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[57] ABSTRACT

A magnetic recording disk has servo sectors that are
generally equally spaced on a given track and read
during seek, settle, and track-following operations. An
algorithm is used to determine the allowable time sepa-
ration between servo sectors on a track and lengths of
associated data sections that may be accommodated on
the disk. In such a manner, the servo sectors are equally
spaced on a given track and may be located within a
data field of a data sector, within an identification re-
gion, or immediately after an address indicating mark
(such as an address mark or an index mark). The rate at
which the servo sectors are sampled is constant and
independent of the number and lengths of the data sec-
tions. As a result of this independent relationship, this
technique is suitable for a banded recording disk using
sectored servo. The banded magnetic recording disk
with multiple radially-spaced data bands has generally
equally angularly-spaced servo sectors extending across
the bands to provide a constant servo sample rate inde-
pendent of the data rate.

6 Claims, 3 Drawing Sheets

oTHER
£ DATA SECTOR K
INDEX

-52

51

40.1
References Cited
U.S. PATENT DOCUMENTS
3,185,972 10/1961 Sippel .cocveeevcercmnercccnnncnnee 360/48 X
3,662,353 5/1972 Chertor ...... v 369/59
3,701,846 10/1972 Zenzefilis ...occoeeceerccnrercnnens 360/33.1
3,994,016 11/1976 Moguadam .... .. 360/77.02
4,001,883 171977 Strout et al. ...ocoeecevcevercncnee 360/48
4,016,603 4/1977 Ottesen ....... 360/135
4,094,013 6/1978 Hill et al. ....... 369/41
4,134,138 1/1979 Cardot et al. .. .. 360/39
4,135,217 1/1979 Jacques et al. . 360/77.04
4,175,270 1171979 Zenzefilis ....coocveererrecrrennas 358/332
4,322,759 3/1982 Zenzefilis ..ocoeereeeveeneerencnens 360/33.1
4,377,827 3/1983 Rose ........... 360/78.04
4,388,655 6/1983 Zenzefilis ..creeercereecrcrerinnees 360/19.1
4,589,037 5/1986 Jenetal. ........ 360/77.04
4,630,140 12/1986 Sugimura et al. ...cococveeeerenecne 360749
4,692,821 9/1987 Zenzefilis ....ocooneureececnunas 360/78.08
4,714,967 12/1987 Bizjak 360/48
SERVO SECTOR 30— 5
51
{
£
£
A’ \ 51
\\\
\
\\ l/rso

BAND | M | N:M

4 50 | 6:5

4 40 | 32

B » [ 53

A 0| 21

NeSERVO SAMPLES PER REV.=60
N=NO. OF DATA SECTORS



5,440,474

Page 2
U.S. PATENT DOCUMENTS 5,136,439 8/1992 Weispfennig et al. ........... 360/77.08
: 5,140,683 8/1992 Gallo et al. ......... 395/425
’ _ 5,157,670 10/1992 Kowal .....cccoeenierinivnccnennne 371/40.1
4,858,034 8/1989 Hassel et al. .....ocoveceeceennenee 360/51 5,170,299 12/1992 MOOD ..cvrneciinmsrsiarnesnens 360/77.08
4,873,679 10/1989 Murai et al. ... 360/51 X 5,196,970 3/1993 Seko et al. .. 360/77.03
4,933,786 6/1990 Wilson ........ ... 360/78.14 5,210,660 5/1993 Hetzler ......coucvvvinireinanens 360/51
4,964,009 10/1990 Moriya et al. .cccoceeerereecencnae 360/135 5,241,546 8/1993 Peterson et al. ......ccccueeenee. 371/37.1
5,070,421 12/1991 Sumiya et al. w.oooovrrrvreeen. 360/77.07 5,255,136 10/1993 Machado et al. ............ 360/77.05 X
5,073,834 12/1991 Best et al. ccccovuievircnncnnne 360/77.08 5,258,933 11/1993 Johnson et al. ......ccooeerrren- 364/602
5,117,408 5/1992 Weispfennig et al. .....cccoeeenne 369/32 5,260,703 11/1993 Nguyen et al. . 360/46 X
5,121,280 6/1992 King 360/135 5,285,327 2/1994 Hetzler .....ccoeovcvevccnenennanen 360/48
5,134,601 7/1992 Greenwoll et al. .............. 369/44.26 5,305,302 4/1994 Hardwick .....cccoeeunnees 360/77.05 X



