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Foreword

ISO ({the International Organization for Standardization) anpd |EC (the
International Electrotechnical Commission) form the 'specialifed system
for worldwide standardization. National bodies that are mempbers of iISO
or {[EC participate in the development of Interpational Standatds through

technical committees established by the respective organiz

ion to deal

with particular fields of technical activily,1SO and IEC technical com-
mittees collaborate in fields of mutual Nifterest. Other international or-

ganizations, governmental and non-governmental, in liaiso
and IEC, also take part in the work:

In the field of information techrology, 1SO and IEC have es
joint technical committee/ASO/IEC JTC 1. Draft Internationa
adopted by the joint technical commitiee are circulated to nd
ies for voting. Publication as an iInternational Standard r¢
proval by at ieast 759 of the national bodies casting a vote

n with iSO

tablished a
Standards
tional bod-
bquires ap-

International Stanidard ISO/IEC 8441-2 was prepared by Joint Technical

Committee ISQ/IEC JTC 1, Information technology.

ISO/IEC 8441 consists of the following parts, under the general title In-

formation technology — High densily digital recording (HDDHR
£vPart 1: Unrecorded magnetic tape for (HDDR) applicatid

— Part 2: Guide for interchange practice

)

s

Annexes A and B of this part of ISO/IEC 8441 are for informagion only.
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INTERNATIONAL STANDARD

ISO/IEC 8441-2:1991(E)

Information technology — High density digital recording
(HDDR) —

Part 2:

Gui

e for interchange practice

1 Scope
This |part of ISO/IEC 8441 specifies the minimum
performance levels necessary for the effective

interghange of information using High Density Digital

Reco
testin
ance

ding (HDDR). It also describes methods of
lg for determining these levels. It gives guid-
on recorders/reproducer characteristics,

modes of recording, and modulation patterns.

The

imperial dimensions given in this part of

ISO/IEC 8441 are the reference dimensions. The

metri
to a
interg

2 N

The f
throu
of thi

~ and imperial dimensions are, howeéver, given
sufficient degree of accuracy ag to be totally
hangeable.

ormative references

pllowing standatds contain provisions which,
bh referencelinMhis text, constitute provisions
5 part of ISOAEC 8441. At the time of publica-

tion, the editions indicated were valid. All standards

are s
baseq
fo in
recen

ubject.to revision, and parties to agreements
on\this part of ISO/IEC 8441 are encouraged
estigate the possibility of applying the most
editions of the standards indicate elow.

Members of IEC and ISO maintain registers of cur-
rently valid International Standards.

ISO/IEC 3788:1990, Information processing — 9-track,
12,7 mm (0,5 in) wide magnetic tape for information
interchange using phase encoding at 126 ftpmm (3
200 ftpi), 63 cpmm (1 600 cpi).

ISO 6068:1985, Information processing — Recording

chara

cteristics of instrumentation magnetic tape (in-

cluding telemetry systems) — Interchange require-
ments.

ISO/IEC TR-\6371:1989, Information pro
Interchange practices and test method
corded ipstrumentation magnetic tape.

3 Definitions

For the purposes of this part of ISO/IE(
following definitions apply.

3.1 aliasing: The false lower frequency c

cessing —
b for unre-

[ 8441, the

bmponents

resulting from an insufficient sampling rate (i.e. less

than required by the sampling theorem
constructing an analogue signal from if
data representation.

3.2 baseline restorer: A device to restq
component removed by the record/repr
cess.

3.3 bit error: The incorrect interpretati
nary bit by a message processing unit.

3.4 bit error rate {BER): The rate at whic

when re-
s sampled

re the d.c.
bduce pro-

bn of a bi-

h bit errors

occur in a message processing unit, e

number of bits processed in a given peri
or from a given length of tape.

od of time,

3.5 bit packing density: The number of bits re-

corded per unit track length, usuaily ex

pressed in

terms of bits per millimetre (bit/mm) or kilobits per

inch (kbit/in).

3.6 bit slip: The condition in a message

processing

unit where the bit rate clock has gained (or lost)
more than 180° phasing with respect to synchronism

with the binary message bits.
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3.7 bit synchronizer: An information processing
unit intended to extract the binary message and as-
sociated bit rate clock included in a pulse code
modulation (PCM) signal.

3.8 cross play: The ability to record and reproduce
on the same or a different machine, or record at one

sneed and reproduce at the sa

mao nr diffaront cnaad
Sl e AR SR = LR A '\/VI\IUUU\/ atr e AR V)

i UIHTITHIL opTou.

3.9 cross talk: Interference signals that are coupled

TULT SOy Uit

T o UTIY Uaia sLaliorn.

NOTE 1 Daja azimuth may be expressed as the sum of
static and dyfpamic components in the form

A+ Bf(1)

where

th(l)dt =0
0

3.11 data azimuth (dynamic): The maximum angu-
lar deviatioph, over a period of time, of the data
azimuth from its mean value as defined by data
azimuth (stqtic). For the purpose of this definition,
the word “njaximum” is interpreted as being at the
95 % probapility level. For a Gaussian distribution,
this is two sfandard deviations (20).

NOTE 2 Data azimuth (dynamic) is the maximum value
of the quantity Bf{r) in 3.10.

3.12 data Timuth (static): The mean value, over a
period of time, of the data azimuth-

NOTE3 Dala azimuth (statichis’the quantity A in 3.10.

two parallel|lines, in\the plane of the tape, enclosing
all data trapsitions-recorded simultaneously on alil
tracks in thg same head.

3.13 data Tatter: The \minimum distance between
|

NOTE 5 When recording, this is equal to the head
spacing, but on reproducing it is equal to head spacing
only when the record and reproduce tensions and head
spacing are equal.

315 decoder: information recovery device that ac-
cepts digital signals from the tape reproducer and
converts them into a form suitable for the output
interface.

coding of the recorded binary message.

3.17 dropout: Reduction in the repreduce signal
amplitude severe enough to cause bit.efrors.

3.18 duty factor (of a pulse): The ratio of pulsq du-
ration to pulse period, often expressed as a |per-
centage.

3.19 edge margin (14); The distance between| the
outside edge of thé highest numbered track and the
tape edge (see figure 3).

3.20 edge<{margin, minimum (A ): The minimum
value of the edge margin.

NOTE(B This value places an additional constraingt on
track, ‘configurations since, in general, the simultanpous
application of all worst-case tolerances for track width,
track location, and tape width will result in a value of pdge
margin less than A7

3.21 encoder: A processing device that accepis a
data stream at its input and converts it to appropri-
ate digital signals to be recorded on tape.

3.22 error detection: The process of detecting bit
errors.

3.23 error correction: The process of corregting
detected bit errors.

3.24 eye pattern: The pattern as displayed o1 an
oscilloscope, that resulis from the superpositioping
of the waveforms of the different symbols in a digital
data sequence. it is used for assessing the quplity
of the replayed digital signal.

NOTE 4 The errors in location and angular relation
among transient data recorded simultaneously on all odd
or even tracks are defined by the terms: data azimuth,
data scatter, and individual track data azimuth difference.
These are approximately equivalent to the terms: head
azimuth, gap scatter, and head segment gap azimuth dif-
ference; however, guiding misalignment is included in the
data location error definition.

3.14 data spacing: The distance on the tape be-
tween simuitaneous events recorded on odd and
even numbered tracks when interlaced heads are
used.

3.25 flaw: An imperfection in the tape oxide coating
due to oxide or slitting debris, foreign particulate
matter, absence of coating, etc.

NOTE 7  Such imperfections are the major source of
dropouts. Other imperfections such as failure to maintain
slitting tolerances and other physical nhonuniformities can
cause poor tracking which results in reproduce signal
fluctuations similar to dropouts.

3.26 flutter: Tape speed errors at frequencies
above 0,5 Hz.
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3.27 flux transition: A 180° change in the flux pat-
tern in a magnetic medium, brought about by the
reversal of the magnetic poles within the medium.

3.28 flux transition density: The number of flux
transitions (i.e. flux reversals) per unit track length.

3.29 frame synchronizer: A processing device to
detect and synchronize frames and subframes of a
pulse code modulation bit stream.

ISO/IEC 8441-2:1991(E)

3.40 head spacing (S): The distance along the tape
path between the gap centrelines of head 1 and
head 2, when interlaced heads are used (see
figure 2).

3.41 head tilt: The angle between the plane tangent
to the front (active) surface of the head at the
centreline of the head segment gaps, and a line
perpendicular to the head reference plane (see fig-
ure 1).

3.30 | gap length: Distance from the leading edge to
the {railing edge of head gap measured perpen-
dicullar to the track width (see figure 1).

3.31 | gap scatter: The minimum distance between
two parallel lines, in the plane of the tape, between
which all the gap trailing edges of a record head are
embraced (see figure 1).

3.32 | head: A group of individual head segments in
a fixed assembly.

