;e3enT"6Tnch# p 1 MAY 2003 METHOD AND APPARATUS FOR DI SK SHOCK PROTECTI ON
BACKGROUND OF THE | NVENTI ON The present invention relates generally to

di rect access storage devices, and, nore specifically, to shock protection
thereof. A direct access storage device (DASD) in the exenplary formof a
conventional conputer hard disk drive (HDD) includes a data storage disk
havi ng t housands of concentric data tracks al ong which data is witten or
read magnetically. The disk spins during operation, and a transducer or
access head flies atop the disk surface on an air bearing to prevent

undesi rabl e contact therebetween. The access head is supported atop a
slider which effects the air bearing upon spinning of the disk, and the

slider in turn is supported by a suitabj.e suya%%h is selectively
pi voted by an actuator to position the acces t speci fic one of
the data tracks. Hﬂmmmmwmmmﬁ for portable conputer applications

requi re higher tha | evel s of shock i nmuni figsieeOper at i ng shock
of the order of 1200/ 3ngehes» kNOown to cause damage to head-di sk-interface
(HDI'). The mechani sm for HDI danage during operatin s not wel |l
defined. Thus any systematic refinenment to enhance mwmmm”mmm,m[ hr eshol d of
HDI is yet to be devel oped. Other than renoving the slider fromthe
surface using Load/ Unl oad (UUL) technology no other prior art is knovvn |n
this field for avoMETHQODt AD HAPIPARANTASEFORIDISK SHOCKHROTECT®ON| | der fromt he
di sk surface and then reloading it back again is time consumng, this is
done either intermttently or during power-down. 0 ~ MAY Z003 Hence) a
technique for mnimzing the HDI damage w t hout conprom sing perfornmance
during operational node is |der in a HDD renmai ns
nostly in an idle operati ngg%%%{ggﬁadé€m ngﬁgﬁl ts nost recent
read-wite, or access, operation. The actual read or wite operati on takes

onlyafraction theo n ime in . a |laptop a ication. user
Gats i's stored i i eiReEeegtipmo T stes BenarRudin B HPo R Rioredt Ve By T ace.
An out er di aneteespdeiinaliynty shook protectiedittmadotd for the slider to rest during

t he nonoperating ition. The vul nerabjd, t hi i a is that
the slider is poét\l ﬁ}gﬁeé&%\%rsﬁ?rﬁée twggzt)drf{eéécjuﬁ W& gﬁﬁr&g%&r &wlhntg*t nes,
ijntcl ud:c ntght heoniveltionalochenputér rarchdigk diivar (tDDjdnaludes la data plocage disk bhwrmgd_et t he
ata i e e . itions,
the sl der t 00Nt BYeoppatir e (FRpElonb flch Bohe AR PRETHRBUGAP
bet ween i t seTHe disttispinsdudng kperationp ded atrenadhcmloramelss _laela_lqoﬂieqmnpltrtetnis\v to the
o ane of ¢ hesifeskof 8 of 84ighb roib S5 Andlfadl AR e o L1 0"
slider and theadds §HPR§>GP-¢@&D aSidecyhtch@ﬁwsﬂmtmbh%annghuaan |39m8lp9 ®hitheg, any
ot oot i ve. g and et A sbiRpl B oSl Ealdpnaidh WA SO
under neat h. Riyotedhby angctyator @mmﬁtt@n dhe ﬂCQQﬁS ae@hatvm ﬁ@e@%ﬂnﬁj@tfttae idatast or ed,
the damage tyydkhe magnetic |ayer can result in irrecoverable data |oss. The
exact mechanics | eading to HDI dama%te under operating conditions is not yet
vel | under st ood. Haf gishedrivaefer pertable: sempyier apricaiiegsreguires higher thansk
contact due dqpvéiiieRdl ¥Rl SUREHE mt&”%faﬁn@%ﬁfdﬁ( Ty tr.gr d8eaISi2bt

accel eroneters were nounted on t arm Ive angjét he out put
noni t or ed whf KBoWX {o-fayse damagk & hﬁded'%ﬂ’leﬁw (HH).i heg mgskanism #rdilk r equency

noi se out putggpfa b%rﬁn@”éﬁ&raﬂnﬂdb&ﬂh@ﬁ' i Gk Qe Jbﬁhwenrﬁueeanv bfledmaied the

di sk. The contact threshold I's fairly insensitive to sl position, but

sensi tive tde&nemant MJP@@"WP dhenfailyre (S'Fffﬁ%hqpr gt ie YPh@rQ@a@%’eloﬁe%ut put, the
contact threshol d)ﬂ{efr%arﬁm?ﬁdﬂll@u{h%esﬁldw ﬁ&nqﬁ@'dﬁméﬂdgé&hsuﬁﬁioﬁmfd%ned to

occur at about 125 Si nce Y 2003 errors were seen in
drives that (WAt B 0'9%1'\90@3%{ P’l?’sarﬁb@k@%!ﬂ indais tlietdsloy aveidiag the H@ncl ude

that data | QamagecBinte BABAdIRY i sliddr i@ th&lbisksirfabé 8Ad then reloading it back
again is time consuming, this is done either intermittently or during power-down.



Experimental testing of conputer systens indicate that shock | evels on disk
drives can exceed the operating shock threshold easily. Shock levels up to
about 582 g's were seen on the drive when the system was dropped by a few

i nches. Since any user is likely to subject the systemto such drops due to
| nadvertent m shandling even when the unit is operational) the probability
of data | oss due to HDI danmage from operating shock remai ns high
Accordingly, it is desirable to increase data integrity in the data storage
di sk subject to shock induced contact between the slider and di sk surface.
SUMMARY COF THE | NVENTI ON A data storage device includes a disk having a
surface zone for storing data, and an access_head nounted on a slider for
witing data to and reading data from_he daﬁdlamAyizgﬂs head flies across
the data zone to access selected data tracks during spinning of the disk.
And, the slider seeks a predeterm ned shock buffer zone atop the spinning

di sk during Hh'hcéd|aeté6ﬁﬁ|igué Ofor Qﬁlﬁfmlﬂhglghé hﬁoetd@magy Witk dontbiemmingont act
bet ween the slid sur f ace. BRI EF DES PTI ON OF THE DRAW NGS The

i nvention, iASTAEESCE AvERd \ﬂP?’ﬂ“‘}S‘FmeF’?éﬂ ighfy des! ary enbodi nents, together

with further’ obj eRé SicBPM ANDDERERS rﬁoBWiﬂan idllk DpErafiry pa'ﬁtrohc‘dek@mirméddescrl bed
in the follow ng detailed description taken in co_ﬁpﬁgnctlon wth t

acconpanyi ngYdtafioslgEeceR (ReFite, Fprodcaess, grerafion.. h thi aptual @Ege%'em“&t i on of
an exenpl ar yopdestign $dikes dafy & fudtior of tt(é opd\»%’ﬁgamﬁb?mf@rap@pmfph@d@ibﬁ Thapt op

conput er i ncl ud| ng. a data stora haV| n edet e shack buffer
zone t her eo¥SPhd aégéstﬁtﬂféﬁd%“\ﬁ "EQ‘? @é q ﬁb%’@l‘ g%‘ ep¥sent