FORMAT OF CONVENTIONAL SECTOR 9 FOR SECTORED SERVO

10 —11 —12
SERVO REGION ID REGION DATA REGION
W—R R—W ID | R-W
e e A e e e e e
SPEED SPEED CRC | SPEED
5 G6 <7 48 <9 Qo 1 Q2 Q23 (4 25 96 27
PG 7 (PRIOR ART)
SERVO SECTOR 30
¢ 32 ¢I31 ¢33 /(-,34 ¢35 (36 ¢37 (38
cC W—R | SPEED PES SPEED VCO RESYNC CC
GAP GAP SB
H
SERVO START MARK B0 2
DATA SECTOR M
| SERVO REGION | ID REGION ' DATA REGION ‘
g75'g76' 542 g78' §79' g22’ §43 SZJ' §24' 527' 39
_ T I
e | am|SERVO | R vCO | p ICRC| PAD| R | vCO DATA | ECC
PAD | W|SYNC ; W | SYNC {
? | * J . L * |

Jused 'S'N

S661 ‘g “Suy

€ JO 1 199YS

yLY OVP'S



U.S. Patent Aug. 8, 1995 Sheet 2 of 3 5,440,474

SERVO SECTOR JOﬁ 51 ,/OTHER

DATA SECTOR M
INDEX
~/
D
B ‘
7\ P :
\ /
\
\
\
BAND | M | N:M
D 50 | 6:5
C 40 | 32
B 36 | 53
A 30 | 2:1
N=SERVO SAMPLES PER REV.=60
N=NO. OF DATA SECTORS
\ J

~
rrG 4



»— 69

66
§ — = ENDEC 5%2 70
PREAMP & T oEcobeR T )
WRITE PUN Tt A DISK DATA
g: DRIVER | > ENCODER -~ CONTROLLER
! (57 DETECTED (68 T WRITE § A
AREA
DATA DETECTOR | oSl VCO & DATA T DATA
& SERVO AMP || A~76 | SEPARATOR | vCO
CLOCK
SERVS WRITE <
ouT | Gi'ﬂ'Ec | /8
77
N L7 79
DATA TIMING ..3&\
SERVO - & T
CONTROLLER CONTROL s
ﬁ ’START 63 1 74
FoUND | (72 §
: SERVO
STARK COMPARATOR |= LOCATION
MAR REGISTER
DATECTOR 51 =
? \ f 73 (
SERVO DATA CLOCK
| Xl COUNTER | CLOCK COUNTER  [=—"1 GENERATOR
y 5 LGENERATOR
G 5

Juaged "S'N

S661 ‘8 “Sny

€ JO € 3199YS

bLY ObY'S



5,440,474

1

MAGNETIC RECORDING DISK WITH
EQUALLY-SPACED SERVO SECTORS
EXTENDING ACROSS MULTIPLE DATA BANDS

RELATED APPLICATIONS

This is a continuation of application Ser. No.
08/058,348, filed May 5, 1993, now U.S. Pat. No.
5,285,327, which is a continuation of application Ser.
No. 07/466,194, filed Jan. 17, 1990, now U.S. Pat. No.
5,210,660.

The present invention is related to application Ser.
No. 07/466,195, filed Jan. 17, 1990, now U.S. Pat. No.
5,073,834.

FIELD OF THE INVENTION

This invention relates to methods and means for pro-
viding and sampling servo sections on a movable re-
cording medium, and more particularly relates to such a
method and means wherein the rate at which the servo
sectors are sampled on a disk file or servo sections are
sampled on a tape drive is independent of the data archi-
tecture used.

