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1. e A Met hod and Assenbly For Increasing O&Ef@%agé;
/i ce’ Reliability Field of the Invention. Thi s inventfgt rel ates

general ly to direct access storage’ devices which may be used in 1?Cf§
““applications, such as conputers. More specifically, the invention relates
to assenblies and nethods for inproving the reliability of direct access
storage devices that are used in conputkrs. Background of the |nvention
Di rect access storage devices or disk drives are an integral part of nost
conput i ng devi ces. Di sk drlves mheth I b.sed on naonetlc or optical
storage technol ogi es, 34 e ir2Cofp Ef¥stens to provide

rapi d, random access to stq1__jﬂﬁggljﬁugige&egyeAEsxd|sk drive technol ogy

has progressed to a point where a nmassive anmount of data nay now be stored

in a disk drive device using snmall dianmeter, non-renovabl e di sks. The
di sk drive Edield ofithe Taventions a rigid disk on which a magnetic medi um
S pFOVI ded. ATpiet eDfveetion relates generally to direct access '

storage devices which may be used in applications, such as
computers. More specifically, the invention relates to.
assemblies and methods for improving the _reiiability of
direct access sterage devices that are used in computers.'

ackground of the Invention o

Direct access storage devices or disk drives are an
iﬁtegral part of most computing devices. Disk drlves,
whether based on magnetic or optical storage technologies,
are frequently used in computing systems to provide rapid,
random access to stored data. Over the years disk drive .
technology has progressed to a point where a massive
_amount of data may now be stored in a disk drive device
using small diameter, non-removable disks.

The disk drive units typically inélude a rigid disk
on which a magnetic medium is provided. A protective
overcoat is applied to the maghetic medium which is
typicallfi“ carbon or zirconia with a thin coating of liquid
or solid lubricant such as polyperfluorcether.

Data is written to and read from the medium by a
transducer which flies over the disk on-a cushion of air
~referred to as an "air bearing". A slider supports one or
more transducer heads and is mounted to an arm suspended
from a pivot po:.nt over the disk. The air bearing is
created by the aerodynamlc properties of ‘the slider as it
' encounters air pressure resulting from by the high speed
, . rotation of the disk (3600-7200 rpm) . Thu-s,
' notwithstanding the lubricant applied to the disk, air is
the primary lubricant while the transducer is flying.
At the high rotation rates of conventional &rives, failure

of the slider- to maintain head-disk separation can result



overcoat is applied to the magnetic nmediumwhich is typically carbon or
Zirconira with a thin coating of liquid or solid lubricant such as

pol yper fl uor oet her. Data is witten to and read fromthe nmedium by a
transducer which flies over the disk on a cushion of air referred to as an
"air bearing”. A slider supports one of nore transducer heads and is
nmounted to an arm suspended froma pivot point over the disk. The air
bearing is created by the aerodynam c properties of the slider as it
encounters ain gfreEsssiee resuticngbéresehychéchéadhaspedisk ovat aoheadf t he
di sk - (360Q:,72200 rpm. Thus, notw thstanding the |ubricant applied
to the disk, air is the primary |ubricant whilethe transducer is flying..
At the high rotath HEIhteERHR . CHRYeKEPYALI THPTVRRY FETLEFeObf SVRBLSIi der
to mai nt ai n digaTErE Thaysapss o4 | ABgaahveepitbsure airbearing. In this -

2 in excesé:s‘aisvee t%%n%?g]tdel%egé%gg gggshggda %ut%? l&é%% %r*)eaﬂaﬁééins A
head crash, Ty reéesu romany series of events., |8ers may use a
negative pr @sthe disksachngbe| picked vnsand retalingsr ipf thp Begatives

vacuum cl eapfessMieLl b $ty of these sliders. For more traditional
positive pressure sliders, debris often accumulates on the
leading-edge tapers and airbearing rails. These
collection points are also seen for negative pressure
sliders. Thus as disks collect materials, the sliders
sweeping over them collect this material. _ )

