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INTERNATIONAL STANDARD

ISO/IEC 3788:1990(E)

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)

1 Scope

This International Standard specifies a format and
recording standard for 9-track, 12,7 mm (0,5 in)
magnetic tape to be used for data interchange be-
tween information processing systems, communi-
cation systems, and associated equipment utilizing
the 7-bit coded character set (see SO 646), its ex~
tension in 1SO 2022 where required, or an 8-bit
coded character set (see ISO 4873). Magnetic label-
ling for use on magnetic tape is the subject of
ISO 1001. The magnetic tape and reel to be used
shall conform to ISO 1864 and/or ISO 8064.

NOTE 1 Numeric values in the S| and/or’ imperial
measurement system in this International Standard may
have been rounded off and therefore are consistent with,
but not exactly equal to, each other. Either system may
be used, but the two should be neither intermixed nor re-
converted. The original design was made using the Impe-
rial measurement system.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this International Standard. At the time of publi-
cation, the editions indicated were valid. All stan-
dards are subject to revision, and parties to
agreements based on this International Standard
are encouraged to investigate the possibility of ap-
plying the most recent editions of the standards in-
dicated below. Members of IEC and ISO maintain
registers of currently valid International Standards.

ISO 646:1983, Information processing — ISO 7-bit
coded character set for information interchange.

ISO 1001:1986, Information processing — File struc-
ture and labelling of magnetic tapes for information
interchange.

ISO 1864:1985, Information processing — Unrecorded
12,7 mm (0,5 in) wide magnetic tape for information

interchange — 32 ftpmm (800 ftpi) NRZ1, 126 ftomm

(3 200 ftpi) phase encoded and 356 ftpmm (9 042 ftpi)
NRZ1.

ISO 2022:1986, Information processing — ISO 7-bit
ancdh 8-bit coded character sets — Coded extension
techniques.

18O 4873:1986, Information processing — ISO 8-bit
code for information interchange — Structure and
rules for implementation.

1SO; 8064:1985, Information processing — Reels for
12,7 mm (0,5 in) wide magnetic tapes — Sizes 16, 18
and 22.

3 Definitions

For the purposes of this International Standard, the
following definitions apply.

3.1 magnetic tape: A tape which will accept and
retain magnetic signals intended for input, output
and storage purposes on computers and associated
equipment.

3.2 reference tape: A tape which has been se-
lected for given properties for use in calibration.

3.3 Master Standard Reference Tape: A reference
tape selected as a standard for signal amplitude.

NOTE 2 A Master Standard Reference Tape has been
established by the US National Institute of Standards and
Technology (NIST).

3.4 Secondary Standard Reference Tape: A tape
the performance of which is known and stated in
relation to that of the Master Standard Reference
Tape.
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NOTE 3 Secondary Standard Reference Tapes are
available from NIST (Office of Standard Reference Mate-
rials, Room B311, Chemistry Building, NBS, Gaithersburg,
Md 20899, USA) under part number SRM 3200.

It is intended that these be used for calibration of tertiary
tapes for use in routine calibration.

3.5 Typical Field: In the plot of Average Signal
Amplitude against recording field at the specified
flux transition density, the Typical Field is the mini-
mum field that causes an Average Signal Amplitude
equal to 95 % of the maximum Average Signal Am-
plitude.

3.6 Reference Field: The Typical Field of the Master
Standard Reference Tape at the specified recording
density.

3.7 Standard Reference Amplitude: The average
peak-to-peak signal amplitude derived from the
Master Standard Reference Tape in the NIST meas-
urement system under the recording conditions
specified in 5.6.1.

3.8 reference edge: The edge further from"an ob-
server, when a tape is lying flat with the/magnetic
surface uppermost and the direction of movement
for recording is from left to right (see figure 1).

3.9 in-contact: An operating condition in which the
magnetic surface of a tape is in contact with a mag-
netic head.