I ln?/ent i 0{1 dlauw#rdiaraeters Ia’ﬂﬂm@f‘&oﬁég§@e§|@étbﬂ gor m‘e $liaer ﬁ)ateEt EU?@Q@ dmsk |

[ ustrated I n ure n 0C U one an
idling sli déqpegaﬁ é’&f“éi??" Ofgﬁr‘g"'@' ltya °EBH%r?ﬁ?£Hra§'8'br'§§%t‘ ?l% of the
CﬁrmUF er il Ipssitisrddesier theFdigarencldinngl aldipemtihy @imdsyt iaclading awcidiéembes: mount ed
t her el n, rrver

Al ter nat i ve TEOn AN PSR SOCRIPEP o GRage Ji Brtat He LRI XA of an
exenpl ary f @pseifdatishe shock buffer zone driver illustrated in Figure 3
including a del aMnée'r ngggeratlrr]xg condmons the slider flies over the disk surface by
maintaining an air bearing between itself and the disk. A moderate shock applied
perpendicular to the plane of the disk can cause the slider to move significantly.
This motion of the slider can disrupt the air bearing and cause contact between the
slider and the disk surface. Since the operational disk is spinning, any contact
between the slider and the disk can resuit in damage to the protective overcoat on
the disk surface and to the magnetic layer underneath. If the contact occurs over
an area where user data is stored, the damage to the magnetic layer can result in
irrecoverable data loss.
The exact mechanics leading to HDI damage under operating conditions is
not yet well understood. An experiment to determine the onset of slider disk contact
due to shock was conducted, In this experiment, sensitive accelerometers were
mounted on the arm of a 2.5" disk drive and the output monitored while external
shocks were applied. An increase in high frequency noise output of the sensor
indicated contact between the slider and the disk.
The contact threshold is fairly insensitive to slider position, but sensitive to
shock pulse width. From a dramatic increase in output, the contact threshold (for
shock pulses with medium width) was determined to occur at about 125g. Since



Figure 5 is a schematic representation of the data storage disk illustrated
in Figure 1 having a sequentially relocatable shock buffer zone in
accordance with anot her enbodi nent of the present invention. Figure 6 is a
schematic representation of the data storage disk illustrated in Figure 1
havi ng a shock buffer zone at the inner dianmeter thereof in accordance with
anot her enbodi nent of the present invention. Figure 7 is a schematic
representation of the data storage disk illustrated in Figure 1 having a
shock buffer zone at the outer dianeter thereof in accordance w th another
enbodi mrent of the present invention. DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS) Illustrated in Figure 1 is an exenplary nobile or portable

| apt op conputer 10 including therein a.data stﬂr‘thAH(ng Q 12 in accordance
wi th an exenpl ary enbodi nent of the pré&sent invention. e storage device
12 is commonly referred to as a hard disk drive and is shown renoved from
the COMPUL €1 el ohbrsyétesBer il GHvek ik bl bEdn Qfe2R11B'shAtks dPeboliOfeob
present invention, the data storage device may take any conventi onal
form for suiangbtap canclutie thatisiata loss ecsursr snediafigy sliderdisly eontacto1l MAY 2003 a
data storage dis . Iy i ant di sk 14
is a conventi onakxﬁl&éenﬁ'ggﬁpgé?%%%c g%@tgéﬁ%g/e %‘étl és{ltﬁ%:’é Zeggﬁé)é‘ne Ically.
The di sk 14 dixes san pxaeced it pparatingr shaclethigsheld egeifyi rhocks leyalsaipitp@bdutor zone
14a whi ch i Segshny i {3y an i nner
boundary 1435da2{19% %n{ %éléenr thlitrgenrr%'?éw %#ﬁ%hﬁ?&ﬁ?@k@acﬁgﬁﬂaeﬁ %wu? g&mﬁa’ary 1l4c
near the outSincedamniserris dikely he subjedt. theispsteratta speh dropa duestodazdvenrientonal | y
configured f i rd: i i

ypi cal 1y i raEaTRRE LT Wbt Fir(IS opefrl s BbadlY 8 @R 5 oF'8, |

sui t abl y noutRledpmagei from operatingdshaek remains highconvent i onal el ectrical notor

16 whi ch is suit ablorsiRGYaT 8bebifibiesR!iRibAd dila ihRhAY ifte!dd® dbile tiskat 2
suitable rotati ona+ s‘pée]gﬁ % \?/%u'en des| reé(}.q I n? Ior%@? |.t oemagneti ggh&y access
the di sk 14,subjegloia\abnek tused eamtast between theadlidersandrdigiisur®Ce.s nmount ed on a
slider 20 for magnetically witing data to and reading data fromthe data
zone 1l14a. Conventional suspension and actuating neans 22 are provided for
flying or selectively traversing the access head 18 at various tracks
positions radially across thgydriagyzoraHEARVERNTON | Yi ng nmeans 22 include a
sui t abl e suspensi on 22a whi ch suspends the access head 18 and slider 20
above the surface of the disk 14, with the suspension 22a being suitably
joined to a convaighiaisthgd E&Vidd iRBludE A d@stiavidgla sifthéehzdne f&fs‘t&ﬁgldwa,f or
traversing or flyi ng t he head and sl jder radial Ig i nﬁrdl% and outwardly
al ong the did8EpiasAess hegd Jartintadson R &liden iAr WikRg,datd fo,andregaing Pt freR 14, The
act uat O\rNh _ZZEhmatzaﬂree Py hezaTisy doredaahe Gaa ﬁbnesmgﬁc@g ?gbmi@@ traﬁk'sCﬁ coi |
not or, ich i.s operated to position the access hea t .any of the
racks bot weuiiia ABRRGOf e S, Ab B ik 366 4 aceeried PG Bt age
gzvi %ﬁ 15_ i Eoba'aioparléwpmnﬁtbwﬁe%minbarﬂmrmdéem ﬁﬁhﬁh'lmy:ctﬁéreio_t Qn)?ng_oROHt roller
: e dis ontro r e any, conyentional formincluding
suitabl e el gy@pﬁp&ntﬁrb@ﬁyﬁew‘arsﬁ%ﬁpagf%%acgm nni ng of the disk 14 and
flying of the slider and head thereon. The typical disk 14 may include a
conventional Load/ Unload (UUL) zone 14d at its outer dianeter to which the
slider and head are initially | oaded into operational position atop the
di sk 14, and from whi ch BRIEFSDESGRIPTION OFOTHE BIRAWINGS and head are unl oaded
when desired. Load and unload typically requires hundreds of mlliseconds
to effect, with correspondi ng rubbi ng wear between the conponents.
Al ternatively, tTe imvertltiofdinnacgoidandeudrith pretavreticarid edemptans empoditBB)s, zone 14e
at together with further objects and advantages thereof, is more particularly described
in the following detailed description taken in conjunction with the accompanying
drawings in which:

Figure 1 is a schematic representation of an exemplary data storage device



its inner diameter which provides a rest zone for the slider 20 to be
tenporarily positioned during a power-off or non-operational condition. In
this node, the slider 20 noves to the CSS zone 14e and rests directly atop
the di sk surface when the disk is powered down. As shown in nore detail in
Figure 2, the slider 20 is conventionally configured with one, or nore,
rails and corresponding surface area for effecting an air bearing 26 which
supports the slider and head vertically atop the data zone 14a at a
suitable gap G As the disk 14 spins during operation, a cushion of air
devel ops between the slider 20 and the data zone 14a to suspend the slider
and head above the data zone 14a and nornally pr event cont act
therebetween. In normal operation, thegefore, JthdjA Z'Qgg 320 slides radially
i nwardly and outwardly over the data zone 14a to address any of the
specific data tracks therein in a conventional manner. The slider 20 and

head 18 do néra mabIQCIhpbPeordpm& |ﬁ¢lﬂdiﬁg3§dat§ stokugerdwrﬁﬁngh p'té@ﬁtedﬂfn@dzgne %ga
amage | daer

for preventi si rab

o posi L+ oneSay BiTel anel o, eAcoadan P 281 SHeDRBk FRHRITeLS! Menci udi ng
the idl e nmoggeseheineémionhe slider 20 is sinply stationary at its last access
| ocation awaiting a s al edt its next lLocation. |n_its idle
node, the sli derggt')reréaé aﬁ%%épc{) stﬁ?)fjat?ﬁépr%%ﬁ gf%@ngaﬁfia ’\r/]\ﬂgwesubj ected
to excess: vahﬁhgmlg dpﬁgsn p%eﬁng&lﬂbuﬂer o amd I_Hlmgkleecmﬁmatdpr 10I ma?/ underﬁo
a vertical shock_load designate i jcularly to the
surface of the dfgwed34|§ %?Fge@ﬁ%wpreésa‘a@" af tg? §8mP‘I' @ysﬁ%&ﬂm H9¥Pgure 2
whi ch can caussudiftethe datiestorafe tjevuwmamted hmeret}ataad a@ineerlidpinwiemerttihg ai r
bearing 26 igs b'?? ﬁ&p@d due .t o exceﬁﬁe ﬁ nt act of the slider 20
with the spiffPPghBUlE 2008 4 xangsiter ‘{19881 Y815 surface thereof and

t hereby corrupt Figyredfisaa séhematic aépbmntahm roubdnedem;ﬁglyofbrm lof trecstayclance with
t he present ventlion as, | t.r ure -7- 01 MAY
2003t he. 1 oPHIES 200 v isratfR h Hotizs5 el pclan e Petel g or seoki ng
the slider 20 toFugurprSadetsehemat&deﬁlesm«atBufdfme déatan sto(EgB AiskIMystratedvin i n

Figures 1 a th i nni i Q) he. dj sk dle de when
data is neit Fe J\ﬁ%]af’ﬁg ?%ﬁlﬁhtiéw 3%3%%5#6%%%&9@2%@ r_da[u_? W8 2 shows
t he basi c canatbgrt erobodihent SBIheSPresdnd rimientica. porti on of the nor rral data zone
l4a is reserved i i I e . he idle
node. The di sk sﬂg SSQ’L a%%ﬁen%g{ic rﬁgr@?@tétfoﬁ”’b‘?ﬂ' &t‘ gfofagré%l%'iﬂg%gahy ot her
regi on on t riguch $Iha3mg faasmclbtmﬁertmde)@&theatlnéicdlalnelsrethelfebf @sadoordapee nanent
st or age. 6%5""'" St | servo-pattern necessary for
track-foll ovvc/ng\r%ﬁé@érke& b %tﬁ{p@?éﬁﬁﬁ\fs‘g%&ged with SBZ, the slider is
progranmmed to reftigure 7tlaatsnhernait¢trepresantaune db tfefdata :torageaiiskeuuscateplneu ng a
read or wi S t he
chance of cggr upt |h%e‘h§ tégkk)a due Tab edlﬁggﬁaﬁaﬂo{ﬁgk&?ﬁjﬁg@e né% a
smal | but cyﬂh@hﬂth@'pemmdlmg\tsmdhﬁ(pnesenttlnueattprbe i ncreased to nuch Iar ger
value with a tow probability of data | oss. Accordingly, the SBZ 30 shoul d
not contain any data requiring high data integrity in the event of damage
thereto. However, the SBZ 30 may be used for the storage of tenporary data,
or recoverable dat apele@imiph ﬁa‘q@g Epy table for
exploiting full storage capgg‘r?y ﬁﬁéﬁ%ﬁﬁgﬂ di's ﬁ??ve 12 can be
programed such that the slider 20 returns to the buffer zone 30 either

