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FOREWORD 

ISO (the International Organization for Standardization) is a worldwide federation 
of national Standards institutes (ISO member bodies). The work of developing 
International Standards is carried out through ISO technical committees. Every 
member body interested in a subject for which a technical committee has been set 
up has the right to be represented on that committee. International organizations, 
governmental and non-governmental, in liaison with ISO, also take part in the work. 

Draft International Standards adopted by the technical committees are circulated 
to the member bodies for approval before their acceptance as International 
Standards by the ISO Council. 

International Standard ISO 4337 was developed by Technical Committee 
ISO/TC 97, Computers and information processing, and was circulated to the 
member bodies in March 1976. 

lt has been approved by the member bodies of the following countries : 

Austral ia Hungary 
Belgium Italy 
Brazil Japan 
Bulgaria Netheriands 
Czechoslovakia New Zealand 
France Philippines 
Germany Poland 

Romania 
South Africa, Rep. of 
Spain 
Switzerland 
Turkey 
United Kingdom 
Yugoslavia 

Th e member body of the following country expressed disapprova! sf the d 
on technical grounds : 

U.S.A. 

ocume nt 

0 International Organkation for Standardization, 1977 @ 

Printed in Switzerland 
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liNTERNAl’-IONAL STANDARD ISO 4337-1977 (E) 

Information processing - Interchangeable magnetic 
twelve-disk pack (100 Mbytes) 

4 SCBPE AND FIELD CIF APPLICAT1ON 

This I riPernationaI Star-dar-d spedies the ger?eral, physical, md magrrtttie characteristics and the pre-initiaiization for the 
physical interchange of 180 Mbytes magnetic twelve-disk packs, for use NI electronie data processing Systems. 

SECTION ONE : GENERAL DESCRIPTION 

2 GENERAL DESCRIPTDON 

2.1 General figures 

A typical twelve-disk pack is represented in figures 1 to 6 : 

- figure 1 Shows an exploded view; 

- figure 2 Shows a vertical Cross-section; 

- figure 3 Shows, at an enlarged scale, the relationship 
between the top cover and the bottom protective disk; 

- figure 4 Shows a schematic Cross-section of part of 
the disk pack; 

-- figure 5 Shows a schematic Cross-section of the 
spindie leck; 

- figure 6 Shows an enlarged view of the edge of a disk. 

2.2 Main elements 

The main elements of this twelve-disk pack are : 

- the top cover; 

- the hub; 

- the spindle leck; 

-- the protective disks; 

.- the recording disks; 

-- the servo surface; 

- the bottom cover. 

Other elements shown in the drawings are for better 
understanding of the figures only and are not part sf the 
Standard. 

2.3 Direction of rstation 

The disk pack shall rotate counter-clockwise when viewed 
from the top. 

2.4 Pack capacity 

A gross information capacity of 100 million 8-bit bytes is 
achieved in this 12-disk pack by the use of 19 data disk 
surfaces. Data are recorded on 404 tracks per data surface. 
The track spacing gives approximately 8 tracks per miIIi- 
metre, each containing a maximum of 13 030 8-bit bytes of 
information. The recording density varies between outer 
and inner tracks and reaches a maximum of 159 bpmm on 
the innermost track. 
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ISO 4337-1977 (E) 

SECTION TWO : MECHANICAL AND PHYSICAL CHARACTERISTICS 

3 GENERAL REQUIREMENTS 

3.1 Operation and storage environment 

3.1.1 Operation 

The operating temperature - measured within the disk 
pack area of the drive - shall be within the range 15 “C 
(59 ‘F) to 57 “C (135 OF) at a relative humidity of 8 to 
80 %. The wet bulb reading shall not exceed 26 “C (79 “F). 
Before a disk pack is placed into Operation, it shall be 
conditioned within its covers for a minimum of 2 h in the 
Same environment as that in which the disk drive is 
operating. 

The time of acclimatization is dependent on the differente 
between the disk pack temperature and the environmental 
temperature of the disk drive. The minimum time may be 
calculated using a temperature gradient of 10 “C (18 ‘F) 
per hour. 

The range specified above does not necessariiy apply to the 
disk drive. 

3.1.2 Storage 

The storage temperature shall be within the range - 40 “C 
(-40 ‘F) to -l- 65 “C (i- 150 “F), the wet bulb reading not 
exceeding 30 “C (86 “F). For wet bulb temperatures 
between 0,5 “C (33 OF) and 30 “C (86 ‘F) the disk pack 
shall be able to withstand a relative humidity of 8 % to 
80 %. 

it is recommended that the pack should not be stored 
under the extreme conditions of the above range. A tem- 
perature gradient of more than ‘IO “C (18 ‘F) per hour 
should be avoided. 

The ambient stray magnetic field intensity shall not exceed 
4 000 Alm. 

3.2 Test conditions 

Unless otherwise stated, measurements shall be carried out 
at 23 + 3 “C (73.4 + 5 “F), 40 % to 60 % relative humidity 
after 24 h of acclimatization. Tests shall be carried out with 
the disk pack in the upright Position, unless otherwise 
stated. 

3.3 Shock and Vibration 

The disk pack should withstand exposure to shock and/or 
Vibration during normal Operator usage and still meet all 
dimensional and functional specifications of this lnter- 
national Standard. Protection against shock and Vibration 
during transportation and storage shall be subject to 
agreement between supplier and User. 

3.4 Material 

Unless otherwise stated, the disk pack may be construct- 
ed from any suitable material so lang as the dimensional, 

2 

inertial and other functional requirements of this Unter- 
national Standard are maintained. The coefficient of 
thermal expansion of all the recording disks shall be the 
Same. 

4 DIMENSIONAL CHARACTERISTICS 

4.1 Reference plane 

All dimensions are referred to a reference plane. lt is the 
surface, perpendicular to the axis of the pack, on which the 
pack rests with its three rest buttons. 

4.2 Overall exteanal dimensions 

4.2.1 Overall height (See figure 2) 

The Overall height of the disk pack with top and bottom 
cover shall be 

h, < 180 mm (7.09 in). 

4,2.2 Overall diameter (See figure 2) 

The Overall diameter of the disk pack with top and bottom 
cover shall be 

d, < 381 mm (15.0 in). 

4.3 Top cover (See f igure 3) 

4.3.1 Qu tside radius, pack-ten treline relationship 

When measured with reference to the hub centreline the 
outside radius of the top cover shall be 

183,65 mm (7.230 in) < r, < 185,42 mm (7.300 in). 

4.3.2 Vertical distance 

The vertical distance of the lower edge of the top cover 
below the reference plane shall be 

h* = 3,56 + 1,47 mm (0.140 + 0.058 in). 

4.4 Hub (See figure 4) 

4.4.1 Diameter of the flexure pads 

The diameter of the three hub flexure pads shall be 

dz = 44,432 + 0,005 mm (1.749 3 i 0,000 2 in) 

measured at 20,O + 0,5 “C (68 t 1 “F). 

4.4.2 Height of the flexure pads 

The height of the hub flexure pads shall be 

h, == 1,91 + 0,13 mm (0.075 + 0.005 in). 
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ISO 4337-1977 (E) 

4.4.3 Finish of the flexure pads 

The finish shall be of class N5, i.e. 0,4 Pm (16 Pin) arith- 
metical mean deviation; see ISO 1302. 

4.4.4 Relief of the flexure pads 

The hub flexure pad shall be relieved to 

d3 = 44,478 + 0,015 mm (1.751 + 0.000 6 in) 

measured at 20,O + 0,5 “C (68 + 1 “FL 

4.4.5 Height of flexure pads from the reference plane 

The height of the flexure pads from the reference plane 
shall be 

h4 = 1,40 + 0,30 mm (0.055 + 0.012 in). 

4.4.6 Radial compliance of flexure pads 

The radial compliance of each flexure pad shall be 
1 0 + - 0 2 Pm (40 + 8 Pin) per 4,5 N (1 Ibf) radial forte 
lo’cated’ at the collet flexure pad with d, expanded to 
44,450 0 + 0,002 5 mm (1.750 0 -t 0.000 1 in). 

4.4.7 Rest buttons 

4.4.7.1 LOCATION 

The three rest buttons shall be equally spaced on a circle of 
diameter 

da = 139,70 + 0,13 mm (5.500 + 0.005 in). 

4.4.7.2 DIAMETER AND SHAPE 

The diameter of the rest buttons shall be 

d5 = 11 $I 1 mm (0.43 k 0.04 in). 

Their rest surface shall be spherical with a radius 

r2 = 1 IO + 15 mm (4.33 + 0.59 in). 

4.4.7.3 ROUGHNESS AND HARDNESS 

The finish of the rest surfaces shall be of class N4, i.e. 
0,2 ,um (8 Pin) arithmetical mean deviation; see ISO 1302. 
The hardness shall be 55 to 60 H RC (Rockwell scale C). 

4.5 Spindle leck (see figure 5) 

4.5.1 Thread of the spindle leck 

The thread of the spindle leck shall be a double lead thread 
of type 24 UNF-2A. 

