METHOD OF CONFI GURI NG STORAGE SPACE | N A DATA STORAGE DEVI CE Background 5
1. Field of the Invention [0001] The present invention relates to data
storage systens. More particularly, it relates to nmethods of configuring
storage space in a data storage device and nethods of storing data to

i ncrease data storage capacitE& 2. Description of the Related Art 10 [0002]
A data storage system sucMETHOD LQFLONFIGIPRINGY i ncl udes one or nore

data storage disc i i pi ndl e not or
ot ates 1 he-di sesSHTRAGT SPACH R AD AT K ORABL DEVIRE R "5 oc by
bringing transducers or read/wite heads into proximty with the surface of
the rotating disc. For this purpose, an actuator assenbly is used to
transport the transducers. The act Backgrmaamhbly includes 15 one or nore
rotatable arms. At a distal end of the rotatable arm a slider supporting
the transducers is attached to the arm The rotatable armis driven by a
voi ce éoi |1. feldrofithe hrxestionhe arm back and forth across the disc surface.

[ 0003] Slider novenents over the disc surface are a fundanental concern

Cpoause Amodtf!esL " SheTRUSHER oilon ifcS1d 55 HRCIuSRs VR LARLARLPSE oo

the slider t he SC surftace, ereby cau a corrup or | oss

or possi bl yelstveto @athsdngl endiggfingl slvnge Vs\,ﬁﬂ:el’iﬁfadﬁlta {tbagedtviteant sethodusbl e.
A collision may al so generate debris, which can be tossed around, thereby
further dafQEnadatefkeingresse dajp lapage saRRCHESUl ting in further data corruption
or loss. [0004] To prevent the collisions, a ranp systemis typically

provi ded ffrD@%mtm‘f‘ﬁhgkgﬂéyﬁgi ng the armwhen the data storage system

is not in operati‘on. Ive, a ranp nmay be positioned proximte to
an outer region of the disc. The rotatable arm of the actuator assenbly may
include an[@0Rgnsi o dataatdradet sybtain, sught sl disd dvivee ngdgillp gndlides oaepr sord hat
the armis dgtg%!tjgrgge (Si(s)cst c%%x{aﬂjr(m mciur}ltf}dhtg aps?)grll(d?g m%ljtorfJ n’ll"hoeas%?l%lep gliitc;[rirgtgfes ]fhe
discs while data is written to and accessed from the disc by bringing transducers or
read/write heads into proximity with the surface of the rotating disc. For this purpose, an
actuator assembly is used to transport the transducers. The actuator assembly includes
15 one or more rotatable arms. At a distal end of the rotatable arm, a slider supporting the
transducers is attached to the arm. The rotatable arm is driven by a voice coil motor to

pivot the arm back and forth across the disc surface.

[0003] Slider movements over the disc surface are a fundamental concern because
any undesired movement of the slider may cause a collision between the slider and the
20 disc surface, thereby causing data corruption or loss or possibly even causing enough
damage to render the entire disc unusable. A collision may also generate debris, which
can be tossed around, thereby further damaging the disc surface and resulting in further

data corruption or loss.

[0004] To prevent the collisions, a ramp system is typically provided for parking
25 or unloading the arm when the data storage system is not in operation. In a disc drive, a
ramp may be positioned proximate to an outer region of the disc. The rotatable arm of
the actuator assembly may include an extension or a lift tab suitable for engaging the

ramp so that the arm is secured to the ramp in the parked or unloaded position.




[ 0005] During the parking or unloading process, the rotatable armis

pi voted towards the outer region of the disc until the tab neets the foot
of the ranp. Thereafter, the tab slides up the ranp until the slider is
lifted awnay fromthe disc surface. To prevent the tab fromsliding back to
the disc surface, a detent or |atch may be provided on the 5 ranp to secure
the tab in 8] par kdumesiths sarkingnonyalopdipg pregrss.: BB totatahle armeas Riveiethe
ranp by stati |.Cl 1 . cess
o The di sao el REh SEGR ASAAMARE plidks (T S tERp, 1HeRRE 0
subsequent Ithe tabelidgsapsitel eiip @i nhd dirledlisdifted unvhagom (H0 ARG surfhe. Sl fevent S

nost at risk of collision wth the disc surface when the tab is to

departing thetabdm slidingpagk to thei s prircess defentgidatch waay bopioxidad oprbe f oot
of the sya i |.0ad] . (Jher. r

erian oy i utOfe BRI BRRLRSARY, 1l HRGROR e by RESHLF L B
failure is pgeaRdiriotion Hegheeni the Ushiahdl ¥h kon dedacel Waeh gldadsedo ake distiisk
zone where no data is stored. [0007] Although the designation of a risk
zone ensur &§sigrgh a loadinggprpesys mexesithetialy figm the detemiding selssguantly ithy Eansdussr of

the disc ar%xﬁ%@ﬂ%@@mﬁlﬁis is particularly true because the outer region of
the disc contains Hore St orage capacity than other regions. In addition, a
transducer positioned at the outer region of a disc is able to access nore
data sect oneogdpan atTied d1R¥er fsagbN s rigk obcdllisién Withithé disb suFaRByRArthOthbat

