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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission) form the
specialized system for worldwide standardization. National bodies that are members of ISO or IEC participate in the
development of International Standards through technical committees established by the respective organization to deal with
particular fields of technical activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other
international organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the work. In the
field of information technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.
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INTERNATIONAL STANDARD

ISO/IEC 22051:2002(E)

Information technology — Data interchange on 12,7 mm, 448-track
magnetic tape cartridges — SDLT1 format

1

Section 1 - General
Scope

This International Standard specifies the physical and magnetic characteristics of a 12,7 mm wide, 448-track magnetic tape
cartridge, to enable physical interchangeability of such cartridges between drives. It also specifies the quality of the recorded
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ISO 100

drives. Together with a labelling standard, for instance ISO 1001 for Magnetic Tape Labelling, it alloy
hge by means of such magnetic tape cartridges.

Conformance

Magnetic tape cartridges

ptic tape cartridge shall be in conformance with this International Standard if it satisfi€s all mandatory requ|
fnational Standard. The tape requirements shall be satisfied throughout the extent of the tape.

generating a magnetic tape cartridge for interchange shall be in conformanee with this International Sta
rdings that it makes on a tape according to 2.1 meet the mandatory requirefnents of this International Standa

on, a claim of conformance shall state
ther or not one, or more registered algorithm(s) are implemented within the system,
egistered identification number(s) of the implemented compression algorithm(s).

Receiving systems

n receiving a magnetic tape cartridge for interchange shall be in conformance with this International Stan|
andle any recording made on a tape according to-2:1.

on, a claim of conformance shall state

ther or not one, or more de-compressjon.algorithm(s) are implemented within the system, and are able to b
ompress data prior to making such data‘available to the host,

egistered identification number(s)'of the implemented compression algorithm(s).

Normative references

owing normative docuiments contain provisions which, through reference in this text, constitute provisi
onal Standard. For7dated references, subsequent amendments to, or revisions of, any of these publicati
[owever, partigs) to’ agreements based on this International Standard are encouraged to investigate the pd
the most recent editions of the normative documents indicated below. For undated references, the latest ed
e documéntireferred to applies. Members of ISO and IEC maintain registers of currently valid International

1:198624nformation processing — File structure and labelling of magnetic tapes for information interchang

ISO 130
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2:2002, Geometrical Product Specifications (GPS) — Indication of surface texture in technical product dod

Lumentation

ISO/TEC 11576:1994, Information technology — Procedure for the registration of algorithms for the lossless compression of

data

4

Terms and definitions

For the purpose of this International Standard, the following terms and definitions apply.

4.1

back surface

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

4.2

Beginning-Of-Tape marker (BOT)

A hole punched on the centreline of the tape towards the end nearest to the leader.

© ISO/IEC 2002 — All rights reserved
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4.3 block
A set of contiguous bytes recorded on a physical track and considered as a unit.
4.4 byte

An ordered set of bits acted upon as a unit.

NOTE - In this International Standard, all bytes are 8-bit bytes.

4.5 cartridge
A case containing a single supply reel of 12,7 mm wide magnetic tape with a leader attached at the outer end.

4.6 Cyclic Redundancy Check (CRC) character

A 64-bit cHaracter, generated by a mathematical computation, used for error detection.
4.7 Exror-Detecting Code (EDC)

A mathemgtical computation yielding check bytes used for error detection.

4.8 End-Of-Tape marker (EOT)
A hole puntched on the centreline of the tape towards the end farthest from the leader.

4.9 Entity

A group of{twenty blocks treated as a logical unit.

4.10 Exror-Correcting Code (ECC)

A mathemgtical computation yielding check bytes used for the correction of errors’detected by the CRC and the EDC.

4.11 Envelope
A group of{ Entities.

4.12 Envelope size

The numbdr of Entities in an Envelope.

4.13 flyx transition position
The point that exhibits the maximum free-space flux density normal to the tape surface.

4.14 flyx transition spacing

The distange on the magnetic tape between successive flux transitions.

4.15 logical track

A group offeight physical tracks that are ritten or read simultaneously.

4.16 mpgnetic tape

A tape thaf accepts and retains miagnetic signals intended for input, output, and storage purposes on computers and as

equipment
4.17 Miaster Standard-Reference Tape
A tape selefcted as the standard for Reference Field, signal amplitude, resolution, and overwrite characteristics.

NOTE - Thq Mastér;Standard Reference Tape has been established by the Quantum Corporation.
4.18 objeet

A Record or a page of type Tape Mark.
4.19 page
A logical division of a block.

4.20 recording density

The number of recorded flux transitions per unit length of track.

4.21 physical track
A longitudinal area on the tape along which a series of magnetic signals can be recorded.

sociated

2 © ISO/IEC 2002 — All rights reserved
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4.22 Record

User data processed as described in Clause 12.

4.23 Reference Edge

The bottom edge of the tape when viewing the magnetic coating of the tape with the BOT to the left and the EOT to the right
of the observer.

4.24 Reference Field
The Typical Field of the Master Standard Reference Tape.

4.25 Secondary Standard Reference Tape

4 1 4 LS e 1 1 1 I, B T PERA | £ LN Qe 1 1R fa'nl
A tape UTTTITAT aCTTTTSTITS U1 WIITCIT aIrC KITOWIT dIId STatTU 1T TCIATTOIT TU UTOST OT UIT IVIASTICT STaTdarad NCTICTCIICT T dpu

NOTE -|Secondary Standard Reference Tapes can be ordered under Reference "SSRT/SDLT1" from Quantum Corporation, 333 South
Street, Shirewsbury, Mass. 01545-4195, USA. It is intended that these be used for calibrating tertiary reference tapes forgroutine Tlibration.

In principle, these Secondary Standard Reference Tapes will be available for a period of 10 years from the publication of the fist version of
this Intefnational Standard. However, by agreement between ECMA and Quantum Corporation, this period may-be changed|to take into
account the demand for such Secondary Standard Reference Tapes.

4.26 [Standard Reference Amplitude (SRA)

The Avgrage Signal Amplitude from the Master Standard Reference Tape when it is recorded“with the Test Recordjng Current
at 2 700|ftpmm.

4.27 |Standard Reference Current

The curtent that produces the Reference Field.

4.28 |Test Recording Current
The curgent that is 1,1 times the Standard Reference Current.

4.29 |Typical Field

In the plot of the Average Signal Amplitude against the recording field at 2 700 ftpmm, the minimum field tha} causes an
Averagd Signal Amplitude equal to 95 % of the maximum, Ayerage Signal Amplitude.

5 Conventions and notations
5.1 Representation of numbers

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

— A rpeasured value is rounded off ¢o\the least significant digit of the corresponding specified value. It implies that a
spe¢ified value of 1,26 with a poSitive tolerance +0,01, and a negative tolerance -0,02 allows a range of measpired values
froth 1,235 to 1,275.

— In gach block and in eachdield the bytes shall be arranged with Byte 1, the least significant, first. Within each Byte the bits
shall be arranged with(Bit 1, the least significant, first and Bit 8, the most significant bit, last. This order applies to the
datd, and to the inpuf.aind output of the error-detecting and error-correcting codes, and to the cyclic redundancy haracters.

— Letfers and digits:in parentheses represent numbers in hexadecimal notation.
—  Thd settingwofbits is denoted by ZERO or ONE.

—  Nuinbersin binary notation and bit patterns are represented by strings of digits 0 and 1 shown with the most significant bit
to the left

5.2 Dimensions

The dimensions in figures 1 to 3 are nominal dimensions. Unless otherwise stated, all dimensions in the other figures are in
millimetres with a tolerance of + 50 mm.

5.3 Names

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

5.4 Acronyms
BOT Beginning of Tape

© ISO/IEC 2002 — All rights reserved 3
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CAF
CF1
CF2
CRC
CTl1
CT2
FAF1
FAF2
ECC
EDC
EOD
EOT
EOTR
SRA

6

Coarse Alignment Field

Control Field 1

Control Field 2

Cyclic Redundancy Check (character)
Calibration Track 1

Calibration Track 2

Fine Alignment Field 1

Fine Alignment Field 2
Error-Correcting Code
Error-Detecting Code

End of Data
Endof qup

End of Track
Standard Reference Amplitude

Environment and safety

Unless oth¢rwise stated, the conditions specified below refer to the ambient conditions in the test or computer room af
those withip the tape drive.

6.1

Cartridge and tape testing environment

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

— tempefature: 23°C+2°C
— relativp humidity: 40 % to 60 %
— conditloning before testing: 24 h min.

6.2

Cartridge operating environment

Cartridges psed for data interchange shall be capable of operating undérthe following conditions:

— tempefature: 10 °C to 40 °C
— relativp humidity: 20 % to 80 %
—  wet bulb temperature: 26 °C max.

NOTE - Lofalised tape temperatures in excess of 49 °C may cause tape damage.

If during 4torage and/or transportation a cartridge"has been exposed to conditions outside the above values, it
conditioned before use by exposure to the operating environment for a time equal to, or greater than, the time away
operating gnvironment up to a maximum of.24:-h. There shall be no deposit of moisture on or in the cartridge.

hd not to

rnational

shall be
from the

or in the

6.3 Cartridge storage environment

Cartridges phall be stored under the(following conditions:

— tempefature: 16 °Cto 32 °C

— relativp humidity: 20 % to 80 %

— wet bulb temperature: 26 °C max.

