-

- e3eNND: $6ZT|'QAD 00101 1.t6 :~ 1 NOY 2D2 PCT/ US99/ 14210 VAR ABLQ bINeV 2002
DRI VE CYLI NDER RECORDI NG SYSTEM 5 The present invention relates:-to the
field of mas® erorage devices. Mre particularly, this invenid®9isdgha)es to
a systemfor varying the recording frequency on a head basis within a
cylinder of a disc drive. One of the key conponents of any conputer system

is a place to stor t ferent places
where data can be gﬁgﬁﬁL@egg&%’%ﬁgm&@%&%ﬁéﬁ@Mmunts of
data in a conputer systemis on a disc drive. The nost basic parts of a
disc drive _are a disc that is rotated, an actuator that noves a transducer
to vari ousFielkefithghavension t he disc, and electrical ci rcuitry that is used
to wite and r . 1 ncl ydes
circuitry for gﬁg&orgr ng hgerg]%géélg "Jaratotﬁrrbteﬁégaaﬁp :es-grsg'goc%esst/ QH ;ﬁ ?%tp?‘ﬁgyg‘gyéﬁla
written t oinvémgiai tatesutof msystend fori varyipg dloe ssomdingofrequehney st hafl Hakie within a
oper at | ons, f thef dd sc,drive as well as passing the data back to the

reques |ng rgﬂ%r %fn‘%i‘ Caki ng data froma requesting conputer for storing
to the disc. The transducer is typically housed within the slider. The
slider is a small ceramc 20 r block which is passed over the disc in a

t r ansduct nBaskgreundekthednyentior he di sc. The small ceramic bl ock, also
referred to as ' s I that it
115 over the aroel fkey baphaiialsr Bt AT e ¥ ARk MEBidrns ) whi o
i ncl udes r@ohputansys&ncadiave yaabetivﬁ@mpheesr\ahdrsdatmhanbé storedi mercotrmicﬁsmacal r

i s dragged_between the ra sc.surface cau .pressure,

for cee t e SRUTR AT WPy e SEHLt BB aon i S @Ry o8 SR Erly. The Rt g bast
the depr esgir@fiaflidchigivaiafe D¢ inagissotadea s REALIERE ndbveES AhhtRcH 18 FTIE

area. The nte%atrve pressure or suction counteracts the pressure produced at
the rail s.log#onsoyerdhe disc.and slogtricabtisyitiythal is Bsgd te pyrite andursad Hatg te angfsem a

force on t i T. V. rces
baut i br at B S5 56 R GRCE Bo MANREL ool encoui i EE el Bar B SRMSARY
par ti cul arrefrieyethendyiwtistertoetht ldisc lsmifgght Al midréprotedasarlensisals ofost dfhabperations of
lubrication fiilm.or the,distance, between .the disc.surfac nd the

transdact nie Hissdro% At BN B Reaene S ERan B ot S o i i dmar ¢ na
woul d 18ccufromfa reqestiigesaipiaentr iease @nHe dissc were in mechani cal cont act
during disc rotation. In sone disc drives, the slider passes through a

layer of |ubrichpftransdvess issgpicAlnhqused wihiovhs Sltché the rltd@élsafsrtqtleceenx@e
| nf or mat i %oé@@hﬁﬁ?@%&d’@ve&’%é@éﬁn'a%raﬁ&d?fc r@l@tlém \Wtft s Thbemaenory
di sc. Disc 2002 WO 001 01146 PCT/ US99/ 1 210 2 drive systens
read and wedramicitidaks atee referred torasd sbdert raartﬂusllmﬁrwrycadlysicsgnm%)rtbdut:téﬁss
inthe formo ad/wr it ds_ attache er.s t ed oth
si des of thverfr[’rteenﬁ l\\é\?%téﬁd?rég Mt ”ab gg :51% aceﬁa@ééﬂ W dt WCFU%GS ol ar(lfgjscs

when tbe t taaettgr@uﬁmeﬁ tl&rﬁllﬁCWHeﬁtlﬁi qrscpoauetst ainsdirgpeed berween the faids d&ﬂhgﬂa& ed
tracks on the surface of the rmrytﬁjl The transducer |$‘ al so sar to be
*nmoved to aSWECEHEUSIIZRERSSuLEs WY R ardswy 18 the s pat eaﬂrwrnfé f&hd

is accurat Rtsﬁlne%ﬁéttthé)&ﬁﬁeégﬂ\{ﬁ tie attﬁfegﬁﬁg burBek prddiSes £RFANd fr8sstRAFeLC Athe
store data onto a track by witing information representative of data onto

t he nmenor ynefiagee pSsswré e ugtion ecuditasestaiaie araspurapirdnendat thesrils.sThedighapisialied
by positi OQ&an Q»ea ltoﬁ / Mt\ghrggﬁpodﬁpe%\éefox%e oﬁrtlgeesthdlé{ 31?&: dﬁad'}gw%ﬁatﬂk ggct he
rom

stored mat &riar O Wwite on or f er ent
trackgs t heurfaeadirm v:trﬁ)ubefades &quilibrad so &drsahémxemm shetduefater afttks diso atea

sel ected tar et t The data.i.s divided or ou .to et her on the
tracks. InP {‘%E‘"&?‘r \ﬁ?f?ﬂ‘f‘ég‘t‘r‘sa‘éﬁé‘“ 30 ?Bﬁ’ﬂ‘f? @f”%o‘ﬁ&gﬁt&??e
circul ar tba%én tl’t'erliléétsh{%céjérﬁicthgfr!n\é@§omah%ntﬂhmﬂ'ﬁelﬁﬂinﬁfék theSfriefién afdack on
one side of a disc drive. Servo feedback information is used to accurately

| ocat e t heresnling dveeethat Wheldasewrdf e tese@ﬁmgwea%am@dww Ip echaigal peact
positron a i ng
Phe. servo- PAmEdis 1offionyfn 36 AL Bhtes Hic ook B8 fheBlanl ol SRR Rah RS
cor r esyponditg flydngdvkr tHesuefiasesf thodst.her m t he same proxi mate radi al

| ocation, a vertical stack of trac is fo &Y der.
I n other words, om&%}ran{a%r,esenitaéwteHES%%mtggf%weﬂ@iﬁﬁﬁ%wpg&@ [Blsp

gi ven radi al positi on or at a given head actuator position. I\/breover

used herein, @/ﬂw{rm zone" 20 refers to a group of

one or
e R e S e

tracks. In the
defined as the freguency of witing to or inputting of data on a di sk +iesi66*
rotating at a fixed angular velocity, for all heads within a Zone. In a

d| sc drrve typr caIIy each surface of the d| sc has an assocr at ed read/vvrrte

R T - ~ - o
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surface has zones with different values of the recording density ghat,, :
typically neasured in bits per inch. As the disc spins at a substinfiNb&ZUoz
constant ratge oﬁgsfrent recordi ng frequencies are associated with each

zone. At the outer*adial zones, the recording frequency is PFHHEP1429 The
data density is also higher at the outer 2adial zones. In general, the disc
drive industry characterizes this reorgani zation as "zone-bit recordi ng",
because of dfihesysednatieadand writedgfoambtioh Dbred on @acksidnfmehandiing. TemedbeRin
density val ues. Recent attenpts to i r%\é&rread/v\nte head (al so referred to

herein as Usaam opfead/write hgads afjachgd 3o p1ardrmatisedes ofthe memesydisg,

yi el ds hav MRS id Bt ida ST t allows
t he recordi?er%l'gagi%f?l lFl'eti—fjigelhdcy tg@gﬁﬁﬁgﬁ@ﬁﬁ%ﬁ hﬂ&{ﬁg%%ﬁi&@%&g%ﬁ r words,
t he recor dpagtidnedqyeneye efitherdi¢signiated irakisonihe kiinfaca of theanemery\disci dhet o cover

the hosds ReeRERigE TsRaaRRRe pofe R B ' B MshloRPaing SRR, *

i mproved. Téud/wiete ikid isceurhieBspdsitioned sodk Agarkétaridienhy reafl/vadtk hbdecahears
within a zgne. The data capacjty also declines when the wite frequency is

| over ed. THE2P8H BEATKPKHTERE IHFRITIALER FARFTENAY Wi hataenia thegiwnery digépends on
the nunber gohiiltfadSdidYy ddiordls tn‘é?no?yngis@\s%‘écérﬂﬁis%@b@ﬁos?ﬁoﬂ?ﬁé §le ReddAErn @ RG,
heads have. Sone attenpts to i nprove head yields require a constant

