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INTERNATIONAL STANDARD

1SO 6068-1985 (E)

Information processing — Recording characteristics of
instrumentation magnetic tape (including telemetry
systems) — Interchange requirements

1 Scdpe and field of application

This International Standard specifies the tape and
recorder [reproducer characteristics and modes of recording to
enable ugers of different systems to interchange information
recorded|on instrumentation magnetic tape.

Modulatipn patterns are described in clause 6.

Test propedures recommended for use in measuring perfor-
mance pprameters of magnetic tape recorder and reproducer
systems pre described in annex B.

Annexes|C to F provide additional information but do not form
part of [this International Standard. The characteristics of
unrecorded tape are specified in 1ISO 6371.

2 Reflerences

ISO 1858, Information processing — General pufpose hubs and
reels, with 76 mm (3 in) centre hole, for magnetic tape used in
interchamge instrumentation applications.

ISO 1860, Information processing “— Precision reels for
magneti¢ tape used in interchange instrumentation applica-
tions.

ISO 3802, /nformation (processing — General purpose reels
with 8 mim (5/16 in) ‘centre hole for magnetic tape for inter-
change instrumentation applications.

ISO 6371, Infarmation processing — Interchange practices and
test methods for unrecorded instrumentation magnetic tape.

3.1 bi-phase (or Bi-®) : Form of regregentation for binary
“1" and ‘0" in pulse code modulation(tPCM). Three variants,
known as “level”’, ““mark’’ and ‘‘space’’, gre defined in 6.3.3
and figure 1.

3.2 data azimuth') : Angle in the plane{of the tape, at any
instant in time, betweeén Ja line perpendicujar to the reference
edge of the tape and_either of the two parallel lines defining
data scatter.

NOTE — Data@zimuth may be expressed as fhe sum of static and
dynamic cemponents in the form :

A & Bf(t)
whete
Stf(t) dr =0
0

3.3 data azimuth (dynamic)!) : Maxirhum angular devia-
tion, over a period of time, of the data azimuth from its mean
value as defined by data azimuth (static). For the purposes of
this definition, the word maximum is interpfeted as being at the
95 % probability level. For a Gaussian distribution, this is two
standard deviations (2a).

NOTE — Data azimuth (dynamic) is the maximugn value of the quantity
Bf(t) in the note on data azimuth.

3.4 data azimuth (static)!) : Mean vallie, over a period of
time, of the data azimuth.

NOTE — Data azimuth (static) is the quantity [ in the note on data
azimuth.

3.5 data scatter!) : Minimum distance hetween two parallel
lines, in the plane of the tape, between Wwhich all data tran-
sitions recorded in the same head, at the game time, shall fall.

3 Definitions

The following terms have a special technical meaning in this
International Standard, and no attempt is made to lay down
definitive terminologies outside the specific context of this
International Standard.

3.6 data spacing: Distance on the tape between
simultaneous events recorded on odd and even numbered
tracks, when interlaced heads are used.

NOTE — On recording, this is equal to the head spacing, but on
reproducing is only exactly equal to head spacing when record and
reproduce tensions are equal. Different record and reproduce tensions
will give rise to small errors in time correlation between the signals from
the two heads.

1) 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 difference; however, guiding misalignment is included in the data location error definitions.
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3.7 duty factor (of a pulse) : Percentage occupancy of
pulse duration within a pulse period or time-slot.

3.8 edge margin (M) : Distance between the outside edge
of the highest numbered track and the tape edge (see figure 5).

3.9 edge margin, minimum (M,) : Minimum allowable
value of edge margin.

3.19 head reference plane : The plane, which may be im-
aginary (for some head designers, it is the nominal head moun-
ting surface), parallel to the reference edge of the tape and
perpendicular to the plane of the tape (see figure 3). (For the
purpose of the definition, the tape shall be considered as
perfect.)

3.20 head segment : Single transducer which records or
reproduces one track on magnetic tape (see figure 3).

3.21 head segment gap azimuth : The angle, in the plane

NOTE — This value plages an additional constraint on track configura-
tions since, in general, the simultaneous application of all worst case
tolerances for track widlh, track location and tape width will result in a
value of edge margin less than M.

3.10 frequency djvision multiplex (FDM) : Multiplexing
technique in which |modulated subcarriers are combined in
such a way that eacH of a number of data channels occupies a
unique and defined section of the available bandwidth.

3.11 frame, majgr: The minimum overall repetitive se-

quence of pulses, in
least once. The perio
length of the longest|

3.12 frame, mino
includes and ends wj|
frame is an integral s
absence of subcomr
major frame.

which each input channel is sampled at
H of the major frame is determined by the
submultiple frame(s).

: A group of data pulses or samples; it
th a synch. pulse or pattern. The minor
ibmultiple of the major frame and, in the
hutation, is repetitive and equal to the

3.13 frame, submultiple : A repetitive group of-stibcom-

mutated data pulses.
frame is possible (seg

3.14 gap length :
trailing edge of the |

Supercommutation within arsubmulitiple
figure 2).

Distance from the leading edge to the
ead gap measured’ perpendicular to the

track width (see figure 3).

3.15 gap scatter :
lines, in the plane of t
in a recorder head sh

3.16 head : Groupi

assembly with the ga

Mipimdm distance between two parallel
e‘tape, between which gap trailing edges

of the tape, between a line perpendicular to the head reference
plane and the gap trailing edge in a record head segmént (see
figure 3).

3.22 head segment gap azimuth difference : Angular
deviation of the azimuth of head segment gaps, in a hedd, from
the head azimuth (see figure 3).

3.23 head segment numbering : Numbering of ja head
segment shall correspond‘to the track number on the magnetic
tape on which that head segment normally operates. Hgad 1 of
a pair will contain all‘edd-numbered segments while hedd 2 will
contain all even-numbered segments (see figures 3 andl 4).

3.24 head\spacing (S) : The distance along the tape path
between the gap centre lines of head 1 and head 2, when in-
terlaced~heads are used (see figure 4).

3.25 head tilt : Angle, between the plane tangent| to the
front (active) surface of the head at the centre-line of the head
segment gaps, and a line perpendicular to the head reference
plane (see figure 3).

3.26 heads in-line : For in-line recording, only one| record
head and one reproduce head will be used.

3.27 heads interlaced : Head placement for interlaced
recording is to locate the head segments (both recqrd and
reproduce) for alternate tracks in separate heads. Thus, to
record on all tracks of a tape, two record heads will be 4sed; to
reproduce all tracks on a tape, two reproduce heads |will be
used.

The two heads of a pair of record or of reproduce headg for in-
terlaced recording shall be mounted in such a manner that the

fall{ £ 2
1A 1oCT NMyure oJ.

ng of individual head segments in a fixed
p lines on a common plane.

3.17 head azimuth : Angle formed, in the plane of the tape,
between a line passing through the gap centres of the two out-
side head tracks and a line perpendicular to the head reference
plane (see figure 3).

3.18 head numbering : Head 1 of a pair of heads is the first
head over which an element of tape passes when moving in the
normal operating direction.

centre-line through the head segment gaps of each head are
parallel and spaced according to the head spacing (S) (see
figure 4).

3.28 individual track data azimuth difference’) : Angular
deviation of the data azimuth of individual odd or even re-
corded tracks from the data azimuth of all odd or even tracks.

The difficulty of making direct optical angular measurements
requires this error to be expressed as the loss of signal
amplitude permitted when the tape is reproduced on an ideal
reproducing head, whose gap is aligned to coincide with the
data azimuth of all odd or even tracks, as compared to the max-
imum signal amplitude obtainable by optimizing the reproduce
head azimuth for the individual tracks (see figure 3).
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3.29 mode : In telemetry systems, one of two techniques
generally used for recording on a given track on magnetic tape;
direct recording and single-carrier FM (frequency modulation).

NOTE — Single-carrier FM (and PCM) may itself be recorded by either
direct recording (with bias) or saturation (without bias) techniques, and
in other instrumentation systems may be regarded as a modulation
pattern.

3.30 modulation pattern : Form in which data is encoded
prior to transmission or recording, for example, multiple-carrier
FM, PAM,_ PCM_See nate accompanying the definition of

1SO 6068-1985 (E)

3.41 standard tensile force : Reference longitudinal tensile
force in magnetic tape in the vicinity of the head(s) during
recording or reproducing.

3.42 subcommutation : Assigning more than one input
channel (data source) to the same time-slot in successive minor
frames. The sources assigned to such a time-slot recur in a
repetitive sequence.

3.43 supercommutation : Assigning an input channel
(data source) to more than one time-slot within each minor

mode or] single-carrier FM (see 3.2.9).

3.31 NRZ (non-return-to-zero) : Form of representation for
binary “fl” and 0" in pulse-code modulation (PCM). Three
variants |known as “level”’, “‘mark’’ and ‘‘space”’, are defined in
6.3.3 angl figure 1.

3.32 pulse amplitude modulation (PAM) : Time Division
Multiplexing (TDM) technique in which pulses in a sequence
are amplitude-modulated, so that the pulse amplitudes repre-
sent sanpples of analogue-variable parameters.

3.33 RAM/FM : Frequency modulation of a radio-frequency
carrier by a PAM waveform.

3.34 RAM/FM/FM : Frequency modulation of a radio;
frequengy carrier by an FDM set of subcarriers, which in turn
are freqyiency-modulated by PAM waveforms.

3.35 fuise code modulation (PCM): Time~’ Division
Multipleking (TDM) technique in which samples’ of data are
represerfted in binary form by a group «of discrete pulses
(words) |(see figure 1).

3.36 HCM/FM : Frequency madulation of a radio-frequency
carrier by a PCM waveform.

3.37 RBRCM/FM/FM /) Frequency modulation of a radio-
frequengy carrier by an.FDM set of subcarriers, which in turn
are fregyiency-maodulated by PCM waveforms.

3.38 pseddot:noise (PN) waveform : Non-random wave-
form halinig’ mean, variance, and other properties resembling

frame.

3.44 synchronization : Establishing the timing of a data
sequence. A number of different” synch formats may be re-
quired to identify minor_frames, major frames (submultipie
frames) and (in PCM) bits(and words.

3.45 tape speed,actual (V,) : Tape gpeed during record-
ing or reproducing. In general the actual tgpe speed will not be
equal to the standard tape speed.

3.46.\tape speed, effective (V) : Aclual tape speed after
applying corrections for the effects on the tape of differences
between operating and standard conditiofs, i.e. tensile force,
tape materials and thickness, and environment (temperature
and humidity). The effective tape speed should be equal to one
of the standard tape speeds.

NOTE — Environmental effects on the recorder|reproducer system are
not included in this definition.

3.47 tape speed, standard (Vg :|Range of defined
nominal tape speeds for tapes operating at the standard tensile
force and in standard environmental condjtions.

3.48 tape tensile force : Tape tensile[force applied to the
tape during operation. The value of this| tensile force is not
necessarily the standard tensile force but it is assumed to be
applied uniformly across the width of the(tape.

3.49 time division multiplex (TDM)[: Multiplexing tech-
nique in which data samples are transmitted or recorded se-
quentially in time, each sample occupying p unique and defined

random noise (see annex C).

3.39 reference edge : Edge of the tape nearest track 1 (see
figure 5).
3.40 reference track location (G) : Location of the centre-

line of track 1 relative to the reference edge of the tape (see
figure 5).

period-or-time-slot-within-the-sequence—

3.50 time-slot : A channel interval; the period allocated for
each pulse or sample within a minor frame.

3.51 track location (H,) : Distance from the centre-line of
the reference track (track 1) to the centre-line of the recorded
track (n) (see figure 5).

1) 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 difference; however, guiding misalignment is included in the data location error definitions.
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3.52 track numbering : Tracks on tape shall be numbered
consecutively, starting with track 1, from top to bottom when
viewing the magnetic surface of the tape with the earlier por-
tion of the recorded signal to the observer’s right (bottom to
top if the earlier portion of the recorded signal is to the
observer’s left) (see figure 5).

3.563 track spacing (D) : Centre-to-centre distance between
adjacent recorded tracks (see figure 5).

3.54 track width () Mechanical width of the commaon

Table 2 — Standard tape speeds

mm/s in/s
6 096 240
3048 120
1524 60
762 30
381 15
190,5 7172
95,2 33/4
47,6 17/8
23,8 15/16

interface of the recorfl head segment at the gaps. This does not
include the effects of fringing fields which will tend to increase
the recorded track width by small amount (see figures 3 and 5).

4 Tape and re¢order/reproducer
characteristics

4.1 General

This clause specifies the tape and recorder/reproducer
characteristics requifed to assure interchange, so that tapes
recorded at one fadility may be successfully reproduced at
another. Recommenrided test procedures for magnetic tape
recording/reproducirjg equipment are given in annex A.

4.2 Tape and regl characteristics

4.2.1 Tape widths
Standard tape width$ are specified in table 1.

Table 1 — Standard tape widths

4.3.2 Effective tape speeds

The effective tape speed (V) throughoutha-reel [(in the
absence of tape-derived servo speed conttol)-shall bg¢ within
+ 0,5 % of the required standard speed)for low-band DR
recorders and + 0,2 % for intermediate-band and widle-band
DR recorders (see 5.1.1.1). Tape speed errors are defined as
departures of average speed from-the standard value.

Recommended methods for measuring effective tape sgeed are
given in A.2.2.

NOTE — Errors at frequencies above 0,5 Hz are known ds flutter
(see 4.6).

4.4 Track configurations

Trackconfigurations are illustrated in figure 5 and spegified in
tables 2 to 9. It should be noted that although a tape rgference
edge is specified, edge guiding of the tape is not an implied re-
quirement of the recorder/reproducer.

The head spacing for adjustable heads refers to eqdipment
having facilities for adjusting the azimuth of reproducq heads;
these are required for wide-band DR recorder/reproducgrs (see
5.1.1.1).

4.5 Recorder/reproducer characteristics

mm in
0,00 0.000 0 4.5.1 Data scatter
6,30 0,08 0:248 00025
12,70 %Y 0.500 000 The maximum data scatter shall be as follows :
- 0,19 - 0.004
540 0% 1.000 _59%
’ ’ Tape width Maximum data scafter
50,80 %Y 2.000 000 - -
o . — 0.004 6,3 mm (0.25 in) 1,25 um (50 pin
12,7 mm (0.5 in) 2,5 pm (100 pin)
25,4 mm (1 in) 5,0 pm (200 pin)
4.2.2 Reels 50,8 mm (2 in) 10,0 pm (400 um)

Tapes shall be wound on hubs or reels complying with the re-
quirements of 1ISO 1860, ISO 1858 or ISO 3802.

4.3 Tape speeds

4.3.1 Standard tape speeds

The standard tape speeds (V) for instrumentation magnetic
tape recorders are as specified in table 2.

It is the responsibility of an equipment manufacturer to decide
whether or not data scatter may be equated to gap scatter (see
figure 3 and the footnote to 3.2).

4.5.2 Data azimuth (static)

Data azimuth (static) shall be not greater than + 0,3 mrad
(+ 1" of arc). It is the responsibility of an equipment manufac-
turer to decide whether or not data azimuth (static) may be
equated to head azimuth (see figure 3 and the footnote to 3.2).
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4.5.3 Data azimuth (dynamic)

Data azimuth (dynamic) shall be not greater than + 0,3 mrad
(+ 1 of arc) as determined from measurements of the dynamic
interchannel time displacement error (ITDE) between outer
tracks on the same head. It is the responsibility of an equipment
manufacturer to decide whether or not data azimuth (dynamic)
may be equated to the mechanical restriction placed on tape
angular motion by the tape guides; the guides shall not cause
damage to the tape. (See the footnote to 3.2.) A recommended
method for the measurement of ITDE is given in A.2.4.

ISO 6068-1985 (E)

hibiting a south-north north-south magnetic pattern will pro-
duce a positive-going pulse, with respect to system ground, at
the output of the reproduce amplifier.

458 Standard tensile force

For tapes using a polyethyleneterephthalate (PET) base, stan-
dard tensile force shall be 0,131 N/mm (12 ozf/in) of tape
width. For ideal interchange, recorder/reproducer operating
tape tensile forces should be equal to standard tensile force; as
the operating tensile force departs from standard tensile force,

the-corrections-to be applied ta make the effective tape speed

4.5.4 Ihdividual track data azimuth difference

The maximum signal loss due to individual track data azimuth
differende shall be not greater than 1 dB (excluding reproduce
head errpr) at the shortest wavelength specified for the equip-
ment. The overall record/reproduce error shall not be greater
than 2 dB.

455 Head tilt

Head til{ shall be not greater than + 0,9 mrad (£ 3’ of arc) for
low- anfl intermediate-band DR recorders (see 5.1.1.1) and
+ 0,3 nfrad (£ 1’ of arc) for wide-band DR recorders (see
figure 3).

4.5.6 Head interchangeability

Where [rapid interchangeability of heads is specified, the
method |of head mounting, locating and securipg.shall ensure
that all| alignment and location requirements_are satisfied
without| shimming or mechanical adjustment, except for
azimuth|adjustment of the reproduce head:{wide band).

4.5.7 Head polarity

(Refer tb A.2.1 for a recommended polarity test and B.2 for
further information.)

4.5.7.1| Record head

Each reford head winding shall be connected to its respective
amplifier in/such a manner that a positive-going pulse with

(Vo5 equal to the standard tape speed{k}q) become increas-
ingly unreliable due to non-linearities, €tC.

NOTE — It is current practice in Some countfies to use a standard
tensile force of 0,175 N/mm (16.6zf/in) tape width. Interchange par-
ties should exercise cautigh>when defining| tests involving this
parameter.

4.6 Other characteristics

Reference has been made in 4.3.2 to fluttgr, and other related
charactefistics are time-base error (TBE)| and pulse-to-pulse
jitter ~Requirements for these characterist|cs are not specified
in this International Standard since they depend on the inten-
ded application, but recommended test mgthods for measuring
such characteristics are given in A.2.3 (flut{er), A.2.5 (TBE) and
A.2.6 (pulse-to-pulse jitter).

Table 3 — Dimensions — Recordegl tape format,
4 tracks in line on 6,3 mm (1/4 in) wide tape
(see figure 5)

respect to system ground, at the record amplifier input, will
result in the generation of a specific magnetic pattern on a seg-
ment of tape passing the record head in the normal direction of
tape motion. The resulting magnetic pattern shall consist of a
polarity sequence of south-north north-south.