tinme. [0008 Unfortunately, manufacturers of data storage zystens have been
unabl el® o AgparEpg e Tamn HEg g lnadingfarpedse At vaen dhe Bhtis abtedset offhe samp age

wi th the hi ' ta.ac ailure. Beca 0SS of i mnmportant or
" epl aceatiiaif e, iiGadlhe BRI FRSSICUS Mitr BREMRIOS hedindr iR O

i npor t ance th dRc.etvbER, risdadBdfl Qtage fHiksd & BecidUba digh, 65 Sis@dll srovied loed to
designate the outer region of a disc as a risk zone, where no data will be
stored. 25 deoendid Berusiceonsfwhers i daa isHtorehi at uri ze el ectroni ¢ conponents,
data storage devi ces have undergone extensive reduction in form factor,

unf or t unat esul t} ' L e. qf Le.ri ar eas
in the di s?gqoﬁor ex‘{%ir%r%?déﬁl tﬁ?\g‘;ls-?% 'r??:lhn E g% gllgl?%%%oerng%ﬁeg g&gﬁ‘?‘\? ét?’ ?%If%gtr&i%gﬁ zone
woul d fr maad hegheeffichtios of thygléslaee stiodedy Q‘hﬁl@?@rﬁ%ﬁlaﬂ? ffa bechub®tha odted- i nch
formfactor disc drive. This results in less efficient use of storage 30
space and dFgiAT fof dandiscorpntains posmlerage nepgetychipacithey egipop 10 additipned of
the for ego'tpclgsddc%:r ¢o%itgﬁl[%a 'élfatl?lle Sufe? re@/ne?faandigcrﬁe raBl\éetg agc%%sa m%%’eoéagzg eem%'rsS fiah hat

is nore efficien N data access afd storage performance, an has an
increased st othegRgivapach tisc Withioth seaBPEesd & tige.data reliability.

[0008] Unfortunately, manufacturers of data storage systems have been unable to
20  reconcile the higher efficiencies of data access and storage with the higher risks of data
access failure. Because loss of important or irreplaceable data is unacceptable, data
reliability is of paramount importance. Therefore, data storage systems manufacturers
are compelled to designate the outer region of a disc as a risk zone, where no data will be

stored.

25 [0009] Because of efforts to miniaturize electronic components, data storage
devices have undergone extensive reduction in form factor, unfortunately resulting in a
greater percentage of unusable risk zone areas in the discs. For example, in 1-inch form
factor disc drives, the risk zone would form a higher ratio of usable storage space as
compared to a 3.5-inch form factor disc drive. This results in less efficient use of storage

30 space and significant loss of usable storage capacity.
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Summary of the Invention 5 [0011] Enbodi nents of the present invention
provi de net hods and apparatus configured to increase usabl e storage space
for storing data. These may include configuring data storage devices so
that data nay be stored at nore than one location within a risk zone, that
is, a zone associated with higher risk of data access failures as conpared
to anot her [9&Hd in t He viewref thetlareseiveaiyés drsirrble to baverasy intnrgvedtdata sterege i ons

i o designaj o h a.ar hysically apart .from.one

anot her . CTRasecnbGs it SR e U3 0s B rINEE b otplorRE bl b M Efage

di fferent Qfdr@gddabﬁﬁtytv@itﬁdnecyh@bhﬁﬁﬁg@ﬁae&iabm@y_one or nore risk zones and
to other zones capable of storing data. [0012] Enbodi nents of the present
invention are particularly advantageous because storage capacity can be

i ncreased easily. For exanpl eSumnmnyi efthe Ineentiennuch as 15 five to ten
percent increase in storage capacity can be achieved for each side of a

1-inch di sc[ ﬁ}hhout ﬁn%r%asi ng@teglee physi cal size of the disc or decreasing
product® r ellP&l| i ¢ y. Embogimens r PISBGS AnRNtER ePTpY g Rgtaodso aads ppparatus
Enbodi nment r i td i be. r LLy d o]

Fol | owi ng. JorarTel SeBefils e iedlonte o’ SRHhe Yot FhEL DAty ekl
drawi ngs. Tonfifaiig ddtaberdgei devites &6 ithpit idata, mhy ke stopdaemor: hunwhellsation

designate |ike str&:(ctural el enents. 5[0014] Figure 1l is a schenmatic
over vi ew of VIR ZtTSKABE Al By a zans asearipied vath Mghoraisko daspagegssaiBilvicsance

wi th enbOdicBﬁlrﬂ)tcu%dq{) dldthePGRE Y theVRY h&g'sto(rg)&léévice. Preferably, the locations

10 designated to store the same data are physically apart from one another. The data storage

devices may be further configured to assign different priorities to the utilization of the

one or more risk zones and to other zones capable of storing data.

