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INTERNATIONAL STANDARD

ISO/IEC 8441-2:1991(E)

Information technology — High density digital recording

(HDDR) —

Part 2
Guide|for interchange practice

1 Scope

This part| of ISO/IEC 8441 specifies the minimum
performance levels necessary for the effective
interchange of information using High Density Digital
Recording (HDDR). It also describes methods of
testing fof determining these levels. It gives guid-
ance on recorders/reproducer characteristics,
modes of recording, and modulation patterns.

The imperial dimensions given in this pait of
ISO/IEC 8441 are the reference dimensions. The
metric angd imperial dimensions are, howéver, given
to a sufficient degree of accuracy as[lo be totally
interchangeable.

ative references -

The following standards contain provisions which,
through referencein this text, constitute provisions
of this part of ISO/EC 8441. At the time of publica-
tion, the dditions ‘indicated were valid. All standards
are subjeft o’ revision, and parties to agreements
based on 3
to investigate the possibility of applying the most
recent editions of the standards indicated below.
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
characteristics of instrumentation magnetic tape (in-
cluding telemetry systems) — Interchange require-
ments.

ISO/IEC TR\8371:1989, Information| processing —
Interchange” practices and test methods for unre-
cordedcinstrumentation magnetic tapp.

3 Definitions

For the purposes of this part of ISQ/IEC 8441, the
following definitions apply.

3.1 aliasing: The false lower frequency components
resulting from an insufficient sampling rate (i.e. less
than required by the sampling theqrem) when re-
constructing an analogue signal frgm its sampied
data representation.

3.2 baseline restorer: A device to festore the d.c.
component removed by the record/yeproduce pro-
cess.

3.3 bit error: The incorrect interpretation of a bi-
nary bit by a message processing urit.

which bit errors
occur in a message processing unit, expressed in
terms of the number of bit errors divided by the total
number of bits processed in a given period of time,
or from a given length of tape.

3.5 bit packing density: The number of bits re-
corded per unit track tength, usually expressed in
terms of bits per millimetre (bit/mm) or kilobits per
inch (kbit/in).

3.6 Dbit 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 signais that are coupled
from adiacent channels into a given processing unit

aljalc TULT SOy Uit

din terms of decibels

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.

3.16 digital recording code: The on-tape digital
coding of the recorded binary message.

channel, usuall
down from full sgale amplitude of the unit channel.

3.10 data azimyth: The instantaneous angie in the
plane of the tage between a line perpendicular to
the reference eflge and either of the two parallel

T o UTI a SLalis

NOTE 1t Data adimuth may be expressed as the sum of
static and dynami¢ components in the form

A+ Bf(1)

where

th(l)dt =0
0

3.11 data azimyth (dynamic): The maximum angu-
lar deviation, oyer a period of time, of the data
azimuth from it mean value as defined by data
azimuth (static).| For the purpose of this definition,
the word “maximium” is interpreted as being at the
95 % probability level. For a Gaussian distribution?
this is two standprd deviations (20).

NOTE 2  Data agimuth (dynamic) is the maxinmium value
of the quantity BAf) in 3.10.

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

NOTE 3 Data azjmuth (static) is'the quantity A in 3.10.

3.13 data scatter: Thecminimum distance between
two parallel lineg, in, the plane of the tape, enclosing
all data transitigns \fecorded simultaneously on all

3.17 dropout: Reduction in the reprédude signal
amplitude severe enough to cause bit*errons.

3.18 duty factor (of a pulse): The ratio of guise du-
ration to pulse period, often 'éxpressed ap a per-
centage.

3.19 edge margin (M) The distance betWeen the
outside edge of the highest numbered track and the
tape edge (see figlre 3).

3.20 edge/margin, minimum (A ): The minimum
value of the*edge margin.

NOTEN6. This value places an additional constraint on
track-configurations since, in general, the simliitaneous
application of all worst-case tolerances for trdck width,
track location, and tape width will result in a valye of edge
margin less than A7

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

3.22 error detection: The process of detefcting bit
errors.

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

3.24 eye pattern: The pattern as displayed on an
oscilloscope, that resulis from the superpogitioning
of the waveforms of the different symbols in|a digital

tracks in the same head.

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.

ot ¥ - (- b I .
gara—sequence—ts—used—for—assessmythe quality

of the replayed digital signal.

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.

3.30 gap length: Distance from the leading edge to

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).

3.42 high density digital recordmg (HDDR): Re-

the trailihg edge of head gap measured perpen-
dicular tq 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
embracefl (see figure 1).

3.32 hedd: A group of individual head segments in
a fixed agsembly.

3.33 he3d azimuth: The angle formed in the plane
of the tape, between a line passing through the gap
centres df the two outside head segments and a line
perpenditular to the head reference plane (see fig-
ure 1).

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

3.35 hedd reference plane: A plane, which may be
imaginary, that is parallel to the reference edge of
the tape pnd perpendicular to the plane of the tape.

NOTE 8 |[For the purpose of this definition the tape is
considered as perfect (see figure\l).

3.36 he3dd segment: A'single transducer that re-
cords or feproduces one’'track (see figure 1).

3.37 hedd segment gap azimuth: The angle, formed
in the plane of the tape, between a line perpendicu-
lar to thq Head reference plane and a line parallel
to the tralili i =
ment (see figure 1).

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).

pu.d.ng of dlsl:(l: dataon—=a lllClLlllCl C medlum hav-
ing a flux transition density -if\[excess of 590
transitions per millimetre (16000 |transitions per
inch) per track.

3.43 individual track data azimuth|difference: The
angular deviation of the data azimiith of individual
odd or even recorded tracks from the data azimuth
of other odd or _even tracks.