i medi atel y aft qiysgu@BYn FRa/ 1iahe bRa dbil€'o lo Bptdp| me has
el apsed by using ua Sui t%rﬁe |rr€r 5 ﬂ @th : rﬁ%ema? ?%%PICBﬁpbéggure 4. 1t
i s well knolRsludingt thekejs @aﬂat@s%@fége)fdemné @ gka@gordaece Wit é@r@@maw ncl udes
bursts of aEFnbU tn¥ntf &1 Bee| accessed.
In fact) nost dh nte é’t‘ﬂ@ﬁ?’?g"r‘fgﬁ%e sﬂﬁé%e e%g?h@ocﬂt@ﬁ@? $efEfe?éddr ive
depend on tWeasoﬁ bwdweﬁkrﬂgwean@lsrsﬁwwnmowrfrow B camguiat 1 @ ineFiguiey! foor short
per i ods. - Cepgt!dr plesehich. S bulfbr i HEERE FRANMA| he A o aﬂsgéla@wcé gads in a

new file, updates a file, | oads 1 n program tion, the disk is
accessed by"‘@héak@p%!\yaﬁOPYﬁj‘t'g‘ﬂtf@m Pblsu‘ﬁbl’/t‘wélng ﬁé%@ﬁ“@v@?ﬂ!ﬂméataﬁm"s type of
access al so consists of a small period of many accesses during which sone
pages from nmenory are




0 ~ MAY 2003 witten to disk and other pages are read fromthe disk and

| paded into nenory. Typically, such page swaps occur when the user swtches
bet ween two application progranms that are simultaneously running: the
programthat is currently active is witten to disk as it is sent to the
background, and the programthat is inactive is reloaded as it gets sent to
the foreground. In order to gain better performance at the expense of data
reliability, the slider 20 can be allowed to remain over that data zone for
a small period in which disk activity is expected to continue. The tiner 32
can be adjusted either manually by the user, or dynamcally to provi de good
performance whil e providi ng adequate data protection. Accordingly, the SBZ
30 provides a method for enhanci ng datg.i nt eggi in the data zone
1l4a at the expense of a small reduction in 08@ t“MZﬁﬁat orage capacity.
The access head 18 flies to various locations in the data zone 14a for
witing dataathtr storagediskeladi ng data therefrom During idle) the slider 20
seeks to or is sent . to the defined SBZ 3Q so that.an cessive. shock wll
Ub he st der 20N dhe cemind eihodsa YoslRt (RS iR Ls i BeBPEBIBA der | ned
by the SBZ 3fMagdticsdiskiin which-daja meayZhe stbredahagheticall) dihd k71 483Hahavieat
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position as Tt I mpacts the an occuf’ at sone
di st ance awad sfitaple totationad rspeed Rovhen desiredae i dl i ng sl i der The wi dth B of
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si dewar d nntacmss)headqéasﬁ moented oon 3 Istidec 20wiot Imagneticallys pting datattocand The si ze

and confi gur ' e [ si ze and
configurati or%g%lﬁé]t g h%ﬁdtgfgéftf 56:11% g%%:eggk éﬁt@%i%%ﬁ%s*&ééﬂ gafjént{agnded to
cover a pr ed'é@%ﬂsrﬁihé@ provistesti fos figing o selretivelydrawkiising the ascessdwerdti® athock
damage from C

convent i onal‘}Iarﬂm%‘rzlha&)é 60‘%0'% d‘ﬁ'ﬂﬁ| ! %gr°8$?ﬂés&éélgené %41 %% (ﬂﬁﬁé nfé'aﬁns t2’e9'd to two
radial ly spd&@'dﬂeaﬁé\d'iab&nwm&%a Wh'FmSllslﬁE@ﬁScﬁjhfaF@Qﬁsdleﬁd)HB anfsliderdamaged
regi on bet wegaroh i g data,
wth the SB7 THEr egg%%mﬁﬁgzhg%fg%i%“ﬁéﬁf%ﬁ’b*"“&%@:ﬁ

annul ar bandQ & quBY&nhtensa, ROY ®r saffestive;fos traversing of yingetheDD f or
greater See%eﬁ&%ﬁ&%@'ﬂ% lll/"ﬂ%‘a\‘@i anc?bl.% Q%&SQH%E%CUERWO 58&5%? Et he
overal | capacity of rlve at only one shock buffer
zone be used"d"l'ﬁ%ﬁ'é?‘isdﬁ‘lth?d‘sl‘ hé Emﬁ)eqtumrfa?érm%nbe meerwpa@éqrnanyMere

on the di SK stk b3a%pdaPYIdiTIG funioR rpRAR BHBsiibiP ik d:8blHiess 19dvant ages

and di sadvant ages are discl osed bel ow. f1xed er zone 30 can be
pl aced in t (3 3Ry Qhithe teeks H@“’&P%VJ‘%‘OFQ’@@ outgr QOHEdQﬂP%IMPﬁPd di aneter (MD) as

illustrates in Frgggge st%rayéche@rce-ﬁb@s @blbél@%)ﬁl&‘?é&é‘ﬂh%ré)&eﬁce'\@ fAgds! S 1N

terms of potenti al @? nprovenent. Since the data be spread
out on ei t h&@Wwngogiolisr 24. h@h%@lF"F %9““'2“%@4 Wé\aae/é%ej@ve@@nahferﬁgmﬁlu#'@g access

the data f0|shﬂ>ahlé1§|e%!i’od|djbi%tﬁt§ 16recbrfiifhg kﬁgwaf)m& sk 145%6J‘f?‘ynﬁg3‘§€th8”| y when

the disk is p arI A di sadvant ag acl ng er- zone at MDis

the increasé %/‘h rGﬁ‘dtq‘lﬁfeﬁfﬂrf f dpe z'«)iﬁéa‘t@s'bﬂ&vm& '§9’Pﬂ%1tﬁ Sorvangenal or
shoul der s Om.oB@’Uhloﬁdi GoeLf Apeaad at i?ssmﬁé}camnété} tb\vihith@he siideP @ndThékirar et er  SBZ

30 bifurcates, the data zone 14a into three portions or regions |nclud|ng

t he unpr ot e Y loaged inte, prerationaiposifion; atep-the d'sér?d anghiram adhichghe siidear

portions radially inwardly and outwardly thereof having radial Iengths C
and D, respectively. In this enbodinent) the SBZ 30 is spaced radially

bet ween the inner and outer boundaries 14b,c of the data zone 14a at a
fixed radial position. 01 MAY 2003 A second possible inplenentation is to
have a roving or relocatable buffer zone 30b that is |located at the outer
edge of user data in a drive as shown in Figure 5. Such a buffer zone 30b
woul d then be progressively noved fromone edge of the disk to the other,
as the disk space is used up. In this case, the surface previously used by
the buffer ~zone mould be nade avail able to store user data after testing it