4.5.2 Diameter of wer part sf the 

The d iameter of the I ower p art of the spindle ock shal be 

dfi = 9,37 + 0,13 mm (0.369 + 0.005 in). 

4.5.3 Minimum full thread length 

The full thread length of the spindle leck shall be 

h, 2 7,14 mm (0.281 in). 

4.5.4 Chamfer 

The lower end of the spindle leck shall be chamfered from 
an inner diameter 

d, = 8,00 + 0,13 mm (0.315 + 0.005 in) 

and an angle 

y=45" + 2" - . 

4.5.5 Location of the shoulder of the spindle leck 

The shoulder of the spindle leck shall be at a distance from 
the reference plane of 

h, = 13,51 $ ~$~ mm (0.532 T i*i$ in). 
I . 

4.5.6 Length of the lowerpart of the spindle leck 

The length of the lower part of the spindle leck shall be 

h7 = 19,15 + 0,076 mm (0.754 st: 0.003 in). 

4.5.7 
leck 

Maximum diameter of the lower part of the spindle 

The diameter of the lower part of the spindle leck with the 
safety balls expanded shall be 

da = 10,7 + 0,l mm (0.421 t 0.004 in). 

The safety balls shall not expand before the Iockshaft pin is 
at a distance of 

h, < 46,97 mm (0.668 in) 

from the shoulder of the spindle leck. The safety balls shall 
cease to expand when the lockshaft pin is at a distance of 

h, 2 14,65 mm (0.577 in) 

from the shoulder of the spindle leck. 

The diameter with relaxed balls shall be 

d, < 9,53 mm (0.375 in). 

4.5.8 Location of the safety hals 

The centres of the safety balls shall be located with regard 
to the spindle leck shoulder at a distance of 

h i o = 9,04 * 0,23 mm (0.356 + 0.009 in). 

4.5.9 Hole for the Penetration of the lockshaft pin 

The diameter of the hole for the Penetration of the drive 
spindle lockshaft pin into the spindle leck shall be 

d , o = 3,18 f: 0,13 mm (0.125 + 0.005 in). 
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ISO 4337-1977 (E) 

4.5.10 Depth ofpenetration of the lockshaftpin 

The clearance for the penetration of the drive spindle 
Bockshaft pin into the spindle leck shall extend to a 
distance of 

h 1, < 13,84 mm (0.545 in) 

from the shoulder. 

4.511 ßemoval of the top cover 

lt shall be possible to remove the top cover when the 
Iockshaft has penetrated into the spindie leck to a distance 
of 

hl, = 14,44 + 0,21 mm (0.569 t 0.008 in) 

from the shoulder. 

4. Bsttom protective cliss< (see figure 4) 

4.6.1 5iameter 

The diameter of the bottom protective disk shaII be 

$ 1 - 360,37 Ifr 0,25 mm (14.188 “t- O.OlO tr~j. 

e]pSA%.Lei Thickness 

Ti-ie thickness sf the bottom protective disk AA! tJe 

“1 = l,30 C 0,08 rm-n (0.051 + 0.003 in). 

4.7 Dis& suppoats (see f igure 4) 

The radius of all disk supports shall be 

rq <90,0 mm (3.58 in)* v 

48 Recording disks 

4.8.1 5iameter (see figure 4) 

The diameter of all recording disks shall be 

d = 12 356,25 t 0,15 mm (14.025 ? 0.006 in). 

4.8.2 Thickness (see figure 6) 

The thickness of all recording disks shall be 

e2 = 1,905 + 0,025 mm (0.075 * 0.001 in). 

4.8.3 5isk edge chamfer (see figure 6) 

For a distance 

b G 1,3 mm (0.05 in) 

from the outisde edge of the disk, the disk contour shall be 
relieved within the extended boundaries of the disk 
surfaces. 

4.9 Top protectiwe disk (see figure 4) . 

4.9J 5iameter 

The diameter sf the top protective disk shaii be 

dj2 == 356,25 k Oll5 mm (‘l4.025 2 0.006 in}. 

4.9.2 Thickness 

The thickness of the top protective disk shall be 

e4 rz 1 ,27 -i- 0,05 mm (0.050 * 0.002 in). 

4.10 bseation of tke disks (see tigur-e 4) 

The disks shall be tccated with regar-d to the reference plane 
as described in 4.lO.l to 4,10.3. 

4% 0.1 Bo ttom pro tective disk 

The distance between the reference plane and ttae JoweI 
surface sf the bottom protective disk shall be 

h, ‘3 =- 0,56 to 1 r 41 IY~i-Tl (0.022 to cal56 in). \ 

4,1 CL2 ßecording disks i 

h .E ‘I 4 10,448 2 0,203 KlCi*i {0.4’lL- 5 i O.Otjfj in) I 

h Ill 15 20,003 -- 0,203 mm (0.787 5 ..h O..&iO8 inj * 

hl6 = 29,528 2 0,203 nlm (1 AG2 5 5 0.008 in) 7 I 

h 1 ‘7 -= 3. 39,053 0,203 rm77 (1,537 5 2. 0.008 in), 

h = 18 48,578 5 0,203 mrn (1.9% 2 5 I Q.008 in), 

h .] 9 == 58,103 0 0,203 r-nm (2.287 5 * 0.008 in), 

kr - 20 67,628 i 0 l 203 mm (2.662 5 + 0.008 in) P 

h 21 -77,153* 0203 I mm (3.037 5 -t 0.008 in), 

I-p ‘22 = 86,678 k 0,203 mm (3.412 5 - 0.008 in), 

h 23 = 96,203 -t: 0,203 mm (3.787 5 + 0.008 in). 

4.10.3 Top pro tective disk 

The distance between the reference plane and the lower 
surface of the top protective disk shall be 

h,, = 105,982t 0,432 mm (4.172 5k 0.017 inj. 

4.11 Location of the bwest element 

The Iowest element sf the disk pack shall not extend 
outside an annular space defined by 

h 25 < 7,6 mm (0.30 in) 

and two radii 

r4 = 78,0 mm (3.07 in), 

% - 96,5 mm (3.80 in). 
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4.12 Height without covers 5 PHYSICAL CHARACTERISTICS 

The Overall height sf the disk 

the reference plane shall be 
pack, without covers, above 5.1 Moment of inertia 

The moment of inertia of the disk pack without covers shall 
not exceed 107 g-m* (365.6 Ib-in*). h 26 < 123,O mm (4.84 in). 

4.13 Hub/disk relationship 5.2 Balance 

4.13.1 Axial Position limits of disk surfaces The disk pack shall be dynamically balanced. Residuat 
Unbalance shall be less than 100 g-mm (0.14 Uz-in) when 
measured at 3 600 min-’ in each of two planes parallel 
to the disk surface at 5,84 * 1,3 mm (0.23 + 0.05 in) 
above the upper surface of the top protective disk and 
below the lower surface of the botturn protective disk, 
respectively. 

With the disk pack revolving at any Speed in the range 
2 500 to 3 700 rev/min, the axial runout of the recording 
disks and the top and botturn protective disks (defined by 
stacking dimension h,, through hz4 in figure 4) shall 
remain within the axial Position Iimits defined for each 
surface by the plus and minus tolerante around the datum 
dimension expressed as a dimension from the reference 
plane for that surface (dimensions h,3 through h,,). Chis 
requirement shall apply to the area of all disk surfaces 
between a radius of 175,08 mm (6.893 in) minimum and 
a radius of 98,42 mm (3.875 in) maximum. 

5.3 Maximum rotational frequency 

The disk pack shall be capable of withstanding the effect of 
stress at a rotational frequency of 3 700 min-’ counter- 
clockwise as viewed from the top. 

4.13.2 Axial r-unout of disks 5.4 Locking pull 

The axial runout of any disk at any rotational frequency up 
to the maximum allowable rotational frequency (see 5.3) 
shall not exceed 

The disk pack shall be held to the disk drive spindle by a 
forte of 1 550 5 450 N (350 * 100 Ibf), exerted by the 
downward pull of the disk drive lockshaft on the disk pack 
spindle leck. 0,15 mm (0.006 in) for the recording disks, 

0,51 mm (0.020 in) for the protective disks, 
5.5 Ambient air 

total indicator reading. 
5.5.1 Filtered air 

4.13.3 Acceleration of axial r-unout 
The filtered air in the i mmediate area of the d isk pac 
be equivalent to a class 100 clean room (see an nex A) 

k shall 
With the disk pack revolving at 3 600 + 72 min-‘, the 
acceleration of the axial runout of the recording disk 
surfaces (measured with a high frequency cutoff defined by 
the flat response/high frequency asymptote intercept of 
2 200 Hz and a high frequency fall-uff of 18 dB per octave) 
in the area between a radius of 175,08 mm (6.893 in) 
minimum and a radius of 98,42 mm (3.875 in) maximum 
shall not exceed a peak acceleration from the base line of 
k 76 m/s2 (f 3 000 in/s2). 

5.5.2 Pressure 

The static pressure in the immediate area of the disk pack 
shall be 0,25 mbar (0.1 inH,O) minimum above the 
environment of the drive. 