For example, the system may start 6ff with the slider
flying or in limited contact with the disk. If the slider
then picks up some debris, the debris will either drag
over the disk or alter the air bearing such thaf:: the
slider flies lower. Debris may gontinue to collect on the

] head and slider as it flies at lower and lower spacings.
Eventually, the slider begins to contact the disk
continuously using up the 1liquid or solid lubricant,
wearing through the carbon overcoat, and damaging the
magnetic medium. This will roughen the disk surface
making ej__ren partial flying over the affected tracks
difficult, resulting in an inability to read and write

. data.

Examples of assemblies which have attempted to ease
environmental stresses of the hard disk environment are
known. Masuyama, JP Appl. No. 02-246288, teaches removal
of minute dust particles accumulated on magnetic heads to
promote the head reliability by stopping the rotation of
the head disk assembly whenever a fixed time is .passed.
Kawakubo, JP61-170958(A), teaches clearing the attachment
on a magnetic head, which is caused by the entry of dust
during the continuous rotation, by means of the automatic
stoppage and rerotation based on time.

Gregory, U.S. Patent No. 5,351,156, teaches using the
back edge of a disk drive slider to remove debris from

disk media by slowly sweeping it from the inner diameter



on the di sks can be picked up and retained in the negative pressure cavity
of these sliders. For nore traditional positive pressure sliders, debris
often accunul ates on the | eading-edge tapers and airbearing rails.
These collection points are al so seen for negative pressure sliders. Thus
as disks collect materials, the slidgrs sweeping over themcollect this

mat eri_al . For exanple, the systemmay start off with the slider flying
or inlimted contact with the disk. If the slider then picks up sone
debris, theCebbies diigh &t hbe ar&grovdemeher dpSkthbe éFFngPHéemqhdxﬁnlng
such that &heksligetolthitdnd owene B&&Hép&nga)bmmme 19 eonmecln the

head and s!jdeq asnLiafLigs.aL Lo L 3PRShODS eI e
§ r%?é{&nuogv? or

slider begins o cont ac he di’s y “usi n e lqui solid
| ubricant, H&&EPE§ valeaghyt he mtr: bilﬁhw{ﬂﬁdcoa!ﬂatw mmvglatw pagnet i ¢

medi um Tohe whtk éagahe@ EB@ Qnihe§ui&aéftﬁaﬂﬂdﬂhpaﬂeﬁtpéﬁb Jutlehyi ng
over the af ected tra resulting in_an,in to read-and
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Appl . No. 02 24048Re; icagNes satam . 'E%hesﬂstcea&heg'ss @&%@J' ated

on nagnetlc heads to pronD eli‘abi i by s ng the rotation
of the headf®¥sEleeadmd v %eﬁ‘égé?—t&cf iGdee tﬁqﬁfaicé”spﬁ%dt Kahe

JP61- 1709581Ke, He%anhem;d edbadedt handt teanise@nt t®Nn FAyneg e ttite haaéc whi chf

i s caused try Mg 4.0 tQu Qkat on, ans o
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is commanded to sweep the heads across the disc surfaces,
forward and reverse. This is intended to remove any
particles down to an elevation that is 50% of the normal
flying height. The same operation is completed with a
spindle speed creating 25% of normal flying height.

Meneley, U.S. Patent No. 3,609,721, teaches a method
for dislodging and clearing away dust particles from the
surface of a magnetic, data-storage disc. The disc is run
at operating speed and a flying head is swépt across it
slowly, ﬁor example, at the rate of one-fourth to less
than one- twentleth the width of the slidexr during each
revolution of the storage disc.

