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DATA RECle NG DI SI<1 DRI VE This invention rel ates QnTM{?J
genéral to data recording disk drives, and ig particul ar tg
sector formats for nuttiple track" data storage nedia ' .5 used ﬁ(ﬂ

fi xed bl ock archi tectursa%?FBﬁa di sk drives. 1 ' Al'l di sk

drives require some neans for determining the radial and
circunferential position of the r ead/ wr i daea lemestno\vesx biwe di sks so t hat
t he heads can be accurately positioned over any desired track and sector.

10 Typically, this 'sm@gqmmimmﬁtpy uplg@agmcaﬁges gcz;&fd%mgkoam
one or i or € Of the Ctl: Slérfactes s %or mly tn% t:rack da(zr Qgra e mfdla
heads in det 8P hPRT THET F° 58T i onaf Ofi ent dat T on over the ar §&K
In sector-servo 3 used ’("aF’é‘G" %h?ﬁﬁfra%“é‘ﬁﬁ‘éedé*?d’ $EFVHEVRFi'sk drives, the
servo information is I nterspersed with data on each disk surface.

Thi s approach has the 15 a1 siadwaréageudie {2 weghsNGprideeerpOEhd tBNiraYal and
information close to tBgcl@tfntial position SﬂQBQE'&di’ttrﬂ:éjﬁ%.k fdv@S ene BRLERY that

el imnati ng sources of tlli @e%hs can be accurat!gl? QQE%E@B&&”anWeQHeQ ttl;.ngkV\An% et:gﬂ‘d
tolimt track goensmy Viﬁ%t hdgyam eo;tq: ector
servo approach I's t hat Y% ur'%ls Add FPBALred B piacing se verheag in "8 to
permt transitions bet#&&rrfddtadirk groisesattd ‘Ssérhé/d“aﬂ?“c or optiggy B‘Ff"é‘s dftd to

di sti ngw sh data r eg| Oﬂgemms@p%pq;segqoeﬂ.sorxentatlon over the disk. In sector-servo
(also known as embedded servo) disk drives, the servo information is

interspersed with data on each disk surface. This approach has the

15 advantage of providing the positioning information close to the data
sectors it identifies, thereby eliminating sources of track
misregistration which otherwise tend to limit track density. However, a
disadvantage of the sector servo approach is that it incurs additional
overhead in order to permit transitions between data regions and servo

20 regions and to distinguish data regions from serve regions.
x .

Much attention has been focused in recent years on reducing the
overhead associated with sector servo architectures. One approach, known
as the no-ID format, is disclosed in EP-A-522 75¢. No-ID disk drives use

25 servo sectors in combination with a defect'ﬁhp to identify the-data
sectors and completely eliminate the use of an ID region. Using the no-
ID format, each sector on a track is composed of two regions: a servo
region and a data region. The servo sectors are located using a servo
ID mark or address mark. ECC may be added to track Iﬁ?info;mation to

30 provide a more robust servo pattern. Each data sector is identified by
its cylinder, head and servo sector number counted fSrom an index
location. This format is the same for substantially all sectors on all

tracks of the disk.

35 A second strategy which has been used to improve recording density
in sector servo disk drives in recent yvears is known as zone bit
recording (2BR), as taught by Hetzler in U. S. Patent 5,210,660, In ZBR
disk drives, the disk is divided into multiple zones oriented in the
radial direction. Each zone is comprised of a set cf tracks. Since

40 tracks in the outer zones are longer than those in the inner zones, the

tracks in the outer zones may store more data than the tracks in the



Much attention has been focused in recent years on reducing the

ove_rhéad associated with sector servo architectures. One approach, known

as the no-I1D format, is disclosed in EP-A-522 750. No-ID disk drives use 25
servo sectors in conbination with a defect map to identify the-data
sectors and conpl 1% -%Pi minate the use of 4n ID region. Using the no-

I D format, each sector on a track is conposed of two regions: a servo

regi on and a dat a iregi snmes - THyrietivo extiors§orgdain| etared el 7fgvitich dry Ghe

| D mark or addr essanmhilwber ECGatvapytbe athdedst@ntigackidnD thafaoditednaon t 0 30
provide a more rolpshe,Sel ¥R palkl @bibs isFaiDiAate HOGLN 1h:Get daibhi forad Dy
its cylinder, head.gnd, Sgr xa, SRCk QL AUME: SRR eﬁhi &941&@;11,; REL Kumber o
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strate
to i nprove recor difflfEHindFYy sempling rate fof gl gaqeg a5y %;‘6’ WE‘?(“‘G‘PF?/% in
recent years is kf®WR $®§tZdrié Y5pd across the entirpdbthdi e CaBRystiersof aught by
Hetzler in U S Patvémt ngb& 6f @66 sdchorEBRr track and a flixeglknugbdrvessertvbie di sk

is divided into mdbdtbfd BerZ HAGK coX kAL E€dAn isBmd BE the data sectork adid s:d.iJ.E agtion.
Each zone |1§ CorrprséLSrQCLeglforg Sﬂlt eJQIn lter&CKSiu.skSE%gttég) acc<:>rd:mgttrc'.‘ac’kS in the
outer zones are | QQ_Q% 25@@% Ei‘%&m' i1l II' Ge ! ’Uilg e é&&a reﬁordlnﬁ; (%J.ﬁk 101 is spE.r acks

in the outer zones HBMKS ore nDre ata than the trac

SA9- 93- 039 ee zones -~ 102, 1%4, and 106. Each zone is comprised of a
plurallty of tracks 103. Each track has a number of data sectors 105 with
associated ID fields 107. Variocus servo sectors, designated as 108, are

15 shown interspersed with data sectors 105 around the disk. An index
location 109 is shown, where the data sectors in each zone align with a
servo sector 108. A portion of a track on the disk is shown expanded at
110. Four complete data sectors are shown (130, 122, 132 and 124), each
with their associated ID field (140, 141, 142 and 143). Three

20 representative servo sectors 125, 126 and 128 are also shown. As can be
seen from this example, some data sectors will be split by serve sectors,
and some data sectors will not start immediately, following a servo
sector. For example, data sectors 122 and 124 are split by servo
sectors 126 and 128, respectively, while data sectors 130 and 132 are not

25 split by servo sectors. Data sectors 122, 132 and 124 and associated ID
fields start immediately after another data sector, rather than
immediately following a servo sector.

) The necessity of splitting data sectors and of ﬁsaing some data

30 sectors that do not start immediately following a servo sector presents
complications which heretofore have prevented the use of ZBR and no-ID
together in the same disk drive. For instance, in No-ID disk drives, the
pPhysical location of a data sector is derived from the address mark
field, which is also used to locate the servo sector. However, this

35 technique is dependant on a fixed, constant one-on-one relationship
between the locations of the servo sectors aﬁd'the data sectors, a
relationship which does not exist in a ZBR-formatted disk drive.

A technique has recently been introduced which addresses part of

10 the problem by providing electronics to generate timing pulses to mark

the locations of data sectors which are not necessarily adiacent toc servo



i nner zones. Typically, data is stored in sectors, each of which has the
sane nunber of data bytes. In this configuration, the additional

capacity in the outer zones is utilized by having a | arger nunber of data
sectors on each track in the outer zones. This results in the nunber of

5 data sectorgy,REresbrack varying fromzpne to zone. In order to
provi de a constant servo sanpling rate for all zones, a single
fixed nunber of cectors and SETX0.LS6GL 0N S Ls Used _across,the entire d| sk.

§
The conbi nation of %4 Ser cof data sectora™Ber®track
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i n Fig. 1, weere dakéyrhmbapledidafstdis khokd valies Sk ivbdated at every sekwl ectby.ce
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associated ID fiel Var i ous servo sector are 15
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| ocation 109 is ShEMT® MheFFe BHE: dRE FYSERIYF'S P CATHLSRE drfgnraiiisda
servo sectont108. Aeperfuilbdad septen, ar kalyn vk i Sleifed 1 henabernexfearrde at
110. Four conpl etezaata sectors are shown (130, 122, 132 and 124), each
with their associated ID field (140, 141, 142 and 143). Three 20
representative servo seglQls, %%ﬁe tl@@vr@dﬂgoﬂzé é'EUl@ t@'l%&tﬁ@%tartpéf gcap.be

seen from thi s exanphe, 30T Sela sesl oL mlobe BaliL, DIAELY, F6GLAIS,

sector. For *exanpl 8Pea4tEe §%‘c"‘f”€ﬂ' sSugh s atﬁo“T%”é?r tresfie tse‘t’iﬁr §é‘?‘\‘76 '
sectors 126 and 128acty dspreapdtvesiey comyk¢ ¢ miatial seka eacsor] B3@beEeri 32 #r e not
25 split by ssrumusagicor Sectioat aos etieos on kR sank3dhrard al Bdhchndas
associated ID such, it isf iRLEScShartbr uia et aadiek Yrant tREura Al dhehusd adoth

sector, rather t haﬁ.‘ocate and 1dentlﬂyrgzggIs@ét@l‘&witﬂ!)dto\yylﬁwaxa S @LMQ. sector.
The nece55|5y of splitting data sectors and of having sonme data 30

sectors that do not start i mredi atel)/FfoI | ow n a servo sector presents

conpl i cations whi ch her8tBFoPR A& °§vje‘ﬁf‘%iﬂg AR TRSECTIZBR ARTING- I D

information is to add a servo style address mark prior to each data
sector. This approach ensures that each data sector can be located
independently of a servo sector. However, it suffers several drawbacks.

/25 First, it does not allow the disk drive to Be reformatted with a.sector
size different from the original sector size since the address marks must
be written by a servo writer which permanently fixes the disk format.
Second, this approach can increase the complexity of the servo write
process, because additional steps may be required to cteate the

30 additional address marks. Third, the address marks occupy space on the
disk, increasing the overhead. Fourth, the address marks require a
write-to-read recovery region between data sectors, further increasing -
the overhead. Finally, when used with a magneto-resistive read/write
head and micro jog technoiogy, each address mark must be reliably read in

35 a partially off-track position during write operations. This requires
guard bands at the zone boundaries, since thé data address marks do not
line up with one another from one zone to the next. The guard bands, of
course, further increase the overhead penalty associated with this
method. )

40



together in the sanme disk drive. For instance, in No-I1D disk drives, the
physi tal l-bcation of a data sector is derived fromthe mar k
field, which is also used to |ocate the servo sector. HOWe m\§BE ‘
techni que is dependant on a fixed, constant one-on-ong rel aREPNAFHFP

bet ween the | ocati 6A%°8f°3t he servo sectors arfd the data Secto =

rel ati onship which does not exist in a ZBR-formatted di sk dri ve

A techni que has recent |Archdényly.nthege heedxigtet h eoktress agngsarsed gh th@ art
the probl em by protetlangcelreathitBicase iiicy@fsscaiveli taibngs ik P8BS ah® nBBIDK
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the ATT930010 serv5*CREARE f’/aﬁ*u?" ?d%é Bt “Ehfp reiring ““tevEﬁ’rc?ﬁ gt es
a start of data seB‘t“U?e“pt‘,ﬂjgﬁaanPtaea%“ﬁ”cfata sector starting

bet ween two servo sectors. This is achieved through the use of 5
programmabl e regi st ers askesmahal viesedafen D tiabedsmkt @Y€ byesSBT VitreSE6d OF .

Two val ues are reqpidvesbsal afaCRSRIN0aSRGbO use Wih NUIRALLI16Ek Sdtdesedrt e

l engt h) f rO{TB t he péisgrdr%eer MQI:ﬁgegtthd Egbagﬂeo§§:@rd;ngogos§.a@n1nb rl%EO lL et:}?e

data sect or, and tglies gpeg v1gedd:§'1 a, nu.mger £ rac{:l.?r]{)l stpg'rt ore the tngx%(t
servo sectar. Al so, F Jt St *know t %e nu or cﬁ ocks Ut T e 10

for a full data sek B‘i‘e t?‘:b"af’ffé‘g\ﬁﬁﬁ?ﬁd i*8t 3 BHPAT 190 a&?)"rjré’f 5ﬁ‘it°’|’sor“‘ qthe

only data sectors for recording user data and servo sectors having
pre-recorded head positioning information for identifying track and servo
15 sector locations, wherein the number of servo sectors on the track is not
equal to the number of data sectors on the track, and wherein information
establishing the circumferential locations and identities of the data

sectors is encoded within the servo sectors.

20 Viewed from a second aspect, the present invention provides a
fixed-block architecture embedded servo disk drive comprising: a data
recording disk having a number of radially spaced tracks, at least one of
the tracks being divided into a number of angular sectors including only
sexrvo sectors and data sectors, wherein the number of servo sectors on

415 the track is not equal to the number of data sectors on the track;
recording head means which reads information in the servo sectors and
which writes and reads user data in the data sectors; means, responsive
to the information read from the servo sectors, for determining the
locations of the data sectors based on their distance from the servo

0 sectors; and means, responsive to the information read from tlre servo

sectors, for determining the identities of the data sectors.

Viewed from a third aspect, the invention provides a method for

locating and identifying a selected data sector in a fixed-block

5 architecture embedded servo disk drive having a data recording disk with
radially spaced tracks and circumferentially spaced angular sectors
including data sectors and servo sectors and having a recording head
which reads information in the servo sectors and which writes and reads
user data in the data sectors, the method comprising the steps of:

0 reading infbrmatiqn from a preceding servo sector; receiving from

electronic storage sector layout information; computing a data sector
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zone. ¥ . However, while the ATT93C010 is able to | ocate the

start of a data sector, it cannot |dent|fm.ﬁs t hat
is, distinguish it from 15 ot her data sectofs, L, uting
its data sector nupgbgg.qagln fact, 4t canh 668Ut e

partial data sector nunmber for use in di stinguishing a3 or
fromothers on the same part of ! Ft% oué<1 4 suggh,a ithLsti Se ¢
insufficient for GEESA™E SSR°EPTAMTEEUPE™ R ¢ F Mgt 6ot h ance trom

| ocate and i dent i fRyPHEE%ARS ERAVBro8STRF t 1ot FETTEE APF F45213°61°g. 252 function of
Anot her possi bi | i tte fsertor deveut igfdmdosect ors wit hout using ID

information is to add a servo-style address mark prior to each data
sector. This approach mesafg, tthatio@dtdhs dabk aaaRiti@E of aldtdeedtofat.ad

i ndependent |y of aor&e.r;u\ees@e&tnwted F@\/@g@aacal dectif 1813 SEVSE Alecsluambagks. 25

Fi rst, it does nOL all't?x sePecteA aktadsrelci\:/ 10Q§t E,‘Jngl' q%;tgggarekﬂernagkveﬁhst

si ze dlfferent from origi sect or S|ze si.nce SS mar

be witten by a sé??/6°‘i7vf’r°f‘eﬁ“dvﬁ‘i‘?‘btﬁt‘b§? TBhERFIP Y 122 S5TRE 18 SRPF BT it .
Second, this appré&ehccah thnetieasd dahe seBApIFeAhing BF IeReraswsr iredvarit e
process, betause atkdkin trsadrritdps sigyalied beguieced pdscreate the 30

addi tional address marks. Third, the address marks occupy space on the

di sk, incréasing the GyernearenEOYEdrbrrel 1oaraBbES Se RBVHKS LhOUHe Gmbutea
write-to-read recglsqg%er gg}egpesgﬁtegeagn data sggtors, further increasing

t he overhead. Finally; when use a magneto-resistive read/wite
head and mcro jog technol ogy, each address mark must be reliably read in
35 a-bartial |y SFIESFIRRE KD HETHOR SHERET PAET 101 AESGPSPERUE P sthe 9Pkt s
requires secgerapwibbantle step tdf cadivatiEngbBgndbae isesror giphee tohremprasete
address marks do fmtcylinder and hedd Bi@wiHy. Wirkd) sgupeofanbdresntf s:emreby zone to
the next. The guaif1RREGR4aiRing the data sactePWdRr oW bRArvabfICr €ase the
over head penalty associated with this met hod. 40
20 Viewed from a fourth aspect, the present invention provides a

fixed-block architecture embedded servo disk drive comprising: a data

recording disk having radially spaced tracks and circumferentially spaced

éngular sectors including data sectors and servo sectors; a recording

head which reads information in the servo secto¥rs’ and which writes and

{25 reads user data in the data sectors; servo éfectronics which determines,

based on information read from a single servo sector, the locations and

S

identities of at least two subsequent data sectors, and which further
determines, based on information read from the same servo sector, whether

Swr

that servo sector splits a data sector.
30 ' ' ' -
Preferably the information read from the single servo sector is

used to retrieve additional information from electronic storage.

Viewed from a fifth aspect, the present invention provides a data
35 recording disk for use with a fixed-block architecture disk drive having
a head capable of reading positioning inform;tion, the disk having
radially spaced tracks and circumferentially spaced angular sectors and
a track architecture which divides a track inéo a plurality of repeating
segments, each segment having a plurality of equally spaced servo sectors
40 and a plurality of data sectors, at least one of the data sactors being

split by a servo sector, the data séctors containing no data

e
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REPLAGEMENT SHEET Accordingly, there has—existed a heretofore
unmet need in the art for a sector architecture whi THiSeSHEETtJ lBE%ﬁc nbi nes
the ZBR and no-I1D formats, which sector architect afa
recording head to |ocate and identify data sectors |
operations w t houtsapgsogsbi ng to an address mark and w thout requiring
wite-to- read recovery between adjacent data sectors. '

SUMVARY OF THE | N\{Emllgxatlon 1nforlngt1!>r$ f&nu&blrﬁgscangngttm@ c@fc%ﬁé@&ntluﬂ.vent ion to

arml I or at e one or os:.tlons O@g'\l/agtta%eegtoﬁs an& ng th!al QJea@iélcatlon in Orm'ab.l:ccor dl ng tO
one aspect of t he § present 1 nventlon rovi zone recoralng

fi xed- bl ock ar chi t'8ttArigeibeas sbe §%tl"v?)e°fﬁr FVE WEFT &75567°-a rot at abl e
data recording disk having a plurality.of general |y concentric data tracks
divided inte a pluralit ys ofefradf ahity tigpesee senes imdelegponibnibeing N of
general ly equal | y iangudtasd Yoapaaeg servo pad fields, the data sectors include data

pad fields, and the at least one split data sector includes a split pad

field.

10 It is further preferred that the servo sectors contain information
for use in locating the circumferential positions of the data sectors and
information for use in identifying the data sector numbers of the

data sectors.

15 It is yet a further preference that the at least one segment

includes a stub field.

Viewed from a sixth aspect the present invention provides a
fixed-block architecture embedded servo disk drive comprising: a data
20 recording disk having radially spaced tracks and circumferentially spaced
angular sectors including data sectors and servo sectors, wherein for at
least one track the number of data sectors is not equal to the number of
servo sectors; a recording head which reads positioning information in
the servo sectors and which writes and reads usex data in the data
{25 sectors; and a head positioning system wherein the data sectors -are
identified and located using formatter electronics in cooperation with
servo electronics, wherein the formatter electronics converts a logical
block address to a data sectér number, and wherein the servo electronics
uses the data sector number to provide a byte clock c&ﬁﬁt representing
30 the distance from a preceding servo sector to the data sector identified

by the data sector number.

Preferably the servo electronics includes sector pulse logic which
accesses a format table containing segment information for each core. It
is further prefer;ed that the sector pulse 19gic includes a data'countér,
a pad counter, and a sync counter which count byte clocks used to locate
and identify data sectors. In operation, the sSector pulse logic of the
disk drive uses a servo sector number received from the servo sector

counter to address the format table.
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servo sectors extending generally radially across the nes. at | east one
of the tracks also having a nunber M of data sectors lTHlS BHEE'FJ dé%@a i on
(I'D) regions containing information that uniquely idéntif g

sectors, the track pging,gdivided into a “u |dpnt ca
track segnents and a partlal segnent, the partlal segnent |nclud|ng a stub
having a length Iess than a data sector, each.of the identical track
segments including n' S&rYdUEEEE SFEFenTrd MRS aAt SPERTPDy Sh° PHECHPUFALRIie
sectors being spl it Iptss Fat gtaxsinst 15nsiopyt I‘?étasé‘?‘:\‘r?f QwperoPS dakpheackens rf
mn is the smal | estthecthie adearftngglick f rrefdrapivothe SeEiNridvése dopiq rpesiuést aof
the stub m +n' i s $e2&s mbdadd coonl; fot Use Aarchnngidvedda tsactior rieettsonsi 4daor mat i on
in the servo sectorseadldidsri tes and reads user data in the data sectors; a
servo sector counter, responsive to information read by the head fromthe
servo sectors, for countlng servo sectors as L.he, d|s§aLotat§mhgast t he

?re erre eature format le inc storage,
head; nenory storage for® &t or
or each segment subdivision of the data recording disk, and each region

within a segment, containing the location and identification information
for the data sectors in the segment. Preferably the format table
includes storage, for each zone, which enables the servo electronics to
locate and identify data sectors which are not positioned immediately

following a serve sector.

It is further preferred that the servo electronics includes a data
sector number counter which counts data sector pulses from index and
which is preset at servo sectors. Presetting of the data sector number
counter avoids latency after a zone switch and also avoids latency after

return from a power saving mode.

Preferably the preset value provides a skew between data sectors

and servo sectors.

It is further preferred that the disk drive further includes a
servo modulc counter which continucusly compdtes segment numbers-and
servo sector numbers corresponding to the position of the recording head
relative to the data recording disk. The inputs to the servo modulo
counter preferably include stagger offsets, which preferably include
offset values and timing adjustment values. "It is préférred that the
stagger offsets are organized into a look-up table according to head

shift wvalue.

It is further preferred that the data sector number is adjusted to
compensate for cylinder and head skewing, said adjustment preferably

including modifying the data sector number by a skew value.