recordi ng kBbexsuetatgpt frak auld|reddingithe wjored matgrighyoni thelmemonodivato ivsitmeededad s a

di sc dry ve .t hat. 4 I f .achi ey trer..error rates to, overco poor
yi el ddlpg)lr obIﬁ{aorlpxsgi1:?%l$ nf ﬁgﬁgi tﬁxg?eea s‘g@eg\ég‘%l 0%5%%%(1(5@#&%5055 gfe RES mpaoslfﬁem eads
The i nvent t@petittickh Thé md i dividyd angroapddrogaerlonakenrakb e o sot6e MeAESvdsOthe di SC

drives in order to rqidulce the Iikelihood of exPenEi ve manufacturing rework
bei ng condH@ESR HA THIEPICIY 04 APRGERITGiRgRIar TRGKfg Int pfacrllsccirtyes.2 eontigeousisatrali s
per form ng i¢&le irk oRYnk 8fde b AiR ISV IServb AR dBRKNIBrAAG AR uOREoLP Jrﬁgﬁ'r d
more bits per inch or record of a higher frequency on that spem?‘l c head.
This i s espeeiedht {rangdueerwiibe ectnaneassewblyds myvedtodbairequisedhposiaeandricidvery
defi ni t rai. i f . f I rs, . In one enbodi nent,
o et g ArcurE g ottt Bhedkidh e e OBk Aon 2 G'sc 20 of
di sc drive incl wiese teatadgerandr holds dll thg headsebrradpondingto ail therdidcs togeeieency
when in a first zone with a first head a\nd %e?di‘gﬁ%,and v&ngi ng i nformation
at a seconélhefs?aglfd’éﬂ’&‘iﬁ%’éﬁ‘abk%%‘é%’ﬁd_e’é“:%é&? @ éﬁ@r%‘ﬁ fRpEresming & he
sanme first zeRfy. Eﬁétﬁem?r}d&e‘a Ehaeg e é@ﬁﬁnﬂﬁ)tnfeff T M WadkBat a Gilverd RARY ONE

read/ wite transducer w produce less errors if working at a“different

frequency wPhsiHomar 4t giver hepd aswpignpasifiore ereoyer. 31Tk bergry, edenms “298€d on a
di sc | ve. [ drd ' rat.ati ' j | St
i o b asetaiadsRGsrde off of B BB Akl dfpdll 5 PR sGeHd ardlo
oper at es moabandofydemriimg tracksat Inaspesp diso drilves Hiave dbd dsingleswedoadieg &ngheaty’'a
first frequepcy, in a.first disc.zone. A second read/wijte transducer

oper at es | e S BERHReY e HTHBRLE Ty P TR el WA Ghydsk tieue FadEe R ared
di fferent fyeR@NH@TEYall Bedds Wiid b béte. fih QiR G e WpRdAII0 REEIPurfaGe bftht BRc hibg &t

di sc 30 zone. In another enbodi nent, a magnetic disc stora&g system

i ncl udes a aswgiaeadi readiwgiée Ieadion gransdycere dbe dianglueip prgoasn Bxblosk ar egml which 1s
t d |5 DOSH A4 ' !
rans er Z,fl 25%8950&' ayng T&Qte'a%g][th;ﬁ% 8? E{ {:Qﬁduce;s chn e %Ixo\éeg ?rggmm. g?"}]rggiga\ﬂnlgte

PCT/ US99/ 1 recordi ng surface e nmagnetic SC rrea
writing i nfandmeddi operanions @adh lefad tiheepamedy tdirmg sianfl acEeom shawthersy Thsdisoupl ed

within the disc storage tem and co ed ta.the read/wite transducer.
The momory CHAtA 2oas v SEER P ausci b Cahieeaf EBANS ekl HRRFUEE I
al so coupl affis\Wet fakh W ehdldisCspihsOAt AGBbSMATaRIcaritehne fivd) ldeffert@ rkdvRdihg fdqidnicice
transducer and 5 the mam)rg/. The controller positions the read/wite

2\

transducer drpasspriaigl §6theash agpte: syidhenteudriahzangs.giaq reaefdinesiseanency 15 BElFL of
an 1 npgj b aﬁ%ddagdnde%yﬂ;rr)f‘sralé%f hiéﬁe@qyﬁﬁg%fe?qid‘i'ﬁ tzgxqesh?@g&eral, the disc drive industry

characterizes this reorganization as “zone-bit recording”, because of the relational integration
of zones with changing recording density values.

Recent attempts to improve read/write head (also referred to herein as “head” or



In"yet another enbodiment, a systemfor reusing a | ower perforni n@;" NOV 2002
read/ wite head, includes nunber of recording zones for storing data. A
variance i nwio@guescy anong recording zones decreases the ovehabdgghlyg, €F rOr
rate caused by the read/wite heads. A z?ne 10 table is used to determne a
target zone and the nunber of heads serviced by a zone. Advantageously, the

nmet hod desgcri bed .warks particularly well in a headerless architecture

envi ronmen ‘?a#h)ey l\é@f‘ F?)‘ferfﬁﬂ’étégb"f a g‘?'féwf“iﬁ\@lle Yeitwe W‘ﬁ@%ﬁ@aﬁﬁﬂpvﬁe‘hfﬁ npr oved.
Mor eover  hgddr@ing @ef®ncy 3 65y @hFomelhivaihaftne Ok mw&w&&gma@&%ﬂgob' ens.
The invention may result man increased accuracy of the "arithnmetPc |ogic
unit (ALU)reqasesyraf@tl the heads withing zang arsumariad ta eoyeufos eny pedripetfotming hieads. t o
change th i T |.atd I ect of the
present | ?13 eﬁ?’iegﬁ,g q%%%ogﬁlﬁ’g?{e genﬁc ?(ggl?k:h%ﬂle?#c‘?@ggg Z? ﬂéé)ragcr%zﬁgﬁ%‘ﬁl *d Bogi c,
a conput er‘poar’ hakds can be improvkd.eThe rsulsis mildsarin tacomtingfieueappet Al ts heapabl e

of cal cul at.i,ng zones_and head .specificatians for .using | owered recordin
frequency Vﬂg“gérzp%d }?er‘g%‘ﬁ %“PF‘BFyaﬁ%ﬂ i@ﬁ“qsr’("o@ﬁd{“’t VBIf #rqq?xexpcg/ If dyeereq. KBRS, ¢ ﬁat
the dri yeSdeEéeL: o BAKE thOrelbrdteSEaiueRs i@ lowepaddpetts AShéntiRBet dr h_@&ﬁ%@ teoner
Pl bl e drive 26 alsh thaamanny afmersniagd hsas hove Sogeaampis toatbroge head

mul tiple kel | toamiprage hea
transduce;}ﬁelapm@ngeLwﬁ%?ﬁecamgg@egy %Pghga%%g%vamﬁl £eyindes a bl ock

di agram of" a recordi ng channe the surtace of a disc
di vi dell into zONbatis iteBed & d disadpvectharis edpabllepif attionngbetteherrgr fatkshs ke | ayout

of adisc drive. FIG. Sis a blo iagramof original zones reofganized
"hto subs GHEEOTERED Kb G ane faf GRS Py Al Bp T nGE AR ;P G| ng i n
subzones. FIG 7 is a pictorial depiction of sequential read/wite access.

30 FIG 8 is a pictorial depiction of serpentine read/ wite access. FIG 9
is a fl owchanmagy obthedayedionor i nproving the error rate of a disc drive.

