPOS words (approximately 5 m).
all be located at LP2 + 833 LPOS words (approximately 6 m).
all be located at LP5 + 694 LPOS words (approximately 5 m).
all be located at LP3 + Max User Data LPOS words.

IPOS counts

ints 1 to 6 shall be defined in terms of absolute location down the length of tape réedrded in the servo frames, and
LPOS words as defined in 11.3.2.

all be located no closer to LPO than LP3 + 6 944 LPOS,words (approximately 50 m) and no closer to LP7 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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15.2

The are
be recor

—  Ser
— Sto

The infd
be writtg

— Bet
—  Bet
— Bet
—  Bet
The fory
The con|

15.3

The Usd
occur w

5 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 EID]
DSS
Servo b@é}
5 Housekeeping (1/
S@ band 4
(Q
LPO LP2 LP3 LP4 LP5S  LP6 {py
LP1 BOW, forward EOW, forward
EOW, reverse BOW, reverse

Hatched=(ervo

Figure 45 - Tape regions

Calibration Region

between LP2 and LP3 shall be reserved for calibration and the storage of Housekeeping Data Sets. No use
ded in this area. The Calibration Region may be used for the following purposes:

o and Read/Write calibration and tuning;
age of Housekeeping Data Sets.

rmation that can appear in the Calibration and Housekeeping Area depends on the Servo bands between w
n as follows:

veen Servo Bands 0 and 1: Housekeeping-Data Sets;

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

iveen Servo Bands 2 and 3: Eraseéd or DSS;

iveen Servo Bands 3 and4: Housekeeping Data Sets.

hat of the Housekeeping/Data Sets shall conform to the requirements of this International Standard.
fent of the Calibration Region is not specified by this International Standard and shall be ignored in interchai

User Data‘Region

r Data ‘Region shall contain the FID, the User Data Sets, and the EOD Data Set. Housekeeping Data S¢
thin¢the User Data Region.

r data shall

hich it shall

nge.

ts shall not

The nu;

hber’of Data Sets written within a wrap shall be dependent upon the number of CQ Sets which have been r

written due

to errors encountered during the write process, and the number and length of DSS written. The number of Data Sets written

within a

15.4

wrap is not specified.

Interrupted 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.
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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:

CO Number — Mod(CO Number.8) _ ]

Track _ Ni

Where Wi

An exampl
while they
indicates th

mber = M()dtbg —Number—

W8
3 ]
an arbitrary, but different, number in the range 0 to 7 between successive writings of the same CQ Sgt:

e of such rotation is shown in table 34 in which a number of CQ Sets are rewritten because dn-error was
were being written. The notation K* indicates that an error was detected while writing CQySet K. The no
at the CQ Set K was rewritten once. The notation K" indicates that the CQ Set K was rewritten twice, etc.

CQ Set number within the Data Set.

Each CQ S
shall be 12

When a C

Table 34 - SCQ Allocation to Tracks with RWW Failures

wloJoJoJ1[1[1[22[2[2]3[3[3]3
Trk[N]o [ 1 [ 2 (o3 4]0 |35 6377|809
0 9 [18 [ 1" [27 362 [29°] 45 .54
1 1[0 [ 192 [28]37[3[30°] 46
2 2 [a1 (203 29|38 |4 [31° {47 66 | 75
3 o[ 322t [4 [30][39]5” 49 [257] 58 | 67 | 76
4 |s|413]22]5 31 25° | 41 [ 50 [26] 59 [ 68 [ 77
5 s[5 ]14]23]e 26 [ 42 [ 51 [277] 60 [ 69 | 78
6 6 |15 7 27 [ 43 [ 52 [28] 61 [ 70 [ 79
7 7 28 [ 44 [ 53 [297[ 62 | 71

et can be rewritten multiple times. The taximum number of CQ Sets that shall be rewritten within a single
B.

Set is rewritten, any CQ Sets that-have been written between the original and the rewritten version do no

be rewrittef unless one of the following donditions apply:

— Anerr
—  Theyh
NOTE - The

br is detected in one of those CQ Sets.

ave a Data Set Number-that is higher than that of the CQ Set that is being rewritten.

