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MAGNETIC RECORDING DISK

This invention relates to methods and means for providing and sampling
servo portions on a movable recording medium, and more particularly
relates to such a method and means wherein the rate at which servo
sectors are sampled on a disk file or servo sections are sampled on a

tape drive is independent of the data architecture used.

our copending European Patent Application Number EP 439 278 based
on US Patent Application No 07/466195 and f£iled concurrently herewith
discloses a method and means for increasing the servo sector sampling
rate in a disk formatted in a fixed block architecture (FB2a), 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 £ields between the
Eonventional servo sectors to providé 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 inﬁerruption 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 resynchronisaton of the VCO is necessary
after each burst. These micro sector bursts are used only during
séttling {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, such as
used in low end disk files with FBA format. . ~-

Several techﬁiqdes, now becoming increasingly popular to increase
the areal density in sectored disk files, are constant 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 minimise 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 to the outermost bands, and thus require the servo
system to adjust to the differing sample rates. Also, seeks across



are inserted in the data fields between the conventional servo sectors to

‘provi devshort bursts of servo information. These m Cro serve=Sectors
contain a small portion of the overhead information, only s Fﬂﬂﬂ&ﬂE'HHASBEFN
provide position information and to control the tenporary ifterruBEFBACERd

‘restoration of the wite current and the data stream and cl oTK Thput to a

-dat a encoder/decorder. Because the servo bursts are short,_no
resynchroni sation of the VCOis necessary after each burst. These mcro
sector bursts are used only during settling (since they conTb;ﬂme &mRslmm
position error signal data) and al so preferably during seek
-abbreviated Gray code is used); and the conventional sector '"
are used during read and wite track foll ow ng. ThiS'technique S|r
provi des hi gh sanpl 2 a8%%4&i th mini mal overhe&ad in disk files using a
sectored servoisystem such as used in low end disk files with FBA format.
Several techni ques, hogs ber eenthey 2nbandasibergionld oparlizy cénstinnopeéasag bhehar eal
density in sectored ddinsle fdtkLSnd a{nanélefl&txalaawblgaﬁﬁes @&engi dayy (CLD) recordi ng
and banded
There is a need for a recording technique, transparent to the user,
useful for both non-sectored and sectored disk and tape formats, wherein
servo sample raté is constant and is independent of the data architecture

used and limited only by the total area of the disk'devoted to servo

information.

According to the present invention there is provided 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 sectors, 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.

Fig. 1 is a diagram, not to scale, showing-the regions and fields
of a 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 according to the present
invention 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.



recording. In CLD recording, the data rate for a given track depends upon
its radi*us. Banded recording is sonmewhat simlar, except t =
!is constant within a given bank of radii, but varies fron1biH@‘FQ;ﬁaéﬁsﬁgEN
mnimse the range of linear densities. It follows, then,
inplenmented in sectored servo, the nunber of sectors and hence of servo
'sanpl es woul d i ncrease progressively fromthe innernost to the 2
out er nost bands, arf@3t8Btfd4¢ equire the servo systemto adjust to the
differing sanple rates. Al so, seeks across bands and settles at band edges
woul d require constant updaidPsuediod NE pa t€onl 8¢ OriodNe: lsbbNB-QL the servo
sanpl es would vary. There is a need for a recording technique, transparent

to the user, useful for.
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. Address 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 contains 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 overwritten and that sufficient
time is provided for the write current to rise to its full value. vCo
synchronisation (VCO Sync) field 19 is requireg to give the variable
frequency read clock sufficient time to phase lock to the upcoming ID and

O CRC field 22. EBncoder/decoder (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. sSync byte 21 indicates 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 erxrors

in the reading of the ID. I

In data region 12, fields 23-26 corresrond to the ID fields 18-21,

respectively. ~However, the function of sync byte field 26 is to t=2il
the controller when the VCO synchronisation and ENDEC flush ené and the
real data, which is contained in field 27, begins. bata and BECC field

27 stores the user data together with the error correcticn code.  Each
cdata region 1n a conventional Sector servo system is ccmpletely

independent of data regions in the other data sectors

For a more detailed description of the regions 10-12 and fieids 15-
27, the reader is referred to the referenced relateé arplication.
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‘both non-sectored and sectored disk and tape formats, wherein servo sanple
;rate is*constfant and is independent of the data archltecture used -amg===T==
limted only by the total area of the disk devoted to servo |nfornﬁtid
According to the present invention there is provided a nagnetld r ecordi’
di sk, the nagnetic recording surface of the disk being divided rnr0'a”"”““"*““
plurality of radially- spaced bands, each band conprising a plurality of

concentric data tracks, all of the data tracks in each band betng—divided—

into the sane nunber of data sectors, the number of data sectgrsqlidpd flal Replaced

track -of each band being different fromthe nunber of data seciyg
‘data track in the other band or bands, but each data sector in Mwuwﬂu II |II
contai ni ng the same Rgharsof data bits, the npgnetic recordin
al so having formed on it a plurality of generally equally angul arly-spaced
servo sectors extendi ng generally r?d%all crogiltge bands wherein sone
escr

of the servo sectors are |ocated w ectors.