[0012] Embodiments of the present invention are particularly advantageous
because storage capacity can be increased easily. For example, in a disc drive, as much as
15 five to ten percent increase in storage capacity can be achieved for each side of a 1-inch

disc without increasing the physical size of the disc or decreasing product reliability.




risk zone.Figure 2 is a partial view of a data storage disc having a data
zone and a [0016] Figures 3A and 3B illustrate exanples of data sectors and
backup sectors 10in the risk zone. [0017] Figure 4 illustrates |ogical

bl ock addressing of the data zone and risk zone. [0018] Figure 5
illustrates a fl ow sequence of storing data in a data storage disc in
.accordance with enbodi ment s gQf : i i Det ai | ed
Description [0019] In the fo ief DesE i fﬂ‘(n?i'ﬁ‘a%n specific details
are set forth in order to provide a thorough understandi ng of various
embodi ment @003} t he pERB&ImchRVAThE PRssehitinwdtlon BeilIURI &5alp adderiiove b rthe t 0
one skilled in the art, that enbodinments of 5 the present invention may be
practiced iwlowag delaied descaiptionfin qeaiwctpreavith thedaecqmpenying dsaviags. To

i nst ances, | kno roce erations e.n e ri in detail
in order nfca)l lkaée ﬁlﬁsn%gé%@gor ﬁ%/elg %%%eél%ﬁngfa?gﬁeél ng%slg(géprgg%?ﬁ 8%’3%5?3% nts

bei ng described. [0020] Figure 1 illustrates a schematic overview of a data
storage sy@oes) 100 t¥ighreclais abehensatid dveraee of slame StomgdeRyashetiniphissitatie t he
present invention. The data storage 10 system 100 i ncludes a housing 104, a
spi ndl e noiobpselipgcesdgics dvithoerabpdimenis phigic arsent ieanioBt or age di sc 112
rotatably nmounted on the spindle notor 108. If desired, nore than one disc

may be nmougpphesy on t hﬁgﬂl‘%té){s 4 Bar{iglr Hed HSGas Et%?zlée%?s%q{mm@ a data zone and a

risk zone.

[0016] Figures 3A and 3B illustrate examples of data sectors and backup sectors

10 in the risk zone.
[0017] Figure 4 illustrates logical block addressing of the data zone and risk zone.

[0018] Figure 5 illustrates a flow sequence of storing data in a data storage disc in

-accordance with embodiments of the present invention.




[ 0021] An actuator assenbly includes one or nore rotatable arns 116. At a
distal end of the rotatable arm 116, a slider 120 supporting the
transducers 124 is mounted to 15 the arm 116. An extension or |lift tab 128
may extend fromthe distal end of the ann 116 for rel easabl e engagenent
with a ranp 136. The rotatable arm 116 nay be driven by a voice coil notor
132, to pivot the arm 116 over L the disc surface to bring

t he transducers 124 into proxi Detafled. B fibn tracks and/sectors on the
disc surface for reading and witing data to the data storage devi ce.

G rcui try, joongl udi ndnathe ofatls@idgedescipion? ueRraiRUipeeitict detdiReard et &re in
assenbly and the spindle notor 108 to control the operations of the data

st or age de¥flgieto pooidy anthomoughe undessiarilingof vepipua rembodimenis e ethat present f or
exanpl e, n ding. W htin he sl j.der. 120 b | from
The ai oo ateeriEcatifbe thddbdy BB Rlerslo St e i Y60 W Gl R B B

physi cal | ythe @sdsem inesht@dAdny bé pRRticddwihantsb@BdrlaYl sfoféRCGpedbicdorilsli &¢
surface. The ranmp system 136,. which is typically |ocated next to an outer
regi on of ether igstarces,1ell kagwn prokerd@paragpegeave mot é@@ degeribedfin defgilimerdenb 128

away from LS L.face an detent. 140 for. retaining the tab 128 in a
par ked posé({%ﬁ%ﬁgnefgﬁ%%%lf’ Ol%gcué%ﬁ?/rgﬂ?ﬁSﬁ%ﬁasd)iteglfbgglgieg&e eé%%é%@fedt he outer
region of the storage disc 112 is known to have an unacceptable risk of

data acces@ope|i | ur e FigeRUSElubitatésa $dhemaBgbRivielhstta dada §BREe SYHELP00 tHae toO
accidental collision wth the slider 120. Since collision of the slider
120 with t¢fe beiused & pgcgedangy withembodiraents of e mugrenioimventionat Ehel dsgasstordger i ng

data ip thi a requc t he ta_i.nt.eqrit f the,storage.syst

Accor dltngl §erhRRnb BRI 0% PR seb P A MR s o o
data wi Il derasé aised 12 ReRRBE MEued bhehsiphfll®hotd 1088 1$ldbdrd, HQ masl ohbe
storage disc 112, the dinensions of the risk zone can vary. [0024] Figure 2

i |1 ustrat edisemdy be mpupteg opvheiinatpr 6o foraa disc Heakiagseaaldy a center aperture
for mounting to a spindle notor 108, a data zone 204 at an inner or central
region of di sc LSk ne 208 at an [ Lon [ $Cc 112
and an edg@bgﬁong th‘é&%%ﬁugtgﬂa Sgrpéﬁ'clgdggest%g oéir%ogg&@? 51%%51%? i1 g(i }%g%celg%% i's

al so knowneraisofl taadétumbRagn 01 quanidbanEh apgoiting tHel@Enddageranea i®moante@us er
region of a disc 112, where the transducers 24 are | oaded or unloaded to

the di Kc 1the anpdiée An ggensiosiordghebA08 may eirndnrars thradistahendhoighe prm 18k of
dat a accesg_f ai h th ta zon 04, t,0 th ornm .
manat acs o or sBkAHhE AL iRl o B e RIS bl BB be driven by 1) | gor