Komiyamé, JP RAppl. No. 03-110045, teaches a method
for cleaning an unstoppable system by stopping and
restarting the rotation of the disk after shifting the
magnetic head to a cleaning area on a disk. Asada, JP
Appl. No. 3-31260,. teaches a method to prevent dust from
sticking to a mégnétic head in a magnetic disk device. A
spindle motor control circuit repeats a motor staft/stop
operation during operation of the drive. Ishihara, JP
Appl. No. 4-67351, téaches a method for removing fine dust
and improving reliability'by which a stop operation and a
start operation are continuously executed in a disk drive.

Nakazawa, JP Appl. No. 62-278545, teaches preventing

a head crash by measuring the operating time of the device
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3 of the disk to the outer dianeter of the disk while the disk is
rotating. The sweeping operation is conpleted while the disks are stil

gai ning rotational speed so that liftoff velocity is not achieved. Material
.accunul ated on the back edge of ‘the slider is either dunped at the outer

di ameter of the disk, or remains on thé& back edge of the slider as nornal
operation is comrenced. McNeil, U S. Patent No. 4,384,311, teaches a

method for clggdi NgsdAGrRIaiE dhwles bl ares-and thacheadseaFheshggds are
| oaded and caused to fly on th i sc sur.facges. e_notor speed is

e d The spind
reduced to a YpeEY-WARrEPERe2nBIGE SO Re pﬁ?ﬁ%?né?e??agg@gof KRB Ror mal
flyi ng hei ghtdmnalpphe Keadé63uppoBt78st ruecichee greventbonrof sfegshomnded t o

Thtonded to raneei gl e, U Phabyerathoneadl # S Mg RIS Al gl b ne
nornmal flyi nFREPHRDS THeagRgelepdiaki rteitsaptdvefbiienna SpRA4NE speed
creating 25%f watitilg datitthdeix@being undéreditsn. UoBhekateférélices
21500, re, ¢ AELSE A0E VIRl o) SAUR R B0 ELPI IR o0 o ! e
operating spd&y ahd8h7{035 ngohTiusit emndpU.8crBatent No. 4,754,397 to

Varaiya et al. : ' '

However, these publications do not provide a process

for cleaning the head and the disk which is based upon use

of the head in seeking operations. Execution of

stop/start operations based on operational time often does

not solve the problem of debris accumulation. 'Further, it

can often ex_acerbate the problem by genexating added head

sweeps when no read/write operations have been undertaken.

In this instance, thé head assembly becomes a further

accumulator of debris. As a result, there _is_. a need for

an apbaratus and met]:'xod which will increase disk drive

reliability by reducing the amount of contaminant debris

which contacts the head and disk.



slowy, for exanple, at the rate of one-fourth to | ess than one-twentieth
the width of the slider during each revolution of the storage disc.
Konlyana JP Appl. No. 03-110045, teaches a nethod for cleaning an

unst oppabl e system by stopping ‘and restarting the rotation of the disk
after shifting the magnetic head to agcleaning area on a disk. Asada, JP
Appl . No. 3-31260, teaches a nethod to prevent dust fromsticking to a

magnetic heag a3 BInetd C.[nq}e% .device. A spindle notor control circuit
repeats a nn‘l‘ﬁ?_ﬂ—lvp_()‘p‘a';t-rm during operation of the drive.

| shi hara, JP Appl. No. 4-67351,. teaches a nethod for renoving fine.dust and
i nproving reliabirhi tacdatrasricad wi s 0R QEQE@IEQEeaﬂdoﬁ %h@wldwgﬁéﬁéﬂn are

cont i nuousl c ' Lsk drive.
oo vaoan. PREXBCHE Peblifiel 2iadls ornge gLORERL e G4 aedigey i me
of the devi égv.lce includes a disk rotatably mounted gabdoihsamucxig. t he

device to Unﬂeééeﬁswi?nféftmé&fﬁé &&&%Hﬁ&é?%&@&%@lﬁf@@t@érﬂ d val ue
i s reached. Kgnnp JP gp 61-16 7 t eaches prevent|on of_ Ttusion
Ereﬁﬁﬁﬁ ‘to