B o o - e




The advantage of the rel ocatable buffer zone 30b is that there is no
reduction in the capacity of the drive as seen by the user until the entire
di sk surface is used up. Wien this occurs, the user can be presented with
an option to continue to store data at the expense of disabling the shock
buffer zone, or to mgrate to another HDD. Another advantage of using a

rel ocatabl e buffer zone is that the slider will be idling close to the nost
recently witten data This can result in increased seek performance. The
mai n di sadvant age of using a rel ocatable shock buffer zone is increased
conplexity in inplenentation. Since the actual usage of disk space is
dictated by the file system the only practicgal inpl tation wll be at
the operating systemlevel. In additiog, it ﬁaymg&d%ﬁ&ult to implenent a
rel ocatable SBZ for disks with nultiple partitions. |In another enbodi nent
illustrated in Figure 6, a shock buffer zone 30c is |ocated at the disk
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Z003 can no | ondercnasdange méthdbelpreset ikeationcamillysdratedtin Figete 8.0neansrife t he
drive. The core inplenentation of a Shock Buffer Zone 30 is quite sinple.
The SBZ driver 28 illustrated in Figure 3 intercepts the di sk commands from
the conputer. If the SBZ driver 28 is inplenented with no latency or tine
del ay) suitable software sinply appends each read/wite conmand with a seek
to the center of the Shock Buffer Zone. Since disk accesses typically occur
in bursts, better performance can be obtained by waiting for sone tine
before the slider 20 is sent to idle over the buffer zone. In this case,
the SBZ driver starts the count-down clock tinmer 32 with a predeterm ned
value following a read or wite request as shown in Figure 4. The timer 32
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-1s_ 01 MAY 2003 disk device driver 10c. The device driver sends the
command to a suitable drive adapter 10d (such as a conventional |DE or SCSI
card on the conputer). The adapter routes the conmand to the appropriate

di sk where the disk drive controller 24 reads the command and perforns the
requi red operations. The software code for the Shock Buffer Zone can be

i npl.enmrented at any one of these levels. Inplenenting the Shock Buffer Zone
at the operating system 10b or device driver 10c level results in a purely
software solution with no changes in any hardware. This type of an

i npl enentation can be used in any portable system and with any operating
systemfor which the SBZ is ported. In the case where éﬁg operating system
is DOS, the SBZ driver can be inpl enented byﬁiét&h& 2 BI OS i nterrupt
13H at startup. In case of OS/2 or Wndows 95, a separate device driver
must be inplenented. An OS/2 based SBZ can be inplenented as a filter
driver. In alhe faese s suithisle idrvéri 28| arsetwtdedﬁor&@ﬁdmgmr $eeking doerplides Be@ tb by
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The performance characteristics of the SBZ will vary with the state of the
di sk, or ampunt of recorded data therein; and the type of inplenentation
whet her at the ID, OD, or mid-dianmeter SBZ |ocation. The inplenentation of
the SBZ at the ID yields relatively poor performance when the disk is not
conpletely full because the slider has to travel a |larger distance to data
fromthe buffer zone. In every other case, the performance in each case is
close to the original disk, while providing a |arge degree of data safety.
A simple SBZ driver was inplenented in software for proof of concept. The
driver was inplenented at the DOS | evel by patching the BIOS disk and tiner
interrupts. The disk interrupt was reprogranmed to set a tinmer follow ng
each disk /O call fromthe operating_gystemn §h i { nt errupt was
programmed to determne it the appropr?ate tpkj ﬁﬁ@ygﬁﬁgied after the | ast
disk UO. If the timer had expired, the tinmer interrupt would then send a
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- _., 8.0~ MAY Zuu3 CLAIM5 1. A data storage device conprising: , a disk

havi ng an annul ar surface zone extendi ng radial |y between inner and outer
boundaries for storing data; neans for spinning said disk; an access head
nounted on a slider for witing data to and readi ng data fromsaid data
zone; neans for flying said head, across said data zone; and neans for
seeking said slider to a predeterm ned shock buffer zone atop said spinning
di sk during an idle node when said data is neither witten to nor read from
said data zone. 2. A device according to claim1 wherein: said flying nmeans
I ncludes said slider configured for effecting an air bearing atop said

spi nni ng di sk; and said slider and shock buffer orrespondi ng
wi dths) with said shock buffer zone w gth bei ngogt Maégszm | arge as said

slider wwdth. 3. A device according to cIa|n12 wherein said shock buffer
zone is disposed in said data zone to define shock protected and

unprot ect ed &&®ftioRNs tﬁé@lfd@pﬁndﬂflthat%l@eéﬂo@ﬁ\ mcmbﬂmaatwhs lsieWard Wogdrei N sai d
seeki ng neans, are ure vely rel ocate said shock buffer
zone radi al | §f 188 sd (50' Q‘SZ‘MH‘@" %P@g‘?ag%l vely filled with said data from

one of said two kg rsciarana%onﬁwmnc‘oe tRCSBZ s"pgcm@au Isaleanea babed ehthesai d
seekl NG Means AL Comourdionor the slids; 3b%nd Actess hoa E 8 sE A Snidhady T Xed
radi al posi t§&nand configu

to cover a predetermined, fixed area or annulus which is subject to shock damage

from impact by the slider 20. Since two rail sliders are conventionally known, shock

damage corresponding thereto is limited to two radially spaced apart annular bands.

In this configuration, the undamaged region between the two bands can still be used

for safely recording data, with the SBZ therefore being configured as two radially

spaced apart annular bands.

More than one buffer zone can be used in a single HDD for greater seek
performance. However, since each buffer zone reduces the overall capacity of the
drive, it is preferred that only one shock buffer zone be used. Theoretically, the
shock buffer zone can be placed anywhere on the disk surface. Four different
locations and their relative advantages and disadvantages are disclosed below.

A fixed shock buffer zone 30 can be placed in the middle of the disk surface,
at the disk mid-diameter (MD) as illustrates in Figures 1 and 2. The primary
advantage of a MD SBZ is in terms of potential performance improvement. Since
the data will be spread out on either side of the buffer zone, the average seek
wmmmmmwmmmmmmsmmiMW%MEMmm
only when the disk is nearly full. A disadvantage of placing the buffer zone at MD
is the increased width of the buffer zone to provide suitable margins or shoulders
on both sides thereof..