120, the edgee cdlf mbitg 192510 phidd thé ats Ueb byerRafiosddrtabdfahé aisc dadfaesd Ofiage. 15
[0025] In an enbodi ment of the present invention, data may be stored in the

ri sk =~ zonethgignsdre¢rs 4B finte praximy vathadiBerstt travks pred/sactis go the dgssupage e

enhanced b reat i ng...a f the data storgd f.or b up purposes. Shoul d
data cor r useaa 2 WPisle GO A 4hf ot BeThE! Eut Bl AR REBERE 508\ he
backupzecople xtiplddto e dchiz@st aseit@Rghd the spiablcaN@of N08to doREbl the opdigtishatiod

storage systemis configured to wite data to a first location in the risk

20 zone 20®efaie sprrageedoyiost orage, and to wite the same data to a second
| ocation for providing a backup to the data.

[0022] When the fransducers 124 are not in operation (for example, not reading or
writing data), the slider 120 may be unloaded from the disc and parked by a ramp system
136. This way, the slider 120 is physically restrained and will not unintentionally contact
25  the disc surface. The ramp system 136, which is typically located next to an outer region
of the disc 112, may include a slope surface for lifting the tab 128 away from the disc

surface and a detent 140 for retaining the tab 128 in a parked position.

[0023] In conventional data storage systems, the outer region of the storage disc

112 is known to have an unacceptable risk of data access failure because it is the region
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. [0026] A disc 112 may be configured to store data in a series of
concentric, closely spaced tracks, each of which is divided into sectors.
The data storage system of sone enbodi nents of the present invention nmay
be configured to wite sane data to two 25 |ocations using any of several
exenpl ary nmet hods described as_follows. [0027] Figure 3Aillustrates a
met hod f or thal inegshsussertible ta aacidentat rollisipn witht the slides 4 207 Since zoHisiont s thevo

ar eas, eagg']- PIIERAR 'ﬁ% (Qgct L @Q %'ltl cmle ]:ﬁlattarc%ﬁ% Ji()%n&tcﬂta lfg‘sJ Is{o?ih A4t3%n tnis

desi gnated for prinmary data §torage and esntarns 4 €&t °8% 58 Erlnary dat a

storage seft®idlucés3he,dadDhitegdldp of IXBstoRie systerkN EAGRERREY 2F0 DUt Iéﬁish ggat ed
for backup or secondary data 30 storage and contains a series of backup

data st or agdialeprayided@corsk Zowavhesopa dagosil bestereyl. [epepdiogsn thesizaef

i npl e t at i op, of ~Fi At up;.sector t.0 a.prinmary storage sector
IS noﬁoﬁ@'?gﬁ%‘%é 2 Eg.ﬁ #:h% S§§a eg&elgccg%gg.‘ﬁ %@‘%&&%‘?sﬁéﬁg‘ r&%ﬁ LS F%‘?WVW' slider 120
wth a disc surface is typically confined to a sector length, i.e., 512

bytes, havjoog4ft he bakigie ZopysttearLdist N 12ngdvidant bgbokse slesitiite® BNRARES
data reliability, Further, by arrangi ng the 5 primary data storage and
backup seciRsFiaredgamouniingtiecfpindds motor 48%, 4 datayrane 204 6t an wppr endentdlaegioncr oss

t he di anet f,- dj 1 iani ficantl.y reduces r obabi | it f
| osi ng bojt(ﬁfrtp ggls%:lﬁrzr’aérl ?/181%[2 ((})I}%azgozsl %naﬁ%%krﬁ%xﬁgfg'e_sﬁ%cuf@e eans?cfjggea:]on%fge
col I'i de Wi ¢ifvuiriferetlées of Ib¢ fhee 111.0028d riskorde 268 iid |t kadws 2 KREAAKad or
dividing a track in the risk zone 208 into to nore than two areas. Each

area cbht aguasdband apd ércledes phe prge pndataatestregioy of adissaldRuphergtthe Srasduerss

sectors. T reas._ form.an, al.ternati ries,of. pri data sectors (302,
S04, 306, ot §2Bed 85 P8GR Heathe PR RGeS g ok iAo § T D36 e
306a, 308ahighdOfisk f2data3ddass HifRe tBAE the dafa tBhe 20aD| eDBAOtBL i Nnohae

backup sector corresponding to a primry storage sector is non-contiguous
and spacedmapipetuning wridliensendsthy efratigeneot ofteansdusiers 128 qura didgeh@ththeiadlzgal so

advant ageo beca .the prinary.sterage and backup sectors are
non- cont i g%%ﬁ%ﬁlfci??ﬁsnuﬁg%ﬁ)ya%og%’tl%@ieeﬁ%?gwtjgg%e sustained by a primary
storage sector is not likely to affect the correspondi ng backup sector.