NOTE 10  The difficulty in making dirgct optical angular

measurements requires this error to b expressed as a

loss of sighal amplitude when the tape i
an ideal)head, whose gap is alighed to
dataszazimuth of all odd or even tracks, a
maximum signal amplitude obtainable

oincide with the
compared to the
by optimizing the

[ reproduced with
c

reproduce head azimuth for the individyal tracks (see fig-

ure1).

3.44 in-line heads: An arrangemen{ in which all re-
cord or all reproduce gaps are in |ine on a single
head stack.

3.45 interlaced heads: An arrangpment whereby
pairs of head stacks are mounted qo that alternate
tracks are contained in separate hpad stacks of a
pair (see figure 2).

3.46 jitter amplitude: The variation|in the timing of
one clock transition relative to that ¢f the preceding
transition, expressed as a percentdge of the mean
interval between the clock transitions.

3.47 jitter rate: The rate of change [of the jitter am-
plitude expressed in heriz.

rent is continu-
ously increased from an initial low level while re-
cording a relatively long wavelength signal 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-
guences.

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
of tracks, starting with track 1, from top to bottom,
when viewing the magnetic surface on the tape with

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

3.53 reference gdge: The edge of the tape nearest
to track 1 (see figqure 3).

3.54 reference {rack location (G): Location of the
centreline of tragk 1 relative to the reference edge
of the tape (see figure 3).

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

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

3.57 synchronization word: A fixed pattern of bits
inserted in a digdital bit stream to synchronize the
frame synchronizer.

3.58 synchronoys: Having the same rate “and
phase.

3.59 tape skew:

Motion of tape such that'the tape

tracks are not perpendicular to the gap centre line.
Skew can have both static and dynamic components
{see 3.10, 3.11 and 3.12).

3.60 tape speed
ing recording ang

NOTE 11 In gend

actual {(v;4)-' The tape speed dur-
reproducing.

ral; the actual tape speed will not be

equal to the nominlal tape speed {see 4.2.1).

the earlier portion of the recorded signalMd| the ob-
server’s right (see figure 3).

3.67 track spacing (/7): The cerntretto-cerltre dis-
tance between adjacent recorded tracks ({see
figure 3).

3.68 track width (}#): The) mechanical width of the
common interface of thelrecord head segmept at the
gaps (see figure 1).

NOTE 13 This does not include the effects of fringing
fields which will(fend 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 recofder/re-
producer characteristics required to ensufe suc-
cessful interchange, so that tapes recorded|on one
machine at one facility may be successfully [reprod-
uced on another machine of like design at [another
facility. Test procedures for magneti tape
recording/reproducing equipment are given in
ISO 6068:1985, annex A.

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

4.2 Tape speeds

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

4.21 Tape speed

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)
50,8 mm (2,0 in)

Maximum data scatter
2,54 pum (100 pin)
5,08 um (200 pin)
10,16 um (400 pin)

4231 1 ck—Omanytrack—thepulse-toputse
jitter (O t% peak units) plotted against pulse-to-pulse
interval {{n the absence of tape-derived speed con-
trol) shal|l have a slope less than 0,2 % at every
speed lisfed in table 7 which is provided for by the

recorder/feproducer.

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

tracks onf the same head, the intertrack puise-to-
pulse jitter (0 to peak units) plotted against pulse-
to-pulse [nterval (in the absence of tape-derived
speed coptrol) shall have a slope less than 0,4 %
at all effective tape speeds as 4.2.2. The effects of
skew canl be added, provided dynamic skew and
static skew limiis in this part of ISO/IEC 8441 are not
exceeded

4232 I‘Itertrack. Between any pair of adjacent

4.2.3.3 With tape-derived speed control. With tape-
derived speed control, the intertrack and-intratrack
puise-to-fulse jitter vaiues shall notiexceed twice
the values$ given in 4.2.3.2 and 4.2,3.1,respectively.

4.3 Track configurations

Head meg¢hanical parameters shall be as shown in
figure 1. Track configurations shall be as shown in
figure 2 fgr an a-track interlaced head, and the re-
corded tape format shall be as shown in figure 3 with
dimensiorrs given in the applicable table1 to

4.4.2 Data azimuth (static)

Data azimuth (static) shall. hot bg greater than
+ 0,3 mrad (+ 1).

4.4.3 Data azimuth{dynamic)

Data azimuth (dynamic) shall not §
+ 0,3 mrad ~%*1') as determined
ments of the“dynamic interchannel
ment errox(ITDE) between outer trag
head. The method for the measurems

e greater than
from measure-
time displace-
ks on the same
ent of ITDE shall

be_in’ accordance with ISO 8068.

4.4.4 Individual track data azimuth difference

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

that the recording and reproduce polarities bear a

4,461 Record side. Some recordin; codes require
known raquinnchip io-each-otherfod correct decod-

table 6.

NOTE 15 Although a tape reference edge is stated,
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.

ing. To maintain signal polarity from record to play-
back it is required that an isolated false-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

The reference tensile force shall be 0,109 N/mm
{10 ozV/in) of tape widih. For ideal interchange,
recorder/reprodu i ST 5
should be equal tp the reference tensile force; as the

Trailing edge of gap
Leading edge of gap

™
-

Head segment

Track width

P——

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
nonlinearities, etc

notinnedanities ) el

4.5 Other characteristics

Requirements for other characteristics are not
stated in this part of ISO/IEC 8441 since they depend
on the intended application, but recommended test
T i > Slics are
given in ISO 6068:1985, annex A.

‘\7L Heall tilt

~—— Head azimuth!

|

Head reference
plane ]

Gap scatter

Forward direction ¢f tape travel ———— s

1)

The head azlmuth line passes‘through the gap centres of the two outside tracks.

Figure 1 — Head mechanical parameters

r.
—

Head reference plane
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Head 1 Head 2
Head spacing (S}

I !