As shown in Figure 1, the mid-diameter SBZ 30 bifurcates the data zone 14a
into three portions or regions including the unprotected region of the SBZ 30 itself,
and two shock protected portions radially inwardly and outwardly thereof having
radial lengths C and D, respectively. In this embodiment, the SBZ 30 is spaced
radially between the inner and outer boundaries 14b,c of the data zone 14a at a
fixed radial position.



01 MAY 2003 -19 6. A device according to claim5 wherein said seeking neans
are configured to space said shock buffer zone radially between said inner
and outer boundaries of said data zone. ' 7. A device according to claimb5
wherein said seeking nmeans are configured to | ocate said shock buffer zone
at said outer boundary. 8. A device according to claim5 wherein said
seeki ng neans are configured to |ocate said shock buffer zone at said inner
boundary. 9. A device according to claim3 wherein said seeking neans are
configured to return said slider inmmediately to said shock buffer zone
after accessing data in said data zone. 10. A device according to claim3
wherein said seeking neans are configured to return said slider to said

shock buffer zone upon a predeterm nedypi ne t ccessing data in
said data zone. 11. A-device according to cl g?ﬂ%@\/@eur%i n said tinme del ay

I's about 0.5 seconds. 12. A device according to claim3 wherein said data
zone includes a A sacahd pyssitfie impierkentationdis 3@ havesa edvinggomrekeatable ebutfenf i gur ed
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previously used by the buffer zone would be made available to store user data after
testing it and marking off any bad sectors.

The advantage of the relocatable buffer zone 30b is that there is no reduction
in the capacity of the drive as seen by the user until the entire disk surface is used
up. When this occurs, the user can be presented with an option to continue to store
data at the expense of disabling the shock buffer zone, or to migrate to another
HDD. Another advantage of using a relocatable buffer zone is that the slider will be
idling close to the most recently written data. This can result in increased seek
performance.

The main disadvantage of using a relocatable shock buffer zone is increased
complexity in implementation. Since the actual usage of disk space is dictated by
the file system, the only practical ﬂimplementation will be at the operating system
level. In addition, it may be difficult to implement a relocatable SBZ for disks with
multiple partitions.

In another embodiment illustrated in Figure 6, a shock buffer zone 30c¢ is
located at the disk inner diameter (ID). One of the chief advantages of this
placement is the reduced amplitude of disk vibration under the slider during shock
mechanics. This reduction in disk mechanics sensitivity can increase the shock
damage threshold. However, reduced air bearing stiffness can reduce the damage
threshold. Experimental data indicates that the net change in damage threshold
from 1D to OD for 2.5" drives is small. Since the buffer zone is at a disk extremity,
one of the shoulders in the buffer zone can be eliminated, thereby reducing the
overall SBZ width. The ID SBZ 30c may also be located adjacent to the CSS zone
14e, or atop this zone to additionally save data space.

In addition, the net capacity reduction will be minimized for ID SBZ when



_20_ 01 MAY 2003 storage device for driving operation thereof; and wherein
sai d seeking neans are effective for intercepting disk commands from sai d
conputer to said flying neans to effect said shock buffer zone. 14. A

met hod for enhancing data integrity stored in a data zone of a spinning

di sk accessible by a slider nmounted access head, conprising: flying said
access head across said data zone to wite data thereto and read data
therefrom and seeking said slider to a predeterm ned shock buffer zone
atop said spinning disk during an idle node when said data is neither
witten to nor read fromsaid data zone. 15. A nethod according to claim 14
wherein said shock buffer zone is disposed in, said data zone to define
shock procected and unprotected regiongy thereo HQ/OQ qrod according to
cl aim 15 wherein said shock buffer zone is progres I | ocated radially
as said data zone is progressively filled with said data fromone of two

boundari es b.i%@ﬂ(ih a«@/eg Wi rﬁkﬂﬁ-ﬂo@ﬂé@erdm_?; s%déah&aﬂa%eﬁ@dedasmenﬁgmoaé anm 15

wherein said _slid is returned to sald shock zon

predet er ni nel 353@ reietrvgiy easy d¢ impleraeny; rT@ed’Qteéd'F@F"@a‘?ﬂe 'f be E‘o’ﬁ@"s 8. A
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vari abl e 1 &91 MAY 2003 19. A mgéé' according to claim15 further
|

conpri si ng RV RS Bk tepovagAQ fio $erent |ocation atop said
spi nni ng di sk up@nasbErGntodintent diudiratsd a F@ared7meﬁ®keﬂmnmazew:s 20. A
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increase in shock failure threshold due to increased air bearing stiffness is achieved
at the expense of increased disk vibration under the slider. At this time, the relative
sensitivity of the damage threshold due to these two opposing factors is unknown.
Only a detailed study of the operating HDI dynamics can reveal whether the
damage threshold increases or reduces from 1D to OD. A small advantage of OD
SBZ as compared to the ID SBZ is that the slider would be near the OD after
completion of a write operation wherein the conventional File Allocation Table is
updated. This can result in a potential performance improvement, at least for
entering into SBZ idle after write operations. As compared to the ID SBZ, placing
the buffer zone at the OD can result in greater reduction in capacity for drives with
multi-zone recording.

If the damage due to operating shock is very severe, it may not be desirable
to fly over the damaged area. In this case, it is advantageous to move the Shock
Buffer Zone to a different location. Since the user data is typically stored starting
from OD, the SBZ 30c¢ could be designed such that it is initially at the ID as shown
in Figure 6. If the zone is damaged to an extent that idling over the buffer zone is
not possible, then the SBZ width is increased from width B to width B2. This would
allow the slider to idle over a fresh undamaged area of the disk, i.e. the B2 minus
B region. The decision to increase the SBZ width can be based on a shock sensor
(not shown) embedded in the drive. It may be possible to use the conventional
sensor used for write inhibit for this purpose. In this implementation, the buffer zone
starts out as a small area at the ID and then progressively grows larger. If the zone
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The core implementation of a Shock Buffer Zone 30 is quite simple. The
SBZ driver 28 illustrated in Figure 3 intercepts the disk commands from the
computer. If the SBZ driver 28 is implemented with no latency or time delay,
suitable software simply appends each read/write command with a seek to the
center of the Shock Buffer Zone.