Tape Write Pass.does not change for rewritten CQ sets.

15.6 Amble CQs

When the |
to the requi
last CQ Se

hst CQ Set'of a Data Set is written to tape, there may not be any subsequent Data Set ready to be written to t
reménts of the Read-While-Write latency, the writing device cannot determine that the Data Set is complete
t has been verified. In the interval between writing the last CQ Set and it being verified, more CQ Sets

detected
tation K'
N is the

Data Set

need to

hpe. Due
until the
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.

80
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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 fie

1ds of the Codeword Header shall be set as follows:

—  Codeword Identifier:

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.

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

- AC

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

All CQS

When
verifica

Amble (

15.7

The firs
BOW p

The firs

15.8
If, when|

considefed to be an incomplete Data Set. Incomplete Data Sets shall®e rewritten in their entirety on the next availab,

No CQ
100 mm)|

When E
point.

15.9

When n
recordin)
repeated
Set that

The sm4
NOTE -
The ruld

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

ble CQs are being written, it may be necessary to rewrite CQs from the end of the Data Set, if thé Read-V
ion fails. This will result in Amble CQ Sets being interspersed among CQ Sets that contain user,data:

[Qs shall not be required to be Read-While-Write verified.

Beginning of Wrap (BOW)

Data Set Separator written in any wrap shall be a Long DSS. It shall begin.between 0 mm and 100 mm
int and shall continue at least 100 mm beyond the BOW point.

correctly written Data Set on a wrap shall end between 100 mm and 4 m after the BOW point.

End of Wrap (EOW)

EOW is reached, a Data Set has not been completely writtento"tape and verified by write error checks, the

Sets shall be written past the EOW point. After thetlast Data Set written a DSS shall be written that st
before the EOW point and continues for between 0.fam and 100 mm beyond it.

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

Appending and Overwriting

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

llest unit of appefiding or overwriting shall be a Data Set.
After overwriting'commences, all data beyond the current recording point is logically inaccessible.

s for appending and overwriting shall be identical. For simplicity, the following description refers only to ap|

Vhile-Write

before the

h it shall be
le Wrap.

irts at least

c the EOW

nt at which
follow. If
to the Data

pending.

The CQ

>
g

e}
g

@

Figure 46 - Appending rules

Sets, 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 de

be written,
were incon|
and the ney
value held
Pair Heads
rewritten I}

The ACN 1
value in thg

If another

Write Pass
The physic
Set, on the

If a Servo
shall stop a

of at least 200 mm, followed by a complete copy of the Data Set with the lowest Data Set number among|tl
iplete when the defect was detected. For the rewritten Data Set, the Tape Write Pass shall be incremented
value shall be written into the Codeword Pair headers. This may lead to a mismatch between the Tape W]
in the DSIT, and the value in the Codeword Pair Headers. The Tape Write Pass values in the DSIT and C
rs for all subsequent Data Sets shall be equal to, or greater than, the value in the Codewprd Pair Header
ata Set.

n the Codeword Pair Headers of the first CQ Set written after the Long DSS shall be/l ‘greater mod(65 536)
Codeword Pair Headers of the last CQ Set that was started before the servo defect\was detected.

Bervo Tracking Fault is detected before the Data Set is completed, then the pfecess shall be repeated, and
value shall be incremented.

same wrap, shall not exceed 4 m.

[racking Fault occurs just before EOW, then the EOW cannot be.dealt with as defined in 15.8. In this case r
s in other cases.

SS shall
hose that
by one,
rite Pass
bdeword
5 for the

than the

he Tape

pl distance between the end of a correctly written Data Set and the end‘ef the subsequent next correctly wriften Data

ecording
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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 locations which are 2T, (where T is the RLIcb
from th¢ centre of the pulse, and which also causes minimal peak shift. A channel with a step response of ¢es*(®
these requirements.