Thus in a preferred embodiment, to be described in detail below, a
data recording disk drive is provided with ah FBA sector architecture
which enables a data recording head to identify and locate data sectors
based solely on.information obtained from electronic storage and from

servo sectors which need not be adjacent to the data sectors. The data
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track format information representing the |location of the data sectors
relative to the servo sectors in the segnents; and sector logic circuitry
coupled to the servo sector counter and the nenory st _ '
fromthe track format information and without use of HERE HAG BEEN
sector where user data is to be read or witten. Ac FRPUARED t o
anot her aspect of t?ﬁé'gﬁr'%s?ent i nvention there is provided a zoned
recordi ng fixed-block architecture enbedded servo disk drive conprising: a
rotatabl e data rectAEHMR GikR hahe ridsla dpivaras itV et ryemey dinFs zensacentr i ¢
data tracks divi dedzanatigelading| aimerdbet pf gkagkadi Bach rragracoathipe resmisrdofadqvanber
N of generally equaddeyorangulafdnge:s pacato Betord, S2GLMRE Suek AtHaBY sgaBey al |y
radial | y across t hevaZ‘?irﬂesﬁror@-tszleeaﬁ-LonLy\DT&f tttabﬁs t:Jr@QilﬂSseir% information and :

6 one of the,geongs Naylng Nzosreanan%%E%& Féal @H%?maM.o%f iJdata

sectors and no i dentifycaryof (DI rearons cqntaining ) normst)on, t hat
uni quely identifiesthé Watd e eiettre g ector layou

for each zone. The tracks in each zZone are circumferentially divided

into segments. Included in each segment is a number of data regions
separated from one another by servo sectors. All data regions in a given
segment are the same number of bytes in length, but this length need not
be an even multiple of data sectors. Accordingly, various regions may
contain any of the end of a data sector whose start is located in the
previous region, one or more complete data sectors, and the start of a
data sector whose end is located in the following region. The format
information provided to identify and locate data sectors, including ones
whose region locations are not adjacent to servo sectors, includes an
entry for each regicn in the segment. Each entry includes the lengths of
the first and last data sections in the region, whether the sectors
represented by those sections are split between two regions, the total
number of data sectors in the region, and the sector number of the first
data sector in the region. 1In addition to the information recorded for
each region, data is maintained, for each zone, to locate data sectors
which do not start immediately following servo sectors. This data
includes the number of bytes in a complete data sgector, the length of a
complete data sector (measured in byte clocﬁg), the length of a-vcCoO
synchronization field (measured in byte clocks), the length of a VCO
resynchronization field following a servo sector (measured in byte
clocks), the lengths of one or more data pad fields (measured in byte
clocks), and the numerator and denominator of the reddzéd fraction of the
ratio of the numbef of data sectors per track and the number of servo
sectors per track. Portions of both the region information and the zone
information may be stored in random access memory accessible to
electronics in the disk drive; other portions may be stored in a set of

registers also accessible to the micro processor.

Also in accerdance with the invention, a method is provided to
compute the starting location and sector numger of any data section based
on the above-described information. A set of counters is used to time
the length of the various fields in the fo;mat to compute the starting

location of a required data sector. The data sector number from index is

_\_-—-.._ .-
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sectors, the Mdata sectors in a first of the tracks being generally
r adi aIIy aligned with the Mdata sectors in the second F f said
two tracks being divided into a nunber of identical trfa
of the segnments having n servo sectors and m data sectlo
reduced integer fgacdsi-gad of MN, the mdatassectors in each segn
split into data sections by the n servo sectors in each segnent; a
recording head FQ%%utL@%ds%dI&fQ DBk AR sgt@rssﬁ%g 3ECLOLS R Wb gs and
reads user data in hedex 2 ecté)rs in the two tr grss of H]Te zone; a servo
sector counter, r%’%ons ve i nfornation reac?f) & Tead Tromthe servo
sectors, for counting servo sectors in a track as the di sk rotates past
the head: menory st or Bgfghdroin 3tordenes vithcibe SEHIMSHR forethed pHY SRR PEh
representing the groci@td opr oéntthreudatiavelepingrsseebabdne coott fye weripo sectors

within the segnedqbputaidtsdonéntSifibdrltind s8k@VsetedrURmBEP! €SIaNEdRg-mbdigo Of f set
of data sector nubRLs BfputddBudd@lafeSeLt UnSidalk LK $8CRARdebdeal Kafduom t he
gener al | y radi al l%f%&@@QcQ@ﬁeaceggétoléo%el Qn& bﬁe diéars%rctog:rrglﬁge OEortJh‘é Zone

and sector |ogic circuitry couple he seré/o sector, counter and e
menory storage f P15 BHE | TEoTf Pofhi™t He TF aeR Skgneht P or et ava? 8t maty 8n and

wi t hout use of I rsé‘g‘f°0‘f‘?§“1°ac‘tﬂ‘a't atloug ofier ﬁ‘rh"ef ?ﬂ“é‘tg“feﬂa‘d‘kaiﬁﬁ’fé’ﬁéceu@éf‘ dat a
is to be read or theirresent inenticohgr 4voihtilntpncf permlthehich gelddseyermmte Por mat
i nformati on and tiReurs&ewn waiti®y 80an index mark as a basis to compute segment

numbers and servo sector numbers.

Further in accordance with the invention, a method and system are
provided to identify the servo sector number following a head switch, in
particular for disk drives which are written with staggered servo
patterns. A portion of the servo sector number is written into each
servo sector, and combined with offset values obtained from electronic

storage to produce a servo sector number following a head switch.

Further in accordance with the invention, a method and system are
provided for developing data sector numbers from servo sector numbers
where the relationship between the first data sector on a track and the
first servo sector varies within a zone, and:from zone to zone. -'This
extends the benefits of the present invention to disk drives designed
with track skew which minimizes latency for head and cylinder switch
operations.

~

A preferred embodiment of the invention will now be described, by
way of example only, with reference to the accompanying drawings in
which: '

Fig. 1 is a schematic diagram illustrating a fixed block sector

architecture in accordance with the prior art.

Fig. 2 is a schematic diagram illustrating a fixed block

architecture disk drive in accordance with the present invention.

Fig. 3a is a' schematic diagram illustrating a segment subdivizion

of a data recording track in accordance with the present invention.
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7 wi thout use of ID regions, a data sector in the second track where

user’'data’is to be read or witten after the recordi ng head has been noved
fromthe first track to the second track; whereby the delay in reading or
witing to the | ocated data sector in the second track is mnimzed by use

of the skew val ue. 19-93-039 According to stil]| another aspect of the present
invention there i $ provided a zoned recording fixed-block architecture

enbedded servo disk drive conprising: a rotatable data recording disk
having a plurality of HénePal®l 3 sEmEAtiIT>Yal WSt rHERS Hirgt dewrat nie a
plurality of radi ariyinspegosdrngomitdy thedbrasmtidbeantish- general ly equal ly

angul arly-spaced servo sectors extending generally radially across the
zones, each of the tragks 4 i3 £ hRockpdidgah i it Yustda® Onghad Vb Figa @ Nembbl ht AFSAeI at ed

with it for signaling £06 ;BQ0LOMNErRintt HSdi@ck and a nunmber of data
sectors but no identification (ID) regions containing information that

uniquely identifies the data sectors, each of the tracks being divided into
a nunber of identical™ifriclke 3&YsaTRALH SR INeP FERTTE SPCPREK “s¥gent S

consi sti ng of n s&p\fempute data sector locations in accordance with the present

invention.

Fig. 6 is a flowchart illustrating servo-modulo computations in

accordance with the present invention.

Fig. 7 is a block diagram illustrating a hardware embodiment of a

servo-modulo counter in accordance with the present invention.

Fig; 8 is a schematic diagram illustrating a staggered sector servo

written disk drive.

Fig. 9 is a schematic diagram illustrating an LBA to PBA mapping

architecture in accordance with the present invention.

Fig. 10 is a flow chart illustrating LBA to PBA conversion
computations in accordance with the present invention.
Fig. 11 is a memory map table illustrating zone conversion storage

components in accordance with the present invention.

. ~
Fig. 12 is a flow chart illustrating PBA to zone, cylinder, head,

sector computations in accordance with the preseant invention. ~
I. Sector Architecture

Shown in Fig. 2 is 'a disk drive configured in accordance with the
present invention. The disk drive is formatted using a fixed block
architecture with sector servo and zone-bit recording. The disk drive,
designated generally as 202, inéludes data recording disk 204, actuator
arm 206, data recording transducer 208 (also callad a recording head),
voice coil motor 210, servo electronics 212; read/write electronics 213,
interface electronics 214, formatter electronics 215, microprocessor 216

and RAM 217. Data recording disk 204 includes center of rotation 211,



sector,s ang n data regions, each data region being | ocated between
circunferentially adjacent servo sectors, the n data regi ons being divided
into mdata sectors, where m may vary fromzone to zone, at |east one of
the mdata sectors being split into data sections by a servo sector; a
recording head that feads,jnformation in the sgervo sectors and wites and
reads user data in the data sectors and i s novabl e across

8 ZOones; a servao sdec,tdor fcoglga'gderds.ri%,rsl onsuirvaes stom:tohaestrack c;,ndex
signal, for counting®8éfvo €l ore AR the arok rofates past °t AEiAtd;
mermory storage for SPYERigatPacRe SEFRER: 1 PSIIEE 3 Rf of1Telt POt Rcdrate*Ag, for
each of the m data gediedlsinkptahpyrber SEgpteat ‘thidseciduiiah aseebwp anAther5? radin
the start of the segsentTtheaiidaicantsbst oblwality &if o kadoiso220h enhidreenpens
storage for countiN@ecfldt ansREIMRE Sn 4 hénefAl A r&BGL GirLOitAl CEadRGiA6k RALECL DY

recei pt of the tragked D% 8L08A! w88k Qhel OGS hil kEMIL LY, LESPONSI Ve to

the count from the Sc?:!"c\légferentially divided into a number of data sectors 254. As will be

discussed hereafter, the data sectors contain no sector ID fields. 1In
accordance with the normal meaning of “fixed block architecture®, all
data sectors are substantially the same size, expressed in bytes of data.
However, it should be noted that the present invention may easily be

. adapted to tolerate some variaticn in data sector size, such as from 512
bytes per sector to 520 bytes per sector, in the event such a
configuration was desirable for a particular implementation. The number
of data sectors per track varies from zone to zone, and some of the data
sectors do not begin immediately following a servo secter. Further, séme
of the data sectors are split by servo sectors. If the disk drive has
multiple heads, then the set of tracks which are at the same radius on

all surfaces is referred to as a *cylinder". .

Read/write electronics 213 receives signals from transducer 208,
passes servo information to servo electronics 212, and passes data
signals to formatter 215. Sexvo electronics 212 uses the servo
information to produce a current at 240 which drives voice coil motor 210
to position recording transducer 208. Interface electronics 214
communicates with a host system (not shown) over interface 262, passing
data and command information. Interface electronics 214 also
communicates with formatter 215 over interface 264. Microprocessor 216
communicates with the various other electronics over ;;Ee:face 270.

In the operation of disk drive 202, interface electronics 214
receives a request for reading or writing data sectors over interface
262. Formatter electronics 215 receives a list of requested data sectors
from interface electroniés 214'and converts them into zone, cylinder,
head and data sector numbers which uniquely identify the location of the
desired data sectors. The head and cylinder information are passed to
servo electronics 212, which is responsiblewfor positioning recording
head 208 over the appropriate data sector on the appropriate cylinder.

If the cylinder number provided to servo electronics 212 is not the same

as the track number over which recording head 208 is presently



sector counter and to the count fromthe data sector counter for retrieving
track segment format information fromthe nenory storage and for |ocating,
fromthe track segnment format information and without use of ID regions, a
data sector where user data is to be read or witten; read/wite circuitry
coupl ed to the sest-er-obogic circuitry and td the recording head for
causing the head to red or wite at the | ocated data sector; and wherein,
after nmovenent ofodibRnbgaskrbs @pacArdni¢ssP12z0imer brcateseconll panejont he dat a

sector counter [ S;.pPre8Sfbodl¥idnNQesla0ierkadatos SE&CERN pppbfite GRLI@SNONdI Ng tO
the data sector that inmediately foIIovvs the first servo sector read by

the head after the head is noved t Q?z nSec s“mge nlgaewr he g J.pe head may
read or wite in a d&'¢ §‘°erc‘,’f’cﬁle‘1tﬁ°ﬁlﬁ secontt zone . prio gto the data sector
counter being prEkseterhgpridfe RHORT FRIEX *39GHRAES ﬁlzttffél'sse?f‘ﬁﬁﬁ“%ﬁ"e“"
DESCRI PTI ON OF THErRREFERREDENBEDILVERT (8] identify the Seeired defd wathRydi Ment  of
the invention w LkirveiQurdees des gidsheder bycovdiyig dkadex@nhe no-ID approach

described in EP-A-522 750 is used to identify each servo sector. In

brief, an index mark identifies the first servo sector, an address mark

locates subsequent servo sectors, and a count of address marks uniquely

identifies each servo sector. Additional information, which is described

in greater detail below, is maintained in association with servo

electronics 212 and formatter electronics 215 and is used to determine

whether the present servo sector splits a data sector or whether a new

data sector starts immediately following the present servo sector.

Further information is maintained in servo electronics 212 and formatter

electronics 215 which identifies the location of (or the distance to) the

start of the next data sector from the present servo sector. Still

further information is maintained which identifies the location of (or

the distance to) any additional data sectors which begin before the next

subsequent servo sector. Still further information identifies the number

of the data sector from the index mark. This information is used to

allow formatter electronics 215 to compare the data sector number passing

under the recording head with the list of sectors received from interface

electronics 214.

Shown in Fig. 3a is a detailed schematic diagram of the sector
architecture for an exemplary track from a data recordlng disk in
accordance with ths present invention. A portlon of a track is shown as
302, containing segment 304. Segment 304 is subdivided into a plurality
of data regions, 306, 308 and 309. The data regions are separated from
one another by servo sectsrs 310, 312, and 314. Segment 304 also
includes a plurality of data sectors labelled Dl through DS. Finally,
each data sector is made up of one or more data sections, labelled 320,
322, 324, 326, 328, 330 and 332. Logically,.a segment is the set of
servo sectors and data sectors having a unique spatial relationship
between the sectors. The format for a track may then be produced by
repeating the segment. A data region is the space between adjacent servo
sectors. A data sector is the smallest individually addressable unit of

user data, independently readable and writable. Finally, a data section



only, with reference to the acconpanying draw ngs in which: Fig 1
is a schematic di agramillustrating a fixed block sector architecture in
accordance with the prior art. Fig. 2 is a schematic diagram
illustrating a fixed bl ock architecture disk drive in accordance with the
present inventiongag.g3-g39 FIig. 3a is a schemgatic diagramillustrating a
segnent subdivision of a data recording track in accordance with the

present i nventi on, A? 93- 239 sector, not int ted b 10
Fig. 3bis a scher?at |¢<mt ?‘g’ﬁ?é)ﬁftl astrati r?éc grtfcécf(n format with a_ stub in

accordance with t¥&"Present invention. Fig. 4 is a block diagram

illustrating a hardware enbodi nent of the
The exemplary track of Fig. 3a contains a number of data sectors

and a number of servo sectors, not necessarily equal. Note that servo
sector 316 is not part of the segment since data sector D5 ends just
prior to servo sector 316. Each data region contains a number of data
sectors, some of which may be split by servo sactors. For example,
region 306 contains the entire data sector DI (section 320}, and only a
portion of data sector D2 (section 322). Likewise, data sector D2 is

split by servo sector 312 into sections 322 arnd 324.

Also shown in Fig. 3a are details of the contents of servo sector
310. Write-to-read recovefy and speed compensation field 342 is used to
allow the read/write electronics to switch from a data writing operation
to a servo reading operation, and to allow for fluctuations in the disk
rotational speed. Address mark field 344 precisely identifies a specific
position within the servo sector which is used as a timing reference.
Position field 346 contains the actual servo information used to position
the head, typically including a position error signal and other_
information such as a track number (track ID or TID), index value, servo
sector number (or any portion thereof) and head number (or any portion
therecf). Servo pad field 348 allows for the electronics to switch from
reading servo to writing or reading data, as w=lI as for disk rotaticnal

speed variations.

Also shown in Fig. 3a are details of the contents of data section
332, which contains a full data sector DS5. VCC sync fleld 352 permits
the read/write electronics to enable the voltac= contro led oscillator
(also known as a phase locked loop) to obtain proper phase lock Eor
reading the data. Data and ECC field 354 contains the user data and
error correction information. Data pad field 356 allows for differences
in processing time for reading and writing data, as well as for flushing
any encoder/decoder, and for disk rotational spsed variations. It also
provides sufficient time for the electronics tc prepare for operating on

the following servo or data sector.

Also shown in Fig. 3a is a detailed view of split data sector D2,
labelled 360. Two additional fields are typically resquired when a data
sector is split by a servo sector: split pad 3%:i and a VCO rssync 363.

Field 322 shows a portion of data sector D2 prisr to servo sactor 312.



servo functions of the present invention. Fig. 5 is a block

di agr'fim illustrating the storage conponents used to conpute data sector
| ocations in accordance with the present i nventi on. Fig. 6is a
flowchart illustrating servo-nodul o conmputations in accordance with the

present invention.sa9-93-039 Fjig. 7 is a blocki*diagramillustrating a

har dwar e embodi ment of a servo-nodulo counter in accordance with the
present invention.split pad fidki (P64 Bligws fostherbactroniisatn dreriubtishe aeddiey a
staggered sector S&f aciMg éd 84talinSK mékiel @ell known in thé @rt.9 degvaasetHreAtl i C
di agram il | ustrati NgeARodeBAyt RoRRABRRINPesal Wildir €€ Lslaled FosBEEOUHE ad¥e e t N

t he present . | nvent tl:oonllow for contirllzdagionlon J:lé 1%,&3 logv\\‘rmag!;eritliJ)d‘!_St rf"i’t{ailﬂg ‘LBA to
PEA conversion conpufat | ofns A1 a(:,corda%nfl%wm tsgrgohgecggr%ﬁn;s L{'o‘(lﬁrlliﬁﬁ'-
Fig. 11 is a menor5P*hiep tafit@ seFY 88 OF af15G Zone conver sion . stor a '

conponents i n acco¥arfse: wiih PRAEIPAEA Y PR\ ORLTEBH umber of brteg ’j‘gleel‘ﬁtri s a
flow chart illustratasg RBALLG Yoner Sybarmtefifitrend, MeetBi® wowmsutiations in
accordance with thsspia@IRnNidehtl¢£Ntd @ontent to VCO sync field 352, but this is not
required. More capacity may be achieved by making fields 364 and 368
shorter than their counterparts 352 and 356; methods for achieving this

benefit are discussed in the prior art.

For any given data recording disk drive, there is a fixed number of
sexrvo sectors per track (hereinafter designated as N) throughout the
disk. Alsc, for each zone there is a fixed number of data sectors on
each track (hereinafter designated as M). If M is not a multiple of N,
then some of the data sectors will be split by servo sectors. The split
portions of each data sector are denoted as sections. Further, the first
section belonging to a data sector is called the primary section and any
remaining sections are called secondary sections. Since all data sectors
on a track have the same number of bytes, and since the servo sectors are
equally spaced, there will be a limited number of unique data sections on
the disk drive. The set of data sectors and servo sectors which defines
one period of the unique pattern of data sec;idhé is called a segment.
The number of data sections in a segment (héfeinafter designated as nss)

is given by:

nss=m+n-1 (1)

where ig represents the reduced fraction of

=l

Since m and n represent-the numerator and denominator of the reduced
fraction of the ratio of the number of data skctors per track to the
nunber of servo sectors per track, it is apparent that there are n servo
sectors and m data sectors in a ségﬁent. Fbr exemplary segment 304 shown
in Fig. 3a, n=3; m =5, nss = 7, N = 84, M = 140, and nst (the number

of segments per track) = 28. It is to be noted that in accordance with



|. Sector Architecture Shown in Fig. 2 is a disk drive configured

I n accordance with the present invention. The disk drive is formatted using
a fixed block architecture with sector servo and zone-bit recording. The

di sk drive, designated generally as 202, includes data recording disk 204,
actuator arm 206, dst-s3-0&cordi ng transducer 208 (also called a recording
head), voice coil notor 210, servo electronics 212, read/wite electronics
213, interface el eehd adHIL Setbd arfGEsmRintel meetret tthORPOS s2dirs BbE ERPBAGESSOr
216 and RAM 217. D[adegrs’ 8fc0bddi ddda GbSe204 meldiflate GafI-RIti & ndRbaly @B 211,
SA9- 93- 039 iden 1fy ta s;ctor n rs afGathSseliovi dedf.Qr 1shSLQ>Qi£gslnt : Om ng

218, The L1 acke ar BOY GEREH *HUdTAl 1501 Ao S BrLa ShREee FRPRirip e

whi ch are shown astP5Iervo5deckyfpicss3as 'T’Hé bdl%eﬁc”dB“r‘i‘t 4y preaterpfesr ’F"cl?“"of servo
sectors 220, which extend across the tracks in a generally radial

direction. Each track hasheuldrefetenceti thdestoR2lof tNet deomene aohtizonaejont 11e
tracks are al so Ci guidiel eRdr &lahpieflithé dRlré REtLxacOIBL BefQfieddad @ se@fhOr S

]??‘ell- dsASI\rllvi Il be disgussa&dcetaald ehis Lhf daha nsQEi105S: CONGRE s MRes 8CLAr | D

N are relatively prime, resulting in m = M and n = N. However, nothing

precludes choosing'-g to be an integer multiple of the reduced fraction.

