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BANDED MAGNETIC RECORDING DISK WITH |
EQUALLY-ANGULARLY-SPACED SERVO SECTORS

FIELD OF THE INVENTION
This invention relates to methods and means for providing and sampling servo
sections on a movable recording medium, and more particulaﬂy 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 architecture used.

BACKGROUND OF THE INVENTION

The above-referenced related application discloses 2 method and means for
increasing the servo sector sampling rate in a disk formatted in a fixed block architecture
(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 contain all servo and
associated overhead information. However, micro servo sectors are inserted in the data
fields between the conventional servo sectors to provide short bursts of servo information.
These micro servo sectors contain a small portion of the overhead information, only
sufficient to provide position information and to control the. temporary interruption and
restoration 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 seek (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, silc'h as used in low end disk
files with FBA format. o

Several techniques, now becoming increasingly péﬁul_ar to increase the arcal
density in sectored disk files, are constant linear Idensity (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 faf_'é is constant within a given
band of radii, but varies from band to band to minimize the range of linear densities. It
follows, then, that if implemented in sectored servo, the number of sectors and hence of
servo samples would increase progressively from the innermost f'td the outermost 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 up&atfng of the sample rate, and
timing of the servo samples would vary. |
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There is a need for a recording technique, trar}is_p" rent to the user, useful for both
non-sectored and sectored disk and tape formats, wherelh sample rate is constant and
is independent of the data architecture used and 11m1ted only by the total area of the disk
devoted to servo information.

SUMMARY OF THE INVENTION

Toward this end, and according to the invention, a m{:thod and means is described
wherein servo sectors written on a disk (or servo sections' wntten on a tape) are equally
spaced on a given track and read during seek, settle and trabk following operations. An
algorithm is used to determine the allowable time separation between servo sectors (or
sections) on a track and lengths of associated data sectlons 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 hnmediatéiy after an address indicating
mark (such as address mark or index mark). The rate at whxch the servo sector (or section)
is sampled is constant and independent of the number and lengths of the data sections. As a
result of this independent relationship, this techmque is smtable for CLD recording, to
banded disks using sectored servo as in conventional FBA, and also even to non-sectored
architectures, such as count-key-data (CKD), wherein the. data is written in records of
variable length, and to tape drives formatted in FBA or CKD.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram, not to scale, showing the regib‘_nsf and fields of a typical prior
art data sector for a track on a disk file formatted for conveﬁt__ig__ipal 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 ééétor into which at selectable
locations the servo sector may be inserted; :

FIG. 4 is a diagram of a portion of a disk formatted m 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 o

FIG. 5 is a block diagram showing the circuitry fof _i_ri;f;lementing the invention.

DESCRIPTION OF PRERERRED EMBODIMENTS

1. 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 identiﬁcatic_in -(ID) region 11, and a data
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region 12. Write-read and speed field 15 allows time for the drive electronics to switch
from write to read. Address mark (AM) field 16 is an asynchxonous absolute timing
reference that identifies the begmmng of the servo sector and prov1des the basis for locating
the other fields. Pos1t10n error signal (PES) field 17 contams -the information needed to
determine the track position of the recording head. o

In ID region 11, read-write and speed field 18 allowé‘ the time needed to insure that
PES field 17 is not overwritten and that sufficient time is: prov1ded for the write current to
rise to its full value. VCO synchronization (VCO sync) field 19 is requised to give the
variable frequency read clock sufficient time to phase lock to the upcoming ID and CRC
field 22. Encoder/decoder (ENDEC) flush field 20 mdlcates ‘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 indicates the sync byte needed to ahgn the read bytes on current byte
boundaries. ID and CRC ﬁeld 22 includes as the ID pOl'thIl 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
synchronisation and ENDEC flush end and the read data, which is 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 conventional sector servo system is cdnipletely 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 a_ccorda_r;l___ce with the invention, differs
significantly from the conventional sector 9. Sector 30--cqfr__1prises a read-write field 31
having a code constraint (CC) portion 32 and a speed gap 33 which together provide the
write-recovery function of field 15 of FIG. 1. The code cd_ijs_traint 32 consists of bits to
prevent the decaying write current from writing a transition too close to the last data
transition. Gap 33, which is to account for timing slop Cahéed 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 s1gna1 (PES) field 35 and marks
the start of servo sampling. Between the end of PES fieid 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 constraint and sync bits which,
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for example, for a (2,7) 5‘_ code would be 00. Each of the ﬁelds 32,37,38 are completely
written during a write _peratxon fields 31 and 36 are pamally written during a write
operation; and fields 33 and--; 35 are written only durmg a servo write operation.

It will thus be se_; t each servo sector 30 _cons_ls_t_s_ ‘solely of bits in PES field 35
containing position information and to each side thereof bits. in fields for controlling the
interruption and restoratlon of the writing and reading of data

FIG. 3 lllusl:rates the various regions or fields on a typlcal track 39 of a data sector
M that may be used to lmplement the invention. The: servo sector 30 is not included
because, in accordance Wlth the invention, it may be mserted anywhere within any of the
locations indicated by the vertlcal arrows in FIG. 3.