1.2
1.1 . )

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

-0.1
-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 fape, which has been recorded with any valid data pattern, using the channel described above. Detect at le
peaks, ignore all missing pulses (see 10.9). Use an HP E1740A, or equivalent, TIA, and display the histograms of tir
between| detected peaks. Individual histograms are centred at NT. (where 2 <N < 8). Using all intervals (2 <N < §
the averpge value-of the RLL bit cell, T, .

In a ranglom (1,7) encoded data stream, there are various environments of intersymbol interference (ISI) for peaks d

t cell time)
[/3) meets

hst 100 000
ne intervals
), calculate

ontained in

time int¢rvals 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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Annex B

(normative)

Measurement of Broad Band Signal-to-Noise Ratio

Measurement equipment

Broad

20 MH

spectrt

Measurement procedure

follow

Condition the tape by writing at density TRD1. Then rewind.

Recorg
Measuy|
The pd

Re-me
spectrt

Using
and [

Using
ranges

Calcul
Hh+1
using
as Ebn

Compt

Esn=
SFn =
Nbin 5

Band Signal-to-Noise Ratio shall be measured using a spectrum analyser with a resolution bandwidth (RB
7, a video bandwidth of less than 300 kHz, a sweep time of less than 20 s and a measurement bandwidth (B
z. The measurement bandwidth for skirt noise is 2 MHz centred about the signal frequency, Unless otherwis
ditions shall be those defined in clause 10.

Jm analysers with a peak detect function, peak detect shall be ON for signal charaeterisation and OFF f{
htion..

ng procedure shall be used to measure the skirt noise and the Broad Band Signal-to-Noise Ratio.

| the tape at density TRD1. The associated fundamental recording frequency is denoted as f,.
re the spectrum (single sweep mode) of the output of the preamp.
ak signal from this spectrum is Seape.

psure the spectrum (single sweep mode, peak detect OFF) of the output of the preamp and save the
gm SpSkirt.

Define the signal amplitudes associated)with these frequencies as Ay and Ay respectively.

the saved spectrum SpSkirt, caleulate the square root of the sum of the squares of the spectrum over the fi
f, - 1 MHz to fy and fy to f, +(1 MHz. Define this value as Est.

hte the square root of the~sum of the squares of the spectrum over the frequency range f, - 1 MHz to f 4
MHz using a signal amiplitude for the lower range of the average amplitude from f,- 1 MHz to f,- 0,9 N

) of less
W) from
e stated,

or noise

resultant

the saved spectrum SpSkirt, define the uppeér and lower frequencies at which the amplitude drops to 0,03 Sg,,e as fy

equency

nd fy to
MHz and

| signal amplitude for the upper range of the average amplitude from f, + 0,9 MHz to f, + 1 MHz. Define this value

S.
ite SNRsk forthis pass, 20 log (Sape/Esn) dB, where

SFn(Est>=Ebns2)0-5
[(BW/Nbin)/RB]0.5
number of bins in saved spectrum.

Condition the tape by writing at density TRD1. Then rewind.

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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Cl G

Tape abras|

C2 Tiq

Install a cl
facing upw
13 pm.

The wear b
- Al54
— HeatT|
—  Rockw
—  Proceq

The surfac

NOTE - A possible source of Alfesil wear bars is Vacuum Specialities Inc., 1005 Host Drive, Lake Geneva, W1 53147, USA.
C.3 Procedure
A test piec¢ of tape 580 m in length shall be passed for 100 passes (50 cycles) over a rectangular bar of Alfesil. The bai

4,5 mm £ (},3 mm square and a minimum ef\I'§ mm long as shown in figure C.1. The tape speed shall be 3,0 m/s, thg
shall be 1,0 N + 0,1 N and the wrap angle shall be 12°. The wear pattern length shall be measured at three locations a

width of th

A repeat njeasurement using the(same length of tape and a new edge of the Alfesil bar shall produce the same wea|
length withfin 30 % of the original'measurement.
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Annex C

(normative)