7 4
—_— -+ 6
5 N k; Head E——/: - 4
3 —_ ://’ segments ———— )
1 = B Head position 1 Head position 2
Data spacing -
] . .
Front view {Interlaced heads only) : Reference edge
1
Tape travel - Track 1 — I e /
Track 2 - :
Head segments interlaced, 7-track system’! ) ! B
p R SR
Head spacing (5) Vo8 = & > _ ;
-— - ; AN SE] I
8 g g ] z ,
3 5 ’ = s /
£ g % s| ¢ | B
8 = H D
A S 8 5 -
-1 4= PR — 3 v; = V8
g~ Head i B s g g \
n-3 A - segments M. —— N - = < |
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—_—— nel
7 J \ R =y Traek'-1 : w : /
N S —_ 6 Frack n 5
Head | ] - Y
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— ] gments \ i L
3 ol 1 —_—
| / 1 2
T Tape travel (magnetic surface side)
———
Front view
1) For an in-line format all tracks are in head position 1.
Tape travel - 2) Forinterlaced formats, tracks 1 to n-1 are jn head position 1, and
tracks 2 to n are in head position 2.
Head i - 2! . .
ead segments interlaced, 7-track system 3) For 7-tracks (3 + 4) interlaced formats, track 7 is n.
1) For 7-tjack systems, head segments 1, 375 and 7 are in head 1, Figure 3 — Recorded tape [format
and head s¢gments 2, 4 and 6 are in head 2.
2) For forfnats listed in table 3 td table 7, head segments n-1, n-3,
etc. are in head 1, and head segments n, n-2, etc. are in head 2.
Figure 2 — 7-track and n-track systems with head
segments interlaced
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Table 1 — Dimensions for recorded tape format, 7 tracks interlaced on 12,7 mm (0,5 in) wide tape

inches
Dimensions
max. min.
Track width (i) 1,40 14 0,050 + 0,005
Track spacing (D) 1,778 0,070
Head spacing ()
Fixed heads Jg 38,125 38,075 1.500 + 0,001
Adjustable headls 38,151 38,049 1,500 + 0,002
Edge margin, min|mum (M, ) 0,127 0,005
Reference track Ipcation (G) 1,067 0,965 0.040 + 0,002
Track jocation toi¢rance (/7)) 0,051 - 0,051 0 + 0,002
Location for nth (/7)) track
Track number Millimetres Inches
max. min.
1 (Reference) 0 0 - 0
2 1,829 N727 0,070
3 3,607 3,505 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)
Fixed reads 38125 38:075 456671+ 0,001
Adjusfable heads 38,151 38,049 1,500|+ 0,002
Edge margin, minimum (M) 0,127 0[{005
Referenge track location (G) 0,546 0,470 0,0200(+ 0,0015
Track location tolerance (/1) 0,038 — 0,038 0 4+ 0,0015
Location for nth {77} track
Track nymber Millimetres Inches
max. min,
1 (Referlence) 0 0 0
2 0,927 0,851 01035
3 1,816 1,740 0]070
4 2,705 2,629 0105
5 3,594 3,518 0]140
6 4,483 4,407 0175
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 01420
14 11,595 11,519 0455



https://iecnorm.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 spacing (S)
Fixed heads 387125 38075 T.500 + 0,001
Adjustable heach 38,151 38,049 1,500 + 0,002
Edge margin, minimum (M) 0,279 0.011
Reference track lgcation (G) 1,168 1,067 0,044"+ 0,002
Track location tolgrance (/7,) 0,051 — 0,051 0 + 0,002
Location for nth (/1)) track
Track number Millimetres inches
max. min.
1 (Reference) 0 0 0
2 1,829 15727 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
11 17,831 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
Head spacing (S)
Fixed heads 38 125 38,075 1500, + 0,001
Adjusiable heads 38,151 38,049 1,500|4- 0,002
Edge margin, minimum (M} 0,229 0]003
Reference track location () 0,698 0,662 0,0260|+ 0,0015
Track lgcation tolerance (/7)) 0,038 - 0,038 0 4100015
Location for nth (/7)) track
Track nfimber Millimetres Inches
max. min.
1 (Refeillence) 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 01210
8 6,261 6,185 0]245
9 7,150 7,074 01280
10 8,039 7,963 0315
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 0455
15 12,484 12,408 0[490
16 13,373 13,297 0[525
17 14,262 14,186 01560
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 227263 227187 0.875
27 23,152 23,076 0,910
28 24,041 23,965 0,945

"
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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
max. min
Track width () 0,483 0,432 0,018 + 0,001
Track spacing (D) 0,584 0,023
Head spacing (.5)
Fixed heads 38425 38-6+5 +566——6-66+
Adjustable heads 38,151 38,049 1,500 + 0,002
Edge margin, minfmum (M,,)} 0,305 0,012
Reference track lqcation (G) 0,737 0,660 0,027 5 ¥ 0,0015
Track location tolerance (/7)) 0,025 — 0,025 0 + 0,001
Location for nth (/7)) track
Track number Millimetres Inches
max. min.
1 (Reference) 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 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 4,630 14,580 0575
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 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 22174 0,874
40 22,809 22,758 0,897
41 23,393 23,344 0,920
42 23,978 23,927 0,943
Taple 6 — DImensions for recorded tape format, 84 tracks interlaced on 50,8 mm (2 in) wide tape
{see figure 3)
Millimetres ingches
Dimensipns
max. min.
Track width (%) 0,483 0,432 0,018 H 0,001
Track splacing (D) 0,584 0,p23
Head sphcing (S)
Fixed£eads 38,125 38,075 1,500 @ 0,001
Adjustlable heads 38,151 38,049 1,500 1 0,002
Edge m3rgin, minimum (M) 0,711 0,p28
Referenge track location (G) 1,168 1,092 0,0445 [+ 0,0015
Track logation tolerance (/7,) 0,025 — 0,025 0 110,001
Location for nth (/7)) track
Track number Millimetres Inghes
max. min.
1 {(Referénce) 0 0 0
2 0,610 0,559 0,023
3 1,194 1,143 0,046
4 1,778 1,727 0,p69
5 2,362 2,311 0,092
6 2,946 2,896 0,115
7 3,531 3.480 0,138
8 4115 4064 0,161
9 4,699 4,648 0,184
10 5,283 5,232 0,p07
11 5,867 5817 0,230
12 6,452 6,401 0,053
13 7.036 6,985 0,276
14 7620 7569 6,299
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