3.10 track: A longitudinal area on a tape along
which a series of magnetic signals may be recorded.

3.11 row: Nine transversely related locations (one
in each track) in which bits are recorded.

3.12 physical recording density: The number of re-
corded flux transitions per unit length of track,

[ftpmm (ftpi)].

3.13 data density: The number of data characters
stored per unit length of tape, [cpmm (cpi)].

3.14 skew: Within a row, the maximum displace-
ment of any location from any other location meas-
ured as the distance between two perpendiculars to
the reference edge through said locations.

3.15 position of a flux transition: The point which
exhibits the maximum free-space flux density
normal to the tape surface.

4 General requirements

4.1 Operating environment

Tapes used for data interchange shall be operated
under the following conditions:

— temperature: 16 °C to 32 °C (60 °F to 90 °F);
— relative humidity: 20 % to 80 %:;

— wet bulb temperature: not greater than 25 °C
(78 °F).

Conditioning before operating: If a tape has been
exposed during storage and/or transportation to
conditions outside the above values, it should be
conditioned for a period of 2 h to 12 h depending
upon the extent of exposure.

4.2 Storage and transportation

The recommendations for storage and transporta-
tion environment are specified in annex C.

Responsibility for lensuring that adequate precau-
tions against ‘'damage are taken during shipment
shall be with, the sender (see annex C).

4.3 . Wind tension

For interchange, the tape winding tension shall be
between 2,0 N and 3,6 N (7 ozf to 13 ozf).

5 Recording

5.1 Method of recording

The recording method shall be phase encoding, de-
scribed as follows:

5.1.1 A ONE is represented by a flux transition to
the polarity of the interblock gap, when reading in
the forward direction.

5.1.2 A ZERO is represented by a flux transition to
the polarity opposite to that of the interblock gap,
when reading in the forward direction.

5.1.3 Additional flux transitions shall be written at
the nominal midpoint between bit flux transitions, as
defined in 5.1.1 and 5.1.2, if required to establish the
proper polarity for the succeeding bits. These flux
transitions shall be called phase flux transitions.

5.1.4 Interblock gaps shall be of the same polarity
as erase (see 5.7).



5.2 Density of recording

The nominal physical recording density shall be
126 ftpmm (3200 ftpi). The resulting nominal flux
transition spacing is 7,935 um (312,5 pin). A density
of 63 ftpmm (1600 fipi) is also used for specific
measurements.

5.3 Average flux transition spacing

The following requirements shall be measured by
reading a tape that has been continuously and
evenly recorded at 63 ftpmm (1600 ftpi) in phase in
all tracks. The resulting nominal bit flux transition
spacing is 15,87 pm (625 pin).

5.3.1 The long-term average (static) flux transition
spacing shall be within + 4 % of the nominal spac-
ing. This average shall be measured over a mini-
mum of 5 x 105 successive flux transitions.

5.3.2 The short-term average (dynamic) flux transi-
tion spacing, when referred to a particular flux tran-
sition spacing, is defined as the average of that flux
transition spacing and theppreceding ' three jflux
transition spacings.

The short-term average flux transition spacing shall
be within + 10 % of the long-term average flux
transition spacing.

In addition, the rate of change of the short-term-av-
erage flux transition spacing shall not exceed
0,5 %.

5.4 Instantaneous flux transition spacing

The instantaneous spacing between flux transitions
may be influenced by the reading and writing pro-
cess, the bit sequence recorded (pulse crowding ef-
fects) and other factors.