Tape Abrasivity Measurement Procedure

bneral

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

st fixture

pan Alfesil wear bar as shown in figure C.1 on a holding fixture similar to that shewy in figure C.2. The {
ard shall be unworn and free of chips or voids greater than 1 pm in size. The radius‘of the test edge shall ng

ar material composition shall be
wt %, Si 9,6 wt %, Fe balance
reatment: 1 000 °C

ell C Hardness: 46 = 1

s: Vacuum melt and cast

finish on all four sides shall be to N2, 0,05 um. Thebar shall be square to within 0,05 mm.

e tape path as shown in figure-C.3.

est edge
t exceed

shall be
tension
tross the

I 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)

Figure C.1 - Alfesil wear bar

—12° Tape wrap on each side
Ifesil wear bar

\~

01-0044-A

Figure C.2 - Wear bar holding fixture

Wear pattern length

_> 47
34 ——p /4
12— .
1/4 g Tape width

94-0025-A

NOTE -The amount of wear is exaggerated for clarity.

Figure C.3 - Wear bar measurement
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Annex D

(normative)

LTO Cartridge Memory

D.1 Background

The LTO
communicyg

The LTO
blocks of 3
which cong

Full requirg

D2 C

There shall
of 32 bytes
shall be set

The LTO (
address wh
from the st

The LTO (
and offset 1

Block Add
Word Adds

te with the LTO CM transponder.

"M transponder contains a serial EEPROM whose size is 32 768 bits (4 096 bytes), which_is~organised
2 bytes per block. The LTO CM has writeable units of either a word, which consists of 16bits’(2 bytes), of
ists of 256 bits (32 bytes).

bments for the transponder can be found in annex F.

pntents

be a number of distinct data fields within the LTO CM, as shown in table D:l. The LTO CM has a block ac
therefore, fields have been arranged to align on 32-byte boundaries where possible. All unused bits in the I
to ZERO.

M content shall be organised into logical regions called PagesxThe location of a Page shall be specified b
ich shall be the number of bytes from address 0. Access to anelement within a Page shall be via an offset,
hrt address.

M content shall be accessed by a block address and aword address. See annex F. The conversion from starf
n this annex, to LTO CM block address and word address, shall be

Fess: B0 = integer part of [ (start address + offset) + 32 ]
ess: w = mod(start address + offset, 32 )32

Tablé D.1 - LTO CM Data Fields

Cartridge Memory (LTO CM) transponder is built into the case. A contactless interface enables a\controller to

nto 128
a block

Cess size
TO CM

y a start
in bytes,

address

Section Access Restrictions

LTO CM Manyifacturer'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
Other Unprotected Pages Read/Write

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).
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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.
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
tramspornder-See tabte D3:
CM Serial Number Check 4 1 This field shall be set to the byte-wise EXOR~0f)the
Byte LTO CM Serial Number bytes.
CM Size 5 1 This field shall indicate the size of theVDTO CM ip
units of 1 024 bytes. This shall be set t6)(04).
Type 6 2 This field shall indicate the type(of transponder. Thip
shall be set to (0001).
Manufacturer's 8 24 The content of this field/is not defined in thip
Information International Standagd™\and shall be ignored ip
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 thg LTO CM
Manufagturer. Byte 0 shall be the least significant byte and byte 3.shall be the most significant byte and bits 7 to 4 of byte 3
shall unjquely identify the LTO CM manufacturer.

Table D.3 - LTO CM Serial number

Byte 3 Byte.2 Byte 1 Byte 0

MSB LSB

Table D.4 - LTO CM Manufacturer's identifier

| Manufacturer's Identifier Part of Serial Number

| Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0

D.2.2 |LTO CM Write-Inhibit
This Page shall.contain 4 bytes. The LTO CM Write-Inhibit Page shall start at address 32 in the LTO CM.
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Table D.5 - LTO CM Write-Inhibit

Field Offset Bytes Description
Last Write-Inhibited 0 1 This field shall contain the number of the last 32-byte
Block Number 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 1 1 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 (U1) on an mitialised
cartridge.

NOTE - Block 1 refers to address range 32 to 63 of the ITO,€M,
therefore includes this Page itself, and the Protected (Page table.
Once this flag is set this Page cannot be changed again}

Reserved 2 2 Set to (0000).