The stray rhagnetic field at any point on the tape shall not exceed 4000 A/m. There shall be no deposit of moisture on
cartridge.

6.4 Sqaféty

The cartridge and its components shall satisfy the requirements of IEC 60950 when used in the intended manner or in any
foreseeable use in an information processing system.

6.5

Flammability

The cartridge and its components shall be made from materials which, if ignited from a match flame and when so ignited, do
not continue to burn in a still carbon dioxide atmosphere.

6.6

Transportation

This International Standard does not specify parameters for the environment in which cartridges should be transported. Annex
G gives some recommendations for transportation.

© ISO/IEC 2002 — All rights reserved
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Section 2 - Requirements for the unrecorded tape

The measurements specified in Section 2 shall be performed on an unrecorded tape with servo marks

(See 7.20) on the back surface.

7
7.1

Mechanical and electrical requirements
Material

The tape shall consist of a base material (oriented polyethylene terephthalate film or its equivalent) coated on one surface 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.

7.2 Tape length

The length of the tape from the leader splice to the hub shall be 558 m = 1 m.

7.3 Tape width

The width of the tape shall be 12,649 mm + 0,010 mm.

The width shall be measured across the tape from edge to edge when the tape is under a tension of less than 0,28 N.
7.4 Tape thickness

The totall thickness of the magnetic tape at any point shall be between 8,20 pm and 9,30 im:

7.5 Discontinuity

There shall be no discontinuities in the tape between the BOT and EOT,sueh as those produced by tape
perforatfons.

7.6 Longitudinal curvature

The longitudinal curvature is measured as the departure of the Reference Edge of the tape from a straight ling
longitudinal dimension of the tape in the plane of the tape surface.

7.6.1 [Requirements

Any deviation of the Reference Edge from a straight line;shéll be continuous and shall not exceed 0,076 mm with
mm length of tape.

7.6.2 |Procedure

i.  Megsure at a tension of 1,39 N + 0,28 N ip-a-test fixture equipped with two guides spaced at 229 mm.

il. Spring-load the two guides to position the'Reference Edge of the tape against two edge control surfaces.

iii. Megsure the maximum deviation of the.Reference Edge of the tape from the line drawn between the two contro
7.7 Out-of-Plane distortions

All visupl evidence of out-of-plang distortion shall be removed when the tape is subjected to a uniform tension of
of-plang distortions are local deformations which cause portions of the tape to deviate from the plane of the surface
Out-of-glane distortions aré-most readily observed when the tape is lying on a flat surface under no tension.

7.8 Cupping

The depprture acressythe width of the tape from a flat surface shall not exceed 2,54 mm.

Procedyre

i. Cut]all;0'm =+ 0,1 m length of tape. Condition it for a minimum of 3 h in the test environment by hanging it s

il.

ii.

splicing or

along the

in any 229

surfaces.

D,6 N. Out-
of the tape.

o that both

surfaces are frecty eXposed 10 e (St CITVITOIITIT.

From the centre portion of the conditioned tape cut a test piece of approximately 25 mm length. Stand the test piece on its

end

in a cylinder that is at least 25 mm high with an inside diameter of 13,0 mm + 0,2 mm.

With the cylinder standing on an optical comparator measure the cupping by aligning the edges of the test piece to the
reticle and determining the distance from the aligned edges to the corresponding surface of the test piece at its centre.

© ISO/IEC 2002 — All rights reserved
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7.9 Roughness of the coating surfaces

7.9.1 Roughness of the back coating surface

The back coating surface shall have an arithmetic average roughness R,y between 0,003 um and 0,027 pm (ISO 1302:N 2).

This measurement shall be made using a contacting stylus of radius 12,5 pm with a 20 mg load, and a 254 pm cut-off range.

7.9.2  Roughness of the magnetic coating surface

The magnetic coating surface shall have an arithmetic average roughness R, between 0,003 um and 0,008 um (ISO 1302:

N 3). The s

et up for this measurement shall be identical with that of 7.9.1.

7.10 Coating adhesion

The force
Procedure

i. Take 4
of the
ii. Using
magne

iii. Fold the test piece over 180°, adjacent to, and parallel with, the scribed line. Attach the métal plate and the free e}

test pig
iv. Note t

has failled the test. If the test piece peels away from the double-sided pressure sefisitive tape before the force 0,0

alternd

v. Repea

7.11 Layer-to-layer adhesion

Layer-to-Ia
adjacent la

7.11.1 R¢

cquired-to peel any part of the coating from the tape base material shall not be less than 0 016 N

test piece of the tape approximately 380 mm long and scribe a line through the recording coating'across t
ape 125 mm from one end.

a double-sided pressure sensitive tape, attach the full width of the test piece to a smogdth metal plate,
tic coating (recording surface) facing the plate, as shown in figure 1.

ce to the jaws of a universal testing machine and set the speed of the jaw separation, to 254 mm per min.
he force at which any part of the coating first separates from the base material”If this is less than 0,016 N,

tive type of double-sided pressure sensitive tape shall be used.

i) to iv) for the back coating.

Recording surface Scribed line
<+ |
J e (i |

S
T

— 125 mm —p Pressure-sensitive tape

93-0120-A

Figure 1 - Measurement of coating adhesion

yer adhesion' refers to the tendency of a layer, when held in close proximity to the adjacent layer, to bond its
er sothaf free and smooth separation of the layers is difficult.

quiréments

he width

with the

nd of the

the tape
10 N, an

elf to an

There shal
7.11.2 Pr

be no evidence oI delamination or other damage to the coatings.

ocedure

i.  Fasten one end of a 914 mm length of tape, magnetic coating inwards, to a horizontally mounted stainless steel cylinder

with a

low cold-flow adhesive material.

ii. The dimensions of the cylinder shall be:

- diameter: 12,7 mm

- length: 102 mm

© ISO/IEC 2002 — All rights reserved
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iii. Attach a mass of 1 000 g to the opposite end of the tape.
iv. Attach, 25,4 mm above the mass, a narrow strip of double-sided adhesive tape to the magnetic coating.

v. 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.

vi. 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 %

vii. Opgn the end of the roll and remove the double-sided adhesive tape.

viii. Relgase the free end of the tape.

ix. Thd outer one or two wraps shall spring loose without adhesion.

x. Hold the free end of the tape and allow the cylinder to fall, thereby unwinding the tape.

xi. Thdtape shall show no coating delamination, except for the 51 mm of tape nearest to the‘cylinder.

1000 g

94-0085-A

Figure 2 - Measurement of layer-to-layer adhesion

7.12 |Modulus of elasticity
The modhilus of elasticity (Young's modulus) is the ratio of stress to strain in the longitudinal direction.

7.12.1 Requirement
The modulus of elasticity shall be between 5 884 N/mm? and 11 768 N/mm?.

7.12.2 Procedure

i. Clamp a test piece of tape at least 180 mm in length with an initial 100 mm separation between the jaws of a universal
testing machine with a nominal crosshead speed of 3 mm per minute.

ii. Calculate the modulus using the chord of the curve between the force at 0 % and 1 % elongation.

© ISO/IEC 2002 — All rights reserved 7


https://standardsiso.com/api/?name=7c2929a415a75f4747ec0c3db7d783d7

ISO/IEC 22051:2002(E)

7.13  Flexural rigidity

Flexural rigidity is the ability of the tape to resist bending in the longitudinal direction.

7.13.1 Requirement

The flexural rigidity of the tape in the longitudinal direction shall be between 3 x 10=7 N-mm and 9 x 10~7 N-mm.

7.13.2 Procedure
Calculate the flexural rigidity D from the following equation:

Ef
:E(l—uz)

where:

E =mo
t  =mes
v =Poi
7.14 T
The tensile
7.14.1 P
i. Usea

ii. Clamp
iii. Elongs
iv. The fo

lulus of elasticity obtained from 7.12
sured thickness of the tape in mm
son's ratio, set to 0,33

nsile yield force
yield force required to elongate the test piece by 3 % shall not be less than 9,6 N.

ocedure

a test piece of tape at least 178 mm long with an initial 102 mm separatiofi between the jaws.
te the test piece at a rate of 51 mm per minute until a minimum elongation of 10 % is reached.

rce required to produce an elongation of 3 % is the tensile yield force.

7.15 Electrical resistance

7.15.1 Rd
The electri

— begre
—  not ex
The electri
— notex

7.15.2 Pr

quirement

tal resistance of any square area of the magnetic coating shall

hter than 100 Q
eed 50x 1012 0

bal resistance of any square area of the-bagk coating shall
eed 100 x 100 Q

ocedure

i.  Condifion a test piece of tape in the-test environment for 24 h.

ii. Positig
at leas

n the test piece over two 24-carat gold-plated, semi-circular electrodes having a radius » = 25,4 mm and a
N4, so that the recording surface is in contact with each electrode.

iii. Place these electrodes parallel to the ground and to each other at a distance d = 12,7 mm between their centres.

iv. Apply
v. Apply

a force F0f\[,62 N to each end of the test piece.

a d.c.wvoltage of 100 V + 10 V across the electrodes and measure the resulting current flow.

vi. From llhis value, determine the electrical resistance.

tatic-weighing-constant-rate-of-grip separation tester capable of indicating th¢load with an accuracy of 2 %.

finish of

vii. Repeat for a total of 5 positions along the test piece and average the 5 resistance readings.

viii. For the back coating repeat the procedure with the back surface in contact with the electrodes.
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7.16
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annex H
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annex Al

7.18
Tape ab
depth of
7.19

The cod
titanate

7.19.1

Betweei]
Betweet]
Betwee

7.19.2

1.

il.

iil.

iv.