5.6 Thermal time constant 

The thermal time constant is the time required to reduce an 
initial temperature differente between the pack and the 
drive by 2/3. The disk pack thermal time constant shall not 
exceed 1 min when measured with the disk pack rotating 
at 3 600 + 72 min-’ and within the specified operating 
environment and conditions. 

4.13.4 Horizontal runout of disks 

The horizontal runout (i.e. the total indicator reading) shall 
not exceed 0,25 mm (0.010 in) for the recording disks, and 
0,51 mm (0.020 in) for the top and botturn protective 
disks, referred to the centreline of the disk pack hub. 

5.7 Electrical earthing 4.13.5 Angular shift between disks and hub 

After the disk pack has experienced a positive or negative 
acceleration up to 3 000 rad/s2, the angular shift between 
disks and hub must remain equal to zero when measured 
with a device capable of detecting a shift of 3” of arc. 

The disk pack shall provide a discharge path from the 
magnetic media to the drive spindle through the hub 
mechanism. 

5.8 Physical characteristics of magnetic surfaces 
4.14 Location of magnetic surfaces 

5.8.1 Surface roughness 
The area of the magnetic surface of the recording disks shall 
extend from an inside diameter of 190,5 mm (7.50 in) 
maximum to an outside diameter of 352,0 mm (13.86 in) 
minimum. 

The finished magnetic surface shall have a surface roughness 
less than 0,05 Pm (2.0 Pin), arithmetic average, with a 
maximum deviation in height of 0,38 Pm (15 Pin) from 
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ISO 4337-1977 (E) 

average, when measured with a 2,5 Pm (0.000 1 in) stylus distilled or deionized water by volume) when used for 
and a 750 Pm (0.03 in) cutoff range. cleaning. 

5.8.2 Durability of magnetic surfaces 5.8.2.2 COATING ADHESION 

The nature of the coating shall be such as to ensure wear 

5.8.2.1 RESISTANCE TO CHEMICAL CLEANING resistance under operating conditions and maintenance of 

FLUID adhesion and abrasive wear resistance. 

The magnetic surface of recording disks shall not be 5.8.2.3 ABRASIVE WEAR RESISTANCE 
adversely affected by a 91 % Solution of isopropyl alcohol 
(made from reagent grade isopropyl alcohol mixed with 9 % The coating shall be able to withstand operational wear. 
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SECTION THREE : MAGNETIC CHARACTERISTICS 

6 TRACK AND RECORDING INFORMATION -DATA 
SURFACES 

6.1 General geometry, surfaces and heads 

Head and surface details shall be as in figures 7 and 13. 

Track locations shall be referred to a Cartesian Co-Ordinate 
System, axes X and Y, with its origin on the axis of rotation 
of the disk pack. 

6.2 Track geometry 

6.2.1 Number of tracks 

There shall be 411 discrete concentric tracks per data 
surface. 

6.2.2 Width of tracks 

The recorded track width on the data surface shall be 

0,109 t: 0,005 mm (0.004 3 + 0.000 2 in). 

(A suggested method of measuring the track width is shown 
in annex B.) 

6.2.3 Track iocation 

The centreline of any track shall lie within 

-t 0,005 mm (0.000 2 in) 

of its corresponding data track centreline as defined in 
10.1.5.3. 

The incremental head movement and its tolerante arc 
defined by the servo track information and shall correspond 
to the servo track spacing (see 10.1.5.4). 

6.2.4 Location of the /irres of access 

There shall be two groups of heads each having a line of 
access A and B respectively. These lines of access shall be 
parallel to the X axis and shall have the Ordinate 

Y, = + 7,772 mm (0.306 in), 

YB = - 7,772 mm (0.306 in). 

6.2.5 Recording offset angle 

At the instant of writing or reading a magnetic transition, 
the transition may have an angle of 

+ 30’ maximum 

with the line of access. 

6.2.6 lden tifica tion o f da ta tracks 

For the purposes of testing data tracks, the identifying 
System specified in 6.2.6.1 to 6.2.6.4 is used. 

6.2.6.1 DATA TRACK IDENTIFICATION 

Data track identification shall be a three-digit decimal 
number (000 to 410) which numbers data tracks consecu- 
tively starting at the outermost data track of each data 
surface. 

6.2.6.2 DATA SURFACE IDENTIFICATION 

The data surfaces shall be numbered from 00 to 18 
corresponding with the head numbers (see figure 7). 

6.2.6.3 CY LINDER 

A cylinder is the set of data tracks on 
having the sam e data t .ack iden tif ication. 

the data surfaces 

6.2.6.4 DATA TRACK ADDRESS 

A five-digit decimal number is used for data track address 
with the three most significant digits defining the cylinder 
address and the remaining two digits defining the data 
surface address. 

7 TEST CONDITIONS AND ECZUIPMENT - DATA 
SURFACES 

7.1 General conditions 

7.1.1 Rotational frequency 

The rotational frequency shall be 3 600? 72 min-’ in any 
test period. Rotation shall be counter-clockwise when 
viewed from above. 

7.1.2 Tempera ture 

The temperature of the air entering the disk pack area shall 
be 

27 -t 2 “C (81 + 4 “F). 

7.1.3 Relative humidity 

The relative humidity of 
be between 30 and 70 %. 

the air entering the disk pack shall 

7.1.4 Conditioning 

Before starting measurements, the disk pack shall be 
conditioned for 24 h in the same environment as that in 
which the test equipment is operating. 

7.2 Standard reference data surface 

7.2.1 

The Standard reference data surface s ball be characte rized 
at th e innermost and outermost track. Wh en recorded at If 

Charac teris tics 
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(see 7.8), using a data test head, the track average 

amplitude (see 7.7) shaii be : 

3,75 mV at track 000, 

l,9 mV at track 410. 

When recorded at 2f (see 7.8), using a data test head, the 
track average amplitude (see 7.7) shall be : 

2,7 mV at track 000, 

1,3 mV at track 410. 

7.2.2 Secondary Standard reference data surface 

This is a surface whose output is related to the Standard 
reference data surface via calibration factors C,, at lf and 
c o2 at 2f. 

The calibration factor C, is defined as 

Standard reference data surface output 
c, = 

Secondary Standard reference data surface output 

To qualify as a secondary Standard reference data surface, 
the calibration factor C, for such disks shall satisfy 

0,90 < c, < 1 ,IO 

at both measured tracks and a both frequencies. 

7.3 Data test head 

7.3.1 Descrip tion 

Disk measurement shall be taken with a suitable test 
headl) The test head shall be calibrated to the Standard I 
reference data surface and used for amplitude and data 
testing sf the data surfaces. 

7.3.2 Gap width 

The width of the recording gap (measured optically) shall 
be 

109,O t 2,5 Pm (0.004 3 + 0.000 1 in). 

7.3.3 Gap length 

The length of the recording gap shall be 

2,54 + 0,63 ,um (100 * 25pin). 

7.3.4 Qffset angle 

The angle between the read gap in the ferrite core and the 
line of access shall be 

0” + 30'. 

73.5 Flying heigh t 

When flying over track 410, the test head shall have a flying 
height at the gap of 

IJ4 k 0,05 Fm (45 + 2 Pin). 

7.3.6 Inductance 

The total head inductance shall be 94 + 0,2 PH measured 
in air at 1 MHz. Qne leg shall have an inductance sf 
270 t 0,05 PH; the other leg shall have an inductance of 
2,85 If- 0,05 ,UH. 

7.3.7 Resonan t frequency 

As measured at the head cable connector, the resonant 
frequency of the head shall be 

19,5 ZL- 0,5 MHz. 

7.3.8 Resolution 

The test head resolution shall lie between 65 and 79 % at 
track 000, and between 61 % and 75 % at track 410. 
Resolution is defined as 

2f amplitude 
xlOO%. 

1 f amplitude 

7.3.9 Head loading forte 

The net head loading forte shall be such as to achieve the 
flying height given in 7.3.5 and shall be within the limits 

3,4 + 0,4 N (0.76 + 0.09 Ibf). 

7.3.10 Calibration factor 

The data test head calibration factors C, f at 1 f and C, 2 
at 2f shall satisfy 

0,9o<c, < 1,lO . 

C, is defined by 

CH = 
Standard reference data surface output 

Actual head voltage measured 

when measured on a Standard reference data surface, or by 

Standard reference data surface output 
‘H = (Actual head voltage measured) x C, 

when measured on a secondary Standard reference data 
surface. 

7.3.11 Overwrite capability 

The overwrite capability of the head shall meet the 
following requirement. 

Write with If on track 000 o-1’ a Standard reference data 
surface and measure the average amplitude of the If Signal 
with a frequency-selective Voltmeter. Without DC erase, 
overwrite once at 2f, measure the average amplitude of the 
residual 1 f Signal. 

1) Information on suitable test heads may be obtained from the Secretariat of ISG/TC 97, or from the ISO Central Secretariat. 
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The ratio : 7.5 Read channel 

Average amplitude of selectively 
measured 1 f Signal after overwrite with 2f 

Average amplitude of selectively 
measured If Signal before overwrite with 2f 

ISO 4337-1977 (E) 

7.5.1 Input impedance 

shall be - 50 + 5 dB. 