(or stictioft Thee Sk c SPTRIGy FeVIFSi miep
magnetic di ebntan.nsm at ecmluyte\im | fom10 corantiing other idunigeBCctoPnseédle bei ng

under t aken. oRLRSE ; bRECHRIF med by the actuator since a stop/start

operation has occurred. There is also present means for

- initiating another stop/start_operation when the counter

reaches a 'predetermined number. The data storage-device

may also have a non-volatile. random access memory for

temporarily storing write data received by the data.

storage dev:.ce while the stop/start operat::.on is being
perforted.

‘In accordance with an additional aspect of the
inventioril there is provided an array controller for
controlling a plurality of data storage devﬁ'.ces. Each of
the data storage devices may contain a memory element disk
rotated about an axis, and an actuator for moving the
transducer head relative to the disk. The array
controllgr also comprises the counter for countihg the
number of" seek operations performed by the actuator of
each respective one of the data storage devices since a
stop/start operation has occurred in the respective data
storage device. Also, present in the array controller are
means for initiating another stop/start operation in the
respective data storage devices based on the count of the
cq}_mter. Here again, the array controller ma.t'y also
contain a non-volatile random access memory for
temporarlly storing write data for said respective data
storage device while another- stop/start operation 1is
performed in the data storage device.

In accordance with a second aspect of the invention
there is provided a method of increasing the reliability
of a data storage device. ' The method comprises defining

a threshold seek operation count, Tg... counting the number



whi ch al so teach disk drive assenblies include U S. Patent No. 4,817,035 to
Tinmsi-t and U. S. Patent No. 4,754,397 to Varaiya et al. However, these
publlcatlons do not provide a process for cleaning the head and the disk
whi ch is based upon use of the head in seeking operations.

Execution of stop/start operationssbased on operational tinme often does
not solve the problem of debris accunulation. Further, it can often
exacerbate the problem by geherating added head sweeps when no read/wite
oper at i onsofiageeleereyatdrbgk eancen thiei $asnsteomistadie IRGR tsyety y
becones a &ueb%anacaunw alnr étfm[S’&Jl?ﬂx TAS @orevsuLt tdirtee v s 2 ineed for

an apparatus a od whi ch i ncreaséeé di rive rel] abi i ty by
reduci ng tﬁguﬁﬂo o?rcoﬁfcﬁﬁ?%%nt Taebr Ps %‘?%ﬁsl&c fit aBE A HbadSand di sk.
5 Sunnaryuoﬂerhekenvgnd|@he countelm igcreselance with a first aspect of the

invention ther exhsaewitagﬁeeawﬁg%aa SEQFARS HS¥LEE of MhdlahTeditdlRge device

I ncl udes a di sk rotatably nmount bout an axis., An actuataqr faqr, nmoving the
transducer tRes8 A8 REPYddes hdnethod of increasing the reliability

of an array of data storage devices. The method comprises
defining a threshold seek operation count, T,... counting
the number of seek operations since the last stop/start
operation to determine Vgeex and comparing T,.u and V.-
Once V4 is equal to ‘or exceeds T,ws @ stop/stairt
operation is undertaken and the'counter is reset.’

In accordance with an alternat:.ve aspect of the
invention, there is provided a méthod of increasing the
reliability of a data storage device. The wmethod
comprises the steps of defining a threshold seek operation

" count Teeex:» counting the number of seek pperations since
; the last stop/start operation to determine M,.., recalling
the total number of seek operations completed by the data
storage device to define N_,,, defining D, by determining f-
the difference between N, and M, and determining
whether D, is greater than T,.-

In a¢cordance with a further alternative aspect of
the 1nvent10n, there is provided a method of increasing
the rel:.ablllty of an array of data storage devices. The
method of the invention includes defining threshold seek
operation count T,., for each drive of the array, counting
the number of seek operations since the last/stop start
operation to determine M,.., recalling the total number of
seek operations completed by the data storage device to
define N,_,., defining D.eex by determining the difference
between Ngeex and M. and determining whether D, is