3.33 | head azimuth: The angle formed in the plane
of the tape, between a line passing through the gap
centres of the two outside head segments and a line
perpendicular to the head reference plane (see fig-
ure 1)).

3.34| head 1: The first record or reproduce head
over|which an element of tape passes when moving
in the normal operating direction (see also 3.39)

3.35| head reference plane: A plane, which may be
imaginary, that is parallel to the reference edge of
the thpe and perpendicular to the plane of the tape.

NOTH 8 For the purpose of this definition the tape is
consifered as perfect (see figure 1)

3.36 | head segment: ACsingle transducer that re-
cords or reproduces ong track (see figure 1).

3.37 | head segment gap azimuth: The angle, formed
in the plane gf'the tape, between a line perpendicu-
lar t¢ the head reference plane and a line parallel
to the trailing edge of the gap in a record head seg-
meni (See figure 1).

3.42 high density digital recording \(HDDR): Re-

cording of digital data on a magneticom
ing a flux transition density in “exc

edium, hav-
bss of 590

transitions per millimetre (15000 transitions per

inch) per track.

3.43 individual track data azimuth difference: The
angular deviation of the data azimuth ¢f individual

odd or even recorded tracks from the d
of other odd or even tracks.

NOTE 10

ata azimuth

Thendifficulty in making direct ogtical angular

measurements requires this error to be expressed as a
loss of signal amplitude when the tape is reproduced with

an ideal )head, whose gap is alighed to coin

tide with the

datasazimuth of all odd or even tracks, as compared to the

maximum signal amplitude obtainable by o
reproduce head azimuth for the individual tr
ure 1}.

btimizing the
hcks (see fig-

3.44 in-line heads: An arrangement in Which all re-

cord or all reproduce gaps are in line
head stack.

3.45 interlaced heads: An arrangeme
pairs of head stacks are mounted so th
fracks are contained in separate head
pair (see figure 2).

on a single

nt whereby
lat alternate
stacks of a

3.46 jitter amplitude: The variation in the timing of

one clock transition relative to that of th

P preceding

transition, expressed as a percentage of the mean

interval between the clock transitions.

3.47 jitter rate: The rate of change of tHe jitter am-

plitude expressed in heriz.

3.48 overbias: When the bias current
ously increased from an initial low lev

is continu-
bl while re-

3.38 head segment gap azimuth difference: The
angular deviation of the azimuth of a head segment
gap from the head azimuth.

3.39 head segment number: The number of the
head segment corresponding to the track number
on the magnetic tape on which that head segment
normally operates (see figure 2).

NOTE 9 Head 1 of a pair contains all odd-numbered
segments, while head 2 contains all even-numbered seg-
ments (see figure 1 and figure 2).

caokdinag—ao—ralatival dana sncalancath ofe
cCOraT g T ooty Sy rotrtg—vwv oy cTeTgt oY

hal on tape,

the reproduce output first increases with increasing
bias until it reaches a maximum, after which further
increases in bias cause a reduction in output. A
typical bias adjustment procedure involves finding
the level corresponding to maximum (or peak) out-
put and then increasing the bias to cause a specified
reduction in reproduce amplitude where the amount
of this reduction, usually expressed in decibels, is
known as the amount of overbias.

3.49 overhead bits: Bits added to the bit stream to
facilitate the transmission and recovery of the bit
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stream {e.g. frame synchronization words, check
bits}).

3.50 paraliel HDDR: The recording of muitiple PCM
data streams that are synchronous to a common
clock on multitrack recorders/reproducers so that
synchronization can be restored at playback.

3.51 pseudorandom sequences/patterns: Repeating
sequences exhibiting many of the statistical proper-
ties of uniformly distributed random number se-

3.64 tape tensile force: The tensile force applied to
the tape during operation.

NOTE 12  The value of this tensile force is not necess-
arity equal to the reference tensile force.

3.65 track location (/7)) The distance from the
centreline of the reference track to the centreline of
the recorded track location, (n) (see figure 3).

3.66 track numbering: The consecutive numbering

quences.

3.52 pulse rode modulation (PCM): A modulation
method in which information to be recorded is en-
coded into dfgital symbols (see 3.21 and figure A.1).

3.53 referenjce edge: The edge of the tape nearest
to track 1 (sde figure 3).

3.54 refererjce track location (G): Location of the
centreline off track 1 relative to the reference edge
of the tape (gee figure 3).

3.55 signal-fo-noise ratio (SNR): The ratio of signal
power to noige power, expressed in decibels.

3.56 single track serial HDDR: The recording of one
or more digitpl data streams on to a single recording
track.

3.57 synchrpnization word: A fixed pattern of bits
inserted in 3 digital bit stream to synchronize the
frame synchronizer.

3.58 synchrpnous: Having the same rate\and
phase.

3.59 tape skew: Motion of tape such that the tape
tracks are ngt perpendicular to the gap-centre line.
Skew can haye both static and dypamic components
{see 3.10, 3.11 and 3.12).

3.60 tape speed, actual (v{,): " The tape speed dur-
ing recording and reproducing.

NOTE 11 In|general,‘\the actual tape speed will not be
equal to the npminal-tape speed (see 4.2.1).

3.61 tape speed, effective (v.5): The tape speed

of tracks, starting with track 1, from top to bettiom,
when viewing the magnetic surface on the tape with
the earlier portion of the recorded signaino’the|ob-
server’s right (see figure 3).

3.67 track spacing (/7): The centré-to-centre {dis-
tance between adjacent recOrded tracks (see
figure 3).

3.68 track width (}#): The mechanical width of|the
common interface of the,record head segment at|the
gaps (see figure 1).

NOTE 13 This.does not include the effects of fringing
fields which wilktend to increase the recorded track width
by a small amount (see figure 1 and figure 3).

4 Recording and reproducing
characteristics

4.1 General

This clause defines those tape and recorderfre-
producer characteristics required to ensure guc-
cessful interchange, so that tapes recorded on pne
machine at one facility may be successfully repijod-
uced on another machine of like design at another
facility. Test procedures for magnetic thpe
recording/reproducing equipment are given| in
ISO 6068:1985, annex A.

The physical properties of the tape are specified in
ISO/IEC 8441-1.

4.2 Tape speeds

421 Tape speed

corrected for the effects on the tape of operating
conditions, i.e. tensile force, tape materials, thick-
ness, and environment (temperature and humidity).

3.62 tape speed, nominal (v): A set of defined nom-
inal tape speeds for tapes operating at the reference
tensile force (see 4.4.7), and in standard test en-
vironmental conditions of 23°C + 3°C (+ 73 °F
+ 5 °F) and relative humidity 45 % to 55 %.

3.63 tape speed error: Departure of the average
speed from the nominal value.

The record tape speed shall be in the range of
23,8 mm/s (15/16 in/s) to 6096 mm/s (240 in/s). It
shall be appropriate for the input data rate so that
the flux transition density on tape is within the limit
imposed by table A1 for the performance category
of the system concerned. The reproduce tape speed
may be adjusted to obtain the desired output dala
rate. Tape speed should be a matter of agreement
between the interchange parties. Table 7 lists nom-
inal recording tape speeds and the associated flux
transition density limits.
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4.2.2 Effective tape speed

The effective tape speed (v,) throughout a reel (in
the absence of tape-derived servo speed control)
shall be within + 0,5 % of each of the nominal tape
speeds given in table 7 which are provided for by the
recorder/reproducer.

4.2.3 Pulse-to-pulse jitter

ISO/IEC 8441-2:1991(E)

4.4 Recorder/reproducer characteristics

441 Data scatter
The maximum data scatter shall be as follows:

Tape width
12,7 mm (0.5 in)
25,4 mm (1,0 in)

Maximum data scatter
2,54 pum (100 pin)
5,08 um (200 pin)

4.2.3/1 Intratrack. On any track, the pulse-to-puise
jitter [(O to peak units) plotted against pulse-to-pulse
interyal (in the absence of tape-derived speed con-
trol) shall have a slope less than 0,2 % at every
speed listed in table 7 which is provided for by the
recornder/reproducer.

NOTE|14 Recommended methods for measuring pulse-
to-pulse jitter are given in ISO 6068:1985, annex A.

4.2.3.2 Intertrack. Between any pair of adjacent
trackp on the same head, the intertrack puise-to-
pulsq jitter (0 to peak units) plotted against pulse-
to-pujse interval (in the absence of tape-derived
speedl control) shall have a slope less than 0,4 %
at alll effective tape speeds as 4.2.2. The effects of
skew| can be added, provided dynamic skew and
statid skew limits in this part of ISO/IEC 8441 are not
exceeded.

4.2.3.p With tape-derived speed control. With tape-
derived speed control, the intertrack and-intratrack
puiserto-pulse jitter vaiues shall notlexceed twice
the values given in 4.2.3.2 and 4.2.3.1, respectively.