BACKGROUND OF THE INVENTION

The above-referenced related application discloses a
method and means for increasing the servo sector sam-
pling rate in a disk formatted in a fixed block architec-
ture (FBA), such increase being effected with a minimal
increase in the overhead (non-data) regions. The disk
has the prior art conventional servo sectors which con-
tain all servo and associated overhead information.
However, micro servo sectors are inserted in the data
fields between the conventional servo sectors to pro-
vide short bursts of servo information. These micro
servo sectors contain a small portion of the overhead
information, only sufficient to provide position informa-
tion and to control the temporary interruption and res-
toration of the write current and the data stream and
clock input to a data encoder/decoder. Because the
servo bursts are short, no resynchronization of the VCO
is necessary after each burst. These micro sector bursts
are used only during settling (since they contain only
position error signal data) and also preferably during
seeking (if an abbreviated Gray code is used); and the
conventional sector servo bursts are used during read
and write track following. This technique desirably
provides high sample rates with minimal overhead in
disk files using a sectored servo system, such as low end
disk files with FBA format.

Two techniques, now becoming increasingly popular
to increase the areal density in sectored disk files, are
constant to linear density (CLD) recording and banded
recording. In CLD recording, the data rate for a given
track depends upon its radius. Banded recording is
somewhat similar, except that the data rate is constant
within a given band of radii, but varies from band to
band to minimize the range of linear densities. It fol-
lows, then, that if implemented in sectored servo, the
number of sectors and hence of servo samples would
increase progressively from the innermost to the outer-
most bands, and thus require the servo system to adjust
to the differing sample rates. Also, seeks across bands
and settles at band edges would require constant updat-
ing of the sample rate, and timing of the servo samples
would vary.

There is a need for a recording technique, transparent
to the user, useful for both non-sectored and sectored
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disk and tape formats, wherein the servo sample rate is
constant and is independent of the data architecture
used and limited only by the total area of the disk de-
voted to servo information.

SUMMARY OF THE INVENTION

Toward this end, and according to the invention, a
method and means is described wherein servo sectors
written on a disk (or servo sections written on a tape)
are equally spaced on a given track and read during
seek, settle and track following operations. An algo-
rithm is used to determine the allowable time separation
between servo sectors (or sections) on a track and
lengths of associated data sections, such as data sectors
or variable length records, that may be accommodated
on the disk or tape in such manner that each of the servo
sectors (or sections) equally spaced on a given track is
located within a data field of a data sector or within an
identification  region or immediately after an address
indicating mark (such as address mark or index mark).
The rate at which the servo sector (or section) is sam-
pled is constant and independent of the number and
lengths of the data sections. As a result of this indepen-
dent relationship, this technique is suitable for CLD
recording, to banded disks using sectored servo as in
conventional FBA, and also even to non-sectored archi-
tectures, such as count-key-data (CKD), wherein the
data are written in records of variable length, and to
tape drives formatted in FBA or CKD.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a diagram, not to scale, showing the regions
and fields of a typical prior art data sector for a track on
a disk file formatted for conventional sectored FBA;

FIG. 2 is a diagram, also not to scale, of a servo sector
according to the invention;

FIG. 3 is a diagram, also not to scale, of a data sector
into which at selectable locations the servo sector may
be inserted;

FIG. 4 is a diagram of a portion of a disk formatted in
banded FBA depicting the constant sampling rate for all
bands, the varied numbers of data sectors per band, and
the servo sector locations in the respective bands; and

FIG. 5 is a block diagram showing the circuitry for
implementing the invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

I. Introduction—Description of Prior Art Servo Sector

As illustrated in FIG. 1, a typical prior art data sector
9 for a track on a FBA-formatted disk comprises a servo
region 10, an identification (ID) region 11, and a data
region 12. Write-read and speed field 15 allows time for
the drive electronics to switch from write to read. Ad-
dress mark (AM) field 16 is an asynchronous, absolute
timing reference that identifies the beginning of the
servo sector and provides the basis for locating the
other fields. Position error signal (PES) field 17 con-
tains the information needed to determine the track
position of the recording head.