. greater than T...- N

The invention may be executed in a data storage
device having a disk rotatably mounted about an axis, and
an actuator for moving a transducer head relative to the
disk. The device generally also has 5;1 counter for

counting the -number of seek operations performed by the
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disk’is also present. The data storage device also contains a counter for
counting the nunber of seek operations performed by the actuator since a
stop/start operation has occurred. There is al so present neans for
initiating another stop/start operation when the counter reaches a

predet ermi ned nunber. The data storage device may al so have a non-vol atile
random access nenory for tenporarily.s?oring wite data received by the
data storage device while the stop/start operation is being perforned.

I n accor dancectwatdr apinddi b anadp ashest offratiith iHmendtOIriSar € ahd

provi ded an rqll.er .f rol Lin Lural i .0f t Qr age
devi ces. Eac'ﬁé%r?gtfﬁognéﬁqé: lsatt()lrn%g%§SV|e€e§ L?}‘g{/g‘%%ﬂ éa%ﬁa %r%%r?orq’?}i eg'l g%‘%nt di sk
rotated aboutowH ¢ sshampuntectiradhes or predesgrmiaety ansleker Thead
relative tqatdestdiale delhte YUY wDAPIEDId &4 AGSOVEDAPILEEFahABmCOUNt €F

for counting the nunber of seek_operations perforned b he. .act yat or of
each respec?‘?‘ffée%%emSF“’We %?ﬁatgg‘BPﬁaé'l ?Svisg(?ElEgné%e%d}s"‘f%estéF%a' .
operati on h&hecmadhdite idata dspeenity sodthe ardildgaydeemoey Aysbhepresent

in the arrayfoDt sebhrabed’ §e vEADS whifl e Nthd a5EBE/80RFECTopthy ViR ks
operation in the restgectlve data storage devices based on the count of the

counter. mREEEIEed:  The JNUSRINR r BRY cR1BRy LS SFeCHteS fvith an
non-vol at i | earrsand@ontaesidss: wiehy cohtkolenpor plurarldityr | 6 Waata data

for said re | { orage device while another- stop/start operation
FedE Ao

is perfornme orage device: I n accordance with a second
aspect of the i nadh@oalteanatiyvepepbodinent mihmdnyentionchaprg the

reliability gtopt daid seetage dé?leﬁﬁtioﬂ%e ot hatdk catRbesesoel bakke a

threshol d seck ORY G Phai®Nibve b&hkea Sl ¥l pbier 18I burs since
the last stop/séart operation. If a critical number of
seeks has occurred over a certain length of time, then a
drive 1is stopped and: then immediately restarted. - The
purpose of the start/stop operation is to remove excessive
materials from the dliders and transfer these to the
landing zone.

The invention is also applicable to disk drive
arrays. Although disk drive atrays often can tolerate a
drive failure, system performance suffers while a drive is
being replaced and .while the data on the new drive is

_ reconstructed. In file server applications, for instance,
rapid data availability is of paramount importance. . These
servers provide storage for multiple users where the data
demand is synchronous. Multiple disk drives are connected
to a controller which emulates a single virtual drive. To
the file server, the independent disk drives are not seen
as an individual disk drives. In a redundant disk array,
one or more simultaneous drive failures can occur ‘without
lésing any data.

This invention is suitable for arrays that mwmay
sustain one or more drive failures. When a drive becomes
inoperable, all user data coéntinues to be available
because of the redundancy found in the array. 1f the
array uses distributed parity, for exampfé, data on the

failing drive can be reconstructed by combining the parity



6 of seek operations since the last stop/start operation to deternmnne
\/.‘[err] and conparing T[err] to V[err]. Once V[err] is equal to or exceeds
T[err] a stop/start operation is undertaken and the counter is reset.