Moreover, there are cases where the above analysis on the ratio of the
number of servo sectors to the number of data sectors is not the
preferred choice for defining a segment. This can occur when a space is
left at the end of a track, where the last data sector on the track ends
substantially prior to the end of the track. Such a case is illustrated
in Fig. 3b. The track is designated 380, and contains 7 servo sectors
384. There are 11 data sectors, DS1 through DS11l. Note that data sector
DS1l ends prior to the end of track 380. The remaining space is stub
385, which contains no user data since it is shorter than a data sector.
In this example, N = 7 and M = 11, which from the above analysis would
lead to a segment size of n = 7 and m = 11. However, Fig 3b illustrates
a second possibility. The unigque spatial relatlonshlp between the servo
sectors and data sectors is achieved with n = 3 and m = 5. This§ choice
results in two full segments, 381 and 382, and one partial segment 383.
The disk drive need only know the total number of data sectors on the
track to handle the partial segment. Once the data sector number has
reached the maximum value, the drive will wait until Ehe next servo
sector, which resets the data sector counter to the first data sector
number. It is to be noted that a track format having multiple stubs may
be selectéd, including stubs located within tracks as well as at their '
ends. In any event, an advantage may in some cases be achieved in the
presence of stubs by redefining the region using a smaller segment size
since this in turn decreases the amount of memory required to store the

format information.
II. Formatter and Servo Electronics

Fig 4. is & schematic diagram of the preferred embodiment of the

servo and formatter electronics used to locate and identify data sectors



accordance wth the normal nmeaning of "fixed block architecture”, all data
sectors are substantially the sane size, expressed in bytes of data.
However, it should be noted that the present invention nay easily be
adapted to tolerate sonme variation in data sector size, such as from512
byt es per sector tocaB20-BB9tes per sector, in ¥he event such a configuration
was desirable for a particular inplenentation. The nunber of data sectors
per track varies fr{Bm@anetd éhe pReentaiifle3@tie Gerioheleclabiics @t ahauda Nnot
begi n i mredi ately fQhlQWindf daEde¥EetSL GhD krack Wil (TS OdRoRE d1BE sdaba

sectors are split bs‘éﬁéo‘% V%o %@%9@“4 1Ld18 AtsKcéiseo\éepobﬁﬁommu@a?ogbgads
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212, and passes dat44o.sBgnatesstiroidentifigrt ¢h4. 2oGicabdiark adfizeet r(BFH) cte PMyPicades
the servo i nformt ivasck &dpesddre® acrdeiite£ b6 aba2vk)zanhl el idadry @@ad/ @hd 8awa0i |

motor 210 to poSi teOfd:I @6 Mokt &ANR04HCEn Q8 . cuhdti&l fARCE el ectronics 214
comuni cates with a host system (not shown) over interface 262, passing
data and command mfornptlon Igter‘_]c acglgl ectronics 214_al so cormunltcat es

i £d !
with formatter 215 over eT T ace *M*CT Opr ocessor: 216 Comiuni cat es with

t he various ot her é’P"eréfParﬁ“c% LigFept Idﬁtl“e?eF‘é‘Eé 25%(. The sectors arp AEIGSAMEL i on
of disk drive 202, theireBpaceThe| '8t ¥ighiie sovpatadeioet VB Listrigqeresersto > eadi ng
or witing data seebiigSdeduer infotrat foa 80 262he FEArYiat 68 iglcanr@niwsa 21f of
receives a |ist of phpquasi@l. dadtd Feetd Sonvhisablsi filbedstar freLaREidsMIiECRy 214
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sector on the appr Gm— segter C'?q“leﬂdéf (2 and S) are passed to data sector identifier 454
and to servo electronics 212. Additionally, servo electronics 212

receives servo information 266 from the read/write electronics. AM
detector 412 detects the servo address mark, and signals address mark
found (AMF) at 432. This signal is p&ssed to timing logic 420, which
generates the timing signals necessary for operation of servo electronics
212. 2MF 432 is also passed to servo sector.céhﬁter 414, In addition,
AM detector 412 decodes the TID information;'including cylinder ~{track)
number, servo index, servo sector number and head number. Index signal
433 is used to reset servo sector counter 414, and the counter is
incremented by AMF signal 432 at each subsegquent serve. In this manner,
the servo sector counter will always output the curreﬁz:servo sector
number at 436. Safety logic 416 receives decoded TID informaEi&n 430,
and servo sector number 436. This logic performs various safety tests to
ensure the proper operation of the servo electronics. Its functions
include comparing the generated serve sector number 436 with any servo
sector number information in the TID (including index) and processing any
error handling information in the TID. Error information, along with the
cylinder and head number, are output at 438. Actuator position control
418 compares the cylinder and head values 438 with the target values 466,
and acts upon any errors. Sector pulse logic 421 uses servo sector
number 436 to generate the address for format table 422, retrieving
segment information 440 for the zone (described in detail below). Sector

pulse logic 421 also contains three counters: a sync counter, a data



| f the cyli,nder nunber provided to servo electronics 212 is not the sane as
the track nunber over which recording head 208 is presently

SA9- 93- 039 12 positioned, servo electronics 212
first executes a seek operation in order to reposition recording head 208
over the appropriat g,y psder. Once servo el ectronics 212 has

positioned recordi ng head 208 over the appropriate cylinder, servo
el ectronics 212 begins exeguting c%q;;éegr g&w&t@rregs)@&nm&{sd@;ed 8 J9GaL& an

i dentify the desired data Sector o er_recor qi ng
head 208, the no-| DS 84EHF & esgarrl1 ed PleYé)s g\ 5?“%5 " er 8"?0 FHeRtS fy
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sector, an address ierkify deotit the stbsiogUerttiderifothsedate rsgston mymer cdutie of
address mar ks uni quadty settdendpvbit s peaCindse rerdiagg theed 208ddithé emaknt data

i nformati on, which jscddesebibesd idsgiceat edrmi@tAielecbRindy, 2155 ARIaNdALNGE I N
association with Se&a\eg s%LL%QtJuQJlJ £8 Zller@Nflef Qﬁmeatrerofeé 84kl QBLLS; L2dReand IS

e o er s o DE s S EoRE TorR Bl 66000 ARLLS Bfi%ed, SGLLDY, O
whet her a new data seclf or Stoar ow n resent ser‘(/o

sector. Further infUPREEFORE i°§ sﬁ&‘i°ﬁtpét?‘sr?eﬁ“r r?agaef?féméllged’f’r%?ﬁ &% FrpazgRdhe
formatter el ectroni ®srdtSaphisedtor darher it o tthe Hycaf 2EiF wiugcotsit héf @i st ance
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further informati omdyse @B, NdtakH1686l puddic Clhe iddeNbidtbL s teiernbOeadcka@aah (or

accordance with methods known in the prior art.

With reference to the fields described above, it is to be noted
that many alternative configurations exist which would accomplish the
same purpose. For instance, the LBA may be replaced with any logical
identifier, while the ZCHS may be replaced with any value or combination
of values identifying a unique sector number. The combination of the
above electronics and microcode in microprocessor 216 is able to detect
and act on any errors discovered between the target 2ZCHS values and the
detected values. This provides the disk drive with a high degree of
reliability, even in the absence of data ID fields For example, if a
detected track number does not match the target value, a seek error will
be posted, and this error may be handled as 1s known in the art.” Other
errors, such as a mismatch between the servo sector counter and the TID
information (index and possible servo sector number bite) will be
detected by safety logic 416, for action by other parts of the drive.
Such errors may be handled as data ID mis- compares, and recovered by
forcing the servo sector counter to align with the index mark and
repeating the operation. Finally, as will be described in greater detail
below, an important input required for sector pulse logic 421 to
continuously compute data sector locations is a servo-module count. The
servo-modulo count allows for a reduction in the totai memory required
for the format information by taking advantage of rspetitive patterns in

the format.
ITI. Locating and Identifying Data Sectors

Shown in Fig. 5 are the components required for sector computation

in accordance with the present invention. 1In general, there is provided



the distance to) any additional data sectors which begin before the next
subsequent servo sector. Still further information identifies the number
of the data sector fromthe index mark. This information is used to allow
formatter electronics 215 to conpare the data sector nunber passing under
the recordi ng headgyd-thotde |ist of sectors eeceived frominterface

el ectronics 214. Shown in Fig. 3a is a detailed schematic diagram

OT the sector ar Chl:tag&gnbu‘cgesfsorﬂemgﬁ eouesral Akdt bf @edistdrOrBedigiaiea ac€G0s,di NQ
di sk in accordance with the pr aed% g% Jngvdgp; 5941(“@ JeYaTay o] o1 8 ,,@Ytrreggg i's

shown as 302, cont §PIAG" segiment egrrg |s42§ub i vid ntg .a
lcro rocessor 6
aha atare I ONS are se arated

plurality of data P’b“@‘i”bﬁ%’mﬁBCtr%'%s
from one anot her byesewsd eé%‘t?t-"ti‘rlgs’31"(91"3531'?‘“55’(?“3‘1‘4“38?@ nt*°3¥4 4P So

i ncludes a plurali iy tbé relaseerseerdrben wsetske Bl IATATBLGA D5orIF ﬁ%lIPF’S/f”’bach
data sector i s nmadeedipr QlenbimcitiodrBice Uabtdos eotwhongenst abel | ed 320, 322,
324, 326, 328, 330 and 332. Logically, a segnent is the set of servo

sectors and data sect Oors @é’m@% a RH!@ISG&"gt&Q@Eh@'lnfo%@iAnOMirad Qetl‘&@tﬁﬁfﬁ he

sectors. The format for a trac n; he uced by rep, g‘cgh,%
segnent. A data reé o st HE" <P 1 1l5‘e‘? een %d&gc%%? ger{:/og %g%:étng b§ A data

sector is the snal Fiet i ?hedﬂ‘éfﬁ“?t’ﬁﬂcfﬁ‘éléiéa?ﬁfé URi IR =S & o
i ndependent | y r ead&det. aridhoweh tagh [2eeroPiint PaFa sEreriree BwChS fﬁ’?s':““ted RAM

S04 is addressed by the region within the segment (equivalent ‘to the
servo sector number within the segment). The fields required for each
region include DSlLen 508, DS1Num 510, DS1V 512, NumFull 514, DS2Len 516,
and DS2V 518. DS1Num is the number, from the start of the segment, of the
first data sector following the servo. In the preferred embodiment, this
field contains a 7 bit value. DSlLen is the length in bytes of the first
data section in the region. In the preferred embodiment, this field
contains a 10 bit value. DS2Len is the length in bytes of the last data
section in the region. In the preferred embodiment, this field contains
a 10 bit value. NumFull is the number of full (not split) data sectors
in the region. In the preferred embodiment, this field contains a 3 bit
value. DS1V is a flag, which if set, indicates that the first data
sector is split, and therefore that the value DSILen is valid. In the
preferred embodiment, this field contains a 1 bit value. DS2V is a flag,
which if set, indiéates that the last data sector is split, and thersfore
that the value DS2Len is valid. In the preferred embodiment, this field

contains a 1 bit value.

Since every segment within a given zone has the same nuriber of
bytes, for each zone it is only necessary to store format information for
a single segment. The servo sector number within the segment {(equivalent
to the region number) is used to address the format information for che
appropriate segment. The value DS1Num is included for performance
reasons. Sector pulse logic 421 includes a data sector number counter,
which starts counting data sector pulses at index. As long as the szrvo
electronics remain active, the data sector nuiber counter will be
correct. However, when a zone switch occurs, the data sector number
counter must be preset. On the other hand, it is preferable to avoid
waiting for index to start counting data sectors, as this causes a

latency penalty. With the DSI1Num value, the counter is preset at evsry



SA9- 93- 039 13 Is a contiguous portion of a data

sect.or, not interrupted by a servo sector. The exenplary track of
Fig. 3a contains a nunber of data sectors and a nunber of servo sectors,
not necessarily equal. Note that servo sector 316 is not part of the

segnent since data 95,3(§g3t90r D5 ends just prjsor to servo sector 316. Each

data region cont ¥R "a nunber of data sectors, sone of which may be split
by servo sectors. For exanpl e, regj on 306 cont <’i1i ns the entire data sector
Dl (section 320)se=¥ha ATy B PE PR A UEIDR s ST DIUBEct YR 322) .

Li kewi se, data stechrdmueDllpes &hy disk (riveet, §eoS¥REt BT Xrhpeyes sevingns 322 and
324. Al sedshowmard mudhi qf, tidaelastaonlict 4 |Eowekd dhe gentrentosriskniser vo
sector 310. Wi t&t{ @pdr@eidns.CORYEY Yheapisapeddlert 06 ihs aht:OBedtbkelindd? i s used
to allow the readinlte.Ll 65N O 65rt® ®Mid 68 thd @MRsR HAloBsMEdd EI8LARET at i on

to a servo reading operatijan ol diqw . fargdd uctuations in the disk
rot ati onal speedt.h Kggréspé’ %asr’aiﬁ%iqe{adh 344 praecinsel y identifies a specific

position within the servo sector which is used as a timng reference.
Position field 346 cHierdibpgietinttigs rfdihe $E75°D FAFOTTE BT LdRdiq03Posi ti on
t he head, typi calnly then€ingtliang lastpérsp tsieeiow fopmspRmldanekoderhesy i nf or mat i on
such as a track cendEhe paftitnedctbds. Ofrhekefre, iondethevbhgtds Seathed: s@ct or nunber
(or any portion sh8be0fst Adsc3ed: NiEbedh14;0Enu8 e PREIE QA JthNIESS dna Servo
pad field 348 aljong fQLrii€;LLRCIEON &S b1 W dath {000 Lol Bg.Servo to
writing or reading data, as wel' as for.dizgk rorational, ,gpeed yariations.
Al so shown in Fi"§7*°3a are™detai 1°s"67"" t he: Font ent s of data Section

pulses prior to the end of a region, where the end of a data sector may

be close the start of to a servo sector, by disabling the data sector

number counter once NumFull data sector pulses have been generated. It

is alseo used to control the generation of data sector pulses for the data

sectors which start within the region. DS1V and DS2V are used to

indicate the validity of the DSlLen and DS2Len values. This is prompted

by the necessity to knéw if the first data section in a region is a

primary section so that a read or write operation initiated at a servo

sector will not be started on a secondary data section. For example, in

region 308 the DS1Num value after servo sector 312 is D2 for data section

324. However, a read or write request for dqté.§ector D2 must start at

data_section 322, therefore the servo electfénics must ensure tHat data

section 324 is not mis-identified as the start of data sector D2.

Similarly, DS2V is used to indicate that the last data section is split

by a servo sector. The use of these flag values is preferred for

performance reasons, since they provide for a direct ézéode. However, it

is apparent that the limited range of values for DSlLen and DS2Len allows

for the use of specific values (e.g- 0) to provide the same function.

Only the lengths of the first and last data sections in a region
must be stored in the table because all other sections are necessarily
full length. Data-section-split flags are required only for the first
énd last sections since alllothers must be complete. DS1V will be zero
if the first section is primary (that is, not spliL). DS2V .is likewise
used to initiate the split data sector functioq at the end of the last

section if it is split.



332, which contains a full data sector D5. VCC sync field 352 permts the
readIMW|te el ectronics to enable the voltace controlled oscillator (also
known as a phdse | ocked | oop) to obtain proper phase |ock for reading the
data. Data and ECC field 354 contains the user data and error correction
information. Data pad field 356 allows for differences in processing tine
for reading and witjngsdada, as well as for 4 ushing any encoder/decoder,
and for disk rotational speed variations. It also provides sufficient tine

for the electronics to grepare bi qgtegr{%@wgb&@-aeb&lieql anxw{nn&oﬁ%v or data
3a It

sector. Al so shown in Flg. 3 shlwsn % et Ie_m é’ddres at a
sector D2, |abel | ed®$8% "T\6" & i“6ra ds =&Y s?1§yf@ﬁﬁf?8d when

a data sector is spF?"F"”o?“"&’e’”séfi%n §e?ﬂg’(ﬁ““ sB‘f"‘ie’t’erpdﬂ %ﬁlsari’ds%%b‘xfCEY PEIPY bt
368. Field 322 showsheairforriaron Ryf dgatsacton qumrer DXhighi gy inotuserbgoiss@écb or 312.
SA9- 93- 039 address the RAM. In thi cas@pheé tsppddid Eields 364 @hheWout Ghet he
el ectronics to intecdiuPleuddder ERABINGiRE abddrinedthvfe. ddhants) y"BNRAS oVehd

known in the art. SgLYO;3RCLA% 0.3;1[% Aﬁsofbgl thmdubxnyvmeé RS §L£u§6§ach

which is used to restore t.he sy§E al l ow for, continuation o he read
as tp re 1Fters memory,forcr F oth f or??e v ce cce551b1e to

or write operation. | nal [ gortlon of "data seciio OW Ng SEervo

sector 312 is shown®%&t° 8 Eelf r°“NEft 2t hat split pad field 364 may be the sane

nunber of bytes in length

Aside from the above-described information which is stored for each
region in a segment, additional information is required, for each zone,
to enable the servo processor to locate data sectors which are not
positioned immediately following a servo sector. In Fig. 5, this
information is contained generally in registers 506, including Sync Long
register 520, Sync Short register 522, Pad Long register 524, Pad Short
register 526, and Data Full register 528. Registers 520-528 are used to
load the three counters in Sector Pulse Logic 421. All three counters
(sync counter, data counter, and pad counter) are down counters whose
input clocks are the current data byte clock. Only one counter is
enabled at a time, in a sequence determined by the track format.
Additional information for other operations is contained in n register
530, which holds the reduced numbers of data sectors per track, m
register 532, which holds the reduced number_of'éervo sectors per track,
NDS register 534, which holds the number of.data sectors per track, and

DSkew register 536, which holds the data sector skew value.

Turning in particular to registers 520-528, Sync Long register 520
contains the number of byte clocks in VCO syhc field ;gi. Sync Short
register 522 contains the number of byte clocks in VCO Resync'field 368.
In the preferred embodiment, this field is shorter than field 352;
however, if the fields are of equal length then only Sync Long register
520 is required. Pad Long register 524 contains the number of byte
clocks in Data Pad field 356 when it is followed by VCO Sync field 352.
Pad Short register 526‘contains the number of byte clocks in Data Pad
field 356 when it is followed by a servo sector. The Pad Long and Pad
Short values are different since the servo sector contains W-R and Speed
field 342, which shares some common function with Data Pad 356. Data
Full register 528 contains the number.df b;te clocks in Data and ECC
field 354, which is the total number of data and ECC bytes in a data

sector.



as data pad.field 356, or it may be different. Al so, VCOresync field 368
may be identical in content to VCO sync field 352, but this is not

requi red. More capacity nmay be achi eved by maeking fields 364 and 368
shorter than their counterparts 352 and 356; nethods for achieving this
benefit are discusseggh-bflobde prior art. 21 For any given data
recording disk drive, there is a fixed nunber of servo sectors per track
(hereinafter designated @s;n)opk il AINOMvE REcclicikes £4250, cioggraepogmlzmgm
there is a fi XEd nu 4MandOI'egg& @s §8"6|Ct8(e| syQchgtgiQQr t1£ Qgigtédqggl?c%ﬂg‘%e rvo

desi gnated as no 0

sectors will be spl FEoBY spéﬁ?fot%él&’ts()rg e °°“h'fer 1:p%re§ RO qu“ Sé’&&l’i'mb"at a
sector are denoted B¥i&EEtI20rs. thEyrtfert Dfll‘felsf?'r &1 §oB YR SHREF FRISHYF P a
data sector is call &fl thhealpeiofedsyv Sedt i durtaed EWHSIVamal -nfatg sseoritohse dfe
cal | ed secondary seed igofesatediang @hdlahtadaduares ezt o0t dithraelvabavin bdwe sane
nunber of bytes, anglisingacbhezderoResatt Or & dBeLqital dny wpacadpsitbere wll

be a linited nunbernf eﬂ,glsgucecslm& §£@£ésowsugmattb%og,lt§4< Qrkaé%ed The sgt of
data sectors and servo_ segto S

whi C e ue
pattern of data sectlons’ $EFEd %“besgﬂélefate m Qﬁe n%gmn e?uagat ‘é’mélgldt F"SA
in a segment (herei H&f 2%y SUYREF griatoadriad thdty “fue nv"é‘f‘] Bo=t re9iTemPac

(1) wher e m r ep?@seiiers it He loedtdcdth F‘P%E%liubr’r"d’ﬁd png register 524. When the

data sector counter reaches 0, the pad counter is started. When the pad

ns

counter reaches zero, the end of the current data sector has been
reached. If the number of data sector pulses generated in the region
equals NumFull, then a servo sector follows. Otherwise a data sector
pulse is generated, the data sector number counter is incremented, and
the sync counter is preloaded with the value in Sync Long register 520.
This process repeats until the region is completed, which is determined
by the generation of NumFull data sector pulses. When the number of data
sector pulses generated in the region equals NumFull and DS2V is 1, then
the data counter. is preloaded with the value in DS2V instead of with the

value in Data Full register 528.

Three counters are used instead of one due to the types of fields
being counted, to limit the number of tap 901nts on a single colnter, and.
to allow for each counter to be prelocaded while another counter is
running. It is to be noted that while a particﬁlar preferred counter
arrangement has been disclosed, the above function caq»pe implemented
using many alterna;ive counter and register Arrangemeufs whose ;esult

would remain within the spirit and scope of the present invention.

Using the above information, servo electronics 212 is able to
locate the start of any data sector in a segment. Further, the sector
number from index for a given data section may be determined using the
eqguation:

SN [i] =mxSGN+DS1Num+ i . (2)



Since mand.n represent the nunerator and denom nator of the reduced
fraction of the ratio of the nunber of data sectors per track to the nunber
of servo'sectors per track, it is apparent that there are n servo sectors
and mdata sectors in a segnent. For exenplary segnment 304 shown in Fig.
3a, n =3; nr 5, sas93=039, N = 84, M = 140, 2and nst (the nunber of segnents
per track) = 28. It is to be noted that in accordance wth

SA9- 93- 039 where SN [i] is the data skdtor AulSerNfioh Rn&RCIARfo 84eh) tOCtIY €,

neither the servq,seelOLs..B0G, he SQ@L& SEAIRES s 6! gRndabibel Rebd hls-
I nstead, the informtjon jnecessary I dentify data sector nunbers and

data sector |ocatF8Rs i & provided in servo sectors 310, 312, 314, etc. and
in electronic storage accessible to the servo electronics, as will be
described in greater ®etw prepatlienyof disk drive Rf2.sred|add lysivgoPetRtEPREt 25che

choi ce of the segs®itedcaribh guduatd Oerording hesd Blseto Pore@xitiipled, ovbhaarints r e
track coul d be dekidte@nd%néh $£GERNEr wiliBe SRIBuL bAIGUMBERBC Ebncel febsraliiy be the
natural choice, SU&h,@s; sgthn@AﬂvaN a,eeap{n%ﬁtaw%ekprtweboveeeauittlwgsl nm=

Mand n = N HOV\BV?I'JCEBO rxlurr]; he appgéprgaqgod%‘:ggecMo; 9.5 pass%pxg ugcse?gl‘%r

multiple of the rac
In partlcular, ‘the equation is used to compute a current data

sector number which is continuously compared with the data sector number
requested for the read or write operation. If the values compare, the
desired operation is performed. Since there are no ID fields, the data
section lengths computed based on the data values described above

identify the location of data in particular segments and regions.