Since disk accesses typically occur in bursts, better performance can be
obtained by waiting for some time before the slider 20 is sent to idle over the buffer
zone. In this case, the SBZ driver starts the count-down clock timer 32 with a
predetermined value following a read or write request as shown in Figure 4. The
timer 32 is preferably allowed to count down asynchronously, or independent of
other processor activities. At the end of the timer cycle, an interrupt is generated
which issues a seek command to send the slider 20 to the Shock Buffer Zone 30.
If a new read or write command is issued from the computer during the middie of
a count-down, the SBZ driver simply resets the timer 32 to the same predetermined
value. In this way, the slider is set to SBZ idle only after a suitable time has
elapsed. The actual SBZ idle time can be either set manually by the user (trading
safety for performance), or changed automatically through an adaptive dynamic process.

The initial setup of the disk for an SBZ implementation requires one to set
aside a number of tracks at a particular location on the drive for use as the Shock
Buffer Zone. These tracks must not be used by the system to store permanent user
data. Ideally, the SBZ implementation should be completely transparent to the
system. The drive should appear as any other drive, with a capacity that is
correspondingly smaller. The initial setup depends critically on the type of driver
implementation; whether it is implemented in the operating system or in hardware.

Consider a typical disk access. The command to read or write to the disk 14
is conventionally generated either by an application software 10a or by the operating
system software 10b suitably stored in memory in the computer 10 as shown in
Figure 3. The operating system 10b then sends the command to a conventional



104| 4| | +10%| 4| & ()-! +10%}| 4| & ()-Gwi [M 10 10 10

10! | @OY%& ()- & !l @OY& ()-& ! | @OY%& ()-& !l @OY& ()-& =} ?M #109%& () -
109 ()-! f10% ()-@F10% ()- @10% ()-@ z10%: ()- maVK@ 10 10 107
109& ()-!11109%& ()- @ 109%& ()-s' 109%& () - $109%& () - - ?7aBVK@ |

109Z& ()-109Z& ()-1 10%Z& ()- 109%Z& ()- S@0%Z& ()-!Al

109& () - FAVGN2VK@$1092& () -1 109@2Z& ()--! 109@Z& ()-- 109&Z& ()--Y

3100Z8& ()-10%Z& () - SGB" #$%r dV4! f 109%228& ()-F 10ZZ 10ZZ

10ZZ! 0109@2Z& () - SL-t 109&Z& ()-9' 109&Z& () - gF 9B109%&Z& ()-11k!5"9% "' ' zXJ<4!

01 MAY 2003

disk device driver 10c. The device driver sends the command to a suitable drive
adapter 10d (such as a conventional IDE or SCSI card on the computer). The
adapter routes the command to the appropriate disk where the disk drive controller
24 reads the command and performs the required operations. The software code
for the Shock Buffer Zone can be implemented at any one of these levels.

Implementing the Shock Buffer Zone at the operating system 10b or device
driver 10c level results in a purely software solution with no changes in any
hardware. This type of an implementation can be used in any portable system, and
with any operating system for which the SBZ is ported. In the case where the
operating system is DOS, the SBZ driver can be implemented by patching the BIOS
interrupt 13H at startup. In case of OS/2 or Windows 95, a separate device driver
must be implemented. An 0S/2 based SBZ can be implemented as a filter driver.
In all cases, the initial setup of SBZ can be accomplished by either reserving a
separate partition for the shock buffer zone, or by having a single system file
therefor that is locked and immovable to define the SBZ.

The Shock Buffer Zone driver 28 may also be implemented in hardware at
the card level by changing the firmware. Since all new cards have some type of
logical to physical sector address translation, the initial setup can be easily
implemented by changing the LBA (logical block addressing) scheme to skip over
the shock buffer zone. In addition, a hardware timer can be added to the adapter
to seek to the buffer zone at the appropriate time.

Implementing the SBZ driver 28 at the disk controller 24 level is identical to
that of implementing it at the card level. Since the changes are at the disk level,
this solution will work with any computer, and the drives can be transported between
different computers transparently.

implementation of the Shock Buffer Zone may result in a performance penalty
during operation of the drive. Since the slider is preferably made to idle at a fixed
track over the center of the buffer zone, the expected mean seek length, and
therefore the time needed to execute a command, might increase. There is also a

10GG
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finite time needed to seek to the SBZ, but since this is done after a command is
complete, it will not affect the performance unless the next access command comes
in after the command to SBZ idle and before the seek to SBZ is complete. An
accurate estimate of the performance penalty requires a detailed statistical analysis
of the drive performance with and without the SBZ driver.

For example, the slider 20 may be in any of three states: idle at the SBZ 30;
at the previous access position with the timer not yet being expired; or seeking to
the SBZ 30 after timer expiration. The actual location of the SBZ on the disk 14,
as well as the amount of data fullness on the disk also affect performance.

The safety of the data depends on whether or not the slider 20 is in the SBZ
during the event of a shock. The probability of the disk being in SBZ idle depends
on the disk usage pattern.

Accordingly, performance and data safety depend on various parameters
which may be experimentally evaluated. In one test conducted, a portable computer
having a hard disk drive was monitored during use for several days to obtain an
exemplary trace of disk input output (/O). Disk access typically occurs in bursts,
with relatively large periods where the disk is hot accessed. Different types of
activities such as writing and compiling programs, typing reports on a word
processor, updating a database, performing numerical computation, and creating
presentation slides were performed. In each case, the computer was used heavily
to increase the disk activity.

Although the exact probability density of ime between disk access varies, the
overall shape of the probability density curve remains the same for each type of
activity. In each ease, the bursts of disk O form a peak at about 50 msec, with
long periods of inactivity forming an exponential tail of the distribution.

The probability of the slider 20 being in the SBZ may be calculated from the
observed probability density of time between accesses, as a function of timer
setting. Certain types of activities such as updating the database access the disk
more frequently than others, resulting in lower probability of the slider being in the
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SBZ for the same timer setting. An estimate of the probability of the user data
being safe under heavy computer use is obtained by averaging the values for all
activities including programming, database, word processing, numerical analysis,
and graphics applications.

The SBZ timer setting can be chosen to minimize the performance hit on data
access time. In general, the performance of the disk drive is sharply reduced if the
timer is set too low. in this case, the slider is sent to the SBZ even during bursts.
in contrast, the performance nearly matches that of the original disk, without SBZ,
when the timer value is moderate. From these observed results, an optimal timer
setting of about 0.5 seconds is determined which corresponds with an 87%
probability of data safety and a corresponding performance drop of only about 6%
compared to a disk without the SBZ. An unprotected disk, of course, has no
performance drop but also has no data safety factor since it can be damaged at any
location.