4.5.7.2 Reproduce head

Each reproduce head winding shall be connected to its respec-
tive amplifier in such a manner that a segment of tape ex-

mm .
Dimension n
max. | nom. nfin
Track width (W) 0,686 0,p84 0.025 £ 0.002
Track spacing (D) 1,778 0.070
Reference track
location (G) 0,483 0,p81 0.017 + 0.002
Track location tolerance
(H,, tolerance) 0,051 —-Q,051 + 0.002
Location fg¢r nth track (H))
Track number mm in
max. | nom. | npin.
1 (reference) 0,000 0.000
2 1,829 11727 0.070
3 3,607 3,505 0.140
4 5,385 5,283 0.210
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Table 4 — Dimensions — Recorded tape format,
7 tracks interlaced on 6,3 mm (1/4 in) wide tape
(see figure 5)

Table 6 — Dimensions — Recorded tape format,
14 tracks interlaced on 12,7 mm (1/2 in) wide tape
(see figure 5)

mm . mm .
Dimension - n Dimension n
max. | nom. | min. max. | nom. | min.
Track width (W) 0,660 0,610 0.025 — 0.001 Track width (W) 0,660 0,610 0.025 + 0.001
Track spacing (D) 0,889 0.035 Track spacing (D) 0,889 0.035
Head spacing (S) Head spacing (S)
Fixed heads 38,125 38,075 1.500 + 0.001 Fixed heads 38,125 38,075 1.500 + 0.001
Ajustable heads 38,151 38,049 1.500 + 0.002 Adjustable heads 38,151 38,049 1.500 + 0.002
Edge margin, minimum (M,,) 0,025 0.001 Edge margin, minimum (M) 0,127 0.005
Reference track Referemce-track
location (G) 0,470 0,394 | 0.0170 £ 0.0015 location (G) 0,546 0,470 | 0.020 0/ 0.001 5
Track location tolerance Track location tolerance
(H), tolerance) 0,038 -0,038 + 0.0015 (H,, tolerance) 0,038 —-0,038 £ 0,001 5
Location for nth track (H)) Location forinth track (H,,)
Track number mm in Track number mm in
max. | nom. | min. max. | nom./| min.
1 (reference) 0,000 0,000 1 (reference) 0;000 0.
2 0,927 0,851 0.035 2 0,927 0,851 0.03
3 1,816 1,740 0.070 3 1,816 1,740 0.07¢
4 2,705 2,629 0.105 4 2,705 2,629 0.10§
5 3,594 3,618 0.140 5 3,594 3,518 0.144
6 4,483 4,407 0.175 6 4,483 4,407 0.175
7 5,372 5,296 0.210 7 5,372 5,296 0.214
8 6,261 6,185 0.245
9 7,150 7,074 0.284
10 8,039 7,963 0.31§
" 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
Table 5 — Dimepsions — Recorded tape format,

7 tracks interlaced on 12,7 mm (1/2 in) wide tape

(see figure 5)
mm .
Dimension in
max. | nom. [ min
Track width (W) 1,40 1,14 0.050 . 0.005
Track spacing (D) 1,778 0.070
Head spacing (S)
Fixed heads 38,125 38,075 1,600 + 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 location tolerance
(H,, tolerance) 0,051 -0,051 + 0.002

Location for nth track (H,)

Track number mm .
max. | nom. | min.
1 (reference) 0,000 0.000
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
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Table 7 — Dimensions — Recorded tape format,
21 tracks interlaced on 12,7 mm (1/2 in) wide tape

(see figure 5).
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Table 8 — Dimensions — Recorded tape format,
14 tracks interlaced on 25,4 mm (1 in) wide tape

(see figure 5)

mm . mm .
Dimension - n Dimension - in
max. | nom. | min. max. | nom min
Track width (W) 0,483 0,432 0.018 £ 0.001 Track width (W) 1,40 1,14 0.050 * 0.005
Track spacing (D) 0,584 0.023 Track spacing (D) 1,778 0.070
Head spacing (S) Head spacing (S)
Fixed heads 38,125 38,075 1.500 + 0.001 Fixed heads 38,125 38,075 1.500 + 0.001
Adjustable heads 38,151 38,049 1.500 £ 0.002 Adjustable heads 38,151 38,049 1.500 + 0.002
Edge margin, minimum (M) 0,178 0.007 Edge margin, minimum(M,,) 0,279 0.011
Reference [track Referencetrack
location ({5) 0,470 0,394 | 0.0170 £ 0.0015 location (G) 1,168 1,067 0.044 + 0.002
Track location tolerance Track location tolerance
(H,, tolergnce) 0,025 -0,025 + 0.001 (H), tolerance) 0,051 —0,051 + 0,002
Location for nth track (H)) Location fof nth track (H))
Tack number mm in Track number mm in
max. | nom. | min. max. | nom. | min
(reference) 0,000 0.000 1 (reference) 0,000 0.000
P 0,610 0,559 0.023 2 1,829 1,27 0.070
B 1,194 1,143 0.046 3 3,607 3,p05 0.140
4 1,778 1,727 0.069 4 5,385 5,p83 0.210
b 2,362 2,311 0.092 5. 7,163 7.p61 0.280
b 2,946 2,896 0.115 6 8,941 8,839 0.350
7 3,531 3,480 0.138 7 10,719 10,p17 0.420
B 4,115 4,064 0.161 8 12,497 12,95 0.490
D 4,699 4,648 0.184 9 14,275 14,173 0.560
L 4] 5,283 5,232 0.207 10 16,053 15,p51 0.630
n 5,867 5,817 0.230 1 17,831 17,/29 0.700
172 6,452 6,401 0.253 12 19,609 19,607 0.770
k] 7,036 6,985 0.276 13 21,387 21,p85 0.840
14 7,620 7,569 0.299 14 23,165 23,063 0.910
15 8,204 8,183 0.322
16 8,788 8,738 0.345
17 9,373 9,322 0.368
13 9,957 9,906 0./391
19 10,541 10,490 0.414
20 11,125 11,074 0.437
n 11,709 11,659 0.460
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Table 9 — Dimensions — Recorded tape format,
28 tracks interlaced on 25,4 mm (1 in) wide tape
(see figure 5)

Table 10 — Dimensions — Recorded tape format,
42 tracks interlaced on 25,4 mm (1 in) wide tracks
(see figure 5)

mm . mm .
Dimension - n Dimension - n
max. | nom. [ min. max. | nom. | min.
Track width (W) 0,660 0,610 0.025 + 0.001 Track width (W) 0,483 0,432 0.018 + 0.001
Track spacing (D) 0,89 0.035 Track spacing (D) 0,584 0.023
Head spacing (S) Head spacing (S)
Fixed heads 38,126 38,075 1.500 * 0.001 Fixed heads 38,125 38,075 1.500 + 0.001
Adjustable heads 38,151 38,049 1.500 + 0.002 Adjustable heads 38,151 38,049 1.500 = 0.002
Edge margin, minimum (M) 0,229 0.008 Edge margin, minimum (M) 0,305 0.012
Reference track Reference track
location (G) 0,698 0,622 | 0.026 0 + 0.001 5 location (G) 0,737 0,660 | 0.027.5.4 0.001 5
Track location tolerance Track location tolerance
(H,, tolerance) 0,038 -0,038 + 0.0015 (H,, tolerance) 0,025 —0,025 + 0.901
Location for nth track (H),) Location\for nth track (H)))
Track number mm in Track number mm in
max. | nom. | min. max. (_mpom. | min.
1 (reference) 0,000 0.000 1 (reference) 0,000 0.04q0
2 0,927 0,851 0.035 2 0,610 0,559 0.043
3 1,816 1,740 0.070 3 1,194 1,143 0.046
4 2,705 2,629 0.105 4 1,778 1,727 0.049
5 3,594 3,518 0.140 5 2,362 2,311 0.092
6 4,483 4,407 0.175 6 2,946 2,896 0.115
7 5,372 5,296 0.210 7 3,531 3,480 0.138
8 6,261 6,185 0.245 8 4,115 4,064 0.141
9 7,150 7,074 0.280 9 4,699 4,648 0.184
10 8,039 7,963 0.315 10 5,283 5,232 0.207
1" 8,928 8,852 0.350 11 5,867 5,817 0.230
12 9,817 9,741 0.385 12 6,452 6,401 0.253
13 10,706 10,630 0.420 13 7,036 6,985 0.276
14 11,595 11,519 0.455 14 7,620 7,569 0.299
15 12,484 12,408 0.490 15 8,204 8,153 0.3
16 13,373 13,297 0.525 16 8,788 8,738 0.34%6
17 14,262 14,186 0.560 17 9,373 9,322 0.368
18 15,151 15,075 0.595 18 9,957 9,906 0.391
19 16,040 15,964 0.630 19 10,541 10,490 0.414
20 16,929 16,853 0.665 20 11,125 11,074 0.437
21 17,818 17,742 0.700 21 11,709 11,659 0.460
22 18,707 18,631 0.735 2 12,294 12,243 0.483
23 19,596 19,520 0:770 23 12,878 12,827 0.506
24 20,485 20,409 0.805 24 13,462 13,411 0.52p
25 21,374 21,298 0.840 25 14,046 13,995 0.552
26 22,263 22,187 0.875 26 14,630 14,580 0.57p
27 23,152 23,076 0.910 27 15,215 15,164 0.598
28 24,041 23,965 0.924 28 15,799 15,748 0.62f1
29 16,383 16,332 0.641
30 16,967 16,916 0.66)7
31 17,551 17,501 0.69D
32 18,136 18,085 0.71B
33 18,720 18,669 0.73p
34 19,304 19,253 0.759
35 19,888 19,837 0.782
36 20,472 20,422 0.80p
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 23,343 0.920
42 23,978 23,927 0.943
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Table 11 — Dimensions —
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Recorded tape format, 84 tracks interlaced on 50,8 mm (2 in) wide tape

(see figure 5)

mm . Location for nth track (H,)
Dimension e n
max. | nom. min. Track number mm in
Track width (W) 0,483 0,432 0.018 + 0.001 max. | nom. min.
Track spacing (D) 0,584 0.023 57 32,741 32,690 1,288
Head spacing (S) 58 33,325 33,274 1,311
Fixed heads 38,125 38,075 1.500 £ 0.001 59 33,909 33,858 1,334
Adjustable heads 38,151 38,049 1.500 + 0.002 60 34,493 34,442 1,357
Edge margin, minimum (M) 0,711 0.028 61 35,077 35,027 1,380
Reference track 62 35,662 35611 1:403
N 63 36,246 36,135 1,426
location ]G) 1,168 T,007 | 0.0445 T 0.0015 64 36,830 61779 1449
Track locdtion tolerance 65 37,414 371363 1,472
(Hn tolerfince) 0,025 -0,025 + 0.001 66 37,998 37048 1,495
67 38,583 38)532 1,518
" 68 39,167 39116 1,541
Location for nth track (H,) 69 39751 29700 1564
Track number mm in 70 40,335 40284 1,587
max nom min VAl 40,919 40869 1,610
. ) . 72 41,504 411453 1,633
1 (reference) 0,000 0.000 73 42,088 42/037 1,656
2 0,610 0,559 0.023 74 42,672 421621 1,679
3 1,194 1,143 0.046 75 43,256 43205 1,702
4 1,778 1,727 0.069 76 43,840 43790 1,725
5 2,362 2,311 0.092 77 44,425 44|374 1,748
6 2,946 2,896 0.115 78 45,009 441958 1,771
7 3,531 3,480 0.138 79 45,593 45542 1,794
8 4,115 4,064 0.161 80 46,177 46126 1,817
9 4,699 4,648 0.184 81 46,761 46|71 1,840
0 5,283 5,232 0.207 82 47,346 471295 1,863
1 5,867 5,817 0.230 83 47,930 47|879 1,886
2 6,452 6,401 0.253 84 48,514 48463 1,909
3 7,036 6,985 0.276
4 7,620 7,569 0.299
5 8,204 8,153 0.322
6 8,788 8,738 0.345, .
7 9,373 9,322 0.368 5 Modes of recordlng
8 9,957 9,906 0:391
9 10,541 10,490 0414 . .
0 11,125 11,074 0.437 5.1 Direct recording (DR)
P1 11,709 11,659 0.460
p2 12,294 12,243 0.483 .
b3 12,878 12:827 0.506 5.1.1 Bandwidths
b4 13,462 13,411 0.529
PS5 14,046 13,995 0.552
b6 14,630 14,580 0.575 5.1.1.1 Wavelengths on tape
b7 15,215, 15,164 0.598
P8 PR 15748 0.621 For the purposes of this International §tandard, four band-
P9 16,383 16,332 0.644 . .
ko 16.967 16.916 0.667 widths are designated :
1 17,551 17,501 0.690
2 18,136 18,085 0.713 a) low-band DR : direct recording regponse to a minimum
B3 18,720 18,669 0.736 H
' ’ recorded wavelength of 15,2 um (600(pin).
B4 19,304 19,253 0.759 9 H H
5 19,888 19,837 0.782 X
6 20,472 20,422 0.805 NOTE — For recording subcarrier bands alpove proportional band-
7 21,057 21,006 0.828 width channel 18 or constant bandwidth channel 11 B,
38 21644 247590 9-85+ intermediate-band—reeorders—are—recommended (see 6.1.1 and
39 22,225 22,174 0.874 6.1.2).
40 22,809 22,758 0.897
41 23,393 23,343 0.920 . . . .
42 23,978 23,927 0.943 b) intermediate band DR : direct recording response to a
43 24,562 24,511 0.966 minimum recorded wavelength of 6 pm (240 pin);
44 25,146 25,095 0.989
7. 7! 1. . . .
32 ig’;g 5(53'262 1 8;; c) wide-band 1,5 MHz DR : direct recording response to a
47 26,899 26.848 1.058 minimum recorded wavelength of 2 pm (80 pin);
48 27,483 27,432 1.081
‘S‘g gg'gg: ﬁg’g&f 112‘7‘ d) wide-band 2,0 MHz DR : direct recording response to a
51 29235 29 185 1'150 minimum recorded wavelength of 1,5 um (60 pin).
52 29,820 29,769 1.173
53 30,404 30,353 1.196 NOTE — Interchange of tapes between wide-band DR and low- or
54 30,988 30,937 1.219 intermediate-band DR machines is not recommended.
56 31,572 31,521 1.242
56 32,156 32,106 1.265

See B.1.1 for notes on extended wide-band DR recording.


https://standardsiso.com/api/?name=fbfc86f1a1bb5e47fc03df446897b4a0

1ISO 6068-1985 (E)

5.1.1.2 Frequency response

The frequency response or passband of direct-recorded data as
a function of tape speed is given in table 12. In measuring this
response, signals throughout the specified pass-band shall be
recorded at normal record level (see 5.1.3.4) and the reproduce
output signal levels shall be referenced to the playback output
at the record level set frequency. See A.3.2 for a recommended
test procedure.

5.1.2 Bias

equivalent), the difference in the response curves normalized to
the 0,02 upper bandedge frequency shall be no greater than the
figures given below :

Fraction of upper band Difference
edge frequency dB
0,1 0,5
0,5 1,0
0,8 1.6
1,0 2,0

5.1.2.1 Wavelength

The high-frequency Rias signal shall have a wavelength on tape
not greater than the ffollowing :

Maximum
DR band bias wavelength
um (pin)
Low
Intermediate } 1.6 (60)
Wide-band 1,5 MHz 0,6 (24)
Wide-band 2,0 MHz 0,45 (18)

5.1.2.2 Current

With an input signal at the record bias set frequency (see
table 12) and at a levgl 5 to 6 dB below normal record level (see
5.1.3.4), the record bjas current shall be adjusted for maximum
reproduced output and then increased until the output falls by
the following amounts :

Fall in output for
DR band optimum bias (overbias)
dB
Low 3
Intermediate 3
Wide-band 1,5 MHz 1
Wide-band 2,0 MHz 2

See A.3.1 for a recomnmended test procedure.

5.1.3 Record paraE]:eters

5.1.3.1 Input impedantes at all frequencies in the low- and

It should be noted that the procedure above does nat eLtainsh
a uniform recorded fiux density on the tape for differen{ heads,
see B.4 for further comments.

5.1.3.4 The level of recording shall be-set at such a vaJue that
a reproduced signal of the record level'set frequency irldicated
in table 12 measured at the output.-of the playback amplifier
under the load specified in 5.1.4.2-shall contain 1 % tHird har-
monic distortion after correction for allowable equalization
variations (—40 £ 1) dBdeferred to the output of a frgquency
three times the recorddevel set frequency, recorded at|normal
record level; such_distortion is a function of tape satfiration,
and not a function of record or reproduce amplifier
characteristics. “This level, the normal record level, is the 0 dB
reference level for all other measurements. (See A.3|1 for a
recommended test procedure).

5.1.83'6 Record head gap length for wideband recording shall
be within the range from 1,65 um (65 pin) to 2,7 um (105 pin).

NOTE — In recording complex telemetry signals with varying drest fac-
tors, optimum record level should be determined for the particular
signal to be recorded. See B.3.

5.1.4 Reproduce parameters

5.1.4.1 Output impedances for low- and intermediaJe-band
recording shall be 100 Q maximum across the pass| bands
specified in table 12. Output impedances for wide-band
recorders shall be 75 Q maximum across the specifigd pass
band.

5.1.4.2 When reproducing a signal at the record level |set fre-
quency recorded at an input voltage equivalent to that required
for normal record level, the output level for low-bahd and

intermediate-band-recorders—shal-be-a—mintmum—of3-V peak-

intermediate-bands shall be 5000 Q minimum resistance
shunted by 250 pF maximum, with or without meter. Input im-
pedances for wide-band recorders shall be 75 Q + 10 %
across the specified band.

5.1.3.2 Adjustments shall be provided to enable normal
record level to be produced by input signals in the range 1 to
10 V peak-to-peak.

5.1.3.3 The record amplifier shall provide a transfer
characteristic which is basically a constant current versus fre-
quency characteristic upon which is superimposed a compen-
sation characteristic to correct only for loss of record head effi-
ciency with frequency. For the test described in A.3.9 (or

10

to-peak with a third harmonic distortion of 1 % and a maximum
second harmonic distortion of 0,5 % when measured across a
resistive load of 600 Q = 10 % shunted by a maximum of
1 500 pF. The output level for wide-band recorders shall be a
minimum of 2 V peak-to-peak with a third-harmonic distortion
of 1 % and a maximum second harmonic distortion of 0,5 %
when measured across 75 Q + 10 %. Lack of proper output
termination shall not cause the reproduce amplifier to oscillate.

5.1.5 Other system parameters

A number of other parameters affecting system performance,
such as signal-to-noise ratio, crosstalk etc., are not specified in
this International Standard since requirements depend on the
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intended application, but recommended test methods for
measuring such parameters are given in A.3.3 to A.3.8.

5.2 Single-carrier frequency modulation
recording (FM)

5.2.1 Bandwidths

5.2.1.1 Wavelengths on tape

For the_purposes of this International Standard, four band-

1SO 6068-1985 (E)

specified in this International Standard since requirements de-
pend on the intended application, but recommended test
methods for measuring such parameters are given in A.4.4 to
A.4.10.

5.3 Recording without bias

5.3.1 General

In single-carrier FM recording, and pulse-code modulation
(PCM) when the pulse stream is recorded directly on tape and

widths gire designated :

a) low-band FM : carriers at centre frequency having a
nomjnal recorded wavelength on the tape of 28,2 um
(1 110 pin);

b) |ntermediate-band FM : carriers at centre frequency
having a nominal recorded wavelength on tape of 14,1 um

(555|uin);

c) ide-band | FM : carriers at centre frequency having a
nomjnal recorded wavelength on tape of 7,1 um (278 pin);

d) Jide-band Il FM : carriers at centre frequency having a

nomjnal recorded wavelength on the tape of 3,4 um
(133|uin).

5.2.1.2 | Frequency response
The FM carrier frequencies and data signal pass¢bands
(modulgdting frequencies) as a function of tape speed are given

in tabld 13. See A.4.2 a) and A.4.3 for recommended test
methods.

5.2.2 (Carrier deviations

[See A}4.2 b) for a recommended-test method.]

5.2.2.1| General

For low-band, intermediate-band, and wide-band | recording,
the full§cale FM carrier deviation shall be = 40 %.

For wide-band>H recording, the fullscale FM carrier deviation
shall bel £.30. %.

not as a modulated FDM sub-carrier, jinfprmation is not con-
tained in the amplitude of the reproduced signal and a linear
amplitude transfer function as provided Ry direct recording is
not essential. Saturation recording withoult high-frequency bias
is therefore permissible. The record signgl level (see below) is

higher than in direct recording, a higher r

level is obtained and the heed for genera
bias signal is avoidedj.however, guard trg
when saturation, and-direct recordings ar
same head [see-also 5.3.8 c}l.

5.3.2 Optimum record level

Except at long recorded wavelengths, the
put'evel does not increase asymptotically
record level is increased, but reaches a
again. As the recorded wavelength be

roduce head output
ng a high-frequency
cks may be required
P being made on the

reproduce head out-
to a maximum as the
peak and then falls
comes shorter, the

record level for peak output falls and the output falls more
rapidly at record levels below and above that giving peak out-
put. The procedures for setting optimum record level are as
follows :

a) For single-carrier FM recording the optimum record
level is that which gives a maximum reproduce head output
for a recorded wavelength equal to thdt of the carrier at the
upper end of its frequency deviatior) range (carrier plus
deviation is given in table 13).

b) For PCM recording the same prifciple applies except

that maximum output is determined at the maximum flux
transition rate applicable to the bit regresentation.

5.4 Predetection recording

Predetection signals consist of frequency-nodulated (or phase-
modulated) intermediate-frequency (IF) |carriers which have

5.2.2.2 Effect of voltage on frequency

Increasing positive voltage shall give increasing frequency (but
see 5.4).

5.2.3 Record characteristics

Single-carrier FM records may employ either direct-recording
(see 5.1) or recording without bias (see 5.3) techniques.

5.2.4 Other system parameters

A number of other parameters affecting system performance,
such as signal-to-noise ratio, linearity and drift etc., are not

beemtranstated- i frequency tobecompatible with wide-band
DR recorder frequency response. These signals shall be recor-
ded by direct recording. Parameters for predetection signals are

given in table 14.

Because of the translation technique employed, the deviation
direction (see 5.2.2.2) is reversed from the original modulation.
Care shall therefore be exercised when interchanging predetec-
tion tapes with other tapes.

5.5 Timing signal recording
When recording modulated time-code signals, care shall be

taken to ensure that low-frequency response down to 100 Hz is
provided. For low-band DR recorders direct-record response

"
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down to 100 Hz is available but the low-frequency cutoff of
wide-band DR recorders (and intermediate band DR recorders
at the higher tape speeds) exceeds 100 Hz (see table 12). For
systems using these recorders it is recommended that the time-
code signals be recorded on a single-carrier FM track or on an
FM subcarrier; in the latter case the highest subcarrier available
should be used to minimize time delay.

5.6 Tape speed correction and flutter
compensation

Proportional-bandwidth channel A or constant-bandwidth
channel 1A cannot be used on the same track as the speed-
control signal because they may interfere with the control
signal. When recorded on a separate track, the amplitude-
modulated speed-control signal shall be recorded at normal
record level (see 5.1.3.4).

5.6.3 Constant-amplitude speed-control signal

Table 15 lists constant-amplitude speed-control signal frequen-
cies as a function of tape speed. In single-carrier FM recording,

5.6.1 Types of co

Two types of sinusoiflal speed-control signals are designated in
this International |Standard : amplitude-modulated and
constant-amplitude, [and either may be specified by a user;
however, the constapt-amplitude method is recommended for
all applications wherg the appropriate hardware can be made
available. Constant-gmplitude signals may also be used for
flutter compensation|if required.