In the preferred embodiment, various ones of the above-described
information fields are maintained in various storage areas in order to
improve operational performance. For instance, the information for the
current zone may be maintained in dedicated local storage analogous to
registers 520-536 in order to aveid bus arbitration. The values may be
reloaded from general storage such as RAM 217 after each zone switch.
The disk format determines the amount of storage regquired to hold the
values for a particular implementation. Sinqe;kdown implementations
require 32 or fewer regions per zone, the local storage requirements for
the zone tables are 30 bits per region or 256 bytes per zone, including
allowance for ECC. Thus, in the preferred embodiment, high performance

may be achieved without incurring a storage access penalty.
. s

IV. Servo-Modulo Counter

In order to use the above-~described sector identification/location
schema effectively, the system of the present invention must be able to
determine both a segment number and a servo sector number within the
segment priér to performing a read or write operation. To avoid the
latency penalty created by waiting for an index.mark as a basis to
compute the above information, servo-module counter electronics are
provided to generate this information contirnuously, even after a head or

zone switch. In the preferred embodiment, this is achieved using a



Moreover, there are cases where the above analysis on the ratio of the
nunber of 'servo sectors to the nunber of data sectors is not the preferred
choice for defining a segnent. This can occur when a space is left at the
end of a track, where the |ast data sector on the track ends substantially
prior to the end @-sthastrack. Such a casezss illustrated in Fig. 3b. The
track is desi gnat ed 380, and contains 7 servo sectors 384. There are 11

data sectors, DS} LJ‘WLPéJQﬂcml‘JhosM&&c; had nfal el {REvDSLLLANSN b 10
t he end of track 3 he remai ni ng space is stub 385, which contains no

user data since it shorter than a data sector. In this exanple, N=7
and M= 11, which fromthe above analysis would |l ead to a segnent size of n
= 7 and m = 11. HowevEe Pupqfe 315 fhe| §3ET2BY SPRET oA DBEErH Fity. The

uni que spatial rehattives vepobedweerd theeefn)o Fecfomer andhelaemrindestdrs i s
achieved wWith n sedoafldeid mmber dhis&rveeiwe m esul ths startt yWthaukdomegggnent s,
381 and 382, and Qn§ RaLddials SRUMRALs 383 raBesdi mke dinivonarecamday know t he

total number of daévamé‘i?t Ok LRde Lr(ea&‘éiatsgcmmm tcl}eqrgarltrr,@baéegnent
Once the data seflo nber has reache E“?he dch erve will

wait until the néﬁ‘ft°§ér“v"15‘e SBEBF, "W terregeéfrre? e aﬁa a sector counter to
the first data s&BtoOPTREATHEYSh it 310 Fhe B‘ésﬁéf‘é'ti”t ﬁ%‘(‘f‘t’:&“ ‘PhckF¥For%mt havi ng
mul tipl e stubs neyluserased éetféeichdrnciorm thryoreraiiond sxatxed “Rinmfaritatks as
wel |l as at their cemlgatiddd. any seyehé rerafindzd wahteaire immjalirrdstontheceses be
achi eved in the pegsenae ¢0f, stufsndiyy meslat iiniviglizbe 6 @gicon AMsdong aaleaal | er
segment si ze si ngg et’rbérgd Iwglghucrogplﬂgglgﬁéasﬁﬁetﬁesegm)mtnQf:engﬁ{EQf)yblF equr red to

store the format _informatio I r S roNicgs
Fig 4. is a schef&RTcdf g'j’raéctn%%f"“k I anpf"é %fﬂe”e g‘gk(r;rbo lf\r%rr'f@ﬁ% E 6§er vo and

formatter electrGfffcs® GEBEFY PHREt% BntPsiTENCPT Y2 Wat4 ’%e@%‘tng‘r’r -

servo/n - n). At 608, the underflow test is performed (temp < 0). If an
underflow is detected, the process is exited at 610. If no underflow is
detected, the processing continues at 612, where the quantity m is added
to DSB. Finally, at 614 the remainder is set equal to temp (the
remainder minus n), and processing returns to 606. At exit point 610,
both DSB (mx(servo/n)) and the remainder (servo mod n) have been

computed.

Shown in Fig. 7 is a schematic diagraﬁ.illustrating an el@ctronic
circuit in accordance with the preferred embocdiment of the present
invention. The circuit computes the values of mx{servoe/n) and servo mod
n in accordance with the process shown in the f10wchar_ of Fig. 6 and
described above. As in the flowchart, servo mod n is- comnuted by
repeated subtraction which is halted by an underflow operau‘on. The
circuit includes control logic 702, subtracter 704, adder 706, registers
708 and 710, MUX 712, adder 714 and data sector number counter 716. In
operation of the servo medulc counter circuit, control logic 702 receives
start signal 720 to begin a computation, and produces done signal 744
when complete. Register 708 stores the result of the repetitive
subtractions and at the énd of computations contains the correct value of
servo mod n (the remainder) . Subtracter 704 receives input 738 from
register 708 and input 726 (the value n) from register 530 {shown and
discussed previously with reference to Fig. é). The input to register
708 is from MUX 712. The MUX allows either the numerator, servo 728, or

the results of the previous subtraction to load rsgister 733. The



SA9-93-039 - 16 according to the present invention.
Servo el ectronics 212 includes address mark (AM detector and track nunber
(TID) decoder 412, servo sector counter 414, safety |logic 416, actuator
position control logic 418, timng generation |ogic 420, sector pulse
generation |ogic S22P34R8 format table 422. 2Formatter el ectronics 215

I ncl udes defect map table 450, data sector identifier 454, |ogical block
address (LBA) to mphissercadadbdioni adtrsess) (cRBA) freenrvairbElogdbGo2 PBMA 1O zone,
cylinder, head andsdlaidosRCiedlsubkatiSpn epsrutich T uitbR1andidn@N ks THRACLI ON
476. I n qge,.roauomogicomat txeran%Léer&e&eisvgée&eaeqb@%g&&; R.4 €ad or

write operation on a,list of .dat e 28%hue THE: $ r entified
by their LBAs. Thegrféﬁts TSFPes I(‘:(gﬁ{?/ee(rg%mg%% P 1 I;C%mlec"(r)xnﬁor'g et "256

usi ng defect i nf df’?fﬁt"foanalﬂ%(fmtfﬁ]es B St %ﬁ%ém’l%? c5?1\f§?’tsé‘?f {8 9% i st of
physical ZCHS. Baeircbflirhéde EBriiérisi GAS'IPFGCESLprale HirstaedEr i Iy in
section VI bel owus&Fheurzyiti sedtes caund 138 atlidea | sybse a6 s rastdond) usgr gepassed t o
actuat or positi onnteddiade +<agite. 418 thar, afebBeér A0S eehocaddt prEbOIopOSi tiON
control |ogic 418ufGll 985 sbNnk FRROREidENNMLekilel R2 AL lpricOfRtAREic8ECt OF

val ues 464 (Z and,S) nar £.pas58Y LifJaka.Seeh@ficident if i&h-A54 and to servo
el ectronics 212. A d| tionally, servo electronics 212 receives servo

information 266 fromthe read/wite el ectronics. AM detector 412 detects
the servo address rmar®e @htf 8f BrEPT 40 dteSTPHER YT BBIG et AREFLB1°4%2. This
signal is passedamtitvniarge medinciod 285k wthtedstiqgerreraies periemed AP ¥§e si gnal s
necessary for opesdllé ®hocki Aedev oelagdd Erxput 030 241 valddvim) £3&n kayistles B3passed
to servo sector Qousdt &ha 4lbussehbraddidiy Gacn Aldedaleeb Gig 43R afleendessuie TID
i nformati on, i nCIoHQhQQr&MLJs”%EEl(:L rﬁ@.k)The intermediate values of the addition

748 are stored in register 710 at the output of adder 706. The register

load signal (not shown) comes from control logic 702, and is asserted

once per addition operation. Control logic 702 synchronizes the addition

and subtraction operations through the register load signals, thereby

eliminating the need for a separate multiplier or an accumulator to

compute DSB (mx(servo/n)). When the operation is complete, DSB value 746

produced by the circuit may be used in accordance with equation 2 to

generate the current data sector number. Spec1flcally, result DSB 746 is

passed to adder 714, along with DS1Num 754, addressed by remainder 740.

These values are added and output at 750 as the data sector number from

index of the first data sector in the segment. Data sector number

counter 716 is preloaded with adder value 750 upon recelpt of a load

signal from the control logic (not shown). Data sector number counter 716

increments upon receiving data sector pulses 756, and outputs “the current

sector number at 752.

To aveid a latency penalty which would otherwise be created upon
head or track switches due to the time required to settle on the new
track, it is well known in the art to use cylinder and head skewing

between disk surfaces and tracks of a data recording disk drive.

In accordance with the present invention, a technique is provided
for implementing this skewing by adjusting' the value in data sector
counter 716 to account for the skew. The raw (unskewed) current data

sector number 752 is adjusted by subtracting the walue in Dskew Register



nunber,, seryvo index, servo sector nunber and head nunber. |ndex signal 433
Is used to reset servo sector counter 414, and the counter is increnented
by AMF signal 432 at each subsequent servo. In this manner, the servo
"sector counter will always output the current servo sector nunber at 436.
Safety | ogic 416 sageerases decoded TID inforsati on 430, and servo sector
nunber 436. This logic perforns various safety tests to ensure the proper
operation of the s3ereren Eheelk-aiti &ta skétor fruRekiBas mibclbde.ccapari ng t he
generated Servo SectRhedhIRES tidb3Givd th Na@xegieée\foszsecmrréambg ehd)f Or mation

n the T (1ncl Udbng. LOGRK )N dhRL.OGERS) DRAN 3100, BaNG] Lige ] f orget i on

in the TID. Error or nmat ﬁ Lhe X L nd nuber, are
out put at 438. A&ﬁ%f?ﬁ“‘b&ﬁ“ﬁfdﬁr &ohit (For a1 8 & %r%é‘mﬁ‘?ethé‘i/ wf”nlae'?“%md
head val ues 438 fe'ting fechrigugdes \paenydescripgd Waﬂ‘dreée{egcmb%ﬁafaniﬁ%?rﬁorls

Sector pul se | ogimey 424c bs @seds@uydy ECEW Vet YD ErP4BB L tsheganen dhe badie Sddr ess
for format tabl e sdd2, sdetdd h@¥éh SaghaREtanh GsNEL LIaR sdddribaradiie zone
(described in detail 'below). Sector pulse |ogic 421 also contains three

counters: a sync(fogéng, feq B0l &rvo SA9- 93- 039
17 counter a pad counter. Each of these counters is used to count

byte clocks during the various fields in the format, whereby the data
sectors are |located aid Y&t f‘i"@t‘jare‘s“@é?"o?erﬁﬂl"‘g@lfGg‘f"ﬁe’ﬂ2‘1 is thereby able

to accordance with the preferred embodiment insures that no latency is added
for head or zone switches. For a zone switch, the servo sector counter
maintains count of the servo location. Once servo and data medulo values
of m and n are changed, the section length and data sector number will be
correct. Similarly, for a head switch, once the servo count is correct,

the remaining values follow.

For a disk drive which implements a staggered sector servo
approach, the servo counter value must be set properly feollowing a head
switch in order to account for the staggering. Fig. 8 illustrates, in
cross-sectional view, a staggered sector servo disk drive. The disk
drive is generally designated 802, and 1ncludes splncle 804 and disks
806, 808 and 810. The locations of the servo sectors are shown
schematically as black rectangles in two groups 820 and 822. The servo
sectors are not vertically aligned, rather they are arranged diagonal teo
permit the servo writing of all surfaces of the disk drive in a single
pass write per track. After using one head to write & servo sector on
one surface, the next head (on the next surface) is aé;ivated and a servo
sector is written there, allowing multiple surfaces to be written in one

revolution, decreasing the servo write time and cost.

To write a staggered sector servo pattern in accordance with a
preferred feature of the present invention, the servo sector counter must
be synchronized with the servo sector numbers on the surface being
switched to. This function may be accomplished by writing a subset of
the servo sector number {possibly the entire sector number) into the TID
information in position field 346. Alternatively, servo sector counter
414 may be updated based on a lookup table ébntaining the stagger

offsets. In the former case, the servo sector number read from the servo



identify:both the starting |location and the data sector nunber of the data
sector about to pass under recording head 208. The current data sector
nunber 442 is sent to formatter electronics 215, and a start of data
sector pulse 444 is sent when the start of a data sector is under the head,
enabl i ng the fornmaga%et3-3F performfunctions ¥ th zero | atency. Upon receipt
of sector pulse 444, data sector identifier 454 conpares the current data
sector nunber 442 $@térhis deptledhby ACdSarbdru¢l? AFlpassds & smrbGN1dg8 hound, this
information i s passgecyidyid 4Q6 tuesC Hik Ivakuef tiGidatd sé@gisectdd Gourby WY Ch poi Nt
the data sector is further processed in accordance wi th nmethods known in

the prior art. Wth Lef eghgnegle?rteose;gbesj&gll Q&bgzeﬁgrhb%gco bd|0\c/rethe i's

to be noted that rranyater nati ve .con ns. exl.s

acconpl i sh the sanB pufpoSErs PP cﬁc 9ettﬁe°i’§ fay b&™t EPala &t h any
| ogi cal identifi erPreWIférY%Ee"ZG-lS"‘ﬁ‘ﬁif b r"éb‘rréﬁ‘eay’\ﬁﬁ’?ﬁ“&ﬁ’s?"vaptjéhﬁ)r

conbi nati on of val lrekupi thivhe ichss, ray table rdif (RFEsese dE diePhuhiisbris UBRd teghtriementi on
of the above el ectdrOfceaneat GhdTivalue Cipd@rid] sétter opmosesII0r AR kenpSargiabld 0
detect and act on anyhodk kOrsiedi GEOMBIEdoMeivLaN doitnt argatsndéeHinzy Aeks and

the detected val Ues%ctJhéo%n&;OAé'fQ&Smha%ads!e% @L IJ.IYgeaa%th\exﬁ: msghugﬁgr ee of
reliability, evenrntheas‘encegshlch %. fiel For a

mmencement of a hea head sh1§ value ( I&s eln own,
detect ed track nunber does not arget ue, car error ' will be

posted, and this &FPHr PHEY Bk AHeT &Y 182 V8 %aw |°ﬂ““ttﬁ’e°§ﬁsft angoF Hpa
errors, such as a afiwtipanth BEfsaleaplueh B4k ers bsedcktt HcrawseiPe dewmeEnt [fervPl D

i nformation (i ndexseatrd Poskbile. Seinig sdiotoentnvaiber ald tf byl tikmidgelodd ect ed
by safety |ogic 416 ttwd;mt FRNeRYneRtdaefo pPrtdrSpdfitiohe Mok \eBnveDlbake, EEHOT S
may be handl ed as dafa 4.0 Jﬂm?n eQpar ﬁ%cedamflfa%‘éﬁ‘:{g LEAnDYerb ACidg, t he servo

sector counter to al I g I'B;s, foreealcarxlldlee irga{ e cur?en(:q-{gae@tils rgg \:;xhq OeQesru?"Eal.cgn
Finally, as wll deder reat er etar I nput

required for sect d’rf bk $851 B ¢ h&?l‘*‘f‘(‘.i"'b&?rt”l’%ﬁ?ﬁﬁIsifrf(?fi?‘rﬁﬁtdér% o lssect or
| ocations is a serdgtiraddatoheadayitchTirduss gewtd Produl Br%b’cﬁ?l“‘r’aﬁbb?/\éﬂ & a
reduction in the tset®l seveeroraunt dgerenad Wopld b1, fapd wed s¢vd oremat itdminhy taki ng
advant age of repetadfusttenpabhry Bs 1/Not Bl E@ksAb-servo spacing. The table

construct shown in Fig. 8 also allows for more general offsets, such as

skewing the index from surface to surface. This would result in a unique

value for each head shift value. Further, tbeﬂféble may be used in

conjunction with encoding the servo sector Aﬁmber in the TID to~add a

further degree of reliability to the system. Of course, this table may

be stored in RAM or any other appropriate medium.

VI. Converting frgm LBA to ZCHS
As discussed previously, in order to find a requested data sector
on a disk a received logical block address (LBA) must be converted into a
zone, cylinder, head, sector (ZCHS) value. In general, this involves
first converting the LBA, which is the user identifier for the data
sector, into a physical block address (PBA) which is a mapping of the LBA
into the physical spaceé of the disk.drive. The aforementioned
application EP-A-522 750 teaches the use of a defect map and a basic
process for performing the LBA to PBA mapping. However, since the LBAs
for neighbouring defects share most of their high order bits, much of the
information stored in the defect map is redundant, serving only to hamper

performance and unnecessarily occupy RAM. The present invention includes



I1'l. Locating and ldentifying Data Sectors Shown in Fig. 5 are the
conmponents required for sector conputation in accordance with the present
i nvention. In general, there is provided SA9- 93- 039
18 a random access nenory 504 and a set of registers designated as 506,
connected to an adee®s%¥nd data bus (not shdWn). These may reside within
servo electronics 212, in format table 422. M croprocessor 216 (or other
el ectroni cs) stores phrfieslaBtmapwhidh teveves el drvmeties PirrenDrachaid ton t he
registers, and thepinaficesHeitdisuinkomnibpiGRnting eidedettd . DERE BEITES@ET OF
identificat I on andaécg&ﬁt&OE‘};iSOJZDéUrQ_taE%&ed on the dis‘:,negﬁézt bgdl b BeeBAVLS 04
stores the information regui ed l9 JAaRhifuntNe Salaal A LAGR:LCELEN i a
gi ven uni que segmarﬁ. Bor“convenl ence of. des ripLion the information fields
are shown organi zetfFes° 47t BEHATR™ PRt ,theag’ts%oﬁgﬁe’any appropri ate data
structure may be substituted. RAM 504 is addressed by the region within the
segment (equival ent toThheases voplsetet anarAséy ofi ehiea pre TegmRA} tTTE
fields required fogvreashid egiKirh idasdaticke eldBldserepbS8nt iRBltMumeE 10 re@BVE 512,
Nunful | 514, DS2Lef) Rlfaer@Pds 332Me5kR. --DokiNUM deait bcsrundBereanfer omutisdhe st art
of the segrrent ! of cgnpaeins entries representing only the low order bits of the LBA --. The
output of the VT/VS table access, the PBA, is then located in a zone
conversion table in order to develop coefficients for use in computing
the cylinder, head, and sector at which to perform the desired operation
on the requested data sector. Thus, two conversions are used, the first
of which removes skip sectors and the second of which provides the
appropriate ZCHS value. The invention reduces the storage required for
conversion to either two or one bytes per entry plus an offset based on
the drive capacity and choice of one or two byte entry. The invention
further reduces the magnitude of the search required to locate an LBA and

thus the performance impact of the searching process.

Shown in Fig. 9 is the LBA to PBA mapping architecture which forms
the basis for the LBA to PBA portion of the conversion process. In
particular, the figure shows the LBA representéd:in binary form at 904,
virtual track table 906, virtual sector tabié 908, and defect spare table
910. As shown at 904, the LBA as received from the disk drive interface
is first subdivided into two sections. The full length of the LBA in
bits, shown as A, includes the number of bits in the pigh order portion
'required to hold the virtual track number, designated:;s B, as well as
the number of bits required to hold the virtual sector number,

designated as C.

A virtual track is defined as a contiguous set of data sectors
which have exactly 2" ® good data sectors. A virtual track may contain
both good sectors and skip sectors or alternatively it may contain only
good sectors. All virtual tracks are contiguous with one another
starting from a defined virtual track of zero at the beginning of the

. disk drive and running through the entire disk drive. Sub spaces of the
disk drive may also be mapped separately in the same manner. The virtual
track number may be obtained from the LBA sither by simply tapping the
high order bits of the LBA or by logically shiiting the LBA to the right



first data sector follow ng the servo. In the preferred enmbodi ment, this
field contains a 7 bit value. DSl Len is the length in bytes of the first
data section in the region. In the preferred enbodi nent, this field
contains a 10 bit value. DS2Len is the length in bytes of the |ast data
section in the regigioslazsthe preferred enbodenent, this field contains a
10 bit value. Nunfull is the nunber of full (not split) data sectors in the

region. In the preferned.emadheMiced NisSvik@idsccoiit Al Askifea3asbl tgoé’daLéé%or
DSIVis a fl ag, whi Ch:tahnedsvﬁt:hlnl gqg.ﬁ:@.;lgérag:pat Tl'Iepg a)f.‘ej_' E“St dJ.Q?bhrg‘nts'g&;:ual se&tor

split, and t her ef or’é" eb e Dé v : th

enbodi nent, this fi"8Et Svatléar% “ﬁ e ﬁéﬁ TEMR § RS WReeh Tt

set, . indi cat es t hatuphgeed %ngecaalt"a%étafbﬁ%% Q‘ﬁl’H‘?t %ﬁ?& LREF ot rhelt arhe
val ue DS2Len i s valending [af thRdaph e¢atpy éyl thaisoatknent, this field contains a 1
bit val ue. Since every segnent within a given zone has the sane
nunber of bytes, for eact ZQGKikisibs oPRhWENAEESSAiYubD SR RmieP XAt

i nformation for a %mgileséc%mmermg SELNY S8ad mmgwﬁp@gfemntcba fadone
segnent (equi val ent 1o fpracf;'% ongorgu ress.the format

information for th&™appr Opri at e se dlrl’ﬁ% °\¥7jt K an ?ﬁu’?ﬁmt ScTiaEEd for
per f or mance reason§""’t3‘("a(’f'?’6llg 1981 s@“ﬁ H@‘F’& PYrt ﬁsn‘iﬂeﬁdésa S "§é“6t’d‘r"§‘|unber
count er, whi ch st arttde @88 retivéchdatsaauseiinbsepngh de scopenfadd eichAseakedng as t he
servo el ectroni cs rewaives aptilve vidthel dater s@ovt0whighinbarigipewrberhav | | be
correct. However, vh@bhea-HoNAr&Ml s6étod GiGtbes,ist REatdaliad B eGh Olsestdiligr1COdNt EF
nust be preset. Onof Rfe Q4daRrexbBRBH cnd tndry HRFehLELIN @uTmQalaééQJ:xﬂ walkd 'tr'ilag for

i ndex to start coupt !;L(}lCLaet é}xt%etﬁfe%una FRe tpﬁﬂ is %‘s‘%ﬁ&% L LAt SNSYPeRR LY

Wth the DSl Num valte e co rol Jorese
an 1ndex into VS table 908 co

rrespondlng to the” final search entry.

VT table 906 contains an entry corresponding to every virtual track
in the disk drive. Each entry is at least B bits wide and contains a"
pointer into VS table 908. The arrangement of the table thus gives each
entry two meanings. First, the entry value identifies the total number
of skip data sectors prior to the virtual track represented by the entry.
Second, this same value represents the correct entry pcinﬁ into the
virtual sector table at which the skip secto;shéfe listed for the wvirtual
track number represented by the entry. 1In 6§eration, VT table 906 is
entered by indexing inte it according to the value of B, the virtual
track number, obtained from entry 904. The value found at the determined
index point is then added to the start of VS table 908 to locate the
first skip sector ;ssociated with the applidable virt&gi track.