4.3 [Track configurations

Head| mechanical parameters shall be as shown in
figurg 1. Track corfigurations shall be as shown in
figurg 2 for an sibrack interlaced head, and the re-
corded tape format shall be as shown in figure 3 with
dimenpsions_\given in the applicable table1 to
tablep.

50,8 mm (2.0 1n) 10,16 um (440 pin)

4.4.2 Data azimuth (static)

Data azimuth (static) shall™wnot be grfeater than
+ 0,3 mrad (+ 1).

4.4.3 Data azimuth{dynamic)

Data azimuth fdynamic) shall not be gtreater than
+ 0,3 mrad, (4-1') as determined fron] measure-
ments of the: dynamic interchannel timg displace-
ment erfor (ITDE) between outer tracks gn the same
head.dhe method for the measurement gf ITDE shall
be.indaccordance with ISO 6068.

4.4.4 Individual track data azimuth diffefence

The maximum signal loss due to the indiVidual track
data azimuth differences shall not be gfeater than
1 dB {excluding reproduce head error) at the short-
est wavelength specified by the manufacfurer of the
equipment. The overall record/reproduce| error shali
not be greater than 2 dB.

445 Head tilt

Head tilt shall not be greater than + 0,3 mrad (+ 1)
(see figure 1).

446 Head polarity

4.4.6.1 Record side. Some recording codes require
that the recording and reproduce polarifies bear a
known relationship to each other for correct decod-
ing. To maintain signal polarity from record to play-

NOTE 15— Although a tape relerence edge 15 staled,
edge guiding of the tape is not an implied requirement of
the recorder/reproducer.

The head spacing for adjustable heads refers to
equipment having facilities for adjusting the azimuth
of reproduce heads; these facilities are required for
high density digital recorders/reproducers in cate-
gory C and possibly category B (see annex A).

NOTE 16  For cross-play enhancement, it may be bene-
ficial to adjust the record head azimuth against a recorded
reference tape aligned to the reproduce systems.

back-itis requiredthatanisotated-fatse=to-true level
transition, followed by a return to the quiescent false
level, at the encoder output be recorded as a
south-north north-south flux transition sequence on
tape. Likewise, the passage of such an isolated
south-north north-south flux transition sequence
past the reproduce head shall cause a positive-
going output pulse to appear at the input to the de-
coder.

NOTE 17  Details as to how to establish known polarity
flux transitions on tape will be found in 1SO 6068:1985,
annex A .
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4.46.2 Reproduce side. Each reproduce head
winding shaii be connected to its respective ampii-
fier in such a manner that a segment of tape
exhibiting a south-north north-south transition pat-
tern will produce a positive-going pulise, with re-

spect to system ground, at the output of the
reproduce amplifier.

4.4.7 Reference tensile force

operating tensile force departs from the reference
tensile force, the corrections appiied to make the
effective tape speed (v,) equal to the nominal tape
speed (v) become increasingly unreliable due to

4.5 Other characteristics

Requirements for other characteristics are not

The reference—tensile force shall be 0'100 MNimm

{10 ozV/in) of tape widih. For ideal interchange,
recorder/repfoducer operating tape tensile forces
should be eglal to the reference tensile force; as the

Trailing edge of gap

Leading edge of gap

Head segment-

™
-

Track width

P——

stated-h-thispor-oHSOHEC8444-streethey-depend
on the intended application, but recommendei.test
methods for measuring such characterishics [are
given in ISO 6068:1985, annex A.

‘\7L Head tilt

~—— Head azithuth!

|

Head referenpce /

plane

Gap scatter

Forward direction of tape travel —— s

1) The hgad azimuth line passeésthrough the gap centres of the two outside tracks.

a

Figure 1 — Head mechanical parameters

Head reference plane
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1) For an in-line format all tracks are in head position 1.
Tape travel - 2) Forinterlaced formats, tracks 1 to n-1 are in head position 1, and

Head segments interlaced, n-track systerf?)

1} Fpr 7-track systems, head segments/ 4, 3;'56 and 7 are in head 1,
and head segments 2, 4 and 6 are in head/2.

2) Fpr formats listed in table 3 tg table 7, head segments n-1, n-3,
etc. are in head 1, and head segments n, n-2, etc. are in head 2.

Figyre 2 — 7-track and n-track systems with head

segments interlaced

tracks 2 to n are in head position 2.

3)

For 7-tracks (3 + 4) interlaced formats, track 7

Figure 3 — Recorded tape form

sn.
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Table 1 — Dimensions for recorded tape format, 7 tracks interlaced on 12,7 mm (0,5 in) wide tape

Millimetres inches
Dimensions O
max. min.
Track width {#) 1,40 114 0,050 + 0,005
Track spacing (D) 1,778 0,070
Head spacinJ; (S)
Fixed heads 38,125 38,075 1.500 + 0,001
Adjustable|heads 38,151 38,049 1,500 + 0,002
Edge margin| minimum (M) 0,127 0,005
Reference track location (G) 1,067 0,965 0,040+ 0,002
Track jocatiop tolerance {/7,) 0,051 - 0,051 0 + 0,002
Location for nth (/7)) track
Track numbey Millimetres Inches
max. min.
1 (Reference 0 0 . - 0
2 1,829 727 0,070
3 3,607 37505 0,140
4 5,383 5,283 0,210
5 7,163 7,061 0,280
6 8,941 8,839 0,350
7 10,719 10,617 0,420
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Table 2 — Dimensions for recorded tape format, 14 tracks interlaced on 12,7 mm (0,5 in) wide tape
(see figure 3)

Millimetres Inches
Dimensions
max. min.
Track width (i) 0,660 0,610 0,025 + 0,001
Track spacing (D) 0,889 0,035
Head spacing (S)
Hixed heads 38,125 38,075 1,500,4)0,p01
Adjustable heads 38,151 38,049 1,560-+ 0,p02
Edge margin, minimum (M) 0,127 0,005
Reference track location (G) 0,546 0,470 0,0200 + 0,p015
Trdck location tolerance (/1) 0,038 — 0,038 0 40,0015
Location for nth {77} track
Track number Millimetres Inches
max. min,
1 {Reference) 0 0 0
2 0,927 0,851 0,035
3 1,816 1,740 0,070
4 2,705 2,629 0,105
5 3,594 3,518 0,140
6 4,483 4,407 0,175
7 5,372 5,296 0,210
8 6,261 6,185 0,245
9 7,150 7,074 0,280
10 8,039 7.963 0,315
11 8,928 8,852 0,350
12 9,817 9,714 0,385
13 10,706 10,630 0,420
14 11,595 11,519 0,455



https://standardsiso.com/api/?name=c788b3f809da51e3a98c1bbe47b9dbca

ISO/IEC 8441-2:1991(E)

Table 3 — Dimensions for recorded tape format, 14 tracks interlaced on 25,4 mm (1 in) wide tape
(see figure 3)

Millimetres Inches
Dimensions
max. min.
Track width (W) 1,40 1,14 0,050 + 0,005
Track spacing (D) 1,778 0,070
Head spacingd (S)
Fixed heads 38,125 38,075 1,500 4+ 0,001
Adjustable heads 38,151 38,049 1,500 4+ 0,002
Edge margin,|minimum (M) 0,279 0.0M
Reference tr1ck location (G) 1,168 1,067 0,044+ 0,002
Track location tolerance (/7)) 0,051 — 0,051 0 + 0,002
Location for nth (/1)) track
Track numbe Millimetres inches
max. min.
1 (Reference 0 0 - 0
2 1,829 1,727 0,070
3 3,607 3,505 0,140
4 5,385 5,283 0,210
5 7,163 7,061 0,280
6 8,941 8,839 0,350
7 10,719 10,617 0,420
8 12,497 12,395 0,490
9 14,275 14,713 0,560
10 16,053 15,951 0,630
1 172,831 17,729 0,700
12 19,609 19,507 0,770
13 21,387 21,285 0,840
14 23,165 23,063 0,910

10
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Table 4 — Dimensions for recorded tape format, 28 tracks interlaced on 25,4 mm (1 in) wide tape

{see figure 3)

ISO/IEC 8441-2:1991(E)

Millimetres inches
Dimensions
max. min.
Track width (i) 0,660 0,610 0,025 + 0,001
Track spacing (D) 0,89 0,035
Hehd spacing (S)
Hixed heads 38,125 38,075 1,500.4)0,p01
Adjustable heads 38,151 38,049 1,500.4- 0,p02
Edge margin, minimum (M} 0,229 0,009
Reference track location ((7) 0,698 0,662 0,0260 + 0,p015
Trgck location tolerance (/7)) 0,038 - 0,038 0+ 00015
Location for nth (/7)) track
Trdck number Millimetres Inches
max. min.
1 (Reference) 0 0 0
2 0,927 0,851 0,035
3 1,816 1,740 0,070
4 2,705 2,629 0,105
5 3,594 3,518 0,140
6 4,483 4,407 0,175
7 5,372 5,296 0,210
8 6,261 6,185 0,245
9 7,150 7,074 0,280
10 8,039 7,963 0,315
11 8,928 8,852 0,350
12 9,817 9,741 0,385
13 10,706 10,630 0,420
14 11,595 11,519 0,455
15 12,484 12,408 0,490
16 13,373 13,297 0,525
17 14,262 14,186 0,560
18 15,151 15,075 0,595
19 16,040 15,964 0,630
20 16,929 16,853 0,665
21 17,818 17,742 0,700
22 18,707 18,631 0,735
23 19,596 19,520 0,770
24 20,485 20,409 0,805
25 21,374 21,298 0,840
26 22,263 22,187 0,875
27 23,152 23,076 0,910
28 247041 237965 07945