[ 0030] 15 hpgo2srbodi nendrSerfiboditentSfaEE peséMSRINtON, daRfndd ®e 3toi®d Mode tigk
assign backup data storage sectors in a track within the risk zone 208 and

di f f erent FsA0BhRehigbidisy pdgia s@retginghe nigk yorra2l8 wapbagehaneed by stealing ¢ he

above enbodi t [ 4 data stora tors _and the backup sectors
mmy be 1 ocPaeptafe 4l SRl P PHoRRofhrisd B TE 858 RrrPRion o8 G B e o

ri sk zone gy stofeddnovd A80zdie 208 Sthe batias cQJEy ar bé 6iiliAdSAsteMdl FRL&hie thET mary
data storage, and a second risk zone nmay be provided or designated on a
second or WpPbshngaai seragueystase it eonfigarddi foswritdi data tanfilstelobasionbiactke piskat a
stor a0y A%O%%r%g‘l%ry primary storage, and to write the same data to a second location for

providing a backup to the data.

[0026] A disc 112 may be configured to store data in a series of concentric,
closely spaced tracks, each of which is divided into sectors. The data storage system of
some embodiments of the present invention may be configured to write same data to two

25 locations using any of several exemplary methods described as follows.

[0027] Figure 3A illustrates a method for dividing a circular track within the risk
zone 208 into two areas, each corresponding to about half track length. A first area is
designated for primary data storage and contains a series of primary data storage sectors
(302, 304, 306, 308, etc.). The second area is designated for backup or secondary data

30  storage and contains a series of backup data storage sectors (302a, 304a, 306a, 308a, etc.).
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25 the primary data storage sectors are |located within the first risk zone,
whi | e the backup sectors for storing backup data are | ocated within the
second risk zone. This nethod may be used if the disc 112 is configured for
witing data to both surfaces. [0031] By creating a backup copy for data
stored in the risk zone 208, data reliability of the risk zone 208 is
enhanced. 0828lhe unflortheimeplementaiion efzigurs vt therbaghumsertior §@ s pamanmsiomdge ri sk

zone 208 i K t or | ost., the backu opy..can retrigyve nd

subst tut egoRBi PEEyBhots Nined Gpel? R TSR efBab Rt RF IR h 2 en
i nventi on, dikd ehrehceXP @ficatlycdontifed &d §|‘§e€t_@f‘fbn§‘@x§i.b.§ 5D, Ny fEs Z REViRY tHeUbdchy
utilizing the data zone 204 before storing data in the risk zone 208. In

ot her wor dePpystasediigit aanonosratigoapsisagtonenhanesis gaadeliability s Fudherhbyytreangngithe i t y
for data sforage . purposes whjl.e the risk zone ,208 b ssi gned a.second
o 1oner oY gRATBBEEE MY Bkl sebfs ARERE S0A00S04% P ARE R it et a
zone 204 i gppkadimitelit Adrdss el didier 8PMeQREN 1 AEMdAR1y B ude teYirSbabilRPabi | ity
of data stored in the risk zone 208. [0033] To inplénent this approach,
Logi cal Bl logikg Astlr Sesprimary |seayzd sndibaadtup alath shoalddihe siideroldcedllidewitbrtbe i n
the disc 1%%68@1; rst set of logical block addresses is assigned to the

i\

data zone ®a second set of | ogi cal bl ock addresses is assigned to
the risk zone 208. To ensure priority of the data zone 204 over the risk

zone 208 fmo2gfat a StEEAQSE BRSHate a thod F60NHidaRta Rickaddicesiesmnt S0P LRGt er
than each of the first set of addresses. [0034] Figure 4 illustrates

assi gnifentmere thagwa hreps. oEkchaater eendains a setidseofuinzary date stFagoer baakupt daar i sk
zone 208. Logical .blo addr esses_rangi fromzero to are assi to

fhe data 20aeS St dheareron in edaife B o Flrorg FPoREICPS M aze
assi gned t3nd, hes,r319k3 2oN€4,208; ctbly bNBadkBh sOREE CTH 2L 03 RANS GRS 3GRCE PIS3i Y, t he
data zone 204 followed by sectors in the risk zone 208, the data zone 204

has a hi gh&adaléa, stcor dgehisrimpidmentatioanthetackipstectoo merrgg@ndinpits agmisnares
that the storage capacity of.the data zone 204,is fully 20 utilized_hefore
subsequent S'&4¢ SF%‘)’EI‘SOP@&'CPWIWBS A pr?"oeﬁea%%b ‘ﬁﬁ_dg?'St lf?v‘?r@lnﬁ?}ﬁqrﬁgd{lﬂé ri sk
zone 2{8 agrdnd8mbmSk HPAABRIBEAR Rcadseths Grildety sidrfledaRXBRRUP GeQbrstie 11 sk
zone 208 is mnimzed.

non-contiguously arranged and therefore damage sustained by a primary storage sector is

not likely to affect the corresponding backup sector.