In ID region 11, read-write and speed field 18 allows
the time needed to insure that PES field 17 is not over-
written and that sufficient time is provided for the write
current to rise to its full value. VCO synchronization
(VCO sync) field 19 is required to give the variable
frequency read clock sufficient time to phase lock to the
upcoming ID and CRC field 22. Encoder/decoder
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(ENDEC) flush field 20 indicates the number of bits the
read channel decoder must receive in order to put it into
a known state called ENDEC flush. Sync byte 21 indi-
cates the sync byte needed to align the read bytes on
current byte boundaries. ID and CRC field 22 includes
as the ID portion a sector identifier and bad sector flag
and as the CRC portion a cyclic redundancy check for
errors in the reading of the ID.

In data region 12, fields 23-26 correspond to the ID
fields 18-21, respectively. However, the function of
sync byte field 26 is to tell the controller when the VCO
synchronization and ENDEC flush end and the real
data, which are contained in field 27, begins. Data and
ECC field 27 stores the user data together with the
error correction code. Each data region in a conven-
tional sector servo system is completely independent of
data regions in the other data sectors.

For a more detailed description of the regions 10-12
and fields 15-27, the reader is referred to the referenced
related application.

II. Description of the Invention
Sector Servo System for Banded Recording on Disk

As illustrated in FIG. 2, servo sector 30, in accor-
dance with the invention, differs significantly from the
conventional sector 9. Sector 30 comprises a read-write
field 31 having a code constraint (CC) portion 32 and a
speed gap 33 which together provide the write-recov-
ery function of field 15 of FIG. 1. The code constraint
32 consists of bits to prevent the decaying write current
from writing a transition too close to the last data transi-
tion. Gap 33, which is to account for timing slop caused
by variations in spindle speed of the disk drive motor, is
inserted between field 31 and a servo start mark 34.

Mark 34 is at the leading end of the position error
signal (PES) field 35 and marks the start of servo sam-
pling. Between the end of PES field 35 and an optional
VCO sync field 37 is a gap 36, again to account for
variations in spindle speed. Following field 37 {(or gap
36 if 37 is not used) is a field 38 containing a coding

10

15

20

40

constraint and sync bits which, for example, for a (2,7)

code would be 00. Each of the fields 32, 37, 38 is com-
pletely written during a write operation; fields 31 and 36
are partially written during a write operation; and fields
33 and 35 are written only during a servo write opera-
tion.

It will thus be seen that each servo sector 30 consists
solely of bits in PES field 35 containing position infor-
mation and to each side thereof bits in fields for control-
ling the interruption and restoration of the writing and
reading of data.

FIG. 3 illustrates the various regions or fields on a
typical track 39 of a data sector M that may be used to
implement the invention. The servo sector 30 is not
included because, in accordance with the invention, it
may be inserted anywhere within any of the locations
indicated by the vertical arrows in FIG. 3.

As illustrated, each track 39 preferably contains the
following fields: write-read recovery and AGC field
15’; pad fields 42, 43, which compensate for timing slop;
and fields 16', 18, 19, 22, 23’, 24’ and 27’ which, with
15', are essentially similar to the corresponding un-
primed fields in conventional sector servo 9 of FIG. 1.

Servo sectors 30 are written at the factory and are
inserted either anywhere within the data field 27’ or at
certain other prescribed positions in each data sector M,
such as the ID/CRC field 22’ or ECC portion of field
27. However, fields 22’ and said ECC portion of field
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27 are so small compared with the length of the data
portion of field 27’ that only a small gain in number of
permissible sample positions would be achieved. As a
practical matter, therefore, the servo sectors 30 prefera-
bly should be inserted anywhere in the data portion of
field 27’ or else immediately following AM 16'.

The servo sectors 30 should not be inserted in the
sync fields 19’ or 24’ because the VCO is then attempt-
ing a phase or frequency lock, resulting in an unpredict-
able drift over a servo sample. Nor should servo sectors
30 be inserted in fields 15’, 18’ or 23’ which are required
for channel recovery or in pad fields 42, 43 used to
accommodate timing slop.

It will be apparent that, if the servo samples occur at
the AM 16’, then CC field 32, W-R field 31 and gap field
33 are not required; and since pad field 42 would then
follow the servo sample, VCO field 37 and CCSB field
38 are not required either. Although eliminating these
fields by starting the servo samples at AM 16’ desirably
lowers the overhead, it probably is not sufficient
enough to offset the advantage of having all the servo
sectors be of identical length. In banded recording,
especially, all servo sectors should be identical so that
the servo system will operate independently of the
banding.