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 17.551 17,501 0,690
32 18,136 18,085 0,713
33 18720 +8-669 6736
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 28,016 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 33,909 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 T.656
74 42 672 42 621 1,679
75 43,256 43,205 1.702
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 of ISO/IEC 8441. Users should match environ-
ment, application and choice of hardware to the

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

Bilevel signals may be recorded directly on tape

code selegted (see clause A.2).

5.2 Record transfer function

5.2.1 General

In high depsity digital recording, where special cod-
ing and/or electronics are employed to minimize the
effects of [long periods without flux transitions, the
preservatipn of a linear amplitude characteristic is
not essential, and bilevel signals may be recorded
with or without the use of high frequency bias. The
record head driving amplifier shall provide a trans-
fer charadteristic that is basically a constant record
current characteristic, upon which is superimposed
a compenation versus frequency characteristic to
compensate only for the loss of record head ef-
ficiency.

5.2.2 Redording with bias

Bileve! signals may be recorded with linéar ana-
logue recgrding techniques that use high frequency
bias. Wheh bias is used, the bias frequency shall be
at least 3,p times the highest recording channel sig-
nal freque¢ncy for which the recerder/reproducer
system is fHesigned. The bias should contain no even
harmonicq that produce unggial positive and nega-
tive peakd of the bias current. Such asymmetry will
produce g d.c. component that causes noise. The
input elecfrical signabis-delivered to the record head
in essentially unalfeved form.

5.2.2.1 Setting_up. Best resulis are typically ob-
tained as Follows:

pulse response resolution is usydally obtained with
a record current setting that limits the penetration
of the recording head flux nto the |magnetic tape
coating to a depth rather Yess thdn the coating
thickness.

without the use of high frequency ztias Optimum

NOTE 18  Best results-are often obtaing¢d by setting the
record current amplitude to the level giving maximum re-
produce head outpuf at a signal frequengy corresponding
to the frequericy ‘associated with the makimum transition
rate applicable to the data bit represeptation. In some
systems, (however, it may be advantaxeous to under-
record bBy)up to 2 dB. The record signal used to set record
currént gain shall be a single frequency|square wave at
alevel equal to the peak-to-peak amplityde of the bilevel
data source.

5.3 Flux transition densities and [rates for high
density recording

The packing density on every track gs recorded on
tape, and including any overhead bifs, shall lie be-
tween the limits

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

1,312 kt/mm (33,3 kt/in) max.

See table 7 for maximum and minimym on-tape per
track transition rates versus standard tape speeds.

Table 7 — Maximum/minimum transition rates

a) The recording signal used may be a sinusoidal
waveform or a square waveform. It may be
practicable to obtain a suitable square waveform
from the data encoder. The frequency shall cor-
respond to the maximum transition rate applica-
ble to the data representation, on the basis that
two flux transitions are recorded in each period
of the waveform.

b) The record leve! used for final bias adjustment
shall correspond to the normal recording level
when the record amplifier is driven by the en-

Nominal tape speed Transitign rate (kt/s)
mmis (in/c) min b max. !
6096,0 (240) 3600,0 8000,0
3048,0 (120) 1800,0 4000,0
1524,0 (60) 900,0 2000,0
762,0 (30) 450,0 1000,0
381,0 {15) 225,0 500,0
190,5 (7.,5) 112,56 250,0
95,2 (3,75) 56,25 125,0
47,8 (1,875) 28,125 62,5
23,8 (0,937 5) 14,0675 31,25
1} Corresponding to density limits in 5.3

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 ex

NOTE 19  Other
ject to agreement

5.4.2 Accuracy

5.4.21 Long-te
transferred, the
specified nomin
nominal rate.

5.4.2.2 Short-t
data input or ou
val, P, shall ocq
at which it is ex
ing the precedir
ured time for 30

ceed that of the bit rate.

data representations may be used sub-

betweoen -the infnrrhnngn p:rfioc

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.

5.6.2 Resolution of equalization

and stability

m. Whenever useful data is being
nput bit rate shall not differ from the
hi bit rate by more than 1 % of the

m (bit jitter). It is desirable that any
put transition occurring in an inter-
tur within 0,1 bit period of the time
bected to occur, as determined dur-
g interval, P, where P is the meas-
data bit periods.

5.5 Data sense

Normal data input and output polarities, shall follow

the “positive tr
high voltage ley
tively low voltad
the HDDR syste
data sense {i.e.
outputs. If this
sense shall pre

PCM codes suc]

je” logic conventiony‘the relatively
el denoting “logicA” and the rela-
e level “logic 0%/it is desirable that
m has the ‘capability to invert the
complement the data) at inputs and
facility\is/ not provided, the same
ail at input(s) and output(s).

has M2 and 3PM are tape flux po-

The resolution of equalization adjusiments] particu-
larly the phase adjustment, shall provide ‘the capa-
bility of adjusting for optimum eye;paitern, as
evidenced by negligible zero-level cross-pver dis-
placement and adequate "eye’| amplitude|opening
peaks, with a nondivergent setries of adjustments.