"
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Table 5 — Dimensions for recorded tape format, 42 tracks interlaced on 25,4 mm (1 in) wide tape
{see figure 3)

Millimetres Inches
Dimensions N
max. min.
Track width () 0,483 0,432 0,018 + 0,001
Track spacing (D) 0,584 0,023
Head spacini(S)
Fixed head 38,125 38,075 1,500 + 0,001
Adjustable [heads 38,151 38,049 1,500 + 0,002
Edge margin| minimum (M,,} 0,305 0,042
Reference track location (G) 0,737 0,660 0,027 54 0,0015
Track location tolerance (/7)) 0,025 — 0,025 0 + 0,001
Location for nth (/7)) track
Track numbef Millimetres Inches
max. min.
1 (Reference 0 0 0
2 0,610 0,659 0,023
3 1,194 143 0,046
4 1,778 1,727 0,069
5 2,362 2,311 0,092
6 2,946 2,896 0,115
7 3,531 3,480 0,138
8 4,115 4,064 0,161
9 4,699 4,648 0,184
10 5,283 5232 0,207
11 5,867 5817 0,230
12 6,452 6,401 0,253
13 7.036 6,985 0,276
14 7.620 7,669 0,299
15 8,204 8,153 0,322
16 8,788 8,738 0,345
17 9,373 9,322 0,368
18 9,957 9,906 0,391
19 10,541 10,490 0,414
20 11,125 11,074 0,437
21 11,709 11,659 0,460
22 12,294 12,243 0,483
23 12,878 12,827 0,506
24 13,462 13,411 0,529
25 14,046 13,995 0,552
26 14,630 14,580 0,575
27 15,215 15,164 0,598
28 +57799 +5;748 082
29 16,383 16,332 0,644
30 16,967 16,916 0,667
31 17,551 17,501 0,690
32 18,136 18,085 0,713
33 18,720 18,669 0,736
34 19,304 19,253 0,759
35 19,888 19,837 0,782
36 20,472 20,422 0,805
37 21,057 21,006 0,828
38 21,641 21,590 0,851

12
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Location for nth (77} track
Track number Millimetres Inches
max. min.
39 22,225 22,174 0,874
40 22,809 22,758 0,897
41 23,393 23,344 0,920
42 23,978 23.927 0,943
Table 6 — Dimensions for recorded tape format, 84 tracks interlaced on 50,8 mm (2 in))wide tape
(see figure 3)
Millimetres inches
Dinjensions
max. min.
Tragk width (W) 0,483 0,432 0,018 + 0,401
Tragk spacing (D) 0,584 0,023
Hedd spacing (S)
Flxed heads 38,125 38,075 1,500 + 0,901
Aldjustable heads 38,151 38,049 1,500 + 0,402
Edgle margin, minimum (M) 0,711 0,028
Reference track location (G) 1,168 1,092 0,0445 + 0,015
Tragk location tolerance (/7,) 0,025 — 0,025 0 + 0,00
Location for nth (/7,) track
Tra¢ck number Millimetres Inches
max. min.
1 {(Heference) 0 0 0
2 0,610 0,559 0,023
3 1,194 1,143 0,046
4 1,778 1,727 0,069
5 2,362 2,311 0,092
6 2,946 2,896 0,115
7 3,531 3.480 0,138
8 4,115 4,064 0,161
9 4,699 4,648 0,184
10 5,283 5,232 0,207
11 5,867 5,817 0,230
12 6,452 6.401 0,253
13 7,036 6,985 0,276
14 7,620 7,569 0,299
15 8,204 8,153 0.322
16 8788 8738 6:345
17 9,373 9,322 0,368
18 9,957 9,906 0,391
19 10,541 10,490 0,414
20 11,125 11,074 0,437
21 11,709 11,659 0,460
22 12,294 12,243 0,483
23 12,878 12,827 0,506
24 13,462 13,411 0,529
25 14,046 13,995 0,552

13
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Location for nth (/7)) track

Track number Millimetres Inches
max. min.
26 (Reference) 14,630 14,580 0,575
27 15,215 15,164 0,598
28 15,799 15,748 0.621
29 16,383 16,332 0,644
30 16,967 16,916 0,667
31 +H-551 564 9-690
32 18,136 18,085 0,713
33 18,720 18,669 0,736
34 19,304 19,253 0,759
35 19,888 19,837 0,782
36 20,472 20,422 0,805
37 21,057 21,006 0,828
38 21,641 21,590 0,851
39 22,225 22,174 0.874
40 22,809 22,758 0,897
41 23,393 23,344 0,920
42 23,978 23,927 0,943
43 24,562 24 511 0,966
44 25,146 25,095 0,989
45 25,730 25,679 1,012
46 26,314 26,264 1,035
47 26,899 26,848 1,058
48 27,483 27,432 1,081
49 28,067 28,046 1,104
50 28,651 28,600 1,127
51 29,235 29,185 1,150
52 29,820 29,769 1,173
53 30,404 30,353 1,196
54 30,988 30,937 1,219
55 31,572 31,521 1,242
56 32,156 32,106 1,265
57 32,741 32,690 1,288
58 33,325 33,274 1,311
59 33,509 33,858 1,334
60 34,493 34,442 1,357
61 35,077 35,027 1,380
62 35,662 35,611 1,403
63 36,246 36,195 1,426
64 36,830 36,779 1,449
65 37,414 37,363 1,472
66 37,998 37,948 1,495
67 38,583 38,532 1,518
68 39,167 39,116 1,541
69 39,751 39,700 1,564
70 40,335 40,284 1,587
71 40,919 40,869 1,610
72 41,504 41,453 1,633
73 42,088 42,037 1,656
74 42 672 42 621 1,679
75 73437256 33,205 T.702
76 43,840 43,790 1,725
77 44 425 44 374 1,748
78 45,009 44 958 1,771
79 45,593 45,542 1,794
80 46177 46,126 1,817
81 46,761 46,711 1,840
82 47,346 47 295 1,863
83 47 930 47,879 1,886
84 48,514 48,463 1,909

14
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5 Methods for high density digital
recording

5.1

Introduction

Although bilevel digital signals may be successfully
recorded by many different methods, only those
methods which simultaneously maximize throughput

rate

and bit packing density, while minimizing

recorder/reproducer bandwidth, are included in this
part qf ISO/IEC 8441. Users should match environ-

ment,
code

5.2

5.21

In hig

ISO/IEC 8441-2:1991(E)

coder. If record level is monitored by an rms-
reading meter on the reproduce output, the
record level for a sine wave shall be set 4 dB
beiow that obtained using square wave drive
from the encoder, to compensate for the differ-
ence in the rms and peak values of the two
waveforms. If a square waveform is used for
selting up, this difference does not apply.

5.2.3 Recording without bias

application, and choice of hardware to the
selected (see clause A.2).

Record transfer function

General

h density digital recording, where special cod-

ing arjd/or electronics are employed to minimize the

effect
prese

b of long periods without flux transitions, the
vation of a linear amplitude characteristic is

not egsential, and bilevel signals may be recorded
with gr without the use of high frequency bias. The

recor

head driving amplifier shall provide a trans-

fer chiaracteristic that is basically a constant record
curremt characteristic, upon which is superimposed

a co
comp
ficien

5.2.2

pensation versus frequency characteristic to
bnsate only for the loss of record head ef-

y.

Recording with bias

Bilevg! signals may be recorded with linéar ana-

logue
bias.
at lea

recording techniques that use high\frequency
When bias is used, the bias frequency shall be
5t 3,5 times the highest recording channel sig-

nal frlequency for which the recorder/reproducer

Bilevel signals may be recorded directly on tape
without the use of high frequencyClhias| Optimum
pulse response resolution is usyally obtained with
a record current setting that limits the penetration
of the recording head flux into the magnetic tape
coating to a depth rathepxless than the coating
thickness.

NOTE 18  Best resultsvare often obtained by setting the
record current amplitude to the level giving maximum re-
produce head output at a signal frequency cofresponding
to the frequericy“associated with the maximumn transition
rate applicable to the data bit representatign. In some
systems, Showever, it may be advantageou$ to under-
record-byup to 2 dB. The record signal used tp set record
current gain shall be a single frequency square wave at
a level equal to the peak-to-peak amplitude of the bilevel
data source.