00/ 01146 5 PcT/ URIBLINSTH T ol FAFRHASNy B B e O 1A

pr ef er r ed e pbizdionedte, the Bkdihend eof expenadembhnufadterisg rompabging gordiuawt pgshavhi ch

form g part .hereof, and.i i ch, are shown. by. wa f dllustration gpecific
enbod ont BTt s e Pt ive i o isPhise et beher B frepiies e

under st ooGndthed aldvWiedneasbdidmbieshitsyr eh bt tecordad admdhes Fregiidnby 8h tEhanges
may be made without departing fromthe scope of the present invention. The
i nvent i on saed B¢ heasdy Thas isigprectably|tius aeherszong rereeding isops, otharwise kprawn @al

confi guraty I SCir d i i tary or linear actuation. In
addi tfon. & g@g@ﬁ@gﬁ%&g%@?ﬁ ef Sle‘df?gﬁ’é eFSQtypes of disc drives

i ncl udi ng har d Idioge entbbdiemnt, ainpetbled fpe snprading regdmg ahid sritthy ivfesmanich @raydiet her

dri di 1 . f f d Ki
bt Fhnsaicarsonty - ou el b nda el AR o AT BB nd trshpe ot

a disc drizége 0@ erdi Adand fdading a6 bwaing linforthationi 28 6 sebond €red@éhcl Milebdes a
housi ng or base 112, and a cover 114. The base 112 and_cover, 114 form a

di sc encl GSEFENSREEEANAITSFagR LEER2Y IS i 82009 on BAREtG4RBRodhaft 118
I s an act YalQiesarakiMtlidg thaPat IEREoACHBIAle AaSEIRE Will pRAIR: LACHHIST working
conb-like structure 122" having a plurality of arms 123. Attached to the
separ at e amasliffagntdrequemcydbarbaniditiallyaesigngddrequenes. or | oad springs 124. Load
beans,por | oad rin re also referred.to,as,sus [ons,. . Att t he
end o?éjeach | oa esrB%ﬁ?@lslufﬁ P%agl%ﬁn ee'rT}l‘c“Z%JSC i%ehlg‘gg‘?érsiaergtagn%ggsﬁggsl%gﬂ) tly

t ransducerhalbfy. a flikedisd suttace hizda vécohd the sirfaaes Auirer redd@rifeotrmsidgt opateEimy
times called the head. It shoul d be noted that ny .sliders have one
transducer® ‘l’@@d‘éﬂﬂg ?gattqqulp e FWHE‘ qisg S§Ff6%1a“gr?‘ gﬁé?{ ff’ie@‘ﬂﬁ"& n ??‘rsé F}Eﬁ “8"%l so
be noted tRatcdylirSad W&t dnOMickSoaiad th¥% BARRCERIERSRNY bdRS SecbRyiRg nore
than one transducer, such as what is referred to as an MR or nagneto

resi stive fwefade byt aphidifferemdregnensy duasehe fis0 frequegenehen prergiswdn il firse@ds ng
and ﬁgﬁt her ies generally used for witing. On the end of the actuator arm
asse y 1438 opposite the | oad springs 124 and the sliders 126 is a voce

coil 128. 25 Atmembedr wmbddimeht)a nhaaeaicldii dterage fyistest, invhgeeh nid3fetandisa

second nmagnet 130'. As. . .
ghavtmg two recording surfaces. A read/write transducer is positioned near each of the



shown in FIG -1, the second magnet 130 is associated with the cover 112.
The first and second magnets 130, 130', and the voce coil 128 ard qhN{¢y2002
conmponent s qL %0/31%6% coil notor which applies a force to thg act uat or
assembly 120"P0"F0t%Ate it about the actuator shaft 118. Al so'THURTEd2Wo t he
base 112 is a spindle notor. The spindl e 4mtor includes a rotating 30
portion called the spindle hub 133. In this particular disc drive, the

spi ndl e notesordirg surfabdsroftheemigrietic Hisc Fdr@eading andwrithey indérmditisn sn 23<h afitie

attached to the spindle hub 133. In g‘iheh. dhsg. drives a single disc or a
di fferent FRSABENE Wriaghss SMAMPDLS cqvRist Wthin e dise Siarage syHem s eaunleshio the
descri bed hangirie trinsA0b&! THe ARRIOKF 86Htfnd &h Sirset valLE ¥LS seDb pEKIfAY €A Bontroller
plurality of discs as well as 11 N Ov 2002 WO 00/ 01146 PCT/ US967 14210 6
di sc dri vels alspeouplgd avithinsibg gise stoirage systira and gevnledie the seadivritd tlaesdacer and al so
equal I 'y appl.i j ' ' [l I € re wthin the
b 135 or Mo saRieFy TRp CpRfollt bokffonki e RPUAS GarBhctt iy UL e bd i

di agr am of owerpaargetedddress gommeulhafdminput| Haked érhoonbef BREEJuaneg-adjdited heddannel
available in thf: di sk riv%H 00. Informa&tion 5 tci be vvr}tten S ap,gaged to
an encoder 1001F¥5 2BYB TRGIREFHYPEE BhIUs e QN R OFRAE AUV BHfdicRhed

of

run | engt hieQist hidthBirof rédfdingfores for lstbRinBidRiaMAT A6 &R RHER YIRS,
consecutive zeros and the maxi mumrun | ength of zeros in the even and odd

recorded seagouhsEonehdeceasesibe aydrall Besroemhiseaygttinethe segsywasdendsl 00 2one
follo th n r I / i.on, where Dis a
oot Ol S BSO8R ESTERSAP It el OB AbiB0 MFL

maxi mum | i kel yhaddarpageoosipehsakihod deschibed twprlcquplcathriyovélhm qiieadaites 1002

rovi des a dul at ed .bi nar ul se.si gnal lied to a wite circuit 1006
Ehat  pr ovi BEBIEYIE SOAEIRERl S ReEroRmTo AL SRR PY TR R heasCan Redmersed e,

An anal og peRebvet Befér dror eAMsAre 8éhidled NBadloRRebriing kidid problck0dHdesehtifed by
the (1 - D2) operation. The read signal is applied to a variable gain
anpl i fier memAgsultonan metrasideacaurpey of el “arethmets paid unit(AddP) resmireed, ise owpass

15 filiter 1 I » Qf: rQyi j I cl IV
resporde. TRk ESolY bR difle §'diane Qi ARl bR e aREBugl. 1n
anal og to dhgadpadt of drevpredear inyAltich, 4 Gb2npunag rgsponet Uimeludés the psidvaramablbildgic,
sanpl ed val ues. Gain timng contrql circuitry are generall esi gnat ed
by The 1 of &FSRENCE AL ATLD arcoRtater i fcommbAngeghe Sah ol e
1012 are apid h&d sh&ifcahofd foalusm%havearedlﬁé&dxwueﬁyaaslﬁﬁb@@ﬁém@hroe;atégpqhse
response (FIR) digital filter. 20 The filtered signal fromthe digital
filter 101sddigompigkiass ikely shaytheadrpies walk banerto bodpcademhprgwWorked, aeci§edt 01020
to cor%laet ?ng,%%emigym;{dis_kel i hood (M.) detection process for data read

back. in and timng~control functions involve an acquisition node of
operation and a tracking node of operation. During the acquisition node,

the gain and. timng control 25 circuitry 1022, 1026 | ocks onto a

pr edet er ni ﬁéﬁihpﬁ%ﬂlﬁl’m’&ﬁ he sync field setting the VGA anplitude
to a determ nedfry@! | a0 &x@usied ;N 6L dibd@h tRIARDRURAITP isb gtaplt@fEa Fanpachi eve
proper lock-on to the sync field. After the | oops have converged during the
tracki ng noageemblnfordeadingend unloading EawewsTs teiapd fomy the serfaces 9@%6 distaicks
custoner dat MG SUlG! Eprth GPalied £IRE BRadnocked. 30 Gain and tim ng
control circuitry 1ncludes argracqw sition'gain and timng control |02?

havi n@5di gi t al Fi@nhsevsuhpiurtade bfa tile dABERdi0DZones. | i nes 1013. During the
acqui sition nod f, operati.qn, acquisjtion.gai.n and.timn control 1022
generates a di gﬁ@ﬁﬁaﬁ‘?’tc‘%ﬁtqﬁ&"%g? aﬁﬁ‘F ggﬁ'l |edg"s°“93%d‘§%ag§%j usting the
gain of the VGAHQO® iansioaedia f gt zbridls rédrganigedanmtsublonds. y 1 N ov
2002 WO 00/ 0L |46 PCT/ US99/ 14210 7 signal on lLines 1022 for correcting
timng applied #4Geb (et grapjucat depiciedn P odeasity BrgatingasubeeDes: D git al
signals on line ' I Atk bbd-gf 1016 to a tracking
gain and tim ng%é%g—%r?soﬁaﬁl%(gg%%#lrcggﬁPﬁagqgg?[gdl gér?gﬁ\{rin%‘:a!r:%giont rol 1026

gener aites a di gifl@l 8 gad pictooaltdeplcuisn ghsdrpomning irgad4vr1t@ 27¢8ss.or adj usti ng t he

in of the VCA 1009 igital 5 tim l_sigpnal 102S
Por cor recti ng Givh Al oprieg a6 e ol PRy Resthelh( B BN 900 1004

during the trackiiggloRdescRémaRerial iodh comp@ediygendri ve 100 i ncl udes vari ous
el ectronics 160. Part of the electronics is a recording channel 1000.
Referring briefly to FIG 3, a disc | 34 is shown having zones 0, 1, 2 and
N. Each zone 0, 1, 2 and N includes a plurality of tracks. Correspondi ng
tracks on different disc 10 surfaces can be said to resenble a cylinder. A
cylinder is a group of tracks at substantially equal radial distance. A
zone 0, 1, 2 and N can also be said to be forned of a nunber of cylinders
when a plurality of recording surfaces are di scussed. The present invention

o o o,y o " - A NN o ——



because those heads are operated at a recordi ng frequency that has«‘b?eﬂov 2002
optim zed for recording characteristics of the particular heads. *