Sector Servo System for Banded Recording on Disk

As illustrated in Fig. 2, sexrvo sector 30, in accordance with the
invention, differs significantly from the conventional sector 9. Sector
30 comprises a read-write field 31 having a code restraint (CcC) portion
32 and a speed gap 33 which together provide the write-recovery 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 transition. 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 s:gnal {PES)
field 35 and marks the start of servo sampling. 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 3§ if 37 is
not used) is a field 38 containing a coding constraint and sync bits
which, for example, for a (2,7) code would be 00. Bach of the fields
32,37, 38 are completely 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 operation.

It will thus be seen that each servo sector .30 consists solely of
bits in PES field 35 containing position information and to each _side
thereof bits in fields for controlling 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. The servo sector 30 is not included because it
may be inserted anywhére within any of the locations indic;ted 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/, 237, 24’ and
27’ which, with 15°, are essentially similar to the corresponding

unprimed 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
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Fig..1is a diagram not to scale, show ng the regions ard-+
prior art data sector for a track on a disk file format{edfor cor/chBERm
sectored FBA; Fig. 2 is a diagram also not to scale, of_a sef&o- & or 7{
.according to the invention; Fig. 3 is a diagram also not T0 scare; ofa
rdata sector into which at selectable |ocations the servo sector may be
‘inserted; Fig. 4 is a diagramof a portion of a disk according to the
present invention fsassmaioved i n banded FBA depi cting the constant sanpling
rate for all bands, the varied nunbers of data sectors-per. band, -and the
servo sector |ocatigngidnd ihGch AIRCEIct N PIAISIs ARIrd7EEE £ 21k $22.PEOEK -
di agram showi ng the _cLrcUl trya "o, T BLSTENELAG, LRl VS e orcion of £tera

27!’ are so small éompaied 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 preferably 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 attempting a phase or frequency lock,
resulting in an unpredictable drift over a sexvo 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 167,
then CC field 32, W-R field 31 and gap field 33 are not required; and

since pad Eield 42 would then follow the sexvo 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 éérvo 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. The
servo sectors 30 in each respective band A-D are written at equall
circumferentially spaced intervals and are sampled {ie read) duzing
seek, settle and track following operations.. an allowable number of
servo sectors per revolution and the lengths of associéted cdata regions
51 on disk 50 is calculated such that each of the equally spaced servo
sectors 30 on a given track is located anywhere within either a data
field 27’ of a data region S1 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 adjacent data region S51.

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
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l. I ntroduction - Description of Prior Art Servo Sector As i [lustrated

B A

in Fig. 1, a‘typical prior art data sector 9 for a track on
formatted disk conprises a servo region 10, an identificati nrfilqj)““‘kelg“r'@g_;EEN

11, and a data region 12. Wite-read and speed field 15 all ti MEFLALEDhe
drlve el ectronics to switch fromwite to read. Address marK | AW‘:F—re’f-?—’:‘B——:*

I s an asynchronous, absolute timng reference that identifies the beginning
of the servo sect orSAqd8 %3tovi des the basis fdr locating the other fields.
Position error signal={PES) field 17 contains the information needed to
deternine the trackiposd simpnifiéd,t i as aCoistkhang heagh. 4,nthe¥ikegédaio ddstor
][eafldwrl 17 te andt spegd efaélt?iwgldlﬁ:aﬁlsl w/;éhet bﬁsa Ba%lfletmlse;d 5& Qnd RE&H ﬁmg&faingPtEﬁ

e IS not overwi at . suffic rovided, for e
write current to r peReissbEl AN tich by Sy linliaRlle: qibak oty s Sy
field 19 is requir &PEH tb‘?evé“cfﬁ‘@n%ﬁ%tﬁaéd f’?"éﬁueﬁ"&?“'r btk YerhesdET fRi ent

tine to phase | ock eaqh Qc*;een@:pmlmnﬁg& P [@Ds clocked at the same data rate but the data
: rates and number of data sectors M vary from band to band.

L--._._

Not all combinations of servo sample rates and numbers of data

sectors M per band are permissible. Permissible 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

that bands A, B, C and D have 30, 36, 40 and
and that all servo samples are

. samples N per revolution;
50 data sectors M per band, respectively;

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 at the AM position 16’ or within the data regions 51 for all :

sectors in all bands.

; Relatively prime ratios of sexrvo samples N to data sectors M, such

E . 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 permissible, except the laxrgex
integer in either the numerator or dencminator 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.

Permissible combinations of servo samples and data sectors may be

computed as described in the 2Appendix attached hereof.