The differential input impedance of the read channel 
shall be 900 k 45 a in parallel with 25? 2 pF, including 
the pre-amplifier input impedance and all other distributed 
and lumped impedance measured at the head termination 
connector. 

7.4 Conditions for measurements using the data test head 

7.5.2 Frequency and Phase characteristics 

7.4.1 Wri te curren t 

The 2f write current shall conform to figure 8. The current 
amplitude measured at the head termination connector 
shall be varied in seven levels as presented below : 

Data tracks 
Write current amplitude 

4A.v +4tv2) 

0 to 63 180mA ’ 

64 to 127 173 mA 

128 to 191 166 mA 

192 255 160 mA [ tolerante to 
* 1 % 

256 to 319 153 mA 
I 

320 to 383 147 mA 

384to410 140 mA 

The differentes be 
amplitudes of the 

Ir w, -Iw21 < 2 mA. 

tween the positive and negative 
quiescent write current shall be 

T, = 46 k 3 ns I 

T, = 46 + 3 ns. 

I 
Overshoot : (6,5 ? 0,5) % of I,,,, = Wl -+Iw, 

2 ’ 

The frequency and Phase characteristics are defined by the 
following : 

a) the frequency response shall be flat within + 0,25 dB 
from 0,l MHz to 6,45 MHz (0,06f to 4f); 

b) the -3 dB roll-Off Point shall be at 9,675 MHz (6f); 

c) the attenuation above 9,675 MHz shall not be less 
than that given by a line drawn through zero at 
9,675 MHz with a slope of -60 dB/decade; 

d) the Phase shift shall be less than ? 5” between 
0,l MHz and 6,45 MHz (0,06f and 4f). 

7.5.3 Transfer charac teris tics 

For inputs between 0,3 mV and IO,0 mV the transfer 
characteristic shall be linear within + 3 % or 50 pV, which- 
ever is larger. 

7.6 Automatic gain controlled amplif ier 

The AGC-amplifier shall produce an output voltage V,,, 
constant to within t 1 % for input voltages from 
V IN, min = 0,s mv to vlN max = IO,0 mV (see figure 9). * 

Its response time shall be 3,4 ps. All frequencies beiow 
10 kHz shall be attenuated at a rate of 20 dB/decade. 

T, = T, ZL 2 % . 

7.7 Track average amplitude V,, 

7.4.2 DC erase current 

The DC erase current supplied to one of the two read/write 
coils when DC erase is specified shail be : 

Data tracks DC erase current 

0 to 63 90,O mA 

64 to 127 86,5 mA 

128 to 191 83,0 mA 

192 to 255 80,O mA 

256 to 319 76,5 mA 

320 to 383 73,5 mA 

384 to 410 70,O mA 

tolerante 
+ 1 % 

The track average amplitude VTA is the average of the 
peak-to-peak values of the Signals over one revolution of the 
disk measured at the output of the data test head when 
electrically loaded as in 7.5. 

7.8 Test Signals 

The recording frequencies specified as 1 fand 2f shall be : 

1 f = (3 225 t 3,225) x IO3 transitions/s, 

2f = (6 450 + 6,450) x IO3 transitions/s. 

7.9 Use of DC erase 

Unless otherwise specified all write operations shall be 
preceded by a DC erase Operation. 
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8 FUNCTIONAL TESTING -- DATA SURFACES 8.1.4.2 RESU LT 

8.1 Surface tests 

8.1 .I Amplitude test 

8.1.1.1 PROCEDURE 

Write on any part of the data surface at 2f, read back and 
measure the V,, . 

8.1.1.2 RESU LT 

The upper Limit of VTA corrected by C, for the data test 
head shall be 1,8 mV at data cylinder 410 and shall increase 
linearly to a value of 3,6 mV at data cylinder 000. The 
corresponding iower Iimit shall be 0,95 mV at data cylinder 
410 and shall increase linearly to a vaiue of 1,8 mV at data 
cylinder 000 (see figure IO). 

8.1.2 Resolution test 82.1 Positive moduhtion test 

8.1.2.1 PROCEDURE 8.2.1.1 PRO~EDURE 

Write on any part of the data surface at lf, read back and 
measure the VT,. Then DC erase, write at the same 
Position at 2f, read back and again measure the Kr A I 

8.1.2.2 RESU LT 

Resid 
met : 

ual noise occurs if any sf the following conditions is 

The number of noise 
pulses exceeding 

16% 

18% 

20 % of 0,5 v,, 

22 % 

24 % 

is greater than 

1 700 

400 

90 

20 

5 

Residual noise is not permitted. 

8.2 Track quality test 

Write on each track at Zf, read back and measure the V,, . 
With a delay of t, = 1,55 ?I 0,15 ps after detecting a read 
pulse exceeding 125 % of 0,5 V,,, count all further such 
pulses during a time period of trjm = 3,lO + 0’15 ,us 
(see figure 11). 

In all cases the ratio 
8.2.1.2 RESU LT 

Average track amplitude of 2f Signal 

Average track amplitude of If Signal 

shall be 0,70 It 0,20. 

8.1.3 Overwrite test 

8.1.3.1 PROCEDURE 

Write on track 000 at If and measure the average amplitude 
of the If Signal with a frequency-selective voltmeter-. 
Without DC erase, overwrite once at 2f. Measure the 
average amplitude of the residual If Signal with the 
frequency-selective Voltmeter. 

8.1.3.2 RESU LT 

The ratio 

Average amplitude of lf Signal after overwrite 

Average amplitude of If Signal before overwrite 

shall be less than - 40 dB. 8.2.3.1 PROCEDURE 

f3.1.4 Residual noise test 

8.1.4.1 PROCEDURE 

Write on data track 410 at 2f, read back and measure the 
V TA’ Then BC erase once and read back over one 
revolution. 

Positive moduiation occurs if the number of counted pulses 
exceeds 16. 

8.2.2 Negative modulation test 

8.2.2.1 PHOCEDURE 

Write on each track at 2f, read back and measure the V,,. 
With a delay of t, = 1,55 + 0,15 ps after detecting a read 
pulse not reaching 75 % of 0,5 V-,-A, count all further such 
pulses during a time period t,.,, = 60 + 1 ps (see figure 11). 

8.2.2.2 RESU LT 

Negative modulation occurs if the number of counted 

pulses exceeds 256. 

8.2.3 Missing pulse test 

Write on each ttrack at 2f and read back using the AGC- 
amplifier. 

8.2.3.2 RESU LT 

A missing pulse is any read pulse whose amplitude is less 
than 55 % sf the AGC output voltage (V,.& 
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8.2.4 Extra pulse test 10 SERVO SURFACE 

8.2.4.1 PROCEDURE 
10.1 General description 

Write on each track at 2f, read back and measure the VTA. 
Then DC erase once and read back over one revolution. 

10.1 .l Location 

The servo surface shall be the upper surface of the 6th 
recording disk from the top. It shall be located between 
data surface 10 and data surface 9 (see figure 7). 8.2.4.2 RESU LT 

An extra pulse is any spurious read pulse exceeding 40 % 
of 0,5 v,, . 

10.1.2 The servo surface and its task 

The servo surface shall be used as a geometrical and timing 
reference for all other surfaces of the disk pack. The servo 
surface shall provide the means to implement the following 
features : 9 ACCEPTANCE CRITERIA FOR DATA SURFACES 

- head positioning and track following; 
9.1 Surface test criteria 

-- write timing (write clock); 
The disk pack shall meet the requirements of all tests 
specified in 8.1. - index sensing; 

9.2 s 1 

Positive or negative modulation as defined in 8.2 shall not 

Modula tion criteria 

occur in any track. 

rotational frequency of 3 600 min-’ is assumed. 
For the following dibit timing relationships a nominal 

10.1.4 Recorded servo tracks 

1 

9.2.2 Data errors 
10.1.4.1 TWO-BYTE INTERVAL ’ 

9.2.2.1 SINGLE ERROR 

A Single error is the occurrence of a missing pulse 
(see 8.2.3) or of an extra pulse (see 8.2.4). 

Esch recorded servo track shall be divided into 6 720 equal 
intervals, called 2-byte intervals (or dual intervals). Esch 
2-byte interval shall correspond in time t, to two data 
bytes on any data surface. 

t, = 2 480 ns nominal. 
9.2.2.2 CORRECTABLE ERROR 

A correctable error occurs if the interval between the first 
Single error and the last Single error of a data track is equal 
to or less than 10 bit periods (see 11 .l .l). 

9.2.2.3 UNCORRECTABLE ERROR 

An uncorrectable error occurs if the interval between the 
first Single error and the last Single error of a data track is 
greater than 10 bit periods (see 11 .l .l). 