5.6.3 Range of equalization adjustment

The range of egualization of the amplitude and
phase responses~shall be adequate to oljtain 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 3t all for-
ward, and reverse speeds for which the recprder/re-
producer is designed:

dY Amplitude criteria: The amplitude varigtion be-
tween the low frequencies and the high|frequen-
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-ojer time
displacements shall be less than one-t¢nth of a
bit cell time using a 2047-bit pseudorangom pat-
tern of NRZ-L recorded on tape at tap¢ speeds
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 3he same
o7 i i i , subject

larity independe

nt.

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

only to the speed being available on the recorder
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

A.1 Performance cate

A.1.1 Gener3l

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

NOTE 20 For the purpose of the following paragraphs
the term “wid¢band recorder/reproducer” means a
recorder/reproducer with a direct mode bandwidth of
2 MHz at 3,048 n}/s (120 in/s) tape speed.

a) Category A] This category covers single track
serial high density PCM recording using any of
the track formats of table3 to table6 on wide-
band recorger/reproducers adjusted for ana-
fogue servi¢e as described in A.2.1, and using
record gap [lengths as specified in A.1.2. Upper
limit packing densities are specified in A.2.1.3.

b) Category Bj This category covers single track
serial or parallel high density PCM recording
using any pf the track formats in tabie® to
table5 on wideband recorder/reproducers’ ad-
justed for optimal digital service as 52,2 using
bias, or as|5.2.3 using nonbias recoyding tech-
niques. Thg record gap lengths shall be as
specified in|A.1.2. Interchange parties should be
aware that [fine adjustmeni.'of the reproducing
machine may be necessary’for optimum play-
back of a pgrticular tape;since this category al-
lows recording with_-and without bias, together
with the infevitable\tolerances in record gap
lengths and [magnetic tape properties.

c) Category C:[This special calegory covers parallel

Table A.1 — Summary of record paramlters for

Categories A,B and C
Recording parameter Pecr;t;gt:rl;ce

Track densities, 25,4 mm (1,0 in)in‘tape

14, 28 and 42 tracks Al B, C
Data configuration

Seria! PCM Al B, C

Parallel PCM B, C
Packing densities

0,6 kt/mm to 1,0 kt/mm {15 kt/in to

25 kifin) or 1,3 kt/mm (33 kt/in) with

interchange agreement N, B

0,8 kt/mm to 1,3 kt/mm (15 kt/in to

33 kt/in) C
Adjustment between routine maintenance

No adjustment after normal set up nC

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) \, B

0,51 pm to 0,76 pm (20 pin 4 5 in) C
Record mode

With bias N, B

Without bias B, C

A.1.2 Record head gap length for category A
and category B performance

high density PCM recording performance using
special wideband recorder/reproducers
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.

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

18

For serial high density PCM recording, with or with-
out intermixed direct or wideband-ll recording, 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)

b)

c)

d)

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
modify these data streams as necessary for re-

cording to permit resynchronization and realign-

ISO/IEC 8441-2:1991(E)

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

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
that auxiliary channels be relegated to the tape

edge track(s), saving the more secure middle

ment 01 replay, whether at the recording rate or
a differént rate. Such modification may include
adding |synchronizing and error detection/cor-
rection pits. The addition of these overhead bits
implies [that the recorded bit rate is higher than
the inpdt bit rate. HDDR systems should be ca-
pabie of accepting continuous sireams of input
data at the maximum specified input rate for the
selected tape speed. Any input buffering
necessqry to accommodate the different input
and tape clock rates shall be included in the
HDDR system. Similarly, the reproduce channels
shall in¢lude any buffering necessary to accom-
modate| clocking overhead bits off tape and
stripping them from the output data stream,
which should be a replica of the input data, ex-
cluding [the effect of any difference between re-
cord ang replay tape speeds.

Serial tp parallel digital data mode: The HDDR
accepts|a single input bilevel digital data stream
with actompanying synchronous clock at\rates
exceedipg the capability of a single _recording
track. This single serial input data siream is dis-
tributed|(i.e. demultipiexed) to a selectable num-
ber of |paraliel digital track (formatting logic
channelp for recording. During .the reproduction
process| the data fromstape shall be re-
synchropized, the overhead bits removed, and
the pargllel data streams multiplexed to form a
replica pf the inputsstream with accompanying
clock. The input ahd output data rates shall be in
the samje ratiolas the record and replay tape
speeds.

Single ts
a single input bilevel digital data stream with
accompanying clock at a rate which is within the
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.

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-

tracks for HDDR service.

f) Reverse playback: The HDDRDsys

em may pro-

vide the capability to reproduce data with tape

motion in the opposite,diréction fi
for recording.

A.2 Single track serial high de
recording

[See A14.c).]

A.21

om that used

hsity

Serial high density recording with

wideband analogue recorder/reproducer

(category A)

A.211 General

This clause defines performance levels for direct

recording of PCM data using wideba
3,048 m/s {120 in/s)] analogue
producers.

A.2.1.2 Recording set-up parameters

nd {2 MHz at
recorder/re-

A.21.21 The rms analogue recording level shall

be set to produce 1 % third harmoni
the record level set frequency at 2 dB

t distortion of
bver-bias. The

record level set frequency shall be one-tenth of the

upper band-edge frequency.

A.21.2.2 The peak-to-peak level of PCM input sig-
nal shall be set to twice the rms level used to es-

of + 25 %.

ith a tolerance

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. encod
cording).

A.21.3 PCM codes and packing dens
category A

The recommended PCM codes for ca
A11 are randomized nonreturn

ed before re-

ities for

tegory A (see
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 category B

a) randomized NRZ-L (RNRZ-L):

b) enhanced NRZ-L (RNRZ-L);

c) Miller squared IMQ);

........ SHUAITU WV

Q.