ITT Implementation of the Invention

The servo system is initialised by locating a servo sector 30 at
index mark 52 (Fig. 4). Aas 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
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and CRC field 22. Encoder/decoder (ENDEC) flush field 20 indicates the
nunber of bits the read channel decoder nust receive in order to put |
.into a known state called ENDEC flush. Sync byte 21 indica
ineeded to align the read bytes on current byte boundari es.
22 includes as the ID portion a sector identifier and bad $
‘as the CRC portion a cyclic redundancy check for errors in the reading of

the ID. In data regs®n8d274c i el ds 23-26 corregpond to the ID fields 18-21,
respectively. However, the function of sync byte field 26 is to tell the

control l er when the sl SydCHicO8 Satliéeaead Gefdldabeok | 305 NicendeARd eldie I €ad

data, which is contgidipreln fhoel GecklacchB0L 05  DoLacand: Eid 1ol for2eSt OF S

t he user dat.a toget her wt code. Each data region in

3% e error corrsétlgﬂ

a conventi onal sect BT BP0 3L V8 PefiTTS ST et eV ﬁ"cféf)éﬁﬂ‘ém 1B o AL

regions in the ot hefetdgen Sewreiesss Forard desigetiai 1deh dbSEnt it rFAYSf t he

regi ons 10-12 and fémkctg1&56Q7nd tdhieomeades. Counter 62 is reset by the start found
signal and resumes counting. Servo controller 64 then reads the BES

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 prior art servo controller using

the PES to control an actuator (not shown).

In the preceding description, it has been assumed that spindle
sbeed control of the disk drive motor is sufficiently precise to permit
completely open-loop operation; ie 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, however, 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 is processed in the same manner
as in the prior art, with switghes.76-79 closed and switch 80 positioned
as shown, until a servo sector 30 is encountered. Servo sec:or
locations are known and stored in a servo location register 74. Prior
knowledge of these servo locations allows data timing ané concrgol
circuitry 71 to make the servo sector transparent to tke data channel.
Circuitry 71 allows the data channel to operate in the usual manner until

it ‘receives a servo location signal Erom a comparator 7
generates this signal when the value presented by a C”H
the value present at the output of a servo locat*on ragi

Register 74 contains all the servo seactor locations for the varicus sets

of data sectors.

Counter 73 counts VCO clock cycles from a VCO ané datza separator 68
during read mode, ané counts generated data clock cycles from a data
cleck generator 75 during write mode. This ‘ensures tha%t the data timing

and control circuitry 71 will interrupt the data stream at the proper bit-

houndary.

In response to the servo location signal from comgarator 72, data

timing and control circuitry 71 cpens switches 78 and 7%. This
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Is referred to the referenced related application. I1. Description of

the I nventiorr Sector Servo System for Banded Recording on Di sk As

illustrated in Fig. 2, servo sector 30, 1n accordance Wt hj an‘LnYekagQg- """ ]
differs significantly fromthe convﬂn§$tﬁaa1laslseeﬁk acéd SECtl) 0 conprise BN ‘l
read-write 4 field 31 having a co ) portlon_Bzﬁa:dtﬁf S |
speed gap 33 which together provide ery function of field 15
of Fig. 1. The code constraint 32 con5| to prevent the decaying
wite current fromwiting a transition too close to the last data
transition. Gap 33, which is to account for timng slop caused by .

variations in spindle speed of the di sk drive nDtor IS inserted between

field 31 and a SR9-89-074C 6

interrupts the VCO cycles and generated data clock cycles to disk data
controller 70 and to ENDEC 69. This freezesg 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 maintains switches
76-80 as positioned in Fig. S5 for a fixed time period qntil 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 resynchronise
to the data. Switches 78 and 79 are closed when the VCO resync Eieid
operation is completed; ie 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 é

prior art data channel until the next servo location signal is generated

by comparator 72.

The data and servo sectors work in concert guch that the data
channel is prepared for each servo sector 30-without requiring ap. address
mark for that sector. To locate each servo sector only & servo. §shtart
mark 34, which may be as short as 1 bit, it 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 pcsitions of tne’data sectors.

IV _2oplication to Constant Linear

Densitv (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 eac¢h 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 ié'computed is by an obvious quification of the
algorithm described in the Appendix for banded recording.



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 sanpling. Betwvee. J—
end of PES field 35 and an optional VCO sync field 37 is a;gap Séh,agaj
account for variations in spindle speed. Following field 3% (QL_gap 361
37 is not used) is a field 38 containing a coding constraint and sync bItS

| whi ch, for exanple, for a (2,7) code would be 00. Each of the fields 32,

37, 38 are conpletely witten during a wite operation; fiel ds 31 and 36

are partially witten during a wite operation; and fields -33h et Replaced
witten only during a servo wite operation. It will thus be IF

servo sector 30 consists solely of bits in PES field 35 conta
information and tosgaeh-osidle thereof bits indields for controlllng t he
interruption and restoration of the witing and reading of data. Fig. 3

illustrates the various regions or §i 8l Sca@ibnded YA Edthad rack 39 of a data

A plurality of servo sectors are positioned and written 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

calculation 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 betweeﬂ
adjacent servo sectors is equal to an integral multiple of the data unit

length, then the servo sectors will never lie in disallowed regions.

VI__2Application 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 53. If the next servo sector lies within the
write-read recovéry 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
é : bits during a write operation and extracts the pad bits~during a read

cperation, thus making said operations transparent to the host..