Unlike VT table 906, VS table 908 does not contain an entry for
every virtual sector on the disk drive. 1In contrast, VS table 908 need
only contain entries for skip sectors (defective sectors and/or spare
first sectors). Each entry in VS table 908 corresponds to the good
virtual sector following skip sector. As discussed above, VS table 908 is
entered at the index valiue established through use of VT table 906.
Starting at that index value, a sequential search is conducted against
the value of the C bits received from the low order of LBA value 904
until a virtual sector number is located which is greater than the value
obtained from the -low order C bits of 904. This greater-than virtual

sector number establishes the number of skips which must be passed in



SA9- 93- 039 ‘ 19 servo sector, thereby avoiding

addi t i onal I atency. Further, this technique allows the disk drive to
recover quickly from power savi ng nodes, where nmuch of the electronics is
power ed down when not perform ng data operations. Using the present

i nvention, the da®a%8e®for counter will be FPreset with the correct value at
the first servo sector follow ng the end of power saving, rather than at

i ndex. Freatert tre ackéfé at tthoronkct Mirtsdc totonnghed-ednrtéseshaume i N Fi g.
3a, only the firshiant kagt wWdainad ek MBS viTtusYedgby €ibld DA of Afk HirdraY

cont ai n part i al %ﬁ%o!l;}ﬁ.ch IQ%&'@JtQ{ Qhanomeysc;um Lﬁ@:gtvﬂstuﬂf séﬁésﬁm&w 1§€Ct i ons

nmust be stor ed I nn%J&et fhgrrl%qgt cgglphlé le.l.QleQxLlQ§]t erl,eg._ng z@§a%.l‘§rac
NunmFull is the nu ete data e %tcoaggt de egi.on lf
used to prevent tHE §et §‘F f*fe Bt art & a2 &8 tIénesx 6?| 7ot lb°the end

of a region, wher&e R Veld- of a data sector may be cI ose the start of to a
servo sector, by disabling the data sector nunber counter once Nunfull data
sector pul ses have bemntgesasnatedaindst an entay For ds@dertey COWErm@blet $18. The
generation of datarseLbomnsPidbaesiof o cd Rescitfudsrs et OilxBualieblbrSdnefdes Wint hi N
the region. DSl VvemquSs?o\é erguuéxego;rgsao&%&@g%em@nxa:{awlswtopsf ifig DSlLen

and DS2len values,  Iis, s, promted by [he necessi Ly fo know Ll the first
data section in a tegion i3 a primary sectio tHat & read or wite

operation initi atbe‘tfkét Ir St v teEet GFb"\ﬂn“‘lePt'nBi “Hﬁe§ﬂ&ﬁ‘@dlﬁﬁ 255 EtyRtary
data section. FoenrtexXaepresponding egpash BOE phES DEPINUIPBY ahereimtiepolatityo
sector 312 i s D2of Ghe Ghat an ect ety 324used oW ¥ERguigh pbEREerObadbliotle ar@quest
for data sector BRarBuabeat akt idteotal Aors@ChdtOfh 3RAntabbIRE @E0B1d b $£1' VO

el ectroni cs nust (gRsyie Lbat d&l@tn@t %@9& EQ'Be Cﬁs%dln_{& E}PM&AQ%}&:LJH &di:as the

start of data segtor. D2. Sinilarly, used indicate that the | ast
531gnm nt o eratxons Re 551 nmé%ﬁ operatlon oc ur e .

data section is s%) TJ flla? val ues is

e

Servo sec e uUse o ese .
preferred for pef Ef°“8%code.

fSF'i*Faﬁecél‘?"e%tgb’f?s“ses‘?%E’ee tiEyhto \ﬁtd"é“f’bf“‘%i W

However it are reassigned as active sectors, and the defective active sectors are
)

reassigned as skip sectors. Part of the reassignment operation involves
changing bit values in DS table 910, in addition to various values in VT
table 906 and VS table 908. Of course, in order to change values in DS
table 910, .this table must be resident in RAM accessible to the
microprocessor. At all other times, DS table §1d need not be resident or
readily accessible to the disk drive electréﬂics, because there~is no
requirement that the electronics determine whether a sector identified
in VS table 908 is bad or spare; rather it is only necessary for the

electronics to determine that the sector is a skip sector.
. ~ s

Shown in Fig. 10 is a flowchart illustrating the LBA to PBA
conversion computations. The conversion computations perform three basic
functions. First, they set the bounds on the search to be conducted
through Vs table 908. This is accomplished by examining the virtual
track number entry identified in the LBA along with the succeeding
virtual track number entry in VT table 906 to establish starting and
ending offsets in the viréual sector table. Second, once the bounds of
the search are set, the conversion process sequentially searches through
VS numbers in the VS table until its position in the table corresponds to
the starting point of the next virtual trackw(that is, the upperbound of
the search) or a VS table entry greater than the C bits is found. Third,

as a criterion of the search, each virtual sector number in virtual



is apparent that the limted range of values for DSILen and DS2Len al | ows
for the use of specific values (e.g. 0) to provide the sanme function.

Only the lengths of the first and | ast data sections in a region nust be
stored in the table b_g gyse all other sectiong are necessarily full [ength.
Dat a-se;:lt lon-split M ags are required only for the first and | ast sections
since a ot hers nmust be conplete, DSLV will_ Db If: ' Lon
is primary (that i s‘?c‘:t‘?f)t“’%]ﬁlnﬁa “.‘usb§§\?rfaste itb?wg%é%geta ltt%t}??ﬁelf igsg’%re%fgsE
split data sector furiettedrF=ats PHEIEHd Tt He PRSP ST ORI T 1T T sens%f:‘i t.
SA9- 93- 039 20 It is to be noted that the
above-descri bed i nf or natit®parriyulpe refegerpectd Tig- RAMCheNerighlasd dhEMER %P Fi g.
5, and. addressed byeflagens Qi Quat@et @45, MUEDER Wi daiiinta toegubat of Hisseieche | t
is also possible tQzPLRARIFZEs i doNHRr MBbdrOst Bits Gl the SACHAL tRAHEDBIbexwhi Ch
may in turn be used to  address,the RAMlNof DighcGASE sAite. sPegd e fields

t
nmust change, but tﬁ%‘iff DsfﬁrFSPSU ort. the functions scrih .
Further, any or al F*®irhe °1%1t5b'5§h7 ﬁ‘frtuaq‘ 'frlagkn nmn%g'aldlg% Vﬁélag?eorg_e ¥|%rsiexgﬁy
o e

5T
other conveni ent ned¢ GRAREENCH - As “Poreredt ST FrRANRPSTetoPyF® 8r™8ny ot her

storage devi ce accessudl eedtor number. Thus, E simply provides an AND mask for use in
determining the virtual sector number. It is to be noted that the values

of D and E are éstablished according to system parameters. For instance,
since most modern microprocessors handle bits in multiples of 8, it may
be desirable to establish D and E so that all values are provided in

multiples of 8 bits. Finally, p refers to the present offset in the

virtual sector table.

The flow chart of Fig. 10 is entered at 1004, where VTN is set
equal to the LBA shifted right by a quantity of D bits. Next, at 1006,
the virtual sector number is set equal to the LBA anded with E. Thus, at
this point the logical block address has been separated into its virtual
track number and virtual sector number components. Next, at step 1008,
the present offset into the virtual sector table is set equal to the
value found in the virtual track table at the virtual track number
offset. This establishes a starting point fdr further searching in the
virtual sector table. Next, at step 1010, the value of E is set to the
next virtual track number (the upper bound of the search to be executed
on the virtual sector table). -

At 1012, a loop is entered in which a test is performed to
determine whether the end of the virtual track has been reached. It is
to be noted that if this case occurs on the first iteration through the
loop, the result would indicate that the present track contains no
defective sectors. If the end of the track has not been reached, at 1014
a second test is performea in which it is determined whether the virtual
sector being searched for still exceeds the virtual sector entry beigg
tested in the virtual sector table. If the result of the test is
positive, ﬁhis indicates that the sought aft;r index has not yvet been
located. In this case step 1016 is execut;d to increment the presant
offset into the virtual sector table to the next virtual sector table

entry. After this, control is returned to the beginning of the loop at



servo, el gctyroni cs 212. Asi de fromthe above-described information
which'is stored for each region in a segnment, additional information is
required, for each zone, to enable the servo processor to | ocate data
sectors whi ch are not positioned imediately following a servo sector. In
Fig. 5 this inforgatépeaid s contained generaidy in registers 506, including
Sync Long register 520, Sync Short register 522, Pad Long register 524, Pad
Short register 526,,,3nd;DahdrEsihd of @Fé SHR0a52dbcoReGbE! Opaadllr S28udteg adSed
to |oad the three cQUSL 3o dsuBBhl HrsPUhBRadeGhtc dlsoubliodelf GEiGOUNt € S

‘(sync counter, dati Eount er nters se input
f:l gcks are the curfEhT &% ahﬁ eenpﬁ’(‘):g egu%n?‘ )V@E‘Elggéfﬁléﬁg%is e%a \A@%Ct e P
1) Byi5¢ {0, 140k £ PHL P

time, in a sequencEedererAtiia bR dﬁadlet‘icﬁ?%ﬁmtl on
for other operati oqrtspllﬁl%omdaﬁﬁ\é’dsmﬂ PERRE Steer 1880, A8 h thoFersch He
reduced nunbers of tidatiaeds e tsortdngelie PRAqedaal 1e 1the)ilBA edde§ 33 thptvabde $foks t he
reduced nunber of $REaHE FELd:OinStHaE¥irtuad dectodlRBbIeegiFsiatly, 5G4, prakise lishol ds

t he nunber of data,Se&t Qr sodeer track, and DSkew regi ster 536, which hol ds
the data sector skew val ue. Tur ni ng in particular to registers

520- 528, Sync Long register 520 conttal h e Junber }ptheb ste of Igclfs in VCO
sync field 352. Sync SADPIPF BT SEE %glesc%cnf‘alens Th of "Byte cl ocks

in VCO Resync fi el R#©'%68.°oFfit RRryirnsf of F*?d“’éﬁt?&o‘irﬁﬁhf“““b?%f‘%d 'f"lee‘f’ﬂt‘faé shorter
than field 352; howetscarpunbdr.t IThisf puekthp fepeurgfcapdpgciieet émghh definitiomby tBync
Long regi ster 520 irs sheglat erkmedRaghdl ONPigh egwizheret&2dcecantial NPitshanancinber of
byte clocks in Datidcfadsihif che3a0cush @Radit nuinberl Mldl QMBH iK1 VELoS\mbek €l d
352. Pad Short reggegge%t;wé?,ﬁ G GhdiSarl mﬁerﬁur@egregimbxtF;orechJssthg n;Paka Pad

field 356 when it is fo r ecto The ong, and Pad Short
val ues are different. S|“r‘f('§’%ert?1°rré/58°ndsetse8‘ glr cosﬁgnlflca"f/\%’ﬁz angd1g peed ?all el d

342, whi ch shar es S8He™ @8 M URE BN W I DI BPRIPVAHE . I RFCE ERlPerove
regi ster 528 cont dhndapdieg sbfistancoffrigythe R JekDe BBADalhe eielapeics fiiet d 354,
whi ch is the totalbetwenipehe girtdell sraghduitEt by tths vimtual eater s@déopive the
virtual sectors the ability to distinguish between adjacent and nearby
virtual tracks without having to refer back to the virtual track table.
The amount of errlap between the virtual track number and the virtual
sector number establishes the quantity of wvirtual tracks that may be
distinguished from one another using a single Giftual sector number.
Since the entries in the virtual sector tabié occur in increasifig
numerical order, so long as there is at least one skip sector represented
in the virtual sector table within the quantity of wvirtual tracks tﬁat
can be distinguished using a single virtual sector number, the virtual
sector table alone can be used to detect all changes :: the v1rtual track
number and indeed can be further used to count the virtual track nunber .
associated with the various entries in the virtual sector table. Thus,
the se&rch through the virtual sector table may be performed without
having to revisit the virtual track table each time a virtual track

boundary is crossed.

A second advanﬁagé of encoding some of the least significant bits
of the virtual track numbers into the virtual 'sector numbers becomes
apparent when computing absolute distaﬁces between skips across track
boundaries. For two skips which are separ&Eed by one or more track
crossings, so long as the distance between them is within the resolution

of the overlap bits provided in the virtual sector, the virtual sector



SA9- 93- 039y 21 During operation of servo

el ectronics 212 in cooperation wwth RAM- 504 and regi sters 506, the sync
counter is started following a servo sector. Prior to this, the sync
counter is preloaded from Sync Long register 520 if the value of DSIV is
0, and from Sync Shers#z-e3egi ster 522 if the 32alue of DS1V is 1. Further, if
DSIV is 0, data sector pulse 444 is generated and the data counter is

pr el oaded with theav@l e bde £abasector! dan rkﬁgéustﬁbteﬁmom Ghbotnet- SR ddeathiSsi 0aded

with the value in RSLLER, nmgp deNR 88D GebRUAN RS skBBCNSSs0 ,ab;ﬁ@ted@is@ame
counter is starteg, ;rutmﬁns =l Ebsgrfgimegatc@osge&w »BHa3eS SROSLALEE 1N Lhe

regi on equal s Nun1fu1" countc—i e vaI ue in
Pad Short regi st erreEFgece t°of:}heer¥/'ﬁ| s“é % $*4'8aded with the value in Pad Long
regi ster 524. \Wen the data sector count er reaches 0, the pad counter is
started. When the pad onseuht ehysicdlchirsk 2ddngss hiye besadecopputphea sgramént dat a
sector has been reaebedn thkest bRcouABIchOfhe(BAALsSBOLIBE (UVzEsl gGehaeat ed i n
the region equal $yNWAEY! deaa! BEN scSLLYQLSRC Ofg.f Ol kNWSraldsh@oge @ data

sector pulse is QSARLALedeole Q,%tbaenése%%n&u@%&aqwh@rcomrgl@grp@mz@Led

and the sync counter 1S re

ng r.egl ster
520. This procesS repBare® Lﬁ?f’mi lrf“'he redéf“(')en \égelé ble 8 % awﬁ' gﬁs e
determned by t hél?feﬁ‘é’r it perferPingrAEat *» d‘é’f'ab‘étet‘ﬁyo?“ﬁfﬂa?é@ly W\éﬁ“ﬁﬁé’“
nunber of data seet grhegudegesnieptrredin-ctPnf Fablecll0b drolvdesqtires Rl Forand
DS2V is 1, then trhe colatd 1¢DUNEcBE o Sinpéretdamte d112) tahd tzbhee vakore colamDIPN .
instead of Wi th tReéne Vadhsl@1bd)iddabidds Rl dntf £ @orSbh 228 .in the disk drive. The
first column of each entry, zone PBA 1110, identifies the starting PBA of
that zone, and is used to determine whiqh zone a desired PBA is located
in. Thus, the top entry in the table would identify the first PBA in
zone 1 of the disk drive, etc. The sought-after PBA number is compared
with each zone PBA entry gntil the zone containing the PBA is located.
The corresponding entries in zone cylinder column 1112 and zone sector
column 1113 are then used to perform the conversion computations which

will be described below.

Fig. 12 illustrates in flowchart form the steps which are
preformed, once the zone conversion storage components have beefi’ located,
to convert from PBA to ZCHS. At step 1204, the zone table is searched
for the sought-after PBA number to retrieve the zone PBA, zone cylinder,
and zone sector entries as described with reference to Flg 11. At step
1206, zone PBA is subtracted from PBA to determlne how many physxcal
blocks (sectors) into the zone the desired PBA resides. A PBA offset
into the zone is returned from this operation. At 1208, the PBA offset
is divided by the number of sectors per track. The mod, or remainder of
this operation is designated as the starting sector number of the data
transfer. At step 1210, the quotient of the same division process is
taken as the track offset from the start of the zone at which the data
transfer is to begin. At 1212, the absolute cylinder number which starts
the data transfer is computed by dividing the track offset by the number
of heads in the disk drive to produce a cylinder offset which is then
added to the starting cylinder of the zone. Finally, at 1214 the
Temainder, or mod of the same division provided in 1212 is taken as the

* Selected head for the start of the data transfer. At this point the



Three, counters _are used instead of one due to the types of fields being
counted, to limt the nunber of tap points on a single counter, and to

al l ow for each counter to be prel oaded whil e another counter is running. It
is to be noted that while a particular preferred counter arrangement has
been di scl osed, the ab vg,efunction can be inphenented using many
alternative counters”‘an regi ster arrangenments whose result would renai n

within the spirit and sco of resent th
above information, ®FEFFD S gf 5 %Jr}?tg‘a‘?ﬁ wmpu@ﬁeghet o ’oﬁ’é]tlgdefhé‘e%dt’aag‘f‘ of any

data sector in a segmesitat F*HF‘E iR Pegipnires®Et P2 *Atinber fromindex for a

gi ven data section nmay be determ ned using the equation: SN i ]
=X SG\+DS1 Numi one beneficial result of decoupling the LBA to ZCHS converfidh
SA9- 93- 039 process into two stages2?s a tMIEGIEE& Dplirg] proSesk I’lﬁl&iﬁ&ﬁnﬁﬁ@irﬁﬁy

nunber from i ndex (; Qchs RAS athkef QE stpmslmé R&sedfd 21:88CLPLerols tRL aBRATROL |
and SGN is the segrre léng.%{m ]:ierf%cts occgéugg%l; QhPQ'?qu) The two step LBA to ZCHS

han
process in turn allows the alleocation of skip sectors to be broken into a

two step process. First, surface analysis testing (SAT) is performed
across the entire disk drive to determine the factory defect locations
before the disk drive is shipped from the factory. The defect locations
are mapped into a virtual sector table by inserting skip sectors in
numerical order. Also, a virtual track table is created and updated as
required by incrementing each virtual track entry following that track in
which the error is detected. Second, after SAT is somplete, spare
locations are sprinkled evenly across the disk at distances consistent
with the probability of a grown defect. It is to be noted that the
probability of a grown defect, and thus the density of spares, may vary
as a function of position on the disk. The result is that sparing is

reduced to minimal levels.

Given the above scheme for sparing, two alternative embodiments for
reassignment of sectors are presented. Both reassignment techniques are
intended to map a spare sector into the loglcal address space of the disk
drive as well as to map the defective sector ‘into the wirtual s&ctor
table and, if necessary, the virtual track table, in order to establish
the defective sector as a skip sector.

~

For either technique the re—a551gnment process begins by
identifying the closest available spare sector (to be used as the
reassignment secto;). This involves accessing the DS table and searching
both forward and backward from the entry closest to the defect until a’
spare entry is found. The locations of the forward and backward entries
are subtracted from the defect location, and the lowest absolute value
result is used to select the re-assigned sector. Once the re-assignment
sector has been identified, one of the two re-assignment techniques is
applied. Turning to the first, the originél tables are left
unmodified, and a separate list of re- assigned sectors is maintained.
This separate list contains sectors chosen from the sprinkle list which
have been used as re-assigned sectors. The list is in the form of a map

which includes a first column representing grown defective ZCHS values



During opersation of disk drive. 202, read and wite operations are received
whi ch require recordi ng head 208 to be repositioned over various tracks and
then to read or wite various data sectors. Once recording head 208 is
positi oned over th Qapppopriate track, the gbove equation is used to
det er mi ne when t Hé approprlate data sector 1s passing under the head. In
particular, the equation is used to conpute a current data _sector number

whi ch is conti nudd8|%y>EohaTBEFARRERS CREYIEY SBELYr "HUAHBR V=188 ueStrett*f or
the read or writdtegiérmyirsnororfizedheithen BvdB GHTPEF €F IR ngwsT r ebf Hpéf ati on
is perforned. Sinreceantifmgliey arenumded, Ditf iekisked befothatmnsidgidanofrok aRytths
conput ed based omsiherdlakia sa3blUese UR%CntiiRe a2baverpaiesd td Yndiberel wGak i on of
data in particul 3gasetiRPoss 8 afLH@NRv LBAs they arelmablld . €T @I dise 5o

enbodi ITEI’I'[ vari OUS n?ze%sacgzgrdtirbgetéaga-ys vaqgéscrtj.hgx?qtl:|.rs]fr0elfe’¥a‘;lcegnaft:l el ds are
mai ntai ned in various opera?l onal

per f or mance. For tF?f’é"f%fﬁB’é ‘%‘h’é“l b ’c’ﬁAnﬂ’tdl ’Efﬁm PB? tf’ ﬁgpsc:u?ﬁ‘leﬁf PETHES 78S be

mai nt ai ned in dedPesaPried e dpdisptsr vhjeh ZFH BBt 21omaret Sttetts ¥2D-N586 i n
order to avoi d buysHSarthiey rage imarped Ehe Vakuesverhy wher rhe| drdekedvd renssigeser al
storage such as R&MoZ1iZ abbRtered@irihgnedawi tredsfer] bgeratisk, & GleB@mli et asm nes

the amount” of st Qiadeed efbhd 8eLilRanRll 128evalHM@Ind QhraAi Bk GUIALLen
| mpl ement ati on. %&%e E&SML | [P RIRAL Li,oQ,QS sgrﬁnguhteesp%%soarrefs% 144801 Ons per

zone, the local stor uirenments zone fa |ts per
Tlve a

regi on or 256 byt':g"’s"‘Jl I‘"th"hg“kl ?1’6?’?16 ghe owan?:efe*e(ﬁr us'fhus in the
preferred embodi fRFE leﬁlsghrepé?aﬁﬁtnﬁﬁc% tl"eoéea?ﬁ’r?’t?ée?fcwrt FORtLeRIE A | ng a
storage access péabeek. is minihiged Sud verfRtydodeoiCoarelear improved. | n order to
use the above-described sector identification/location schema effectively,

the system of the premenfecdndViRDids dhmbAeStechlq@dbetQuely replaces the grown
defective spare with the selected re-assign spare in the virtual track
and virtual sector tables. The virtual sector table is modified by
inserting a new skip sector at the grown defect and then shifting all
values between the grown defect and the'reassigned sector. If the
closest spare is across a track boundary from the defect, the virtual
track table is alsc updated to indicate the pointer changes. Thus, by
simply shifting LBAs in the virtual sector t;bie:between the defect and
the reassigned sector, the spare takes the iegical place of the defect

and no performance degradation is experienced thereafter.

It is to be noted that the skip sector conversxon schema has the
additional advantageous property of operatlng in the presence of skewing
without further modification. Where skewing is in affect, prlor
Computations which compute sector number are considered to be with
reference to unskewed sectors. Conversion to skewed sector then occurs

Qutside the conversion process, as was described previously.

One modification te the above-presented embodiment, which may be
Useful in cases where simplified mapping is desired, is to use a single
table conversion process which maps directly f;pm LBA to ZCHS. The table
entries still require three or four bytes as in the prior art, however
the new table construction is based on LBAs adjusted by table location.
Thus, the table coqtains LBAs which directly follow a given skip. The

dea"tage of this approach is that the table look-up process requires



determ ne hoth a segnent nunber and a servo sector nunber within the
segnent prior to performng a read or wite operation. To avoid the |atency
penalty created by waiting for an index mark as a basis to conmpute the
above information, servo-nodul o counter electronics are provided to
generate this infogmés-es» continuously, evemsafter a head or zone sw tch.
In the preferred enbodinent, this is achieved using a SA9- 93- 039
23 hardware Circil} MRSe bW Sedll Gellich)) eithRf \boqbSQRY Qr TRALrP! METRE )
and DS1Num reqm@m&.un@oe@rgf S,Jame séqa,vgoammlgnbgzoup;ﬁ oI5 {xe f[Loguce

the quantities servo o TR r qer "The remai nder of
servo/ n, the nunbet® oefptsergo 2‘8"(’: veg, m%dem dl&tg%?'est%'éa sré]:é’mr?ent, whi ch

is used as the addfgs¥erdF Wﬁég%’ﬂlﬁﬁﬁéh‘f Jytoer Sf)ieffé’é%t‘?ﬁéifef)'r ERTBs y.