FIG. 4 depicts a disk 50 formatted in FBA as banded
sectors. According to an important feature of the inven-
tion, servo sectors 30 in each respective band A-D are
written at equally circumferentially spaced intervals
and are sampled (i.e., read) during seek, settle and track
following operations. An allowable number of servo
sectors per revolution and the lengths of associated data
regions 51 on disk 50 is calculated such that each of the
equally spaced servo sectors 30 on a given track is lo-
cated anywhere within either a data field 27’ of a data
region 51 or an identification region 22’ or immediately
after an index mark 52 or address mark 16’ in a data
sector M. As shown in FIGS. 3 and 4, each data sector
M extends from the leading end of each “other” fields
(which are the overhead fields) to the end of the adja-
cent data region 51.

According to an important feature of the invention, it
is not necessary for each servo sector 30 to start at the
AM 16’ or index mark 52 for every data sector M or that
the positions of the servo sectors be the same for every
data sector. However, formatting will be simplified, if
as illustrated in FIG. 4, the first servo sector in each
band starts at the common radial index 52 and each
succeeding servo sector in such band is initiated at suc-
cessive locations in equally spaced time increments
from said index. Thus, in disk 50 the data in each con-
centric band A-D are clocked at the same data rate but
the data rates and number of data sectors M vary from
band to band.

Not all combinations of servo sample rates and num-
bers of data sectors M per band are permissible. Permis-
sible combinations are those where the ratio between
the number of servo samples N per revolution and the
number of data sectors M in a particular band A, B, C or
D reduces to a ratio of small integers. For example,
assume there are 60 servo samples N per revolution;
that bands A, B, C and D have 30, 36, 40 and 50 data
sectors M per band, respectively; and that all servo
samples are initiated at index 52. As noted in FIG. 4, the
ratios of servo samples N to data sectors M in each band
are 2:1, 5:3, 3:2 and 6:5 starting from innermost band A.
Note that in each case the servo samples line up either
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at the AM position 16’ or within the data regions 51 for
all sectors in all bands.

Relatively prime ratios of servo samples N to data
sectors M, such as 60/31, are not desirable since they
are likely to violate the placement constraints. The AM
16’ position tends to fall near the middle of the gap
between data fields 27'; hence, the number of allowed
combinations would be quite high. If the track does not
have VCO or AGC sync fields, there are few servo
placement restrictions because only the AM and gap
fields need be avoided; and in such case nearly any ratio
of servo sample N to data sectors M should be permissi-
ble, except the larger integer in either the numerator or
denominator of said ratio preferably does not exceed
twice the reciprocal of those portions of each track not
devoted to data fields or identification fields of the data
sectors.

The manner in which permissible combinations of
servo samples and data sectors is computed is described
in the Appendix attached hereto.

III. Implementation of the Invention

The servo system is initialized by locating a servo
sector 30 at index mark 52 (FIG. 4). As.illustrated in
FIG. 5, clock generator 61 generates servo clock cycles
which are counted by counter 62. When counter 62
reaches a preset terminal count corresponding to the
number of servo clock cycles between each servo sec-
tor 30, it sends an enable signal to a start mark detector
63. Detector 63 then looks for the start mark 34 of a
servo sector 30. When start mark 34 is located, detector
63 generates a start found signal, which is sent to a servo
controller 64 and to counter 62. Counter 62 is reset by
the start found signal and resumes counting. Servo con-
troller 64 then reads the PES field 35 and other servo
information, such as a track ID Gray code, based upon
the known timing offsets from start mark 34. Servo
controller 64 then operates in the same manner as a
typical prior art servo controller using the PES to con-
trol an actuator (not shown).

In the preceding description, it has been assumed that
spindle speed control of the disk drive motor is suffi-
ciently precise to permit completely open-loop opera-
tion; i.e., the open-loop counting cycle is repeated for
each servo sector 30 and all the servo samples line up at
common index 52 at the end of each revolution of the
disk. If speed control timing slop is unacceptable, how-
ever, it can be reduced by placing a sync bit into PES
field 35 to reset a sample timer and thereby update the
timer at every sample time.