The performance characteristics of the SBZ will vary with the state of the
disk, or amount of recorded data therein; and the type of implementation whether
at the ID, OD, or mid-diameter SBZ location. The implementation of the SBZ at the
ID yields relatively poor performance when the disk is not completely full because
the slider has to travel a larger distance to data from the buffer zone. in every other
case, the performance in each case is close to the original disk, while providing a
large degree of data safety. .

A simple SBZ driver was implemented in software for proof of concept. The
driver was implemented at the DOS level by patching the BIOS disk and timer
interrupts. The disk interrupt was reprogrammed to set a timer following each disk
I/O call from the operating system. The timer interrupt was programmed to
determine it the appropriate time had elapsed after the last disk /O. If the timer had
expired, the timer interrupt would then send a command to the drive to send the
slider to track 0. This corresponded to the first track of the data partition (D:) in the
system, making this implementation similar to an OD based SBZ.
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For the sake of implementation ease, no tracks were actually reserved for the
SBZ, instead the slider was sent to fixed position where no data would be present
in a real implementation. The driver was tested and found to successfully set the
disk into SBZ idle mode by sending the slider to the appropriate position after the
timer expired. The driver operated transparently to the operating system and
application programs.

An important consideration in the implementation of SBZ is to ensure that
disk benchmarking results are not adversely affected by the modification. A
common benchmark used by the industry is PC BENCH. The "Disk Mix" test resulits
by PC Bench are generally used to judge a drive against the competition. Under
these benchmarking tests, a large number of sequential and random read and write
operations are performed on the drive and the data throughput to and from the disk
measured. The benchmark program stresses the disk very severely by making a
very large number of disk IO in a very short period of time. Hence it is not
representative of actual disk usage by any user. Nevertheless, it is important to
ensure that any implementation of the Shock Buffer Zone should not adversely
affect the benchmarking results due to the competitive nature of the disk drive
industry.

A series of benchmarking tests were run on a PC with and without a SBZ
driver. The SBZ timer was set ta different time intervals and tested. in each case,
the presence of the Shock Buffer Zone driver did not result in a significant drop in
data throughput. It is important to note that the disk did not remain idle for
extended periods of time when the benchmarking tests were being executed, and
the disk entered the SBZ mode only a few times.

Accordingly, user data in a hard disk drive can be protected from shock
damage during operating conditions by using a Shock Bufter Zone where the slider
can idle most of the time. The SBZ can be implemented at many levels, either in
hardware or in software. Using a SBZ increases data integrity dramatically from 0%
to over 87% while resulting in & performance loss of just 6% in one exampie. The
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Shock Buffer Zone can be used as a new idle mode that replaces the power saving
iow-power idle mode in battery-powered disk drives, trading a slightiy larger power
consumption for vastly increased data integrity.

While there have been described herein what are considered to be preferred
and exemplary embodiments of the present invention, other modifications of the
invention shall be apparent to those skilled in the art from the teachings herein, and
it is, therefore, desired to be secured in the appended claims all such modifications
— as fall within the true spirit and scope of the invention.

Accordingly, what is desired to be secured by Letters Patent of the United
States is the invention as defined and differentiated in the following claims:
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1. A data storage device comprising:

a disk having an annular surface zone extending radially between inner and
outer boundaries for storing data;

means for spinning said disk;

an access head mounted on a slider for writing data to and reading data from
said data zone;

means for flying said head, across said data zone; and

means for seeking said slider to a predetermined shock buffer zone atop said
spinning disk during an idle mode when said data is neither written to nor read from
said data zone.

2. A device according to claim 1 wherein:

said flying means includes said slider configured for effecting an air bearing
atop said spinning -disk; and

said slider and shock buffer zone have corresponding widths, with said shock
buffer zone width being at least as large as said slider width.

3. A device according to claim 2 wherein said shock buffer zone is disposed in
said data zone to define shock protected and unprotected regions thereof.

4. A device according to claim 3 wherein said seeking means are configured to
progressively relocate said shock buffer zone radially as said data zone is
progressively filled with said data from one of said two boundaries.

5. A device according to claim 3 wherein said seeking means are configured to
locate said shock buffer zone at a fixed radial position.
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6. A device according to claim 5 wherein said seeking means are configured to
space said shock buffer zone radiglly between said inner and outer boundaries of

said data zone.

7. A device according to claim 5 wherein said seeking means are configured to
locate said shock buffer zone at said outer boundary.

8. A device according to claim 5 wherein said seeking means are configured to
locate said shock buffer zone at said inner boundary.

9. A device according to claim 3 wherein said seeking means are configured to
return said slider immediately to said shock buffer zone after accessing data in said

data zone.

10.  Adevice according to claim 3 wherein said seeking means are configured to
return said slider to said shock buffer zone upon a predetermined time delay after
accessing data in said data zone.

11. A device according to claim 10 wherein said time delay is about 0.5 seconds.

12. A device according to claim 3 wherein said data zone includes a plurality of
tracks, and said seeking means are configured to reference said tracks to center

said slider in said shock buffer zone.

13.  Adevice according to claim 3 in combination with a programmable computer,
and further comprising:

application software stored in said computer;

disk operating system software stored in said computer;

a device driver operatively joined between said computer and said data

10l
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storage device for driving operation thereof; and
wherein said seeking means are effective for intercepting disk commands
from said computer to said flying means to effect said shock buffer zone.

14. A method for enhancing data integrity stored in a data zone of a spinning disk
accessible by a slider mounted access head, comprising:

flying said access head across said data zone to write data thereto and read
data therefrom; and

seeking said slider to a predetermined shock buffer zone atop said spinning
disk during an idle mode when said data is neither written to nor read from said data

Zone.

15. A method according to claim 14 wherein said shock buffer zone is disposed in ,
said data zone to define shock protected and unprotected regions thereof.

16. A method according to claim 15 wherein said shock buffer zone is
progressively relocated radially as said data zone is progressively filled with said
data from one of two boundaries bounding said data zone.

17. A method according to claim 15 wherein said slider is returned to said shock
buffer zone upon a predetermined time delay after accessing data in said data zone.

18. A method according to claim 17 wherein said time delay is selectively
variable.
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19. A method according to claim 15 further comprising moving said buffer
zone to a different location atop said spinning disk upon damage to said disk at

said predetermined zone.

20. A method according to claim 15 further comprising:
writing temporary data on said disk at said buffer zone; and
writing permanent data on said disk outside said buffer zone.