5.6.2 Amplitude-modulated speed-control signal
This shall have the f¢llowing characteristics :

17,0kHz + 0,5 %
16,5 kHz to 17,5 kHz
45 to 55 %

60 Hz £ 0,01 %

Carrier frequency
Bandwidth requir¢d
Percentage modulation
Modulating frequéncy

In single-carrier FM fecording, a separate track is always re-
quired for the speef-control signal. In multiple-carrier FM
recording (see 6.1), the speed-control signal may be mixed with
subcarriers on the| same track, but shall be recorded
10 + 0,5 dB below rformal record level.

a separate track is always required for the speed-contrd signal.
In other types of recording, speed-control signals may-be mixed
with other signals if recording requirements s6-démgnd and
system performance permits; table 15 shows the guafd band
about each signal frequency which shall (be-left free ¢f other
signals in order to give proper operation,

Mixing of the speed-control signal‘with certain types df signal
may degrade system performance. When using high| perfor-
mance servo systems, signals-higher than the control signal fre-
quency should not be mixed with the control signal. The level
of individual extraneous signals, including spurious hafmonics
and noise, shall be 40.dB or more below the level of thd speed-
control signal. Foreptimum servo speed correction, cpnstant
amplitude speed:control signals should be on a separatp track.

For use on the same track as multiple-carrier FM sublcarriers

(see 6.1), the criteria given in table 16 apply to the|speed-
contralssignal (reference frequency).

5.6.4 Track allocation

Tape-speed correction and flutter compensation signdls shall
be recorded on the tracks defined in table 17.

12
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Record bias

Record level

+ 3dB set set
pass-band') frequency?2 frequency
tolerance + 10 % tolerance + 10 %
mm/s (in/s) Hz kHz kHz
Lowband DR
524 (60) 100 — 100 000 100 10
762 (30) 100 — 50 000 50 5
381 (15) 100 — 25000 25 2,5
190,5 (7 1/2) 100 — 12 000 12 1,2
95,2 (3 3/4) 100 — 6000 6 0,6
47,6 (17/8) 100 — 3000 3 0,3
23,8 (15/16) 100 — 1500 1,5 0,15
Intermediate band DR
3048 (120) 300 — 500 000 500 50
524 (60) 300 — 250 000 250 25
762 (30) 200 — 125 000 125 12,5
381 (15) 100 — 60 000 60 6,0
190,5 (71/2) 100 — 30 000 30 3,0
95,2 (3 3/4) 100 — 15000 15 1,5
47,6 (17/8) 100 — 7500 7,5 0,75
23,8 (15/16) 100 — 3800 3,8 0,38
Wide-band 1,5 MHz DR
3048 (120) 400 — 1 500 000 1 500 150
524 (60) 400 — 750 000 750 75
762 (30) 400 — 375000 375 37,5
381 (15) 400 — . 187.000 187 18,7
190,5 (71/2) 400 = 93 000 93 9,3
95,2 (3 3/4) 400, — 46 000 46 4,6
47,6 (17/8 400 — 23000 23 2,3
23,8 (15/16) 400 — 11500 11,5 1,15
Wide-band 2,0 MHz DR3
3048 (120) 400 — 2 000 000 2 000 200
524 (60) 400 — 1 000 000 1 000 100
762 (30) 400 — 500 000 500 50
381 (15) 400 — 250 000 250 25
190,5 (2.372) 400 — 125000 125 12,5
95,2 (313/4) 400 — 62500 62,5 6,25
47,6 (17/8 400 — 31250 31,2 3,12
23,8 (15/16) 400 — 15625 15,6 1,56
1) Pasg-band response reference is the output as the record level set frequency.

2)
3)

frequency is 4 MHz and the record level set frequency is 400 kHz.

Procedures for setting optimum bias current are given in 5.1.2.2.

Some recorders provide 4,0 MHz DR sine wave capability at 6 069 mm/s (240 in/s) with + 3 dB bandwidth 800 Hz to 4 MHz. The bias set

13
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Table 13 — Single-carrier FM record parameters

Tape spe/ed Carrier deviation
mm/s (in/s) . limits Response
. . E::t':: Carrier Modulating gt
E?!v; Inteinjsglate- VLV_"ji frequency plus frequency band
vana vana pana deviation limits1)
FM M IFm kHz kHz kHz kHz dB
3048 (120) 432,0 604,8 259,2 0 to 80,00 +1
3048 (120) 1524 (60) 216,0 302,4 129,6 0 to 40,00 + 1
3048 (120) 1 5¢4— (60] 762 (30] 108,0 151,2 64,80 0 to 20,00 +|1
1524 (60) 762 (30) 381 (15) 54,00 75,60 32,40 0 to 10,00 +11
762 (30 1 (15) 190,5 (7 1/2) 27,00 37,80 16,20 0to 5,000 +1
381 {15} 190,5 (7 1/2) 95,2 (3 3/4) 13,50 18,90 8,100 0to 2,500 =
190,5 (7 1/2) 5,2 (3 3/4) 47,6 (1 7/8) 6,750 9,450 4,050 0to 1,250 +
95,2 (3 3/4) 47,6 (1.7/8) 23,8 (15/16) 3,375 4,725 2,025 0to 0,625 +[1
47,6 (17/8) 23,8 (15/16) 1,688 2,363 1,012 0 to. 0313 +1
23,8 (15/16) 0,844 1,181 0,506 0 ta./0,156 +1
Wide-
band
I FM
6096 (240) 1800,0 2 340,0 1 260.0. 0 to 800,0 +1 |- 3
3048 (120) 900,0 1170,0 630,0 0 to 400,0 +1 (-3
1524 (60) 450,0 585,00 315,00 0 to 200,0 +1 -3
762 (30) 225,0 292,50 157,50 0 to 100,0 +1 -3
381 (15) 112,50 146,25 78,750 0 to 50,00 +1 |-3
190,5 (7 1/2) 56,250 73,125 39,375 0to 25,00 +1 |-3
95,2 (3 3/4) 28,125 36,562 19,688 0to 12,50 +1 |-3
47,6 (17/8) 14,062 18,381 9,844 Oto 6,25 +1 |-3

1) Frequency responsq

referred to 1 kHz output for FM channels 13,5 kHz and above, and 100 Hz for channels below 13,5 kHz.

Table 14 — Predetection carrier parameters Table 15 — Constant-amplitude speed-control signals
Predetection R:f;";::sggﬁd s-':'eze:i Frequency Minimum guard-band
Tape carrier record/ mm/s (in/s) kHz Hz
spee_d centre playback
mm/s (in/s) frequenCy. pass-band 6096 (240) 400 + 0,01 % _
kHz kHz 3048 (120) 200 + 0,01 % + 13 950
6 096 (240) 1800 200 to 3 000 1524 (60) 100 f 0,01 % f 10 500
3048 (120) 900 100 to 1500 762 (30) 50 £001% T 2500
1 524 (60) 450 50 to 750 OO0 v1I7 r4e) T U, UT 70 T ZU0WU
762 (30) 225 2% to 375 190,5 (7 1/2) 125 £ 0,01 Z/o + 2000
381 (15) 112,5 125t0 1875 95,2 (3 3/4) 6,25 + 0,01 % + 2000
47,6 (17/8) 3,125 + 0,01 % + 2000
23,8 (15/16) 1,562 + 0,01 % + 2000

14
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Table 16 — Reference signal usage with multiple-carrier FM subcarriers

(reference and data signals on same track)

Reference frequency
kHz

Subcarrier usage
(see also 6.1)

240 + 0,01 %1
200 + 0,01 %

100 + 0,01 %
50 + 0,01 %
25 + 0,01 %
125 + 0,01 %

6,25 + 0,01 %

3,125 + 0,01 %

For use with all centre frequencies

For use with all centre frequencies except channel H

Use with centre frequencies up to and including 80 kHz

Use with centre frequencies up to and including 40 kHz except channel C
Use with centre frequencies up to and including 16 kHz

Use with centre frequencies up to and including 7,35 kHz

Use with centre frequencies up to and including 3,9’kHz

Use with centre frequencies up to and including 0,960 kHz

1) For flutter compensation only, not for tape speed-control.

Table 17 — Allocation of tracks for tape-speed correction and flutter

compensation signals

Track number
Track configuration for tape-speed Optional additional
(table number) ! correction and flutter track number
compensation signal

3 2 —

4 4 5

5 4 5

6 7 8

7 1 12

8 7 8

9 13 14
10 21 22
1 TBD TBD

15
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6 Modulation patterns

6.1 Multiple-carrier FM recording
(frequency-division multiplexing)

6.1.1 Proportional-bandwidth subcarrier channels

Table 18 lists 29 FM proportional-bandwidth subcarrier chan-
nels. The channels identified with letters permit = 15 % sub-
carrier deviation rather than * 7,5 % deviation, but use the
same centre frequencies as the eight highest numbered chan-

6.2 PAM recording

6.2.1 General

Pulse-amplitude  modulated  (PAM)  waveforms, the
characteristics of which are specified herein, consist of time-
division multiplexed pulses whose amplitudes represent
samples of analogue-variable parameters. For transmission,
PAM waveforms may be used either to frequency modulate
radio-frequency carriers directly (PAM/FM) or to modulate
multiple-carrier FM subcarriers (PAM/FM/FM). For recording,
the waveforms may be used to modulate multiple-carrier FM

nels; table 18 defines
which may be used.
limits of maximum sy

6.1.2 Constant-bar

Table 19 list 36 FM
The letters A, B and
imum subcarrier devia
respectively, along v
2 kHz, 4 kHz and 8 |
used within the limits

“I T l;tﬂt;Ul 1S5 UTT CUTT Ib;l IGt;UI 15 Uf L,: artl IU:Q
The channels shall be used within the
bcarrier deviation.

dwidth subcarrier channels

onstant-bandwidth subcarrier channels.
C identify the channels for use with max-
tions of + 2 kHz, + 4 kHzand + 8 kHz
ith maximum frequency responses of
Hz respectively. The channels shall be
of maximum subcarrier deviation.

6.1.3 Subcarrier channel spacing

There is a ratio of approximately 1,33 to 1 between the centre
frequencies of adjagent + 7,5 % proportional bandwidth
channels except between 14,5 kHz and 22 kHz where a larger
gap is left to providg a 60 Hz amplitude-modulated 17 kHz
carrier for tape speed control (see 6.1.4). The use of an ad-
ditional FM subcarrier|between 14,5 kHz and 22 kHz is not per-
missible. Combinatiofs of both proportional-bandwidth and
constant-bandwidth dhannels may be used, provided that ad-
equate allowance is njade for guard-bands.

6.1.4 Tape speed correction and flutter compensation

Tape speed correction and flutter compepsation for multiple-
carrier FM formats mpy be accomplished as indicated in 5.6.
Use of the standard reference frequenGy shall be in accordance
with the criteria of taljle 16 when the-reference signal is mixed
with data.

6.1.5 Recording méde

subcarriers or single-carrier FM carriers. PAM waveforins are
not recorded directly on magnetic tape.

6.2.2 Waveform structure

6.2.2.1 Minor frame length

The PAM waveform consists pf\a-sequence of minor frames
(see figure 2), each of which eomprises a constant number of
time-sequenced channel irtervals or time-slots. The makimum
minor frame length shall be*128 channel time intervals of time-
slots, including the intervals devoted to synchronizatign and
calibration. The pulse.and minor frame structure shall cqnform
to either figure 6<0r'7.

6.2.2.2 Commutation pattern

The information channels are allotted equal and constapt time
intervals within the PAM minor frame. Each interval or tifne-slot
(&7 in figures 6 and 7) contains a sample pulse commiencing
at the start of the interval and having amplitude determihed by
the corresponding measurement and according to a fixdd rela-
tionship (usually linear) between the minimum level| (zero
amplitude) and the maximum level (full-scale amplitudg). For
50 % duty cycle (RZ-PAM), the zero level shall be 20 %) of full
amplitude level as shown in figure 6. The pulse width shall be
the same in all time intervals (the intervals devoted to syn-
chronization excepted). The duration shall be |[either
05T + 0,05 T, as shown in figure 6 or T + 0,05 7, as shown
in figure 7.

6.2.2.3 Calibration

It is recommended that calibration pulses of known level|be in-
serted into each minor frame to permit the removal of scdle and
offset errors. Channels 1 and 2, immediately following the

Direct recording shall always be used for recording multiple-
carrier FM signals, since a non-linear transfer function will
result in the generation of unwanted harmonics of the carrier
frequencies.

6.1.6 Subcarrier tests

Recommended test methods are given in A.7.

6.1.7 Information for users

Applications notes and a discussion of performance tradeoffs
will be found in annex E.
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minor frame synchronization interval, shall be used for zero-and
full-scale calibration, respectively.

6.2.2.4 Minor frame synchronization interval

Each minor frame shall be identified by the presence within it of
a synchronization pattern :

a) 50 % duty factor (RZ-PAM). The synchronization pat-
tern shall have a duration equal to two information channel
intervals (2 T) and shall be full-scale amplitude for 1,6 T
followed by the reference level for 0,5 T (see figure 6).

b) 100 % duty factor (NRZ-PAM). The synchronization
pattern shall be, in the order given, zero level for a period T,
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full-scale amplitude for a period 3 7T, and a level not ex-
ceeding 50 % full-scale amplitude for a period T (see
figure 7).

6.2.3 Pulse and minor frame rate

6.2.3.1 Pulse rate

The maximum pulse rate shall not be greater than that permit-
ted by the following :

1SO 6068-1985 (E)

6.2.5 Multiple and submultiple sampling

6.2.5.1 General
Data sampling at rates which are muitiples and submultiples of

the minor frame rate (supercommutation and subcommutation
respectively as defined in 3.42 and 3.43 is permissible.

6.2.5.2 Submultiple frame synchronization

a) PAM/FM/FM. The reciprocal of the shortest interval
between transitions in the PAM pulse train (i.e. twice max-
imum pulse rate for 50 % duty factor) shall be not greater
than| one-fifth of the total (peak-to-peak) deviation specified
in table 18 or 19 for the FM subcarrier selected.

b) PAM/FM (only applicable to radio-frequency telemetry
syste¢ms). The reciprocal of the shortest interval between
trangitions in the PAM pulse train (i.e. twice maximum pulse
rate [for 50 % duty factor) shall be limited by whichever is
the parrower of the following : ‘

- One-half of the frequency for 3 dB attenuation of
he premodulation filter, when employed (see 6.2.7).

~

4 One-fifth of the intermediate frequency (IF) band-
idth (3 dB points) selected from the bandwidths listed
n table 20.

= <

6.2.3.2 | Minor frame rate

The mirjor frame rate and pulse-rate values listed below may be
used infany combination :

a) the minor frame rate shall be €équal to or greater than
0,12% frames per second;

b) the minor frame rate (shall be no greater than that
corrgsponding to the Cmaximum pulse rate specified
in 6.p.3.1.

6.2.4 Accuracy.and stability

6.2.4.1 | Long term

The beginning of the longest submultiple [frame interval (equal
to the major frame interval) shall be~identified by the transmis-
sion of a synchronization pattern within the identified submulti-
ple frame. All other submultiple-frames shall have a fixed and
known relationship to the~identified sugmultiple frame. The
following submultiple framg~interval synghronization patterns
shall be used :

a) 50 % duty factor RZ : a full-scalg amplitude pulse in
two successive minor frames of the same channel interval
(time-slat), as that allocated to data channels of the iden-
tified submultiple frame, for example, channels 6-1 and 6-2
insfigure 2. The first such pulse shall Have a duration equal
torthe channel interval; the second pulse shall have a dura-
tion nominally one-half the channel interval.

b) 100 % duty factor (NRZ) : the pregence of synchroniza-
tion information in five successive mingr frames of the same
channel interval (time-slot) as that allpcated to data chan-
nels of the identified submultiple framg, for example, chan-
nels 6-1 to 6-5 in figure 2. The amplityde of the data chan-
nels assigned for synchronization shal| be as follows :

1) First minor frame — zero amplitude, for example,
channel 6-1.

2) Second, third and fourth minof frames — full-scale
amplitude, for example, channels 2 to 6-4.

3) Fifth minor frame — not morg than 50 % of full-
scale amplitude, for example, chanpel 6-5.

6.2.5.3 Maximum submultiple frame (major frame)
interval

During the period of desired data, the time between the occur-
rence of corresponding points in any two successive minor
frame synchronization patterns shall not differ from the
reciprocal of the specified nominal minor frame rate by more
than 5 % of the nominal period.

6.2.4.2 Short term

During a measured period, P, for the occurrence of 1 000 chan-
nel intervals or time-slots, the time between the start of any
two successive channel intervals (synchronization intervals ex-
cepted) shall not differ from the average channel interval
established by the formula T,, = P/1 000 by more than 1 %
of the average interval.

The interval of any submultiple frame, including the time
devoted to synchronizing information, shall not exceed 128
times the interval of the minor frame in which it occupies a
recurring position (i.e. the major frame length shall not exceed
128 times the minor frame length).

6.2.6 Frequency modulation

The maximum and minimum amplitude of a PAM waveform
shall produce equal and opposite modulation frequency devia-
tions about the assigned carrier or subcarrier frequency. The
deviation shall be the same for all occurrences of the same
level.

17
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6.2.7 Premodulation filtering

Premodulation filtering is recommended to control the spectral
occupancy of the modulated output signal. The filter shall be
designed to provide maximally linear phase response and the
amplitude response shall have an asymptotic negative slope at
high frequencies corresponding to at least 36 dB per octave.

6.2.8 PAM test methods

The values of the modulation parameters recommended in this

standard can be megsured by oscilloscopic or oscillographic

6.3.2.5 Special words

The assignment of word positions to convey special informa-
tion on a programmed basis in designated minor frames is per-
missible. The number of bits in substituted words, including
identification words and padding bits, shall exactly equal the
number of bits in the replaced words.

6.3.3 PCM bit representations

Only one bit representation shall be used in a single PCM pulse

means. Recommenddd system test methods are given in A.b
(to be added).

6.3 PCM recording

6.3.1 General
Pulse-code modulatipn (PCM) data, the characteristics of
which are specified herein, shall be transmitted or recorded as

serial binary-coded fime-division multiplexed words, most
significant bit first (where applicable).

6.3.2 Word and minor frame structure

6.3.2.1 General

The PCM minor franme shall contain a known number of bit
intervals, all of equal dluration unless specially assigned identifi-
cation bits within th¢ bit stream are employed to indicate a
change. The duration| of the bit interval and the number of bit
intervals per minor frame shall remain fixed from frame to
frame.

NOTE — The definitiong in 3.11, 3.12, 3.13, 3.42, 3.43 and 3.50 relate
to words (see 6.3.2.4) orflgroups of bits, each of which is located within
a time-slot or channel irfterval.

6.3.2.2 Minor frame|length

The length of a minor fframe shall net €xceed 8 192 bit intervals,
including intervals deyoted to syfichronization.

6.3.2.3 Minor frame| synChronization

train. The following conventions for representing binary ‘“one”’
and ““zero” are permissible (see figure 1 for graphicang verbal
definitions).

NRZ-L
Bl-&-M

NRZ-M
Bl-®-S

NRZ-S Bl-@-L

NOTE — Bold representations are preferred, the other two are pbsoles-
cent and may be deleted in future revisions of this Internationl Stan-
dard.

Other bit representationsymay be used with the agreerpent of
interchange parties.

6.3.4 Minimum and maximum bit rates

6.3.4.1,-Minimum bit rate

The minimum bit rate shall be one per second.

6.3.4.2 Maximum bit rate

a) PCM/FM/FM. The reciprocal of twice the srortest
period between transitions in the PCM bit stream shall not
exceed the maximum frequency response for the thosen
subcarrier channel (see tables 18 and 19).

b) PCM/FM (only applicable to radio-frequency telemetry
systems). The maximum bit rate is limited by the ayailable
system bandwidth and the selected bit represerjtation.
Receiver intermediate frequency (IF) bandwidth s'[nfll be
selected from table 20. See also additional information
in D.1.

635 Accuracy and stability

Frame synchronizatiorminformatiorconsists of @ digitat-word
not longer than 33 bits in consecutive bit intervals within the
minor frame. Recommendations concerning synchronization
are given in D.2.

6.3.2.4 Word length

Individual words shall not be less than 4 bits nor more than
64 bits in length but it is suggested that word lengths be
chosen to be integral multiples of 8 bits. Within these limits,
words of different length may be multiplexed in a single minor
frame. However, the length of a word in any position within a
minor frame shall be consistent from frame to frame, except
during changes caused by special identification bits appearing
in a bit stream.

18

6.3.5.1 Long-term

During any period of desired data, the bit rate shall not differ
from the specified nominal bit rate by more than 1 % of the
nominal rate.

6.3.5.2 Short-term (bit jitter)

Any transition in the PCM waveform occurring within an inter-
val P shall occur within 0,1 bit period of the time at which the
transition is expected to occur based upon the measured
average bit period as determined during the immediately
preceding interval P. The interval P for the purpose of this re-
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quirement shall be equal to the measured time for five suc-
cessive minor frames; i.e.

P 1
Average bit period = - X —
specified bits/frame 5

6.3.6 Multiple and submultiple sampling

6.3.6.1 General

Data sa

1SO 6068-1985 (E)

6.3.6.3 Maximum submultiple frame (major frame) interval

The interval of any submultiple frame, including the time
devoted to synchronizing of channel identification information,
shall not exceed 256 times the interval of the minor frame in
which it occupies a recurring position (i.e. the major frame
length shall not exceed 256 times the minor frame length).