The latter is the eardeliieg he ntitbly oothishaprrdeaft data sector in the

segnent, hereinafter referred to as DSB, the data sector base nunber, which

is also the first terntnseqsatd ®8 nbded. tHat Ghe Bkid bdéSdd AdpBngl techdigwc har t

form the operationgggeaLl E@dhltsosegefowsmsrehﬁss‘eysmmt@unogﬁnoAb 4@¢ the

remai nder value isginiti ZI |fze-b o th&n‘f& vQ &BL’ redﬁstppﬁgablet&e QU&EL' ty DSB
t

isinitialized to zero op. | ien ere ut es evalue
of servo nod n (I’G%Y aréFJSu.cB enef:l.t may e obtained from know:mg concl s:.vely at the

beginning of every seek operation exactly what the final target zone,
cylinder, head, and sector are. Thus, in all disk drives, including
those using ID fields and those using no ID information, the disclosed
LBA to ZCHS mapping avoids the requirement to slip heads in order to
handle spares and defects. Moreover, the system leads to easy
implementation of just-in-time seek profiles, where knowledge of the
exact seek destination is used to plan the seek trajectory so that the
head settles on track just before the desired sector arrives at the head.
Finally, the system allows for implementation of seek reordering
including latency minimization, since the exact seek destination is known

before seeking.

Most importantly, it should be noted that while the above
description has focused on partitioning the LBi fnto two portions, the
concept may easily be extended to three or ﬁere partitions. Fof example,
a virtual cylinder partition may be added which contains neighbouring
virtual tracks. This becomes advantageous as the number of virtual
tracks becomes large, since it reduces the amount of storage required for
the virtual track table. Thus, in general the mapping schema presented
above should be taken to encompass n-level hierarchical storage of skip

sectors.
VII. Conclusion

A further advantage of the preferred embodiment hardware design
lies in its built-in power management features. Since the servo-modulo
count block actually computes the modulos, the system requires only a
single servo sector time for initialization. The field length counters
in sector pulse logic 421 must operate only during read and write modes,
and may be powered down otherwise. Thus, in a low power implementation

of the present invention, much of servo electronics 212 and formatter



repeated subtraction until an overflow occurs. In particular, at 606 tenp,
a terrporary variable, is assigned the value of remainder - n (of servo/n -
n). At 608, the underflow test is perforned (tenp <.0). If an underflowis
detected, the process is exited at 610. If no underflow is detected, the
processi ng conti nuess-at-0842, where the quantPéy mis added to DSB. Finally,
at 614 the renmainder is set equal to tenp (the remai nder mnus n), and
processing returnseidtfiifes 5 exXpiwepa adwn GkOyechotin BEB~irx psertions)) and
the renai nder (seryg,;iRdy NkikidyQodiReiboCRNFYdERduring this tidlOMAU ddleditls 7 1S
a schematic diagramdliugd r@élkfm AN afleBRE QD1 aGa Gl U1bctrBnidE GO HaNGEvoi th

the preferred embo '”em Ohed U8, BLESQNL.L WEALE Q0-aclfi8, & ,re%w;v;;@.w es the
val ues of n)((servof?f) S8t Ve nod.n ccordance with rocess shown

in the flowchart oPPﬁSF"gw“ @‘éﬁdmﬂfé%ecf‘flﬁﬂ’ﬂ“%ﬁﬁlge"tﬁser % s‘fcﬁ%r f II(‘f\Ac‘T‘enﬁrgtreat?ér VO
mod n i s conputed bgwer speoedssishinedc e aAIiMANah sFeHRY tRe B & BRI Rl ow
operation. The cCir eedvb defigh Udbestee Gt ragtociagd cle@onics bty peveesd ¥4, Idder
706, registers 708 @R0nodd 0 cndVkPeedd 2ustatdertor bd iaBek elatmitsactoitsaunberthe
counter 716. In opglatiQf, QbccbPGunel o M%L&e@wmlﬂrchglfrmuutf, icontrol

| ogic 702 receives st ignal 720t L Neo@ GOMRME 8Ld.9Nec@apd produces
done signal 744 whéfr codtr‘rprl eté’ieﬂ "eeg °glr ‘? 8nfs°t otres t he rvesﬁTt of the

repetitive subtractions and at the end of conputations contains the correct
val ue of servo nmod n (tHhéler heninversiyn hasybrep feperibsfOni th FEETTGRE Fhitie 738
fromregister 708 astdodsnphith AZ6 shdrher vhanuhe fntd regierse girsratring STVE SRS and
di scussed previ oushy iWithhber sfted @RaeeheOinkbitiob)s eqia@ly mgraicable reghst er 708
is from MUX 712. The M akl Qwschgé ther deb@r b hbatsQfvo SREME sb2&tedbudnhe
results of the pr eyllmagu escpap;[. rsi-élc qgthR elxgeQQS r\: 9id§éae;egzgx81engthle. This may

occur in an implementation which uses closely-spaced servo sectors for

performance or other reasons. It may also occur where the data sector

size is chosen to be relatively large for use in applications dealing

with long blocks of information, such as multimedia presentations and

scientific data. The result of the data sector size exceeding the data

region size is that a single data sector may span two or more serve

'sectors. This is handled seamlessly accofding to the invention as

disclosed above by simply programming the rggigtér and RAM values

accordingly.

While the preferred embodiment hardware design uses a servo module
counter to reduce memory requirements, it 1s apparent | that the segment
information may be expanded to store the 1nforma;10n for an entire track.
In this case, there is no need for the servo modulo counter, since RAM
504 will be addressed directly by servo sector number. Such a design
uses more RAM than the preferred embodiment, but will have simplified
hardware. The choice of designs depends on factors such as circuit cost
for the two implementations. Further, the data in RAM 504 may be
organized to allow addressing by values other than the servo se;tor
number. Specifically, the data sector number may be used to address the

table.

Further, it is to be noted that in some implementations it may be
judged beneficial for error handling purposes to include some portion of

the LBA in each data sector. This allows for LBA verification during



SA9- 93- 039 24 register |load signal (not shown)
comes from control | ogic 702, and is asserted once per subtraction
operation. Underflow signal 742 is passed to control logic 702. If an
underfl ow i s detect ed the register load signal is stopped, and the

remai nder value will bg stable on 740. Contro; logic 702 also controls the
out put from MJX 712Ato regi ster 708 via sel ect line 732. MJX 712 is

configured such that the first ubtra t| S ent_servo .count 728
whi | e subsequent suft? é’@?ra(t)lr‘l’gs'uge fshegl At "se %urd'"%%git:eec’s?ﬁ atstmnsl—jm'fehClhe

register 708 is | ocwr@ HPOPTEF éﬁl?ﬁf"éc‘f"éf“’i'tfﬁ“ FBER AP FealonfEPRE e e
results of the pri osasapbediagt irofrtptreAtaTpds| 98 Fobel $9851dgredcas ¢1adodsys o ID
condition is an undaEédmetion encoding inl Beravaktes of Mayr¢vser vo/in)int@dgorput e by
repeated addition Ofendda€ JAUkBLdsidh SCEY GnitRehtDdnf & dRaGdies Ubive attinPlsses an
operation perfornmed L{L_mLXLQc{XR%EQ\ P06 - OB rorl Bt AL Sorls AL rnd 1380 ( bkXE

value m fromreqgi ste{ a § own and di scussed previously with reference
to Fig. 5) and the Pesh ﬁ 8t “Fhe previ ous addition 746. The internediate
val ues of the addition 748 are stored in register 710 at the output of
adder 706. The regi ster I éadls gprarent (it SHoldTrticBTas Pt St 6 °Pdgi ¢
702, and is assert egoonte tipeeleatidhidsory dperldtiedn andComtr HiftHapg pay 792
synchroni zes the addbdtietedtor Sohat sRcHel Rita@Pe sBdinONS debirongh trhasregimst er

| oad signals, therefy..ehd Gl 0elfrf806h btloafheSCRA Bde8 dibd:libdal ir£EROr an

accunul ator to conpyfe xg§'§ ( PESRL rgér@) )om\éheae ltleenmﬁrna;'bgnapmesce@pétﬂgxe

DSB val ue 746 produce e circult 1N accorda

th
equation 2 to gener’Ste¥ ﬁgr"?ﬁsr hsie t&%lt“ 35(? odFta i 587 °specth |caf‘T SMBLsul t
DSB 746 is passed tt6 RACWFPeF19, seaVDALFERTS PP Dﬁrmﬁn s?514>“9 &dcﬁ"é§§€‘6“ t&%talls
remai nder 740. Thesee kapwe® tiecdigkl detieandoxsateputthatterps registeth anddBpsheatd or
nunber fromindex ok tibedfdst SltetldbryeSnel afid L §deeiieghdations Rt theseigers

nunber counter 716 .hg ridi Qb QARG c0hd. N RHAQmpYS 1R iR BROEnd RELIRImaPfrea | 0ad
signal fromthe congrQly L«ﬂ.g.u? b 917 SALRWMY) o Baha $86L Qb2 nUﬁQQﬁyCQU'lkﬁﬁd716

I ncrements UpOﬂ r e%gl \</>|t£] that w%:.lseegl'feotyal esl an StaZ?eg deas'grqbgdu l'gvcta Sa.rcg ngrgyr rent

RAM and registers during operation of the disk drive, they must be stored
in non-volatile storage when the drive is not operating. Any non-
volatile storage may be used, but it is preferred to store the -
information on the disk drive itself. The usedbf modifiable storage
(i.e., the disk drive) allows for the disk éfive to alter its oWh format

without need for external intervention.

While the invention has been particularly descrlbed and illustrated
with reference to a preferred embodiment, 1t will be understood by those
skilled in the art that changes in the description and illustrations may
be made with respect to form and detail without departing from the scope
of the invention. Accordingly, the present invention is to be ’
considered as encompassing all modifications and variations coming within

the scope defined by the following claims.



sect or nun;oer at 752. -~ -- "To avoid a latency penalty which would

ot her'wi se be.created upo tches due to the tine reqw red
to settle on the new ﬂmﬂ ““\“m llw in the gt—teo-tse Hnce
and head skew ng bet vveen surfaces and tracks of ELTM§H55EM% BI%FNJI sk
drive. I'n accordance with the present inventign, a RERIAGEBue s
provi ded for inpl em®nti-AP this skewi ng by adilisting the varue 1n data
sector counter 716 to account for the skew. The raw (unskewed) current data
sector nunber 752 is adjusted by subtracti f§*®FBe val ue i n Dskew Regi ster
SA9- 93- 039 25 536 fromthe current data sector
number 752. This sybtr aClac@Rebssagrdiok FBH ubD #idnoa thRaMAbdCarcRs RS- ReGEIST er
534. The result is thehgmg %nﬁeﬁkc@m@e d@traad%ﬁ&wnmameﬁnfmaemme bﬁsk

provi ded as i nput a Sector nt r_454 al be
‘noted that while t¥'8 dé‘klge‘} ARt 8B C °? ﬁém& edh de tracp&b %Il Elea ecr’neence

to data sectors, i®f HfytzrFepPyas L?é‘é’de%dﬁ"ﬁl t ?u‘éﬁef SELPIERT sf"bwf?rﬂl‘%l
skewi ng on the basézsycﬁﬁtasefqrerssé%%br“haﬁﬁl?é‘i‘inpn‘sar AP seivd eefseRs €330t hat
descri bed -above. having pre-recorded head positioning information for identifying track

and servo sector locations, wherein the number of servo-sectors on the

track is not equal to the number of data sectors on the track, and
wherein information establishing the circumferential locations and

identities of the data sectors is encoded within the servo sectors.

2. A data recording disk as claimed in claim 1, wherein the

established identity of a data sector includes a data sector number.

3. A data recording disk as claimed in claim 1 or claim 2, wherein the
established location of a data sector includes a distance from a

preceding servo sector.

4. A data recording disk as claimed in any preceding claim, wherein
the information encoded within the servo sectors includes sexrvo sector

number information.

5. A data recording disk as claimed in ciéim 4, wherein the Serveo
sector number information contains a subset of the full servo sector
number .

~
6. A data recording disk as claimed in any preceding claim, whereln
the lnformatlon encoded within the servo sectors includes an address

mark.

7. A data recording disk as claimed in claim 6, wherein additional
information establishing the locations and identities of the data sectors

is encoded in an index mark identifying a fixed location on the track.

8. A data recording disk as claimed in any preceding claim, wherein at
_ least some of the data sectors are split by at least some of the servo
ﬂi;? sectors into primary and secondary data sections, the primary data
sections preceding the dividing servo sectors ané having their

circumferential positions determined from the circumferentially preceding

S
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V. Staggeregd Sector Servo ~  The use_of dware based servo nodul o
counter in-accordance with the pr mﬁm “g“ Wv—t—h&t—m_mency
i s added .for head or zone sw tcheﬁ“ sw t ch eg'fEir\Hi\SsBEEM) _
counter maintains count of the serto focation. Once rvo BERLACEDa rdeI o]
values of mand n are_changed, the section | ength and data sector—muber
w [l be correct. Si“?n?zﬂ??y for a head switth, once the servo count IS
correct, the remaining val ues foll ow. For a di sk drive which

i mpl ements a st aggerve Fegiort o thss aropesiamp frdateit ionndobaring e ivisking ataye nust
be set properly fgbdrowi mrgl Baviven thed wict Glhamiepengislepost tfort dergrrtingd frdmhehe

staggering. Fig. QidiblngSderod e&rotsl Cross-sectional view, a staggered sector
servo disk drive. The disk drive is generally designated 802, and incl udes

spindl e 804 and disks 808, ,%Qc&d dlé,lgs Jibeue& qgaal;ly g@&eeingtmm;se&h\gpeﬁ Gl or

s

9.
are shown schematical l rec angl es in 82Q and 822. The
servo sectors are#fst sx"éer Pf 87 MF2atEhed ™ rat t\,\?yhgrece&)eé ar Slanged di agonal

to pernit the servtfcwrfieﬁnﬁg‘lo?“&‘itf“’"s'ﬂi’r f"éft?é§a'iﬁ s?“ﬁ%”sd?‘?khaﬂ? ie%in a single
pass wite per tratkuntAfenbial pop Hgorndethepekrdt froprdi rumgersetis/dy gwetedindon one
surface, the next sheade(uaasthe next surface) is activated and a servo
sector is witten there, allowing nultiple surfaces to be witten in one
revol ution, decr e§§| ng %1&@d—§f3&¥%r¥“1'téc@u£e‘ %e@ﬂg seRRldisk drive com ﬂsMg‘ te a
staggered sector servo pattern in accordance vvlth a pr ef erred feature of

t he present invention, the servo sector counter gynchronl zed with
t he servo sector nunbér‘l“f)r’fe‘f?ﬁ'é”‘gtﬁ“f”ééé“bé’iaﬁ’(j‘gs?/\n‘“f’%ﬁ’éﬁft”B ol ®2F¢thcti on
may be acconpli shed<¥y I 1e2Phgna oS (ibs Erackt Peing Eeided 8k roRey Rietnoular
(possi bly the ent seceorsevicbrdimupdlerservonéeFtedean®| Bt négrermt yhereinrthp gwinleron
field 346. Al ternad satdb sectofd ¥ th€Gldrk EOHETLNa i<l tRAYuMBEr WpGatLEeddased oN
a | ookup tabl e cogf ainifgdxt he stagger

recording head means (208) which reads information in the servo

sectors and which writes and reads user data in the data sectors;

means, responsive to the information read from the servo sectors,
for determining the locations of the cata sectors based on their distance

from the servo sectors; and

means, responsive to the inZormazion read from the servo
sectors, for determining the idenctitiss of the data sectors.
2 R
11. A disk drive as claimed in claim 10, whereln the data sectors are

identified by data sector number.

12, A disk drive as claimed in claim 10 or claim 11, the track further
including an index mark identifyirng a fixed locatiocn on the track, and
wherein the means for locating ané the means for identifying the data

sectors are responsive to the index mark.

13. A disk drive as claimed in any ¢ claims 10 to 12, wherein the
'£$W> information read from the servo ssctors includes servo sector number
AN
L ) . - Py
< information.
Y 14. A disk drive as claimed in ciaimr 13, wherain the servo
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offsets.,l\n the forner case nunber read fromthe Servo
SA9- 93- 039 \‘ \z\m\ “or i's decofl@HiPyy ,
I o

412 and passed to safety éty*l ogi c 416 ugses tIN >
update servo sector counter 414, For exarrple ' /
sect or number may ¥€-%nt8ded in the TID. Fdl owi ng a head Swi t ch,
| ogi ¢ 416 uses the read value to preload servo sector counter 414, ensuring
synchroni zati on. [stctdmenupbrgkinfotrabior comtméns @ subdet @fatheful setsoi s kept which
IS used to increnssattodrnugi@er enent the value in servo sector counter 414. An
exenplary table is shown at 840. The tabl e conprises 3 colums, head shift

842, servo sector j,gounf g;skog{] et 84 mgglqn %;09 ctl%:imsr!l adhusv'ghrgent 346.  Upon
comencenent of -a head. sw fiea t va pl'us "berng down, m nus

being up) is used %6 T80 mea“tshfgrtg’gf\}?f ?ﬁfht er offset and timng

adj ustnment. O fset val ues 844 are used to increnent or decrenent servo
sector counter 414. Tiskerigorid] trotave rrontpating seegior lagal ipforpayipmgaddogi ¢ 420
to adj ust for the seew SestroniseEbOIsePESInkyipOASiond-6f tBHBaER eAGas ihfvematadnies
in colum 846 ar e ghdnStRded8ebh ACLHLRS Kbed BE BLEMQArIa01REF NS £5RAEHNEbrvd NUS,
for exanple, if t@@ctgwr@aa\;ut@%a@hg élsqghc&b%eromrsewL& srs{] %eaé§06 and a

head S\M tCh tO t he ti"._é a ungl::. F lec%ed sector fl <r>1§: inf orma g tCh
val ue- woyl d be +3. romToo e'BAD THE TEFVo ¥t SV F8LISP PREr enent

woul d be 0, and the servo sect or t| m ng

( computing the identities of the data sectors as a function of the

selected sector layout information.

16. A disk drive as claimed in claim 15, wherein the sector

layout information includes segment layouts.

17. A digk drive as claimed in claim 16, wherein the segment

layouts include data section lengths.

18. A disk drive as claimed in claim 17, wherein the data section
lengths are represented as clock counts.
| 19. A disk drive as claimed in any of claiﬁs 16 to 18, whereifl’ the

segment layouts include data sector identifiers.

20. A disk drive as claimed in any of claims 16 to 19 wherein the
electronic storage containing the segment layouts is random

access memory or read only memory.

21. A disk drive as claimed in any of claims 15 to 20, wherein the
sector layout information further includes zone layouts which enable the
servo electronics to locate and identify data sectors which are not

positioned immediately following a servo sector.

22. A disk drive as claimed in claim 21, wherxein the zone
layouts include synchronlzatlon field lengths, pad field lengths,
data sector lengths, number of servo sectors per track, and number of

data sectors per track.
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adj usturent wwoul d be 1/2 of the servo-to-servo spacing. The table construct
shown in Fig. 8 also allows f ffsets, s A BEEN

i ndex fromsurface to surfaceﬂ'mwﬁWWMHm in a u1ig\§2§H H‘é?gg;r E%Ch
head shift value. Further, the*table nmay ed in confuncti w£-h

encodi ng the servo sector nunber in the TIDto add a further degree of
reliability to theS8y8tdM O course, this t&ble may be stored in RAM or
any ot her appropriate medi um VI. Converting fromLBA to ZCHS As
di scussed previ ousky, indigkdirive e flaidedain etpie PR edheratim threetnghropiraticdi Sk a
received | ogi cal bkogk 1asftnespad ERAY 18a48hs, b@dChBy aedted lefdtBs Ard D& esented
cylinder, head, seg} QiockZGhiRk.vvalue. In general, this involves first
converting the LBA, which is the user identifier for the data sector, into
a physical bl ock agdress which.is a nmap 0 eLBA nto the
physi cal space of ?ﬁ ésﬁgfflv 2s C{%ﬁmed o?%rresn??c'):ﬁé (N 5?‘1 BfEPmiE 522
750 teaches the usE&* 519 "REHBLY ?Pﬁp“aﬁda%?“fﬁiéf Ee?iff)‘t‘?és’fg’fs&?r performng the
LBA t o PBA nappi ngstoFeRever, since the LBAs for nei ghbouring defects share
nost of their high order bits, nuch of the information stored in the. defect
map is redundant, s&rviangseRkivel £ BRERAr D&l & ERERL 1986 2dNRRGRES 8kd | Y

(2)<730U|Oy RAM  The pr@é@%ningvnggﬁé QJ%pxlxéggl Ug@ﬁ sector number uswca %%r@?’gector

nunber and the sector la.yout information.

26. A disk drive as claimed in any of claims 10 to 25, wherein the
determined data sector identities are adjusted to compensate for cylinder

and head skewing.

N

This Shee

/ R7>Iaced '



a particular map which renoves the high order bits of each LBA to mnimze
the bits required in representing each defect. The map f
skip sectors allocated on the disk, either due to def =gf‘§<§%ﬁ?§gé§%m

use of a m nimum anount of RAM and in a fashion that Lncre

performance of thensdssshkssdri ve. "The map is inplenented as a pair of
tabl es known as a virtual track (VT) table -- which contains entries
representing the nostly redundant high orgesrabits of the LBA -- and a
virtual sector (VS) table -- which contains entries representing only the

| ow order bits of the LBA --. The outFéJt of tgse!c l;{;E(,EVS tabl e access, the
PBA, is then located in a zone convers SRR EbPe 0t der to devel op
coefficients for use in conmputing the cylinder, head, and sect.or at which
to performthe desired Bperatsron emetdie rpeq@‘@st@* daitva igelotien a SERRPS, t WO
conversi ons are usemsitetduee fih r@ichOfheVecaditgehmu Ei9caks Png @@¢4nbf FHef Askat he
second of which psRvddagtide usBHIPiRR IThHie1a€Cle% (Adtugs udibg ihAvRnitbON reduces
the storage reqwsb%g'mwrfrﬁp& L3h AN sdcQadl dddCeroh 4007008 X1 BSn €, o@@,uy

plus an offset based on rive capaci AT hoice of qne or .two byte
entry. The inventigi’ ef‘%rtfh FREdlt ccgslgt hgg%/rﬁr cg? cof"(é of *The lIslg"ar PR req‘ﬁl red

to | ocate an LBA ¥ty PHuget %“ﬁéf?ﬁr%ﬁ’é@"‘?’ﬁﬁ&cﬂ*ﬁf“ﬁﬁ? §’e8ﬁ*"8rﬁ°ﬁ§1 2h% ocess.
Shown in-Fig. 9 igreintereBAatly PReduippt neprartehi fedudedelnvtrick Fefmsrtrds t2he

basi s for the LBAuherRBAd{rerdelyidns Gepdriiedcirny ens asithg)r BCesso skeropar t Treul ar,
the figure shows dabe rlf3bnd B8R eseRnCshrt 21 HaBakYctbay Maatondde ddtd bababrd.r ack

tabl e 906, virtual,S8aLET, g&@é&m?%&mééadtod@Jeﬁgfysaﬁaﬁ%c&@%@a sgc:lzgrs As shown
at 904, the LBA as {gcel Ve romt he

1S
subdi vided into tV\D se ones w osiehreg];.onl oclaglon? ﬁre ]pct ﬁdeaiegi\%o seBV% secttoxhom as
A, includes the HAREr® oF B s£or rf"f*héegﬁf”bﬁ" PRSPt i TP F@ﬁﬁ.%&% hol d
the virtual trackKbpdatsshs of¢st dixtettdaesBiatgssegiions 43 thhaemignbehether bit s
requ| red to hol d thih@estiors wedresmtddOby nhpFbaiections are split between two regions,
. the total number of data sectors in the region, and the sector number of

the first data sector in the region. The information provided in the
servo sectors consists of a servo sector number or other indicia which
enables the disk drive to determine the position of the recording head
and begin reading or writing immediately upon settling on-track and

without incurring a latency penalty.