9.2.2.4 ERROR CRITERIA 

10.1.4.2 DIBIT 

The read Signal of a recorded servo track shall consist of 
pairs of pulses called dibits. Esch dibit consists of a pulse 
of one polarity followed closely by a pulse of the opposite 
polarity. The time interval t, between these two pulses 
shall be small compared with t, /2 (see figure 12) and its 
value shall be 

t, = 330 ns nominal 

measured at the Point on the leading edge of the pulse 
amplitude which equals 50 % of the AGC reference 
amplitude (see 10.2.4). 

There shall be neither correctable nor uncorrectable er-rot-s 
in the tracks having the addresses 00000 and 00001. There 
shall be no uncorrectable errors in each track from 93 ps to 
233’12 ps following the index. 

For the purposes of data interchange there shall be no 
uncorrectable errors on at least 7 676 data tracks. If more 

10.1.4.3 PLUS-• DD SERVO TRACK 

A plus-odd servo track shall be recorded so that its read 
Signal consists of plus-dibits occurring in the first half of the 
2-byte intervals. A plus-dibit shall consist of a positive pulse 
followed by a negative pulse (see figure 12). 

10.1.4.4 MINUS-EVEN SERVO TRACK 

A minus-even servo track shall be recorded so that its read 
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Signal consists of minus-dibits occurring in the second half 
of the 2-byte intervals. A minus-dibit shall consist of a 
negative pulse followed by a positive pulse (see figure 12). 

10.1.5.5 SERVO TRACK NUMBERING (Seefigure 16) 

The servo tracks are consecutively 
outermost track : 

numbered starting at the 

-12,5;-11,5;...-0,5;+0,5;...+428,5. 
10.1.4.5 POLARITY OF THE SERVO READ SIGNAL 

This numbering System has been Chosen because the centre- 
lines of the servo tracks --I- 0,5 to 409’5 shall be spaced 
nominally haIf-way between the data track centrelines of 
tracks 000 to 410. 

The polarity of the read Signal of a recorded servo track is 
defined by the condition that the outermost recorded servo 
track (track - 12,5, outer guard Zone; see 10.1.5.7) is a 
plus-odd servo track (see 10.1.4.3). 

10.1.5.6 SERVO ZONE (see figure 16) 
10.1.4.6 DIRECTION OF MAGNETIZATION 

The servo zone shall contain 412 servo tracks alternating 
between plus-odd and minus-even, from servo track -0,5 
to 410,5. 

Figure 12 Shows the relationship between direction of 
magnetization of the disk and the polarity of the two types 
of dibits. 

10.1.5.7 GUARD ZONES (Seefigure 16) 

10.1.5 Servo head positions and servo track geometry 
The outer guard zone shall consist of 12 plus-odd servo 
tracks, from servo track -12,5 to -1,5. The inner guard 
zone shall consist of 18 minus-even servo tracks, from servo 
tracks 411,5 to 428,5. The nominal radii (see figure 13) 
calculated from the values given in 10.1.5.3 and 10.1.5.4 
shall be : 

10.1.5.1 LIN E 

SERVO-HEAD 

OF ACCESS AND ALIGNMENT OF 

The read-gap of the servo head shall move along the Iine of 
access A (see 6.2.4 and figure 13). The centreline of the 
servo head gap shall coincide with the Iine of access to the 
accuracy given in 6.2.5. 

R = -- 1 3 163,746 mm (6.446 7 in), 

R - 1 = 162,164 mm (6.384 4 in), 

R 411 = 107,840 mm (4.245 7 in), 10.1.5.2 SERVO TRACKING CENTRELINE 

R 429 = 105,471 mm (4.152 4 in). The servo tracking centreline for each cylinder is given by 
the centre of the servo head gap, with the servo head 
positioned on the line of access, when the read Signal 
contains equal amplitudes of the leading peaks of plus- 
dibits and minus-dibits. This read Signal (see figure 14) is 
produced by adjacent plus-odd and minus-even servo tracks 
(see also figure 15). 

10.1.5.8 HEAD LOADING ZONE (see figures 13, 16) 

The head loading zone shall extend from 

R HL = 169,545 mm (6.675 0 in) to 
R - 13 = 163,746 mm (6.446 7 in). 

The centrelines of the written data tracks of each cylinder 
are determined by the corresponding servo tracking centre- 
line and the accuracy of alignment of data heads with 
respect to the servo head. 

It shall be erased. AC- or DC-erase may be used. 

10.1.6 Index 

10.1.5.3 CO-ORDINATES OF REFERENCE TRACK 10.1.6.1 DEFINITION 

The nominal Iocation of all data track centrelines and all 
servo track edges shall be calculated from the nominal co- 
ordinates of the centreline of data track 245 : 

Index is the Point which defines the beginning and the end 
of a track. At the instant of having detected the index 
Pattern (see 10.1.6.2), index for each data track is under 
the corresponding read/write gap on its line of access. X 245 = 129,487 mm (5.097 9 in), 

Y = 7,772 mm (0.306 0 in). 
10.1.6.2 INDEX PATTERN 

The index Pattern is the pulse sequence : 10.1.5.4 SERVO TRACK SPACING 

dddddododdod The nomina 
tracks along 

spacing S between the centrelines of the servo 
he line of access shall be t 

In the servo zone “d” is a pair of dibits and “0” is an 
omitted pair of dibits (see figure 17). S = 132’08 Pm (5 200pin). 

This spacing S is also the nom ina I spacing 
track centrel ines along the line of access. 

between the data In the guard zone “d” is a Single dibit and “0” is a Single 
omitted dibit. 
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10.1.6.3 INDEX GEOMETRY 10.2.3.4 ACCELERATION OF AXIAL RUNOUT 

The acceleration of axial runout shall not exceed 

+ 12 7 m/s* (+ 500 in/s*) - t . 

The index Pattern (see 10.1.6.2) shall be recorded on all 
servo tracks from -12,5 to 428,5. All corresponding dibits 
shall coincide in the X-direction on the Iine of access 
(see figure 13). 

10.2.4 Read channel for servo testing 

10.2 Measurement conditions The electrical termination of the servo test head shall be 
480 + 24 s2 in parallel with 90 t 5 pF, including the pre- 
amplif ier inp 
impedances. 

ut impedance and all other stray and external 10.2.1 ßo tational frequency 

The rotational frequency shall be 3 600 + 72 min-l. For 
the timing measurements (see 10.3.1) a rotational 
frequency of 3 600 2 36 min-’ is required. 

The read channel shall have a frequency response flat 
within $I 3 dB and a Phase shift within * 7,5O from 250 kHz 
to 6 000 kHz. 

The servo AG C-amp1 if ier shall prod uce an output vol tage 
constant to within + 1 % for input voltage s from 

10.2.2 Environmen tal conditions 

V IN, min = 0,s mv to vlN max = 10,O mV (see figure 9). 
The gain to achieve the AGC reference level VS,., shall 
be based upon the average of the preceding 250 two-byte 

Before measurements commence, the disk pack shall be 
conditioned for 24 h in the Same environment as that in 
which the test equipment is operating and shall be run on 
the drive used for measurement for at least 15 min. intervals. 

The testing shall be conducted under the following 
conditions : IO.25 Servo track average amplitude VSTA 

input air flow : 6 i 1 m3/min (210 2 35 ft3/min) The servo track average amplitude VSTA is the average of 
the peak-to-peak values of the Signals over one revolution 
of the disk measured at the output of the servo test head 
when electrically loaded as in 10.2.4. 

air cleanliness : class 100 (see annex A) 

relative humidity : 40 to 60 %. 

The pack input air temperature shall be 20 + 3 “C 
(68 t 5 “F). For the measurement of servo track locations, 
however, the air temperature (measured between disk 
surfaces 9 and 10, see figure 7) shall be 20 k 0,25 “C 
(68 + 0.5 “FL 

10.3 Standard reference servo surface 

10.3.1 Characteristics 

The Standard reference servo surface shall be characterized 
at the innermost and outermost servo tracking positions as 
weil as at the inner and outer guard zones. 

10.2.3 Requiremen ts for the measuremen t spindle 

The following measurements shall be taken with the 
disk pack measurement drive spindle revolving at 

3 600 * 36 min-‘. The measurements taken in 10.2.3.3 
and 10.2.3.4 are made with a high frequency cutoff defined 
by the flat response/high frequency asymptote intercept of 
2 200 Hz and a high frequency fall-Off of 18 dB per octave. 

When recorded with the servo Pattern shown in figures 14 
and 18, using a servo test head, the VSTA shall be 

3,3 mV at track 000, 

2,l mV at track 410, 

6,6 mV at track -006 (outer guard Zone), 10.2.3.1 RADIAL RUNOUT 

The total 
spindle CO 
(25 Pin). 

indica ted radial runout mea sured where the 
ntacts t he hub fle xure sha II not exceed 0,635 ,um 

4,2 mV at track 416 (inner guard Zone). 

The time interval between the 50 % V,,G, levels of the 
two pulses of one dibit (T, to T, and T, to T, in 
figure 18) shall be 330 ns. 