6.3.7 Premodulation filtering (not applicable when PCM
waveforms are recorded directly on magnetic tape)

the minpr frame rate (supercommutation and subcommutation
respectively as defined in 3.42 and 3.43 is permissible. When
submultiple sampling is employed, the restrictions on minor
frame lgngth (see 6.3.2.2) and bit jitter (see 6.3.5.2) are also ap-
plicablefto the submultiple frames, i.e. the length of the longest
submulfiple frame (words 6-1 to 6-N in figure 2) shall not ex-
ceed 2 bits (but see also 6.3.6.3) and for bit jitter the inter-
val P shall be the measured time for five successive minor
frames (five successive channel intervals within the submultiple
frame, flor example, words 6-1 to 6-5 in figure 2).

6.3.6.2 | Submultiple frame synchronization

The beginning of the longest submultiple frame interval (equal
to the major frame interval) shall be identified by the transmis-
sion of & synchronization pattern. All other submultiple frames
shall haye a fixed and known relationship to the identified sub-
multiplg frame. It is recommended that one of the following
alternat|ve methods be used for submultiple frame synchroniza-
tion :

a) ['he beginning of a submultiple frame may be’identified
by alunique digital word in one minor frame, occupying the
samg word or channel interval (time-slot) as that allocated
to data words of the identified submultiple frame, for
example, word 6-1 in figure 2.

b) [The beginning of a submultiple frame may be identified
by g unique digital word«réplacing the minor frame syn-
chrohization word indicating the start of the submultiple se-
querjce. For example) the minor frame synch words in
figure 2 occupy timg-slot » in each minor frame, and that in
one minor frame,\say N, is changed to identify the longest
subrultiple frame or major frame interval. The complement
of the minar<frame synch word is often used for this pur-
posdg.

Premodulation filtering is recommended-tp control the spectral
occupancy of the modulated output.signal. The characteristics
of the filter shall be as defined inl6.2.7.

6.3.8 PCM record characteristics

a) It is recommeénded that the bits| forming a word or
sample in a PCM pulse train be recorded serially on a mag-
netic tape track. Where the bits in a word represent a single
sample~of. an input channel, the mosft significant bit shall
occun first.

k)" The inclusion of a word parity bit is optional; if in-
cluded, it shall provide overall odd pdrity in the word and
shall be the last bit in the word.

c) The pulse train may be recorded & a modulating input
to a carrier (in radio-frequency telemelry systems this may
be a predetection recording of a PCM/FM format or a
remodulation by a post-detection dignal), or recorded
directly on tape using either direct rgcording (see 5.1) or
recording without bias (see 5.3) techniques. If recording
without bias (saturation recording) i used, guard tracks
may be required between a saturated trfack and any adjacent
direct record track so as to minimiz¢ crosstalk from the
saturated recording.

d) When PCM signals are recorded directly on tape, provi-
sion must be made for the lack of reprpduce low frequency
response, for example, by constrainini NRZ formats to en-
sure an adequate number of flux trangitions, or by using a
bi-phase format (see 6.3.3).

These techniques relate to longitudinal packing densities up to
about 400 bits/mm (10 000 bits/in). See|B.1.2 for comments
on the use of higher packing densities.

c) Each word within the identified submultiple frame may
be separately identified by the addition of identification bits
to indicate the position of that word within the submultiple
frame sequence, for example, bits may be added to each
word in the sequence 6-1 to 6-N in figure 2.

6.3.9 PCM system tests

Recommended system test methods are given in A.6.

19
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Table 18 — Proportional-bandwidth FM subcarrier channels
+ 7.5 % channels
Lower Upper Nominal Nominal Maximum Minimum
Channel Centre deviation deviation frequency rise frequency rise
frequency limit?) limit?) response time response2) time2
Hz Hz Hz Hz Hz Hz ms
1 400 370 430 6 58 30 11,7
2 560 518 602 42 42 8,38
3 730 675 785 1" 32 55 6;4D
4 960 886 1032 14 24 72 4,86
5 1 300 1202 1398 20 18 98 3,6p
6 1700 1572 1828 25 14 128 2,74
7 2 300 2127 2 473 35 10 173 2,08
8 3 000 2775 3225 45 7.8 225 1,5
9 3900 3 607 4193 59 6,0 293 1,20
10 5 400 4 995 5 805 81 4,3 405 0,8p4
1" 7 350 6 799 7 901 110 3,2 551 0,685
12 10 500 9712 11 288 160 2,2 788 0,444
13 14 500 13 412 15 588 220 1,6 1088 0,3p2
14 22 000 20 350 23 650 330 11 1 650 0,2)2
15 30 000 27 750 32 250 450 0,78 2 250 0,1%6
16 40 000 37 000 43 000 600 0,58 3 000 0,117
17 52 500 48 562 56 438 790 0,44 3938 0,0
18 70 000 64 750 75 250 1050 0,33 5 250 0,067
19 93 000 86 025 99 975 1 395 0,25 6 975 0,0!
20 24 000 114 700 133 300 1 860 0,19 9 300 0,038
21 65 000 152 624 177 375 2475 0,14 12 375 0,0%9
Channel + 15 % channels3)
A 22 000 18 700 25.300 660 0,53 3330 0,106
B 30 000 25 500 34°500 900 0,39 4 500 0,078
C 40 000 34 000 46 000 1200 0,29 6 000 0,0!
D 52 500 44 625 60 375 1575 0,22 7 875 0,044
E 70 000 59 500 80 500 2100 0,17 10 500 0,033
F 93 000 79 050 106 950 2790 0,13 13 950 0,025
G 124 000 105 _400 142 600 3720 0,09 18 600 0,018
H ]65 000 140 250 189 750 4 950 0,07 24 750 0,014

1) Rounded off to nearest hertz.

2) Theindicated maxi

a bandwidth between the upper'and lower frequency limits specified for the channels.

3) Channels A to H mayhe-ise
in adjacent channel interference.

20

um datafrequency response and minimum rise time is based upon the maximum theoretical response that can be obtjined in
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Table 19 — Constant-bandwidth FM subcarrier channels
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A channels B channels C channels
Deviation limits = * 2 kHz Deviation limits = * 4 kHz Deviation limits = + 8 kHz
Nominal frequency Nominal frequency Nominal frequency
response = 0,04 kHz response = 0,8 kHz response = 1,6 kHz
Maximum frequency Maximum frequency Maximum frequency
response = 2 kHz1) response = 4 kHz' response = 8 kHz1)
Centre Centre Centre
Channel frequency Channel frequency Channel frequency
kHz kHz kHz

1A 16

2A 24

3A 32 3B 32 3C 32
4A

5A 48 5B 48

6A 56

7A 64 7B 7C 64
8A 72

9A 80 9B 80
10A 88
1A 96 1B 96 1C 96
12A 104
13A 112 13B 12
14A 120
15A 128 158 128 15C 128
16A 136
17A 144 17B 144
18A 152
19A 160 198 160 19C 160
20A 168
21A 176 21B 176

1) The indicated maximum frequeney is based upon the maximum theoretical response that can be obtaingd in
a bandwidth between deviation limits specified for the channel.

Table 20 — Receiver intermediate
frequency bandwidths (3 dB)

12 500 Hz1
25 000 Hz1
50 000 Hz1
100 000 Hz

300 000 Hz
500 000 Hz
750 000 Hz
1 000 000 Hz
1 500 000 Hz
3300 000 Hz

System instabilities may limit the use of

these bandwidths
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Designation Waveform Code
levels

NRz-L1

T, Tl 41 Iql ] | | gl 4!
| 1 | 0 | 1 | 1 | 0 | 0 | 0 | 1 | 1 | 0 | 1 | Non-Return-to Zero Level [or NRZ Change (NRZ-C)]
r——l l'—-(——l | | ,_‘l——‘l I'—| “One” is represented by level "a"”.

""Zero”' is represented by the level 'b"”’.

Non-Return-to-Zero Mark

| [ |
| [ |
NRZ-M2) | r—l | | | ,_l | l_l "One” is represented by a change in level at the beginning of the bit period.
| L | | | | ""Zero" is represented by no change in level.
I e e e N
| | | | | | | | [ | Non-Return-to-Zero Space
NRz-S1 [ [ "One” is represented by no change in level.
| | ! ! i ""Zero"" is represented by a change in level at the beginning of the bit period.
[ e e e
I N
a | | ! ! ! ! | 1 i | i | Bi-Phase Level [or Split Phase, Manchester Il + 7 rad (180%))
Bid-L1) I ! T ! i One"” is represented by levels a, b within a bit period.
| ! | ! i ""Zero" is represented by levels b, a within a bit period.
[ e e
: : |I ’ : : : ! : : ! II Bi-Phase Mark
. : ’ N ] A transition occurs at the beginning of every bit period.
Bi®-M2) : | I v l I l | ] | I I I l I I ' i One’" is represented by a mid-bit level change:
| ' h | | | , | | ; i . ""Zero" is represented by no mid-bit level,ehange.
1 . i
N e I R A R |
O I N N et
) A transition occurs at the beginning, of every bit period.
Bi®-S2) : ‘ ’ ‘ 'I nl | l Uhl . | l I | ! "One” is represented by no mid-bit level change.
| i b , i h i i | | | | "“Zero" is represented by a fmid-bit level change.
| | "
[ N e
NOTES
1) In NRZ-L and Bi-phase-L formats it is not essential to define the sense of the waveform; levels ““a’" and "’b"’ may be positive or negativp at the
users’ discretion. However, the following voltage convention is recommended for use wherevér possible; ““a’’ always positive, ‘b’ zero or n¢gative,
“’sampling’’ or ‘‘data rer” pulse positive. Level ““a” should always correspond to logic*}*" and level “’b" to logic “‘0" in digital equipment.
2) Since only transitionk are significant for NRZ-M, NRZ-S, Bi®-S and Bi®-M, waveform levels need not be identified. Voltage levels for eqipment
interfacing shall be detefmined by the interchange parties.
Figure 1 — PCM-definitions
Time-slot. numbers in each minor frame
1 2 3 4 5 6 7 8 9 10 n4d n3 n2 ni n
0 /7 I
£ 1 1 2 Z}—/ 1 4 5 / 6-1 7 8 1 9-1 5
© =
'f 2 1112 3-2 4 (5 6-2 71 8 |1 9- g
e - X - £
£ 3 | 1|2 31 | 487637 8| 11/83 :
- 4 1 2 3-2 4. 5 6-4 7|1 8 |1 9-4 o
o °
g 5 1 2 3-1 4 5 6-/5 71 8 |1 9-1 . 2:’ B
£ 6 1 (]2 32 4 (5 6-6 71 8 |1 9-2
© | [ | - | ]
“l:’ l | | 1 | 1 1 | | | 1
o N-4 1 Z 3-Z q o [b-(N-4)4 7 8 1 9-4
2 N-3 1 2 3-1 4| 516 (N347| 8 | 1 9-1
€ .
3 N-2 1 2 3-2 4 | 516 (N-2)47| 8 | 1 9-2
g N-1 112 3-1 4 | 5 y6-( N-1)/ 7( 8 |1 9-3
E N 112 3-2 4 | 516N Q7| 8 |1 9-4 Frame synch.
T occupies last time-
L Supercommutation ‘ ‘ L— - i «——{ — —L ——-‘— slot in each minor
Calibrations may ! , frame (may also oc-
occupy these Longest submultiple frame cupy adjacent slots)

time-slots

Typical input channel (or word) allocations within a major frame

Figure 2 — Time-division multiplexing definitions (PAM and PCM)
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Head spacing (S) ’

m——*

Separator

Head segment

Head segment
number

Front view of heads

Tape travel —————

NOTE — With formats [to tables 4, 5 and 7, head segménts7, n-2, etc. are in Head 1 and head segments n-1, n-3, etc. are in Head 2.

Figure 4 — Heads interlaced, n-track system
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* * * - *
| ]
n-3 n-2 n-1 n 1 3 Time-slots
(see figure 2)
Minimum signal*
Minor frame
synchronization
interval 20T
Maximum signal
—— — s | c— | oo—— c— -11—-— — ——— —
I | I
7/2 T_ b L : : Channel 2 Centre frequency
Full scale when waveform is
/ calibration (optional) modulating a carrier
Channel interval Channel 1
Base] line Zero calibration
(optional)

20 to 25 percent of

|

full amplitude reserved for pulse synchronization is recommended.

Figure 6 — Fifty percent duty factor PAM with amplitude synchronization

. - . * * . *
——
n-5 n-4 n3( n2| n-1. n 2 3 Time-slots
(see figure 2)
Minor-frame synchronization
. interval, 5,0 T . _‘T_ AT_
|
|
— —  Sm— S— po— av—— c— —— \ — _1_ — v | o— —— a— —‘ ——
Centre frequency E
T 30T when waveform is
- — : — Channel 1 modulating a carrier
/ Zero calibration
(optional)
Channel interval

This level to be
50 % or less

Channel 2
Full scale calibration
(optional)

Figure 7 — One-hundred percent duty factor PAM with amplitude synchronization
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Annex A

Recommended prbcedures for testing recorder/reproducer systems

(This annex does not form part of the standard.)

A.0 Introduction

This annex describes test procedures recommended for use in measuring performance parameters of magnetic tape recorder and
reproduder systems. Performance limits are not generally specified in this International Standard since these depg nd greatly upon the
intended| application of the equipment and have a direct bearing on equipment cost.

Where rheasurement techniques are not defined, it is assumed that commonly accepted measurement methods for mechanical
and/or dlectrical characteristics will be employed.

Not all of the following tests are required for any one system, and tests other than those indicated.may be requiredl for a given system.

Some additional and alternative test procedures are described in annex C.

A.1 General

Before Iarting performance tests, the recorder/reproducer shall be aligned and adjusted in accordance with this International
Standardl and the appropriate instruction manual.

It is recojnmended that a qualitative test be conducted to ensure that:the system will transport tape and will recofd and/or reproduce
upper bgnd-edge signals without large amplitude fluctuations.

After thé recorder has been aligned, adjustments shall not be changed for the duration of the performance testing, unless otherwise
noted in|the test procedure.

Although tests may be made in the simultaneous record/reproduce mode to save time, the machine must be cgpable of meeting all
applicable specifications in any available mode ‘of Joperation.

A.2 Transport and head tests

NOTE — [Tests associated with transport/operation involve the elements of precisely determining time base accuracies througly the record/reproduce
system; therefore, accuracy/stability_of associated test equipment (for example, test oscillators) should be an order of magnityde better than the per-
formancd specification to be measured, and in any case shall be taken into account when a performance specification is bejng verified.

A.2.1 |Head polarity

In order[to maintain signal polarity from record to playback, it is required that a positive-going pulse applied to the input of a direct-
record gmplifief produce a magnetic flux pattern on the tape whose polarity sequence is south-north north-south. Likewise, a
magnetif flux sequence of south-north north-south polarity passed across a reproduce head must produce a posTive pulse at the out-
put of adirect Teproduce-amptifiertsee-4-5-H—TFhe-test-for-head-pelarity-is-as—foHlows—

a) obtain a small rectangular bar magnet and a compass;

b) determine the polarity of the magnet with the compass. (The north-seeking pointer of the compass will be attracted to the
south pole of the magnet.) Mark the south pole of the bar magnet;

c) using an erased tape of the appropriate width for the machine being tested, draw a corner of the south pole of the magnet
across the width of the tape on the oxide side of the tape. Withdraw the magnet. Since the sharpness of the recorded pulse is a
function of the mechanical definition of the corner of the magnet, some difficulty may be encountered in obtaining an adequate
output signal. In this case, a thin 0,15 to 0,36 mm (0.006 to 0.014 in) transformer lamination of soft iron or Permalloy may be ex-
tended from the south pole of the bar magnet to form a narrow south pole and, hence, a sharper pulse;

d) reproduce the magnetized portion of the tape. All reproduce amplifiers shall give a positive-going pulse at the output when the
magnetized section crosses the reproduce heads (see figure 8 for a typical waveform);
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e)

record positive pulses on the tape through the record amplifiers. Reproduction of these pulses shall givi

DOQIT

output of the playback amplifiers.

A.2.2 Tape speed

e pulses at the

These tests measure effective average tape speed for recording or reproducing without a tape speed control signal, as required in

ihad
4.3.2. Two methods are described.

T.0.4.

ha firat mat intandad Ao o Aadais s o Lokl e T

The first method is intended as a laboratory or factory standard and may be used for tape

testing

or checking of working standards. The second method describes a working standard. Other working standards may be used.

Tape speed variations having frequency components above 0,5 Hz are defined as flutter and are treated in A.2.3. The following test

methods provide an estimate of average tape speed and may not adequately measure some speed variations having frequenc

ponents between 0 a

Further notes on the

A.2.2.1 Introducti

The precise measure
humidity, and tape tqg

After tape length or pulse spacing calibration measurement of a tape, the methods describedfmake use of the calibrated ta

transport tape speed
calibrated tapes may
conditions. A tape tra
and tensile force con

A.2.2.2 Explanatio

The intent of the tape|
speed. Absolute tape
be considered if a try|

As used herein, actua
force and environmer

Vact = Ve (1 — 5/100)
where
V. is the capstar] peripheral velocity;

s is the tape slip

Effective tape speed,
conditions.

Ln
ent of a given length of magnetic tape requires standardizing the environmental ‘conditions of tempg

In percent.

hd 0,5 Hz.

measurement of tape speed are given in C.6.

nsile force in order to establish a standardized tape elongation.

measurement tool giving results independent of tensile force, température and humidity. Specifica

hsport which has been adjusted to operate correctly with a test tapg.under a given set of temperature, hu
Hitions must, however, be readjusted for any changes in these ‘Conditions.

-

e or effective velocity measurement is to be_achieved.

tape speed, V,, is defined as the periphetal velocity of the capstan minus any tape slip, regardless of]
t.

Vs, is defined as the actual tape speed modified by tensile force and environmental differences from st

Vact

speed measurement methods is the standardization of the "effective’’ rather than the actual or ““absolute’’
Ispeed is relatively meaningless because it does not,consider the operational elongation of the tape, whic

y com-

rature,

pe as a
ly, the

be field used at any constant temperature, humidity or tensile force wWithSut correction factors for nonstiandard

midity,

tape

h must

tensile

(1)

bndard

-(2)

Vet = ki ktemp Khdgm

where all £ s are the same basic form, for example,

ki=1—-E"(ty -
where

E is the modulus

Lo

fs

t)

of elasticity x tape cross-sectional area, in newtons (pound force);

is the operating tensile force in newtons (pound force);

is the standard tensile force in newtons (pound force).

. (3)

In the corresponding equations for kyerm, and ky,m, E71is replaced by the appropriate coefficient of expansion and the ¢ s by the
appropriate temperatures or humidities.
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Standard temperature and standard humidity are defined and specified in ISO 6371, viz :

temperature : 23 + 3 °C

humidity : 45 to 55 % relative humidity

Equations (2) and (3) reveal that two recorder systems operating at different tensile forces must have different actual tape speeds if
their effective tape speeds are to be identical. Similar statements can be made with respect to the temperature constant, kgmp and the
humidity constant, kym.

Both methods | and |l following are measurements of effective tape speed under the conditions of measurement and require no cor-
rection factors if the recorder is operating at nonstandard tensile forces and environment. New measurements would be required if the

operatin

Example]

Conside

j conditions changed.

two recorders at the same temperature and humidity, but one with twice the tensile force 0f)the othef.

Speed nfeasurement of the two recorders via method |l must result in both systems displaying‘a'count of 25 040 ps at 1 524 mm/s

(60 in/s

force regorder elongates the tape more than the other recorder it must transport the tape.faster in order to main
ed. Stated differently, the actual tape speed of the higher tensile force recorder must be greater by an gmount just equal to
the greafer elongation, at which point the counter will read 25 000 ps.

tape spe

Similar gxamples can be constructed to show that both methods | and Il corrégtly’ measure effective tape speed

of corre

A.2.23

This tes

ttion factors.

Tape speed — Laboratory use, method |

establishes the speed interchangeability of tapes between recorders, per 4.3.2, under controlled condi

even though the calibration tape is elongated a greater amount by the higher tensile force recorder. Since the higher tensile

ain correct effective

without requirement

ions of environment

for the type of tape base most commonly used in recording=-Since differences in operating tape tensile force arg taken into account,

the meakured effective tape speed is based on constancy.of recorded wavelength rather than absolute velocity|

A.2.23

Tape copforming to a forthcoming International Standard. Sample tape length to be greater than 2 m. Steel ru
means optional; capable of translating rule reading and marking tape within + 0,1 mm. For marking fix{ure, see figure 9, for
electronjc instruments, see figure 10:

Marking

The tes{ may also be carried_eut.using approximately equivalent inch measurements.

A.2.2.3

For tesfing proceed as follows :

a)

trolléd_environment of 23 + 1 °C (73 + 2 °F) and 45 to 55 % relative humidity. This _environment is {

step

1 Equipment required

2 Procedure

Age the required length(s) of tape off the reel in an unstressed (tension-free) condition for a period of §

e, 2 m, non-flexible.

t least 24 h in a con-
o be maintained for

s b) to d). Temperature for subsequent steps 23 + 3 °C (73 + 5 °F), relative humidity 45 to 55 %.

b) Clamp tape in fixture (see figure 9) so that tape naturally lies along edge of rule and is free of kinks and bends.

c)

Apply standard tensile force (as defined in 4.5.8) + 2 % as shown in figure 9.