VIT Apolication to Tape Drives

Wwhile 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



sector M The servo sector 30 is not included because it may be inserted
anywhere within any of the locations indicated by the vertical arrows in

Fig. 3. As illustrated, each tractk 33 preferably contains the foll ow ng
fields: wite-read recovery and A e&hﬁsﬁénRe fields 4243 whieh
‘conpensate for timing slop; and fi 19', 22' || 2Bi\g s@dtT and SEFN
which, with 15", are essentially si wm orrespond ng umﬁr*l,msﬂd.i)
‘fields in conventional sector serv Servo sectors=36—are

witten at the factory and are inserted elther anywhere within the data
field 27 or at certain other prescribed positions in each data sector M
such as the ID/CRCfieId 22' or ECC portion of field 27'. However, fields
22' and said ECC paqfbige f: field 27 are so gmall conpared with-the | ength
of the data portlon of f|e d 27" that only a small gain in nunber of

perm ssi bl e sanpl e p05|t ns woul d_be
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

E independent of the data architecture used. Like the disk embodiments,

' the reading of a servo section-is initiatedhbased'upén oﬁen-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 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 1ndlcat1ng mark

For a FBA formatted tape, the ratio of the time separation between
the 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.

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 embodiment, the allowable 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.

~

A method and means has been 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 algorithm 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 dacg 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 séctor {or section) is sampled
is constant and independent of the number and lengths of the data



achieved. As a practical matter, therefore, the servo sectors 30 preferably
shoul d be inserted anywhere in the data portion of field 27" or else
i medi ately following AM 16'. The servo sectors 30 should not be inserted
in the sync fields 19' or 24' because the VCO is then attenpti-ag—a—phase-—or——-
frequency lock resulting in an unpredictable drift over a seva—S&ﬁpﬁE Nb?rmqa
shoul d servo sectors 30 be inserted in fields 15, 18 or 23' whi chs areris
requi-red for channel recovery or in pad fields 42, 43 used t CURECEOMTOdat e =ss
timng slop. It will be apparent that, if the servo sanples occur at the AM
16', then CCfield 32, WR field 31 and gap field 33 are not required; and
since pad field 42 would then follow the servo sanple, VCO field 37 and
CCSB field 38 are not required either. Although elimnating these fields by
starting the servo S3t#pt&d4c at AM 16' desirablly | owers the overhead, it
probably is not sufficient enough to offset the advantage of

sections. As a result of this independent relationship, this technique

is suitable 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.

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 linear 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 millimetre), 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 portion)

SF = fixed length portion of servo in ps

OB = number of bits in other fields (data rate dependent
' portion) .

OF = fixed length portion of other fields in us
P = rotational period in us (ie 1/rpm) . .

M = number 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
OH = fixed overhead T~

The minimum allowable ID radius for a band is then given by:
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having all the servo sectors be of identical |length. In banded recording,
especially, «all servo sectors should be identical so that the servo system
| Wi || operate independently of the banding. Fig. 4 depicts T,,;ap——i-
| formatted in FBA as banded sectors. The servo sectors 30 i\ T gf_
| bank A-D are witten at equally circunferentially spaced i‘LELXEE—Qélﬁ—ﬁ'
: sanpled (ie, read) during seek, settle and track foll ow ng "operati ons. An
al | owabl e nunber of servo sectors per revolution and the | engths of
associ ated data regions 51 on disk 50 is calculated such that each of the
~equal | y-spaced servo sectors 30 on a given track is |ocated anywhere w thin
either a data field 27' of a data region 51 or an identification region 22
or imedi ately aftexs-emnotaedex mark 52 or addie€ss mark 16' in a data sector
M As shown in Figs. 3 and 4, each data sector Mextends fromthe | eading
end of each "other" fields (which are the overh ?q+5&§£ps) to the end of

t he adj acent data region 51. bits = (Mk'nafioo

OH = MxOF+NxSF

bits/1d(r)

2u{1—1%¥}

r =

bits

rld(r)=
(o)
Zn{l =

where 1d({r) is a constant,

1d(r)=B

bits
OH }

r:
25nﬁ-75

and where 1d(r) is linear:

1d{r) =Ar+B

_ 2 ) 4Abits
B+ B+—————o

\ 271:{1—T

2a

is Sheet Has Been Reﬁaced

"



It is not necessary for each servo sector 30 to start at the AM 16" or

I ndex mark 52 for every data sector

Mor that the positions of the servo

.sectors be the sane for every data sector. However, formatting will be
‘sinplified, if as illustrated in Fig. 4, the first servo sec €act
band starts at the-conmon radial index 52 and each succeedi ng THS @Tﬂéﬁv0~
‘sector in such band is initiated at successive locations in qualﬁy‘

time increments fromsaid index. Thus, in disk 50 the data in€ach

concentric band A-D is clocked at the sane data rate but the data rates and
‘nunber. of data sectors Mvary fromband to band. Not al

conbi nati ons of

servo sanple rates and nunbers of data sectors M per

sa9-89-074C 1

Usually the linear density decreases with increased radius,
therefore A<Q 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 determine if the band is wvalid; ie that the servo

samples N occur only in the alliowed position;.
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.)
k} Starting with this band, check to see if it is valid. If
not, decrease the sector count by 1 and repeat. (Thus,

decredse 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 minimum
" allowable ID radius is greater that 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.)