) 3-position modulation (3PM).

or brief descriptions of these codes see figure A.1.

A.21.5 PCM system tests

The recommen i i = ods, see
rial recording ip this category are ISO 6068, annex A.
Code waveforms
Bit I P I I N PRI
sequence:OJOHI?:O;*14’:01'01.”.111\010'1
' | ; i ' ! I ' \ . ! ! :
NRZ-L 11— — w
0" : Lo Lo :
Big-L 1" T
o
DM-M “t*
oy
M2 e
e
PM
PM
Legend Type C: a logic “zero” followed by an even [number of
“ones” and terminated by a “‘zero’’ not counted as part

NRZ-L A ““one”|is represented by the /1" level for the bit cell of the sequence (for example, 011, 01111).
period. )

A "'zero’| is represented by the ‘0"’ level for the bit_cell The encoding rules for the above sequence are
period. Type A and Type B: coded as DM-M.

Big-L A lsvel c .ange occurs at the cen_tre of everY t_)it cell. L Type C: sequences are coded as DM-M, but the tran-
A “one’[is represented by a mid-cell transition_from “1 sition corresponding to the final “‘one’’ is suppressed.
level to D"’ level.

A “zero'|is represented by a mid-cell transition from "0 The M2 code retains the basic characteristics of PM-M and
level to “fI”’ level. is an improvement in the sense that the d.c. fontent of
Additiond| transitions are allowed at'the ‘cell boundaries as DM-M has been effectively removed. To the ong, one and
necessany to maintain the above-conventions. one-half, and two-cell spacings of DM-M trangitions, M2

] ] . adds two and one-haif cell and three-cell length [spacing of

DM-M A “one is|represented by a mid-cell transition in either direc- transitions.
tion.

A “zero” |is representedby-a transition in either direction at Information is carried in the interval between fransitions.

the end gf the relevant‘bit cell period, however, this tran- Relative pulse polarity has no significance. Thd one-and-

sition is slippressed.if-the “zero’ is followed by a “one’’. one-half, two-and-one-half, and three-cell spacings are
. . . ] nonambiguous and can be used for synchronizption. The

DMM is hot included in this part of ISO/IEC 8841. The bandwidth required for the M2 code is less thgn that re-

enzcodmg Igarithm is given to assist in the understanding of quired for NRZ codes due to its relatively highl transition

M2 encoding densiTy and Tack of significant d.c. spectral content.

M2 M2 code is a modification to the Miller code {also known as 3PM

DM-M). The M2 code is identical to DM-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”’.

The serial bit stream is divided into 3-bit bytes with each
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
available i
in A1.4 b)

is as described in A.1.4 a), when data are
n parallel form. Operation is as described
, when the input data is available only as

a single high rate data stream. Optimum results re-
quire attention to the foliowing:

ISO/IEC 8441-2:1991(E)

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

arily increasing the required
width;

3) occur sufficiently frequently
resented by a pattern
possessed of other
necessary, to avoid
frame and/or aliasing
posite data.

unique
misalig

channel band-

and be rep-

of sufficient length, or

feature(s), as
ning the data

of reconstructed com-

a) Coding
should

1) hav
the
nel

used on tape: Coding used on tape

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

2) maijntain easy unambiguous synchronization

ded
gar

3) incl
self
err(

b) Synch
metho

1) pro
que
sat
syn

slip;;

oding and data decoding accuracy re-
Hless of the input data pattern;

ude sufficient redundancy to facilitate
Lchecking as a minimum and, preferably
br detection and correction.

onization method: The synchronization
should

ide synchronization information fres
nily enough to permit adequate compen-
on of the dynamic skew, fast _dnitial
chronization, and fast recovery ffom bit

Both the on-tape code and the, g
method used should provide forthd
back.

ynchronization
reverse play-

A.2.2.2 Parallel PCM recording using wideband

recorder/reproducers adjusted for PQ
category B parallel

See A.1.1, categoty B.

A.2.2.3 Parallel PCM recording usin
containing electronics optimized for
category) C

See/A.1.1, category C.
A.2.2.4 Parallel HDDR format coding

Some examples of parallel HDDR

mats, with brief descriptions, are giv
As the different codes and formats ar
agreement between interchange paf
mon code and format is essential.

M service

systems
CM service

todes and for-
en in annex B.
e incompatible,
ties on a com-
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Annex B
(informative)

Recording techniques

B.1 Recording code hames and their
abbreviations

“zeros” data bits 2, 3, 6 and 7 of each word are in-
verted (i.e. complemented) prior to forming the

Bi¢g Bipihase (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 Nonyeturn to zero-level.

PROP Psepidorandom odd parity.

3PM  3-pgsition modulation.

RNRZ Randomized nonreturn to zero.

B.2 Enhanced NRZ format for parallel
HDDR

B.2.1 ENRZ cpding

Enhanced NRZ {s a variant of NRZ-level, one-extra
bit being added| to each group of seven‘\data bits
prior to recordirjg on a tape track. The added bit is
an odd parity bi{ so that the total numbeér of “ones”
is an odd numbegr for every eight recorded bits. The
enhancement oer a raw unmodified NRZ-L stream
consists of a gIaranteed mifnimum transition den-
sity, and providés an indieation of accuracy during
reproduction as well as indication of, and correction
of, bit slip.

B.2.2 ENRZ — paraliel HDDR format

eighthparity bit—Betause the data words afe always
“odd” and the sync pattern is always~“eyen”, the
sync pattern is “unique” and this patterh cannot
appear as a “false sync” in the data“portipn of the
frame.