5.3 Flux transition densities and rates for high
density recording

The packing density on every track as rgcorded on
tape, and including any overhead bits, shall lie be-
tween the limits

0,590 kt/mm {15 kt/in) min.

systein is designed. The bias should contain no even 1,312 kt/mm (33,3 kit/in) max.
harmonics that produce unegual positive and nega- ) o
tive ppaks of the bias current. Such asymmetry will See table 7 for maximum and minimum dn-tape per
produce a d.c. component that causes noise. The track transition rates versus standard tapg speeds.
input plectrical signatlis-delivered to the record head
in esgentially unaltered form. Table 7 — Maximum/minimum transitipn rates
5.2.2.1 Settingup. Best results are typically ob- Nominal tape speed Transition rate (kt/s)
tained as follows: . .
mm/s {in/s) min. !} max. b
a) The Tecording signal used may be a sinusoidal 6096 0 (240) 16000 80000
waveform or a square waveform. It may be 3048.0 (120) 1800,0 4000,0
practicable to obtain a suitable square waveform 15240 (60) 900,0 2000,0
from the data encoder. The frequency shall cor- 762,0 (30) 450,0 1000,0
respond to the maximum transition rate applica- 3810 {15) 225,0 500,0
ble to the data representation, on the basis that 195_?'5 (37,755) ;;2,2 250,0
two flux transitions are recorded in each period 95,2 (3.75) 2 1250
f the waveform 47,6 (1,875) 28,125 62,5
o ’ 23,8 (0,937 5) 14,0675 31,25
b) The record level used for final bias ad'justment 1) Corresponding to density limits in 5.3,
shall correspond to the normal recording level

when the record amplifier is driven by the en-

15
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5.4 Data input/output

5.4.1 General

Input and output digital data shall be NRZ-level
coded with accompanying synchronous clock. The
clock shall have a duty cycle of 50 % + 5 %, and the
positive-going transition shall occur within 3 % of
the beginning of the data bit period. The clock jitter
rate shall not exceed that of the bit rate.

5.6 Reproduce equalization

5.6.1 General

The capability shall be provided to reproduce data
recorded either with or without bias. Passband
equalization characteristics for either of these
modes are essentially the same.

NOTE 19 ﬂ:‘her data representations may be used sub-

ject to agree

5.4.2 Accu

ent between the interchange parties.

racy and stability

5.4.2.1 Long-term. Whenever useful data is being

transferred,

the input bit rate shall not differ from the

specified ngminal bit rate by more than 1 % of the

nominal rate.

b

5.4.2.2 Shqrt-term (bit jitter). It is desirable that any
data input gr output transition occurring in an inter-

val, P, shal
at which it i

I occur within 0,1 bit period of the time
5 expected to occur, as determined dur-

ing the preg¢eding interval, P, where P is the meas-
ured time fgr 30 data bit periods.

5.5 Data pense

Normal data input and output polaritiés)shall follow
the “positie true” logic convention;) the relatively

high voltag
tively low v
the HDDR
data sense
outputs. If
sense shall

b {evel denoting “logic)?” and the rela-
bltage level “logic0”) It is desirable that
systern has the ‘eapability to invert the
i.e. complement the data) at inputs and
this facility~is not provided, the same
prevail af input(s) and outpul(s).

PCM codes| suchyas M2 and 3PM are tape flux po-
larity indeandent.

5.6-:2—Resolutionof t:qua;;Lat;un
The resolution of equalizalion adjustmenis) patticu-
larty the phase adjustment, shall provide\the cppa-
bility of adjusting for optimum eye-pattern| as
evidenced by negligible zero-level tross-over|dis-
placement and adequate “eye’” lamplitude opening
peaks, with a nondivergent series of adjustments.

5.6.3 Range of equalization adjustment

The range of equalization of the amplitude |and
phase responsés shall be adequate to obtain|eye
patterns having® characteristics such as a) and b)
below, at densities up to 1,312 kt/mm (33,33 kt/in)
using tapes conforming to ISO/IEC 8441-1 at alll for-
ward and reverse speeds for which the recordef/re-
producer is designed:

a) Amplitude criteria: The amplitude variation be-
tween the low frequencies and the high freqguen-
cies of the code used shall be less than 6 dB for
the nominal speeds listed in table7 which| are
available on the recorder concerned.

b) Phase criteria: The zero axis cross-over [fime
displacements shall be less than one-tenth|of a
bit cell time using a 2047-bit pseudorandom|pat-
tern of NRZ-L recorded on tape at tape spgeds
as a).

5.6.4 Tape speed compatibility

It shall be possible to record at any of the nominal
speeds listed in table 7 and reproduce at the dame
or any other nominal speed listed in table 7, supject
only to the speed being available on the recqrder

Other codes considered in this part of ISO/IEC 8441,
such as ENRZ, RNRZ, and PROP are tape flux po-
larity dependent. Systems using such codes shall
be arranged so that a data input transition to
logic 1 writes a south-north transition on tape. Also
a positive true logic convention shall be applied to
the interpretation of the code description in this part
of ISO/IEC 8441, annex A and annex B.

16

and reproducer concerned.

5.6.5 Signal-to-noise ratio (SNR)

Reproduce peak signal to rms noise shall be at least
20 dB at any nominal speed listed in table 7 which
is available on the reproducer.
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5.7 Other system parameters

A number of other parameters affecting system
performance, such as crosstalk, are not stated in
this part of ISO/IEC 8441 since they depend on the
intended application, but recommended test meth-
ods for measuring such parameters are given in
ISO 6068:1985, annex A.

ISO/IEC 8441-2:1991(E)

5.8 Auxiliary data recording

It is recommended that auxiliary data be recorded
on edge tracks, and the centre tracks reserved for
high density digital data which is sensitive to tape
edge damage and slitting debris. For recommended
auxiliary data recording methods (i.e. analogue,
etc.), see ISO 6068.

17
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Annex A
(informative)

Operating modes, performance categories, and cross-play criteria for high density
PCM recording systems

A1 Performance categories

A.1.1 Geperal

The three |performance categories of high density
PCM recording covered in this part of ISO/IEC 8444
are as follgws:

NOTE 20 For the purpose of the following paragraphs
the term [wideband recorder/reproducer” means a
recorder/refroducer with a direct mode bandwidth of
2 MHz at 3,048 m/s (120 in/s) tape speed.

a)

b)

Categonly A: This category covers single track
serial hHigh density PCM recording using any of
the tradk formats of table3 to table6 on wide-
band rpcorder/reproducers adjusted for ana-
fogue sgrvice as described in A.2.1, and using
record gap lengths as specified in A.1.2. Upper
limit pagking densities are specified in A.2.1.3.

Categony B: This category covers single track
serial gr parallel high density PCM recording
using gny of the track formats in tabie@, to
table5 jon wideband recorder/reproducers ad-
justed fpr optimal digital service as_5.2.2 using
bias, off as 5.2.3 using nonbias reeording tech-
niques.| The record gap lengths )shall be as
specified in A.1.2. Interchange parties should be
aware {hat fine adjustment (of the reproducing
maching may be necessary for optimum play-
back offa particular tapésince this category al-
lows recording with -and without bias, together
with the inevitable ‘tolerances in record gap
lengths |and magnetic tape properties.

Category Cx This special category covers parallel
high depsity* PCM recording performance using
special vigeband ordertreprotteets
equipped with record gap lengths as described
in A1.3, and special digital electronics using
nonbias recording as described in 5.2.3. For this
category the full range of packing densities (i.e.
flux transitions per unit track length) may be
used.

- sipwivay

See table A.1 for a summary of performance cate-
gory versus important recording parameters.

18

Table A.1 — Summary of record parameters| for
Categories A,Band C
Recording parameter Pecr::;gt:;ce
Track densities, 25,4 mm (1,0 in) intape
14, 28 and 42 tracks A, B, C
Data configuration
Seria! PCM A, B, C
Parallel PCM B, C
Packing densitias
0,6 kt/mm'to 1,0 kt/mm {15 kt/in to
25 ktfin} or 1,3 kt/mm (33 kt/in) with
interchange agreement A B
08 kt/mm to 1,3 kt/mm (15 kt/in to
33 kt/in) (&)
Adjustment between routine maintenance
No adjustment after normal set up A, C
Fine adjustment allowed for individual
tape reproduce B
Fine adjustment aliowed for tape type
and record mode B, C
Record gap length
1,7 4m to 2,7 pm (85 pin 4 20 pin) A B
0,51 pm to 0,76 pm (20 pin 4 5 in) C
Record mode
With bias A B
Without bias 8, C
A.1.2 Record head gap length for category A
and category B performance
For serial high density PCM recording, with or|with-
_ bt ol L ] ind. the

record head gap length shall be 22 um 4+ 0,5 pm
(85 pin + 20 pin). Interchange parties should deter-
mine that record gaps are compatible with the re-
produce systems to be used.