As illustrated, each track 39 preferably contams the followmg 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' wh1ch with 15', are essentially similar to the
corresponding unprimed ﬂelds in conventional sector servo 9 of FIG. 1.

Servo sectors 30 e'_ written at the factory and are inserted either anywhere within
the data field 27' or at cert m other prescnbed positions in each data sector M, such as the
ID/CRC field 22', or ECC portlon of field 27'. However, fields 22' and said ECC portion
of field 27' are so small compared with the length of the data portion of field 27' that only
a small gain in number of perm1ss1ble sample positions would be achieved. As a practical
matter, therefore, the servo: sectors 30 preferably should be inserted anywhere in the data
portion of field 27' or else,_:_nnmedlately following AM 16'.

The servo secto'r's__: 30 should not be inserted in the sync fields 19' or 24' because
the VCO is then attemptitig '.'a phase or frequency lock, resulting in an unpredictable 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-fthat if the servo samples occur at the AM 16, then CC field
32, W-R field 31 and ga eld 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
;fnot sufficient enough to offset the advantage of having all the

the overhead, it probably is
servo sectors be of 1dent1cal length. In banded recordmg, espec1ally, all servo sectors
should be identical so that the servo system will operate mdependently of the banding.

FIG. 4 depicts a. dlsk 50 formatted in FBA as banded sectors. According to an
important feature of the 1nv_ent10n, servo sectors 30 in each re,spectlve band A-D are written
- at equally circumferentially si;aced intervals and are sampled (i.e., read) during seek, settle
and track following operatlons An allowable number of servo sectors per revolution and |
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the lengths of associated data regions 51 on disk 50 1s "la_ted_ such that each of the
equally spaced servo sectors 30 on a given track is lbéaf 'where within either a data
field 27' of a data region 51 or an identification reglon 22; or immediately after an index
mark 52 or address mark 16' in a data sector M. As sh 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 adJacent data region 51.

According to an important feature of the in_ventl _is not necessary for each
servo sector 30 to start at the AM 16' or index mark 52 every data sector M or that the
positions of the servo sectors be the same for every data. sec However, formatting will
be simplified, if as illustrated in FIG. 4 the first servos orin each band starts at the
common radial index 52 and each succeeding servo sec in such band is initiated at
successive locations in equally spaced time increments fr d index. Thus, in disk 50
the data in each concentric band A-D is clocked at the same ita rate but the data rates and
number of data sectors M vary from band to band. - '

Not all combinations of servo sample rates and numbers of data sectors M per band
are permissible. Permissible combinations are those where t __ratlo between the number of
servo samples N per revolution and the number of data sec-t__o_:_ 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 1mt1ated at index 52. As noted in
FIG. 4, the ratios of servo samples N to data sectors Mmeach band are 2:1, 5:3, 3:2 and
6:5 starting from innermost band A. Note that in each casethe servo samples line up either
at the AM position 16' or within the data regions 51 for all seetbrs 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 dat files 27'; hence, the number
of allowed combinations would be quite high. If the tra oes not have VCO or AGC
sync fields, there are few servo placement restrictions b? ‘only the AM and gap fields
0 sample N to data sectors M

need be avoided; and in such case nearly any ratio of ;

should be permissible, except the larger integer in eithe the_ 'umerator or denominator of
said ratio preferably does not exceed twice the reciprocal thgse portions of each track not
devoted to data fields or identification fields of the data

The manner in which permissible combmatlons
is computed is described in the Appendix attached hereto

> samples and data sectors
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III. IMPLEMENTATION OF THE INVENTION

The servo systé__nj is initialized by locating a servo sector 30 at index mark 52
(FIG. 4). As illustrated-in FIG. 5, clock generator 61 generates servo cycles which are
counted by counter 62. When counter 62 reaches a preset terminal count corresponding to
the number of servo clock': éyéles between each servo sector 3, it sends an enable signal to a
start mark detector 63. __I)etéctor 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 _tb counter 62. Counter 62 is reset by the start found signal and
resumes counting. Servo controller 6 4 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 control an actuator (not shown).

In the preceding '-cjescription, it has been assumed that spindle speed control of the
disk drive motor is suffiéielitly precise to permit completely open-loop operation; i.e. the
open-loop counting cycle 1s ;épeated 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, however, it can be reduced by placing a sync bit into PES field 35 to ~
reset a sample timer and t_l'ielfé_'by update the timer at every sample time.

Data for read and Write operations is 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 transparent 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. Comparator 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_f _Qj'la_rious sets of data sectors.

Counter 73 counj:t_:_s.:" 'CO clock cycles from a VCO and data separator 68 during
read ‘mode, and counts. ge ted data clock cycles from a data clock generator 75 during
write mode. This 1nsure that the data timing and control circuitry 71 will interrupt the
data stream at the proper bit b:oundary.

In response to tI_ie servo location signal from comparator 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; ?'onl'y during write mode top eamp 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. Th1s has the effect of a VCO hold Data timing and control
c1rcu1try 71 maintains sw1tches 76-80 as positioned in FIG. 5 for a fixed time period until
field 37. Switch 80 is used only during write mode to wrlte VCO resync field 3'7 and code
constraint field 38.