[0030] Other embodiments of the present invention include a method to assign
backup data storage sectors in a track within the risk zone 208 and different from the

20 corresponding primary data storage sectors. In the above embodiments, the primary data
storage sectors and the backup sectors may be located on a same surface on the disc 112,
Alternatively, a first risk zone may be provided or designated on a first disc surface for
 primary data storage, and a second risk zone may be provided or designated on a second

or opposing disc surface to the first disc surface for backup data storage. Accordingly,

25  the primary data storage sectors are located within the first risk zone, while the backup
sectors for storing backup data are located within the second risk zone. This method may

be used if the disc 112 is configured for writing data to both surfaces.

[0031] By creating a backup copy for data stored in the risk zone 208, data

reliability of the risk zone 208 is enhanced. In the unfortunate event that certain data




[ 0035] According to yet another enbodi nent of the present invention, a

nmet hod of storing data in a risk zone 208 is provided. The nethod can be
sumari zed by a flow 25 sequence illustrated in Figure 5. The sequence 500
begins at a bl ock 504 when the data storage systemreceives an instruction
to store an incomng data to the disc_112. Thereafter, the data_ zone 204 is
ascert ai netfoted i8¢he sk zong 208 is comprich 2% lossalbndackupscapyxsambe wirivag and
capacity a liS,mey be acconplished, for exanple, by
deternlnlnéﬁakﬁﬁﬁfgp@ﬁl&%d?é sector at the maxi mum | ogi cal bl ock address of
the data 30 zone 204 has been utilized. If the data. zone 204 has not
reached it 08RKI mum baprdict ¥mbBdiniche of theqiesegt idaémionsfisld@xpesurdiof fhe ridit a
zone 204 in a block 512. |If the data zone 204 has _reached its maxi num
capacity, FOe 30§dsminigniat by fullysitdizeg the daeons 304 befars gomg dalaimiheerk 516

At the sa [ [ p

ur poseo. 1 2R A pREEN M. iiGridhe DuaERPDAREANE R 8 fhg dhicRRL Y

operating &sb@rapepufiosehahide the rsRebas 308 May bogssidied lheecdndPir talerpriotiky.

addresses hefore storing data to sectors with %reater or higher |ogical
g

bl ock addrP8dds storpchapthe;riskt gome 208 by Mo discd @?@1@91204 ﬁeﬁlﬂﬁt‘l&h%%e b4 has
a hi gher e is fully
utilized féﬁﬂs%%¥F%gﬂﬁg%$§ﬁ%é&%?éﬁﬁﬁgaaﬁgaﬁ?%%§a F?ﬁgu‘E%%ﬁently used
for storing data. However, certain |0 operating systens may choose to

oper ate i n[00B3] r ever e implaeih this @pprosdhy LopigaldBloak Aldrsssiag GLBANAY g to
greater or higher |ogical block addresses before storlng data to sectors

with &hal F@eﬂSé@eieaase%vr@@kﬂ&dm%%@esﬁ firpec7f IWﬂle}GEH %rﬁssswraaﬁlgmﬁg tgyst em

is used in i LB I

appr oo at ol e Rk 287 ot el BEEERlenl IR Bes 5 oS g one

bef ore the2okt do zmsne: Fdstity O ehealith £5:2 294 @fvet the riglaénezZ08efo? Qdta addageh@chi sk
zone 208 al so _be swapped to acconmpdate the_ operating system and
preserve d@ﬁy@ei%fﬂédﬁwﬁﬁd@rysseﬁrﬁg“ré%t@qi haweachof die fiysk gt pleaddmspdsi ty of the
risk zone 208 can still be ensured by generating and storing a backup to
the data s int o n.

[ 0038] Accgmggﬂg to E 5%??%% %gﬁ%ﬂ&ﬁﬁesé%?mgﬁ%%g?dgﬁgégﬂ;ﬂEQ%%n%%ge 208

can 205 be2phand thklriskeoné Q08.y Logichli etk édalﬁessatranghgﬁ@gemw P DS2s asdpred
within the risk zone 208, different areas may have different |evels of risk

for data alclsslatkgong 84 thersaften blpck addissses ramgmgerom k1o ioni+boge ﬁ%&f@ﬁl to
the ramp 1gf Gthﬁmﬁ%hetm %ﬁx}g}%ﬁ | RethQRHE ;fhdeé%F Qéctéip kr?ﬁlg%ﬂta zfo’ﬁ qulo
S O a al Ul’t I‘ om

surface hav r'i sk a access ure an dar eas

the ranp ﬂ;,B@ectmlem&xe rigkntofa Q08 e slanf zoha 1284 30 b dfithes WSk SMGRageriEhpaRe t o

utilize the risk
the risk zone 208. This ensures that the storage capacity of the data zone 204 is fully

20  utilized before subsequent data is stored in the risk zone 208, Thus, by remapping the
risk zone 208 as the last storage area of a disc 112, field exposure of the risk zone 208 is

minimized.