The definitjons of uninitialised and initialised cartridge are given in D.2.4.

D.2.3 Pgge Tables

This Page phall contain 4(N+2) bytes, where N is the total number of Pages defined in the Page Table. The following table
defines twq Page Tables. These are the Protected Page Table and the Unprotectéd Page Table. Each of these tables shall consist
of two or more 4-byte Page Descriptors, followed by a 4-byte CRC. LTO{M Pages may appear in any order, ut Page
Descriptorg shall be arranged in the same order as LTO CM Pages.

The Protegted Page Table shall start at address 36 in the LTO CM, and the Unprotected Page Table shall start imnpediately
after the last protected Page.

The Page Table format is defined in table D.6.
Table D,6 - Page Tables

Field Offset Bytes Description
Page Descriptor 0 0 4 Page Descriptor
Page Descriptor 1 4 4 Page Descriptor
Page Descriptord\. 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 formaf ofthe pagp npcf‘vi}:\fnrc isdefinedintable 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: This field shall be set to 0000 for all LTO CM Pages.
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This 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

Descript

or from the Starting Address of the next Page Descriptor.

Each Page in the LTO CM shall be aligned according to the following rules:

— The
— The

Protected Page Table shall start at Address 36;

Tape Directory Page and the Tape Write Pass Page shall start on 16-byte boundaries;

— Pa
app

- Al

Each P4
the EOR
Starting
These d
the follg

An End
shall be
byte of
Unprote|

D.2.4

In the fi
not. In d
Page Taj
an unini

In the fd
where:

- RU
— RI{
—  spe

The Pro|
Table. I
fields sh

R loll ctasatst daatal £5 +la. s D d—claall I Josit 4 la_tla 4 1 t
T agCS—STIdIT STAlr T IO UTATCTy — dTtCT e~ PTCUCUUTITE T AU dITd—STIarT OCTUP Y~ CITOU ST UyTCS O UITAUTCUHICTUT NCTr rulcs to

y for the subsequent Page;
other Pages shall start on a 32-byte boundary.

oe Table may contain one or more Empty Page Descriptors following the last non-Empty Pagg-Descriptor

Address set to the same value as that of the Starting Address field of the EOPT Page Descriptor in that |

Of Page Table (EOPT) Page Descriptor shall be the last entry in each Page Table, prior to the CRC. Its P2

cted Page Table.

Page Definitions

llowing definitions, a cartridge is defined as initialised if it €ontains a valid FID Data Set, and uninitialise

alised cartridge shall contain only Empty, EOPT Page Descriptors.

specifies that a Page or a Field shall be required for both uninitialised and initialised cartridges.
pecifies that a Page or a Field shall be réquired for an initialised cartridge only.
ifies that a Page or a Field is pptional.

tected field shall indicate whether a Page may be located in the Protected (P), Unprotected (U), or either
[ a Page is optional, and_is present, then all fields in that Page shall be present. Unless otherwise specifig
all be set to valid data, or to all ZEROs to indicate that valid data is not available.

© ISO/IE
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and before

T Page Descriptor. An Empty Page Descriptor shall have its Page Version set to 0000, its Page Id set to (FFE), and its

age Table.

pscriptors may be used to reserve space in a Descriptor Table to add more descriptors without having to njove any of
wing Pages, and shall be used to pad the Page Table out so that the subsequent Page.statts on a 32-byte bounndary.

ge Version

set to 0000, and its Page Id shall be set to (FFF). Its Starting Address shall be.greater by 1 than the addres$ of the last
the last LTO CM Page defined in the table. For the Protected Page Table, this value indicates the beginning of the

d if it does

rder to be considered compatible for interchange, an uninitiglised cartridge shall have valid Protected and nprotected
bles, and certain LTO CM Pages, so that it may be distinguished from a failed cartridge. The unprotected Pajge Table of

llowing tables, the R/O field defines which LTO"€M Pages, and fields within Pages, shall be required for ipterchange,

(PU) Page
d, optional
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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

nitialisation Data 1L RL (]n]) 64

Tape Write Pass U RI (102) 48

Tape Directory U RI (103) 1552

EOD Information U RI (104) 64

Cartridge Status and Tape U RI (105) 32

Alert Flags

Mechanism Related U o (106) 384

Suspended Append Writes U RI (107) 128

[Usage Information 0 U o (108) 64 Table shall contain 0 or 4

Usage Information 1 (109) consecutive Usage Information
Pages.