Vi.
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Exg

7 3
F
93-0050-B

Figure 3 - Measurement of electrical resistance

ounting the test piece, make sure that no conducting paths exist between the electrodes except that through
5t.

Particular attention should be given to keeping the surfaces clean.

Inhibitor tape

ernational Standard does not specify parameters for assessing whether orynot a tape is an inhibitor tape
gives further information on inhibitor tapes.

Light transmittance of the tape and the leader

t transmittance of the tape and the leader shall be less than 5 % when measured according to the method

Abrasivity

Fasivity is the tendency of the magnetic coating to.wear the magnetic heads. When measured according to a
the wear pattern in the specified ferrite bar shall be in the range 45 um to 65 pm.

Coefficient of dynamic friction

fficient of dynamic friction shall be measured between the two surfaces of the tape and between them a
Ceramic.

Requirements
the magnetic surface and the back surface : greater than 0,15
the magnetic surface and-calcium titanate ceramic: 0,05 to 0,35
the back surface and caleium titanate ceramic: 0,05 to 0,20

Procedure for the measurement of the friction between the magnetic surface and the back surface

p a first piece‘ef'tape around a calcium titanate ceramic cylinder (R, = 0,05 pm) of diameter 25,4 mm and Y
fal wrap aggle of more than 90° with the back surface outwards.

p a second test piece, with the magnetic surface inwards, around the first test piece with a total wrap angle

the coating

| However,

pecified in

hnex B, the

nd calcium

rap it with

£90°.

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

Attach the other end to a force gauge mounted on a linear slide.

Drive the slide at a speed of 1 mm/s, measure the force F', required.

Calculate the coefficient of dynamic friction y from the equation

—llni
"7\ R

where ¢ is the value of the wrap angle in radians.
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7.19.3 Procedure for the measurement of the friction between the magnetic surface or the back surface and calcium
titanate ceramic

i.  Wrap a piece of tape around a calcium titanate ceramic cylinder (R, = 0,05 um) of diameter 25,4 mm and wrap it with a
total wrap angle of 90° with the magnetic surface or the back surface, as appropriate, inwards.

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

iii. Attach the other end to a force gauge mounted on a linear slide.

iv. Drive the slide at a speed of 1 mm/s, measure the force F, required.

v. Calculate the coefficient of dynamic friction y from the equation

—llni
"7\

where [¢ is the value of the wrap angle in radians.

7.20 Sdrvo

There shall be four servo bands of 17 servo tracks each. In each servo band these servo tracks shallbe numbered 0 to [16. Each
servo track|shall consist of servo marks recorded on the back side of the tape.

7.20.1 Seyvo Bands
The four sqrvo bands recorded optically are designated as Servo Bands 0, 1, 2 and 3.

The centreline of Servo Track 0 of Servo Band 0 shall be at a distance of 2,43 mni« 0,05 mm from the Reference Edgg.

All Servo Bands shall be at a distance from their adjacent band(s) of 2,794 0 mm = 0,018 0 when measured betyeen the
centrelines|of their respective Servo Track 0.

The cumulitive error over the distance between Servo band 0 and Servo,band 3 shall not exceed = 0,0018 0 mm.

Yervo Band 3 x\J

27940i00180

\
|
E

Jervo Band 2 N\

Yervo Band 1 N>

27940100180

$ervo Band 0

( 243ﬂ:005
\

v

Reference Edge /

Figure 4 — Servo Bands

00-0055-A
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Servo Tracks

Each servo mark shall have a diameter of 12,0 um + 0,6 um (See figure 5). They shall be at a distance of 141,0 pm £+ 2,0 pm
from each other. The servo tracks shall be at a distance of 24 um + 1 pm from each other. In every second servo tracks the
servo marks shall be shifted by 70,5 pm + 2,0 um relative to those in the adjacent servo tracks. In each servo band the
cumulative tolerance over the distance between Servo Track 0 and Servo Track 16 shall not exceed 1 pm.

7.20.3

Signal

When the optical beam from an optical pickup is focussed on the back side of the moving tape, a series of pulses due to the
servo marks will be detected by the detector in the pickup. The modulation amplitude of the envelope divided by 212 is called
the signal. Measurements shall be performed with the incident beam from the spectrometer being perpendicular to the sample
surface within 10°. The wavelength of the light beam shall be in the range 250 nm to 1 100 nm.

7.20.4
When tlf
noise. T|
noise. T

7.20.5

If the re
be a mi
consecu
of 7.20.4

Signal-to Noise Ratio

jc focussed beam traverses the tape over the non-marked zone, the reflected beam, as seen by the'detect
his noise signal shall be low-pass filtered at a cutoff of 4 kHz at the 3 dB point. The resultant RMS val
he Signal-to-Noise Ratio shall be 24,5 dB £+ 1,5 dB.

Missing servo mark

uirement for the Signal-to-Noise Ratio of 7.20.4 is not satisfied by three consecutive,seryo marks, this is cq
ssing servo mark. Over 100 consecutive servo marks there shall not be more than_ene missing servo n

or contains
e is called

nsidered to
ark. In the

ive 100 servo marks following such a missing servo mark, there shall not be anyservo mark missing the fequirement

L. If the tape presents 4 consecutive missing servo marks, it shall be rejected.
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Servo Track

Number < »
l 141,0 um = 2,0 um <4 » 70,5 pm+ 2,0 um
O (D) \
16 O O
15 (M (N (N
A4 \ o
O 0O
14 —O O O
13 AN Jan\ Y
N N N
O O 0O b 4
12 / (O (O (0
11 0O O 0O
( J S N\ A
10 O O O
\ 240 pm + 1[0 pm
9 0O O 0O
\ J N o
3 O O O
N4 A4 A
7 ) O )
N h =4 o
6 N 0O )
O/ O/ Lo
5 ) ) O
O o O /
4 0O Y O
Ao \ \ (
3 ) I )
O o O \
) Y Y 0O
Ao \ \ \
1 O O 0O
N4 A4 Ny \
0 0O 0O 0O
A p o J \
> e 12,0 pm <+ 0,6 fim
00-005p-A
Figure 5 — Servo Tracks
8 agnetic recording characteristics
The magnetic recording characteristics shall be defined by testing the requirements given below.
hlibrated
ile-write

12

Tape condition:

Tape speed:
Read track:

Gap alignment:

Write gap length:

Write gap width:
Read gap length:

a.c. erased to 2 % or less of the Average Signal Amplitude
2,946 m/s + 0,029 m/s

within the written track

the read gap and the write gap to be parallel within 2,54 um
1,00 pm + 0,10 pm

23 um= 1 pm

0,376 3 um + 0,037 6 um
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— Read gap width: 14 um=+ 1 ym
—  Tape tension: 0,83 N+0,01 N
— Recording current: Test Recording Current
—  Physical recording
density 5400 ftpmm + 100 ftpmm
— Bandwidth of the read
amplifier 25,0 MHz
8.1 Typical Field
The Tygical Field shall be between 85 % and 125 % ol the Relerence Field.
Traceabjlity to the Reference Field is provided by the calibration factors supplied with each Secondary Standard
Tape.
8.2 Signal amplitude
The Avgrage Signal Amplitude shall be between 85 % and 115 % of the SRA.
Traceabjlity to the SRA is provided by the calibration factors supplied with each Secondary Standard Reference Tap
8.3 Resolution
The ratip of the Average Signal Amplitude at 2 700 ftpmm to that at 1 350 ftpmm shall"be between 85 % and 13

same rafio for the Master Standard Reference Tape.

Traceab
Second4

lity to the resolution of the Master Standard Reference Tape is provided by the calibration factors supplie
ry Standard Reference Tape.

8.4

Overwri

Overwrite
te is the ratio of the residual signal of the Average Signal Amplitude recorded at 675 ftpmm after being ov

5400 ftpmm to the average signal amplitude of the 675 ftpmm signal.

8.4.1
The ove

Traceab
Second4

9
9.1

A missi
Averagg
measure

9.1.1

The ave

9.2

A missil

Requirement
rwrite for the tape shall be less than 110 % of the gverwrite for the Master Standard Reference Tape.

lity to the overwrite of the Master Standard Reference Tape is provided by the calibration factors supplie
ry Standard Reference Tape.

Tape quality
Missing pulses

hg pulse is a loss of read signal amplitude. When a base-to-peak read signal amplitude is less than 40%
Signal Amplitude (See(8.2) for the preceding 25,4 mm of track, then these 25,4 mm constitute a missing
ment shall be carried\oub in steps of 25,4 mm of track.

Requirement

Fage missinggulse rate shall be less than 20 missing pulses for any recorded length of track of 100 m.

Missing pulse zone
\g pulsezone is a sequence of missing pulses exceeding 100 mm.

Reference

o

5 % of the

i with each

brwritten at

] with each

of half the
pulse. This

9.2.1

Réquirement

Missing
9.3

pulse zones shall not occur.

Tape durability

This International Standard does not specify parameters for assessing tape durability. However, a recommended procedure is
described in annex J.