Accor di ngl ywawonongsnal , non-frequency adjusted, or non-opti rcaagkeheadyi s a

di sc head that neets the desired data quglity 25 specifications of the
particular drive and particul ar manufacturer w thout changing the nom nal

recordi ng {requenc L in f the recording frequency is terned
"optim zi : 1 E‘&%’S@@Mopti m zing of the heads Involves
enabl i ng the r ag@eionNgwinpaidtsIeE Yescaplich dRRE B @R 2RSS, heREnAR iS1de
within a zone structure). Furthernore, frequency adjusting may reduce the

necessi t y ®thepspempanying drgwingawhichdpmna pars hergof and yrwhich ek shedn by way of
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of dal@ orfldppg disc equesayd-aagjotistr epelé ddves wharé acleadiag thettransduwrat fisraiasutthe
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in |e$s thacludsse @ndali sruofure i ahaymgt dypitirasityr ¢ faarmp 128 hettawhbdto the peparuneri nal

heads could b er.at ed  at,,aboyt 100. 2% pof .t he nam nal recordi frequency
in those saé'ﬁé?%gﬁ'égw(crogg’u % Wﬁlf?arﬁiltﬁﬁ?]é f ﬁ)ﬁﬂ S%’égsagéa]g%debeﬁwsﬂérogdéﬁm? eir
sur f aces) .ard BiEG reférfedit @b s@pbEEb e Pl heit eheadndldf ehdﬁ]bﬁkl/aiﬁr@i 129618 bR €96 OF
rate is 15 achieved by slightly lowering the anount of data and | owering

t he recor d¥iHgh sardepmagnatisirapgduce p0( JHe shéar 128 Withghe trapsdupernSH demt whaing
their corr i ' f ok [ | idl i of
data and {TED oo e BE A 10GEa WHOLE B it i e ok P TR
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di sc dri veddada sipsd disdrort hdifferehil nidmObt KD s Wilay' bO aR@LHEd e EheRUb/ TSPV EMRH0 9
heads are | ogically addressed ynder a logical block address ("LBA') schene.
The di agraﬁ?SQ’GQFdﬁfgr?Péeq?a@%WVg‘cgé'%‘}‘ch Yy hdphaye @ ‘ériaﬁ‘d Oérék/séf‘ Eg“flfgscks
220. For instance, cylinder 0 consists of all of the tracks bel ow t he heads
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the disc 134. 49 is associated with the top surface of aPSERSAMI4QISC
and head 3 is associated with the bottom éurface of the second disc. Head 4
woul d be associated with one surface of a third disc. Although the

i nvention dscdaycsuhbtdmvb(arsmglddls@ "ﬂl&ldvcmmnlﬁﬁbribad/hﬂgmnmhllso phealigapsiscablet 1S
cont enpl at ed, t hat oul.d,al so be applied to a c drive using a

S hot e s digh drespwisRing S morm SAATe Hibin anSt Ry HHET W Db ac ks
anongst the SeVﬂe?émﬁlgﬁ&&)toFI‘(SQ'ﬂhgx‘éVié%Jﬁbl@b’ﬂ&n@ﬁ%&atﬂ%ﬂlg&pﬁﬂ%'nder n,

t he maxi mum nunber of cylinders available for general use. Solid line

arrows 240 maxipuniritkeRacpdsFRYEhegeordingi channe! n@a@bbp@ﬂa@skrdnweﬁém151fonnanon
informatio t r i nder.
I ot her way TEER [ BB o2 R0 R phchid iR nllyaBn EBed Gufi hiliS
first, thelprddhﬁncd”lfuorkmgth oconshreineysuvhad fdr,the hmnnmheandnﬁmmmm mbzebpdw heads
2) 3 and 4. The dotted such as dotted.line 241, depjc an access to
Che moxt t FARACHIA 27 end A mRAITI RIGEL 0] FE08 i R AvRR AR 494 oea o
Solid line s@qdeﬁwsaﬁawsmm feestdeSiighéees Aa;trteafdef £ B e B dePTodREN L h
the heads in 20 cgl inder 1. Solid |l'ine arrow 244 shows readi ng all of the
tracks contdgschibagbratq1oP )| apetstigmivbere I is aynit deder orat@otAs BAML precoms 18Mows

the s ch B 4hQ1. S5 L0
detervn\‘floae |( a‘?%%@% 08#0#‘2910 "}hﬁag c?qug&niﬁéﬂga%tog% el Bio{ﬁa\éﬁor{&gpﬁﬁ?@rpoorl y
t han t he r @802 pfovidee a neahbiated binarypatsd smnaheatied iosa \ante@m:umeﬁd)@thﬁmrovﬂdés has
been found t hat reduci n e fre nc f t e hann for.

poorly peri‘}&rrﬁi’ﬁlaglﬁ%gﬂ’t%?urg?tﬁ%réﬂ? éh%%lolf of ofF 9%? rﬂ%‘ﬁl B HBﬁaB\?gd
The i npr oveaikead ang diskRBléckt BDS REscRibed B?tﬂemt—h?z)%bér@tﬁ&l aﬁfe%bdihgﬁalw dpplitd@
poorly perform ng head. The recorded channel or data channel Trequency is
reduced f o® veRablpgain/apmpbidier 6Vﬁﬁhgowhwnllﬁedare%ﬁ@1al Thappliedia hlowpass

si ngl e, «zon if

Frequens eg e Fof RRREEIAG & R oI dRRof or SEOREY feBafte’ THE ARkres
frequency amkmgmt edomwértedtthdngmbfolrm deunfanalmgm@d(gﬁalmadermr (h@&l}smz thaor der

to keep the in t|o f az to th aC|t

zone bef or 8¢ 8§S’ %‘a}ie H”é“?se “’P’r“&fﬂ%‘i‘i@f“& ’é%’i’ *\L}\hyt h
the good head df@d/b%elréﬁf@x@@a%acﬁ}qOlBATyﬁleilBa&ﬁii $19§dnz;96§@dthymcom1lzq.fré
to right, and fromcyllnder O until the | ast ~ 1 N OV 2002 WO 00/ 0i 146

PCT/ US99/ 14palieditg a@yglr%@étﬁr 1316 puchras adOvep Eelﬁremméﬁe rqsnaem%@&%%wﬁé HEEDB0 | s
typicaldy %e&i‘ﬁ%réd’} lﬂbﬁm&éﬁ{ iQf ﬁlful?%% gaﬁéﬁ toldWitd? Je%é&é 8148 h%fip
system dat a excl usi resided in a predeterm ned dle3| gnate port

the drive. aSienddead D30 totdmmﬁiexaﬂm rﬁh)()nmrrehkﬂjlhbed 6dL s dejention ipaddeys ndata read
vertically o(gi:the | eft side of the diagram ranging fromO-4. The tracks
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frequency-adjusted. The zones have di fferent recordi ng densities in each
zone. Simlar 25 cylinder groupings exist for the renmaining usable
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In some embodiments, a frequency-adjusted head (i.e., one that is operated at a lower-
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head zzme) the Cmrepntudymeadjdidiedhdn hagdnarumbemtd\atlléashmvleSMOm &d¢lust ed.
subzone services a variable number of cylinders with a fixed number of heads. The fixed
number of heads may vary from one subzone to another, but remains fixed within a subzone.
As a result, the number of heads are maintained as a zone specific parameter. One example
embodiment of the present invention is well-swited for operation in a headerless architecture
30 environment. Such an environment exists where the data address header or tag no longer
resides on the disc itself. Instead, the header 1s in the controller’s memory or the volatile
random access memory, “RAM”, which is associated with the circuitry 160 shown in FIG. 1

FIG. 4 is a pictorial depiction of a gnd-like layout of a disc drive 100, wherein the
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reserved zone has sgstem data exclusively within its cylinders and thus

does not shiwrandhsad 3 isassocigipd with trabnsermiiiace ofithesrsprd diselj Head hyould tiseads
20 does n - ' e. ' i nders
houl d_ snartFiel WiBoheSrbES B 1 BfARS. A Ablel R ahlloh MUk aRBL LA | 1
wi t h ¢ equisiveyO8dipusg ethitgadscs, it 15 hentereplercd eltht taoeld dldous:, apptiedrodi dige drovet he
exanpl e e di nent .sho in FIG 7, the onginal zones are divided into