[0035] According to yet another embodiment of the present invention, a method
of storing data in a risk zone 208 is provided. The method can be summarized by a flow
25 sequence illustrated in Figure 5. The sequence 500 begins at a block 504 when the data
storage system receives an instruction to store an incoming data to the disc 112.
Thereafter, the data zone 204 is ascertained to see if it is full and has reached its
maximum storage capacity at block 508. This may be accomplished, for example, by
determining whether the data sector at the maximum logical block address of the data

30 zone 204 has been utilized. If the data zone 204 has not reached its maximum capacity,
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25 zone 208 partially, such as only seventy percent of the risk zone 208.
Even with the partial utilization of the risk zone 208 for data storage,

it woul d be appreciated that storage capacity of the data storage system
can be significantly increased. For a one-inch formfactor disc drive, the
I ncrease in storage capacity can range from about five to about ten

percent. Podwomins Ap isvipisdiimim dalarone 04 inghdedm! % JI theoleér zooe1208825 n t he
art from C&E@reﬁ s %dx‘ﬁﬂu&fca%bgtly;ﬁ)[%(ihédnﬁﬁ% '(c)i%% i%‘%greg R0l Sk cf%;‘% r&&f HPJ fRapt

i nventi on. hernore, ce erm no een use e purposes

of descri p§iéveActhakhmy tinRNE cBSf of e ldari it gitated SREAbrel MYERick @M purpbgs in
enbodi ments_and preferred features described above should 5 be considered
exenplary,aQPPKS the present invention being defined by the appended cl ai ns.
10 What is clained is: 1. A nethod of configuring a data storage disc,

compr | sguRgEY! 8.8 RS, BT BRI B MR I3 ¢

with a hi gheting kakllaflogrbBbRek esldrdseds! buferet faind Aeadat @cianevithdgghignati ng a
first location within the risk zone for storing data; and designating a
second | ockigh@dogiral plerkiaddressesk Heaere i the foteaping dessripbpm ths datheonead04 hes or ed

in the firgt. 190.4.10,2. . f.clalm 2 el Nt
BN N R B
data before the risk zone 208 is subsequently used for storing data. However, certain

10  operating systems may choose to operate in the reverse manner, i.c., storing data to

sectors having greater or higher logical block addresses before storing data to sectors with

smaller logical block addresses.

[0037] When such an operating system is used in conjunction with the present
invention, it should be appreciated that the risk zone 208 may be utilized for storing data
15  before the data zone 204. The addresses of the data zone 204 and the risk zone 208 may
also be swapped to accommodate the operating system and preserve data zone priority. In
each scenario, data reliability of the risk zone 208 can still be ensured by generating and

storing a backup to the data stored in the risk zone 208 according to the present invention.

[0038] According to embodiments of the present invention, the risk zone 208 can
20 be partially or fully utilized for data storage purposes. Even within the risk zone 208,
different areas may have different levels of risk for data access failure. Generally, areas
in the risk zone 208 nearer to the ramp 136, where the arm 116 is loaded to or unloaded
from the disc surface have higher risks of data access failure than areas further from the
ramp 136. Hence, manufacturers of data storage systems may choose to utilize the risk
25  zone 208 partially, such as only seventy percent of the risk zone 208. Even with the
partial utilization of the risk zone 208 for data storage, it would be appreciated that
storage capacity of the data storage system can be significantly increased. For a one-inch
form factor disc drive, the increase in storage capacity can range from about five to about

ten percent.




3. The method of claim2, wherein the first |ocation and the second

| ocation are |located on a sane surface of the data storage disc. 15 4. The
nmet hod of claim 2, wherein providing the risk zone includes providing a
first risk zone and a second risk zone, wherein the second risk zone is

| ocated on_an opposing disc surface to the first risk zone and wherein the
first |ocal®3N i s wi©icn embediments willshe 2ppraerinie theee skidleddnl beaart diom s

b i noeotSEEioh ¥ né Bhes6@RoR and etk Re e Phénight' T Elflermors, o

and assi gnii@irticBRinondy Bas Bédnt el @6r thE ?ﬁipagesdﬁ_td@sqr@tibaelaﬁ' s lind 860 1MIET €i N
the second priority is lower than the first priority. 25 6. The nethod of

claim1, fiewRsenicioipitios ntheaersbaeghingris and ipreferresefeatitesadpdertbpdeabove shawdd dat a

o " the Seotnaoifef SERRAY, 38ty Mo PeshlrRFhuioR oiciie BriBF Tpe pBSiFe, °2°"
addr esses. clgighsl 1 '
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7. The method of claim11, wherein the risk zone is |ocated at an outer
region of the data storage disc. 8. A nethod of storing data in a data
storage device, conprising: 5 providing a data zone; providing a risk zone,
wherein the risk zone is associated with a higher risk of data access
failure than the data zone; assigning a first set of addresses to the data
zone; assigphg cRimefRNd set of addresses to the risk zone, wherein each of
the second 10 set of addresses is greater than each of the first set of

addr esses; and pt origgn daoijcgnﬁggfgﬂ#aséfatgﬁﬁ%gggg E&F‘}PSE od of claimS8,

wherein storing ‘data in errs e i nc or'|I e data in a first

location w thi nproviding ssdatz ome oAk ddiostbiage dise,opy of the data in a 15 second
non-contiguous location within the risk zone. 10. The nethod of claim9,
wherein the fi rEpvidianga righzensiithe dafa stomanel digatihereimthe risseane s srodatedine
surface of i 396 di SC.. 20 11, e hod of claim9, wherein

provi d;%ng }ég?ili@ﬁlsltzl%{]e IF]aC Cé‘gﬁessfa‘g“rr?)\%}}a&;ﬁegdagg%?‘}%t ri sk zone and a second

ri sk zone | ocat®digaatifa DRPRYbIG Withie tBlfiflesmelfor dorlisdutguhfd ace contai ni ng
the first risk zone, wherein the first location is within the first risk

zone and the sedssigaatingaseendilecalion hiithin Hee Bkcomg for siering aecoppof il dathe
nmet hod of &&r%hm%b%%ei.n storing data in the risk zone includes storing
nt

the data i & Firsk zocnaélo%'nl y when the data zone is fully utilized. 183.