10.2.3.2 Ax IAL RUNOUT 

10.3.2 Secondary Standard reference servo surface The total indicated axial runout shall not exceed 1,27 Fm 
(50 Pin). 

This is a surface whose 
rface v 

ou tput is rela ted to the Standard 
calibra tion factor c SD- reference servo su ia a 

10.2.3.3 ACCELERATION OF RADIAL RUNOUT The calibration factor CS, is defined as 

The acceleration of radial runout shall not exceed Standard reference servo surface output 

Secondary Standard reference servo surface output 
c SD = + 12 7 m/s* (1 500 in/s*) - I . 
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To qualify as a secondary Standard reference servo surface, 

a) the calibration factor CS, for such disks shall satisfy 
0,90 < CS, < 1 ,IO at the measured tracks; 

b) the dibit pulse width (T, to T, and T, to T, in 
figure 18) shall be 330 -f: 20 ns. 

10.4 Servotest head 

10.4.1 Descrip tion 

Disk measurements shall be taken with a suitable test 
headl j. The test head shall be calibrated to the Standard 
reference servo surface. 

10.4.2 Gap width 

The width of the read gap measured optically shall be 

130 + 2,5 ,um (0.005 1 + 0.000 1 in). 

10.4.3 Gap length 

The test head ferrite core shall have a gap length of 

2,54 7- 0,63 Pm (100 + 25 Pin). 

10.4.4 0ffse t angle 

The angle between the read gap and the line of access shall 
be 0” k 30’. 

10.4.5 Flying heigh t 

When flying over track 410, the test head shall have a flying 
height at the gap of 

IJ4 It: 0,05 Pm (45 + 2 Pin). 

10.4.6 lnductance 

The total head inductance shall be 9,5 + 0,02 /JH measured 
in air at 1 MHz. 

10.4.7 Resonan t frequency 

As measured at the head cable connector, the resonant 
frequency of the head shall be 12,5 + 0,5 MHz. 

10.4.8 Calibra tion factor 

The calibration factor CS,, shall satisfy 

0,90 < CSH < 1 ,IO. 

c SH is defined by 

c - 
Standard reference servo surface output 

SH - Servo test head output 

when 

bY 

measured on a Standard reference servo surface, or 

C 
Standard reference servo surface output 

SH = (Servo test head output) x CsD 

when m easured on a secondary Standard reference servo 
surface. 

10.4.9 Dibit pulse width 

The time interval between the 50 % VsAGc levels 
(see 10.2.4) of the two pulses of one dibit (T, to T, and 
T, to T, in figure 18) shall be 330 rt 40 ns when measured 
on a Standard reference servo surface. 

10.5 Servo surface Signal requirements 

10.5.1 Servo Signal timing 

Figure 18 Shows the servo Signal with the servo head in the 
servo tracking centreline Position. All timing measurements 
shall be made at 50 % VS,., (see 10.2.4). 

10.5.1.1 REouIREMENTS FoR TIME IN-ERVALS 

The time of each two-byte interval shall be : 

time interval T, to next T, = 2 480 t 80 ns. 

The time of each byte interval shall be : 

time interval T, to 7, = 1 240 f 80 ns 

and 

time interval T, to T; = 1 240 -t 80 ns. 

The time between the two pulses of one dibit shall be : 

time interval T, to T, = 330 + 80 ns 

time interval T, to T, = 330 + 80 ns. 

10.5.1.2 CUMULATIVE TIMING ERROR 

To ensure reliable Operation of the servo track Phase locked 
oscillator it is necessary to Iimit sudden changes in the 
positions sf the T, and T, edges. 

Either of the two follo 
the interchange Parties 

wing criteria may be agreed between 

a) With the exception of the allowable missing dibits, 
every T, and T, edge shall be within + 40 ns of its 
theoretical Position. The theoretical Position is that 
location where each and every timing edge is equally 
spaced with respect to the preceding and following edge. 
(This requirement is directed at Iimiting any frequency 
modulation discrepancies of the servo data.) 

1) Information on suitable test heads may be obtained from the Secretariat of ISO/TC 97, or from the ISO Central Secretariat. 

14 
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b) E ight consecutive dibits shall be such that the 
algebraic sum of the timing differentes between their 
actual positions (T, , Tz) and their predicted positions 
does not exceed 150 ns. The predicted positions shall be 
based on the average of 100 intervals immediately 
preceding the eight dibits being examined. 

Failure of any or all of the above testing during a two- 
byte interval shall be considered one count of noise. On 
any servo tracking centreline the count shall not exceed 
four. In any pair of consecutive two-byte intervals the 
noise count shall not exceed one. 

10.5.3.2 NOISE LIMITS FOR THE INDEX PATTERN 

10.5.1.3 GUARD ZONE TIMING 
Between the positive going pulses of the dibits adjacent to 
the omitted dibits of the index Pattern, no positive Signal 
shall exceed 25 % of VS,., for a time of t, =3 410 ns 
(see figure 19). 

The d ibits on two adjacent servo tracks withi n the guard 
zones shall toi neide with each othe r withi n 150 ns. 

10.5.2 Servo Signal amplitude Between the negative going pulses of the dibits adjacent 
to the omitted dibits of the index Pattern, no negative 
Signal shall exceed 25 % of VsAGc for a time of 
t, = 2 810 ns (see figure 19). 

10.5.2.1 AVERAGE AMPLITUDE IN SERVO ZONES 

The maximum VS-r-A corrected by Cs H measured at the 
servo test head shall be 4,6 mV at track 000, and 3,0 mV 
at track 410. 10.5.3.3 NOISE LIMITS FOR HEAD LOADING ZONE 

The corresponding minimum amplitude shall be 2,0 mV 
at track 000 and 1,2 mV at track 410. 

Continuous noise shall not exceed 0,l mV base-to-peak, 
measured at the servo test head. Bursts of noise exceeding 
the continuous noise threshold shall have a maximum 
duration of 100 ,us and be separated from each other by at 
least 2 ms. 

10.5.2.2 AVERAGE AMPLITUDE IN GUARD ZONES 

The ‘STA corrected by CSH measured at the servo test 
head shall be between 2,4 mV and 6,0 mV in the inner 
guard zone and between 4,0 mV and 9,2 mV in the outer 
guard Zone. 

10.6 Servo surface track locations 

However, these limits may be violated for periods up to 
25 ps. Such periods must be separated by not less than 
1 ms. 

10.6.1 Spacing o f servo tracking ten trelines 

The spacing between any two adjacent servo tracking 
centrelines (see 10.1.5.2) when measured along the line of 
access and averaged over one revolution at 20 t 0,25 “C 
(68 2 0.5 ‘F) shall be 

10.5.2.3 LEADING PULSE AMPLITUDE 

The amplitude of the leading pulses of the dibits in the 
servo zone shall not exceed 125 % of VsAGC. The 
amplitudes shall be measured after the servo AGC- 
amplifier. 

132,l + 1,O Pm (5 200 ? 40 Pin). 

10.6.2 Co-ordinates of the reference track 

The co-ordinates of the centreline of data track 245 at 
20 “C (68 ‘F) shall be : 

10.5.2.4 MISSING DIBITS 

If the leading pulse amplitude of a dibit in the servo zone 
is less than 80 % of VS,.,, this dibit is considered 
missing. Missing dibits shall not occur 

X 245 = 129,487 + 0,025 mm (5.097 9 + 0.001 in), 

Y = 7,772 + 0,051 mm (0.306 0 + 0.002 in). 

a) in consecutive two-byte intervals; 
10.6.3 Position of data tracks 000 and 4 10 

b) in the index Pattern (see figure 17); 
The distance of the centreline of data tracks 000 and 410 
from that of data track 245 measured along the line of 
access at 20 “C (68 ‘F) shall be : 

c) in more than 4 non-consecutive two-byte intervals 
per servo tracking centreline. 

xO -x245 = 32,360 f 0,051 mm (1.274 + 0.002 in), 

X -X 245 410 = 21,793 + 0,025 mm (0.858 0 + 0.001 in). 

10.5.3 Servo surface noise 

10.5.3.1 NOISE LIMITS FOR TWO-BYTE INTERVALS 

Between the positive going pulses of the dibit Pattern, read 
in the servo tracking centreline, no positive Signal shall 
exceed 25 % of VsAGc for a time of t, = 330 ns and 
t4 = 930 ns (see figure 18). 

10.6.4 Runout of servo tracking ten trelines 

The runout of the servo tracking centrelines shall not 
exceed 7,6 Pm (300 Pin), total indicator reading. 

Between the negative going pulses of the dibit Pattern, read 
in the servo tracking centreline, no negative Signal shall 
exceed 25 % of VS,. c for a time of t, = 930 ns and 
t, = 330 ns (see figure 18). 

10.6.5 Index pa t tern loca tion 

The correspondi ng dibits of the i ndex Patterns of all servo 
tracks shall pass the line of access within + 80 ns. 

15 
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SECTION FOUR : PRE-INITIALIZATION 

11 DATA TRACK PRE-INITIALIZATION 

11 .l General requirements 

11.1.1 Data write clock 

The data write clock shall be derived from the servo 
information prerecorded on the servo surface of the disk 
pack (see also clause IO), so that Speed Variation does not 
Cause Variation in bit recording density. The nominal bit 
period shall be 155 ns, which is 0,125 of the nominal byte 
interval (see 10.5.1 .l ). 