[Usage Information 2 (10A)

[Usage Information 3 (10B)

Application Specific U o (200 1056

Pad PU (0] (EFC) - Used to reserve space for future
Pages, and to align some Pages
to 16-byte and 32-byte
boundaries.

Pefect 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.

FEOPT PU RU (FFF) 0 End Of Page Table.

D.2.5 Co¢mmon Pages

| contain

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 shal
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.

92

© ISO/IEC 2002 — All rights reserved


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

ISO/IEC 22050:2002(E)

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 shall contain 64 bytes.

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 set,to (0040) which
indicates the lengthyof this Page.

Cartridge Manufacturer

This field shall\contain an alphanumeric string]
identifying, the manufacturer of the cartridge
(based‘nythe Vendor Ids defined in annex I).

Serial Number

12

10

This field shall contain an alphanumeric string|

This field shall contain the serial number of th¢

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 compliance
with this format.

— Byte 0, bit 7. Cleaning Cartridge. This bit
shall be set to ONE if the cartridge contains
tape that is used for cleaning purposes. This bi
shall be set to ZERO if the cartridge does not
contain tape that is used for cleaning purposes
— Byte 0, bits 6 to 0. These bits shall be sg
to ZERO:s.

— Byte 1, bits 7 to 1. These bits shall be set
to ZERO:s.

Byte 1, bit 0. This bit shall be set to ONE if th
cartridge contains tape that can be used for the]
recording and reading of data in the format

Ay

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

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

This field shall contain the nominal thickness
of the tape, in units of 1/1 024 um. The value
used for this format shall be 9 114.

Empty Reel Inertia

RU

36

This field shall contain the nominal enpty reel
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

This field shall contain the.riominal radius of
the hub, in units of }/h.024 mm. The value
used for this format.shall be 22 528.

Full Reel Pack Radius

RU

40

This field shall be set to the nominal radius of
the pack ip-ufiits of 1/1 024 mm. Values for the
tape typ€s shall be

TypeA: 48 128
TypeB: 38 144
Type C: 33 321
Type D: 27 668

Maximum Media Speed

RU

42

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.

License Code

44

This field may be used to contain an
alphanumeric string that represents a License
Code. The format of this information is not
defined by this International Standard and is a
matter for agreement between interchange
parties.

Cartridge
Manufacturer's Use

48

12

The content of this field is not defined in this
International Standard and shall be ignored in
interchange.

CRC

RU

60

This field shall contain the CRC generated
over bytes 0 to 59 of 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.

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
lllC ic:uglh Uf Lllib Pdgc.
Servowriter RI 4 48 This field shall be set to the alphanumerie.sting
Manufacturer located in the Manufacturer's Word, ericoded 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 ovel

bytes 0 to 59 of the-Media Manufacturer
information. Sée 13.2 for details of the CRC
algorithm,

D.2.7 |Unprotected Pages
D.2.7.1 Initialisation Data
This Page shall contain 64 bytes.

Table D.13--dnitialisation Data

Field R/O Offset.)| 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 indicates
the length of this Page.
Initialising Drive RI 4 8 This field shall contain the Drive Manufacturer|
Manufacturer. Id of the drive that was the last one to write the

FID (based on Vendor Ids defined in annex I).

Drivedd 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.
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Field

R/O

Offset

Bytes

Description

Format Type

RI

22

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 fieldcin
the Cartridge Manufacturer's Page is set)to
ZERO, then this field shall be set as follows:

— Byte 0, bit 7. This bit shall be setyto ZERO.
— Byte 0, bit 6. This bit shall be’set to ZERO.