© ISO/IEC 2002 — All rights reserved

13


https://standardsiso.com/api/?name=7c2929a415a75f4747ec0c3db7d783d7

ISO/IEC 22051:2002(E)

Section 3 - Mechanical specifications of the tape cartridge

10 General

The tape cartridge shall consist of the following elements

— acase

— areel for the magnetic tape

— alocking mechanism for the reel

— amagnetic tape wound on the hub of the reel
— a write-inhibit mechanism

— atape leader

Dimensionfl characteristics are specified for those parameters deemed mandatory for interchange and compatiblé u
cartridge. Where there is freedom of design, only the functional characteristics of the elements described are indicated.

Where they are purely descriptive the dimensions are referred to three reference planes A, B, and C forming a ged
trihedral. Where the dimensions are related to the position of the cartridge in the drive, they may be-feferenced to
surface of the cartridge.

In the enclgsed drawings a typical implementation is represented.

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
Figure 20
Figure 21
Figure 22

shows a general view of the cartridge.

shows the reference planes A, B, C.

shows the bottom side of the cartridge.

shows the right side of the cartridge.

shows the back side of the cartridge with the door closed.

shows the left side of the cartridge.

shows a partial cross-section of the cartridge in locked position.
shows a partial cross-section of the cartridge in operating.position.
shows the leader-to-tape connection.

shows the splice of the leader-to-tape connection,

shows a partial top view at a larger scale of the buckle of the leader.
shows a perspective view of the relative position of the leader buckle and the take up part before con
shows a partial, enlarged view of figure 17.

shows a perspective view of the relative(position of the leader buckle and the take up part after contag

shows the front side of the cartridge:
shows the position of the door lo¢k'en the back side of the cartridge.
shows the back side of the carttidge with the door open.

Figure 6 sHows a general view of the cartridge: When it is not in the operating position, the reel of magnetic tape is lo
cannot rotgte. When loaded into the drive, the back side is introduced first and the front side remains visible during o
During the|loading process the tape reelis unlocked and the position of the cartridge within the drive is fixed by ele
the drive efigaging with corresponding elements of the case.

The positidn of the case relative-to the reference planes A, B and C is shown in figure 7. The top side lies in reference
the right sigle lies in reference plane B and the back side lies in reference plane C.

10.1 Be¢ttom

side and right side (Figures 8 and 9)

The overal| dimensions’of the cartridge shall be

[ =105579'mm £ 0,20 mm

e of the

metrical
another

act.

—

ked and
peration.
ments of

plane A,

N PN A0
12 — 1V, 51 1T T U, ZU 111

3 =25,40 mm £ 0,25 mm

The bottom side shall have a window the dimensions and the position of which shall be defined by

[;=4,85 mm= 0,05 mm

[s=6,25 mm = 0,10 mm

le = 83,61 mm 0,20 mm

I;=3,81 mm 0,05 mm

14
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This window allows one of the fingers of the drive to penetrate into the case for partially unlocking the reel of tape (See 10.6).

A positioning hole on the bottom side and a guiding notch, followed by a positioning notch in the right side determine the
position of the cartridge in the drive.

The dimensions and the position of the positioning hole shall be defined by

The dimensions and the position of the positioning notch shall be defined by

The dimensions and the position of the guiding notch shall be defined by

The right side shall have an indicator conriec¢ted to the manually operable write-inhibit switch described in
dimensipns and the position of this indicator-shall be defined by

Writing Jis enabled-wilien the surface of the indicator is substantially flush with the cartridge wall. When this surface
by at legst 5,1 mm.writing is inhibited. When a force of up to 1,0 N is exerted perpendicularly on the centre of thg
the indigators 1¢shall not recede by more than 0,5 mm from reference plane B.

10.2

lg =21,59 mm + 0,10 mm

+0,13 mm
ly = 4,45 mm
- 0,00 mm

l =10 AWAY
10 57 T =9 U0 TITIIT

[ = 44,58 mm = 0,20 mm

[} =5,56 mm = 0,10 mm
s = 33,60 mm £ 0,20 mm
[y =5,08 mm = 0,10 mm
h} =9,02 mm £ 0,10 mm

aj =14° £ 30'

[ls = 8,59 mm £ 0,10 mm
lle = 24,64 mm £ 0,10 mm
[}, = 1,50 mm £ 0,05 mm
ap =45°£30'

af =17° £ 30"

g = 8,64 mm £ 0,10 mm
o = 5,08 mm 0,10 mm
Ijp = 86,11 mm £ 0,20vmm

I4; = 10,16 mm 0,10 mm

Back side and left side (Figures 8 and 10 and 11)

The back side shall have a window the dimensions and position of which shall be

l3=4,25 mm £ 0,10 mm
4 =4,45 mm = 0,10 mm

© ISO/IEC 2002 — All rights reserved
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This window allows a further finger of the drive to penetrate into the case to finally unlock the reel of tape (See also 10.6).

A door shall be rotatably mounted at the corner of the back side and the left side. At a distance

l73=70,65 mm £ 0,20 mm

from reference plane B, the width of the door is reduced as specified by

l74=0,71 mm £ 0,01 mm

l75=2,18 mm £ 0,10 mm

The left side shall have two vertical edges and one horizontal edge the positions and lengths of which shall be

Fo 1,47 mm = 0,20 mm

+0,13 mm

% 9,65 mm

—0,00 mm

$41,9 mm £ 0,20 mm

+0,18 mm

56,18 mm

—0,00 mm

447,24 mm =+ 0,10 mm
416,35 mm =+ 0,10 mm
7 1,34 mm £ 0,10 mm

311,22 mm= 0,10 mm

NOTE - Thi

The botto
transmits t

dy

The positig
lso
170 7

The interfa)
the surface

lrs 7
The tooth
d2 =

horizontal edge is intended to prevent the insertion of the cartridge’into a DLT drive.

10.3 T3pe reel (Figures 8, 12 and 13)

side of the case shall have a circular window through which the drive spindle contacts the hub of the reel and

35,05 mm £ 0,08 mm

50,42 mm =+ 0,31 mm

52,83 mm £ 0,10 mm

0,38 mm + 0,05 mm

23,88mm + 0,13 mm

d3

=29,21 mm £ 0,13 mm

rque. The diameter of this window shall be

n of its centre shall be defined by

rofile con§ists of straight flanks. The envelope dimensions of the teeth shall be

ce between the spindl€and the hub is provided by 48 evenly spaced teeth in the hub. In the non-operating position,
of the hub shall bedecessed from the outside surface of the case by

d4:
a,=

a5:

where d5 is the pitch diameter of the teeth.

16

34,29 mm £ 0,13 mm
22° £ 30"
15°+ 30
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In the operating position the surface of the hub shall be at a distance
lyg=23,55 mm = 0,10 mm
from reference plane A.

10.4 Tape leader (Figures 14, 15 and 16)
The positions of the BOT and EOT relative to the leader/tape connection and to the physical end of the tape shall be as follows.

The BOT shall be at a distance
3= 13 260 mm + 100 mm

from theleader. fnpp connection

The EOT shall be at a distance

[4;= 7 620 mm + 152 mm
from thqg physical end of the tape, which is fixed to the hub of the reel. Both the BOT hole and EOT hele¢_shall have p diameter
dk =3,60 mm = 0,10 mm

Figure 1J5 shows the relative positions of the tape, the leader and the splice tape. They shall be defined by

11,81 mm min.
112:

20,32 mm max.
[4;= 0,25 mm max.
[44= 0,41 mm max.
4= 0,00 mm min.

3= 0,20 mm max.
Dimensions /3,4, 135 and /5 are related to, and depend on, each other. Dimension /55 expresses the requirement that the splice
tape shall in no case extend beyond the edges of either the-tape or the leader.
There shall be no yield of the splice when a force of22;2 N max. is applied in longitudinal direction across the splicg.

A bucklp consisting of two arms fixed to an axis.is attached at the end of the leader. Figure 16 shows at an enlarged scale this
buckle and a perspective view of a buckle arm>~The length of these buckle arms shall be

Idy=13,51 mm = 0,13 mm

when mpasured between their right-hahd end and said axis. The distance of the axis of the buckle arms to the end off the leader
below tHe splice shall be

47 = 425,00 mm £ 04L3vmm
The widkh of the leader'shall be
+0,00 mm

—0,10 mm

The aXL W Wllibll LIIU ‘Ul,lbl\ic dllllS aIT ﬁ)&CL‘l ib dLlaL«llCd [19) LllC lcadcu SO dd> WU ‘UC Cl‘UlU U 1TULALC flCUly. Il lldb d llliddi part Wlth a
diameter larger than that of its ends fixed to the buckle arms. These diameters shall be

dg=0,91 mm =+ 0,13 mm
d;=0,71 mm £ 0,25 mm

The attachment of the axis to the leader shall be as defined by
l39=5,33 mm £ 0,16 mm

l49 = 3,65 mm = 0,09 mm
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The position of the buckle arms relative to the leader shall be as defined by

41 =16,15 mm = 0,25 mm

lp =22,76 mm £ 0,11 mm

l4;3=5,11 mm = 0,25 mm

Figures 17
The height

and 18 are a perspective view showing the leader buckle and the take up part of the drive before contact.

of the arm shall be

The side of
I 7
The distang
I3 7

Figure 18 s
shall by

Igs

Within the
Ig6 7
There shall
Ig4 7

that allows
position sh

10.5 Fy

The manuallly operable write-inhibit switch shall hay¢-the dimensions

lsg

159
This switch
The front s

=126,60 mm = 0,20 mm

= 54,40 mm £ 0,20 mm

4 18,40mm + 0,20 mm

ening on the arm shall be

5,71 mm + 0,13 mm

e between the end of the arm and the edge of the opening shall be

5,76 mm £ 0,13 mm

how a partial view of the inside of the end of an arm as seen in direction A in figure 177 The inside width of

+0,05
10,16 mm
-0,00

arm there is an inclined surface having a length
12,70 mm + 0,08
be a free space with a width

16,16 mm =+ 0,13 mm

the take up part of the drive to slide between the@yall of the arm and the inclined surface to as to reacl
bwn in figure 19.

ont side (Figure 20)

+0,00 mm
18,29 mm
-0,20 mm

shall have a detent.at its two end positions. The force depends on the design of the write-inhibit indicator.

de shall have 4 slot intended for labels. The dimensions of this slot shall be

742140 mm £ 0.20 mm

the arm

h its end

10.6  Operation of the cartridge (Figures 19 and 21)
When the cartridge is introduced into the drive, the sequence of events is as follows.

i.  The door shall have a movable lock the lower edge of which shall be at a distance

lgq = 14,50 mm + 0,20 mm

18
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from reference plane A. A cam of the drive raises this lock in order to unlock the door, which shall be unlocked when the

edge is raised by 1,0 mm min.