TR e oot

subzones. , the LBA schene is optimzed to read | arge 2~
anounts of dat aCyR@UENisithé hokt a8AicHl dlignmeNaIt tabiisSimdApsl RO SeveMiarcd, @adi ng t he
di scs 134 in the enbodi nrent shown in FIG 5, all the non-frequency-adjusted
heads r eadiksMisefrecylinder hrough ayhindsr ny the myHP WP ayIbACSL cxdinders avpilablgder Thus,
t he actuat S o5 QH ; I (o] om one
i acent - T A L BB 2 o D S e ARl b 0T o
swi t chi ng iffoemaeercheneathtieevarmue hedds g 1¢ amarkfor s eutirs oylmder.ninzasbler iderds,, t he

30 actuatar.,i.s ved . back to cylinder U.and d is read fromall . .th

f r equency WAl 7 BHRR2-BE ipndiamtPles peaaMSraE i for GBI b et zea
si nce NmOVEN®iYn thé infoaimieN beldeicati o2, Bnace Mhe@pttt iRy, sudtf £A166BE Yins T, Chi ng
is also mnimzed. Resolution performance is greater with this particular

LBA schenglepictsjamacgespio gaexiiprasong sylimsiepbapd sheydsaieh from had 4 9 hgadp) ays
an LBA schejily MSHeWhAkhobdGeRARNES R rdlindih@HHAlorREaR i rﬁ%&@ﬁsed
bef ore accessing the subzones of another original zone. First the

non- f 2@queytinderdj. Sstliddineaads: 24 shhes readmg aed theegks ¢ratdiniagdetacy - adj ust ed
heads of t.he sane zone (a te sybzone of the original. zone

accessed. l}lﬁofmta E(gn U glgéneersf ??gtgeﬁ l%‘rc i*g?ﬁ‘g Wsztgﬁéwg? eb%‘”?ee“a“d hﬂé?rgrge"d?’ﬁ\e/? Iheg to
anot her zapect Bt ihenkbe WrodlRte@irRaNdriensd ninte bLthe hbadsat | 2,139 opd derif@mBased
on the frequency-adjusted heads. A reservgd ﬁoae, for sgstem data al so
exists in rF‘P’GPOS”.W |th¢ restokthe hadse Hiadhes RENSAAS 19130071 er_lf‘?fmceﬁét @?g’r"rﬁP e
enbodi ment ;,3ROWRt breah&ing the frdlfiehE OIIENRIB AR FGARE pEEHY PerforifidRialiione
i ke manner because the Fr equehcy-"adj usted head subzones are interm xed
wi t h Abn- fheadsidncyer fodinasdeds veryanuchuponed. ThuskprarendBhissodicated bp aidsopie| |

surfed for accessing. |1, data se nt r I e
than the Sbf CERETATL B it BResRen S B ng Bindt JB &SRR B 6PEH Bnhor T2
may suf f erfrédueey isaeduce® fdrnits pasE deeforrget heaty withimd esmreu (Thed, witlio aisatgloon)
fromthe frequent access interruptions, sonetjpges referred to as "seek
i mes. " THOTARS TesQigebenas) may fperale X3P ITTen dTHBEC)FS B e sEa
hi gher dengktNa@Wethl E‘%{E&Ed%%hé’ R dri@thet Reduch@BEoGROSIitK tRORRrIyIerfofmmBoul d
be further not %td thatt ere an aerrb(;ldi r?ente@ﬁa?,\%a?a segnent s irrly;p%r_
headeB es shaagpe heatsmint ordehte Kesp thet infrapatien geawtyiflezonoegiabe the capagity f the
informthe driv ere on _each track L : ' v
whi on ‘sect 67 st tpafr®lafiRithd Wit aR GRaRE) oSULERA Wil e Ubdd ARSIy

be increased.

The LBA increases horizontally from left to nght, and from cylinder 0 until the last



FIG 9 is a flowhart 700 of an e~canpl e enbodi nent that provides
for 20 inproving an error rate of a disc drive with read/wite helglsrﬁgsgiooz
met hod i ncl ud@edplgr M ning the storage surface of a disc as$%§m5¥95 | ock
715); transducing data at a first frequency (bl ock 720); transduc ng2tht a

at a second frequency (bl ock 730); divi dilrﬁg a zone Into subzones (bl ock

740) ; and or{ganzr_rg subzones (block 750). FIG_ 10 is a schematic view of a
conput er syYHBYRT InHG Aprer§aone 0. Thedesenverane 80 istypisalhe py the innerdiamster afe i n

a comput er gy ge? 4Ghe hivE ASHRUIEE! oy ST EIR SRR VIR reBlas Ok ALib Gl

el ectronic systemor an information handling systemand I nc Rges ™A eent r al
processi ng desighatedaporsompithaddve. Siymitaglyy thasheatie? ihvre nnmbered séquediiallygardy st em

i ncludes a central pracgssing,unit 2004, .a ran cess nmenpory 2032, and a
syst om bue 20517 bp HedRRSF BB E Mitertganeiie FoME . 2R Farsiro outes Arts st

2004 amgl t hRer eSO spafeatRkIRNEREPErsed tiB3zhoul hR drivk.O5paE iabk RO fHdiviguagy st em
?002 includes a disc drive device which 1 ncludes the ranp descri bed above.
The i nf or meeseEYEdHERRKS thatpre gilable fondataplaceamens whe p perenad yserripagk conteins @ badis

2010 and seygrpl devices peripheral devices, such as 2012, 20l 4, 2016)

2018, 2020, and 20?2 may be attached to the input output bus 2010.
Peri pheral devi clesacnesg the dala dachlheadrehdsu® wiite OUb e its ¢BTeRETUdiIGOO4dks dAtheh b

i nclude hard .dis rives neto optical drjves,..flo disc.drives,

mon tor s, KBy eI SOR BT IRl Sie b easshosd ferihicdano
oper at 5 asng ghlen bt AREheATRAds e fosriicenat AffRER tiades FronNthd 1Aek PedsBthead 0,
envi ronnment using | ogical connections to one or nore renote-conputers. Any

I ) >
type of di d&adilhrad delead deand headybt hes: f3icylindea Ohgads 0-t arepamaededipad are ahde
onto the di i Vo :
descri bed f‘gr%c%g‘{‘?/‘?%g tlﬁ%aﬁfﬁﬁ%xg%?ﬂg%ghge 1@%%%@?{22138%%%%{%er\ﬁ/d?r?%?ﬁﬁggéhﬁ.i nder
of a di sc dkftarwamdestke aginator mavesrtb yhenfislst track 220he aglevdersonae efit beginmiag with
envi ronnent,. e _perf.or e the | gwer performn eads can _be inproved.
vor eover . tiseq danBFIiFE FRREE: calf el Hetes Ot Btraeni s PG kBl e,
The i ny®nt iwithowayny iatedtuptiond. Hbwever, ancyirectRaeds Vindad erldduRieh Sakedgicks ik t
(.4LU) calculations without having to chan;e the engine that perforns the
cal cul at i orf8terPR! thegte tapster ¢ is 1 kely that the discarding or reworking of
entire drives, as,RdbSSol oftf ah@WRS arP J@@@ld@gth@ﬁ@%m!aﬁ%m&nb%?mso One
aspect of the present invention provides a nethod for inproving reading and
15 writi ng refefrod traasizone £30.a Idkewisdrdylindexk thnea, &xd/ andifive makenpduigarad zdteel,
met hod i ncl ydes.the.steps transduci dat a_at first.frequency. when..in.a
firt zone G mierief (fASRYe 238 ST Ao fenBhe® intolBivinl FLPR RO Heca
at a sgeondhé reasdens Yisdrinaidsi ahd dorint 2t £ tidaRg) 14 placddi wishiin hre&gnenoye REmade
accessing the first origi.pal zone of a second storage,surface of the disc
assenbl y. ATEFVERINeR- 2SSOy RS BT CPRESUIHEIOUPE e Ts3T ReRiRR! €oRGEhgWn
subzones, GIHQTI@UE,&HEE&EHH&:EQZ& tAB kb AN AScHANRA iR sithe fR1allQRE Headls DIOGRNINERE
represents the nunber of Heads associated with the subzone. In sone
enbodi ment sorighnal Aenendn loghr wasds, alé therhepds? 1 Oane deteningd tofbelgoad gndipene have to
mai nt ai ned ,as. a zone i T e j vegal:
subzoncs. ars TS RRE, 1R 8RR 8ot phooRdin BRI Lty 255 R Blias
ori gi n@s i noeyflihdén ghoupdm® ex3stdor the 2omalhing exsit cylindede Faially, ¥ aunbet titronarsablaer
subzone origihating fromthe sanme zaone. tbn ot her ex% | e enbodi nents of the