"In accordance with a further aspect of the invention, there is provided a
met hod. of increasing the reliability of an array of data storage devices.
The method conprises defining a thresheld seek operation count, T[err],
counting the nunber of seek operations since the | ast stop/start operation
to determ ne. n%[e%H and co arlnglPL r&]rﬁﬁn err]. .Once V[Ie i s equal
to or exceed§ 52 o'h% TopPSt &PF CoRthET ST ERken Bhd" 3T T ount er
is reset. array systedence widmvmiaaiztler nenove aspettenfindlardedantion,

there.is pr Oﬁis‘ég%talﬁertﬁ'l@:d tQja ISP eds RRrhheor hdaPidi tdhe Gfnadridlaip
st orage devi ce. The d conpri ses the steps, of defining a threshold

seek oper at i GF W¥&Fnt Tf’ér FPe FERVHFEHE MERSEFY ofS SRERI 0P8 &t iYL nce
the | ast st opashert tdeer adaten to bet siditmenMisr itempoeaalilliyngtidred atal

number of, seeh 98858l LEPICRANRLE! ok Mhid CoflEb2: St S6A0 iR o LR | e

N err],- defining rmmnin er ence etween N e and
Merr], and &bBe&r Fhf; ‘H@mﬁﬁl‘t‘ﬂ‘é‘rzs B r?aﬂs foredpek ehaprwWeR:y rq:.ther bY

catastrophic unintended loss of power or an intended power
down.by stop/start operation. If the array suddenly loses
power, the non-volatile nature of this memory ensures that
data that was being written at the start of the poﬁer

failure is not lost.
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In actcordance with a further alternative aspect of the invention, there is
provided a nethod of increasing the reliability of an array of data storage
devices. The nethod of the invention includes defining threshold seek
operation count T[err] for each-drive of the array, counting the number of
- seek operations since the last/stop stfrt operation to determne Merr],

recalling the total nunber of seek opefati ons conpleted by the data storage
device to d determ ning the difference

f v - g-whet her Dierr] is greater than

Tlerr]. _ TheEﬂﬁWEﬁﬁldm nay be epetapedtlvee1xﬁﬂuﬁanaﬂmgge axf/i cen havi ng
a di sk rot akabys1 MYNtRE AN, Al 34E51cdhidh AEHHOMIR WM Nha
transducer head relatlve to the disk. The device generally also has a
count er fanESBﬁPPHg the number of seek operations perfornmed by the
7 actuator sinCEFISURBOR disak sobenaition ildssveabtioedf andinganiy ivas

initiating apase st gilishlla,PRRl ULON VRSN chiCsfouR s gf he counter

reaches a predeterm ned nunbe orage device al so may have a

non-vol atil e ran88GVBEC8s dsmanschem@ticedpdrairation @f mp cewunddmne dat a.

seek operation undertaken by a disk drive assembly such as

f|n

that depicted in Figure 1. ,

FIGURE 4 is a schematic illustration of one
embodiment of the invention. '

FIGURE 5. is a schematic 1llustrat:|.on “of an
alternative embodiment of the invention. .

FIGURE 6 is a schematic illustration of a computer
system which is supported by auxiliary memory.

FIGURE 7 is a schematic illustration of an
alternative. embodlment of the invention.