This Sheet Has Been Re[ilaced ~
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desi gnaged.gs A virtual track is defined as a contiguous set of
data sect®rs mhlch have exactly 2[err] good data sectors. A virtual track
may contain both good sectors.and skip sectors or alternatively it may
contain only good sectors. Al virtual tracks are contiguous with one

anot her starting froma defined virtual track of zero at the begi nning of
the disk drive and running through the enti ? ﬁlsk drive. Sub spaces of
the disk drive may al so be mapped separately 14 the same manner. The
virtual track nunmber nay be obtained fromthe LBA either by sinply tapping
the high order bits of the LBA or by logically shifting the LBA to the
right . SA9- 93- 039 _ 28 by the quantity
A-B shifts. A virtual sector is defined as a good sector contained within a
virtual track. There are 2[err] different virtual sector nunbers avail able.
Thus, all virtual sectors within a vilP§uall®rack are numbered consecutively
starting at the first good sector in tRe rack ands ending at the | ast
sector in the track. )t Of1@ﬂ LBA into a virtual
track nunber and a

103

sitf o [i| o {slolil o [1]o¥s|D {— 110.

EERRI RN VAN

140 141 142 143

Sector Architecture

FIG. 1 (Prior Art)



virtual, sector nunber, the virtual track nunber is referenced into virtua
track table 906 in order to obtain an index point into virtual sector
tabl e 908. ‘The index point is used as a starting point in VS table 908 at
whi ch a sequential search is commenced, which search continues until a
virtual sector nunber which is higher than the searched-for virtual sector
nunber is located in virtual sector table 908 or the index exceeds the
entry for the next virtual track. Once the 2appRopriate entry is found, the
PBA is conputed as the received LBA plus an index into VS table 908
corresponding to the final search ggry. VT table 906 contains an
entry corresponding to every virtua \Qrack in the disk drive. Each entry is
at least B bits wide and contains a pointer into VS table 908. The
arrangenment of the table thus gives each entry two ani ngs. First, the
entry value identifies the total nunber of ski'p data secteks prior to the
virtual track represented by the enjjy, SBeeuhrg, this sas )
the correct entry point into the virtydl sectot-table- at-whichXhe skip

sectors are listed for the virtual t ackxndnber represgg%;'wny

In operation, VT table 906 is enterdd by rndexing i|n2s@~
value of B, the virtual track nunber, eptained from ent.®
found at the determ ned i ndex i

o

track.- Unli ke VT table 996,//S tablfe 908 ~ .
for every virtual sector on the Hi Sf-erive—d contr@st) VS'tabl ei908} need
only contain entries for skip sepfpfis (defectijve s&t and/ or gpare}first

sectors). Each entry in VS tgp )8 «correspaNs to the sect or
follow ng skip sector. As discug g 4¢ff ' AN S .,entergd atf the

i ndex val ue established througff ige of P\ i t / i ndex
val ue, a sequential search is * . i : %

received fromthe LQw g+e : pFiper
is located which iS g 3
bits of 904. This grea
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sector hunber establishes t he nunber of skips which nust be passed in

SA9- 93- 039 . 29 order to arrive at the correct
virtual sector nunber. An offset value which is equal to the offset into
virtual sector table 908 of the first entry which is greater than the
sought-after virtual sector nunber is added to the LBA to arrive at the PBA
val ue unless the next virtual track starts V\/n e the index is, in which
case this offset/index is -added to the PBA3Al% DS table 910
contains an entry for each entry in VS table 908. ‘The pur pose of DS table
910 is to distinguish the virtuakgsector entries in VS table 908 as either
correspondi ng to defecti ve dat a ssectors al so known as bad bl ocks, or to
spare data sectors, al so—knowr—as-—spare biocks— T the prefenred

enbodi nment, DS tabl e 910 conpriss®s a singoe bit entry3eorresponding to each
entry of VS tabl e 908, wherein t §e pol arityy of the bi tbin eac¢h entspods
used to distingui sh betwdeén bad blotkS and spare blocks. It is tg’be noted
that an advantage of g tfable Lo 1§ {hpat thi§g tlbl e daes nof heed to be
resident i.n RAM st or agiSdxd¥pt [d02i hgPRpad¥ gi% at fongS szeassi gnnent
operations occur when

at which tinme spare cgq(prSSare r

he (,di sk drive,

wn[def ecfs H¢vel o dur r!pu
as$s dned 844 ,31@nd the
defective active se¢fors ar ol €as igegdd as sklspasec orssz Par t\ of the
reassi gnnment operatd on i nvolves 322: : 330 \
Servo Seclor Data Sector
W-R Data
and |AM | Position | Servo ;CO and ?’Zt:
Speed Pad | e | Ecc
342 344 346 348 352 354 356
-1 360 »
Split Data Sector /(
Spiit | VCO
Data Pad Servo Resync Data -
322 364 312 368 324
Sector Architecture
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changing bit, values in DS table 910, in addition to various values in VT
table 906 and VS table 908. Of course, in order to change values in DS
table 910, this table nust be resident in RAM accessible to the

m croprocessor. At all other tines, DS table 910 need not be resident or
readily accessible to the disk drive electronics, because there is no
requirenent that the el ectronics determ ne, Weether a sector identified in
VS table 908 is bad or spare; rather it is only necessary for the

el ectronics to determne that the sector is a skip sector. Shown in
Fig. 10 is a flowhart illustrating the LBA to PBA conversion conputations.
The conversion conputations performthree basic functions. First, they set
t he bounds on the search to be conducted through VS table 908. This is
acconpl i shed by exam ning the virtual track nunber entry identified in the
LBA along with the succeeding virtual track nunber entry in VT table 906 to
establish starting and ending a@gfsets in the virtual sector table. Second,
once the bounds of the search a;e set, the conversion process sequentially
sear ches t hroughr tapfeuntiT— 1TSS position 1n the table
corresponds to the starting point of the next virtual track (that is, the
upper bound of the searchgaor a VS table entry gregber than the C buﬁg is
found. Thi.rd, as: a crlte 1on of the search, each ylrtual sect or nuEger in

vi rt ual SAS= “ -39 3 30 SQeq Of 3 1908
must be greater ﬁggn qt]%ﬁ tcsg% 3%0 degessgrlun?zgss 35;4 §(7 9 g
Dsz Ds4 | DSs | DSé Dsg Ds8 | DS9 | DS10] DS11| Sb
7
385

(.

Track Format with Stub
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a virtual track boundary is crossed, at which point searching is ended.
Wth particular reference to Fig. 10, the variable Dis taken to represent
the quantity A-B, where Ais equal to the nunber of bits in the LBA while B
is equal to the nunber of bits in the virtual track nunber. Thus, D
corresponds to the nunber of right-hand shifts of the LBA required to
obtain the virtual track nunber. The variable E represents the quantity
2[err] - 1, where c is equal to the nunber 8 its in the virtual sector
nunber. Thus, E sinply provides an AND mask for use in determ ning the
virtual sector nunber. It is to be noted that the values of D and E are
establ i shed according to system paraneters. For instance, since nost nodern
m croprocessors handle bits in nultiples of 8, it may be desirable to
establish D and E so that all values are provided in nultiples of 8 bits.
Finally, p refers to the present offset in the virtual sectgy, table.

The flow chart of Fig. 10 de5,.fd at 1004, wheres4/TN is set equal to the

LBA shifted right by @ quamliiy_o TS ; ; irtual '

sector nunber is.set jequal t%ﬁHQF A_ande I THE. Thus, 48t this point the
D ee%ep

| ogi cal bl ock address—asrhe

ated 1n [T'slvirtual ¢track nunmber and
virtual sector nunier conpanen& . X2 ep Y omg- resgnt of fset
into the wvirtual <884 or tadfef1s]s | Sectaro }
virtual track table $t the¢MirthI trg '
h1ael : '

etfPulsehj ls—es
starting point for fdirther sepr sée¥®r [Fabifg
step 1010,' the val uejof I*_3q§Ls4§3 to th 438 ual ack nur
upper bound of the sg¢arch to be—exeedbeshian | i rt yal 0 or
At 1012, a loop is entered in which [ESt—s perforhggndto] det g

whet her the end of the virtual 416aCk hasudaspel regbhedmabid |s t¢
that if this case §cgurs on The TTTSt] ipbdhioat { ON througf, The | og
result woul d indiega € that the pAESER doktatk [€oni hi ns, 442
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If the end of the track has not been reached, at 1014 a
second test is perfornmed in which it is determ ned whether the virtual
sector being searched for still exceeds the virtual sector entry being
tested in the virtual sector table. If the result of the test is positive,
this indicates that the sought after index has not yet been located. In
this case step 1016 is executed to increnmeng,;ishe present offset into the
virtual sector table to the next virtual sector table entry. After this,
control .is returned to the beginning of the |oop at SA9- 93- 039
31 1012. If the result of the virtual sector nunber conparison conducted
at step 1014 is negative, this indicates that the sought-after virtual
sector index has been located in the virtual sector table. The effect on
the flow control is the sane as if the end of the track is detected at step
1012, and results in entry to step 1018. At 1018, the search is finalized
by setting the PBA equal to the LBA added to the val ue of the present

defecti we segtors.

offset in the virtual se :tﬁﬁi‘zﬁghg&?ﬁfi nals%](y, the process is exited at 1020.
An i nportant advantage ip - ough t he use of overlap between
certain portions of the liVPRUHOMRLURK jrusteer and the virtua
Pad Long Register |~ 524
a Pad Short Register |-~ 506
506" | Data Full Register | .~s50g
n Register L~ 530
m Register |~ 530
NDS Register _ L~ 534
DSkew Register L~ 536
510 508 516 514 512 518
[ | I | { |
RAM R
DS1Num | DSilLen {DS2Len | NumFull | DS1V | DS2V
Region 1 ~~ 504
Region 2 oz
Region n
.\?f’
. FIG. 5
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sector nunber. This overlap feature can be seen in the definition of the
LBA shown at elenment 904 in Fig. 9 with reference to the B bits and C bits
defining the virtual track nunmber and the virtual sector nunber,
respectively. Wen such an overlap is present, a portion of the virtual
sector number corresponds to the least significant bits of the virtual
track nunber. This overlap is intentionally Ejﬂ\él ded in order to inprove
the mapping efficiency fromthe LBA to the PBA '“The overl apping bits

bet ween the virtual track nunber and the virtual sector nunber give the
virtual sectors the ability to distinguish between adjacent and near by
virtual tracks wi thout having to refer back to the virtual track table. The
anount of overlap between the virtual track nunber and the virtual sector
nunber establishes the quantity of virtual tracks that nmay be distingui shed
from one another using a single virtual sector nunber. Since the entries in
the virtual sector table occur in |ncreaS|ng nunerical order, so |long as
there is at |east one skip sector rep ertqd in the virtual sector table

wirthin the quantity of virtual tracksan be di stingui shed using a
ual

single virtual sector nunber, the virk egctor table alone can be used to
detect all changes in the virtual trackKN\pdnber and i ndeed can be further
used to count the virtual track nunber a.SOC|ated with the various entries
in the virtual sector table. Thus : hr ough-t he virtual sector
tabl e may be perforned w thout havi ng umarzew sit iirheovi rtual track table
each time a virtual track boundal Yemsindzar-03s@dount A second advant age
of encodi ng sone of the least significan] bits of the virtual track nunbers
into the virtual -sector nunbers becones ppparent when conputing absol ute

di stances between skips across tfack b narTes. For two skips which are
separated by one or nore track cfossi nd§2%€o | onfa804 he di stance between
themis within the resolution of lt-he—o 5F p-bits provided in the virtual
sector, the virtual sector

Compute |_— 606
temp = Remainder - n

Compute ' -
DSB=DSB+m [~ 012 -

Remainder=temp ~ | — 14

]

FIG. 6

Servo Modulo Computations



SA9- 93-039 32 value for one skip sector can be
subtracted fromthe other to establish an absol ute nunber of sectors
bet ween the skips. Thus, absol ute distance conputations may be perforned
across track boundaries also without reference to the virtual track table.
Once the physical block address has been conputed, a second conversion
takes place in which the PBA is fugther converted to zone, cylinder, head,
and sector location. Fig. 11 illus¥rates the ﬁp ? conversi on storage
conponents required to initiate the conversio /B ocess in a zone bit
recording disk drive. The table is generally designated 88 1104 and is
preferably stored in RAM but nmay alternatively be stored on any ot her
conveni ent nedia. Zone table 1104 includes three col umsZ zone PBA col um
1110, zone cylinder colum 1112, and zone sector colum g§113. Zone table
1104 includes an entry for each zone in the disk driye#dhe first colum of
each entry, zone PBA 1110, identifies the starting og that zone, and is
used to determ ne which zone a desired PBA is Igcate i Thus, the top
entry in the table would identify the first PBAin fome 1]of the disk
drive, etc. The sought-after PBA number is comfiared|{wgh ¢ach zone PBA
entry until the zone containing the PBAis |oc cprrespondi ng
entries in zone cylinder colum 1112 and Zone s& ufm 1113 are then
e

used to performthe conversion conputations whiglh w Iﬁ \gg§cribed bel ow.
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Fig. 12 illustrates in flowhart formthe steps which are preforned, once
the zone conversi on storage conponents have been | ocated, to convert from
PBA-to ZCHS. At step 1204, the.zone table is searched for the sought-after
PBA nunber to retrieve the zone PBA, zone cylinder, and zone sector entries
as described with reference to Fig. 11. At step 1206, zone PBA is
subtracted from PBA to determ ne how many phﬁﬁh al bl ocks (sectors) into
the zone the desired PBA resides. A PBA offsét Tnto the zone is returned
fromthis operation. At 1208, the PBA offset is divided by the nunber of
sectors per track. The nod, or remainder of this operation is designated as
the starting sector nunber of the data transfer. At step 1210, the quotient
of the same division process is taken as the track offset fromthe start

of .the zone at which the data transfer is to begin. At 1212, the absolute
cylinder nunber which starts the data transfer is conputed by dividing the
track of fset by the nunber of heads in the disk drive to-produce a cylinder
of fset which is then added t&82the starting cylinder of the zone. Finally,
at 1214 the remainder, or nod¥of the sane division provided in 1212 is
~taken as the sel ected head Qﬁg the stafl of the datp transfer. At this

poi nt the SA9-93-03Q,,-~_ el 33 process exits
at 1216, havi ng conput esthe zone.. Cy‘l in er,'_‘ ag, and  ~806
) ~ I\ v I\
‘\ ‘\ ‘\ \\
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I : - s MY ~J 808
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-4 + |  +26
-3 +1 +3/6 v
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+1 0 +1/6
+2 0 +2/6
+3 0 +3/6
+4 0 +4/6
+5 0 +5/6

Disk Drive with Staggered Servo Write
FIG. 8



sector at which to begin the data transfer. One beneficial result
of decoupling the LBA to ZCHS conversion process into tw stages is a two
step mappi ng process which significantly reduces the nunber of spares that
must be all ocated across the disk drive to handle grown defects occurring
inthe field. The two step LBA'to ZCHS process in turn allows the

al l ocation of skip sectors to be broken into a tiMi2step process. First,
surface anal ysis testing (SAT) is perforned across the entire disk drive
to determine the factory defect |ocations before the disk drive is shipped
fromthe factory. The defect |ocations are mapped into a virtual sector
table by inserting skip sectors in nunrerical order. Also, a virtual track
table is created and updated as requi®ed by increnenting each virtual
track entry following that track in wh§ch the error is detgcted. Second,
after SAT is conplete, spare |ocationg raferspriayes #Vu-;-across t he

di sk at distances consistent with theg rag g Bl EVap hepEpmh defect. It is
to be noted that the probability of a{,', opahotierepd) ((ang Bhes the density
of spares, may vary as a function of PosTtTO M1 SK.FThe result is
that sparing is reduced to mnimal |evels. (aven t he above schene
for sparing, two alternative enbodinent§ for reassignnment of sectors are
presented. Both reassignnment- techni quesyare intended to map a spare sector
into the | ogical address space of the disk drive as well asjlo map t he

alcl P~

defective sector into the virtual sect abl e anjé i) |necegsary, the
virtual track table, in order to esta 1“!8L;1@ @ & E,qior as a skip
sector. For either technique tﬁe Si 118t otess begins by

identifying the closest avail able spare j )%?f(to bllzged s the
reassi gnnment sector). This involves acce the Dg t/abl € and searching
both forward and backward fromthe entr @SS\t

b {heé defect until a
spare entry is found. The | ocations of”t,gcj waf|d g]@ baqgmard entriges
. 7
EEB’.’E ol & c}tz
©
]

H
LBA to PBA Mapping Architectur

—'I Cbhits [«
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are subtracted fromthe defect |ocation, and the | owest absol ute val ue
result -i's used to select the re-assigned sector. Once the re-assi-gnnment
sector has been‘identified, one of the two re-assignnent techniques is
applied.: . Turning to the first, the original tables are left wunnodified,
and a separate list of re-assigned sectors is nmaintained. This separate

| ist contains sectors chosen fromthe sprinklygibi st which have been used as
re-assigned sectors. The list i T JNe formof a nmap which includes a
first columm representing grown ve ZCHS val ues SA9- 93- 039
34 and a second correspondi ng colwm representi ng new ZCHS val ues. The
list itself may be organi zed either}by LBA nunber or ZCHS nunber. If it is
organi zed by LBA nunber, it is checked before translation from LBA to PBA
In this case, the list entries greigAtenpretied fos i ndi cate which LBAS are
mapped out and what new LBAs _they are mapped to. If the list is organized
according to ZCHS values, then it ip referenced after translation from LBA
to PBA and from PBA to ZCHS——and it¥® entries are interpreted to indicate
whi ch ZCHS val ues are mappefl oubsmniBagEt ngwZOSs they are mapped to. In
any event, when the defective—+eassjgred-—seetor i s encountered during a
data transfer operation, a second ggek i's

p = VT[vin] —— 1008
Y
e=VTun+1] —— 1010

PBA=LBA +p —— 1018

2

" p=p+1 _~—1016 -7 FIG.10 -

LBA to PBA Conversion Computations

1110 1112 1113

{ { i _

/R ] RAM
ZonePBA | ZoneCyl ZoneSect L~ 1104
Zone 1 -,
Zone 2
Zonen Fl G_. 11

Zone Conversion Storage Components




executed,to,the assigned spare location and the data is read or witten

t here. However, as di scussed above,

since the spares are-sprinkled

t hroughout the disk drive and the drive has selected for use the sprinkled

spare nearest the defective re-assigned sector,

m ni m zed and performance is thereby
re-assi gnnment technique effectively r

the sel ected re-assign spare in the virtual

tabl es. The virtual

at the grown defect and then shifting al

and the reassigned sector.
fromthe defect,
poi nter changes.

t he virtual
Thus,

thereafter. | t
schema has the additi onal

t he |
i nproved.

eplaceﬁgyggk

ength of the seek is
The second

grown defective spare with
and virtual
sector table is nodified by inserting a new skip sector
val ues between the grown defect

If the closest spare is across a track boundary
track table is al so updated to indicate the

by sinmply shiftingl LBAs ijn the virtual
bet ween the defect and the reassigned sec
pl ace of the defect and no performance ded

sect or

sector table

diert He spare takes the | ogica
1on is experienced

is to be noted that t¥ie skip sector conversion
advant ageous propegty of operating in the

presence of skewing w thout further
effect, prior conputations which cong
with reference to unskewed sectors. (
Qut si de the:conversion process, as Wwg
nodi fication to the above-presented 4

r

gpltlcat 0

pareLagns Bhle'o
lonver %eB'
s des mf

ct

nbodi

Lirad

%%F
Ve 6
Ro skel

preyv
fjV\/nich

re skewng is in
a4 consi dered to be
wed sector then occurs
i ously. One

may be Useful in

cases where sinplified mapping is de
conversi on process which nmaps directl

s
o6 wse

y fron1£ A

in the ¥Wriaor

ooy

a single table

BA to ZCHS. The table entries

art

, however the new

still require.three or four bytes as
tabl e construction is based on LBAs &
tabl e contains LBAs which directly fd

dj ustregotieyt < abl ¢
| | owBA- BindeBa sKi

e 1 gsg@tion. Thus, the

p. The advant age of

this approach is that the table quk-

up procIss requi
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| . SA9- 93-039 . 35 only a sinple single | evel search,
ei ther sequential or binary. The RAMrequirenent is fairly small so |long as

the nunber of skips in the systemis kept small. HowgVv L E-TToger n
di sk drives thlat ot abﬂ. mgr Fefgnt expands rapidl wa E%W%W@f gﬁ ET

def ects i ncr easeH]ISt$f# BEEMAel i ng he utility @f.this]

It is also to He not 8P the skip sedto mappi ng 4% - o’uem'e'%ma@pg in
this section is USErul beyond the realm of no-1D di sk drives. I'nfact, this
technique is considered applicable to any disk drive in which benefit may
be obtai ned from know ng conclusively at the beginning of every seek
~operation exactly what the DAEA REC@RDING\BISK}DRINIH head, and sector
are. Thus, in all disk drives, including those using ID fiel ds and those
using no ID information, the di scl osed LBA to ZCHS mappi hg avoi ds the

requi rengBsTRAST i P heads in order to handle spares and defects. Moreover,
the system Fea to easy inplenentation of just-in-tinme seek profiles,
where know edge of the exact seek destination is used to plan the seek

trajectory sop t%g{é)és@ 2? Bilfebsai ”delEgﬁlf &%&? 1&%&&% Sior que% g§ht O

arrives at the y, the sy tem or 1 nplenmentation of seek

r eor der i RRichhk Yebdtaideg?hQRCK08) %date%aaﬂdomenﬁﬁéscama fsectsegamm@&eifslﬁge Andan B ON

i s known before seeking.
fields, but instead using information obtained from electromc storage and from servo sectors

(220) which need not be adjacent to the data sectors (254). The tracks (221) contain servo
information and data, but not data sector ID information. The tracks (218) in each zone are
circumferentially divided into segments. Included in each segment is a number of data
regions separated from one another by servo sectors (220). The data regions may contain
. partial data sectors (254) and complete data sectors (254). The format information provided
to identify and locate data sectors (254), including ones whose region locations are not
adjacent to servo sectors (220), includes an entry for each region in the section. Each entry
includeé the lengths of the first and last data sections in the-re-gioxi.
Fig. 2 “ -
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Most inportantly, it should be noted that while the above description has
focused on partitioning the LBA into two portions, the concept may easily
be extended to three or nore partitions. For exanple, a virtual cylinder
partition may be added which contains nejghbouring virtual tracks. This

beconmes advant ageous as the nunber of virtual tracky . jlnce
it EHLACF MR Stiper”

reduces the anmpbunt of storage required for the vipt

Thus, in general the nmapping schema presented above doog qu o]
enconpass n-level hierarchical storage of skip secto E.’%‘h'é&orﬂgnh T1sillon

A further advantage of the preferred enbodi nent hardware design lies inits
built-in power managenent features. Since the servo-nodul o count bl ock
actually conputes the nodul os, the systemrequires only a single servo

S i 8 8 SR MR T
t i.se. T . . . '
vent 1 onaEHes Qubce ettty R BETR Sl fottall SBfh sccto

SA9-93- 039 hitecture enables the data recordiﬁé head to locate and identify data sectors for read

and write operations without resorting to an address mark and without requiring write-to-

read fecovery between adjacent data sectors.
SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one or more disadvantages of

the prior art.