The door is then opened 90° by the drive. It shall be able to rotate further up to 105°. In the open position of the door the

whole back side shall be accessible except the part limited by
les = 35,79 mm £ 0,20 mm.

In this position the space along the left side that is delimited by

shall be free for a drive element to contact the edge defined by /,¢ and /,4 (See figure 11).

ii. A flnger of the drive penetrates into the case through the window defined by /,, to /,5 (See figure 10) to parti
the freel. The corresponding part of the locking mechanism shall not require a penetration longer than 9\mm
larger than 3,7 N for actuation.

iii. When the cartridge has been completely introduced into the drive, it is held in position by element§)of the driy
the positioning notch of the right side (Figures 8 and 9) and the positioning hole in the bottom side-(Figure 9).
A spcond finger of the drive penetrates through the window of the bottom side defined by '/, to /; (See fig
conjpletely unlocks the reel. The requirements for penetration and force are the same as.specified in ii. for the fj

iv. Thq drive spindle engages the teeth of the hub and raises the reel into the operating/position (See figure 13
witlh which the tape reel is held against the spindle shall be 6,0 N + 0,5 N.

v.  When the cartridge is within the drive in the operating position (Figures 13 and 19), the tape is pulled out of t}
by 4 drive leader attached to the hub of a reel within the drive. The tipofithis drive leader is designed so as t
shape of the buckle of the tape leader and to engage it. The case shallhavé an abutment against which the buck]
rest|when the tape is completely pulled back into the cartridge.

vi. Thdtape leader and the abutment shall withstand the impact of/having to stop the full reel when the tape leader
with a speed in the range 152 mm/s to 178 mm/s. Until the:feel is fully locked, i.e. until the cartridge is eject
drivfe, the buckle shall be held against the abutment with aforce in the range 1,1 N to 1,7 N.

10.7

The tap¢ shall be wound on the hub with the magnetic'\coating facing inwards, so that during forward read/write of

Tape winding

tape is unwound from the cartridge reel in a counterclockwise direction when viewed from the top of the cartridge.
The tapg shall be wound with a tension of 1,11 N+ 0,28 N.
10.8 [Moment of inertia

A full rgel of tape shall have a diameter between 87,45 mm and 91,19 mm.

The moinent of inertia shall be:
~  Full reel: Between 131¢%-107¢ kg-m? and 160 x 1076 kg-m?

—  Empty reel: Betweeh-19 x 107 kg'm? and 23 x 1076 kg:m?
10.9 [Material

The carfridge cahr be made of any material as long as the requirements of this International Standard are met. For e]
hub and|the’case could be made of 10 % glass-filled polycarbonate. A typical wall thickness is 1,5 mm.
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Top side

Back side

Left side X

99-0077-A

Figure 6 - General view

-
-
-
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Bottom side

Front side

99-0078-A

Figure 7 - Reference planes
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Figure 8 - Bottom side
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Figure 12 - Cross section, non-operating position
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Figure 14 - Leader/tape connection
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Figure 15 - Position of the splice tape
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See figure 17

Figure 16 - Enlarged top view of the buckle
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Figure 17 — Perspective view of the leader buckle and of
the take up part before contact
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N
Enlarged views A
01-0001-A
Figure 18 — Partial enlarged view. of figure 17
00-0077-A

Figure 19 - Perspective view of the leader buckle and of
the take up part after contact
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Figure 22 - Back side with the door open
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Section 4 - Requirements for an interchanged tape

11 Tape format
11.1  Reference Edge

The Reference Edge shall be the bottom edge when viewing the magnetic coating of the tape with the BOT to the left and the
EOT to the right of the observer.

11.2  Direction of recording
Recording shall take place in two directions:

—  forward: from BOT to EQT
— revgrse: from EOT to BOT

11.3 [Tape layout
The tapg shall be partitioned into three areas:

— the Data Area

— the Forward Alignment and Directory Area,
— Thg Reverse Alignment Area

BOT EOT
3 2z o o D e
= ~
= | .| B E |¢E 2| =
el ) Q Q
g S| 29 % 5 2| 2 Q
5 [~ B B > >
] = = 1= 5 5
= a ° i 2 | &
Reverse
ForwardMAlignment Alignment
and(Ditectory Area Data Area Area

0p-0058-A

Figure 23 — Tape Layout
11.3.1 [Data Area

The Datp Area shall cofitain data that is transmitted by the host to the drive and recorded according to the format gpecified in
clause 1R. The qudntity of recorded data may be such that the total capacity of the maximum number of physical fracks, viz.,

448, is :Equired insorder to contain it. It may, under other circumstances, be less in which case fewer than 448 phygical tracks
will be fequited. The following specification is based on the former case.

11.3.1.1]_Physical tracks

There shall be 448 physical tracks in the Data Area, each identified by a Physical Track Number from 1 to 448. Physical Track
448 shall be that farthest from the Reference Edge and Physical Track 1 shall be that nearest to the Reference Edge. The
physical tracks are grouped into 4 Recording Bands of 112 physical tracks each.

11.3.1.2 Width of the physical tracks
The width of a physical track shall be 0,023 mm + 0,001 mm.
11.3.1.3 Positions of the physical tracks

In each band the centreline of the first forward physical track shall be at 1,906 5 mm + 0,002 0 from centreline of the 9th servo
track in each band.
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The distance between the centrelines of all adjacent forward and all adjacent reverse tracks in all bands shall be 0,024 mm
+ 0,001 mm.

The distance between the last forward track and the following reverse track in all bands shall be 0,026 mm £ 0,001 mm.

The distance between the physical tracks of each logical track shall be 0,343 mm + 0,010 mm.

11.3.1.4 Forward tracks (Figure 25)
The physical tracks with an odd Physical Track Number shall be recorded in the forward direction, i.e. from BOT to EOT, The
recording shall start at 8 458 mm + 50 mm from the BOT and continue until 1 525 mm max. before the EOT.

11.3.1.5 Reverse tracks (Figure 26)

OT. The

Thephysic ACK A1th an n n 3 ackK c na he re eve o
recording ghall start at 8 458 mm + 50 mm from the EOT and continue until 1 525 mm max. before the BOT.

ks are identified by a Logical Track Number from 0 to 55. They are recorded in ascendipg.order of their| Logical

ks with an even Logical Track Number shall be recorded in the forward direction/on-physical tracks with an odd
Physical Track Number.

Logical tracks with an odd Logical Track Number shall be recorded in the reverse direetion on physical tracks with|an even
Physical Track Number.

The allocafion of physical tracks to logical tracks shall be as specified in annex F,

There shall be Track ID Start Blocks (See 15.2.1) written at the start of eachdegical track. These blocks shall be recorfled over
1 000 mm 100 mm, starting at the beginning of the Data Area, viz. at § 458 mm + 50 mm from the BOT or the EOT.

There shall be a minimum of one complete Envelope of Track ID End Blocks (See 15.2.5) recorded immediately pfter the
Track ID Sgart Blocks.

Data blockfs containing data from the host and processed as described in clause 12 shall be recorded immediately pfter the
Track ID Hnd Blocks.
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Recording Band 3
Logical Tracks 42 to 55 Physical Tracks 337 to 448

Recording Band 2
Logical Tracks 28 to 41 Physical Tracks 225 to 336

BOT O QEOT

Recording Band 1
Logical Tracks 14 to 27 Physical Tracks 113 to 224

Recording Band 0
Logical Tracks 0 to 13 Physical Tracks 1 to 112

< >« Data Area > >
Forward Reverse
Alignment and Directory Alignment Area
Area
00-0059-A

Figure'24 — Data Area

11.3.2 [Forward Alignment and Directory Area

The Cogrse Alignment Field (CAF) shall be tecorded on Logical Track 6, i.e. eight physical tracks, recorded in the forward
direction.

The CAF field shall start at 9 150 mm /0,50 mm from the BOT and shall end at 2 440 mm + 50 mm from the BOT|. This field
shall copsist of flux transitions at-, 350 fipmm.

The Dirgctory Area shall be recotded in the same physical tracks as the CAF.

The Dirgctory Area shalKstart from 915 mm + 50 mm from the BOT and end at 76 mm £ 15 mm from the BOT. Its content is
not spedjified by this Intérnational Standard and shall be ignored in interchange.