Instantaneous spacings between flux transitions
shall meet the following five conditions, when tested
on the reference read chain (see annex A):

a) The spacing between successive data flux tran-
sitions without an intervening phase flux transi-
tion shall be between 85 % and 108 % of the
corresponding short-term average flux transition
spacing.

b) The spacing between successive data flux tran-
sitions with an intervening phase flux transition
shall be between 93 % and 112 % of the corres-
ponding short-term average flux transition spac-
ing.

c) The spacing between a data flux transition and
any adjacent phase flux transition shall be be-
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tween 44 % and 62 % of the corresponding
short-term average flux transition spacing.

d) The average spacing between actual data flux
transitions in a sequence of flux transitions at 63
per millimetre (1600 per inch) and the predicted
position of those data bits relative to flux transi-
tions at 126 per millimetre (3200 per inch) pre-
ceding or succeeding the sequence shall not
exceed 4 6 % of the corresponding short-term
average spacing.

e) The equipment used for recording tapes at
63 characters per millimetre (1600 characters
per inch) and the magnetic tape to be used for
interchange shall fulfil the requirements of a) to
d) when tested under the conditions specified in
the reference read chain (see annex A).

5.5 Skew

The skew shall be less than 15,87 pm (625 pin). This
condition is required to be satisfied for both flux
transition polarities and for each row.

5.6 Signal;amplitude

5.6.1, Standard Reference Amplitude

The Standard Reference Amplitude is the average
peak-to-peak signal amplitude derived from the
MasterbStandard Reference Tape on the qualified
measurement system at the density of 126 fipmm
(3200 ftpi) and the recording current, [, of 1,8 x I.
The signal amplitude shall be averaged over 4 000
flux transitions, and shall be measured on the read-
while-write pass. The reference current, [, is the
current which produces the Reference Field.

5.6.2 Average signal amplitude

The average peak-to-peak signal amplitude of an
interchanged tape at 126 ftpmm (3200 ftpi) shall be
between 65 % and 150 % of the Standard Reference
Amplitude.

The average peak-to-peak signal amplitude at
63 ftpmm (1600 ftpi) shall be less than 300 % of the
Standard Reference Amplitude.

Averaging shall be done over a minimum of 4000
flux transitions, which for the interchange tape, may
be segmented into blocks. Averaging shall be done
on the first read pass after interchange.

5.6.3 Minimum signal amplitude

An interchange tape shall contain no adjacent flux
transitions the peak-to-peak signal amplitude of
which is less than 20 % of the Standard Reference
Amplitude on the first pass after interchange.



ISO/IEC 3788:1990(E)

5.7 Erasure

5.7.1 Erase direction

When erased, the rim end of the erased area of the
tape shall be magnetized so that it is a North-
seeking pole, and the hub end of the erased area is
a South-seeking pole (see annex B).

5.7.2 Erase width

The full width of the tape shall be d.c.-erased in the
direction specified in 5.7.1.

5.7.3 Reslidual signal

The tape shall be erased so that any residual
signals, including NRZ1 at 32 ftpmm (800 ftpi) and
356 ftipmm (9042 ftpi), and phase encoding at
126 ftpmm (3 200 ftpi) are less than 4 % of the Stan-
dard Reference Amplitude at 126 ftpmm (3 200 ftpi).

6 Track configuration

6.1 Number of tracks

There shall be nine tracks.

6.2 Track identification

Tracks shall be numbered consecutively beginning
at the reference edge with track 1 (see figure 1).

6.3 Track positions

The distance from the centrelines of the tracks to the
reference edge shall be

Track 1: 0,74 mm (0,029 in)
Track 2: 2,13 mm (0,084 in)
Track 3: 3,53 mm (0,139 in)
Track 4: 4,93 mm (0,194 in)
Track 5: 6,32 mm (0,249 in)
Track 6: 7,72 mm (0,304 in)
Track 7: 9,12 mm (0,359 in)
Track 8: 10,52 mm (0,414 in)
Track 9: 11,91 mm (0,469 in)

The tolerance shall be 4 0,08 mm (0,003 in) for all
tracks.

6.4 Track width
The width of a written track shall be

1,09 mm min. (0,043 in min.)

7 Data representation

7.1 Coded representation of characters

Characters shall be represented by means of the
7-bit coded character set (see ISO 646), the 8-bit
coded character set (see ISO 4873) or, where re-
quired, of an extension of the 7-bit coded character
set (see ISO 2022).