During the deskew on playback, the invefted data
bits are reinverted, and_the deskew sync|bits and
parity bits are stripped from the data stredms with-
out leaving time gaps.

B.2.3 Summary/of enhanced NRZ format
The ENRZJormat can be summarized as foflows:
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.|followed
by 20 bits of 1010 — etc.

f) Special words/tracks: seven data bits plus one
parity bit per data word: 80 words/framse|.

g) Input data code: NRZ-L plus one syng¢hronous
0° clock.

h) On-tape code/data conditioning: NRZ-L, jpits 2, 3,
6 and 7 inverted each data word.

i) Polarity of on-tape data: as given in thik part of

The tracks of data to be recorded are formatted into
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

ISO/IEC 8441, 4 4.6.

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

Tape Nominal
Channe! data . .
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 46117 647 B.3.2 M?2 format for parallel HDDR
1,524 (60) 1000 2000 23 058,823 . ) . )
0.762 (30) 500 1000 11520.411 Each channel of.mput data is grranged into 51? bit
frames. The 32-bit sync word is inserted sequentially
Is) 381 A5 [sY~4a] E00 [ 72/1,7(35 .

' 7 Ii0 each dala channel. The DIOcK gf data bits re-
0,191 {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 ‘grougs of 14 tracks
0,048 (1,875) 31,25 62,5 720,588 with 13 data tracks and one.-master tfack per group

{see figure B.1). Each chapnnel/of NRZiL input data is
1) Throughput rate based on assumed 14 parallel digital encoded into M2 code and recorded directly on tape
tracks. (including the sync werd).

Data
channel

Aux

Dovn W o
@
e

@ -2

__bizbits

Track ri -

4 g pra=] pd
“kkn\_N____C_wva\_L

Master

BE T B R :!:1?.11;’&.{-1321’-:11,'

=
2R

LxL,‘LLPML”“’

1 Aux
fZ7] Data
[D Sync words m48

E ECC program
Parity

Sync

Data —se

1011111441 11141101

ﬁata (480 bits)

L | [ oata w0 vis) ]

CRC Sync
Word Word |
16 bits i 16 bits !

Linnannd

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

Table B.2 — M2 bandwidth utilization

The M2 format can be summarized as follows: Normi
Tape ominal
Tape speed Channel hannel data
a) Number of tracks: groups of 14 tracks; up to 13 pe sp bandwidth ';'m Tate | throughput
data with one master track per group (see rate!)
figure B.1). m/s {in/s) kHz kbit/s kbit/s
b) Frame size: 512 bits. 3,048 (120) 2000 4000 52000
) ] 1,524 (60) 1000 2000 26000
c) Data bits per frame: 512 bits [see d) below]. 0.762 (30) 500 1000 13000
d) Sync word lergth—6—bits—The-syre—word—is—se 0.381 (15) 250 200 6500
quentially inserted into each data channel. The 0,191 (7.5) 125 250 3250
block of dat# replaced by he sync word is placed 0,095 (3,75) 62,5 125 1625
in the mastgqr channel. 0,048 (1,875) 31,25 62,5 812,5
e) Sync word |pattern: 16 bit symmetrical word; 1) Throughput rate based on assuymed 14 parallel (digital
101141111111 1101 tracks; 13 data tracks plus 1 master'track.
f)y Special worfis/tracks: a 64 bit block is reserved
in the mastér channel of each frame for special
information.| This block follows the sync word B.4 Randomized NRZ-L format pafallel
time for chapnel 13. HDDR
g) Input data cpde: NRZ-L data plus one synchron- B.41 RNRZ-L codin
ous zero defiree clock. e g
h) On-tape codll'e/data conditioning: each channel of Eoziinff description of the basis NRZ-L tode, see
data including sync pattern and special words is 9 o
encoded intd M2 code.
B.4.2 RNRZ-L paraliel HDDR format
i) Polarity of ¢gn-tape data: polarity of data is not
significant fgr M2 code. The tracks of data to be recorded are formjatted into
frames for synchronizing purposes. Eath frame
j) Bit sync profection: M2 code is d.c. free and'pro- consists of 512 bits, being 16 overhead bitq followed
vides minimum guaranteed transition of\t-per 3 by 496 input data bits. The overhead bils fonsist of
input data blts. 15 programmable bits followed by 1 odd pafity bit for
the previous 511 bits.
k) Sr?:r:g:ficseg C%%t:érfgeﬁéz?sa':g%rs:;ecﬁéde?ﬁz Before recording on a tape track, each channel is
) - ) further conditioned by a “randomizing” epcoder to
sync word of each channel(is,removed and data ;
(from the mlaster channel).is reinserted. Refer- reduce the possible low frequency contept of the

h

ence reproduce rates/)with time base stability

equal to th

accuracy' of a reproduce crystal

clock, are ag given-in table B.2.

Forward/reverse’reproduce: yes.

raw NRZ data stream. The randomizer {encoder)
can be implemented in the form of a netwgrk of shift
registers and modulo-2 adders (exclusive-QR gates).
The randomized NRZ-L data stream to be|recorded

is generated by modulo-2 addition of the recon-
striscted (rnndnmi?od) datato-the meduael? sum of

m) Auxiliary data: time code and other auxiliary data
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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the outputs from the fourleenth and fifteenth stages
of a 15-stage shift register. The output randomized
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-
tems is provided by including strapping options in
the encoder_and decoder shift registers for imple-

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.

c} Data bits per frame: 496 bits.

menting two additional randomizing codes. The al-
ternative afrangements are

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

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

Recognitiop of the sync word in reverse is facilitated
by the usq of a symmetrical sync word. The rec-
ommended word is 0010101111010100. The final bit
is not used because the serial parity bit is substi-
tuted in it place. Symmetry requires that the first
bit also b¢ deleted; however, in earlier systems
without re\erse replay, the first bit is used and has
to be corrgetly programmed. These earlier systems
used the| reference unidirectional sync word
010110010001111X. Since ali systems have the ca-
pability of programming the sync word in both re-
cord and reproduce electronics, compatibility can
be achievep.