A.1.3 Record head gap length for category C
performance

For parallel high density PCM recording the rec-
ommended gap length to achieve category C per-
formance is 0,51 pm + 0,13 pm (20 pin + 5 pin).
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A.1.4 Operating modes

HDDR systems shouid be capable of operating in
one or more of the following modes:

a) Parallel digital data mode: The HDDR accepts an

input consisting of multiple digital bilevel data
streams with an accompanying synchronous

common clock. Each input stream is processed
by individual track formatting logic channels that

ie of accepting continuous streams of input
at the maximum specified input rate for the
selgected tape speed. Any input buffering

HDDR system. Similarly, the reproduce channels
shajl include any buffering necessary to accom-
moglate clocking overhead bits off tape and
stripping them from the output data stream,
whirch should be a replica of the input data, ex-
cluding the effect of any difference between re-
cordl and replay tape speeds.

b) Serfal to parallel digital data mode: The HDDR
accepts a single input bilevel digital data stream
witl} accompanying synchronous clock at rates
excpeding the capability of a single.recording
tragk. This singie serial input data sifeam is dis-
tribyited (i.e. demultipiexed) to a selectable num-
ber| of paraliel digital track «formatting logic
chapnels for recording. During the reproduction
progess, the data from (tape shall be re-
synthronized, the overhead bits removed, and
the |parallel data streams multiplexed to form a
replica of the inputtstream with accompanying
clogk. The input ahd/output data rates shall be in
the|same ratig.8s the record and replay tape
spepds.

c) Single track serial data mode: The HDDR accepts
a sjngle" input bilevel digital data stream with
acc
capability of a single recording track. The HDDR
system may have the capability io accept more
than one such data stream, but each data stream
shall be accompanied by its own synchronous
clock which may or may not be at the same rate
as another input data stream.

d) Error detection and correction (EDAC): The HDDR
system includes special coding and decoding
electronics which detect and correct many data
bit errors that would otherwise result from mag-

ISO/IEC 8441-2:1991(E)

netic tape flaws and other causes during the re-
cord and reproduction processes.

e) Auxiliary channels: The HDDR system provides
or housekeeping signals such as servo speed

reference, analogue direct, FM, or low rate PCM.
This capability may be provided by the analogue
accessories of the basic transport used to im-
plement the HDDR system. It is recommended
b the tape

e middle

edge track(s), saving the more secu
tracks for HDDR service.

f) Reverse playback: The HDDR lsystem |[may pro-
vide the capability to reproduce data |with tape
motion in the opposite.direction from [that used
for recording.

A.2 Single track serial high density
recording

[See A 14<c).]

A.2:1. Serial high density recording wjth
wideband analogue recorder/reproduder
(category A)

A.211 General

This clause defines performance levels for direct
recording of PCM data using wideband [[2 MHz at
3,048 m/s {120 in/s)] analogue regorder/re-
producers.

A.2.1.2 Recording set-up parameters

A.21.21 The rms analogue recording lgvel shall
be set to produce 1 % third harmonic dijtonion of
the record level set frequency at 2 dB overtbias. The
record level set frequency shall be one-tepth of the
upper band-edge frequency.

A.21.2.2 The peak-to-peak level of PCM |nput sig-
nal shall be set to twice the rms level uged to es-
tablish the analogue record level with a ftolerance
of £ 25 %.

A.21.23 The PCM signal to be recorded shall be
in bilevel form. A signal containing noise shall be
converted to bilevel form (i.e. encoded before re-
cording).

A.21.3 PCM codes and packing densities for
category A

The recommended PCM codes for category A (see

A11 are randomized nonreturn to zero-level
(RNRZ-L}, Y¢, and Bi¢-L. The resulting on-tape rec-
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ommended maximum bit packing density s

§84 bit/mm (25 kbit/in) for RNRZ. The
tape recommended maximum bit packing density is
490 bit/mm (12,5 kbit/in) for Big-L.

To minimize baseline wander anomalies, RNRZ-L is
not recommended if the reproduce bit rate will be
less than 200 kbit/s. PCM code definitions for NRZ-L

and Big-L are given in figure A.1.

A.21.4 Serial PCM codes for cateqory B

a)
b)

o)

Q.

-

orb

randomized NRZ-L (RNRZ-L):
enhanced NRZ-L {(RNRZ-L);

Miller squared {M?);

[SA4)

) 3-position modulation (3PM).

rief descriptions of these codes see figure A.1.

A.2.15 PCM system tests

The recommended PCM codes for high density se-

For

ISO 6068, annex A.

information on

system test methods| see

rial recording in this category are
Code waveforms
Bit A T ‘
sequence; O | 01 T[T 1010
NRZL ¥ 1 ——  —
0 : ,
Big-L "1
g
DM-M 1~
oy
M2 '
-
PM L
PM
Legend
NRZ-L A ‘[one” is represented by the /1"’ level for the bit cell
pertod.
A ‘|zero” is represented by the ‘0"’ level for the bit cell
perifod.
Big-L A Igvel change occurs at the centre of every bit cell.
A ‘lone’ is represented by a mid-cell transitién from ‘1"

levgl to 0"’ level.

A ‘lzero” is represented by a mid-cell transition from 0"’
levgl to 1"’ level.

Additional transitions are allowed at"the’cell boundaries as
necpssary to maintain the above._cohventions.

DM-M A "pneis represented by a mid-cell transition in either direc-
tior}.
A “kero” is represented-by-a transition in either direction at
the lend of the relevant bit cell period, however, this tran-
sitign is suppressed.if\the “‘zero’ is followed by a “one’’.

DMM is not ineluded in this part of ISO/IEC 8841. The
encpding algorithm is given to assist in the understanding of
M2 encoding.

M2 M2 todelis a modification to the Miller code {also known as

3PM

Type C: a logic ““zero” followed by an even number of
“ones” and terminated by a “‘zero’’ not counted ag part
of the sequence (for example, 011, 01111).

The encoding rules for the above sequence are
Type A and Type B: coded as DM-M.

Type C: sequences are coded as DM-M, but the [tran-
sition corresponding to the final ““one’’ is suppressed.

The M2 code retains the basic characteristics of DM-M and
is an improvement in the sense that the d.c. contept of
DM-M has been effectively removed. To the one, ong and
one-half, and two-cell spacings of DM-M transitiong, M2
adds two and one-haif cell and three-cell length spacifng of
transitions.

Information is carried in the interval between transitjons.
Relative pulse polarity has no significance. The one{and-
one-half, two-and-one-half, and three-cell spacingd are
nonambiguous and can be used for synchronization.| The
bandwidth required for the M2 code is less than that re-
quired for NRZ codes due to its relatively high trangition
density and lack of significant d.c. spectral content.

The serial bit stream is divided into 3 bit bytes with kach

DM-MJ. The MZ code is identical to DVI-M except for those
cases where an even number of “ones” follows an odd
number of “‘zeros’. The bit stream to be encoded is divided
into data bit sequences of three types and then two units are
added to define the code. The three types of bit sequence
are

Type A: Any number of consecutive “ones’’.

Type B: two “‘zeros”’ separated by either no “‘ones’ or
an odd number of “‘ones”’.

byte assigned six equally spaced positions where transitions
can occur.

Each combination of 3-bit bytes is assigned a transition pat-
tern according to the truth table shown in table B.7.

In the case of adjacent bytes where the preceding byte nor-
mally would have a transition in position 5, and the following
byte would normally have a transition in position 1, both of
these transitions are deleted and replaced by a single tran-
sition in position 6 of the preceding byte.

Figure A.1 — PCM code descriptions
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A.2.2

Parallel high density digital recording

A.2.21 General

When

input data rates exceed the capability of a

single track, recording on multiple tracks is used.
Operation is as described in A.1.4 a), when data are

ISO/IEC 8441

2) require the minimum overhead
with the objectives in a) to avoid

-2:1991(E)

consistent
unnecess-

arily increasing the required channel band-

width;

3) occur sufficiently frequently and be

resented by a pattern
possessed of other

rep-

of sufficient length, or
unique feature(s), as

the data

of reconstructed com-

available in parallel form. Operation is as described

in A.1.4 b}, when the input data is available only as necessary, to avoid misaligning
a single high rate data stream. Optimum results re- frame and/or aliasing

quire jattention to the foilowing: posite dafa.

a) Cd
sh

1)

2

~—

1)

ding used on tape: Coding used on tape
buld

have a frequency spectrum compatible with
the bandwidth of the record/reproduce chan-
nel regardless of the input data pattern;

maintain easy unambiguous synchronization
decoding and data decoding accuracy re-
gardless of the input data patiern;

include sufficient redundancy 1o facilitate
self-checking as a minimum and, preferably
error detection and correction.

chronization method: The synchronization
thod should

provide synchronization information f{re-
quently enough to permit adequate compen-
sation of the dynamic skew, fast, (initial
synchronization, and fast recovery from bit
slip;

Both the on-tape code and the ‘sync
method used should provide fox the rey
back.

nronization
erse play-

A.2.2.2 Parallel PCM recording using witeband

recorder/reproducers adjusted for PCM s
category B parallel

See A.1.1, category B.