The bit-to-track allocation shall be as follows:

7.1.1 7-bit coded characters

Binary 20 |21 |22 2306|025 |26|— [
weight
Bitdesig- | 11 1| b3 |ba|bs5|b6|b7|— |P
nation
Track 2 |8 |1 |9 |3 |56 |7 |a

Track 7 shall always be recorded with bit ZERO. Bit
P in track 4 shall be the parity bit. The parity shall
be odd.

7.1.2 8-bit coded characters

Binary

. 20 [ 21122 | 23 | 24 | 25|26 |27 [ —
weight

Bit desig- )0l 1 | b2 | b3 | b4 | b5 | b6 | b7 | b8 | P
nation ‘

Track 2 8 1 9 3 5 6 7 4

Bit P in track 4 shall be the parity bit. The parity
shall be odd.

7.2 Representation of binary data

When the coding method requires it, the coded rep-
resentations recorded in data rows shall be re-
garded as a set of bit positions, each containing a
bit, which can be either a ZERO or a ONE.

The binary weights, bit designations and track allo-
cation shall be as given in 7.1.

8 Format of the tape

8.1 Identification burst

The phase-encoded recording method shall be
identified by a burst of recording at the BOT marker.
This burst shall consist of 63 ftfpmm (1600 ftpi) on
track 4 and erasure on all other tracks. The identifi-
cation burst shall begin at least 43,2 mm (1,7 in) be-
fore the hub end of the BOT marker and continue



past the hub end of the BOT marker, but shall end
at least 12,7 mm (0,5 in) before the first block.

8.2 Block structure

All data blocks shall consist of a preamble, a data
portion and a postamble.

8.3 Preamble

The preamble, preceding the data portion of a data
block shall consist of 40 rows containing only ZEROs
followed by one row containing only ONEs.

8.4 Length of the data portion

The data portion of a data block shall consist of at
least 18 data rows and at most 2048 data rows.
However, larger blocks may be used by agreement
between the interchanging parties.

8.5 Postamble

The postamble, following the data portion of a data
block shall consist of one row containing only ONEs
followed by 40 rows containing only ZEROs.

ISO/IEC 3788:1990(E)

8.6 Gaps

8.6.1 Initial gap

Between the hub end of the BOT marker and the first
recorded row of the preamble of the first block there
shall be a gap with a length of 76 mm min.
(3 in min.) and 7600 mm max. (300 in max.). This
gap shall be erased in accordance with 5.7 with the
exception of the identification burst.

8.6.2 Interblock gap

The length of the interblock gaps shall be
— 15 mm nom. (0,6 in nom.)

— 12,7 mm min. (0,50 in min.)

— 7600 mm max. (300 in max.)

This gap shall be erased in accordance with 5.7. The
actual gap length depends upon the number of con-
secutive erase instructions.

Interblock gap Initial gap
12,7 mm min. 76 mm min.
7 600 mm max. 7 600 mm max.
(0,5 In to 300 In) (3.1n.ta 300 In)
Datarows 12,7 mm min. 43,2 mm min.
18 min. 0.5 Inmin.) (1,7 In min.)
9 20k8max. |, | O°°™N
o 3
(28 o
- [
~ -—
Reference g :
p=] —
edge E 2
g 5
3 &
o Q.
1 %% BUBBOUBBBYUBNY ]
2 % BURBEBAERAREBUY,
3 A jubiesiialaialaialaiols I = 0 burst
1 VORBDBOBOUORBULNY
5 9% GURBBUNNBAN DU
6 % BOUVMBUBRYBRBRAY
7T %% DUBOORRRRARNY
8 #A GRRAGUBYUMRBYAY
9 #M 3 i X i a 8T i ]

—— Forward tape motion

--—— Resultant recording direction

Note - Tape Is shown with magnetic surface towards observer. Read-wrlte head on

same side as magnetic surface.