— Byte 0, bits 5 to 0. These bits shall be set
to ZERO.

— Byte 1, bits 7 to~1. These bits shall be set
to ZERO.

— Byte I bit 0. This bit shall be set to ONE.

LP1 Position

RI

24

This field'shall specify the LPOS value
corfeésponding to the location of LP1.

LP2 Position

RI

28

This field shall specify the LPOS value
corresponding to the location of LP2.

LP3 Position

RI

32

This field shall specify the LPOS value
corresponding to the location of LP3.

LP4 Position

RI

36

This field shall specify the LPOS value
corresponding to the location of LP4.

LP5 Position

RI

40

This field shall specify the LPOS value
corresponding to the location of LP5.

LP6 Position

RI

44

This field shall specify the LPOS value
corresponding to the location of LP6.

Reserved

48

12

These bytes shall all be set to (00).

CRC

RI

60

This field shall contain the CRC generated over
bytes 0 to 59 of this Page. See 13.2 for details
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

1 1 1 fel D
UIC ICITEUT O UILS T"dgl.

Tape Alert Flags o 4 8 This information is not required for interchange.

This field shall be set to all ZEROs when'the
cartridge is threaded.

If used, this field shall be set toythe Tape Alert
flags as determined by the driye’

The Tape Alert flags aré\nuimbered from 1 to 64
and shall be mapped (so)that flag 1 shall be
contained in bit 7~0fbyte 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 fi€ld shall indicate the total number of time}
that the leader pin has been extracted from the
cattridge starting with the instance when the
cartridge was first initialised. This field shall be
incremented by one each time that the leader 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 field
shall be set as follows:

(0000): Shall indicate that the cartridge was
unloaded normally.

(0001): Shall indicate that the cartridge was not
unloaded normally but that the drive was not

writing at that time. This value shall be set just
after the cartridge is loaded into the drive, or aft¢r
the completion of any write operation.

(0002): Shall indicate that the tape in the cartridge
was not unloaded normally and that the drive wa
writing at that time. This value shall be set beforg
the drive starts to write to the tape.

2]

Reserved RI 1R 10 These bvtes 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.
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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 Olfset | bytes Description
Page Id RI 0 2 This field shall be set to (0108) to (010B)
indicating the Usage Information Page.
Page Length RI 2 2 This field shall be set to (0040) whichindicates
the length of this Page.
Drive Manufacturer O 4 8 This field shall identify the manufacturer of the

drive that last updated this Usdge Information
Page. See annex 1.

Drive Id 0] 12 10  [This field shall contain all ZEROs or an identifier
as specified by, the Manufacturer of the drive that
last updated this Usage Information Page.

Suspended Writes at RI 22 2 This field shall contain the total number of Servo

Append Tracking Errors (see 15.10) that resulted in a
Write at an Append point being suspended. This
ifnplies that the suspension occurred before
sufficient CQ Sets were written to tape to
invalidate the Data Set that was supposed to be
overwritten.

Thread Count RI 24 4 This field shall be set to the same value as
contained in the Thread Count in the Cartridge
Status and Tape Alert Flags section at the time it
was recorded.

[otal Data Sets Written RI 28 8 This field shall specify the total number of Data
Sets written to the tape.

Total Data Sets Read RI 36 8 This field shall specify the total number of Data
Sets read from to the tape.

Total Write Retries RI 44 4 This field shall specify the total number of Write
Errors (a failure to finish writing a Data Set due to
excessive RWW retries), where a subsequent
attempt to write the Data Set succeeded.