Data for read and write operations are processed in
the same manner as in the prior art, with switches 76-79
closed and switch 80 positioned as shown, until a servo
sector 30 is encountered. Servo sector locations are
known and stored in a servo location register 74. Prior
knowledge of these servo locations allows data timing
and control circuitry 71 to make the servo sector trans-
parent to the data channel. Circuitry 71 allows the data
channel to operate in the usual manner until it receives
a servo location signal from a comparator 72. Compara-
tor 72 generates this signal when the value presented by
a counter 73 matches the value present at the output of
a servo location register 74. Register 74 contains all the
servo sector locations for the various sets of data sec-
tors.

Counter 73 counts VCO clock cycles from a VCO
and data separator 68 during read mode, and counts
generated data clock cycles from a data clock generator
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75 during write mode. This insures that the data timing
and control circuitry 71 will interrupt the data stream at
the proper bit boundary.

In response to the servo location signal from compar-
ator 72, data timing and control circuitry 71 opens
switches 78 and 79. This interrupts the VCO cycles and
generated data clock cycles to disk data controller 70
and to ENDEC 69. This freezes the states of the disk
data controller 70 and ENDEC 69, making each servo
sector 30 transparent to the data channel.

Switch 77 is used only during write mode to put a
preamp and write driver 66 in read mode to read a servo
sector 30. Switch 76 is opened to prevent detected data
from affecting the VCO 68. This has the effect of a
VCO hold. Data timing and control circuitry 71 main-
tains switches 76-80 as positioned in FIG. 5 for a fixed
time period until field 37. Switch 80 is used only during
write mode to write VCO resync field 37 and code
constraint field 38.

In write mode, switch 77 is closed first to enable
writing of the VCO resync field 37. After field 37 is
written, switch 80 is closed. In read mode, switch 76 is
closed first to allow VCO 68 to resynchronize to the
data. Switches 78 and 79 are closed when the VCO
resync field operation is completed; i.e., is either written
or read. The value in servo location register 74 is then
updated with the location of the next servo sector 30.
The channel again functions in the same manner as a
prior art data channel until the next servo location sig-
nal is generated by comparator 72.

According to an important feature of the invention,
the data and servo sectors work in concert such that the
data channel is prepared for each servo sector 30 with-
out requiring an address mark for that sector. To locate
each servo sector only a servo start mark 34, which may
be as short as 1 bit, is required. Each servo sector 30 can
be located by open-loop timing from the previous servo
sector and without any knowledge of the lengths or
positions of the data sectors.

IV. Application to Constant Linear Density (CLD)
Recording

It will be understood that the sector servo system for
CLD recording is essentially the same as described for
banded recording, except that the clock frequency
changes at each track and the length of each data sector
will change from track to track. The manner in which
the permissible combinations of servo sample rates and
number of data sectors per track is computed is by an
apparent modification of the algorithm described in the
Appendix for banded recording.

V. Application to Conventional FBA Format

A plurality of servo sectors are positioned and writ-
ten at the factory. They are circumferentially spaced
from each other on each track by an equal angle, which
corresponds to a constant time separation. Since the
data timing does not change in the FBA format, the
allowed combinations of number of servo sectors and
number of data sectors per track may be computed in
the same manner as described in the Appendix for cal-
culation of the allowed bands for banded recording.

Another approach is to choose a basic data unit that
is of the same length as the length of the overhead fields.
The allowed data record lengths would then be integral
multiples of the data unit length. If the servo sector
spacing is chosen such that the distance between adja-
cent servo sectors is equal to an integral multiple of the
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data unit length, then the servo sectors will never lie in
disallowed regions.

VI. Application to CKD Format

Again, servo sectors are positioned and written at the
factory. The first data record on a given track is placed
to start at an index mark, like 52. If the next servo sector
lies within the write-read recovery area, pad bits are
added to the end of the record to insure that the next
servo sector lies in the data region. If the next servo
sector lies within a disallowed field at the start of the
next data record, then pad bits are added to the end of
the current record to align the next address mark with
the next servo sector. This process is repeated for all
sectors on the track. The controller generates the pad
bits during a write operation and extracts the pad bits
during a read operation, thus making said operations
transparent to the host.