A.2.2.3 Parallel PCM recording using sys
containing electronics optimized for PCM
category/C

See A.1.1, category C.

A.2.2.4 Parallel HDDR format coding

Some examples of parallel HDDR code

rvice

items
service

s and for-

mats, with brief descriptions, are given in annex B.

As the different codes and formats are ing
agreement between interchange parties
mon code and format is essential.

ompatible,
on a com-
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Annex B
(informative)

Recording techniques

B.1 Reco
abbreviations

Bi¢g Biphase (also called Manchester code).

DM-M [Delay modulation mark [alsc called
Miller code or modified frequency
modulation (MFM)].

ENRZ |Enhanced nonreturn to zero.

M2 Miiler squared (a variant of Miller code).
NRZ-L |Nonreturn to zero-level.

PROP [Pseudorandom odd parity.

3PM  [3-position modulation.

RNRZ |Randomized nonreturn to zero.

B.2 Enhanced NRZ format for parallel
HDDR

B.2.1 ENRZ coding

Enhanced NRZ is a variant of NRZ-level, oneJextra
bit being adided to each group of seven data bits
prior to recording on a tape track. The-added bit is
an odd parify bit so that the total number of “ones”
is an odd niimber for every eight recorded bits. The
enhancemeft over a raw unmaodified NRZ-L stream
consists of |a guaranteed minigtum transition den-
sity, and provides an indieation of accuracy during
reproduction as well as indication of, and correction
of, bit slip.

B.2.2 ENRZ — ‘paraliel HDDR format

The tracks df data to be recorded are formatted into

verted (i.e. complemented) prior to formihg| the
eighth parity bit. Because the data words aré-aijvays
“odd” and the sync pattern is always."even”| the
sync pattern is “unique” and this pattern cdnnot
appear as a “false sync” in the data portion of the
frame.

During the deskew on playback, the inverted |data
bits are reinverted, and thé deskew sync bits| and
parity bits are stripped-from the data streams ith-
out leaving time gaps.

B.2.3 Summary-of enhanced NRZ format
The ENRZ format can be summarized as follows:
a) Number of tracks: 14, 28, 42.
b)*Frame size: 680 bits.

c) Data bits per frame: 560 bits.
d) Sync word length: 40 bits.

e) Sync word pattern: 20 bits of 0101 — etc. follgwed
by 20 bits of 1010 — etc.

fy Special words/tracks: seven data bits plus|one
parity bit per data word: 80 words/frame.

g) Input data code: NRZ-L plus one synchropous
0° clock.

h) On-tape code/data conditioning: NRZ-L, bits
6 and 7 inverted each data word.

N
W

i) Polarity of on-tape data: as given in this paft of
ISO/IEC 8441, 4.46.

frames for synchronizing purposes. Each frame
consists of 680 bits where 40 bits are the deskew
sync pattern, 80 bits are odd parity (one for every
seven data bits), and 560 bits are data. The deskew
sync pattern is 20 bits of 1010 — etc., followed by
twenty additional bits of 0101 — efc. The data bits are
collected into 80 groups {i.e. words) of seven data
bits plus an added eighth odd parity bit. To break up
fong strings of continuous “ones” or continuous

22

i} Bit sync protection: guaranteed minimum of 1
transition in every 15 bits of tape.

k) Reproduced data/rates: as given in table B.1.
) Auxiliary data: time code, servo reference, and
other auxiliary data are recorded on unused data

tracks.

m) Reverse reproduce: yes.
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Table B.1 — Enhanced NRZ bandwidth utilization

ISO/IEC 8441-2:1991(E)

B.3 Miller squared format (M2) for parallel

HDDR
Channel Tape Nt:;:::al
Tape speed bandwidth | SN | o ahput B.3.1 Miller squared coding
bit rate rate!)
mfs (invs) KHz Kbit/s Kbit/s For a brief description see figure A.1.
3,048 (120) 2000 4000 46117647 B.3.2 M?2 format for parallel HDDR
1,524 (60) 1000 2000 23058,823 o o ) . ]
O,YGIZ (30) 500 1000 11529,411 —atit Liadinici L)I.Hlpul Udid I'D d'lldHUUU 1 ltO 512 blt
038 15) 250 500 5764705 frames. The 32-bit sync word is inseried s{que.nhally
' ' into each data channel. The block ©f-da}a bits re-
0,190 {7.5) 125 250 2882353 placed by the sync word is placed in|a master
0,095 (3,75) 62,5 125 1441,176 channel. Data are recorded in groups of| 14 tracks
0,04 (1,875) 31,25 62,5 720,588 with 13 data tracks and one master track|per group
{see figure B.1). Each channel of NRZ-L input data is
1) Throughput rate based on assumed 14 parallel digital encoded into M2 code and_recorded direcfly on tape
tracky. (including the sync word).

Data

__bizbits

channel Track

Aux 1

Dovn W o

4 g pra=] pd
“kkn\_N____C_wva\_L

-
@
S

Master

BE T B R :!:1?.11;’&.{-1321’-:11,'

@ -2

=
2R

LxL,‘LLPML”“’

[ Aux E ECC program
fZ7] Data Parity

[D Sync words m48

Sync

Data —se

1011111111111101

ﬁata (480 bits)

L

U Data (480 bits) Z

CRC Sync
Word Word !
16 bits i 16 bits !

Linnannd bt

Figure B.1 — Format — typical sync word distribution
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B.3.3 Summary of M2 format

figure B.1).

b) Frame size: 512 bits.

Table B.2 — M2 bandwidth utilization

The M2 format can be summarized as follows: -
Nominal
Tape
Tape speed Channel channel data
a) Number of tracks: groups of 14 tracks; up to 13 bandwidth | .5 | throughput
data with one master track per group (see rate!)
m/s {in/s) kHz kbit/s kbit/s
3,048 (120) 2000 4000 52000
1,524 (60) 1000 2000 26000
c) Data bits per frame: 512 bits [see d) below] o752 307 < — TT000
. . 0,381 15 250 500 6 500
d) Sync word length: 16 bits. The sync word is se- (1)

. . . 5
quentially inserted into each data channel. The 0,191 (7.5) 125 250 3250
block ofldata replaced by he sync word is placed 0,095 (3,75) 62,5 125 1635
in the mjaster channel. 0,048 (1,875) 31,25 62,5 812|5

e) Sync word pattern: 16 bit symmetrical word; 1) Throughput rate based on assuthed 14 parallel digitd
tracks; 13 data tracks plus 1 master track.

1011111111111101

f)y Special|words/tracks: a 64 bit block is reserved
in the master channel of each frame for special
information. This block follows the sync word
time forchannel 13.

g) Input d4gta code: NRZ-L data plus one synchron-
ous zerp degree clock.

h) On-tape| code/data conditioning: each channel of
data ingluding sync pattern and special words is
encoded into M2 code.

i) Polarity|of on-tape data: polarity of data is not
significdnt for M2 code.

i) Bit synd protection: M2 code is d.c. free and pro-
vides mlinimum guaranteed transition of\l per 3
input data bits.

k) Reprodyced data/rates: on reproduce, each
channel|is decoded to NRZ-L and“deskewed. The
sync wdrd of each channelsis~-removed and data
(from tHe master channell\is reinserted. Refer-
ence reproduce rates¢with time base stability
equal t¢ the accuracy”of a reproduce crystal
clock, afe as given\inrtable B.2.

) Forward/reverse reproduce: yes.

m) Auxiliary data: time code and other auxiliary data

W
-

B.4 Randomized NRZ-L format parallg¢
HDDR

B.4.1 RNRZ-L coding

For a brief description of the basis NRZ-L codd, see
figure’A 1.

B.4.2 RNRZ-L paraliel HDDR format

The tracks of data to be recorded are formatted into
frames for synchronizing purposes. Each frame
consists of 512 bits, being 16 overhead bits follpwed
by 496 input data bits. The overhead bits conslist of
15 programmable bits followed by 1 odd parity tl»it for
the previous 511 bits.

Before recording on a tape track, each channel is
further conditioned by a “randomizing” encoder to
reduce the possible low frequency content of the
raw NRZ data stream. The randomizer (encpder)
can be implemented in the form of a network of shift
registers and modulo-2 adders (exclusive-OR gates).
The randomized NRZ-L data stream to be recgrded
is generated by modulo-2 addition of the re¢con-
structed (randomized) data to the modulo-2 sym of
the outputs from the fourleenth and fifteenth sfages

£

are recorded on unused data tracks, or in the
master channel where 48 bits are allocated for
such purposes.