Caution : Apply load gradually. Allow tape to stand tensile force for a period of at least 10 minutes to allow initial
creep to take place.

d)

Scribe two marks on oxide side, 1500 + 0,1 mm apart, taking care to avoid damaging tape base. If additional marks or
lengths are required, repeat as necessary. However, all markings on a sample shall be complete within 30 min.

e) Splice at least three test samples into a full reel of tape at the beginning (first 10 %), middle (40 to 60 %), and end (last 10 %)
of reel. Shuttle tape from take-up reel to supply reel, and reverse, on equipment to be tested at least five times to establish normal
tensile force condition. Store tape on the supply reel for at least 2 h and not more than 24 h.
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) Record tape test sections with a high-frequency carrier, square wave (wavelength approximate 10 Hm), or dc signal through
record head. Alternatively, the tape may be saturated with a permanent magnet.

g) Immediately before making speed measurement, shuttle tape test section from supply reel to take-up reel at operating speed.
Rewind. Ensure that no control track signals are present.

h)  Adjust the detector/electronic counter (see figure 10) to detect the pulses which will appear at the output of the reproducer
when the leading (or trailing) edge of the scribe marks pass over the reproduce head gap. Reproduce tape test sections with equip-
ment. Test section at least five times and obtain average reading of elapsed time between marks in microseconds.

j) Determine effective speed by

1500
Vet = —— mm/§

where T is the elapsed time of the test section in seconds.

A.2.2.4 Tape speed — General and field use, method Il

The method of tapefspeed measurement defined in A.2.2.3 is an accurate method of determining~tape speed. However, for
maintenance and opefational testing the method is very time-consuming. The following method is<recommended for thosd cases
where a quick method of checking tape speed is required.

A.2.2.4.1 Equipment required

This method uses commercial or laboratory-prepared, prerecorded tapes which have been recorded with saturated pulses hgving a
pulse-to-pulse separatjon distance of 38,1 mm (1.5 in) to an accuracy of + 0,02:%-tnder controlled tensile force and environment.
These tapes are prepgred under a tensile force of 0,175 N/mm (1 Ibf/in) of tape'width + 2 % under temperature and relative hu-
midity conditions of A.2.2.3.2 a).

A.2.2.4.2 Procedure

For testing proceed ag follows :

a) Connect a counter to the output of the recorder) disable the bias and control track signals, short the input to the fecord
amplifier, and place¢ the recorder in the reproduce/mode.

b) Place the test tape on the transport and start.the machine at 1 524 mm/s (60 in/s). On an oscilloscope, verify the approjimate
pulse period opergtion of the counter. At-1524 mm/s, (60 in/s), the spacing will be 25 000 Ms, 12 500 pys at 3 048 mm/s
(120 in/s), 50 000 Ys at 762 mm/s (30 ip7s),"100 000 s at 381 mm/s (15 in/s), etc. Measure the period using the counter inja ten-
period averaging mode. Measurements,afe to be made near the beginning, middle, and end of the reel.

c) The exact tape|speed may_be’ealculated by the following equation :

tape speed = 38,1 mm/7, = 1.5in/ T

where T is the perlod-displayed by the counter in seconds.

d) Accuracy of the tape, including questions of misuse or abuse, can be checked visually by developing the pulses using a
carbonyl iron dispersion and measuring the displacement between pulses under the controlled tensile force and environmental
conditions.

e) The user should select a specific reel diameter for compatibility with his data-acquisition tapes. Optimum compatibility will be

realized when the test tape reel diameter is the same as the diameter of the data-acquisation reels. The prerecorded tape shall be of
the same thickness and elastoplastic characteristics as the data-acquisition tapes.

A.2.3 Flutter measurement

Variations in tape speed occurring at frequencies greater than 0,5 Hz are defined as flutter, and the tests described herein cover in-
strumentation and procedures for the measurement of flutter in instrumentation magnetic recording equipment. Methods for opera-
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tional tests and acceptance tests are included. In addition, recommendations and guidelines are included for performing application
information tests. These three types of tests are outlined as follows :

a) operational tests : basic tests suitable for field use to verify that equipment performance is within required limits;
b) acceptance tests : detailed tests to verify that the equipment meets specifications;

c) application information tests : tests intended to determine specialized performance characteristics. Information from these
tests in intended for systems analysis and design.

Further notes on flutter measurements are given in C.2 to C.5.

- recommended test procedures for measur-

Timing § s-rRay-be-derivec 3
ing TBH are given in A.2.5, and for pulse-to-pulse jitter in A.2.6.
A.2.3.1 Method of measurement

Since ifstantaneous differences between the effective record and reproduce tape speeds result'in modulation pf the frequency of a
recorded carrier, the basic method used to measure flutter is to determine the amount of\frequency modulation caused by the
record/feproduce process. Therefore, to measure flutter a precision reference carrier is.recorded and subsequeptly reproduced. The

reproduced signal is applied to an FM discriminator. The output of the discriminator is a‘continuous electrical gignal proportional to
the variption between the record and reproduce speeds.

A.2.3.4 Equipment required to measure flutter (see figure 11)

The following are listed as separate components in order to indicate the required functions. it is recognized thaf these functions may
be conlbined in one or in several instruments in actual practice :

A.2.3.2.1 Recorder/reproducer
The regorder/reproducer to be measured shall be @quipped with suitable record/reproducer amplifiers.
NOTE - If record or reproduce heads and/ or electroniCs are not available on a particular system, a cross play between two machines will be required,

and a cmposite measurement will result. Suchimeasurements may be considerably less accurate than recording and reprodlucing on the same tape
transpoft.

A.2.3.2.2 Precision signal génerator
The generator must be capable of supplying a signal of the required frequency and amplitude to a high degreg of both stability and

resolutfon. A sine wate'is preferred for recording with bias. The residual frequency-modulation must be negligible compared to the
flutter pmplitude anticipated.

A.2.3.2.3-_Band-pass filter, carrier

A band-pass filter may be inserted in the system ahead of the discriminator to limit system noise. The amplitude response of this filter
must be flat £ 3 dB from f, — (af, + f;) to f, + (af, + f3), where f; is the frequency of the reference carrier, f; is the highest fre-
quency flutter component to be measured, and af; is the fractional flutter. A roll-off of 18 dB/octave beyond band-edge is suggested.
The phase response of the filter should be sufficiently smooth to ensure satisfactory performance and avoid excessive overshoot in
the presence of transients.

A.2.3.2.4 Frequency discriminator

The discriminator must accept the reproduced reference carrier which has been modulated by flutter and produce an output signal
proportional to the modulation.

In general, 60 dB amplitude limiting must precede the frequency-sensitive portion of the discriminator in order to meet the dynamic
range requirements of the system.

31


https://standardsiso.com/api/?name=fbfc86f1a1bb5e47fc03df446897b4a0

1SO 6068-1985 (E)

A.2.3.2.5 Band-pass filter, flutter (see table 21)

A band-pass filter follows the discriminator. Its purpose is to limit the frequency band of the flutter signal and to reject carrier fre-
quency components. The filter shall be down no more than 3 dB at 0,5 Hz and at the upper flutter frequency being measured, and it
shall fall off at a rate of 18 dB per octave outside the pass-band.

A.2.3.2.6 Magnetic tape

The tape shall be completely degaussed (bulk erased), in excelient condition and of a type meeting the requirements of a forthcoming
International Standard, which is recommended for the recorder being tested.

A.2.3.2.7 Indicator§andanatyzers

The flutter signal frorp the band-pass filter following the discriminator is a complex one which will, in general, be a random flinction
but may additionally pontain discrete components. In order to measure this signal adequately statistical techniques'shall be| used.

Table 21 — Flutter band-pass filter characteristics

Tape speed Pass-band of filter
mm/s (in/s) Hz
23,8 (15/16) 0,5to 156
47,6 (1 7/8) 0,5t0 313
95,2 (3 3/4) 0,5to 625
190,5 (7 1/2) 0,56to 1250
381 (15) 0,6to 2500
762 (30) 0,5to 5000
1524 (60) 0,5 to 09000
3048 (120) 0,5.to\10 000

a) Acceptance tests

The indicator used for acceptance tests shall be a direct-reading,instrument designed to read the peak-to-peak amplitude and to ig-
nore occasional rgndom peaks, provided that the value read js'exceeded less than 5 % of the time. That is, the peak-to-peak flutter
is within the valug read 95 % of the time. It is recognizedthat this measurement can be made in several different ways. A block
diagram describinig one method is shown in figure 12: Also, statistical voltmeters which accomplish this result are comnpercially
available. Furthermore, if it is known that the flutterysignal follows a Gaussian amplitude probability distribution, the peak-to-peak
measurement desgcribed above is four times the sms value.

Frequency response : 0,5 Hz to 10 kHz
Meter averaging time : 5's
b) Operational tgsts

An oscilloscope nhay begused as an indicator for operational tests.

Frequency respornse : 0,5 Hz to 10 kHz

Sweep speed : 100 mm/s

A.2.3.3 Calibration of test system
The flutter-measuring system shall be calibrated by simulating the flutter-modulated reproduced carrier signal. The simulated flutter
signal shall be obtained from a frequency-modulated oscillator, and shall consist of a sine-wave carrier, frequency modulated by a

sine-wave modulating signal. The level of the modulated carrier shall be equivalent to that expected from the recorder/reproducer
output. The percentage of modulation shall be accurately determined and compatible with the expected flutter amplitude.

a) Accuracy
The system shall be accurate within + 3 % of full scale.

b) Frequency response
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The frequency response of the system shall be uniform within + 3 dB over the flutter bandwidth.
c) Noise susceptibility (see figure 11)

The output noise caused by linear addition of the output noise of the tape-recorder/reproducer system and a stable reference car-
rier at the same level as would be derived from the tape-recorder/reproducer system shall be less than 5 % of the specified flutter.

d) Susceptibility to amplitude modulation of the carrier (see figure 11)
The system shall be subjected to an amplitude-modulated sine-wave carrier at the same level as would be derived from the tape-

recorder/reproducer system. The sine-wave modulating freqency shall be varied from 0,5 Hz to the highest flutter frequency of in-
terest. The level of modulation shall be 30 % for modulating frequencies from 0,5 Hz to 1 kHz. For frequencies above 1 kHz, the

percdntage of modulation shall vary inversely with frequency to 3 % at 10 kHz. Ihe system output noise Tor

shall

be less than 5 % of the specified flutter.

ny single frequency

A.2.3.4| Test procedure
This tes{ is to determine the magnitude of total cumulative flutter over a specified pass-band. Measurements arejconducted at one or
more po|nts of tape supply reel loading for the specified tape speed. Results are expressed as'the percentage char|ge of a recorded fre-
quency fluring the reproduce process.
a) Connect the equipment as shown in figure 11.
b) Adjust the precision signal generator and the discriminator to a carriér’fréquency suitable for the tape gpeed used. The fre-
quengy used shall not be less than five times the maximum flutter frequency.
c) Place the erased tape on the machine, select the tape speed t6 be used and place machine in RECORD mode.
d) Adjust record level above normal to optimize the ratio of carrier-to-noise level. A value of approximately 1 dB above normal is
suggested. (If record amplifier is power limited, it may be.iécessary to drive the heads directly from an oscillator having adequate
outppt or from an auxiliary amplifier, i.e. using saturation recording, which may be used in any case.)
e) Record test signals :

1
l6
2

f)
proq

g)

the tape. Record at three points : near the beginning, middle and end of reel. Each recording shall be three

ngth.
Operational tests : record ‘ene three minute recording on one track at any convenient point in the 1

Rewind the tape, place.machine in REPRODUCE mode, and adjust carrier band-pass filter and flutter b
er values for the tapé/speed used. (The reproduce speed shall be nominally the same as the record sp

Read the peaksto-peak flutter output :

Acceptarice tests : obseive the flutter on the indicator described in A.2.3.2.7 a).

Acceptance tests : record test signals.on three tracks : the two outside tracks, and a track on or nearest to the centre of

minutes minimum in

eel.

and-pass filter to the
eed.)

A photograph of the oscilloscope trace may be used to supplement the visual observation.

A.24

Dynamic interchannel time displacement error (ITDE) (see 4.5.3)

Qperational tests : observe the flutter as displayed on the oscilloscope at a sweep speed of 100 mm/s. The observation
- . L ) . . ks w

ich exceed the value

The ITDE shall be measured as outlined in the following procedure. See figure 13 for test equipment connections.

The measured ITDE shall be considered to include all fluctuations within 95 % limits.

The reproduced waveforms for this measurement must have a signal plus noise-to-noise ratio of at least 34 dB for precise definition of
the zero axis crossings. Optional band-pass filtering of the reproduced waveform serves to remove all noise components except those

existing

within the band of interest.
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Procedure :

A.2.5 Time bas¢

The TBE shall be me|
The measured TBE shall be considered to include all fluctuations within 95 % limits.

The reproduced wave
the zero-axis crossings. Optional band-pass filtering af-the reproduced waveform serves to remove all noise components excey
existing within the b3

Procedure :
a) Set the refere
b)
c) Depending ug

a)

Set the test oscillator frequency (f) in accordance with table 22.

Table 22 — Test oscillator frequencies for ITDE,
TBE and Jitter tests

b) Record the td
tire reel of tape m

c) Rewind the rg
base and trigger 1

d) Set the vertig
to a level which ¢

e) Visually obset
ITDE displayed or
display. Occasion

adequate time for

Record the test signal inna¢cordance with manufacturer’s instruction manual.

Tape speed Je
mm/s (in/s) kHz
3048 (120) 100
1524 (60) 50
762 (30) 25
38+—15} 16
190,5 (7 1/2) 5
95,2 (3 3/4) 2,5
47,6 (1 7/8) 1,0
23,8 (15/16) 0,5

st oscillator signal on two tracks within the same head (for example, 3 and 5). At high transport speeds,
hy be recorded. With lower speeds, a recording of 1 to 2 min at beginning, middle,and.end of reel is satis

corded tape and place the instrument in the REPRODUCE mode with servo, if available. Adjust oscilloscd

al gain so that upper and lower portions of the waveform touch the.outer graticule lines. Adjust scope i
revents trace blooming but still displays individual transient excursions.

ve or photograph the CRT display over ten-second sample peridds at the beginning, middle and end of r
the oscilloscope shall be converted to units of time based upon the horizontal width of the solid portio
Bl crossovers occurring not more than 5 % of the time-shall be ignored.

error (TBE)

psured as outlined in the following procedure. See figure 14 for test equipment connections.

form for this measurement must-have a signal plus noise-to-noise ratio of at least 34 dB for precise defin

nd of interest.

nce oscillator frequéncy (f;) in accordance with table 22,

on operational speed selected, record a sufficient length of tape at beginning, middle and end of reel to
tape-speed servo acquisition and lockup prior to performance measurements.

the en-
factory.

pe time

o display a single leading edge using the minimum delay necessary to get,the required display, with the ITDE
component occupying a minimum of 10 mm (horizontal).

htensity

tel. The
h of the

ition of
t those

brovide

d)
TAPE mode.

e)
10 mm (horizontal

f)

).

a level which prevents trace blooming but still displays individual transient excursions.

g)

Rewind the recorded tape and place the instrument in the REPRODUCE mode. Select the transport tape servo system to the

Adjust oscilloscope time base and trigger to display a single leading edge with the TBE component occupying a minimum of

Set the vertical gain so that upper and lower portions of the waveform touch the outer graticule lines. Adjust scope intensity to

Visually observe or photograph the CRT display over 10-second sample periods at the beginning, middle and end of reel. The

TBE displayed on the oscilloscope shall be converted to units of time based upon the horizontal width of the solid portion of the
display. Occasional crossovers occurring not more than 5 % of the time shall be ignored.

Further notes on TBE are given in C.3 and C.4.
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A.2.6 Pulse-to-pulse jitter

Jitter, both with or without servo, shatl be measured as outlined in the following procedure. See figure 15 for test equipment connec-
tions.

The measured jitter shall be considered to include all fluctuations within 95 % limits.
The reproduced waveform for this measurement must have a signal plus noise-to-noise ratio of at least 34 dB for precise definition of
the zero-axis crossings. Optional band-pass filtering of the reproduced waveform serves to remove all noise components except those

existing within the band of interest.

Procedure :

a) Skt the test oscillator frequency (f) in accordance with table 22.
b) cord the test signal in accordance with manufacturer’s instruction manual.

c) high transport speeds, the entire reel of tape may be recorded. With lower speeds, rec¢ording of 1 to R min at beginning,
middlg, and end of reel is satisfactory.

d) Rewind the recorded tape and place the instrument in the REPRODUCE mode with' servo, if available. |Adjust oscilloscope
time lpase and trigger to display a single leading edge using the minimum delay necessary to get the required display with the jitter
comppnent occupying a minimum of 10 mm (horizontal).

e) St the vertical gain so that upper and lower portions of the waveform.touch the outer graticule lines. Adjust scope intensity
to a l¢vel which prevents trace blooming but still displays individual trafsient excursions.

f)  V|sually observe or photograph the CRT display over 10-second:sample periods at the beginning, middle #nd end of reel. The
jitter dlisplayed on the oscilloscope shall be converted to units ofitime based upon the horizontal width of the|solid portion of the
displdy. Occasional crossovers occurring not more than 5 %._of the time shall be ignored.
A.3 Direct recording system tests
This clause defines test procedures for direct recotding. The bias and record level adjustment below may only| be performed once

during a|sequence of tests. Bias and record levelsettings will normally be established at the highest operating [tape speed (refer to
manufacturer’s instructions). See table 23 for required test equipment.

A.3.1 [Bias and record level
This test estabishes bias and recerd level settings as specified in 5.1.2.2 and 5.1.3 d).
Procedufe :
a) $et up equipment, instruments, and loads as indicated in figure 16 using the reference tape.

b) ith the signal source set to the record bias set frequency and the input level set 5 to 6 dB below the estimated normal record
level] record and simultaneously reproduce a tape, and adjust the bias level for proper overbias (see 5.1.2.2).

c) ith signal source set to record Tevel Set Trequency, Increase the INpuT fevet umti—1—96third-trarmonic distortion is obtained at
the reproduce output as indicated by the wave analyzer. Before measuring third harmonic distortion, check and adjust the
reproduce amplifier response equalization at the third harmonic frequency so that it is within £ 1 dB of the response at the record
level set frequency prior to setting for the 1 % level.

d) Reduce level and repeat step b) to recheck bias setting. The final settings for bias and record level are the operating bias and
normal record level, and constitute standard record conditions.

A.3.2 Frequency response-direct recording (see 5.1.1.2)
Procedure :
a) Set up equipment, instruments, and loads as indicated in figure 16. No external band-pass filter shall be used in this test.

b) Perform initial adjustment of bias and record level per A.3.1 and manufacturer’s instructions.
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Table 23 — Test equipment requirements for direct recording

Oscillator

Voltmeter

Wave analyzer

Sinusoidal oscillator or signal generator to meet impedance and level requirements of equipment
under test. Noise, distortion, and spurious components to be below 0,2 % over frequency range
under test.

True rms reading AC VTVM calibrated to an accuracy of + 1/2 dB over frequency range under
test.

Frequency selective voltmeter calibrated to an accuracy of + 1/2 dB.

Mixing network

Band-pass filter

NPR (noise power
test set (see annex

(see annex C)

Electronic countef

Spectrum analyzef

ratio)
C)

Dynamic range of at least 50 dB. (No internal spurious signal generation or noise f¢r full
amplitude signal present at input and instrument set to measure frequency components b0 dB
below full amplitude.)

Bandwith shall be sufficiently wide to avoid erroneous reading due to recofder flutter.| (It is
unlikely that a single instrument can be used over the entire frequency rangé.)

Linear mixing network (resistor). Design to match source and load infpedances.

Time base and reading accuracy shall be sufficient to avoid degrading the measurement of ¢ quip-
ment performance.

Passive or active linear filter, down no more than 3 dB atthe.band-edge frequencies (see talle 12
of this International Standard), spurious signals and. roise at least 10 dB below equipment
specification, 18 dB per octave rolloff.

Baseband high pass filter : 12 kHz. Baseband low pass filters : 60, 108, 204, 552, 052,
2 540 kHz. Notches : 14, 34, 70, 105, 185, 342, 695, 1 248 kHz.

To be compatible with the NPR test set, the important parameters including frequency range,
precision of frequency and level setting, resolution and dynamic range.

c) With signal so
voltage shall be cd

d) Record and r¢

produce a tape and observe the reproduce output level, V5.

prce set to produce normal record level-at the record level set frequency, observe the actual input level V}. (This
nsidered the nominal 0 dB input-teference.)

e} Record and reproduce a tape, varying.the input frequency over the specified frequency band while maintaining input V} at the

reference level.

- f) Observe and Iq

For further notes on t

he measurement of frequency response see C.7.

g in decibelsj;the maximum and minimum excursions of the reproduce output level, V,, with respect|to the
reading obtained in step d).

A.3.3 Signal-to-noise ratio

Pass bands in A.3.2 and in this clause may not be identical and should not be compared directly. Filter characteristics shall be known
or verified before running the signal-to-noise test.

This test determines the ratio of normal record ievei rms signal plus noise output voltage to the zero signal rms noise and spurious
signal output voltage. (Zero signal noise is the noise arising when reproducing a tape recorded with no signal into the record head but
with bias energized). Measurements shall be conducted while simultaneously recording and reproducing with bias.

Procedure :

a) Set up equipment, instruments, and loads as indicated in figure 16, using a band-pass filter as listed in table 23.

b) Perform initial adjustment of bias and record level per A.3.1 and manufacturer’s instructions.
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¢) With signal source set to produce normal record level at the record level set frequency, observe and log the output level, V.
d) Remove the input signal and substitute a short circuit.
e) Observe and log the output level, V,. Use a true rms voltmeter.

f) Determine the difference in decibels between the reading obtained in step c) and the reading obtained in step e).