VII. Application to Tape Drives

‘While the invention has been illustrated as applied to
disk drives, it will be apparent that the invention is
equally applicable to tape drives. In both, the rate at
which servo sectors for disk or servo sections for tape
are sampled is independent of whether the disk or tape
is formatted in FBA or CKD architecture.

In a tape drive, the allowable time separation be-
tween servo sections on a track and lengths of associ-
ated data sections on the tape is established such that at
least some of the equally spaced servo sections on a
given track are located within a data field of a data
section and the rate at which the servo sections are
sampled is independent of the data architecture uvsed.
Like the disk embodiments, the reading of a servo sec-
tion is initiated based upon open-loop timing from the
preceding servo section. The first servo section on each
track commences at one common track index and each
succeeding servo section is initiated at successive loca-
tions in equally spaced time increments from said index.
Each servo section consists solely of bits containing
position information and to each side thereof bits for
controlling the interruption and restoration of the writ-
ing and reading of data. The ratio of servo sections to
data sections is other than 1:1. At least some servo sec-
tions are located anywhere within a data field in a data
section. At least some others of the equally spaced servo
sections are within an identification field or immediately
after an address indicating mark.

For a FBA formatted tape, the ratio of the time sepa-
ration between data sections to the time separation be-
tween servo sections should again reduce to a ratio of
small integers. For a CKD formatted tape, it will be
necessary to add pad bits as described in Section V1.

As hereinafter used in the claims, the term “moving
medium” is intended, unless otherwise indicated, to
generically define either a magnetic, magneto-optical or
optical disk or a magnetic or optical tape; the term
“servo sections” is intended generically to cover servo
sectors for disk files and servo sections for tape drives;
and the term “data sections” is intended to generically
define the data sectors for FBA and CLD formats and
the variable length records for CKD format.

In the disk embodiments, the allowable number of
Servo sectors per revolution was calculated for each
track or band of tracks. It will be apparent, however,
that in view of the constant rotational speed of the disk,
the time between each servo sector is constant. Hence,
in both the disk and tape embodiments, the allowable
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time separation between servo sectors on a track is
calculated, though in the disk embodiment this was
expressed as allowable number of servo sectors on a
track.

While the invention has been shown and described
with respect to preferred embodiments thereof, it will
be understood by those skilled in the art that changes in
form and detail may be made in these embodiments
without departing from the scope and teaching of the
invention. Accordingly, the method and means herein
disclosed are to be considered merely as illustrative, and
the invention is to be limited only as specified in the
claims.

APPENDIX

Computation of Permissible Servo Sample to Data
Sector Combinations for Banded Recording in FBA
Format

Assuming initially that the allowable linear density as
a function of radius is known, the various fields are
broken down into those portions which scale with lin-
ear density and those which do not. All references to
bits are in message (non-encoded) bits; and the linear
density units are kbpmm (kilobits per millimeter), also
message bits. Assume further that
DB=number of data bits per sector (same for all
bands for banded recording)
SB=number of servo bits (data rate dependent por-
tion)
SF=fixed length portion of servo in us
OB=number of bits in other fields (data rate depen-
dent portion)
OF =fixed length portion of other fields in us
P=rotational period in us (i.e., 1/rpm)
M =number of data sectors in a band
N=number of servo samples per revolution
ld(r)=1linear density in kbpmm, where r is the radius
in mm
OH =fixed overhead
The minimum allowable ID radius for a band is then
given by:

(M X (DB + OB) + N X SB)
' 1000

bits =

OH = M X OF + N X SF

re bits/ld(r)
o (1 -2 )
rid(r) = bits
2 (1 - )

Where 1d(r) is a constant,

ld(r) = B,

bits
ro=
2B (1 —

and where Id (r) is linear:

OH
P

ld(r) = Ar + B,
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-continued

4A4bits

ZBfr(l —%)

24

-B+ |B+

Usually the linear density decreases with increased
radius, therefore A <0 and B>0. In this case, the posi-
tive root of the quadratic yields the smaller radius (the
negative root occurs where the decreasing linear den-
sity is compensated for by the increasing circumference
of the track).