Figure 1 — Track layout
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8.7 Tape Mark

The Tape Mark shall be a control block character-
ized by:

— d.c.-erasure in tracks 3, 6 and 9;

— bit pattern (1111..), over 64 to 256 transitions in
tracks 2, 5 and 8;

— tracks 1, 4 and 7, in any combination, may be
d.c.-erased or recorded in the manner stated for
tracks 2, 5 and 8. All eight possible combinations
shall be considered as a Tape Mark.

A Tape Mark shall be separated from other blocks
by an interblock gap.

The use of Tape Marks is specified in 1SO 1001.

9 Quality of recording for data
interchange

Tapes shall not be employed for data interchange
where the number of gaps which have been
elongated due to erase instructions,

either: exceeds 2 when the total number of
blocks written is less than, or equal to, 400;

or: is greater than 0,5 % of the total number of
blocks written in any other case.

No permanent parity errors whilst writing are per-
missible in the data to be interchanged.
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Annex A
(normative)

Procedure and instrumentation for measuring flux transition spacing

A1 Format

The equipment used for recording tapes (see tape
transport, A.2.1) at 63 cpmm (1600 cpi) shall record
on the magnetic tape to be used for interchange
using the format described in the following sub-
clauses.

A1.1 Worst case patterns
Test patterns

111
. 00000000
. 11110000
. 00001111
. 00010000
. 11101111
. 00010111
. 11101000
. 11001100
10. 10101010
11. 10101111
12. 11110101
13. 01010000
14. 00001010

OO N WN -~

These test patterns shall be used in the following
sequence as specified in A.1.3.1.1 and A.3.2.1:

1,1,1,3,2,2,2,4,6,3,4,46,6,3,5,5,5,7,8,7,8,7,8,9,9,9,10,10,10,

12,11,14,13.

This sequence is to be repeated three times to con-
stitute each tape block.

A.1.2 Writing

The tape shall be written in any start-stop mode of
operation compatible with system operation.

A.1.3 Block format

Two block formats shall be generated. Each block
format shall be repeated 800 times together with
interblock gaps. All tracks shall be recorded simul-
taneously, each to meet the format specified as fol-
lows:

A.1.31 Format A

A1.311 Tracks 1, 2, 4, 6, 8 and 9 shall each con-
tain the preamble, three times the test pattern se-
quence defined in A.1.1 and the postamble.

A131.2 Track5 shall contain the preamble,
816 ONEs, and the postamble. This track is written
to provide a record of speed variations.

A.1.31.3 Tracks 3 and 7 shall each contain the
preamble, 51 times the pair test pattern No. 1 fol-
lowed by test pattern No. 2, and the postamble.
These tracks are written to provide a means for lo-
cating any test pattern in a block defined in
A.1.3.1.1.

A.1.3.2 FormatB

A1.3.21 Tracks 1, 3, 5, 7, 8 and 9 shall each con-
tain the preamble, three times the test pattern se-
quence defined in A 1.1 and the postamble.

A.1.3.22 Track 4 shall contain the preambie,
816 ONEs, and the postamble. This track is written
to provide a record of speed variations.

A.13.23 Tracks 2 and 6 shall each contain the
preamble, 51 times the pair test pattern No. 1 fol-
lowed by test pattern No. 2, and the postamble.
These tracks are written to provide a means for lo-
cating any test pattern in a block defined in
A13.21,

NOTE 4 On using the formats described in A.1.3.1 and
A.1.3.2, odd parity is preserved in each row on the re-
corded tape.

A.2 Instrumentation
A.2.1 Tape transport

A.21.1 Nominal tape speeds shall be between
380 mm/s and 480 mm/s (15,0 in/s and 18,9 in/s),
+ 1 %, constant speed.

A.21.2 The equipment shall accept 2667 mm
(10,5 in) reels.
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