In write mode, sthch 77 is closed first to enable wnttng of the VCO resync field
37. After field 37 is wr1tten switch 80 is closed. In read mode switch 76 is closed first to
allow VCO 68 to resynchromze to the data. Sw1tches ' 79 are closed when the VCO
resync field operation is. completed i.e., is either w itten; r read. The value in servo
location register 74 is then updated with the locatlon “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 signal is generated by comparator 72.

According to an 1mportant feature of the mventlon the data and servo sectors work
in concert such that the data channel is prepared for each servo sector 30 without 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 requlred Each servo sector 30 can be located by open-
loop timing from the prev1ous servo sector and w1thout any knowledge of the lengths or
positions of the data sect_ors

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 combmatlons of servo sample rates. and number of data sectors per
track is computed is by an apparent modification of the algor thm described in the Appendix
for banded recording. :

length of the overhead fle ds.. The allowed data record l_e_n_g_ths would then be integral
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multiples of the data unit length If the servo sector sp: cin chosen such that the distance
between adjacent servo sectors is equal to an integral multlple of the 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, hke 52. If the next servo sector
lies within the write-read recover area, pad bits are add__e_d_" tothe 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 operatlon, 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 between servo sections on a track and
lengths of associated 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 used. Like the disk embodiments, the reading of a servo section is initiated
based upon open-loop timing from the preceding SErvo sect_ion. The first servo section on
each track commences at one common '5track index and éacli- succeeding servo section is
initiated at successive locations 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 writing and reading of data. The
ratio of servo sections is other than 1:1. At least some servo sections 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 separation between data sections to
the time separation between 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 VI.
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As hereinafter used in the claims, the term "movmg 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 sectlons" is’ intended generically to cover
servo sectors for disk files and servo sections for tape drlves 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 '_s§:r\(o' 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 time separation between servo
sectors on a track is calculated, though in the disk embodir___nent 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 lnmted 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 prtions which scale with linear
density and those which do not. All references to bits are ih message (non-encoded) bits;
and the linear density units are kbpmm (kilobits per mllhmeter), also message bits. Assume
further that : _

DB = number of data bits per sector (same for all bands for Bhn_ded recording)
SB = number of servo bits (data rate dependent portion) -

SF = fixed length portion of servo in ps

OB = number of bits in other fields (data rate dependent portxon)

OF = fixed length portion of other fields in s

- P = rotational period in ps (i.e. 1/rpm)

M = npumber of data sectors in a band

N = number of servo samples per revolution

1d(r) = linear density in kbpmm, where r is the radius in mm
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OH = fixed overhead
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The minimum allowable ID radius for a band is then given by:

(M x(DB+O0B)+ N x SB)
1000

bits =

OH = M xOF + N xSF

_ bits/ ld(r)
e (L_Eyi)
P
' bits

Zn(l— %)
P

ld(r)=B,

ld{r)=

Where 1d(r) is a constant,

bits

and where 1d(r) is linear:

Id(r) = Ar + B,

4 Abits
OH

2 1-—
B( P)

24

~-B+ |B?

Usually the linear density decreases with increased radius, therefore A<0 and
B>0. In this case, the positive root of the quadratic yields the smaller radius (the negative
root occurs where the decreasing linear density 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 must be computed to
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determine if the band is vahd i.e., that the servo samp N occur only in the allowed

positions.

To determine the allowed bands:

1.
2.

Choose a servo sample rate. (For exampl‘e; 60 ) :

Compute the band with the greatest number data sectors, whose minimum
allowable ID radius is less than or equal to th k ID. (For example, assume
the result is 31 data sectors). |
Starting with this band, check to see if it is valid. If not, decrease the sector
count by 1 and repeat. (Thus, decrease from 3] 6 30.) Note that if the sector
count goes to 0 without success, there is no 'al_owable ID band under these
conditions. ' '

Start with the first band whose minimum allowable ID radius is greater than
the disk ID. (This could be 30 data sectors as é\,___ esult of the example used for
step 3.) '

See if the band is valid, if so, add it to the list, Increase the sector count by 1
and repeat until the minimum allowable ID rad1us 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)
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CLAIMS

rface of the disk being
a tracks, all of the data
ectors and into a plurality

1 A magnetic recording disk, the magnetic recordmg
divided into a plurality of radially-spaced bands of conceritri
tracks in each band being divided into the same number of d:
of generally equally angularly spaced servo sectors, the nu
track being the same for all data tracks in the bands and th
track of each band being different from the number of data s
other of the bands, but each data sector in each band contain
bits, all of the generally equally angularly spaced servo secto
the bands being generally radially aligned with the generall’yf':
sectors in the other data tracks of the bands, whereby the ser
. radially across the bands.

f servo sectors in a data
mber of data sectors in a data
s in a data track in the

the same number of data
 each of the data tracks of
al_iy angularly spaced servo
ectors extend generally

2 The disk according to claim 1 wherein if the numberof data sectors per data track
for each of the bands is represented by the variable M and thenumber of servo sectors per
data track is represented by the constant N for each of the bands is equal to a ratio of two
integers, each integer being between 1 and 12,