11 .1.2 Mode of recording 

The mode of recording shall be modified frequency 
modulation (MFM) for which the conditions are : a flux 
transition shall be written at the centre of each bit cell 
containing a ONE and at each cell boundary between 
consecutive bit cells containing ZEROS. 

11.1.3 Index 

See 10.1.6. 

11.1.4 Byte 

A byte is a group of eight bits recorded along a track 
numbered B8 to BI in Order of recording. 

Byte : 88 B7 B6 B5 B4 83 B2 BI 
l 

Direction of recording : 

Direction of movement : 

11 .1.5 Hexadecimal notation 

HexadecimaI notation is used hereafter to denote a number 
of bytes frequently used in this International Standard : 

(00) for (B8 to BI) = 0000 0000 

(01) for (98 to BI) = 9000 0001 

(08) for (B8 to BI) = 0000 1000 

(12) for (B8 to BI) = 0001 0010 

(19) for (B8 to BI) = 0001 1001 

(FF) for (B8 to BI) = 1111 1111 

11.1.6 Error correcting Code ( ECC 1 

This data checking method shall be capable of detecting 
Single bursts of all errors up to 22 bits in length and 
correcting Single bursts of errors up to 11 bits in length. 
The 7 ECC-bytes shall be hardware generated by shifting 
serially the relevant bits, specified later in this International 
Standard, through a 56 bit shift register with feedback 
described by the generator polynominal : 

x56 + x55 + x49 + x45 + x4’ + x39 + x3* + x37 + 

+x36+x31 +X*2+X1g+X17+X16+X15+X’4+ 

+xl* +XI’ +xg+x5 +x’ + 1 

They shall be appended to each part of the track (i.e. home 
address, count and data block of record 0) written on the 
disk pack. 

11.1.6.1 CORRECTABLE ERRORS 

An error is correctable when the erroneous bits are within 
a part of the track subjected to ECC checking as described 
in 11.3 (i.e. in the home address, count and data biock of 
record 0) and when the error extends over no more than 11 
consecutive bits. 

11.1.6.2 UNCORRECTABLE ERRORS 

An error is uncorrectable when the erroneous bits are 
within a part of a track not subjected to ECC checking or 
when the error extends over more than 11 consecutive bits. 

11.2 Track layout of an initialized data track 

See below. 

The different Parts of this layout shall be as defined in 
I 1.2.1 to 11.2.3. 

INDEX INDEX / ////// /// 
HOME lK%w 

ADDRESS 
RECORD 0 

“’ REMAINDER /’ 
/oF THE TRACK/ 

HA C D 

TRACK LAYOUT OF AN INITIALIZED DATA TRACK 
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112.1 Gap (G,) 

A gap is the space between the different fields of the track. 

112.2 Home address (HA) 

The home address contains information which defines the 
physical location and characteristics of a track. 

11.2.3 Record zero 

Record 0 is the only record on the track. On cylinders 000 
to 403 it contains information to allocate alternative tracks, 
if any. On cylinders 404 to 410 it contains information to 
allocate the corresponding defective track, if any. 

11.3 Detailed description of an initiaiized data track 

11.3.1 lndex gap (G, ) 

This is a gap preceding the home address. At writing 83 
(OO)-bytes shall be recorded with no tolerante from index 
up to the Start of the home address. 

11.3.2 Home address (HA) 

The home address shall comprise 24 bytes. As a result of 
interchange, the Start of the home address is located 
83 + 2 bytes from the index when reading, due to 
alignment tolerantes of the read-write heads with regard 
to the servo head. 

The structure of the home address shall be as shown below. 

11.3.2.1 SV NCH RON IZATION 

This field shall comprise : 

- 7 (00)bytes, 

- 2 (19)bytes. 

These two (19)bytes serve to recognize the Start of the 
actual information. 

11.3.2.2 PHYSICAL ADDRESS (PA) 

This field shall comprise 2 bytes; it defines the physical 
address of the track. The significance of the bits in the 
bytes shall be : 

- the first byte indicates the low Order cylinder 
address, i.e. it represents the numbers 0 to 255 in binary 
notation; 

- in the second byte : 

the bit in Position B8 is always ZERO; 

the bit in Position B7 indicates the high Order 
cylinder address 256; 

the bit in Position B6 is always ZERO; 

the bits in positions B5 to Bl indicate the head 
addresses 0 to 18 in binary notation, the bit B5 being 
the most significant bit. 

11.3.2.3 FLAG (F) 

This field shall comprise one Single byte; it indicates 
defective and alternative tracks : 

- the bits in Position B8 to B3 are always ZERO; 

- the two-bit combinations in Position B2, BI have the 
significance shown in the table on page 18. 

SYNCHRONIZATION PA F C H ECC END 

7 bytes 2 bytes 2 bytes 1 byte 2 bytes 2 bytes 7 bytes 1 byte 

(00) (19) (FF) 
l l 

STRUCTURE OF HOME ADDRESS 

17 
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B2, Bl 

00 

Cylinders Meaning 

000 to 403 Good original track 

404 to 410 Good unassigned alternative track 

000 to 403 Shall not occur in these cylinders 

404 to 410 Good assigned alternative track 

000 to 403 Defective original track, a good alternative track being assigned in one of cylinders 404 to 410 

404 to 410 Shall not occur in these cylinders 

11 
000 to 403 Shall not occur in these cylinders 

404 to 410 Defective trat k, no alternative trat k al I ocated 

11.3.2.4 CYLINDER (C) 

This field shall comprise 2 bytes which specify in binary 
notation the address of the cylinder. The first byte shall 
contain the high Order cylinder address 256. The bits 
in Position B8 to B2 shall be always ZERO. The bit in 
Position BI tan be ZERO or ONE. 

If the first byte is a (OO)-byte, the second byte shall 
represent in binary notation a value in the range 0 to 255. 
If the first byte is a (Ol)-byte, the second byte shall 
represent in binary notation a value in the range 0 to 154. 

11.3.2.5 HEAD (H) 

This field shall comprise two bytes. They shall specify the 
address of a track within a cylinder : 

- the first byte is always a (OO)-byte; 

- the second byte represents in binary notation a value 
in the range 0 to 18. 

11.3.2.6 ERROR CORRECTING CODE (ECC) 

These bytes shall be generated as defined in 11.1.6 using 
the bytes of HA beginning with the second (jg)-byte of the 
synchronization field (see 11.321) and ending with the 
head address. 

11.3.2.7 END OF HOME ADDRESS 

The home address shall end with one (FF)-byte. 

11.3.3 lntermediate gap (G,) 

A gap G, of 39 (00)bytes shall be recorded between the 
home address and the Start of the first f ield of record 0. 

11.3.4 Record 0 

This field shall comprise three Parts : 

- the count of record 0, 

- the cw, 

- the data block of record 0. 

11.3.4.1 COUNT OF RECORDO (CR) 

This field shall comprise 28 bytes (see the diagram below). 
It contains information which defines the physical location 
and characteristics of record 0 or, for a defective track, the 
physical location of an allocated alternative track. For an 
alternative track, if assigned, this field contains the 
information defining the physical location of the defective 
track, to which this alternative track is assigned. 

? 9 

SYNCHRONIZATION PA F C and H R KL DL ECC END 

7 bytes 2 bytes 2 bytes 1 byte 4 bytes 1 byte 1 byte 2 bytes 7 bytes 1 byte 

i (00) I (19) (001 (00) / (00) (08) 1 (FF) l 

COUNT OF RECORD 0 

18 
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11.3.4.1.1 Synchronization 

This part shall contain the 9 bytes described in 11.3.2.1. 

11.3.4.1.2 Physical address 

This part shall contain the 2 bytes described in 11.3.2.2. 

11.3.4.1.3 Flag 

This part shall contain the byte described in 11.3.2.3. 

11.3.4.1.4 Cylinder and head 

This part shall contain the 4 bytes described in 11.3.2.4 and 
11.3.2.5, with two exceptions : 

- on a defective track in cylinder 000 to 403, C and H 
contain cylinder and head number of the alternative 
track replacing this defective track; 

- on an assigned alternative track in cylinders 404 to 
410, C and H contain cylinder and head number of the 
defective track being replaced by this alternative track. 

11.3.4.1.5 Record (R) 

This part shall contain one Single (OO)-byte. lt identifies 
records on the track. 

11.3.4.1.6 Key length (KL) 

This part shall contain one Single (00 

11.3.4.1.7 Data length (DL) 

This part shall specify the number 
in the data block. lt shall comprise 
and a (08)-byte. 

)-byte. 

r of information bytes 
two bytes, a (OO)-byte 

11.3.4.1.8 Error correcting code (ECC) 

This part shall comprise 7 bytes generated as defined 
in 11 .1.6, using all the bytes of the count of record 0, 

beginning with the second (19)-byte of the synchroniz- 
ation field (see 11.3.4.1 .l) and ending with the DL bytes 
(see 11.3.4.1.7). 