Input clock | Q
R 1 H
.
input I - . -
E"‘E N23i-- Jisla%*———%mns‘
NRZ-L data : L Shift register -

Randomized data(out

{Encode) record side

( Decoh?)rébroduce side

|
|
Y Randbomized data in

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

e) Sync word pattern: 010110010001111 (P) non-
reversible; (0)01010111101010 (P) rpversibie.

f) Special words/tracks: not applicable.

g) Input data cod€r NRZ-L pius one synchronous 0°
clock.

h) On tape‘code/data conditioning: iser data and
frame)sync are randomized and derandomized
NRZ-L.

i) ~Polarity of on-tape data: as given ih 4.4.6.

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

k) Reproduced data/rates: as giver] in tableB.2.
Data are derandomized, deskewed, and sync re-
moved.

) Reverse reproduce: yes.

m

=

Auxiliary data: time code, servo Heference, and
other auxiliary data are recordedd on unused
edge tracks.

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

: T |
; [ 15-stage .0
;._EL 213 e IS

Reverse  Forward

I

Playback | Playback i
‘ ‘
|

@ T

@ Decoded data out
{NRZ-L}

i’

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

The randomized NRZ-L code may be recorded at the
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
Tape speed _C“af"}‘t’[ g;:gg:e! N;;;‘;;Z'hg:;a \2(3):3 Data bits X, X2 X3 X4 X5 XG X7
T bandwidth bit rate ral:‘;—
; : ; 1 1to7 1 1 0|0 1 0 1
m/s (in/s) kHz kbit/s kbit/s 5 8 to 14 § ) i 1 1 1 0
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 (30) 500 1000 13562,5 6 36 to 42 UNE IV O R O AR R
0,381 (15) 250 500 6781,25 ! 43 10 49 B (-) (1) (1)
0,191 (7,5) 125 250 3390,625 ; g; ;; §§ 1' 1' ; 7 w11 o011
0,095 (3,75) 62,5 125 1695,313 10 64 to 70 T i1 ot do
s |4 mos a1 ne o e 47 R 11 711077 oto |t IMYoll1tio
0,048 11,875 31,25 62,5 847 656 12 78 to 84 1 1 0 1 1 1 1
13 85 to 91 1 1 1 0 0 610
1) Throughput rates are based on assumed 14 parallel 14 92 to 98 0 0 1 0 0 0 0
digital tracks. 15 9to105 |1 LT 110 ol o]
16 106 to 112 0 0 1 0 0 1 1
17 113 to 119 1 1 1 0 1 010
B.5 PROP format for parallel HDDR 18 120t0 1260 {6 |1 |1 {1]fo]|oO
(Pseudo random odd parity) o o o :33 : e 0 : . (')
21 141 to\147 1 1 1 0 0 1 1
B.5.1 General 22 1480154 | 0 | O |1 {0 | 1]l 0|1
23 15510 161 1 1 1 1 1 1 1
The channels dr tracks of data to be recorded are 24 162t0 168 | 0 | 0 1 O 1 O jOfl 110
formatted into frames for synchronizing purposes. 25 169 to 175 0401010 1 110
) f . 26 176 to 182 001|011 0 110
Each frame conlsists of 504 bits, where 24 bits are a 57 183 to 189 olol1 1 1 i lo
deskew synchronization pattern 28 190to196 | 1 |1 10lololl 1|1
{001111000011110000111100), 60 bits are odd parity 29 197 to 203 111lolol1llolo
{one for every|seven data bits), and 420 bits are 30 204 to 210 1117071110011
data. The data pits are collected into 60 groups (i.e; 31 211 to 217 1 1 11011 110
words) of sever| data bits, plus an added eighth odd 32 21810224 1 0 {011 {1 (0] 10
parity bit. The data only (i.e., the 420 data bits)(por- 33 22510231 11 11101
tion of the frafne is randomized. Parity bits~and 34 232 to 238 P11 10300010
synchronization| bits are not randomized. (Parity is gg gig :O 245 010110000
) 0 252 1 1 1 OO0 0} 1
formed on each  randomized qurd. The 37 253 to 259 ofol1lololl1!1
randomization ¢onsists of modulo-2 addition of data 38 260 to 266 1111110l 1llolo
and a (26 — 1) |pseudo-random seguence. The se- 39 267 to 273 010 |1 1 11lo 1o
guence is itself[modified by repeatihg every sixth bit 40 274 to 280 11101010}
of the sequence. The sequence’/generator is reset 41 281 to 287 Titjop 1 pt1fityo
at data bit sevgn of each mew frame. Two different 42 28810294 11 1141 10O |
stages of the gequence-generator are used. One 43 295 to 301 010 110 1h O
stage is used fpr odd-numbered parallel channels. 32 ggg to 308 ! 111 1 1 1o
. to 315 0 01010 0 1 0
The second stage is~used for even-numbered chan- 46 316 to 322 ololololillilo
nels. The resulting randomizing codes are shown in 47 323 to 329 olofol1lollt1io
tabieB.4 and tableB5H Maximum securily against 48 330-te-336 o—o—1 4 4 4 1 1o
repeated data patterns is provided by combining the 49 337 to 343 1 1106101071} 1
parity bits with randomization. Note that the sync 50 344 to 350 1 1j0104} 11010
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 53 365 to 371 R A
. . . 54 372 to 378 1 1 0 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 ololt1l1]110}lo
bits are removed, and the data are restored to their

original NRZ-L form.
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