s Sheet Has Been‘llTlaced
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.integers. For exanple, assune there are 60 servo sanpl es [|NrmersHeahAL BoEN
-that bands A, B, C and D have 30, 36, 40 and 50 data secijors Mperadend,
‘respectively; and that all servo sanples are initiated at=ndex=52—As

band are perm ssible. Perm ssible conbinations are those where the ratio

-bet weenst he nunber of servo sanples N per revolution and the nunber of data

sectors Min a particular band A, B, C or D reduces to aNLaLi_o_oi._snal_L_-———]

noted in Fig. 4, the ratios of servo sanples N to data sectors Min each
band are 2:1, 5:3, 3:2 and 6:5 starting frominnernost band A Note That im—

each case the servo sanples line up either at the AM posi t THsShi&k HasBeeN RdpREdd
the data regions 51 for all sectors in all bands: Relativel

of servo sanples Ntg dafa sectors M such as 60/31, are noi ﬂ!’”[m m’
since they are Ii kef‘y o violate the pl acement” constraints. '
position tends to fall near the mddle of the gap between data fields 27';
hence, the nunber of allowed conbi nati ons wSst¥Sbe quite high. If the track
does not have VCO :

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 seccoré, 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 recordiﬁg 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 as claimed in 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 concentric 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 generally
radially across the bands with at least one of the servo sectors being
located within one of the data sectors.of one of the bgnds and splitting

that data sector into multiple portions. =~ - . - -

4. The disk as claimed in claim 3 wherein the maqnetic 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 lccated

at the common radial index mark.

5. The disk as claimed in claim 3 or claim 4 wherein at least one of
the servo sectors located within one of the data sectors splits thac data

sector into at least two portions of substantially different

circumferential lengths.

* 4 L N S *



or AGC sync fields, there are few servo placenent restrictions because only

the AM and gap fields need be avoided; and in such case nearly any ratio of
servo.sanple N to data sectors M should be perm ssible, except_the |arger

idoes not exceed twi ce the reciprocal of those portions of edc trﬁ Ja7: 9
‘devoted to data fields or identification fields of the datailsestors—

integer in either the numerator or denom nator of said ratig ﬁHehgmngyKnr'

EN

Per m ssi bl e .conbi nati ons of servo sanples and data sectors nay be conputed
as described in the Appendi x attached hereof. I11. | mpl enent ati on of the
I nvention The servo systemis initialised by |ocating a servo sector 30 at
index mark 52 (Fig. 4). As illustrated in Fig. 5, clock generator 61
‘generates servo cl ¢ak-8eydtes which 14

6. The disk as claimed in any of claims 3 to S wherein if the number
of data sectors within each band is represented by the variable M and the
number of servo sectors is represented by the constant N, then the ratio
of M to N for each band is equal to a ratio of two integers, each integer
being within the range of 1 to 12.

T \‘i\‘ﬁif )
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7 are counted by counter 62. Wen counter 62 reaches a

count cersesponding to the nunber of servo clock cycles
sector 30, it sends an enable signal to a start mark de
63 then | ooks for the start mark 34 of a servo sector 3

ect

34 is located, detector 63 generates a start found S|gnal
a servo controller 64 and to counter 62. Counter 62 is reset by the start
found signal and resunes counting. Servo controller 64 then reads the PES
field 35 and ot her serve: infoermation, such as a track 1D G ay code, based
‘upon the known timning offsets fron1start mark 34.- Servo controller 64 then
‘operates in the same manner as a prior art servo controller
to control an actuadaersste@at shown). In the prgecedi ng description, it has
been assuned that spindle speed control of the disk drive notor is
sufficiently precise to permt conpletely ogpelsloop operation;

MAGNBTIC RECORDING DISK

BRHISSHEES 4148 BEFN ¢

orRERLAGER ect orl
start narkK
which is sent to

usi ng the PES

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

algorithm 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 marker

index mark). The rate at which the servo sector (or ééﬁtion) is sampled

is constant and independent of the number and lengths of the data
sections. A3 a result of this independent relationship, this technique

 is suitable for CLD recording, to banded disks using sectored servo as in

conventionél 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.

This Sheet Has Been Reﬁlaced
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i.e. the open-loop counting cycle is repeated for “each servo sector 30 and

all the serso*sanples line up at co
revol ution of the disk. If speed.cant
however, it can be reduced by pl-acing
a sanple tinmer and thereby update the
read and wite operations is processe

art,

end of each

f

RGeS 2—at
FIEPLAGENEFNT) S
a sync_bt

t

L
sJunacceptabIe,
S field 35 to reset

i nto PHK
~-at-every-sanple tinme. Data for

with switches 76-79 cl osed and switch 80 positioned as shown,

servo sector- 30 is encountered. Servo sector
in a servo location register 74. Prior knowlédge of these servo |ocations