According to one aspect of the present invention there is provided a zonmed
recording fixed-block architecture embedded servo disk drive comprising: a rotatable
data recording disk having a plurality of generally concentric data tracks divided into a
plurality of radially-spaced zones and a number N of generally equally angularly spaced
servo sectors extending generally radially across the zones, at least one of the tracks also
having a number M of data sectors but no identification (ID) regions containing

information that uniquely identifies the data sectors, the track being divided into a
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el ectronics 215 is powered down between read and wite operations.
Typically, timng logic 420 is active during this tinme, and generates
signals to activate AM detector 412 and other electronics at each servo
sector. Since the servo sector counter ig active, '
may commence follow ng the next servo sector. If
is desired, an additional stage may be added in
counter and associ ated el ectronics are powered do tihe
system nmust wait for an index to initialize itsel = FurT Servo sector
nunber is not encoded within the TID. If it is encoded, the system need
only wait for the next servo sector. Wil e the invention has been
described with reference to data sectors which are shorter than the data
regi ons separating servo sectors, it _is to.b that .the invention is

] e not e% K

equal | y appmshesof ddensicalfgackssgments apd agpartial segment.the pattigl sggment inclyding . |
spaci ng sel ected, such, that_ the, data.,sector |ength.exceeds.t ta region

| engt h. THD haying.a jength less ithap é‘nﬂﬂf‘aﬁef:{? ’ \ﬁﬂ‘g’cﬁfﬁ%sﬁgﬁgggﬁpggp%w ervo
sectors far rfor,mance or _athear. r I S . L. ta
sector si zlgcﬁgmgh‘bs%ﬁv ? Se%%rgragﬁatfli @?[s gﬁ&gl}sge or d%%e&f:%ggg%]ln%ﬂl?éﬁr@%a&a
deal i ng wi . 0, W) tek ! | §NS
and sci entPros HelEiio Srtrd, WRBR B e e e O
region si 2q/NShbfak afrehiP OF el @thiB fSFA'Ok 18GRYhAP A HI\ rédordinp thead it reads
sectors. This 1s handl ed seam essly according to the invention as discl osed
above by sihroHatioh A tBETERS $defors @ad Sirtes and rBAlY wel dam icther dita gegtors; a
Wil e the preferred enbodi nent hardware design uses a servo nodul o counter
to reduce geRvESectdrachuintet "Pasponsivet toi infoxmatiore réadttyathe thead frognthetseivef sackars on
may be expanded to store the information for an entire track. In_ this_ case,
there is nfor ceentingservtsecters\as the diskorotatesrpast theshead o memory gtorage for storing
addressed directly by servo sector, nunber. Such a_design uses nore RAM than
the pref ertrask formatinfumation seprasenting thecloeation) of the.daty, seciqrs relative, to @ﬁo?FE‘é’ of

desi gns depends_ on factors such as circuit_ cost f

he two
ol erment SCFORSID theEEBTIS: #1508 IGHIC IR sopmisd g Syl seetgr guntss 4
addr essi ngthg %ngrgér%essto%gg For iorégﬁné,hﬁor%ethg Qracf FoMiat information and without use of

ID regions, a data sector where user data is to be read or written.

According to another aspect of the present invention there is provided a zoned
recording fixed-block architecture embedded servo disk drive comprising: a rotatable
data recording disk baving a plurality of generally concentric data tracks divided into a
plurality of radially-spaced zones and a mumber N of generally equally angularly spaced

servo sectors extending generally radially across the zones, at least two of the tracks in
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nunber. Specifically, the data sector nunmber may be used to address the
t abl e. Further, it is to be noted that in sone inplenentations it
may be judged beneficial for error handling purposes to inc ude sone
portion of the LBA in each data sector. ghis allo LBA verification
during . SA9- 93- 039 REPBACEM: (§H§§¥

but is of no use during wite operations since thg|sought-after sect
bei ng overwitten rather than read. Accordingly, i
sectors is not to be considered as anal ogous to | } ing in
data sectors. Moreover, it is intended that the reanaI or exclusion of ID
I nformati on as discussed above enconpasses an inplementation which renoves
the 1D fromdata sectors infornation but includes the LBA. It is

[ h ' h
2150, anogtof W Jee ol Nl SBSor) R I oB05s 0e  Se
of the hajshyareatiliP )ar}g 19%%3'11%%9}1% %\f(%rﬁlapﬁlé LGl uBRfEy iy Medifdl #0' 4Gat NE

preferred enbodlnen een
sectors, the M data sectors in a first of the tracks being generally radially aligned with

the M data sectors in the secoﬁd track, each of said two tracks being divided into a
number of identical track segments, each of the segments having n servo sectors and m
data sectors wherein m/n is a reduced integer fraction of M/N, the m data sectors in eéch
segment being split into data sections by the n servo sectors in each segment; a recording
head that reads information in the servo sectors and writes and reads user data in the data
sectors in the two tracks of the zone; a servo sector counter, responsive to information
read by the head from the servo sectors, for counting servo sectors in a track.as the disk
rotates past the head; memory storage for storing track segment format information
representing the location of the data sectors relative to the servo sectors within the
segment, and for storing a skew value representing the offset of data sector number_s of
the data sectors in the second track from the generally radially aligned data sectors in the
first track of the zone; and sector logic circuitry coupled to the servo sector counter and
the memory storage for locating, from the track segment format information and without
use of ID regions, a data sector in a first track where user data is to be read or written,

and for locating, from the track segment format information and the skew value and



context of a zone recording format, the invention may be applied to other
conplex formats where the nunber of data sectors on a track is not equal to
the nunber of servo sectors on a track, so long as the format details are

known to the disk drive. Mreover, the tgrns regjste e=RAMEshewtd be
vi ewed as interchangeable, and the specific |ocafi REH.AﬂEMEtH‘SHEﬁE‘Bt ers and
RAM as uni nportant. For exanple, registers 506 a EOQC“W be ljbcat ed
Wi thin RAM 217 instead of format table 422. Fina B)qteu‘. npt ed
that while the values and tabl es descri bed above-&Fe—Storet AN and

regi sters during operation of the disk drive, they nust be stored in
non-vol atil e storage when the drive is not operating. Any non- volatile
storage may be used, but it is preferred to store the information on the

L B AR b e
and 111 us PF SPRERPOSF et Bl Poﬁéﬁ%ﬁ e e
under st 00g,py. %%E%%éghﬁ%lh'}eé&gg%ect i mcﬁl@rlggﬁedie? Qécﬂf%?hk@géc%ﬂda”d

|Ilustrat|ons may orm an eparting
fromthe gGePg MAlinilntRd BRI siterMIge.ngl y, the present invention is to
be consi dered as enconpassing all nodifications and variati ons com ng
within the scope defined by the follow ng clains.

CLAIMS 1. A zoned recording fixed-block architecture enbedded servo di sk
drive conpri siAegording to still another aspect of the present invention there is provided a zoned

recording fixed-block architecture embedded servo disk drive comprising: a rotatable
data recording disk having a plurality of generally concentric data tracks divided into a
plurality of radially-spaced zones and a number of generally equally angularly-spaced
servo sectoré extending generally radially across the zones, each of the tracks in the
plurality als<i) having an index associated with it for signaling the beginning of the track
and a number of data sectors but no identification (ID) regions containing information
that uniquely identifies the data sectors, each of the tracks being divided into a number..
of identical track segments, each of the identical track segments consisting of n servo
sectors and n data regions, each data region being located between circumférentially
adjacent servo sectors, the n data regions being divided into m data sectors, where m
may vary from zone to zone, at least one of the m data sectors being split into data
sections by a servo sector; a recording head that reads information in the servo sectors

and writes and reads user data in the data sectors and is movable across
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a rotatable data recording disk having a plurality of generally concentric
data tracks divided into a plurality of radially-spaced zones and a nunber
N of generally equally angularly spaced servo sectors extending generally
radially across the zones, at |east onegof the trpgerRs—=atso HdVII lom nunber
M of data sectors but no identification (1D) regio*éRERkﬁQEM

I nformation that uniquely identifies the data sectfrs, t2 e|
divided into a number of identical track segnentsldiie part1at

the partial segnment including a stub having a | engtit T €55 than a data
sector, each of the identical track segnments including n' servo sectors
and nmi data sectors, the mi data sectors being split into data sections by
the servo sectors, wherein if ninis the snallest reduced i nt eger fraction
of MN then as a result of the stub Is less than mtn;

recor di ngZMES0 2RO PELRICIUHBy ﬁ‘ifPP’&?’l"q F? Ehﬁetf%ctlfr%e’% signgls or gennting; &'V%md

Feaponsi vERt ‘*@aﬁf%ﬂ@n@?\?ﬁ%&%aﬁfsﬁﬁ? Heediomgmpfo Aoriee &5 vBfing deadl, ssmes
g?gpglgggf @?ﬁ’\é?é‘??ﬁg E]El“?n%r‘ra{ns%or na ?ibﬁgtritep‘tftg%e&%ﬁ' P ?W?"(Sgﬁ{g)%a of
the data §@fhOhSmb& ﬁromhé %ta&@%f%ﬁf]\se%ggngt U Bt ek RF RHABE Upld t the

sector logic circuitry coupled to 0 sector counter e nenory
]s'lt:)or age ﬁlemolryé Eits’%i'agégt‘or toattinghdtd seafdfs, e it sb&&?ééfﬁiér%@ﬁe&éttﬂwf&elﬁ e of
regions, a data
of the track index signal; sector logic circuitry responsive to the count from the servo

sector counter and to the count from the data sector counter for retrieving track segment
ﬁnnmthﬁbnnmmnlﬁnnlﬂwlnmmonrmnmgeamiﬁm:kmmhg,ﬁmﬁlﬂwtnmksqgmﬂn
format information and without use of ID regions, a data sector where user -data is to be
read or written; read/write circuitry coupled to the sector logié circuitry and to the
recording head for cauéing the head to red or Writc at the located data seétor; and
wherein, after movement of the head from a first zone to a second zone, the data sector
counter is preset by the stored data sector number corresponding to the data sector that
immediately follows the first servo sector read by the head after the head is moved to the
second zone, whereby the head may read or write in a data sector in the second zone

prior to the data sector counter being preset by the track index signal in the second zone.



sector where user data is to be read or witten. 2. The disk drive as
recited in claim1 further conprising a servo-nody ounter coupled to
the sector logic circuitry for generating, fromk gﬂé dn',
a value representative of the servo sec§or number \;\nwgf inﬁﬁﬁ'ﬁbﬁ FE

segment, the servo- nodul o counter being resettal g.af.ped NOV 488% 0
sectors. 3. The disk drive as recited in claim AT a1l T
storage stores format information for the track segnent, the fornat

information representing the location of the nm data sectors relative to
the n' servo sectors within the segnent, and wherein the menory

storage is addressable by the track seqgnent servo sector nunber generated
by the servo- mdulmmngNMrumwDMM(ﬂ)n the track
allows a data segtor, t e located fromstored format _informatign for only
2 segnent of @ISR embogiment f dhe fnyratify Wil B be desculied DY way of examRleei n
t he rrem)rﬁefyt Qr. ]eefs%%eothge | en t_”nﬁ1 rdl(%f i he.fiﬁsir and | ast data sections
inthe tr » SEHHETYTETCE 0 e $400 KOG I R ed in claim 1 wherein

t he nenory storége stores the nunber

1))

Fig. 1 is a schematic diagram illustrating a fixed block sector architecture in

accordance with the prior art.

Fig. 2 is a schematic diagram illustrating a fixed block architecture disk drive in

accordance with the present invention.

Fig. 3a is a schematic diagram illustrating a segment subdivision of a data

recording track in accordance with the present invention.
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of corrpl ete dqt&ectors in the track segnent. 6. The di sk drive as

—

recited in claim1 wherein the track includes an index mark identifying a
fixed |l ocation esenting the begj mue tTack, and
wherein the ser’ﬂ,’Mﬂ"Nﬂ"‘ m‘ IS respgnsive t 3 ' Tr%'liﬁgar 7. A

zoned recording FiXedtbl bcks archi t ecture embeddeli serv g;ﬁmﬂ@ye

conpri si ng: a rotatable data recordi ng di sif Dhed&i-- T tily of
"general ly concentric data tracks di VcBAIMSNt o a—p1 Traiity of

radi al | y-spaced zones and a_nunber N of nera equally angul arly spaced
servo seclor sAczaned dpsoydigs ﬁ‘Bﬁeﬂﬁk}Pkraé%ﬁlﬁlc tSPFé’ o Aliskedrivegomprising:t wo

S%t tahietciifissh&a&ﬁf; S FRETARE AR Ay gy %@ﬁrﬁé’fie%‘ﬁ% R

of i hot 1 aaded, S5 el P? @é@!rsfﬁ%%%ﬂ 5, AR 0 s NESF eRhralil RpAe )
i wi Th | !

{ dont ?23?9‘@ spaB Berdb 8222% é’%ﬁa‘d?#?%ﬁegﬁ‘?ﬁ Rl ¥LSE ehobed at TlPGRe O
data sect f fheWpaIkS also hdVing a mbRRH M Gf idai@etors bachs Menfficdd ADYGefofat @

sectors in each segment being split into data sections by the n servo

sectors i gomfiaihgSw@sraiation that um%ldlﬁﬁdvhﬁﬁéﬂﬂfeamﬂa beéidrs) GrROFadkNbaingiviged |
the servo sectors and wites and reads wuser data in the data sectors in

the two tintelasnmhbérnef idemtical track sepnsemtsyand ecpartialcsegnient, , the qraptial Ssegmehd
i nformation read by the head fromthe servo sectors, for counting servo
sect or s i imchidingrakstals hamingda dkngthtlassethap aas datahsectosadach of the identical track
segments including n' servo sectors and m' data sectors, the m' data sectors being split
into data sections by the servo sectors, wherein if m/n is the smallest reduced integer
fraction of M/N then as a result of the stub m' +n' is less than m+n;
a recording head that reads information in the servo sectors and writes and reads
user data in the data secfors; i
a servo sector counter, responsive to information read by the head from the servo
sectors, for-ébunting servo sectors as the disk rotates past the head;
memory storage for storing track format information representing the location of
the data sectors relative to the servo sectors in the segments; and
sector logic circuitry coupled to the servo sector counter and the memdry storage
for locating, from the track format information and without use of ID regions, a data
sector where user data is to be read or written.
2.  The disk drive as recited in claim 1 further comprising a servo-modulo counter
coupled to the sector logic circuitry for generating, from known values of m' and n', a
value representative of the servo sector number within the track segment, the servo-
modﬁlo counter being resettable after n' servo sectors.
3.  The disk drive as recited in claim 2 wherein the memory storage stores format

information for the track segment, the format information representing the location of the

m' data sectors relative to the n' servo sectors within the segment, and wherein the
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menory storage for storing track segnent format i t nti ng

the location of th ors relative to thd gesvaceedPsaettihin the
segnent, and lﬁmlmﬁt ﬂ@!@ﬁg ew val ue representiing the 2ff56t of data
LU 2.4 NOV 1997

sector nunber sectors in 39 1R TR R+ S
40 the second track fromthe generally radially : ts in
the first track of the zone; and sector logic circuitry coupled to

t he servoMSEOrY staragmiscaddaesgablp dyntbadragk seginenfcservoosectas caunibey generatad: by
track segment format_ information and without use of |ID regions, a data
sector inil $Gryeinodple. cougier: vhereby the Bresence Pt subai Be thack: tllows ardetd or
| ocating, fro the track s faor.mat i nf ormatj on and t he . skew val ue and
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writing t&wqﬁg@ggﬁﬁrﬁgﬁgﬁgﬁéﬁ&p& pnd track is mnimzed by use

of th_e _skewva rive as recited in claim?7 further
conprising, a ¥RE dixkirilie! 43 re6itid i@l claim 1 wherein the memory storage stores the number

of complete data sectors in the track segment.
6. The disk drive as recited in claim 1 wherein the track includes an index mark
identifying a fixed location on the track representing the beginning of the track, and
wherein ihe servo sector counter is responsive to the index mark.
7. A zoned recording fixed-block architecture émbedded servo disk drive comprisiﬁg:

a rotatable data recording disk having a plurality of generally concentric data tracks
divided into a plurality of radially-spaced zones and a number N of generally equally
angularly spaced servo sectors extending generally radially across the zones, at least two
of the tracks in one of the zones having N servo sectors, a number M of data sectors and
no identification (ID) regions containing information that uniquely identifies the data
sectors, the M data sectors in a first of the tracks being generally radially aligned with
the M data sectors in the second track, each of said two tracks being divided into a
number of identical track segments, each of the segments having n servo sectors and m
data sectors wherein m/n is a reduced integer fraétion of M/N, the m data sectors in each
segment being split into data sections by the n servo sectors in each segment;

. a recording head that reads information in the servo sectors and writes and reads

user data in the data sectors in the two tracks of the zone;

a servo sector counter, responsive to information read by the head from the servo
sectors, for counting servo sectors in a track as the disk rotates past the head;

memory storage for storing track segment format information representing the
location of the data sectors relative to the servo sectors within the segment, and for

storing a skew value representing the offset of data sector numbers of the data sectors in
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coupled to the sector logic circuitry for generati . from known val ues of
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the track segnent.. 12.. The di Sli %i ve as recited in Cai?gifﬁ] 7 wherein each
of the tracksSSHRY 1Q8ESCILAHITR Faupled to the SFIVR SRt EPUgeer ? JRERITE FLRFAEE he
track rep ntingeth | Ani_n ; . rein servo
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an index associated with it for signaling the beginning

recording head has been moved from the first track to the second track; whereby the

delay in reading or writing to the located data sector in the second track is minimized by

use of the skew value.

8. The disk drive as recited in claim 7 further comprising a servo-modulo counter

coupled to the sector logic circuitry for generating, from known values of m and n, a

value representative of the servo sector number within the track segment, the servo-

modulo counter beiing resettable every n servo sectors.

9. The disk drive as recited in claim 6 wherein the memory storage is addressable by

the track segment servo sector number generated by the servo-modulo counter.

10. The disk drive as recited in claim 7 wherein the memory storage stores the lengths

of the first and last data sections in the track segment. |

11. The disk drive as recited in claim 7 wherein the memory storage stores the number

of complete data sectors in the track segment.

12. The disk drive as recited in claim 7 wherein each of the tracks includes an index

mark identifying a fixed location on the track representing the beginning of the track,

and wherein the servo sector counter is responsive to the index mark. ..

13. A zoned recording fixed-block architecture embedded servo disk drive comprising:
a rotatable data recording disk having a plurality of generally concentric data tracks

divided into a plurality of radially-spaced zones and a number of generally equally

angularly-spaced servo sectors extending generally radially across the zones, each of the

tracks in the plurality also having an index associated with it for signaling the beginning
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counting Q&tt@rs,s%kfér fr mhfYary from zone to zone, at least one of the m data sectors being

split into data sections by a servo sector;

a recording head that reads information in the servo sectors and writes and reads
user data in the data sectors and is movable across zones;

~a servo sector counter, responsive to the track index signal, for counting servo

sectors as the disk rotates past the head; |

memory storage for storing track segment format information including, for each
of the m data sectors within a segment, the data sector number from the start of the
segment;

a data sector counter coupled to the memory storage for counting data sectors, the
data sector counter being preset by receipt of the track index signal;

sector logic circuitry responsive to the count from the servo sector counter and to
the count from the data sector counter for retrieving track segment format information
from the memory storage and for locating, from the track segment format information
and without use of ID regions, a data sector where user data is to be read or written;

read/write circuitry coupled to the sector logic circuitry and to the recording head
for causing the head to red or write at the located data sector; and

wherein, after movement of the head from a first zone to a second zone, the data
sector counter is preset by the stored data sector number corresponding to the data sector
that immediately follows the first servo sector read by the head after the head is moved
to the second zone, whereby the head may read or write in a data sector in the second
zone prior to the data sector counter being preset by the track index signal in the second

Zone.
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the second zone. _ rive according to
wher ei n t ngode} SkhedéBy thel Read2mal|Bad®or YAREdhi'data sector after recovery from said

reduced poWer mode prior to the data sector counter being preset by the track index
signal.



in a reduced power node during which power to the data sector counter is

reduced, and wherein after recovery fromsaid r . power node, the data
sector counter is preset by the stored data sec WEPnLﬂ@EWEbﬁ“#l- nding to
the data sector that imediately follows the filJfst servgo sec Had by

the head after recovery fromsaid reduced power head may
read or wite in a data sector after recoyery fr wer node

prior to the data sector counter being preset by the track i ndex signal.

DATA RECORDING DISK DRIVE

ABSTRACT

A sector servo, zone bit recording disk drive (202) includes a sector architecture in
which the recording head (208) locates and identifies data sectors without using data ID
fields, but instead using informa_tion obtained from electronic storage and from servo sectors
(220) which need not be adjacent to the data sectors (254). The tracks (221) contain servo
information and data, but not data sector ID information. The tracks (218) in each zone are
circumferentially divided into segments. Included in each segment is a number of data
regions separated from one another by servo sectors (220). The data regions may contain
partial data sectors (254) and complete data sectors (254). The format information provided
to identify and locate data sectors (254), including ones whose region locations are not
adjacent to servo sectors (220), includes an entry for each region in the section. Each entry
includes the lengths of the first and last data sections in the region.

Fig. 2