Total Read Retries RI 48 4 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 RI 52 2 This field shall specify the total number of Write
Errors Errors that resulted in a backup being terminated.
Total Unrecovered Read RI 54 2 This field shall specify the total number of Data
Errors 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 gver
bytes 0 to 59 of this Page. See 13.2 for details of
the CRC algorithm.
Tape Write Pass

be shall contain 48 bytes. The Tape Write Pass value encoded in this page shall be‘equal to the largest valpe of Write

brded in any Codeword Pair Header of any Codeword Quads recorded on this tapeyas 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, §ll 8 4-byte
all be set to the same value. Otherwise, Write Pass Fields 0 to N-1 shall be\greater by 1 than Write Pass Fi¢lds N to 7,
is equal to the Tape Write Pass value mod(8). This results in each Wiite Pass Field 0 to 7 being incremented by 1 in

he Tape Write Pass value is incremented, which is intended to extendithe useful life of this Page within the JTO CM.

fields sh
where N
turn as t

This Pa
Page m4

Mappin

be does not contain a CRC, since that field would be updated every time Write Pass is updated. The integrity of this

y be determined by verifying that the 8 fields are set to values‘consistent with this International Standard.

b for each Write Pass Field to the LTO CM is shown in table D.16.

D.2.7.5

Table D.16 ~TFape 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 R1 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 Pass‘Field 2 RI 24 4

Write-Pass Field 3 RI 28 4 |As defined above.

Write Pass Field 4 RI 32 4

write Fass Field > KI 30 4

Write Pass Field 6 RI 40 4

Write Pass Field 7 RI 44 4

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

Eield R/O QOffset | Bytes n‘_l_s(‘ripﬁnn
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) which indicates
the length of this Page.

FID Tape Write Pass o 4 4 The content of this field is notdefined 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 contengts 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

Section

This field shall specify the Data Set Identity of the last
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 the
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 field is not defined for interchange.

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 =5 16(Wrap Section).

The Offket for each element of the information for wrap section N is at
Offset (Pata Set Id) = 16N

Offset (Record Count) = 16N + 4

Offset (File Mark Count) = 16N + 8

Offset (CRC) = 16N + 12

D.2.7.6 EOD Information
This Page shall contain 64 bytes.

Table D.19 - EOD Informatien

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 indicate
the length of this Page.

Tape Write Pass for last RI 4 4 This field shall indicate the current value of the
written EOD Tape Write Pass.
Thread Count RI 8 4 This field shall specify the value of the Thread

Count field in the Cartridge Status Information
when the EOD Data Set was written.

Record count at EOD RI 12 6 This field shall specify the number of Records
that are contained on the tape between BOT
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 between
BOT and EOD.
EQOD Data Set Number RI 24 4 This field 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 identifies
the location of EOD

(0002): A Backup was in progress, and so there

is no EOD Data Set on tape. The EOD
Information Page shall specify details of a Data
Set that is known to be at or before the current
location on tape.

(0003): A Backup has been perforimed, but the
drive failed to write the EOD Data Set to tape
correctly. The EOD Informatioh Page shall
contain details of the Data.Sét that caused the
Backup to fail.

First CQ Set Number

RI

34

This field shall specify the Absolute CQ Set
Number (ACN) ‘of the first CQ Set in the EOD
Data Set.

Physical Position of
EOD

RI

36

This fieldsshall specify the LPOS value
information at which EOD was written. This
shall be a value for a LPOS Mark that lies
within, or before, the DSS preceding the EOD
Data Set.

Reserved

40

20

These bytes shall be set to all (00).

CRC

60,

This field shall specify the CRC generated over
bytes 0 to 59 of this Page. See 13.2 for details
of the CRC algorithm.

Validity of
complete)
to tape (i.e
When writ
position of]

When writ
the content]

If the read

EOD: This shall be set to~ (0002) when writing starts, and to (0001) when writing ceases (i.e. the B
ind an EOD Data Set has-been written. It shall be set to (0003) if writing fails because a Data Set cannot b
the Backup has failed‘and’there is no EOD Data Set on tape).

ng starts at any peint/except EOD, the information in the rest of this Page shall be updated to reflect the coq

the first Data Set being written.

ng proceeds, from one Wrap Section to the next, the information in the rest of this Page shall be updated t
and position of the first Data Set written to the newly started Wrap Section.

ng drive detects that the information in the EOD Information is incorrect, it shall set the Validity of EOD)

until the P4

o¢€us reconstructed correctly.

hekup is
P written

itent and

o reflect

to (00),
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