Once the minimum allowable ID radius has been
computed, the actual relationship between the positions
of servo sectors 30 and data sectors M muse be com-
puted to determine if the band is valid; i.e., that the
servo samples N occur only in the allowed positions.

To determine the allowed bands:

1. Choose a servo sample rate. (For example, 60.)

2. Compute the band with the greatest number of data
sectors, whose minimum allowable ID radius is less
than or equal to the disk ID. (For example, assume the
result is 31 data sectors.)

3. Starting with this band, check to see if it is valid. If
not, decrease the sector count by 1 and repeat. (Thus,
decrease from 31 to 30.) Note that if the sector count
goes to 0 without success, there is no allowable ID band
under these conditions.

4. Start with the first band whose minimum allowable
ID radius is greater than the disk ID. (This could be 30
data sectors as a result of the example used for step 3.)

5. See if the band is valid, if so, add it to the list.
Increase the sector count by 1 and repeat until the mini-
mum allowable ID radius is greater than or equal to the
disk OD. (Again, using the example from the prior
steps, step 5 could give the following numbers of data
sectors per band: 30, 35, 36, 40, 42, 45, 48, 50 and 54, of
which for simplified illustration only four, A-D, are
shown in FIG. 4.)

We claim:

1. A magnetic recording disk, the magnetic recording
surface of the disk being divided into a plurality of
radially-spaced bands, each band comprising a plurality
of concentric data tracks, all of the data tracks in each
band being divided into the same number of data sec-
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tors, the number of data sectors in a data track of each
band being different from the number of data sectors in
a data track in the other band or bands, but each data
sector in each band containing the same number of data
bits, the magnetic recording surface also having formed
on it a plurality of generally equally angularly-spaced
servo sectors extending generally radially across the
bands, wherein some of the servo sectors are located
within some of the data sectors.

2. The disk according to claim 1 wherein some of the
servo sectors located within some of the data sectors
split those data sectors into at least two portions of
substantially different circumferential lengths.

3. A magnetic recording disk, the magnetic recording
surface of the disk having (a) a plurality of radially-
spaced bands, each band comprising a plurality of con-
centric data tracks: (b) a plurality of data sectors in each
data track of each band, the number of data sectors per
data track being the same for all data tracks in a band
and different from the number of data sectors per data
track in the other band or bands, but each data sector in
each band containing the same number of data bits; and
(c) a plurality of generally equally angularly-spaced
servo sectors, each of the servo sectors extending gener-
ally radially across the bands with at least one of the
servo sectors being located within one of the data sec-
tors of one of the bands and splitting that data sector
into multiple portions.

4. The disk according to claim 3 wherein the mag-
netic recording surface of the disk also has (d) a radial
index mark, the index mark being common to all the
bands and extending across the bands in a generally
radial direction, and wherein the first servo sector is
located at the common radial index mark.

5. The disk according to claim 3 wherein at least one
of the servo sectors located within one of the data sec-
tors splits that data sector into at least two portions of
substantially different circumferential lengths.

6. The disk according to claim 3 wherein if the num-
ber of data sectors within each band is represented by
the variable M and the number of servo sectors is repre-
sented by the constant N, then the ratio of M to N for
each band is equal to a ratio of two integers, each inte-

ger being within the range of 1 to 12.
* % k% %
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57 ABSTRACT

A magnetic recording disk has servo sectors that are gener-
ally equally spaced on a given track and read during seek,
settle, and track-following operations. An algorithm is used
to determine the allowable time separation between servo
sectors on a track and lengths of associated data sections that
may be accommodated on the disk. In such a manner, the
servo sectors are equally spaced on a given track and may be
located within a data field of a data sector, within an identi-
fication region, or immediately after an address indicating
mark (such as an address mark or an index mark). The rate at
which the servo sectors are sampled is constant and indepen-
dent of the number and lengths of the data sections. As a
result of this independent relationship, this technique is suit-
able for a banded recording disk using sectored servo. The
banded magnetic recording disk with multiple radially-
spaced data bands has generally equally angularly-spaced
servo sectors extending across the bands to provide a con-
stant servo sample rate independent of the data rate.
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