e

g
descri bed retiREES Ui GOHMA §YBTM dABBHEIPIOF IRV EoR9 4¥es steps that conpare

a nunber of sectgGs3iida BlobR HlaBAim BO@NDMEEEevERNBH Sini¥ 2ohesd 100830, a8 nbehfiaf
sectors in a frequency-ad~ustc:d transducer donain, and using the nom nal

transducer abgrdion hoddenethg disstdsivehanblsendfeqyencypdipsied. {The fisanenestadivsipg el er
domain is i gnifi VN t g Qr.s.i n the
fr equency- iranet B ERT odb 4386adnd B0, R Rhk 4 ARl pROULREFKASOL " e
descri bed ndifferselt eosrdingSeeqeggit whnd thelbatnsdicadsropkrats aig Fos exanpde, i Boerited
frequency Ofs d%tré?rngllécti) %oolg]f? a p&%‘@r oxl'rrrlli%g rh(eaé:d(,) rea(ljc!hnz%ne will include two subzones. Subzone

00 will have information recorded at a first frequency and subzone 01 will have information

recorded at the frequency-adjusted head frequency. As shown in FIG. 3, the zone can be



.11 Nov ~1~~ WD 001 01146 | b PCT/US99/ 14210 densities of one nom" lNQ 002
subzone with a successive nom nal subzone, and anal yzi ng whet her 2€|I (yelz
swi tches aravaifeets, Still another aspect of the present i nwentisgpnevi des
an inproved disc drive. This disc drive jnpcludes a rotating disc assenbly
having a first disc surface and a second disc surface. The disc drive also
i ncl udes a;fi at-j ] } l.at.j,onship.tg the first
di sc surfg%teddgﬁgng?ﬁ%b?@‘r%ét %?@3&@‘#&%'@%%?#%2 |ess§V'g?)F§ﬂW§It° ne, and a
second headadpenaimigeriofiheads RalFrite disg driet 800. OlRSHhdr waddd, BechsiraanditiioSe
surface bu(;.ﬁat a. different frequency than thje first frequency when

oper at i ng $HerRALTEqUeREY BPHId A tshvetsubgare. Msrstgied zogss@remnteied9.i onad
first zonenGAMREMPREnMIIRMH \HBAL 24D - &&Qg s on
10 each of the s_tgr age surfa\(@lsgsﬁlﬁ@?&g%gﬁb@gggﬁﬁiﬁtﬁ%ﬁﬁ?he !rds]%:&ddsrtlaf\cllé t he
first Zzonetikikpyisei ariginddonenns 330 spmesppndsyio origiabzoneese A0 oAF1G.r4 tind sbarone

IS associ i } bzo i s associated with
t he seconStthﬁjceélggﬁ.zglfllanr'i ggonéhfelﬁ)gglgﬁe P gﬁl%?ﬁ?@%gﬁn@ﬁ gif iZ'vg,SCha(fnelozzkéeto% one
of the freguenisyivfedine direspindmgasubzonss (36013, swd 34(aln ihexaagtOembéBRedht r St
head and second h has increased perfaorpmance. Anot her enbodi ment of the
present in%Pé‘ﬁtz?rf?n?g)rdWiSa&gé“%r“ﬁ?@lﬁ]ﬁq H}tﬁMQF%lq‘?“'t“I[‘Féiofpr@ﬂloyﬁ@%é‘%nd
subzones ag@:6ek ki RARRELRA J18athd ALk, .8 SBRBAGHE sBHRALDIERL R4 des an
alternative sorting nethod, wherein the first and second subzones are

sor t ed0 baswlzane 0. .{ subgensriloy Thancubrane 89 gerespohds herigrmaberte zer ewitzoon0
provi des a FROREG26Ho3 SHOLANR SYFLAM bRl RelHdes,d Jagnetic disc with
a recordi ng surface proxina é)Iy posi tioned to a rea 1Wite transducer. The
read/ write trandshease 386 asksa abdonrsttuesmiré 3600 mimateirothe @nnd tdenti e g di Myus,
surface. At the time, a nenory,.is coupled wthmthe disc storage

Syt om andteSF 7 1 3 RABUBER s e QUHHENE SUPRFS SRS HEQUEERE Freeotory
cont ai ns afibgddeSiot ..V ahsBn®{n. aASA YA ROSstah@ Bub¥Besare AthirOtht 8fope A Rligd
within the disc storage system The controller, the nenory, and the

read/ Wi t énveTins @ne are deptednggpealN 9B raghtegned ae NI selrzon¢set60pde iandthers t he
read/ wite C i i over get. r as a
result of %‘Ir‘lg@%%%{’ %é'glleago%tﬁgﬁgjﬂz Tg()'rﬁ%&? re(ﬁﬁ%ﬁm at jn%é}hga%%%?g%etr&é?n a
f r equency-mophes bEgoriee ammamtan hedd hapbyat et tht s@fwarel ower frequency. Sone
enbodi ments of the dust described nagnetic disc storage systemfurthe

"ncl ude a dat a 'BEGRRRE SERC HERUm R ER S OR B fat hsinal Olpimseds adine

enbodi ment s f@matibe frd@sdisds 1edl fenratradivitA Ghide gaial ériediaR@twel @NRacke TRk SR Of
an equi val ent radius range of corresponding tracks on each of the storage

1 ~ N&V 2002indgsoOf 02uras apeviuphdspoirmed P wilt have magegiorelreks apt BERY BIOM ned
plurality gf,gUchTRORRS dﬁ“@&@ﬂgﬁl&g{géﬁera@ivsﬂb@Qrpgvénsnu%b;éiawﬂetaHQnIf%'o BPthe five

original zone conpnsing an equlvalrent radius range of corresponding tracks
on each ofhdabearstieqageysdnfsgdes a singlednothizequenanpiea tbtrfvodonenal avheg dre

descri bed syst n i nformati on- handl i ng. syst.em i s operatively co ed to
Tantm e ef Rea o bihRh PR onr s EE IS niP b2 bones dher Bt st
subsyst em idnat tHabseppieé el fital tiire6 WdaeHedde oh AN WY lindeds, abd prbthélatEoftsabt Rfes

i nformation-handling system .and finally including a menory that is coupled
to t héi nf GRNETYIeMUE A6k tRdogical hess opadlcyiRdarheln opsE exagpienbths fegusney

| venti on_ g g SRy SURLEHERE 1 BRI, LANE L RFLHOb PG RANEL Lierhead.

k
The systemfor r ower perform ng read/wnite head 107I ncludes a
plurality tkongoet zhmyaradigded mto stotalof eght subagnidse varyi ng the frequency

anong recordi ng S. Henc 1 tlwae error.rate. caused | ower, perform.ng
read/ wite headgl,zcgfrzglsarggﬂ?ﬁto? }?fl UFWBHS\%‘(#S?]W tg)&&mug%?nets#gg59%03953%%
plurality sdnergegnly 400 Hae ahedgshiflakisri@adbRgstmgd{ sequentially numbered original zones
30 (Zone 0 - Zone N), and a vertical axis 404 representing increasing bit density with a unit of
megabits per second (MB/s). Zone 0 1s the outermost zone and zone n 1s the innermost zone

containing user information. When the zones decrease in recording density, a step-like

function 406 results. Normally, at the outer diameter of a disc, at zone zero, the highest



witing data on a storage nedium a plurality of cylinders that 4r¢ NUV 2002
accommodating the read/wite head frequency variation, and a zone table for
det er mi ni ng wottanged zone and the 15 nunber of heads servi cegch)isgoZone. I N
ot her enbodi nents, an ALU resource is useiq to identify the zone and nunber

of heads associated with the above described system Still in another
enbodi nent . _th L source cal.cul ates ,a pbhysi cal tor, he and
cylinder | BeatPehocht BERYaEERuie Shpuf REXDBRs g T Clrespiting Sin