11.3.4.1.9 End of count 

The count of record 0 shall end with one (FF)-byte. 

11.3.4.2 INTERMEDIATE GAP (G,) 

A gap of 39 (OO)-bytes shall be recorded between the end 
of the count and the Start of data block. 

11.3.4.3 DATA BLOCK OF RECORD 0 

The data block shall comprise 25 bytes as shown below. 

11.3.4.3.1 Synchronization 

This part shall comprise the 9 bytes described in 11.3.2.1. 

11.3.4.3.2 Information 

This part shall comprise 8 (OO)-bytes as specified in the DL 
part of the count (see 11.3.4.1.7). 

11.3.4.3.3 Error correcting code (ECC) 

This part shall comprise 7 bytes generated as defined 
in 11.1.6, using all the bytes of the data block starting with 
the second (19)-byte of synchronization (see 11.3.4.3.1) 
and ending with the last information byte (see 1 1.3.4.3.2). 

11.3.4.3.4 End of the data block 

The data block shall end with one (FF)-byte. 

11.3.5 Remainder of the track 

The remainder of the track up to the index shall be filled 
with approximately 13 200 (OO)-bytes. 

i INDEX 

SYNCHRONIZATION INFORMATION 

7 bytes 2 bytes 8 bytes 

(00) (19’ (00’ 

ECC 

7 bytes 

DATA BLOCK OF RECORD 0 

19 
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11.3.6 Summary o f pre-initialized da ta track 

The above clauses tan be summarized by the drawing below. 

INDEX 

GAP SYNCHRONIZATION 

83 bytes 7 bytes 2 bytes 

(00) (00) (19) 

. 
PA F C H ECC END 

I 

2 bytes 1 byte 2 bytes 2 bytes 7 bytes 1 byte 

(FF) 

EMAINDER OFT 

20 
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Screw 

Segme 

‘. 
: -. . . . . 

444 
: y . . ,. .; **: . .’ . :: 6) - - . .>; <. -. \ ._ _ ~ \ . I .< _ . . 

Top cover 

Trim shield cover 

Trim shield 

Spindle leck retainer 

Ring ciamp 

Top protective disk 

Disk support 

Recording disks 

(#+ Spindle leck 

Axial beari ng 

Flexure pads --= 

Hub 

Bottom 
protective disk 

Bottom cl amp 

Botom cover 

F I GU R E 1 - Disk pack, exploded view 
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Trim shield cover 

Disk support 

Top cover 
\ 

Ring clamp \ Trim shield 

Bottom-cover liub 
spinale IOCK 

\ 
Bottom protective dis k 

/ 
I 

Flexure pads 
Spindle leck retainer 

\ \ 
Rest button Bottom clamp 

Fl GUR E 2 - Part sectional view of disk pack with covers 

ive disk 

FIGURE 3 - Top cover/pack centreline relationship 
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1 
1 

1 

t i 

Reference pl 

1’ 
i 
- 

%l 
I 

I 

FIGURE 4 - Partial Cross-section of disk pack 

Reference plane Detail A 

p--g 

9 c- 

d8 
4 

FIGURE 5 - Part detail of spindle leck 
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a!? 
, b 
I 

f IGURE 6 - Disk edge chamfer 
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17 

24 

Head orientation 

Down 

FIGURE 7 - Location of heads and surfaces 
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3 
0 

Time T - 

Fl GUR E 8 - Write current waveform 

V AGC 

V IN, min V IN, max 

FIGURE 9 - AGC amplif ier characteristics 
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t 
V TA 

V TA 

mv 

Trat k posi tion 

b-- ‘d 

FIGURE IO - Track average amplitude 

I 
___s----- - - - 125 %of 0,5 VTA 

100 %of 1 0,5 V-,-A 

75 % of 0,5 V-,-A 

t nm 

Time ------w 

FIGURE 11 - Modulation tests 
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- Even servo track , Disk movement 
- relative to head 

SS NN SS NN SS NN 

Signal from servo head 

+ Odd servo track 
m Disk movement relative to head 

NN SS NN SS 

Signal from servo head 

FIGURE 12 - Minus-even and plus-odd tracks 

Lines of access 

1 
l 

\ 
+Y A B 

zone 

FIGURE 13 - Servo track geometry 
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Gap of servo head 

e Disk movement relative to head 
I 

SS NN -Even servo track SS NN SS NN 

+ Odd servo track NN SS NN SS 
. 

Signal from servo head 

+ Dibit from - Dibit from 
+ odd servo track - even servo track 

Fl GURE 14 - Servo head Signal at servo tracking centreline 

Area X seen from top 

Data surface 12 Servo surface 

Da 

\ -- - -- 
+ Odd 

Data track 
centreline 

Data tracks I Servo tracks 

F I GUR E 15 - Servo head positioning 
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Servo track number 
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Servo track edge number 

t 428,5 

427,5 

Inner guard 
zone 

409,5 

246,5 

Servo zone 245,5 

244,5 

+ 2,5 -- Even 

+ 1,5 t Odd 

+ 0,5 

1 - 0,5 

t - 1,5 

Outer guard 
zone 

-11,5 

4 - 12,5 i Odd 

Head loading 
zone 

Even 

- Even 

429 
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- Even 

Even 

t Odd 

--- ~ - 
1 
, 

A - ~ - 1 

-- Even 

t Odd 

Even 

-- Even 

t Odd 

-t Odd 

-t Odd 

Set-vo track - 0,5 

Servo su rface Data surface 

Data track number 

410-- - 

409- - --- 

246- - - 

245-- ~ 
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FIGURE 16 - Relationship between tracks on servo and data surfaces 
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+ Odd dibit -- Even dibit 

-t 

b Disk movement relative to head 

Gap of servo head 

I c 
I 

SSNN l 
SS NN SS NN SSNN SS NN 

I 

1 

NNSS NN SS N,N SS N N SS NN SS 

SS NN SS NN SSNN SS NN SSNN 

1 

FIGURE 17 - Index Pattern 

Time ------+ 

FIGURE 18 - Timing, amplitude and nose constraints for servo Signal 

Time ------w 

FIGURE 19 - Noise constraints for index Pattern I 
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ANNEX A 

(Not part of the Standard) 

AIR CLEANLINESS CLASS 100’ ) 

Classification of air cleanliness is based on particle count with a maximum allowable number of specified minimum sized 
particles per unit volume and on statistical average particle size distribution. 

A.1 DEFINITION” 

Class 100 is defined as follows : 

Particle count not to exceed a total of 3,5 particles per litre (100 particles per cubic foot) of size 0,5 Pm and larger. 

The statistical average particle size distribution is given with figure 20. Class 100 means that 3,5 particles per lit;e 
(100 particles per cubic foot) of a size 0,5 Fm are allowed, but only 0,035 particles per litre (1 particle per cubic foot) of a 
size 4,0 Fm. 

It shou ld be r ‘ecogn ized tha t Single s ample distribution may dev 
Counts below 0,35 parti cles per I itre are un rel iable except when 
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FIGURE 20 - 

Particle size, Pm V 

Particle size distribution 
cleanliness class 100 

curves af air 

iate from 
a large nu 

this curv e because of local or 
mber of samplings is taken. 

temporary conditions. 

A.2 TEST METHOD3) 

For particles in the 0,5 to 5,0 Pm size range, equipment employing light-stattering principles shall be used. The air in the 
controlled environment is sampled at a known flow rate. Particles contained in the sampled air at-e passed through an 
illuminated sensing zone in the Optical chamber of the instrument. Light scattered by individual particles is received by a 
photodetector which converts the light pulses into electrical current pulses. An electronie System relates the pulse height to 
particle size and counts the pulses such that the number of particles in relation to particle size is registered or displayed. 

1) See 5.5.1. 

2) U.S.A. Federal Standard 209 B, available from the General Services Administration, Specifications Activity, Printed Materials Supply 
Division, Building 197, Naval Weapons Plant, Washington, DC 20407, U.S.A. 

3) ASTM Standard F 50, American Society for Testing and Materials, 1916 Rate Street, Philadelphia, Pa. 19103, U.S.A. 
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ISO 4337-1977 (E) 

ANNEX B 

(Not part of the Standard) 

MEASUREMENT OF TRACK WIDTH’) 

DC erase a 7-track wide band with track 400 in the centre of the band and write with If frequency in track 400 using the 
head to be tested, then read back. 

The read back Signal amplitude in this Position is called 100 %. Then move the head along its line of access over the disk in 
increments not greater than 0,010 mm (0.000 4 in) to the left or to the right of track 400 until the read back Signal becomes 
Zero. Determine the read back Signal amplitude at each incremental move and plot the relative amplitude (y axis) versus the 
displacement (x axis). 

See figure 21 for reading track width. 

The fringing of the curve at the IOW level end of the curve shall be ignored for determining the track vvidth. 

+ 
2 + 
: 
3 50 % .- + c5 
E 

0,050 

Track width 
- 

Displacement, mm 

FIGURE 21 - Track widtk diagram 

1) See 6.2.2. 
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