The Forward Finé\Alignment Field 1 (FAF1) shall be recorded on the four Logical Tracks 6, 20, 34 and 48, i.e. B2 physical
tracks, rpcorded in the forward direction after the BOT.

The FAF I shall start at 1 525 mm + 50 mm from the BOT, and shall end at 6 090 mm + 50 mm from the BOT. Thi field shall

1 £ L1 s i 4l 250 Lo
consist otfrx-transttrons—at1+356 TP

The Forward Fine Alignment Field 2 (FAF2) shall be recorded on all physical tracks.
The Forward FAF2 shall start at 7 112 mm + 50 mm from the BOT, and shall end at 8 330 mm #+ 50 mm from the BOT.
The FAF2 field shall consist of Track ID Start Blocks (See 15.2.1) and Track ID End Blocks (See 15.2.5).
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Figure 25 — Forward Alignment and Directory Area

se FAF1 shall be recorded on the four, Logical Tracks 7, 21, 35 and 49, i.e. 32 physical tracks, recordgd in the
Feverse, logically forward, direction fromnthe EOT.

The recording of the Reverse FAF1 shall start at 1 525 mm + 50 mm from the EOT, and shall end at 6 090 mm * 50 m from

the EOT.
The Revery

The Revers
consist of ]

e FAF2 shall be recorded inthe physically reverse, logically forward, direction in all physical tracks.

e FAF2 shall start at 7hI'2 mm + 50 mm from the EOT, and shall end at 8 330 mm + 50 mm from the EOT|. It shall
[rack ID Start Blocks+(See 15.2.1) and Track ID End Blocks (See 15.2.5).

32
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12.1

The hos
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Rev.
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1. 527485 50 |
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Figure 26 — Reverse Alignment Area

Data format

Record

transmits to the drive data in form of records each comprising one or more bytes. The interpretation of th
he scope of this International Standard and, a matter of agreement between the interchange parties.

If the ngmber of bytes of a record received fromr the host is not a multiple of 4, it is completed by 1, 2 or 3 Paj

appropr
the recol

maximul

12.2
Data Byj

— The
- &b
— Pad
12.3

ate. A 32-bit CRC is computed over. the'bytes of the record or completed record according to annex D and 3
rd or completed record. A record‘or completed record together with its CRC shall be referred to as a R

I size of a Record shall be (224-1) bytes.

Data Bytes
tes shall be

bytes of a Record
ite MAP entfijes'(See 12.3.4)
Bytes, as-réquired (See 12.3.2)

bse bytes is

d Bytes, as
ppended to
ecord. The

Data Field
£ 400461\t Dot ool

Records

laall 1. o fate PataTsaldct 4 = L 11—t
STIATT OU aITAITEUU T STOUPS UT T 070 Datd D yIiUS TU TUTTIT da Datd T TOTU ST UC T TUaS—STTO WIT TIT ITSUTT T~
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Byte position Number of bytes Field
lto ... Variable Page 1: Record 1 and CRC

* Variable Page 2: Record 2 and CRC
* Variable Page (n-1): Record (n-1) and CRC
* Variable Page n: Record n and CRC
* Variable Pad Bytes as required
* 8 MAP of page n
* 8 MAP of page (n-1)

4084 to 4077 8 MAP of page 2

4092 to 4 085 8 MAP of page 1

4 096 to 4 093 4 EDC

Figure 27 — Data Field
12.3.1 Pages

A page sh
12.3.2 Pad Bytes
Pad Bytes phall be set to all ZEROs. After the last page, the Data Field shall be completed with Pad Bytes. There sh:

1 contain a Record or a part of a Record of variabledength.

Each MAP

11l be no
bytes or

low.

the next

ta Field.

gpecified

in figure 2&:
positions 4 084 to 4 077 and so on, i.e "upward" as seen in ﬁgure 27.

bord 2 in
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Bit positions Field Setting
1 C Bit ZERO = The data of the Record is not compressed
! ONE = The data of the Record is compressed.
001 Filler
2to4 Page Type 010 Data
3 bits 100 Set Mark
011 Tape Mark
5 N Bit ZERO = The Record ends in this Data Block
! ONE = The Record continues in the next Data Block
ZERO ="] he Rggg;d starts jn th]s ] )ata B]r\r\]{
6 P Bit _ .
ONE = The Record does not start in this Data Block
7 L Bit ZERO = There is a further MAP
! ONE = This is the last MAP
8to 16 9 bits These bits shall be set to ZERO
17 to 32 Page Byte Count Number of User Bytes and/or Pad Bytes of the page
16 bits
33to 64 Record Byte Count Total number of bytes in the Record
32 bits

If the P4
and the

12.3.5

The 32-
of the D|

Each El
Field. T

significg
followin

Set ED(
Set ED(
Shift EQ

where: g

124
Each D4

- aC

Figure 28 - Content of MAP entries

ge type is Filler, Tape Mark or Set Mark, the Page Byte Count shall'specify the number of Pad Bytes in the
tontent of the Record Byte Count shall be ignored.

EDC

bit EDC shall be recorded in bytes 4 096 to 4 093 of the Data Field. It shall be computed over the previous
nta Field as follows.

C shall be a 32-bit word computed over 1 023132-bit Data Words formed from the previous 4 094 bytes
he first Data Byte constitutes the least significant part of the first Data Word, the second Data Byte constitul
nt part, and so on. With these 1 023 Data Words identified by 1 < i < 1 023, the EDC word is obtai
g algorithm.

o to (FFFFFFFF)

;to EDC; | © (Data Word)j

C, leftwards by one bit-position, with the most significant bit moved to the least significant bit position.
b stands for Exclasive OR.

Data Blocks
ta Field shall be completed with the following elements to form a Data Block of 4 144 bytes.

ntrél Field CF1

Data Field,

1 092 bytes

of the Data
tes its most
ned by the

- aC

atrol Eield CE2

— a64-bit CRC
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Number of Bytes Field
4096 Data Field
16 CF1
24 CF2
8 CRC

Figllrp 29 _ Data Block

12.4.1 Cqntrol Field 1 (CF1)
CF1 is a 128 - bit field. It specifies attributes of a block.

The content of CF1 shall be as shown in figure 30

Bit Field name Length
positions in bits
1to 16 Logical Block Number or Sequential File Mark 16

Offset
17 to 28 Sequential File Mark Number 12
29 Logical Block Number Valid 1
30to 32 These bits shall be set to ZERO 3
33 to 56 Set Mark Number 24
57 to 64 Compression 8
65 to 88 Tape Mark Number 24
89 and 90 These bits shall be'sét to ZERO 2
91 to 96 Format 6
97 to 128 Object Number 32

Figure 30 - Content of Control Field 1

This format is not applicable to ECC Blocks (See 15.2.4).

12.4.1.1 Lpgical Block Number/Sequential File Mark Offset

The contents of this field specify either the Logical Block Number or the Sequential File Mark Offset. The selection|depends
on the settihg of the LBN/Valid bit (See 12.4.1.3).

The Logicgdl Block Number shall specify in binary notation the ordinal number of the blocks in each Record starting with 1 for
the first blgck and inerémented by 1 for each subsequent block recorded in the same Record.

Each blocK may, ¢ontain data and/or a File Mark. In a block no page shall follow the File Mark. If there are subseqyient File
Marks in this-group, they shall be recorded one File Mark per block in sequential blocks.

The Sequential File Mark Offset field shall specify in binary notation the number of File Marks within such a group of
sequential File Marks.

12.4.1.2 Sequential File Mark Number

This field is a count of the number of sets of at least two or more consecutive blocks (See 15.1) having pages of type Tape
Mark starting with 1 and incremented by 1 for each such set. These sets may be separated by one or more Data Blocks having
no page of type Tape Mark.

12.4.1.3 LBN Valid

This bit shall be set to ZERO to indicate that the bytes specified in 12.4.1.1 represent the Sequential File Mark Offset. This bit
shall be set to ONE to indicate that these bytes represent the Logical Block Number.
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For EOTR and EOD Blocks (See 15.2.2 and 15.2.3), this bit shall be set to ZERO.

12.4.1.4 Set Mark Number

This field shall be set to all ZEROs for all blocks prior to the first one containing a page of type Set Mark. In this first block
containing a page of type Set Mark, this field shall also be set to all ZEROs.

For Data Blocks this field shall specify in binary notation the ordinal number of the previous Data Block containing a page of
type Set Mark.

For EOTR and EOD Blocks, this field shall be set to all ZEROs.

12.4.1.5 Compression Type

This field shall specify in binary notation a numerical identifier of the compression algorithm, where applicable, else it shall be
set to all ZEROs (See ISO/IEC 11576).

12.4.1.6) Tape Mark Number
This field shall be set to all ZEROs for all blocks prior to the first one containing a page of type Tape Mark.

For Data Blocks this field shall specify in binary notation the ordinal number of the previous Data Block containinig a page of
type Tape Mark.

For EOTR and EOD Blocks, this field shall be set to all ZEROs.

12.4.1.7) Format
This field shall be set to 001010.

12.4.1.8] Object Number

This field is a count of all Records and pages of type Tape Mark on the tape,‘starting with 1 and incremented by| 1 for each
Record @nd each page of type Tape Mark.

The conent of this field in EOTR and EOD Blocks shall be set to all ZEROs.