frequency- asljeyategapiradicigdiRrizohtahind RrtidaP200 8rangemehi 472 A AN EspaGREGL Of
the present invention is a disc dnve that includes a disc having a first
surface fupRhBay Raypsimdagsten-like xespansesyfeangd 4d8.aAs sndigated/ i fdG. 6i subsansd! t he
di sc drive . i . i .
Cecond zonciepandse Bompbdd bFoihj he FABRLAARN oflpidl ddrebr RS BN

cor r espondFi@. $)raad kssubzond@l 6f FI&k 5asdepicied irihe flivison sliB2@cHowkverashtdi t i on,

t he disc driye has ns for,.mopi.m zing error te wthi ne of the
first zoneSifiErencpin @egﬁg@ °§ﬁ@8§§56§‘]&a‘t?{§t"‘f’}%@ 8{)@8&“9}88‘&%&55? gAmg ginal
i ntended t gankigy #19 Wisl Havkil0A@er b WEnEiGibs thef bihefsubYendYiiihe GhMe orig AP fiiTE 478
wi ||l be apparent to those of skill in the art upon review ng the above
descri pti ofincerthsreds a b grfregqrding mate farisgme dwgds| 1y therzeae-efrothe afdsementioaedi ned

with refer |.al; Y f.
i val ent Sr P o TRReRREr ! Alier EAEREH bl WR GophaROERyR i may
cl ai meld i sbe Advaatagealisftosort ttprsubi zoges sealigsgerdimg (heddsengcd lohdyareér aashdven m
di sc drive he disc drive having read/wite transducers, the disc drive
i ncluding a disc assenbly having at least a first storage surface and a
second storage SuitH @e eydering of tHeSubadnes bged st héalClead ik SURRIFAGRRArmERF AGR
surface being formatted into at |least a first original zone and a second

ori gi nal zdHeé gragHElvedasreasRas the genes thegiselnies denterst Hehilidensityrirem bighsr émeity ange
of Co”eSpQMsQQIJ“][e?Q 192 088C PriRfdatNBangfeP FAY Row bl drak i slxurréé"fs ﬂ@&&%ggy%en

conprising steps of: (a) “transducing Information at a t freque

~n t hel5f i r sawasds gypbmerie Hoanal epfertshipzohe Pt then gradydlysdacfeaseagal® §ubzone znsdoci ng
informatio t .a,.second f. uen that .i.s .di.fferent. than the.first
frequency \%Z‘ﬁlﬁﬁa\‘fﬁ%wﬁ ?'gﬁggﬁ?” eﬁ%ﬂ“%k‘é ! %luﬁl?ﬁr}ao saelg‘o*’ﬁﬁp%rﬁm'&ﬁ%aﬂr*%e of
the di sc asweght yeraaeko 476)from itiid saghes@@iral sorea\Anlgadrithinritl 4l usedtd diyw @hd
ascendi ng qu)fgi cal - bl ock addresses | ocated across a plurality of adjacent
tracks on PHEEiSHE4ONES or age surface at the first frequency, 15 and writing

sectors having ®.8860M HLy{Aliloh AL oRSLE&RMERE th@OL&AH HPL ASdh RAMESY St
| ocated across a plurality of adjacent tracks on the second storage surface

at a s¥condoasdugheasdhs densety eif @ gnod beastt @kndafet,ttheehdad i theglewr zoing hys orebtoyi cal
bl ock add i i f th
second” pi utardyhdyhf B RS ana R R Sttt S B ARRF BEAE" (P

surface. 2@edormidnee fremhthe hedetatbrailowdr, petfatrhing heaiodapends ongmanisie@pring ©  (d)

dividing the first original zone into at | east two subzones; and (e)
or gani zi ng “OMeIL}WPEne originating firoma zone according to bit density

val ue different AjfdgRy aae&m%enﬁmzePﬁes&{z h9eR@déd B4 rhétRoa Mf}%usﬁﬁ‘%’%\ie@ BérforminglNe
met hod of claim1, wherein the configuring-sectors step (c) further

conprides &capbveiedpgadstby Yaryng pheciorauepiyrafibe tepdwrite keadpyitiva p cylndss. Beendi ng
| ogi cal - bl ; ! J: f ke L0 Q4 LoLpck
adar cases SRR (Pl SRERYT S M st o GERY CEA B IO ORP LI
1, wher ei natilenerndgig unit FHASECE reqErsttiep ti{ecyuniter dhisrads ampknbsasn ardet ®p of :
(c)(i~) configuring t irst plurality of, ascendi ng | ogi.cal -bl ock
addr esses érﬁﬂg?‘ﬁé gg‘@t’i‘g-ﬁ%;‘pl"\?fsﬁ'ﬁ?rtg}y ’&ZO\Q/% @g}?d? Hf;eglclj%&ifgf'g‘b‘lngélzaﬁa‘d?ro@% &k in
a sequent i qhe ABIRL LS heads serviced by a zone. Firmware searches the zone table to determune the
30 zone of the target LBA. Once the target zone 1s determined, the number of heads serviced by
the zone can also be determined based on its position in the zone table (in both sorting
methods: frequency sorting and head load sorting). An alternative could be to use the ALU

resource itself, just to identify the zone and thus number of heads.



5 5. The nethod of claim2, wherein the dividing step (c) fizrt her:li NS 2002
mai ntai ning a paraneter for each subzone that represents the nunber of
transducer sWas¥ddi#t ed with the subzone. 6. The method of clmimu®y 1 wher ei n
the dividing step (c) further conprises pygani zing one subzone originating
froma zone according to bit density value different than another subzone
10 originating ; i I (el syste
conprising: a n%%ﬁéegh%téﬁglégi@a@géege e|‘§m‘r‘1‘§\9ir£§gvr%%s ﬁ%elg%ﬁﬁggfb‘ﬁ“r@% %%lﬁée %a”rsgécond
recor di ng et dgatreto @ldulats therphgstabsedter, headrad uglendep e btiorostate prexiLmat e to
the first recording surface of t etic.disc for. reading and witing
i or e 1 QUG HE s B Buae Gy iny b€ oaou BUHES headchfiter within

t r ansducerhPamzbhe) e theRap¥i DBASs {na fréifuehBCRANGEERAN d&mtkfetﬁéq%eﬁcyosfdj&stb?_
magnetic disc for reading and witing information on the secondretording
surface; deabrynherclidiasetape sdivstedne di sc storage system and coupled to the
read/wite trangduees, i : t o] servo
position; and gﬁcont' r7 o} %Forr%})%%%etgﬂvrg? }(i%l lﬁ&? ﬁ?l(gtlisagarse?%{gg‘ems@éscy g%e fgrqq;lfor
coupl ed t cegueatinloasd/wnid &c@Birgriandsplaget Thegridhderiayonr is, stnbred dififarly like

control |l er_,po ions  the first readlwite transducer in the disc storage
Syt oo oy EIOR: tal B e e ek w GRSt CytiaBh S A hsch Ry e bpds e g

nunber of ARk is8nesehtblcans EHEGRICRs ardB & glr AiIPRE KdF ad@dsihp anseiic&hmbR @
transducer operated at a | ower frequency than other transducers, and
wher et demPoHgnend ey gak eser sakn arahspesged aceandingdatheghisggiobt fergrensy-adatstrd
| ocat ed_orhdudy i/ Blehao. O 1) Afiiih MhAL Byfndel TRIIHBZARE ddith A& essed by
one or 25 nore non-optinized tranduceérs’is transduced sequentially~at a
first freqdentedheadsd 14 sseumndllyearwessquimarsrablsovikhiningbé¢rayliodatuad! ernaally
plurality of tracks within a .second subzone that is a sed by one or nore
ot mi sen Preahfiein o ol JRERG clfnERAr e pesh e at NEndDs Blamety !
~ Nov zoo0zh2fbBfrediltacyagugtd cutdbsies SOAEGResSYE inaBIglstatliad M cllinddrergin data
that is recorded on the first recordi n& surface has a headerless format. 9.
¥

The nbynethreceqiiag (@ eyjpulgeNs fateamllgi the Brquercy-adipsteresubzenep 54 pregceesped by

i nformati qQps LG J u 1 A

from the naghety SoHRUSHEd FEIRRES Bcale) P PrE R g IOIAAL hredl@hiy 29008
coupl ed t deadsrtiartiagdt olingertO awitrotesdingeo £yifndemmt iname learbdtinmgpt. shssdeingssiapd a

menory coupl ed to the informtiaon-handl ing system, 10. The magnetic di sc
oy nre ot s b PSenes b R AN Ao el B gt DR RRARRA UE Doth
the first @nfddrhend®noacksmoe abel uigr $di4.f MRS etboiicat SreqiicrRguidiRhSNGf Headd uS
range_of correspondi_nggetracks on each of the storage sur f aces,

, and a
pl ur aP? ty 4OFs BRicieopoRdle mpavist etér lhierda in thapesapied sriindersispopld ghare the
AAL AHF-s@%e@%eﬁuéxc@-t@hvoi@ﬁrﬁwa%omﬁ%,\?ﬁ9§Zﬁ' Héﬁng‘]\vith frequency-adjusted heads in
the reserved zone.