A.3.4 Intermodulation distortion

Procedure :

a) Skt up equipment, instrument, and loads as indicated in figure 17.
b) Phkrform initial adjustment of bias and record level per A.3.1 and manufacturer’s instructions.

c) termine the input voltage required to give normal record level, using the wave analyzer with(the switch in position 1 (second
oscilldtor disconnected and replaced with equivalent generator impedance).

d) Set oscillators 1 and 2 to give input voltages for f; and f, each equal to half the voltage determined in steg c¢). Recommended
test flequencies for general-purpose testing are f; = 0,45 and f, = 0,55 of the upper-band-edge frequency|. Other frequencies
may Be substituted, as necessary. Components outside the pass band may be logged, if required.

e) heck harmonic and intermodulation component frequency input voltages/with the wave analyzer (switdh in position 1) and
deteriine that all components listed in table 24 (other than f; and f,) arexat least 10 dB lower than the required equipment perfor-
mancg specification.

f) Rkcord and reproduce a tape. Observe and log intermodulatiofi'component frequency output voltages (swjtch in position 2) at
the frequencies listed in table 24 in decibels relative to normal record level output. Additional component frequencies may be pre-
sent ih the pass band if other frequencies are used for f;.and /5.

For further notes on intermodulation measurements see, C:8.

Table 24> Intermodulation test frequencies

[The'second column gives test frequencies for general
use as a function of the upper band-edge
frequency (f = 1,0)]

Component Frequency
N 0,45
fa 0,55
fo = fi 0,10
2f1 -/ 0,35
2f - N 0,65
2 f1 0,90
f1+ /o 1,00

A.3.56 Crosstalk
The following test procedure measures the crosstalk of a signal in one channel to all other channels.
Procedure :
a) Connect an oscillator to the input of the track being measured. Set the input at normal record level.
b) Short the input to the record amplifier of all other tracks.

¢) Record selected frequencies with wavelength less than 1,5 mm (0.06 in) through the band corresponding to the tape speed
being used.
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d) Rewind and reproduce the tape. Observe the output of all tracks without input signal relative to the output at the record level
set frequency set at normal record level, using a frequency selective voltmeter having a dynamic range at least 10 dB greater than
the specification limit for crosstalk.

e) Stop the tape and repeat for the other track.

A.3.6 Bias leakage

The purpose of this test is to establish the level of bias leakage during the record mode on any properly terminated input or output
signal line, with signal levels adjusted to 1,0 V rms.

Procedure :
a) Place bulk eraped tape of the appropriate type onto the recorder.

b) At the highestlavailable tape speed, record and reproduce the record level set frequency on at least one odd and one even tape
track. Terminate both input and output in rated impedances and adjust input and output levels to 1,0 \/rms.

c) Reduce the input level to zero while continuing to record only the bias signal. With a tunablg voltmeter measure the bias
leakage voltage at|the following circuit points :

1) Odd track putput signal line, high side to low side.

2) Even track [output signal line, high side to low side.

3) Odd track putput signal line, high side to a convenient front panel chassis ground.

NOTE — Chassiq ground should be properly connected to the local instrumentation ground during this test.
4) Even track joutput signal line, high side to a convenient front panél chassis ground.

5)  Odd track gutput signal line, low side to chassis ground.

6) Even track joutput signal line, low side to chassis grotind.

A.3.7 Group deldy variation and transient/fesponse

A.3.7.1 General
The phase characterigtics of a record-reproduce system affect the transient response and the group delay characteristics pf the

system. Optimum trarjsient response is\required when directly recording pulse waveforms. Optimum group delay performgnce is
required for recording|certain multiplexed signals, predetection signals, etc.

A.3.7.2 Group delay variation test procedure for wide-band recorders

The following test inditates specific equipment which is now being used by several bodies. Other compatible equipment of this type
may be used when available.

A.3.7.2.1 Test equipment

The following minimum equipment or equivalent is required :
Wandel and Goltermann Transmitting Unit, model LDS-1;
Wandel and Goltermann Level Transmitter, model TFPS-42;
Wandel and Goltermann Receiver, model LDE-1.

Although not mandatory, the following additional equipment is recommended as convenient for obtaining oscilloscope display or
group delay variation measurement.
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Wandel and Goltermann CRO Indicator, model SG-1;

Wandel and Goltermann CRO Plug-in, model SGE-3.

A.3.7.2.2 General procedure

a) Group delay variation may be measured either simultaneously during the record tape pass or during a separate reproduce pass.
Recording and reproduction shall always occur at the same speed. Recordings shall be made at normal record level and reproduce
measurements shall be made by connecting the reproduce amplifier directly to the 75 Q load resistance of the LDE-1 receiver.

b)

referd

c)

mods

A.3.7.2.

Procedu

a)

quen

b)
c)

d)

whic]

swit

A.3.7.2

The mode selector switch (upperteft portion of the LDS-1) shall be positioned fully clockwise in order to

he groun delay measurements shall be made over the bandwidths shown in table 25 and shall be referenced to a delay

nce frequency between 200 kHz and 1 MHz.

Table 25 — Group delay measurements

Delay
reference
frequency

Tape
speed
mm/s (in/s)

3 048 (120)
1524 (60)
762 (30)

3048 (120)
1524 (60)
762 (30)

Measurement
bandwidth

Wide
band
1,5 MHz

Wide
band
2,0 MHz

100 kHz to 1,5 MHz
100 kHz to 750 kHz
100 kHz to 375 kHz

100 kHz to 2,0 MHz
100 kHz to 1,0 MKz
100 kHz to 500°kHzZ

Optienal
Optional
Optional

Optional
Optional
Optional

NOTE — The group delay variation tests_may also be extended to
single-carrier FM recorder systems at 3 048 mm/s (120 in/s) over the
bandwidth of 100 to 400 kHz.

Group delay variation measurements may be performed-in‘either the point-to-point (see A.3.7.2.3), or s\

s and shall conform to the test set manufacturer’s instruction procedures as modified herein.
B Point-to-point mode

e :

cy selection on the high resglution dial of the TFPS-42.

The output of the TFPS=42-shall be set to — 10 dB as indicated by the front panel level meter.
Fach frequency peint-measured shall be recorded for at least 20 s in order to permit sufficient time for|
[he receiver delay range selector switch (lower right portion of the LDE-1) shall be positioned to the m

h will encOmpass the desired specifications. (Verification of readings may be desirable and the rangs
hed to.the next higher scale.)

veep (see A.3.7.2.4)

ermit measuring fre-

reading.

bst convenient range

may be temporarily

Procedure :

a)l The mode selector switch (upper left portion of the LDS-1) shall be positioned fully counterclockwise, and the sweep velocity
control (LDS-1) positioned fully counterclockwise.

b)

c)

The output of the TFPS-42 shall be set to — 10 dB as indicated by the front panel level meter.

Each track measured shall be repetitively swept for at least 60 s to permit adequate observation time.

d) The receiver delay range selector switch (lower right portion of the LDS-1) shall be positioned to a convenient range which will
encompass the desired specification.

e) The value of delay shall be read as the average displacement curve of the oscilloscope display. The peak-to-peak noise
envelope associated with the delay presentation shall not be considered as a group delay error component.
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f) Documentation

may be obtained by oscilloscope camera. Figure 18 depicts a typical result and shows less than + 200 ns

delay from 100 kHz to 1,5 MHz. Group attenuation is also shown against a common frequency axis.

A.3.7.3 Transient response

The phase performanc
the square wave meas

e of a record/reproduce system which is measured by the square-wave method shall have the parameters of
ured in accordance with descriptions in figure 19. Parameters to be measured shall be rise time, tilt and over-

shoot. Square wave repetition frequency shall be 0,05 of upper band-edge frequency, but never less than ten times the lower band-
edge frequency. It should be noted that these conditions cannot be met simultaneously at tape speeds below 190,5 mm/s (7 1/2 in/s).

Measurements can be

made at lower tape speeds but with lower precision as the repetition frequency approaches the band edge.

A.3.8 Multispee

reproduce transfer levels

In multispeed, automitically equalized machines recording at one speed and playing back at another is a commion operatign. It is

sometimes desirable

maintain the reproduce output at approximately constant level for a given wavelengthindependent of speed

without resorting to nmianual readjustment of reproduce gain controls. The purpose of this test is to determin€.asystem’s capability to

meet the above requifement.

Procedure :

a) Place bulk erap

ed tape of the appropriate type on the recorder.

b) Atany converfient tape speed, record at normal record level a signal having a wavelength of 47,6 um (1.875 milli-inch); 00 Hz

at 23,8 mm/s (15
(120 in/s).

16in/s), 1kHz at 47,6 mm/s (1 7/8in/s) 2 kHz at 95,2 mm/$:(3 3/4 in/s), ..., 64kHz at 3048 mm/s

c) Rewind and play back at all specified speeds of the machine without repositioning the output level control. Note the putput

level at each speed.

For further notes on the measurement of multispeed reproduce transferlevels, see C.9.

A.3.9 Record transfer characteristics

The purpose of this tept is to establish that the record head losses at high frequencies are compensated by the record amplifier]. Low-
frequency signals are fecorded and reproduced at the‘lowest tape speed on the machine. High-frequency signals are then recofded at
the highest tape speegl on the machine and reprodueed at the lowest tape speed. Frequencies recorded in the two tests are ¢hosen
to be at the same wavglength on the tape. Insofar/as possible, the procedure is designed to eliminate the variation in response of the
tape, the frequency Ipsses in the reproduce.system, and azimuth misalignments which might arise from the test method [see

section 5.1.3 c)].

Procedure :

a) Place bulk eras

ed tapesofthe appropriate type on the recorder.

b) Record and reroduce at 1/8th the highest tape speed of the machine frequenues of 0,02; 0, 1 0,5 0,8 and 1,0 tlrres the

maximum specified

bandwidth for that speed—Fhe-input-shal-be-at-rermalrecord-evel—Or—machines vith Istable

reproduce heads, adjust azimuth for maximum output of the upper band edge frequency Note the absolute output Ievel of all fre-
quencies. Reproduce level shall be adjusted so that level changes between speeds will not cause the reproduce amplifier to

saturate.

c) Rewind the tap

e and erase. Frequencies eight times as high as those used in step b) shall be recorded at the highest speed of

the machine. Take reasonable care to record the same wavelength signals at the same place and in the same direction on the tape

as in step b). Each

d) Reproduce the
reproduce heads, a

frequency shall be recorded approximately 1/8th as long as in step b).

tape recorded in step c) at 1/8th the highest tape speed of the machine. On machines with azimuth-adjustable
djust azimuth for maximum upper band-edge output. Note the absolute output level of all frequencies.

e) The deviation from ideal recording is defined as the difference between the response curves obtained in steps b) and d) when
the curves have the 0,02 frequency point in common.

For further notes on measurements of record transfer characteristics, see C.10.
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A.4 Single carrier FM system tests

A.4.1

General

All FM tests except drift and dc linearity shall be run through the tape. The FM record/reproduce system shall be capable of meeting
specifications of all the following parameters simultaneously, without readjustment. Allow equipment to warm up the specified length
of time. In the absence of a warm-up specification, the warm-up time shall be in accordance with the manufacturer’'s recommenda-
tion. Except where otherwise stated all percentages shall be referred to full positive to negative deviation as 100 % . This procedure is
intended to test those systems described in table 13 only.

A.4.2

Centre frequency, deviation and polarity check (see 5.2.1 and 5.2.2)

a) 1
troni

b)
Appl

verif

Appl
put

A.4.3
Procedu

a)
givin

b)
the 1

c)
theni

For furt

A.4.4
Procedy
a
b)

c)
expr

The deviation and polarity shall be checked as follows :

he centre frequency shall be checked by shorting the input of the amplifier and monitoring the carrier‘fre
L counter. The centre frequency shall be adjusted to conform to values specified in table 13 withini1 9

/ the positive peak dc input signal to a tolerance appropriate to the specified performance of the equip

a full positive deviation in carrier frequency and a corresponding positive output vpltage from the r
/ the negative peak dc input signal and verify a full negative deviation in carrier frequency and a corresp
oltage from the reproduce amplifier.

Frequency response (see 5.1.2.2)
re :

Bet an input sine-wave signal to the reference frequency (as defined in the footnote to table 13) and an an
g full peak-to-peak deviation.

haximum modulation frequency (see table 13).

Dbserve the maximum and minimum excursions of the reproduce output level from that at the referenc
in decibels.

her notes on frequency response mMeasurements see C.11.

Signal-to-noise ratio

re :

Record a sine-wave signal set as defined in A.4.3 a) above,
Short-circuit\the input and record the undeviated carrier.

The sighal-to-noise ratio is defined as the ratio of the reproduce output signals obtained from the recordin
bssedhin decibels.

nuency with an elec-
0.

ment under test and
bproduce amplifiers.
bnding negative out-

hplitude equal to that

Maintain this input amplitude and measure the reprodiiée output signal amplitude at various frequenciesg up to and including

e frequency, and log

gs made at a) and b),

d) The output signals shall be measured with an average reading, rms calibrated voltmeter; the meter shall be down no more than
3 dB at 10 Hz. No external filters shall be used in the measurements.

A.45

A.4.5.1

Distortion

Single component distortion

Record a signal at full deviation £ 5 % and a frequency 50 % of the maximum modulation frequency specified in table 13. The out-

put of the FM reproduce amplifier shall be measured with a wave analyzer which measures the second harmonic.

A.4.5.2 Intermodulation distortion

IM distortion shall be measured by recording two mixed signals, each at a level sufficient to provide half full deviation of the carrier.
The reproduce output shall be monitored with a wave analyzer and the intermodulation distortion components of (f; = f;),
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(2 f; = fo) and (2 f; — f;) measured as a percent of the full deviation rms output voltage. T
Jfo = 0,55 of the maximum modulation frequency specified in table 13
A.4.6 Spurious components (wide-band FM)

est frequencies shali be

f1=

0,45 and

These shall be measured by recording the maximum modulation frequency as specified in table 13 at a level sufficient to provide full

deviation + 5 %. The reproduced output shall be monitored with a wave analyzer.

A.4.7 Group delay and transient response

See A.3.7 (particularly_the note to table 25)

A.4.8 Dc linearity (see figure 20)

A.4.8.1 General

. In each case, percent non
measured (i.e. frequency i

annantanan
avuopuainive

output function

o

deviation values of f| ein

«

A.4.8.2 Record amplifier linearity (procedures for systems without reproduce capability)

Inject signals into the
levels must be accur
nonlinearity shall be dletermined from the following formula.

e
Y % nonlinearity £ —2X_ x 100
u~— JL
where e, is the mgximum vaiue of the error function [see d) beiow].

+

A Y % p-p specification is interpreted as + Y/2 % and conversely:

NOTE — If the form of 1
ievels.

A.4.8.3 System linearity (includes procedure for measuring record amplifier linearity)

Proceed as in step b)
with an integrating d

determined from equation 6.

A.4.8.4 Determination of error'function e

The method outlined pelow'measures the dc linearity as a departure from a reference line through zero. The reference line is

record amplifier of the specified levels to provide zero, full positive, andfull negative deviation of the carr|
ite to 0,01 % or better. Monitor the frequency output with a couhter having 0,05 % resolution. The

Monitor the record amplifier frequency and the reproduce amplifier output voltage. Voltage shall be me
voltmeter which dees\fiot respond to the noise in the output of the FM system. Voltage nonlinearity s

Shali be referred to|the fuii
,"voltage in A.4.8.3)

er. The

bercent

. (6)

he linearity curve has not previousiy been determined, a number of additionai measurements shouid be made at intefmediate

asured
hall be

bnly an

approximation to the |mathematical best straight line having least mean square error, but this approach is taken to reduce the com-

putation time an ordqr_ of’magnitude below that which would be required for a least mean

The reference line is a straight line mathematically constructed to pass through the output f; for zero input and the actual output f for
full negative input. The departure of the actual output at all points from the reference line is then given by the formula

e=f, + Fx—(1+x)f

where
Sy is the output for input x;
JL is the output for full negative input (x = —1);
Jfo is the output for zero input (x = 0);

x is the fraction of full input (-1 < x < + 1 only).
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The value of e is then plotted graphically as a function of x. All points on this curve must be inside a parallelogram bounded by
x = * 1and having a p-p height equal to the allowable p-p error. In some cases this parallelogram will become a rectangle.

Several different types of output versus input and e versus x curves are plotted in figure 20 to show that this computation forms the
necessary and sufficient conditions to determine that the linearity is indeed within specification.

The most common type of curve found in FM systems is shown in figure 20 a). Critical examination will show that for this shape, only
the end points need be measured. Maximum error always occurs at x = + 1, and substitution in equation (7) gives

emax.zfu+fL_2f0 ...1(8)

A less common type of curve is shown in figure 20 b). Once the maximum error points are determined as a function of x, a three-point
computation of linearity will suffice for production testing purposes (assuming the S-shape is characteristic of theg class of equipment
being tedted).

A.4.9 [Dc drift at centre frequency
a) Record amplifier centre frequency drift (procedure for systems without reproduce capability)

Shor{ the input to the record amplifier and monitor the output frequency versus othet_specified parameters|(time, temperature,
line vpltage, etc.).

b) Yystem zero drift (includes procedure for measuring record amplifier zero drift)

Procded as in step a). In addition, monitor the dc output voltage change versus other parameters as specified| (time, temperature,
line vbltage, etc.). All changes in the frequency band 0 to 0,5 Hz shall*be included.

c) An x-percent p-p specification is interpreted as + x/2 % and conversely.

A.4.10 | Multispeed reproduce transfer levels
These sHall be measured by recording the reference frequency specified in table 13, at a level sufficient to providg full deviation of the
carrier, gt the highest tape speed of the system. The-tape shall be rewound, then reproduced at each tape gpeed of the system
specified for FM operation and the output voltage monitored in each case. The output amplitude variation shall bg expressed as a per-
cent of {he full deviation output voltage.

For further notes on measurements of multispeed reproduce transfer level see C.12.

A.5 RPAM system tests

(See 6.4). PAM system tésts“may be included in a future revision of this International Standard.

A.6 PCM systéem tests

(See 6.3).

NOTE — The tests described below are generally only applicable to radio-frequency telemetry systems but some of the information may be relevant or
adaptable to other PCM instrumentation systems.

A.6.1 Test procedure
For testing the performance of a PCM ground data receiving system, the following procedure shall be used :

a) Determine the carrier predetection bandwidth, PCM waveform patterns, type and depth of modulation, bit rate, and range of
bit error probability (P,) values to be tested.

b) The test configuration shall be as shown in figures 21, 22 or 23 (see also A.6.2.2). The specific system parameters, listed in
step a) above, shall be documented and included with the resultant test data.

¢) Point the antenna at the quiet sky, at least three antenna beamwidths from any radio sources, and set up in the application
configuration.
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d) Vary the output power (P,) of the RF test signal generator. Plot or tabulate P, versus E,/ Ny where E| is the signal energy per
bit and N, is the noise power density. A typical plot is shown in figure 24.

A.6.2 Application notes (see also C.4)

A.6.2.1 Bit error probability test
a) The test pseudo-noise (PN) sequence shall be 2 047 bits in length.

b) The PN generator shall include an internal clock continuously variable over the range of 10 bits/s to 106 bits/s. The stability
shall conform to 6-3-5—+Frovistonsforacceptanceofextermat clock shattbe-mctuded:

c) Provision sha| be made for including in the test format an arbitrary word of not more than 33 bits at seleCtable integer
multiples of the PN sequence period.

d) Two pulse wgveforms shall be selectable, namely NRZ and Bi-¢ (see figure 1).

e) The PN test feceiver shall include a PN sequence synchronizer, error comparator, and error_counter of capacity §it least
1 000 errors.

f)  The PN test rgceiver shall provide PN sequence pattern and bit élock outputs.
g) The PN test r¢ceiver shall use an integrate-and-dump bit detector using bit clock ffom).
h) RF signal gengrators covering appropriate telemetry bands shall be provided ‘with :
1) base-band [response from 0 to 1 MHz, flat to + 2 dB;
2) peak-to-pegk frequency modulation capability adjustable from 700, Hz to 7 MHz;
3) peak frequency deviation meter to cover this range with arf_érror not more than 10 % of meter reading;
4) peak-to-pegk carrier phase modulation from 7/2 to 4 fadians continuously adjustable;
5) peak phasd deviation meter to cover this range With not more than 3 % error.

i) The closed loop tracking bandwidth of the PN sequence synchronizer shall be variable in steps including 10, 100, 500 and
1 000 Hz.

k) The PN receiver shift register clock shall be derived by efficient utilization of the auto-correlation of the PN wavefor.

m) Provision shall be made to indjeate the time required to accumulate the bit error count.