12.4.2 |Control Field 2 (CF2)

CF2 is 4 192-bit field. It specifies further attributes of a blocky, of the Entity and of the Envelope in which it is reqorded. The
content pf CF2 shall be as shown in figure 31.
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12.4.2.1 T
This field ¢
recorded.
12.4.2.2 K
In the first
erroneous |
12.4.2.3 E
This field

comparing
ignored in

12424 P

This field
on the phys

Bit Field name Length
positions in bits
1to8 Track Number 8

9 K Bit 1

10 to 32 Envelope Instance Tag 23
33 to 64 Physical Block Number 32
65 to 96 Back Link, Physical Block Number 32
97 to 101 Entity Offset 5
102 to 104 Block Type 3
105 Logical Block 0 1
106 to 128 Back Link Instance Tag 23
129 to 133 Entity Number 5
134 to 138 Entity Size 5
139 to 143 Envelope Size 5
144 This bit shall be set to ZERO 1
145 to 160 Envelope Number 16
161 to 192 Envelope First Object Number 32

rack Number

hall specify in binary notation the Logical Track Namber (from 0 to 55) of the logical track on which the

bit

pight blocks of an Envelope, this bit shall'be set to ONE if any block in the preceding Envelope is in error.
lock(s) of the preceding Envelope has been re-written, these K Bits shall be re-set to ZERO.

nvelope Instance Tag

hall specify in binary notation a pseudo-random number. This number provides an additional check capal
the value obtained by thie'read-while-write process with the pseudo-random number generated. This field

nterchange.

hysical Block Number

hall specify the physical block number. This number shall be set to the value 1 for the first physical bloc}
ical trackyand shall be incremented by 1 for each successive physical block.

Figure 31 - Content of Control Field 2

12.4.2.5 Bpack Link Physical Block Number

This field {

hatl specify the block number of the last physical block written in the previous Envelope.

block is

Dnce the

bility by
shall be

[ written

12.4.2.6 E

ntity Offset

This field shall specify the ordinal number of the block within the Entity.

12.4.2.7 Block Type
This field shall specify the types of block as a 3-bit pattern.

38
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12.4.2.8
This bit
12.4.2.9
This fiel

12.4.2.1
This fie
The mo
by 1 (m
12.4.2.1
This fiel

12.4.2.1
This fiel

12.4.2.1
This fie
increme
12.4.2.1
This fiel

12.4.3
This fie

algorithi for the CRC shall be as specified in annex, C:

13

The method of recording shall be as follows:
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Bit pattern Type of the block
001 Data Block
010 Track ID Start Block
011 End of Track Block
100 End of Data Block
101 ECC Block
110 Track ID End Block
Logical Block 0
shall be set to ONE if the block is the first logical block of the entity. Otherwise, it shall be set to a ZERO.
—Back Link Instance Tag

d shall specify the number of the last completed Envelope of the logical track.

D Entity Number

d shall specify the ordinal number of an Entity within an Envelope. The least significant four bits‘specify t}
t significant four bits specify the number 0 for the first Envelope on logical track No. 0. THisynumber is i
d 16) for each following Envelope on the tape.

1 Entity Size

d shall specify the number of blocks recorded within the Entity.

P Envelope Size

d shall specify the number of Entities in the Envelope (See clause 17).

3 Envelope Number

d shall specify the ordinal number of the Envelopes of a logical track, starting with 1 for the first En
hted by 1 for each subsequent Envelope of this logical track.

4 Envelope First Object Number
d shall specify the Object number of the first block of the-Envelope.

CRC
d shall contain the 64-bit CRC. The CRC is eomputed over the 4 096 bytes of the Data Field, CF1 an

Method of recording

en the data to be recorded change from a ONE to a ZERO, or a ZERO to a ONE, a flux transition shall be
b to 25% from the leading.boundary of the bit cell.

en the data to be reecorded do not change, a transition shall be recorded at the leading boundary of the
her transition shall‘be recorded at 20% to 25% from the leading boundary of the bit cell.

his number.
hcremented

velope and

| CF2. The

recorded at

bit cell and
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13.1 Physical recording density
The recordjng density averaged over two bit cells shall be in the range 675 ftpmm to 5 400 ftpmm.

13.2  Channel bit cell length

The nomin|
13.2.1 Ay
The averag
13.2.2 Lg

The long-ts
Channel bi

13.2.3 Short-term average Channel bit cell length

The short-
the nomina

13.3  Rq

The signal
flux in the

The Avera

Averaging
area.

Traceabilit

13.4 Channel skew

The deviat
Channel bi

Figure 32 — Method of Recording

h] Channel bit cell length is 0,185 2 um.

erage Channel bit cell length
e Channel bit cell length is the overall length of n Channel bit cells divided by !

ng-term average Channel bit cell length

rm average Channel bit cell length shall be the average Channel bit cell length taken over a minimum of 1
cells. It shall be within 2,25 % of the nominal Channel bit cell lengti:

erm average Channel bit cell length shall be the average taken-over 10 Channel bit cells. It shall be withi
| Channel bit cell length.

bad signal amplitude

amplitude shall be measured at a point in the read ¢hannel where the signal is proportional to the rate of c
Fead head.

be Signal Amplitude of an interchanged carttidge shall be between 75 % and 125 % of the SRA.

for the interchanged cartridge may b€ segmented into blocks. No missing pulses shall occur within the n

y to the SRA is provided by thecalibration factors supplied with each Secondary Standard Reference Tape.

on between corresponding Channel bits on the physical tracks of a logical track (See 11.3.1.6) shall not ex
cell lengths for ang pair of such physical tracks.

000 000

h 5 % of

hange of

heasured

eed 200

40

© ISO/IEC 2002 — All rights reserved


https://standardsiso.com/api/?name=7c2929a415a75f4747ec0c3db7d783d7

ISO/IEC 22051:2002(E)

14 Block Recording Format

14.1 Scrambler

The 4 144 bytes of each Data Block (Figure 29) shall be scrambled bit-by-bit by the circuit shown in figure 33. As a result each
original Data Block is transformed into a Scrambled Data Block of 4 144 bytes.
In the initial condition, the circuit shall be set to all ONEs. All stages are D Type flip flop.

Scrambler

L @ data output
@) ,

14.2

The 4 1
bytes ar

14.2.1

These 4
identifig]
Nip---N
nibbles
M 4-bit
process
and N
initially

Data clock

ﬁ i

vy
v
v
v
v
v
v
v
v

0-0062-A
Figure 33 — Circuit of the Scrambler

Modulation

4 bytes of the Scrambled Data Blocks are 8-bit bytes. They shall be modulated so that, after modulation,

b represented by 34 188 bits, grouped in 1 036 groups of 33 bits each.

Modulation process

144 bytes shall be operated on in groups'of 4 at a time. Each group of 4 bytes shall be split into 8 nibbles of

wre transformed into seven 4<bitnibbles M0 to M4, M6 and M7 and one 5-bit nibble M5 (Figure 31). The 4
nibbles are identified by M, My, My, and M etc.; those of the 5-bit nibble M5 by My, to Ms,. At the
the M nibble shall be(sef o the same pattern as the N nibbles, i.e NO/MO_ N1/M1....N7/M7. The bits Ny

undetermined.

|N7|N6|N5|N4|N3|N2|N1|N0|

!

|M7|M6|M5|M4|M3|M2|M1|M0|

Figure 34 — Transformation of 32 bits into 33 bits

The algorithm to obtain the M nibbles shall as follows.

i. Ifnone of the N nibbles is set to all ZEROs, Bit Mg, shall be set to ONE, all other bits remain unchanged.

© ISO/IEC 2002 — All rights reserved

these 4 144

4 bits each

d by NO to N7, NO being the least-significant nibble. The bits of each nibble are identified by N, N1, Ngs, N3,
b0» N71, Ny and N45. At the endof the process 33 encoded bits are produced. At the end of the modulation process 8 N

its of these
start of the
» Nsj, Nsp

of nibble N5 shall-be' placed in bit positions 4, 3, 2, and 1 of nibble MS’, the setting of bit M in bit ppsition 0 is
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ii. If one N nibble is set to all ZEROs, Bits Mg, shall be set to ZERO, Bit Ms, shall be set to ONE, Bit Ms,, Ms; and My,

shall specify the ordinal number of the N nibble set to all ZEROs, all other bits remain unchanged. Unless nibble N5 is set
to all ZEROs, the data from this nibble N5 shall be written into the M nibble having the same ordinal number as the N

nibble

set to all ZEROs.

iii. If two N nibbles are set to all ZEROs, Bits M5, and M5, shall be set to ZERO, bit M5 shall be set to ONE, Bits Ms;, M3
and Ms;s, shall specify the ordinal number of one of the N nibbles that is set to all ZEROs. Bits M,, M,; and M, shall
specify the ordinal number of the other N nibble that is set to all ZEROs. The setting of all other bits shall remain
unchanged. The data from the N5 nibble shall be written into the left-hand side M nibble corresponding to the N nibble set

to all ZEROs. The data from the N4 nibble shall be written into the M nibble corresponding to the second N nibble set to
all ZEROs to the right-hand side of the second N nibble set to all ZEROs.

iv. If 3 o
M32’ b
be assi
that ar
set to 4

1422 M

A Postamb
bits. This H
the comput

143  Pr

The Modu
The corres]

more N nibble are set to all ZEROs, Bits M; and M35 shall be set to ZERO, Bits Ms, and Ms3 MyeM
15, and M5 shall be set to ONE for each of the N nibble set to all ZEROs. All N nibbles not set to alhZER

ened to the corresponding M nibbles as required. Where there are 4 or more nibbles set to all ZEROssthe M
P still set to all ZEROs, shall be set to ONE. Nibbles N3, N4 and N5 are assigned to M nibbles’known to h:
11 ZEROs.

bdulated Data Group

le of 168 bits shall be added to these 1 036 groups, so that the complete ModulatedData Group consists 0|
ostamble shall be obtained by means of the circuit of figure 35. All stages shallbe\Type D flip flop. At th
ation they shall be set to 1000.