The nethod of claim9, wherein storing data in the risk zone includes

storing the data in the risk zone before the data zone is utilized. 30
10 2. The method of claim 1, wherein the second location is non-contiguous to

the first location.

3. The method of claim 2, wherein the first location and the second location
are located on a same surface of the data storage disc.
15 |
4. The method of claim 2, wherein providing the risk zone includes providing
a first risk zone and a second risk zone, wherein the second risk zone is located on an
opposing disc surface to the first risk zone and wherein the first location is within the first
risk zone and the second location is within the second risk zone.
20
5. The method of claim 1, further comprising:
assigning a first priority for storing data to the data zone; and
assigning a second priority for storing data to the risk zone, wherein the second
priority is lower than the first priority.
25
6. The method of claim 1, further comprising assigning a first set of
addresses to the data zone and assigning a second set of addresses to the risk zone,
wherein each of the second set of addresses is greater than each of the first set of
addresses.

30
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12 14. A data storage systemconprising: a disc; a transducer configured
to wite data to the disc; and circuitry operably coupled to the
transducer, wherein the circuitry is configured to 5 cause the transducer
to wite data to a first location within a risk zone and to wite a copy of
the data to a second |location within the risk zone. 15. The data storage
system of clai n-14, Thremethad chelagedondicteoctheirish zore SHywteskat|ap cafraresion om
the first i,on. 16. The data storage system of claim 14, wherein the
first Iocd%ﬁ%%ﬁéﬁamW%gdgﬁtond | ocation are | ocated on a sane surface of the
disc. 17. The data storage system of claim 14, wherein the first |ocation
and the 15 second location are arranged on opposing surfaces of the disc.
18. The data stbrageAsyethasheistoringadain ing dajhderagndevice, demprisiogie i s assi gned
a firs% set of a dressq;tto the data zone, the risk zone is assigned a
second “set of dﬂ'V%@E%%‘%%“Pﬁe ri sk zone, wherein each of the second set of

addresses is grgaiiding HaRk ©86¢) Wheréilahd Qisk 08¢ iS8koQhte@delitrs $8her %8k of he
dat a storﬁ‘gﬁe system of claim 18, wherein the circuitry is configured to

utilize thdata peskssAeiereitlnn the dath agnajat a only when the data zone is fully
utilized. 25 20, .The gg;akstqé%@e g%ﬁt%$1$i claim 18, wherein the circuitry
i's configured t HOGHE ALES e O ARSI R Mt 1B ng data before the data
zone is utilizeglsigning a second set of addresses to the risk zone, wherein each of the second

10  set of addresses is greater than each of the first set of addresses; and

storing data in the risk zone.

9. The method of claim 8, wherein storing data in the risk zone includes
storing the data in a first location within the risk zone and storing a copy of the data in a

15 second non-contiguous location within the risk zone.

10. The method of claim 9, wherein the first location and the second location

are located on a same surface of a data storage disc.

20 11.  The method of claim 9, wherein providing the risk zone includes providing
a first risk zone and a second risk zone located on an opposing disc surface to a disc
surface containing the first risk zone, wherein the first location is within the first risk zone

and the second location is within the second risk zone.

25 12.  The method of claim 9, wherein storing data in the risk zone includes

storing the data in the risk zone only when the data zone is fully utilized.
13.  The method of claim 9, wherein storing data in the risk zone includes

storing the data in the risk zone before the data zone is utilized.

30
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14. A data storage system comprising:

a disc;

a transducer configured to write data to the disc; and

circuitry operably coupled to the transducer, wherein the circuitry is configured to
cause the fransducer to write data to a first location within a risk zone and to write a copy

of the data to a second location within the risk zone.

15.  The data storage system of claim 14, wherein the second location is

physically apart from the first location.

16.  The data storage system of claim 14, wherein the first location and the

second location are located on a same surface of the disc.

17.  The data storage system of claim 14, wherein the first location and the

second location are arranged on opposing surfaces of the disc.

18.  The data storage system of claim 14, wherein the data zone is assigned a
first set of addresses to the data zone, the risk zone is assigned a second set of addresses
to the risk zone, wherein each of the second set of addresses is greater than each of the

first set of addresses.

19.  The data storage system of claim 18, wherein the circuitry is configured to

utilize the risk zone for storing data only when the data zone is fully utilized.

20.  The data storage system of claim 18, wherein the circuitry is configured to

utilize the risk zone for storing data before the data zone is utilized.

13