A.6.2.2 PCM test method

a)  Where a PCM sim(lator, bit synchronizer, error comparator, and error counter exist, the closed-loop configuration in figure 21
or 22 can easily be gccomplished and P, determined in real time utilizing the procedures described in A.6.1. If the PCM test gattern
is predetection or postdetection recorded and played back through the system bit synchronizer as shown in figure 22, a PCM
pattern regenerator must be utilized. This regenerator could be the same PCM simulator utilized for generating the PCM test pat-
tern, provided a clock input and frame synchronization input to the simulator are available for loading and synchronization pur-
poses (see figure 23).

b) It is recommended that a pseudo-noise (PN) test pattern be utilized whenever possible. One reason for this is that a PN
sequence can be generated and synchronized economically by a shift register with feedback configured for a maximum length se-
quence. Since the number of positions in the shift register and the feedback connections uniquely determine the test pattern, it is
convenient to specify the pattern in terms of these parameters. Another reason is that a standard test pattern, adopted by all users,
allows the exchange of test data without ambiguity. In this connection, an eleven-position shift register is recommended with
feedback summed modulo two from positions 9 and 11.

The sequence will be 2 047 bits long which corresponds roughly to frame lengths in use which, for NRZ, exercises the low fre-
quency response of elements of the system. This is important because with NRZ, lack of dc response causes baseline variation of
the bit stream in accordance with the fractional amount of near-dc-power lost. In addition, the sequence will contain eleven binary
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ones followed by nine binary zeros thus exercising the bit synchronizer with only one NRZ transition in 19 bits, three in 29 bits, five
in 39 bits, seven in 49 bits, etc.

c) The synchronization of the PN-PCM test pattern regenerator is shown in figure 25. Because of the autocorrelation properties
of a PN sequence, it is possible to synchronize a slave shift register to an incoming PN bit stream (plus noise) by cross correlation.
This can be carried out by coherent or non-coherent methods. Test data indicate that the non-coherent method is adequate for
tests in which the bit error probability (P) is less than 0,01.

d) The non-coherent method of synchronization makes use of the clock from a data bit synchronizer. Since data bit transitions
occur at random, a non-linear operation is required in the data bit synchronizer in order to generate discrete frequency com-
ponents at the bit rate and its harmonics. Figure 25 is a schematic of the non-coherent PN synchronizer. The clock from the bit
synchronizer is used to drive the shift register. The NRZ bit stream out of the bit detector is used to load the shift register when the

are no errors in the
ccurs in the bit syn-
the auto-correlation
ister is locked. If it is
epeated until lock is

ncy equal to the se-
Such a spectrum for
ear zero frequency is
e spectrum is nearly
hent frequencies are

t errors are Poisson

. Thus, if the desired

hance characteristics

switdh is thrown to the load position. The switch Is then thrown to the feedback position, and, It there
loaddd bits, the shift register is in lock with the input PN waveform. It will stay in lock until bit slippage’ 0
chrothizer. If one or more errors are loaded into the register, the shift register is not locked, and because’of
propérties of the PN sequence, the error rate is nearly 50 %. Thus if the error rate is 0,01 for example, ‘the regd
not Ipcked, i.e. error rate approximately 0,5, the switch is returned to the load position and the process T
obtaiped. In operational hardware, the whole loading operation can be done automatically.
e) The spectrum of an NRZ-PN sequence consists of a Fourier series of sinusoids with.a fundamental frequg
quenke repetition rate with power values inscribed within the random PCM NRZ power spectrum of figure 26.
a PNJsequence of length seven bits is shown in figure 27. The fraction of the total power in each component n
appréximately 2/m, where m is the number of bits in the sequence. Thus, when m is large, such as 2 000, th
contihuous and has the same shape as random NRZ. Similarly, for a Bi-¢ PN'Sequence, the Fourier compo
multiples of the sequence rate with power value inscribed within the random Bi-¢ spectrum of figure 26.
f) dtatistics of the accumuiated bit error sample need to be considered. It may be assumed that the bi
distriputed. Thus, the sampie variance may be taken as the numbegof errors accumuiated; i.e. the standard gleviation, g, is given
by thle square root of the error count. The percent g is thus 100/\0—\7, where N is the number of errors counted
percgnt g is 10 %, N shaii be 100 or more.
A.7 Multiple-carrier FM subcarrier_tests
A.7.1 |General
A.7.1.1| Range of tests
a) The tests described in.gections A.7.2 to A.7.12 include measurements to determine the following perforn
of multiple-carrier FM sub=carrier oscillators :
1) Control range€ls) (see A.7.2)
2) Non-linearity (see A.7.3)
3) Amplitude modulation (see A.7.4)
4) Qutput distortion (see A.7.5)
5) Effect of source impedance (see A.7.6)
6) Effect of grounding input (differential-input models only) (see A.7.7)
7) Output loading (see A.7.8)
8) Modulation feedthrough (see A.7.9)
9) Stability versus time (see A.7.10)
10) Effect of supply voltage variation and ripple (see A.7.11)
11) Common-mode rejection (see A.7.12)


https://standardsiso.com/api/?name=fbfc86f1a1bb5e47fc03df446897b4a0

1SO 6068-1985 (E)

b) Itis recommended that the performance tests be conducted in the order in which they are presented, except that tests which
may be destructive or cause permanent degradation of performance should be included in the last part of the schedule.

c) Itis recommended that performance tests be carried out in the following four bands as defined in table 18 :

7(2,3kHz + 7,5 %), 14 (22 kHz + 7,5 %),
A (22 kHz + 15 %) and E (70 kHz + 15 %).

A.7.1.2 Test equipment

To minimize measurement errors, test equipment should be energized from a regulated line and the tests conducted in a room where
ambient temperature ’Larlatlons are small. When tests require the measurement of voltages or currents with a high order of précision,
or when the measurement of low-level voltages or currents are required, care must be given to the design of the test configurgtion to
avoid the error-produging effects of ground-loop currents. The use of an isolation power transformer is desirable. ObsetVe the prac-
tice of bringing all gr¢und leads to one common point.

A.7.1.3 Test procTures
S

a) The basic test procedures described in A.7.2 to A.7.12 should satisfy the performanceinformation requirements| of the
majority of telemejry sub-carrier oscillator users. The tests could be conducted in much greater detail, and this may be don¢ at the
discretion of the tgsting facility when such a requirement arises.

b) Some perforhance characteristics are temperature-dependent and additional\'measurements at ambient temperatures
covering the opergting range may be required for particular applications. Measurémeénts under other specific environments (for
example, vibration) may also be required.

c) The block diggrams given in figures 28 to 39 are included for descriptive purposes and are not intended to provide
detailed informatign on test equipment interconnections.

d) To assure uniformity of testing, the following procedures and>preliminary adjustments should be completed before fthe in-
dividual tests are donducted.

1) Initial procg¢dures

— Place the sub-carrier oscillators under-test in a temperature-controlled chamber, and maintain the chamber at
+ 30 £ 1 9C unless otherwise indicated ‘in' the test schedule. If a temperature chamber is not available, ambient
temperaturefvariations must be kept as-small as possible so that the effect of controlled test parameter variations are jnot in-
fluenced by|[temperature variations,

— The sugply voltages for the sub-carrier oscillators under test must be carefully adjusted and regulated.

— The oufput impedance.of signal sources used in the tests should be low (i.e. approximately 10 Q maximum |for dc
signal sourcgs and apptoximately 600 Q maximum at the operating frequency, for ac sources). This is especially imgortant
when testing sub-catrier oscillators employing solid-state design, where reverse leakage currents may be present|at the
input terminfgls.

\

2) Preliminaryladjastments

— Adjust the supply voltage(s) to the levei(s) recommended by the manufacturer, and allow a 15-minute warmup.

— Adjust the appropriate controls on the sub-carrier oscillator so that the input signal voltage level and excursion recom-
mended by the manufacturer will produce full deviation output frequency excursion, centred at the appropriate centre fre-
quency.

— Adjust the amplitude control to produce the maximum output signal amplitude.

— Apply the maximum output load recommended by the manufacturer, or apply a 10 kQ load if the manufacturer makes
no recommendation.

NOTE — During the tests described in the following procedures, controls are frequently varied from the settings established during these preliminary
adjustments. Care should be taken to ensure that in each case the correct control settings are re-established before proceeding with any further per-
formance tests.
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Purpose : to determine the ranges of the controls which are provided to adjust :

1) deviation sensitivity
2) reference frequency
3) output level.

The sensitivity control adjusts the magnitude of input-voltage excursion required to produce full deviation output frequency

excursion. The reference-frequency control adjusts the output frequency which is produced when the input signal terminals are

shortg¢d. Depending upon the manufacturer’s design, the nominal reference frequency may correspond to the
to either of the deviation limits. The output level control adjusts the amplitude of the sub-carrier output.sig

c)

may

d)

The f

centre frequency or
hal.

lertain models may feature all three of the controis, while other models may have only one or two controis. Stiii other modeis
ave a control to adjust each of the deviation limit frequencies but no reference-frequency-control.

T

est procedure
bllowing test procedure applies to models which include the three controls ligted-above.
1)| Set up as per figure 28.

2) Lrsion with the sen-

si

Measure the input voltage excursion required to produce a full deviation range output frequency exc
ivity control set first to the maximum position and then to the minimum position.

3)
€

Short-circuit the input terminals, and measure both the niinimum and maximum frequency produced by adjusting the

ference frequency control through its full range.

=

4)
ar

Apply a dc input voltage to produce an output fréquency equal to the centre frequency. Measure the output signal
hplitude for both minimum and maximum settings of the output level control.

A.7.3
a)
b)

duce]
then

F
straig

Non-linearity

urpose : to determine the departure of the output frequency versus the input-voltage characteristi
ht line drawn through the_points corresponding to centre frequency and low deviation limit. See also

Two methods of measurement are described. In one method an analogue plot of departure from linearity

H by an X-Y recorder,)while in the other method data is acquired through a point-by-point procedure
plotted manually, ‘Method No 1 is the more rapid of the two, but accuracy is limited to the order of 0,1

s from a reference
A.4.8.

is automatically pro-
f measurement and
%; it should also be

note
oscillator under test. Accuracy in method 2 is limited only by the precision and resolution of the voltmete
coun

c)

well as those in the
r and the frequency

i that the meastirements will include the effect of any non-linearities in the sub-carrier discriminator as
ter.

Test.procedure (Method No 1)

1) Set up as per figure 29.
2) Adjust the sensitivity of the X-axis of the recorder to produce a convenient excursion when full scale input voltage excur-
sion is applied to the sub-carrier oscillator.

3) Adjust the mixer network so that the output voltage excursion of the sub-carrier discriminator and the input voltage excur-
sion applied to the sub-carrier oscillator produce a nominal null (within a few per cent) at the Y input to the recorder.

NOTE — If the inputs to the mixer network are 4 and B and the network applies gains of G 4 and G g respectively, then the magnitude of the
output shall be G 4-A — Gp-B.

4) Adjust the sensitivity of the Y-axis so that the mixer network output produces a convenient excursion, and calibrate the
Y-axis in per cent of full deviation range. To calibrate the Y-axis, set the dc signal source to the voltage corresponding to zero
volts from the discriminator and disconnect temporarily the dc signal source input to the mixer and the X-axis. Vary the dc
signal source in small percentile increments of full scale and note the corresponding Y deflections.
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d

A.7.4 Amplitudg modulation

a)

range from one limit to the other.

b)

5) Slowly change the input voltage through the full scale range (equivalent to sub-carrier oscillator output frequency change
from one deviation limit to the other). Avoid rapid input voltage changes, because they will produce phase shifts in the sub-
carrier oscillator and the discriminator which will lead to measurement errors.

6) Establish a reference straight line through the points representing centre frequency and lower deviation limit.

7) Departure of the plot drawn by the X-Y recorder from the established reference straight line represents departure from
linearity.

8) Departure from linearity is expressed as a percentage of full deviation range and is given a positive sign when, for a selected
input voltage level, the output frequency is greater than the corresponding point on the reference line.

Test procedurle (Method No. Z]
1) Set up as per figure 30.

2) Measure the output frequencies corresponding to eleven equally spaced input voltage levels covering thelsub-carrief range
as determined |n A.7.2, using the precision voltmeter and the frequency counter.

3) An alternative method of measurement, shown in figure 30, employs a high-stability dc voltage source and a precision
decade voltage|divider. However, it must be determined that the linearity of the voltage divider is not significantly degrgded by
the loading effect of the input impedance of the sub-carrier oscillator.
4) The measured data can be plotted on a scale with greatly increased resolution if an‘arbitrary slope (approximating the data
slope) is first sfibtracted from the data. Then a reference line as defined above cantbe éstablished and the departure ¢f each
data point fronp the reference line can be determined with much higher resolution:

5) Departure from linearity is expressed as a percentage of full deviation rangéjand is given a positive sign when, for a sglected
input voltage Ig¢vel, the output frequency is greater than the corresponding point on the reference line.

Purpose : to determine the change of output signal amplitude as the sub-carrier frequency is changed through the dgviation

Test procedure
1) Set up as per figure 31.

2) Vary the d¢ input signal to cause the\output frequency to cover the full excursion from one deviation limit to the othr, and
measure the m|nimum (E,,,;, ) and the maximum (E,,, ) output signal amplitudes within the deviation range.

3) Calculate gercentage amplitude modulation from the equation :
% Amp. Modl. = [E 4 5 Emin)/(Eqin. + Eqin.)1 X 100 ... (9)

4) Adjust the|output’frequency to centre frequency and reduce the output signal amplitude to 70 % of its former| value.
Repeat the megsarements of amplitude modulation as outlined above.

A.7.5 Output distortion

a)

Purpose : to determine the distortion of the output subcarrier waveform at selected output amplitudes and output loads (sine

wave outputs only). See also A.7.8.

b)

Two methods can be used to measure output distortion, using either a distortion analyzer or a wave analyzer. If a distortion

analyzer is used, the effects of all of the distortion-producing components (within the bandwidth of the test instrument) are
lumped together. If a wave analyzer is used, it is necessary to search for and measure the amplitude of the individual distortion
components and then calculate the distortion, using the same algorithm as would be applied by the distortion analyzer.

c)

Test procedure

1) Setup as per figure 32. Care should be taken to use short, unshielded leads between the output terminals and the measur-
ing instruments, since capacitive loading is one of the test parameters.
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2) Apply dc input voltages to produce output frequencies corresponding to centre frequency, lower deviation limit, and upper
deviation limit respectively. Measure the output distortion at each of these frequencies.

3) Reduce the output subcarrier amplitude to 70 % of maximum amplitude and repeat the measurements outlined in 2)
above.

4) Readjust the output amplitude to maximum, and apply a 100 pF capacitive load to the output terminals (in addition to the
resistive load).

5) Perform distortion measurements at the three frequencies corresponding to centre frequency, lower deviation limit and
upper deviation limit.

6) | In the same manner, make distortion measurements with capacitive loads ot D00 pF and 1 U0U pF,
A.7.6 FEffect of source impedance
a) Plrpose : to determine the change of output frequency as a function of source impedance variations and tq determine the cur-
rent that is fed back from the input terminals into the source.
b) This test is particularly important on solid-state models which will receive input signals-from variable-resigtance transducers;
the effects are also temperature-dependent [see A.7.1.3 b)].
c) Test procedure
1) | Set up as per figure 33.
2) | Short the input terminals and measure the output frequency.
3) | Adjust the variable resistance decade to 100 Q. Measure the voltage appearing at the subcarrier oscillftor input terminals
(ude a null voltmeter), and measure the output frequency:
4) | In the same manner, measure the input voltages-and output frequencies with the following resistance values applied to the
indut : 1 kQ, 5kQ, 50 kQ, 100 kQ and 1 MQ.
5) | Use the frequency measured with the/input shorted as a reference for calculations, and express frequgncy changes in per
cefit of full deviation range. Calculate the feedback current for each of the input resistance levels, taking ihto account the im-
peflance of the voltmeter if necessary,
6) | If the input voltage versus dutput frequency characteristics of the sub-carrier oscillator are already known, they can be us-
ed|to determine the input voltage for each source resistance without the need to use a dc voltmeter.
A.7.7 Effect of grounding input (differential-input models only)
a) Purpose : to measure the effects of grounding the input terminals separately, on the sub-carrier oufput frequency and
amplifude.
b) Tlest proeedure
1)L_Set up as per figure 34. Confirm that any common-mode voltages present on the output terminals of the dc signal source

do not exceed the common-mode capabilities of the sub-carrier oscillator.

2) Ground the chassis of the sub-carrier oscillator.

3) Apply the input voltages recommended by the manufacturer for sub-carrier frequencies corresponding to lower deviation
limit, centre frequency, and upper deviation limit. Neither input terminal shall be grounded. Measure the output sub-carrier fre-

quencies and amplitudes corresponding to each of these inputs.

4) Ground one input terminal and apply the same input voltages used in 3) above and again measure the output frequencies
and amplitudes.

5) Repeat 4) above with the other input terminal grounded.

6) Using the frequencies and amplitudes measured in 3) above as references for calculations, express the frequency changes
as percentages of full deviation range, and express amplitude changes directly in per cent.
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A.7.8 Effect of output loading

a) Purpose : to determine the effects of output loading, both resistive and capacitive, on the amplitude and frequency of the out-
put signal.

NOTE — This test may be conducted concurrently with measurements of output distortion (see A.7.5).

b)

A.7.9 Modulation feedthrough

a)

b)

Test procedure

1)

Set up as per figure 35.

Adjust the dc input signal to a level that will produce an output frequency equal to the centre frequency.

2)
3)
4) Using the d
2kQ, 5kQ, 10
5) Remove th

any drift has o

6) Using the s
of 100, 500 and

7) Use the freg
changes as a p|

Purpose : to d

Test procedure

1) Setup as
2) Measure th
3) Adijust the

of 1, i.e. maxim
sub-carrier de\
[see A.7.2 b)].

4) Measure th
using a wave a

5) Repeat4)a
quency one-ter]

6) Modulation

Measure ﬂle frequency and amplitude of the output signal with no load applied to the ouput.

ame input level applied in 2) above, measure the output frequencies and amplitudes for resistive output |
e resistive load and recheck the output frequency and amplitude; readjust the dc input sighal if necessary

ame input level applied in 5) above, measure the output frequencies and amplifudes for capacitive oupy

etermine the amplitude of the modulation-frequency component appearing at the sub-carrier oscillator
per figure 36.
frequency of the signal source/te correspond to the maximum modulation frequency for a modulatio

iation; depending on the-manufacturer’s design it may also be necessary to provide a dc offset

bove at a.modulation frequency of one-half of that selected in 3) above, and then repeat 4) above again 3

D
kQ, 20 kQ and 50 kQ, excluding any loads in excess of the manufacturer’s recommended-lirit.

curred) to produce centre frequency.

t
1 000 pF.

D

e amplitude of the unmodulated sub-carrier output, i.e. with zero input signal.

um frequency response as given-in table 18. Adjust the peak-to-peak amplitude of the ac signal to prod]:

th of that-selected in 3).

feed-through is expressed in decibels below the sub-carrier and is calculated from the ratio of unmod

sub-carrier co

llad: : L P
POoneT rt-te-modutation cOMpot rent appTaimiy—at ume output teTTmidis,

A.7.10 Stability versus time

a)

b)

c)

Purpose : to determine warming up, reference frequency variations, and sensitivity variations as a function of time.

ads of

(i.e. if

loads

quencies and amplitudes measured under no-load conditions as referencés for calculations; express frequency
prcentage of full deviation range and express amplitude changes directly in per cent.

utput.

index
ce full
signal

e amplitude of the~medulation-frequency component appearing at the sub-carrier oscillator output terminals,
halyzer or similan fréquency-selective voltmeter.

t a fre-

ulated

Measurements shall be conducted over a period of 8 h and elapsed time is measured from cold start. Nominal settings of the
sensitivity control and the reference frequency control should approximate those which will produce full deviation range output
frequency excursion, centred at the appropriate centre frequency, after 30 min or more of operation. Initial tests to make these
nominal control settings shall be followed by an adequate cooling time before the start of the main tests.

Test procedure

1)

Set up as per figure 37. The configuration includes a programmer which switches the sub-carrier oscillator input voltages

and provides a count command to the electronic counter. A printer is also shown associated with the counter. Although the
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ejcursion is greater than that measured at the reference time of 30 min. Reference frequepcy shift is given
tHe output frequency is greater than that measured at the reference time of 30 min.
A.7.11| Effects of supply voltage variation and ripple

a) Purpose : to determine the effect of supply voltage changes and ripple_on*output frequency and ampli

b) Test procedure
1) Set up as per figure 38.
2) Adijust the supply voltage to the nominal value recorhmanded by the manufacturer (do not apply a
3) Adjust the dc input signal to the sub-carrier oscillator to produce first the lower deviation limit freque
gliency, and finally upper deviation limit. Note thé.input voltages required to produce each of the three out

ISO 6068-1985 (E)

test can be conducted without these two items of test equipment, the uniformity of measurement procedure which they pro-

vide is desirable to minimize measurement errors due to human judgment and fatigue.

2) Adjust the reference voltages to the preselected levels for output frequencies corresponding to the lower deviation limit,

centre frequency and the upper deviation limit.

3)
minute elapsed time. Make similar measurements at one-minute intervals for the first 10 min.

Energize the sub-carrier oscillator and measure the output frequencies for each of the three input voltages at the end of one

4) After 10 min make measurements at 5-minute intervals until an elapsed time of 1 h has occurred.
5) _After 1 h, make measurements at 30-minute intervals until an elapsed time of 8 h has occurred.