circuitry 71 to nmake the servo sector

T the sane nanner as in the prior
until a

| ocati ons are known and stored

allows data timng gpnd_control
transparent to the dath channgl. Circuitry al l ows the data channel to
‘operate in the usuall npnn§ uftil it receive Da servo 1 ocation signal from
a conparator 72. qg1paratb* 73 generates thisgsignal w t
presented by a co er{ 73St ghes the val ue esent atjthe
servo location regifteg 7% RgNster 74 cont&ns all the €
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sets of data sectors. Counter 73 countﬁ*ﬁ@ﬂfﬁlﬁﬂ"“”°'
data separator 68 during read node, andPEBHAYE

froma data clock generator 75 during '
data timng and control circuitry 71 B nte t flata stream at the
_proper bit boundary. 8 I n response~to the servo |ocation signal from

conparator 72, data timng and control circuitry 71 opens switches 78 and
79. This interrupts the VCO cycles and generated data cl ock cycles to disk
data controller 70 and to ENDEC 69. This fr#8zes the states of the disk
data controller 70 and ENDEC 69, - maki ng each servo Sector 30 -

e. This emsures that the

SERVO SECTOR 30 OTHER

l\‘ r V/ DATA SECTOR -M
T ‘lt\/lDEX

52

51

BAND M N:M -
D 50 6:5

40 3:2

C
B 36 5:3
A 30 2:1

N=SERVO SAMPLES PER REV.=60
M=NO. OF DATA SECTORS :

- § y




4
transparent to the data channel. SMt%
to put aspreanp and wite driver 66 ij a servo sector 30.
Switch 76 is opended to prevent detec ata-tromatiegditi ng the VCO 68.
.This has the effect of a VCO hold. Data timng and control circuitry 71
.mai ntains switches 76-80 as positioned in Fig. -5 for a fixed tinme period
until field 37. Switch 80 is used only during wite node to wite VCO
resync field 37 and code constraint fiel @/38. IQ\mmite node, switch 77 is
closed first todha writing.of the VCO regyné-fielc
is witten, sw fe B ifsTro$ed: i
all ow VCO 68 to resgptlironis¢ to the data

yiduring wite node

A
€

when the VCO resynce fﬁ’OpFFdIiOﬂ’i :
or read. The val up @E dervo focation rlegister. 74 is tRes3
| ocation of the npX®S¢uvo—seetor—30. |The channpl agai
same manner as QT gt data channg
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unti | the néxt servo | ocation si gnal RS=geRe -Ys M\ ’aﬁg#g({,g,amﬂta;ﬁg ; i

______
eI 4——rr-ch—ray

sector. To |ocate each servo sector S ,
be as short as 1 bit, it required. Each servo sector 30 can be | ocated by
open-loop timng fromthe previ ous servo 36ctor and without any know edge
of the lengths or positions of the data sectors. 1V. Application to
Constant Linear Density (CLD) Recording It will be understood that the

sector servo system for CLD r eppAGNETICSRESORIING DISK he sane as descri bed
for banded recordi ng, except that the clock frequency changes at each track

and the length of each data sector will change fromtrack to track. The
gﬁpﬂr)lg; '”AVﬁ‘éfEAb*ie perm ssi bl e conbi nations of servo sanple rates and

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 opefations. 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 (M) or variable length records, that may be accommodated on .
the disk or tape in such manner that each of the servo sectors (30) (or sectxons) equally
spaced on a given track is located within a data field of a data sector or within an
identification region or immediatély after an address indicating mark (such as address marker
index mark). The rate at which the servo sector (30) (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 technique is suitable for CLD recording, to banded disks using sectored
servo as in conventional FBA, and also even to non—seotored 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.

Fig. 2

This Sheet Has Been Replaced
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9.data. sectors per track is conputed is by an obvious rmdlflcatlon of the
al gorl t hm described in the Appendi x for banded recordi
Application to FBA Format A plurality of servo sector ELﬁGEMFNEr%"(FEJM
witten at the factory. They are circunfergntially spdced frqrr[‘ fl 188he
on each track by an equal angle, which corresponds to @@nstant TR

separation. Since the data ti mpaGRERCWECORPING DISEKNE FBA Tormat, the
al | owed conbi nati ons or nunber of servo sectors and nunber of data sectors

per track may be qhipmvestionreldis t6anethstiarund means Gaprovidig dnd LiAgBENEI X
for calculation of the all owed bands for banded recordi ng. Another approach
i s to choosgortidna©na navable recordihgmedinmfandireors paetidubariyt felates tosach e mgthodf

the overhead fields. The all owed data records | engths would then be
i nt egral and means wherein the rate at which servo sectors are sampled on a disk file or servo

sections are sampled on a tape drive is independent of the data architecture used.

Our copending European Patent Application No. EP 439 278 based on US
Patent Application No. 07/466195 and filed concurrently herewith discloses a 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-dam) regions. The drsk has the prror art conventional Servo sectors which

_contain all servo and associated overhead mformatron However ;micro servo sectors
are inserted in the data fields between the conventlonal servo sectors to provrde short
bursts of servo mﬁf;;rrriatroh. Fhiese micro servo sectors contain a small portion of the
overhead mformat_lron, only sufficient to provide position information and to cqntrol the
temporary interruption and restoration of the write current and the data stream and clock
input to a data encoder/decorder. Because the servo'bursts are short, no
resynchronisation 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, such as used in low end disk files with FBA format.