B.3.4 M2 format bandwidth utilization/packing
density

The M? code may be recorded at the equivalent of

2 bits/Hz bandwidth of the recording channel (see
table B.2).
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AL r'y E Y < : ry et } e 3 1 H
o a—to-stage—smtregrster—Hreoutputradomized
NRZ-L data stream is also the input to the shift
register (see figure B.2, record side).

in the reproduce channels, the randomized data
stream recovered from tape is decoded (derandom-
ized) after bit synchronization by modulo-2 addition
of the randomized data stream and the modulo-2
sum of the fourteenth and fifteenth stages of a
15-stage decoding shift register. The input to the
decoding shift register is the reconstructed random-
ized data siream (see figure B.2, reproduce side).
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Reverse-play decoding is accomplished by modulo-2
addition of the randomized data stream to the
modulo-2 sum of the outputs from the first and fif-
teenth stages of the 15-stage decoding shift register.
The net effect is that the decoding shift register runs
“backwards” (i.e. time inverse) with respect to the
encoding randomizer.

The decoder is self-synchronized and output data is
valid after 15 error-free data bits have been loaded
into the shift register. Compatibility with earlier sys-

ISO/IEC 8441-2:1991(E)

B.4.3 Summary of randomized NRZ-L format

A summary of the randomized NRZ-L. format is as
follows:

a) Number of tracks: 28.

[25,4 mm (1,0 in) tape]

b) Frame size: 512 bits.

tems is provided by including strapping options in
the enfcoder and decoder shift registers for imple-
mentiflg two additional randomizing codes. The al-
ternative arrangements are

a) 11 stages with feedback taps at stages 9 and 11;

b) 17 stages with feedback from stages 14 and 17.

Recoghpition of the sync word in reverse is facilitated
by the| use of a symmetrical sync word. The rec-
ommefpded word is 0010101111010100. The final bit
is not lused because the serial parity bit is substi-
tuted in its place. Symmetry requires that the first
bit alsF be deleted; however, in earlier systems
without reverse replay, the first bit is used and has
to be dorrectly programmed. These earlier systems
used |the reference unidirectional sync word
010110D10001111X. Since ali systems have the ca-
pability of programming the sync word in both re-
cord and reproduce electronics, compatibility can
be achlieved.

Input clock | Q
B
.
input I - A -
NRZ-L ddta : L Shift register gl

Randomized data”out

ey

{Encode) record side

I (Decoh?)réﬁroduce side
Y Randomized data in

Qutpuft clock %

g _ _Ibstage 1.7
121317 “Shif register ;131“‘;15\

Reverse  Forward ]
I

c} Data bits per frame: 496 bits.

d) Sync word length: 16 bits: 15-bik sync word plus
an odd parity bit.

e) Sync word pattern: 010110010001111| (P) non-
reversible; (0)01010111301010 (P) reverpgibie.

f) Special words/tracks™ not applicable.

g) Input data code/NRZ-L pius one syncHronous 0°
clock.

h) On tapé code/data conditioning: user|data and
frame/sync are randomized and dergndomized
NRZ-L.

i) “Polarity of on-tape data: as given in 4.46.

j) Bit sync protection: real-time operatioph assured
bit synchronization is made possibie by random-
izing.

k) Reproduced data/rates: as given in|tableB.2.
Data are derandomized, deskewed, andl sync re-
moved.

) Reverse reproduce: yes.

m

=

Auxiliary data: time code, servo refergnce, and
other auxiliary data are recorded op unused
edge tracks.

B.4.4 Randomized NRZ-L format bandwidth
utilization/packing density

The randomized NRZ-1L code may be recortded at the

Playback § Playback ;
‘ |
L

@ T

\
|
|
i
|
’ o @ Decoded data out
{NRZ-L}

Figure B.2 — Randomized NRZ-L — Randomizer
and derandomizer block diagram

equivalent of 2 bits/Hz bandwidth of the recording
channel (see table B.3).
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Table B.2 — Randomized NRZ-1L bandwidth Table B.4 — PROP randomizing code, odd-
utilization numbered channels
vape speed | ChAmE | R oot word | Databits | Xy | Xo X0 | X, | Xs | X | %o
T bandwidth bit rate ral:‘;—

m/s (in/s) kHz Kbit/s kbit/s ;_ 8‘ [‘;’ 174 : : ? (1) 1 (1) (1)

3 15 to 21 o{ofotofo|1fo

3,048 {120) 2000 4000 54250 4 22 o 28 olololol1!l1lo
1,524 (60) 1000 2000 27125 5 29 to 35 olojol1i0!l1lo
0,762 {307 500 000 35625 g ?:E ?U 'E:‘: G 0 i 1 E ‘| 0
0,381 (15) 250 500 678125 é ‘5‘3 ;g ‘S'Z : } 8 8 (1’ (1) (1)
0,191 (7,5) 125 250 3390,625 9 57 to 63 1 1 0 1 1 0 1
0,095 3,75) 62,5 125 1695,313 10 64 to 70 L T T O T 0 % I A ¢
0048 | (1.875) 31,25 62,5 847,656 :; ;; ;2 ZZ ‘1‘ ? (‘-) : ? : ?
13 85 to 91 1 1 1 0 0 6|} O

1) Throughput rates are based on assumed 14 parallel 14 92 to 98 0 0 1 0 0 0 0
digital trackp. 15 9to105 |1 LWl 110 e ]loll1
16 106 to 112 0 0 1 0 0 1 1

17 113 to 119 1 1 1 0 1 0ot 0

B.5 PROP format for paraillel HDDR 18 120t0 126 CH0 | 6 | 1 |1 {1 0[O
(Pseudo tandom odd parity) ;g }gz o :33 } } g ? : ? (')
21 141 4o 147 1 1 1 0 0 1 1

B.5.1 Geperal 22 14810154 |0 [ O |1 {0 |1 ]o0]| 1
23 16510 161 1 1 1 1 1 1 1

The channg¢ls or tracks of data to be recorded are 24 162t0 168 | 0 | 0 1 O 1 O O |10
formatted into frames for synchronizing purposes. gg 132 :g :Z;g 8 8 8 (1) (1) : 8
Each fram¢ consists of 504 bits, where 24 bits are a 57 183 to 189 olol1 1 1 ill o
deskew synchronization pattern 28 190to196 |1 |1 10lo ol 1]l1
{001111000011110000111100), 60 bits are odd parity 29 197 to 203 111 lolol1iollo
{one for eyery seven data bits), and 420 bits are 30 204 to 210 t11 7071411 10]|]1
data. The data bits are collected into 60 groups (i.e; 31 211 to 217 1 1 11011 1110
words) of spven data bits, plus an added eighth odd 32 21810224 1 0 {011t {1 (0] 1foO
parity bit. The data only (i.e., the 420 data bits)(por- 33 22510231 11 11 101 T
tion of the| frame is randomized. Parity bits:" and gg ggg Ig gig (1) (1] : 8 8 8 g
synchronization bits are not randomized .- Parity is 26 246 to 252 1 1 tlololollsd
formed gn each randomized «word. The 37 253 to 259 ofol1lolol 1l
randomizatjon consists of modulo-2_addition of data 38 260 to 266 1111110l 1lollo
and a (26 + 1) pseudo-random sequence. The se- 39 267 to 273 010 |1 1 110[]0
guence is ilself modified by repelating every sixth bit 40 274 to 280 11104101 (0|1
of the seqyence. The sequent® generator is reset 41 281 to 287 tTitjoy 11t it1)o0
at data bit [seven of each new' frame. Two different 42 28810294 11 1 1 41 100t 11
stages of fhe sequence-generator are used. One 33 ggg :0 gg; ? ? : (1) : (1) (1)
stage is usled for odd:nimbered parallel channels. 45 309 tg 315 olololololilo
The second stage is‘Used for even-numbered chan- 46 316 to 322 ololololi1lillo
nels. The rgsulting-randomizing codes are shown in 47 323 to 329 olofol1lol1llo
table B.4 apd tableB.5. Maximum security against 48 330 to 336 ol ol 1 1 1l o
repeated data patterns is provided by combining the 49 337 to 343 1 11061010 1|11
parity bits with—+randomizatiop—Note—thatthe—syne 50 34410356 +4—+—F6—F—61++—F96" ¢
word pattern is an “even” pattern versus data words 51 351 to 357 tjptjol 111101
which are always “odd” patterns. Hence, the sync 52 358 to 364 1 1Tp1 101 110
pattern is unique and cannot appear in the data gi g?g Ig :35;2; (1) (1) (1) : ? : (1)
portion of the frame. The data word parity bit is 55 379 to 385 1 1 11o0lololo
useful as an error indicator that is independent of 56 38610392 |ololt1lolololo
the data stream. 57 393 to 399 1111110101071
. 58 400 to 406 01!0 1 0 0 1 i
During reproduction the data are deskewed. 59 407 to 413 11111 ]lot1i0io0
Synchronization bits, parity bits, and randomization 80 414 to 420 0Ojojt1ti1{1]0}]0

bits are removed, and the data are restored to their

original NRZ-L form.
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