Thus, according to the example embodiment shown in FIG. 7, the original zones are

divided into subzones. In this embodiment, the LBA scheme 1s optimized to read large

9
(¥ £}

amounts of data sequentially and with fewer interruptions. When reading the discs 134 1n the
embodiment shown in FIG. 5, all the non-frequency-adjusted heads read all the information
under the non-frequency-adjusted heads Thus, the actuator moves from the outer diameter to
the inner diameter from one adjacent cvlinder to the next. Access ttme is mimmized. Time
devoted to switching frequency 1n the recording channel is also minimized. Next, the

30 actuator 1s moved back to cylinder 0 and data 1s read from all the frequency-adjusted heads in
a similar fashion. Again, accesses are minimized since movement is from cylinder to
adjacent cylinder. Frequency switching 1s also minimized. Resolution performance ts greater

with this particular LBA scheme.
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ramp described above. The information handling system 2002 may also include an
input/output bus 2010 and several devices peripheral devices, such as 2012, 2014, 2016,

2018, 2020, and 2022 may be attached to the input output bus 2010. Peripheral devices may
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10 increase accuracy of arithmetic logic unit (ALU) calculations without having to change the
engine that performs the calculations. In addition, 1t is likely that the discarding or reworking

of entire dnives, as a result of lower performing heads, becomes less.

Conclusion
One aspect of the present invention provides a method for improving reading and
15 wrting information to a disc drive with read/write transducers The method includes the
steps transducing data at a first frequency when in a first zone of a first storage surface of a
disc assembly, transducing data at a second frequency that 1s different than the first frequency
when accessing the first original zone of a second storage surface of the disc assembly. A
dividing step expands the first original zone structure into subzones, and furthermore
20 maintains a parameter for each subzone that represents the number of heads associated with
the subzone.
In some embodiments of the method just described, the number of heads are
maintained as a zone specific parameter [n other embodiments, several subzones are

combined into one. Still in other embodiments, one subzone originating from a zone 1s of a

o
wh

different bit density value than another subzone onginating from the same zone.

In other example embodiments of the described method, dividing of subzones further
includes steps that compare a number of sectors in a nominal transducer domain with a total
number of sectors in a frequency-adjusted transducer domain, and using the nominal
transducer domain where a total number of sectors in the nominal transducer domain 1s
30 significantly higher than the total number of sectors in the frequency-adjusted transducer
domain. Further example embodiments of the described method comprise organizing

subzones, including using a recorded frequency of the subzone. comparing recording
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associated with the second head.
In some embodiments of the disc drive, at least some one of the frequency of one
15 subzone is selected so that the associated first head and second head has increased
performance.

Another embodiment of the present invention provides a sorting method, wherein the
first and second subzones are sorted based on head load. A separate embodiment provides an
alternative sorting method, wherein the first and second subzones are sorted based on

20 frequency.

Another aspect of the present invention provides a magnetic disc storage system that
includes a magnetic disc with a recording surface proximately positioned to a read/write
transducer. The read/write transducer reads and writes information on the recording surface.
At the same time, a memory is coupled within the disc storage system and similarly coupled

25 to the read/write transducer. The memory contains an offset value of a servo position and a
controller coupled within the disc storage system. The controller, the memory, and the
read/write transducer are coupled. Moreover, the controller positions the read/write
transducer in the disc storage system over a target address as a result of an input based on
number of frequency-adjusted heads, wherein a frequency-adjusted head is a head operated at

30 a lower frequency. Some embodiments of the just described magnetic disc storage system
further include a data segment that has a headerless format.

Other example embodiments of the described system include an original zone

compnsed of an equivalent radius range of corresponding tracks on each of the storage
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10%m& g )- $dsis_c,@zil%>?1§ \\Qitsh! a%loi(r){gfut%uggtft subsystem that is operatively coupled to input and output
data to the information-handling system, and finally including a memory that is coupled to
the information-handling system.
Yet, another aspect of the present invention provides a system for reusing a lower
performing read/write head. The system for reusing a lower performing read/wnte head
10 includes a plurality of recording zones for storing data while varying the frequency among
recording zones. Hence, the error rate, caused by lower performing read/write heads, is
dramatically improved. In addition, there are a plurahity of read/write heads for reading and
writing data on a storage medium, a plurality of cylinders that are accommodating the
read/write head frequency variation, and a zone table for determining a target zone and the
15 number of heads serviced by a zone. In other embodiments, an ALU resource 1s used to
identify the zone and number of heads associated with the above described system. Still in
another embodiment, the ALU resource calculates a physical sector, head, and cylinder
location of a target LBA, thereby resulting in a frequency-adjusted head number within a
subzone.
20 Still another aspect of the present invention 1s a disc dnive that includes a disc having
a first surface further comprised of a first zone and a second zone. Likewise, the disc drive
has a second surface further comprised of a first zone and a second zone, wherein tracks of

the first zone of the second surface correspond to tracks of the first zone of the first surface.

In addition, the disc drive has a means for minimizing error rate within one of the first zones

[£9]
w

It is to be understood that the above description is intended to be illustrative, and not
restrictive  Many other embodiments will be apparent to those of skill in the art upon
reviewing the above description. The scope of the invention should, therefore, be determined
with reference to the appended claims, along with the full scope of equivalents to which such

claims are entitled.
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storage surfaces, the method comprising steps of:
(a) transducing information at a first frequency w‘hen in the first original zone of
the first storage surface;

10 (b) transducing information at a second frequency that is different than the first
frequency when in the first original zone of the second storage surface of the disc assembly
and;

©) writing sectors having a first plurality of ascending logical-block addresses
located across a plurality of adjacent tracks on the first storage surface at the first frequency,

15 and writing sectors having a second plurality of ascending logical-block addresses located
across a plurality of adjacent tracks on the second storage surface at a second frequency,
wherein no sector of the first plurality of logical block addresses is located on the second disk
surface, and no sector of the second plurality of logical-block addresses is located on the first

disk surface.

20 2. The method of claim 1, further comprising a step of:
(d)  dividing the first original zone into at least two subzones; and
(e) organizing one subzone originating from a zone according to bit density value

different than another subzone originating from the same zone.

3. The method of claim 1, wherein the configuring-sectors step (c) further comprises a
25 step of:
(c)(1) configuring the first plurality of ascending logical-block addresses and the

second plurality of ascending logical-block addresses in a serpentine manner.
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(c)(i1) configuring the first plurality of ascending logical-block addresses and the

second plurality of ascending logical-block addresses in a sequential manner.

5 S. The method of claim 2, wherein the dividing step (c) further includes maintaining a
parameter for each subzone that represents the number of transducers associated with the

subzone.

6. The method of claim 5, wherein the dividing step (c) further comprises organizing one
subzone originating from a zone according to bit density value different than another subzone

10 originating from the same zone.

7. A magnetic disc storage system, comprising:
a magnetic disc assembly having at least a first and a second recording surface;
a first read/write transducer positioned proximate to the first recording surface of the
magnetic disc for reading and writing information on the first recording surface; .
15 a second read/write transducer positioned proximate to the second recording surface
of the magnetic disc for reading and writing information on the second recording surface;
a memory coupled within the disc storage system and coupled to the read/write
transducer, where the memory contains an offset value of a servo position; and
a controller coupled within the disc storage system and coupled to the read/write
20 transducer and the memory, where the controller positions the first read/write transducer in
the disc storage system over a target address as a result of an input based on a total number of
optimized transducers, wherein an optimized transducer is a transdt/xcer operated at a lower
frequency than other transducers, and wherein data is conﬁguréd such that a first contiguous
block of data located on a plurality of tracks within a first subzone that is accessed by one or
25 more non-optimized tranducers is transduced sequentially at a first frequency, and a second
contiguous block of data located on a plurality of tracks within a second subzone that is
accessed by one or more optimized tranducers is transduced sequéntially at the lower

frequency.
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10. The magnetic disc storage system of claim 7, wherein an original zone formatted on
10 both the first and the second recording surfaces comprises an equivalent radius range of
corresponding tracks on each of the storage surfaces, and a plurality of such zones are

predetermined.