<
Nl

@

A 4
\ 4
\ 4

»
>

Postamble output

00-0063-A
Figure 35 - Circuit of the Postamble

ecoder

ated Data Group-shall be then processed through the Precoder of figure 36. Both stages shall be Type D
ponding algerithm is Y, = X, @ Y, ,. In the initial state the precoder shall be set to ZERO.

41> My,
Os shall

[ nibbles
ve been

f 34 356
b start of

lip flop.
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.

@

Data clock

01-0002-A

Figure 36 — Circuit of the Precoder

14.4 [Recording Data Block

The Redording Data Block shall consist of the Precoded Data Block completed with a Preamble and a Sync preceding it. This
Preamblle and this Sync shall not be processed according to clause 13.

14.4.1 |Preamble

The Prepmble shall consist of 800 bit cell times. There shall be a flux transifion at the end of the gap preceding the Preamble
field. THe Preamble field shall consist of flux transitions at intervals of 4 bit/cell times. This shall be done 200 times

14.4.2 [Sync
The Sync shall consist of 37 bit cell times. A flux transition shall odeur at the following bit cell intervals : 99922 2 2.

Representation Field
800 bit cells Preamble
37 bit cells Sync
34 356 bits Precoded Data Block

Figure 37 — Recording Data Block

15 Types and Useof Blocks

15.1 ([Types of Blocks
There shall be six types-of blocks.

— Dath Blocks

—  Trafk ID Start Blocks

—  End of Track Blocks (EOTR)
—  End of Data Blocks (EOD)

— ECC Blocks

—  Track ID End Blocks

Blocks shall have the format shown in figure 29 (See 12.4). This figure shows a Data Block. All blocks, except ECC Blocks
(See 15.2.4) shall have the same structure, but their Data Field shall not contain user data.

15.2  Use of blocks
15.2.1 Track ID Start Blocks
Track ID Blocks shall be located in the FAF2 only.
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The Data Field of the Track ID Block is not specified by this International Standard and shall be ignored in interchange. The
Physical Block Number in the Control Field 2 of these blocks shall be set to (FFFF). The K Bit in the Control Field 2 of these
blocks shall be set ONE.

15.2.2 End of Track Blocks (EOTR)

If the Envelope has been completely written, and there is less than 3 048 mm but more than 1 524 mm left to the BOT or EOT,
then at least 74 EOTR Blocks shall be recorded on tape and the recording completed. If the Envelope is not completed, and
there is less than 3 048 mm but more than 1 524 mm left to the BOT or EOT, a minimum of 74 EOTR blocks shall be recorded
on tape and the recording ended. The completed Envelope is then recorded at the start of the next logical track.

The content of the Data Field of an EOTR Block is not specified by this International Standard and shall be ignored in
interchange.

15.2.3 End of Data of Data Blocks (EOD)
At least ong Envelope of 120 EOD Blocks shall be recorded to indicate the end of the data recorded on the tape,

The contept of the Data Field of an EOD Block is not specified by this International Standard and,shall” be igpored in
interchangg.

15.2.4 ECC Blocks

The bytes pf the four ECC Blocks shall be computed over the 4 096 bytes of the Data Field and_the 16 bytes of CH1 of the
preceding blocks of an Entity. The ECC check bytes shall be recorded in byte positions 0001 to 4112, thus the CF1|of ECC
Blocks conkist only of the 4-byte field.

The CF2 of ECC Blocks shall be as specified in 12.4.2.
The ECC Blocks shall be completed by a CRC computed as specified in 12.4.3.
Annex E specifies how the ECC bytes shall be computed.

15.2.5 Track ID End Blocks

Track ID Hnd Blocks shall be located in the FAF2 only, immediately following the Track ID Start Blocks. The Physical Block
Number in|the Control Field 2 of these blocks shall be set to ZERQ\and the K Bit in shall be set to ONE. A minimuin of one
complete Hnvelope shall be written.

The content of the Data Field of the Track ID End Block is 1ot specified by this International Standard and shall be ignored in
interchangg.

16 Format of Entities

All blocks{ except EOTR and EOD Blocks, shall’be recorded in Entities. An Entity shall be recorded entirely on the same
logical tradk. It shall consist of 20 blocks aumbered consecutively from 1 to 20. At least block No. 1 shall be a Data Block.
Blocks NoJ 2 to No. 16 shall be either Data Blocks or repeated Data Blocks.

— Block [No. 17 shall be the ECCtBlock
— Block [No. 18 shall be the E€E2 Block
— Block [No. 19 shall be.the ECC3 Block
—  Block [No. 20 shall béthe ECC4 Block.
After comgFltation of*the ECC Blocks, the Data Blocks and the ECC Blocks are recorded on the tape. Each block|shall be

preceded by a¢ap consisting of a d.c. erased portion of tape of a nominal length of 100 bytes in 57 mm of which |the read
signal is legstthan 5 % of the Average Signal Amplitude.

17 Format of Envelopes

Entities shall be grouped in Envelopes. The number of Entities of an Envelope constitutes its size and shall be in the range 1 to
8. Each Entity within an Envelope shall be identified by its Entity Number (12.4.2.10) related to that Envelope. Envelopes
shall not span logical tracks. After a write command from the host, recording shall start in a new Envelope immediately after
the Envelope to which the append point is targeted. From this point on all existing data shall be overwritten. Within an
Envelope, the blocks are recorded in any order on the physical track of the logical track.

18 Error handling

When a block is in error, it shall be re-written on any other physical track of the same logical track until it is written
successfully (See also 12.4.2.2).
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Annex A

(normative)

Measurement of light transmittance

A.1 Introduction

The follpwing description outlines the general principle of the measuring equipment and measuring method to be-agplied when
measurifig the light transmittance of the tape.

For the |purpose of this International Standard light transmittance is defined by convention as the relationship Hetween the
reading jobtained from the measuring equipment with the test piece inserted and the reading obtained when no tpst piece is
present.[The transmittance value is expressed as the percentage ratio of the two readings. The requirement of a value of less
than 5 % shall be met for the two wavelengths specified in A.2.1.

A.2 |Description of the measuring equipment
The equjpment shall comprise:

— the fadiation source,

— the fadiation receiver,

— the measuring mask,

— the pptical path,

— the measuring circuitry.

A.2.1 [Radiation source

Two inffa-red light-emitting diodes (LED) with the following parameters shall be used successively:

LED Ng. 1

Wavelength at peak emission : 750 nm + 50 nm
Half-power bandwidth : + 50 nm

LED Ng. 2

Wavelength at peak emission : 1 050 am <+ 50 nm
Half-power bandwidth : + 50 hm

A.2.2 |Radiation receiver
A flat sijicon photo diode shall-be-used. It shall be operated in the short-circuit mode.

A.2.3 |Measuring mask

The megsuring mask shall*have a thickness of 2 mm and a circular aperture of diameter d such that the area is 80 %o to 100 %
of the adtive area of the-photo diode.

The surface of themask shall be mat black.

The test|piece.shall be held firmly against the mask to cover the aperture and to ensure that no ambient light leaks pdst.

A.2.4 Opfical path (Figure A.T)
The optical path shall be perpendicular to the mask. The distance L from the emitting surface of the LED to the mask shall be

L= d mm
2tana

where a is the angle where the relative intensity of the LED is not less than 95 % of the maximum intensity of the optical axis.

A.2.5 Finish

The whole assembly shall be enclosed in a mat black case.
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A.2.6 Measuring circuitry (Figure A.2)

The components of the measuring circuitry are:

E : regulated power supply with variable output voltage
R : current-limiting resistor

LED : light-emitting diode

Di : silicon photo diode

A : operational amplifier

Ry, Ry - feedback resistors

S : gain switch

\% :

jdoltmeter
The forwand current of the LED, and consequently its radiation power, can be varied by means of the power supply E.

Di is opera
The output,
Vo=1 xR
The output;

R and Ry
The followj

A3
Set switch

With no tes

Mount a te
light transn

ling in the short circuit mode.
voltage of the operational amplifier is given by
- where [, is the short-circuit current of Di.
voltage is therefore a linear function of the light intensity.
Khall be low temperature-drift resistors with an accuracy of 1 %.
ing ratio applies:
Rgp 1
Rep 20

Measuring method

S to position 0.
t piece mounted, vary the supply voltage of E until voltmeter V reads full scale (100 %).

5t piece of magnetic tape on the mask. Set switch S to position 1. Full deflection of the voltmeter now rep
hittance of 5 %.

Apply the fethod twice, once with LED No. 1 andJonce with LED No. 2.

Fesents a

46

Tape _
Silicon photo
- diode
— \\\ <:’— 20— - d Optical
S~ e — axis
LED N4
—— [ —— L Mask
93-0123-A

Figure A.1 - Optical arrangement
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