Several techniques, now becoming increasingly popular to increase the areal
density in sectored disk files, are constant 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 bank of radii, but varies from band to band to minimise 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 to the




mul tiples of the data unit length. If the servo sector
such that’ the di stance between adj acent servo sectors i 5 equ

integral nmultiple of the data unit |ength, then the seryg.sector,s w I1 '
‘never lie in disallowed regions. V. Appl i cation to lGKD Forlét JANaISY]. ,

‘'servo sectors are positioned and witten at’ the factory. The first data=
record on a gi | : ' soe | | f
he next seroiiziost BRI, uid MBTEMiltne bEh sfbtord o WRNOTRE Bifering Samble, |
are added t oratdie £RE, fkkd A@ossBaRAS adPsetilst Bahdedges ROUNEIEquEE cYmstARCt OF

lies in the data region. If. the next servo sector lies within a disallowed
field at theuplating ofthet sampienite, iddainiing of the sehensapgdesowbsidvagy. added to the

end of the current record to align the next address mark with the next
servo sector: Thi sTherediss seddsfor agecardingftechniue, gansparent tonthe lsert msafil fofhe
controller generates the pad bits during a wite operation and extracts the
pad bi t s- durtratly ngnsectered sad sectored disk andnfape fogmatsi whefsén sarve sample aateisir ent
to the host. constant and is independent of the data architecture used and limited only by the total
area of the disk devoted to servo information.
According to the present invention there is provided 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 sectors, the number of
data sectors in a déta 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.
Fig.-1 is a diagram, not to scale, showing the regions and fields of a 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 according to the present invention
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.
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as appl ied to disk drives, it will be apparent that theiji nvention

equal ly applicable to tape drives. In both, the rate atrINar£h iﬁr}m %
for disk or servo sections for tape are saBTpI ed is |ndébeﬂdeﬂ{ a V\}n

the disk or tape is formatted in FBA or CKD architecture. 10 In 'a tape
drive, the !l owalteoductien s§les riowednt SsrvoBectoect i ons on a track and

| engt hs of associ ated data sect |ons on the tape is established such that at
| east some of t heAsdllastrajedsipaliiad 1@ typdcal peior ant slatarseetor P\fera treelc pn ariEBA -

| ocated wit |na field of a datq section and the te at [ t he
servo secti 8%@5@%3?%@5@%@% ﬂflqeﬁ%{j tion (h% reglonlvxhan a data

region 12. Write-read and speed field 15 allows time for the drive electronics to switch

\Y/ Application to Tape Drives Wiile the invention h S’ﬁﬁﬁﬁﬁ‘ll}mated

from write to read. Address 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 contains 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 heeded to insure
that PES field 17 is not overwritten and that sufficient time is provided for the write
current to rise to its full value. VCO synchronisation (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. Ehcoder/decoder (ENDEC) flush field 20 indicates the number of
bits the read channel decoder must receive in order to put itinto a i(nown state called
ENDEC flush. Sync byte 21 indicates 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 (gading of the ID.

In data region 12, fields 23-26 correspond to the ID fields 18-21, respectively.
However, the function of syﬂc 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 compleiely 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.

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

As illustrated in Fig. 2, servo sector 30, in accordance with the invention,

differs significantly from the conventional sector 9. Sector 30 comprises a read-write
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Mark 34 is at the leading end of the position error signal (PES) field 35 and

marks the start of servo sampling. 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
constraint and sync bits which, for example, for a 2,7 éode would be 00. Each of the
ﬁelc_ls 32, 37, 38 are completely 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 operation.

It will thus be seen that each servo sector 30 consists solely bf bits in PES field
35 containing position information and to each side thereof bits in fields for controlling
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.  The servo sector 30 is not included because 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 essentiaily similar to the
corresponding unprimed 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 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



described,in Section VI. In the disk enbodi ments, the allsssable. nunber -af ;
servo sectors per revolution was cal cul ated for each trjack or band o{ ;
tracks. It will be apparent, however, that in view of th&azarfstia AN B30
rotational speed of the disk, the tine betyeen each servoSetetor—FrS———:
~constant. Hence, in both the disk and tape enbodi nent, the allowable tine

'separation hehygen 87V PrashGH Hater rlh&efc{rf,cthe Eﬁ'gﬁﬁ%&ngﬂes?@?{efe} hbuld bk he

di sk enbodi ment this was expressed as al [ owa servo sectors on
a track. A npidied aapiheRANhe afta PBATDNATIIA DPdo1ey iedifie FoHBG IR AM 16'.
witten on a disk (or servo sections witten on a tape) are equally spaced
on a given track &k seernlsedtors 80 ssadd noskd insertesinid the syaic fieddd IVior@4' because
operations. An alogorithmis used to determne the allowable tine

separ ati on Bhe WEQ isthen attempting a8 phase of dragueney)lodnresulting di an napredictpbles duft

associ ated data sections, such as data sectors or, variable |ength records,
that nmay be OVer aservo sample. Nor should servo sectors 30 be inserted in fields 157, 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
foildw 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. The servo sectors
30 in each respective bank A-D are written at equally circumferentially spaced intervals
and are sampled (ie, 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 located 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'
ina data sector M. As shown in Figs. 3 and 4, each data sector M exténds from the
leading end of each "other" fields (which are the overhead fields) to the end of the
adjacent data region 51.