6) Sensitivity instability is defined as the variation of full scale output frequency excursion (resulting
vgltage excursion) expressed as a percentage of full scale ouput excursion measured at an elapsed-time g

frequency shift is defined as the variation of output frequency for zero input, expressed as a percentage of
qliency excursion measured at an elapsed time of 30 min. Sensitivity change is given a positive sign wh

npeasure the sub-carrier output amplitude at each of these frequencies.

I

Reduce the supply voltage by 10 % of-the nominal level and again measure the output frequencies ang
f the three input signal voltage levels used in the previous measurement.

Make similar measurements 'with the supply voltages changed by —5 %, + 5 %, + 10 %, and b
hain. (The measurement range’may be expanded if required for specific system applications.)

o Ol

)]

Using the frequenciesand amplitudes measured in 3) above as references, calculate the frequency ¢
ge of full deviationrange and calculate the amplitude changes directly in per cent. The changes are given
hey represent an)increase in magnitude.

~ o~

7
ahd supefimpose a sinusoidal signal of 60 Hz on the supply voltage. Adjust the rms value of the ripple tg
pply Voltage, and measure the frequency deviation of the sub-carrier oscillator (the output excursig
sCriminator is proportional to the sub-carrier oscillator frequency deviation).

—g.¢

rom full-scale input
f 30 min. Reference
full scale output fre-
en full scale output
A positive sign when

tude.

ripple voltage).

ncy, then centre fre-

put frequencies, and
amplitudes for each

ack to nominal level

hanges as a percen-
a positive sign when

Apply iominal supply voltage to the sub-carrier oscillator, adjust the dc input signal to produce centfe frequency output,

2 % of the nominal
n of the sub-carrier

8) Conduct similar measurements at ripple frequencies of 200, 400, 600, 800 and 1 000 Hz.

9) Express the peak-to-peak frequency deviations as percentages of full deviation range.

A.7.12 Common-mode rejection (for differential-input models only)

a) Purpose : to determine the effect on output frequency resulting from application of a common signal to both input terminals. «

b)

Test procedure

1) Set up as per figure 39.

2)
quency.

With the sub-carrier oscillator terminals shorted together and connected to ground, measure the sub-carrier output fre-

51
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3) Connect the shorted input terminals to a dc voltage (reference to ground) and adjust the dc voltage to equal the magnitude
of the full scale common-mode input recommended by the manufacturer.

4) Measure the sub-carrier output frequency, first, with a positive polarity applied to the input, and then with a negative

. polarity applied to the input.

5) Connect an ac voltage source to the shorted input terminals, and adjust the peak-to-peak amplitude of the ac signal to
equal the magnitude of the full scale common-mode input recommended by the manufacturer.

6) Adjust the frequency of the ac input signal to that which would produce a modulation index of 1 for the band under test,
i.e. maximum frequency response as given in table 16. Use a low-noise sub-carrier discriminator and ac voltmeter to determine
the frequency deviation of the sub-carrier oscillator output caused by the common-mode signal. Repeat the measurement at
frequencies of[60 Hz and 400 Hz, if these frequencies fall within the modulation-frequency range of the sub-carrier,o$cillator
under test.

NOTE — The dig$criminator must be calibrated at each of the modulation frequencies.

7) Compare the frequencies measured in 4) above with that measured in 2) above and calculate the Qutput frequency devia-
tions. Frequengy deviations in 6) above are obtained from measurements of the output of the calibrated discriminator. Convert
these deviations to the ones which would have been produced by the recommended full scale differential input, i.e. multjply the
calculated devigtions by the factor

full scale cliifferential input

full scale corlnmon—mode input
neglecting any|effects due to non-linearity.

8) Common-tode rejection is the ratio of full scale sub-carrier deviation'to-converted deviations as determined in 7) jabove,
expressed in decibels.

w Positive polarity up

—
-
—

Figure 8 — Typical waveform obtained from head polarity test
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NOT]

Clamp

Tape-oxide up

2 m steel rule

Square

F — Frictional drag of pulley : less than 0,03 N (0.1 ozf)

Standard

Figure 9 — Speed test-tape preparation

+ tensile
t-j force + 2 %
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dc source

> Recorder/reproducer EEEEEEEE—

Figure 10 — Tape speed — Method |

Detector

Electroni
counter

C



https://standardsiso.com/api/?name=fbfc86f1a1bb5e47fc03df446897b4a0

1SO 6068-1985 (E)

189} Jaunj4 — L| ainbi4

1peT TSOFINY 1:29) TS9T ) €S
peL 180 s8] 1e0-4 18D Zs
oL 2D 1ed 1ed 120) LS
so1 bann uoneiqies Aynjqndas uoneiqijes olweuAq onels
1583 annid -sNs AV J0jeutwinasiq asiou 1oleulwiiosiqg uoljelqifed yejeulwiosiq
Buniss youmsg
adoosolIasQ 1818W1{OA l10jeuItILIOSIP
|eansnels [ana
! . T
1 ugndo zuondg ! guondo
— - — —— e
1
ey —_— e AN /e - — WALA
‘191|1} ssed-pueg =
1ed H.
nding Indu _
1581 F 183Unod
10JBUIWILIOSID 190NpoIdal/1apioday LS Aouanbai4
Aouanbaig
-@ j01e19U8b
1814187 [euBis uoIsIoald
‘191)1} ssed-pueg
101€|110S0 101€)198
3 0L 6 1eJ pajjonuoo-abejop 1250
1s9]
€S _ joieinpow apnjdwy

1se1-NV

55



https://standardsiso.com/api/?name=fbfc86f1a1bb5e47fc03df446897b4a0

1SO 6068-1985 (E)

sy dwe o

Juawainseaw 1811njy paziibip 10y 10108)9p [oAs| ‘wesbeip yo0ig — gi 8inbig

'8U0 uey) Jeieaid suleb se jjem se auo ueyy ssa| Jo suieb aonpoid o3 Altjiqeded aaeyASDW Jaiydwe

‘UOHEBIASD 8|gemo|le wnwixew wodebbuy o1 suiba
40 uleB 193G "UONBIABD 181N} BjGRMO[|E WNWIXEBW JO ADUBNbal) 01 J03eULIOSIP 01 Indul 10181907881 Buinasyo Aq

"810W 10 8} 8} 4O 9% GE UONEIYIDSdS JB1IN|} UIYIIM B8( O] SILNOD OO0 OG UBY) SS8| 81enwinooe 1snw 18fundd ‘polad Juswiainses

‘siselady Jo 3oe| JO asneoaq pauisyeld si Jane| sy edAl Jaijdwe [enusiayp uieb-ybly 1o adATusb61 1IWYoS 1o 8q Aey

‘painseaw aq 01 SUWI| J81INj) JO SBNJBA |[B 104 BWES 8yl SI @ wiod 1e abeljea ead-03-sead eyl os ssydwe

—0

191pinoo
JIVEVEIGTIVeY | BETE|
™~
s1eb , ANV,
1ndino esind
YUIM 103e[[19S0
1e1A10 ZHy 0L
Ae|dsip
8d00s0||19sQ
1010918p
[pns —
h 1aydwe zHdt 0z 01
[ 0'p uleb sjqeuep .
10109189p
|oAe7 +
swn s g a1eb , 4O,

1953l |enuep

op uieb sjqeuep (8

1snl 183unod 1By} OS
9181qI[eO WalSAS (P

Ww puooes-g| io4 (0
I si0109319p [9AB7]  (q

p jo uebisnpy (e

181)1} ssed mo|
JO1BUIWLIOSIP WO} 3ndu|

56


https://standardsiso.com/api/?name=fbfc86f1a1bb5e47fc03df446897b4a0

1SO 6068-1985 (E)

9d0950J}i080

juswainseaw 3gl| — &L 9inb

sBuIsso.0 sixe jo uoiiodoid pasnbal ayy
BululeluoD [BAIBIUI BN SelewNSS Jojesado

ut sixe A

ul By 1x3

%G TS
19})14 ssedpueg

1o dai g

7
101€[|19S0
19

\AA-

%G F°f
19314 ssedpueg

A

ino da:

<

1891

18pun WalsAs
aonpoudal
-ploday

ur g opL

|AI|

ury L

IAL

57


https://standardsiso.com/api/?name=fbfc86f1a1bb5e47fc03df446897b4a0

Hetdemsest3IgT — VL d.._.m_n_

del} |0iU0D

SIXY A CH 9anpoiday
—aff % GFof B
spow ade
< 1911} ssedpueg <4 P 1
8d09s0)|1950
1S3}
Japun walsAs
¢ 1ndno 101e||19sq 8ouaId)aY 99npouda)
uj Buy 1x3 -pioday

1SO 6068-1985 (E)

[

bnpousday

/

sbuissolp sixe jo uoniodoid palinbsl sy)
Bujuieluoo|ieaterul swn serewnss JoieiadQ

- pJodal Joeu [013U0)

/
\\? « A 5 apow yoe|

a3

/

1s9}
—g lapun walsAs

1NdNo 10181950 8oUIBOY aonpoudas
-piooay



https://standardsiso.com/api/?name=fbfc86f1a1bb5e47fc03df446897b4a0

1SO 6068-1985 (E)

juswainseaw J93L — Gl ainbig

8do9os0||19sQ

Buj ‘1x3 deamg

sBuISS0ID SIXE JO UOILIO
BuluIeIU0D |BAIBIUI BWIL ST

Hoid pasinbas ayy

SIXY A

lewlsa JoleladQ

%8 °f
1ayyssedpueg

°
i01e|{1950
|e1sA1)

o 1591
sonpouidey 1apun walsAs
aonpouidai
-plooay

aonpouday

o

ul pioday 1891
19pun walsAs
2onpoudal
-p1028Yy

piooay

59


https://standardsiso.com/api/?name=fbfc86f1a1bb5e47fc03df446897b4a0

1SO 6068-1985 (E)

19zAjeue
SABM

b\o

peo

181j14 ssedpueg

ones asiou-oj-jeubis pue asuodsas Asuanbaiq — g| aunbi4

peoq

1aonpoudai/1eplooay

101811980

60


https://standardsiso.com/api/?name=fbfc86f1a1bb5e47fc03df446897b4a0

ISO 6068-1985 (E)

1593 UOI1I03ISIP uoneNpowalu|] — £} 8inbig

19zZAjeue 8A

P

Y

Z 101e)|1980

peo

199npouds./i8piooay

}lomiau
Buxin

Y

L J03e||19s0

61


https://standardsiso.com/api/?name=fbfc86f1a1bb5e47fc03df446897b4a0

ISO 6068-1985 (E)

Group delay

Group attenuation

Vertical delay scale : 1

Vertical attenuation scal
Horizontal scale : 200 k
Zero delay grid : + 5di
Zero attenuation grid : -

Polarity : a falling delay

!
l

‘

-~ 1 A4
f /""h.m-.f""ﬂ"'{"f"
[ I mt iRy
i
,
[« Nt Sl
[ ‘\‘ ,r’“;‘ JL‘;!.,!M_M,-" ’

ns/small division
: 0,2 dB/small division
z per division, traces beginning at 100 kHz

isions

- 5 divisions

curve indicates phase(lag,“a rising attenuation curve indicates an increase in attenuation.

Figure-18 — Group delay variation test for wideband recorders
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Rise time measurement

Waveform period

'1

eak-to-peak amplitude @ 7,

Signal
Vi
% overghoot : <;0> %" 100
a
V. —~¥
% tilt : || -2 b>><1oo
Va

NOTES
1

Conventional rise time : 40 % of time required for amplitude of RT slope to increase V,.
2 Overshoot or preshoot may occur on leading or trailing edge portion of pulses. Largest amplitude of overshoot is measured.

Figure 19 — Waveform parameters for transient response measurement
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Reference line

Actual curve \
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Figure 20 — DC linearity curves

Ae
~~———_ ‘[ e
\_1 X N
X
a) b)
‘ il Reference line 1} flx)
Actual curve\
/] . /] -
x 4 x
p /.
X X
c) d)



https://standardsiso.com/api/?name=fbfc86f1a1bb5e47fc03df446897b4a0

1SO 6068-1985 (E)

(ewn |eal) poyiaw 1s8) Jolenuiis NOd — LZ 84nbid

1010818p 1010818p pue ioeseditiod > 193UN0d
R e ——
> uonenpow 19Z1U0IYdUAS 1ig dodi3 10113
18148
01801pUl
yibuans
Bis lonieoey
18jdnoo 103B48UBH 1811} SIS L=THIVIIES
il pclp——————— | -
JanIgoay jeuonoallg jeubis 4y |)d|| ssed-mon ulened

BUUBIUY

65


https://standardsiso.com/api/?name=fbfc86f1a1bb5e47fc03df446897b4a0

1SO 6068-1985 (E)

lapi02al
uonoslepald

Poylaw uonejaiiod0lne (Nd) 8siou-opnasg — gg ainbig

1591 INDd Nd PaziuoiydsuAg

J03elausbal uianed

‘uonezy

‘uo

y

J1ojeaiput

WPuaiis

Bis 1aji9oay

1an;

hoay

Japiooal
pueq sseg
1010819p
Y uonejnpow
1a1ue)

(1

Ja|dnod
|leuonoaiq

= B
|

04yduAs JualeyooUOU Ul SN

BZIUOJYDUAS 1UBIBYOD Ul 8SM

1030918p pue J0)eiedwod unod
d8ziuoiyouis 1g ouma| [ o
(c®ed
iojesauab SESTI iojelauab
jeubis 4y IO/WII ssedmo usaned 1s8)

ssiou-opnasd \Dd

(
(1

66


https://standardsiso.com/api/?name=fbfc86f1a1bb5e47fc03df446897b4a0

1SO 6068-1985 (E)

(sawn 3sod) poyiaw io0lejnwis WOd — £ 24nbig

18p10081
103e18Uab3I ° pueq aseg
uianed \Dd
A9010
1010919
181UN02 101212dWOD 10308389p me :o:%: w:m sioje|sugn 19p1098)
10113 bl ——— 10113 18Z1u01ydUuAs 1nejnp: 13A1803Y el dn uonoslepald
ng lauie) )

67


https://standardsiso.com/api/?name=fbfc86f1a1bb5e47fc03df446897b4a0

1SO 6068-1985 (E)

Bit error probability
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Figure 24 — Optimum theoretical performance for bit error rate versus
normalized signal-to-noise ratio
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Figure 27 — Spectrum of NRZ-pseudo-noise (PN) sequence of length 7 bits
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dc signal Subcarrier Electronic
source oscillator frequency counter
devoltmaeter ac-voltmeter

dc sigrnjal Subcarrier
Y ¢ S— 3 Py
source oscillator
Mixer
w network
X axis X—Y
Recorder

Figure 28 — Equipment configuration for control range(s) test(s)

Subcatrier

disctiminator

A

Y axis

Figure 29 — Equipment-configuration for linearity measurement, method no. 1

High-stability

dc voltage source

Variable Precision
dc voltage voltmeter
. . . \
Alternate input to subcarrier oscillator
B > . Electronic
Precision ! Sul?carner » frequency
decade N - oscillator counter
divider :
-

Figure 30 — Equipment configuration for linearity measurement, method no. 2
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Electronic
frequency

counter

ac voltmeter

Figure 31 — Equipment configuration for amplitude modulation test

dc signal

source

Subcarriet
osgillator

Electronic
frequency

counter

Distortion
analyzer or
wave analyzer

Figure 32 < Equipment configuration for output distortion test

. X Electronic
Resistance Subcarrier
frequency
decade osciliator
counter
dc null
voltmeter

Figure 33 — Equipment configuration for source impedance test
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dc signal
source

Subcarrier
oscillator

—’—?—_—.

Electronic
frequency
counter

dc voltmeter

ic signal
ource

dq voltmeter

ac voltmeter

Figure 34 — Equipment configuration for input grounding test

Subcarrier Electronic
i >
oscillator frequency
counter
Resistance ac voltmeter
decade »

Capacitance
decade

T

Figure 35 — Equipment _configuration for output loading test

Electronic

frequency

counter
Oscillator or | Subcarrier Wave
signal generator oscillator analyzer

ac voltmeter

Figure 36 — Equipment configuration for modulation feedthrough test
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Reference _—_%\l\o___ Subcarrier -
Itages [ oscillator o
vo !
|
|
Count Electroni
command ectronic _
Programmer frequency Printer
counter

Figure 37 — Equipment configuration for stability versus time test

. Electronic
t
oo el i Bl
oscilator counter
Y
Supply Subcarrier
dc voltmeter vbltage o discriminator
o n'g —0
Ripple
PP ac voltmeter
source

Figure'38 — Equipment configuration for supply voltage variation and ripple tests

. Low-Reise
ac/dc signal subcarrier ac voltmeter
source discriminator
Subcarrier
oscillator .
under test
/d = Electronic
ac/dc frequency
voltmeter counter

Figure 39 — Equipment configuration for common-mode rejection test
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Annex B

Magnetic tape recorder/reproducer information and use criteria

(This annex does not form part of the standard.)

B.1 Configurations not as yet included in this International Standard

B.1.1 Extended

Systems have been glemonstrated using special heads and modified electronics, and special high-output magnetic tape;“which will
give direct recording down to wavelengths of 1 um (40 pin) or lower (a bandwidth of at least 1,5 MHz at 1 524'mm/s (B0 in/s)
without serious degfadation of system signal-to-noise ratio. If field experience proves these systems reliable“ovér a reasonable
operating time, econpmies in tape use could result.

B.1.2 High-dendity PCM (see 6.3.8)

Several methods for| recording serial PCM data at bit-packing densities of 800 bits/mm (20 000-bits/in) or greater have become
available. The encodihg methods are designed to avoid the need for very low frequency response by ensuring the presence of an ad-
equate number of flux transitions, while at the same time attempting to constrain the overall bandwidth required, although nominal
bandwidth is not necpssarily the only criterion. The methods include the techniques knowrn’as delay modulation (“’Miller code’’) and
enhanced-NRZ as wgll as the Bi-phase formats defined in figure 1.

For these systems wide-band DR instrumentation recorders are employed but spegdial record and reproduce electronics are rgquired.

Such systems appear|attractive for recording large quantities of PCM data and consideration is being given to the preparation ¢f Inter-
national Standards ir this area.

B.2 Head polatity (see 4.5.7)
The requirement that a positive pulse at a record amplifier inputgenerate a south-north-north-south magnetic sequence angl that a
south-north-north-solith magnetic sequence on tape produces’a positive pulse at the reproduce amplifier output still leaves [two in-
terdependent paramdters unspecified. These are

a) polarity inverdion or non-inversion in record and/or playback amplifiers, and,

b) record or playback head winding sense.

For purposes of head| replacement it is necessary that these parameters be determined so that an unsuspected polarity invergion on-
tape or off-tape will pot occur after heads are replaced.

B.3 Record level (see'5:1.3.4)

Normal record level is|established as the level of a sinusoidal signal of 0,1 upper band edge frequency which, when recorded, rgsults in
an output signal havir T logel; ot i i ing.Si ] ise-like
spectral distribution, such as FM/FM telemetry signals, contain high crest factors and should be recorded well below the 0 dB normal
record level. Other signals may have to be recorded above the normal record level to give optimum performance in the data system.

Crossplay of tapes from older low- and intermediate-band DR machines on wide-band DR machines will exhibit bias signal output due
to the higher resolution of the wide-band reproduce heads and the relatively low bias frequencies employed.

B.4 Tape crossplay considerations (wide-band DR) (see 5.1.3.3)

Figure 40 illustrates the typical departure from optimum frequency response that may result when crossplaying wide-band tapes
which were recorded with heads employing different record head gap lengths. Line AA is the idealized output versus frequency plot of
a machine running with wide-band 1,5 MHz DR response at 3 048 mm/s (120 in/s). Record bias and record level were set up per this
International Standard, using a 3 um (120 pin) record head gap length and a 1 um (40 pin) reproduce head gap length. Lines BB and
CC represent the output response curves of the same tapes recorded on machines with 5 pum (200 pin) and 1,25 pum (50 pin) record
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head gap lengths, respectively. Each of these recorders was set up individually per this International Standard. The tapes were then
reproduced on the machine having a 1 um (40 pin) reproduce head gap length without readjusting its reproduce equalization.

The output curves have been normalized to zero decibels at the 1/10th upper band-edge frequency for the purpose of clarity. The nor-
malized curves may be expected to exhibit a plus or minus 2 dB variance in relative output over the pass band. The tape recorded with
the shortest gap length heads will provide the greatest relative output at the upper band-edge.

Because of the fact that the recorder/reproducer setup procedures do not establish a uniform recorded flux density on the tape for
different heads, it is recommended that crossplay of tapes between different machines be undertaken with great care.

One method of normalizing the record-playback transfer function is to record a calibration signal sequence on each tape leader so that
equalization and gain of the reproduce amplifiers may be properly adjusted during the reproduce process. First, an upper band-edge
sinusoidl signal should be recorded on at Teast one odd-numbered and one even-numbered track Tor adjustment of reproduce-head
azimuth] Then it is recommended that a 1/10 upper band-edge sinusoidal signal set at normal record level followed by a band-limited
white ndise signal set 6 dB below normal record level be recorded on each track. Gain is adjusted usingithe sjnusoidal signal and
equalizafion is adjusted with the recorded white noise. It is important that the noise generator signal be low-passffiltered at the upper
band-edge of the recorder/reproducer response being employed. Most reproduce amplifier inputs aré_hot bandilimited, and out-of-
band nofse contributes to front end saturation or overload effects which will result in excessive ifttermodulation|noise in the desired
pass bar|d.
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