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 positiohs 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
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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 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 secfors 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 at the AM position 16' or within the data regions 51 for
all sectors in all bands. _f

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 permissible, 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 6f the data
sectors.

Permissible combinations of servo samples and data sectors may be computed as
described in the Appendix attached hereof.
II1. Implementation of the Invention

The servo system is initialised by locating a servo sector 30 at index mark 52

(Fig. 4). As illustrated in Fig. 5, clock generatpr 61 generates servo clock cycles which
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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 controller 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 m the same
manner as a prior art servo controller using the PES to control an actuator (not shown).

In the preceding descnptlon it has been assumed that spindle speed control of
the dlsk drive motor is sufficiently precise to permlt completely open-loop operation;
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, however, 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 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 thé 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 various
sets of data sectors.

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 75 during
write mode. This ensures that the data timing and control circuitry 71 will interrupt the

data stream at the proper bit boundary. .
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In response to the 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 ;iata 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 opended to prevent detected data from
affecting the VCO 68. This has the effect of a VCO hold. Data timing and control

| circuitry 71 maintains 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 resynchronise 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 regiéter 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 signal is generated by comparator 72.

The data and servo sectors work in concert such that the data channel is
prepared for each servo sectdr 30 without requiring an address mark for the sector. To
locate each servo sector only a servo start mark 34, which may be as short as 1 bit, it
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 (CL.D) Recordin:

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
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described in the Appendix for banded recordmg.

V. Application to FBA Format
A plurality of servo sectors are positioned and written 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 or number of servo sectors and number of data
sectors per track may be computed in the same manner as described in the Appendix for
calculation 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 records lengths would then be integral
multiples of the data unit length. If the servo sector spacing is chosen such that the
distance between adjacent servo sectors is equal to an integral multiple of the data unit
length, then the servo sectors will never lie in disallowed regions.
VL. Application to CKD Format

Again, servo sectors are positioned and written at the factory. Thel 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 operatio.n, 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 applicabie 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.
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data architecture used. Like the disk embodiments, the reading of a servo section 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 locatidns 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 -o-theli 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 the data
sections to the time separation between servo sectioﬂs 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.

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 spéed of the disk, the time between each servo sector is
constant. Hence, in both the disk and tape embodiment, the allowable time separation
between servo sectors on a track is calculated, though in the disk embo&iment this was
expressed as allowable number of servo sectors on a track.

A method and means has been 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 alogorithm 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
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within an identification region or immediately after an address indicating mark (such as

address mark or index mark). The rate at which the servo sectors (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 technique is suitable 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.

APPENDIX

Computation of Permigsiblé 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 linear
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 millimetre), 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 portion).

SF = Fixed length portion of servo in ps.

OB = Number of bits in other fields (data rate dependent portion).

OF = Fixed length portion of other fields in ps. |

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

M = Number of data sectors in a band.

N = Number of servo samples per revolﬁtion.

ld@) = Linear density in kbpmm, where r is the radius in mm.

OH = Fixed o_verhead.
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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 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 numbef bf 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. Startmg with this band, check to see if it is valid. If not, decrease the sector
count by 1 an& 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 minimum allowable ID radius is greater than or equal to the
disk OD. (Again; using the example from the prior steps, steﬁ 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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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 sectors, 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 as claimed in claim 1 wherein some of the servo sectors
located within some of the data sectors split those data sectors info 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
concentric 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
generally radially across the bands with at least one of the servo sectors being located
within one of the data sectors of one of the bands and splitting that data sector into
multiple portions. | |

4. The disk as claimed in claim 3 wherein the magnetic 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.

* c L M s *
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5. The disk as claimed in claim 3 or claim 4 wherein at least one of the

servo sectors located within one of the data sectors splits that data sector into at least two

portions of substantially different circamferential lengths.

6. The disk as claimed in any of claims 3 to 5 wherein if the number of

data sectors within each band is represented by the variable M and the number of servo

sectors is represented by the constant N, then the ratio of M to N for each band is equal

to a ratio of two integers, each integer being within the range of 1 to 12.

R



16

MAGNETIC RECORDING DISK

ABSTRACT
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 algorithm 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) équally spaced on a given track is located ﬁlithin a data field of a data sector or
within an identification region or immediately after an address indicating mark (such as
address mz'\rker index mark). The rate at which the servo sector (or section) is sampled
is constanf and independent of the number and lengths of the data sections. As a result
of this independent relationship, this technique is suitable for CLD recording, to banded
disks using sectored servo as in conventional FBA, and also even to non-sectored
architectures,. §uch as count-key-data (CKD), wherein the data is written in records of
variable length, and to tape drives formatted in FBA or CKD.

Fig. 2
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