FIGURE 8 is a , schematic illustration depicting
application.of the invention to an exemplary array system.
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The read/wite data is sent to the auxiliary nmenory by the data storage
“device.while the stop/start operation is perforned. The invention nmay al so
be executed with an array controller which controls a plurality of data
storage devi ces. In an alternative enbodi nent, the invention bases the
stop and restart operations on the nunber of seeks operations that have
occurred and the power-on-hours sincé&the |ast stop/start operation. If a
critical nunmber of seeks has occurred over a certain length of tine, then a
drive i s spbapagleanbebledpitiedicdt &he eefatted. Embddement pose of the
start/stop operation j.s.t.0 renmpve ex Sj erial g fromit sf i ders and
transfer these ?(g“_at E@‘féfﬁgior{bng%[ﬁ%rlggg ﬁ%gh(:;f%%/e%#?o%sisse%gpté%%a_pép?ﬁdcabI eto
di sk drivelaFragsing tHaegirekisbidkive &fr &s I3tfense@Rr¥®| daifics: drive
failure, sgebeayRCEEOLFRRCE SWHINS vHd Irethodr iofe the Heivegtiepl aggd and
whil e the }%ata on 4 he new q_ri ve | S reconstruct eo(l). I nefliel Snser ver

applicatio s, P8FY ndEAREE ]‘ryapic@"EPa’fJaseaval | abi ) |rtyy 'S of par arﬁ)sd?ﬂ

i npor t ancecontadningedgbas phedikk heingyyotatahlytigirted @bowthame t he
data denmangyis, suheNPNe¥ansiubbPIfositSlondll ¥R Ad£3 CARALSE eYtit e
controll er which enulates, a . si ngge Vi Eélual drive. lo the file server, the

i ndependerfRER sIEXAMARR Lhe nBisKeen e ASHAS | BEEP FYKIARR SR In a
redundant akskatoraforommvingrotiee sterahsduwsnt shekid veelative esocaheoccur

wi thout 1 0g{ 59, andaka. couneed N fod NERAGLEMST Tl haRber! Yr Agedys L hat
may sustain one or nore drive Tailures, en~a drive_becones inoperabl e,
all user eperabhensursrformedabyi thel traesduaer dteathe redundancy found in

the array.” |f thegpeagprusiitils! IFyars Paprévidésr acpeisbectdsiea on the
failing drjy&,c8f 28 §I900eHaLeLe! e YTRA509aL0EcRA0Y! feaa aisk

assembly incorporating the teachings of the invention.

The assembly 10 includes a disk 12 on which a magnetic
medium is disposed. The disk 12 is rotated at high speeds
about a spindle motor assembly 14. A magnetic transducer
/ or head 16 is suspended over the disk at the end of a load
beam 18. The head 16 and load beam 18 are suspended at
the proximal end of an arm 20. The distal end of the arm
20 provides an armature within a voice coil actuator motor
24. The actuator motor 24 induces moments in the arm 20
about a pivyot point 22 and thereby moves the head 16 in a
general radial direction over the disk 12. The assembly
is mounted within a-frame 26 or disk drive enclosure.
Spindle motor assembly 14, motor 24, as well as the head
16 are activated by a host system through an electronic
- circuit disposed on a circuit board. Electrical
interconnect between the board and the host system is
effécted via a receptacles 28 and 30. "
~ In a “"stack", multiple head disk assemblies are
stacked within a single unit. As is common in the art,
the magnetic medium on the disk 12 is organized into
cylinders, data tracks within the cylinders and sectors
within the data tracks. An individual cylinder may be
thought of as the same head location on more than one disk
for a given movement of the load beam actuétof. Data 1is

written to and read from the radially spaced tracks by the
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8 and data on one or nore of the other drives. |In larger array systens, a
non-vol atile nmenory is often included to assist in the transfer of data to
and fromthe individual drives. |If the non-volatile nmenory is used as a
wite cache, then data to be witten is tenporarily stored to increase
efficiency. In thts context "non-vol atile" neans that the nenory does not
fail for lack of power; either by catastrophic unintended | oss of power or
an i ntended power _down stop/-start ogera.tlon |f the array suddenly | oses
power, the n‘bﬁa%‘ii‘é?‘??eh%‘fl& - of TR BTGPy OEnkhif Re Rt HRE Ve he? ~ was
being witten partheuldartratkt be pbeedibhi isireaistaigted dst .a servo-

control unit in a conventional manner. The load beam 18

is lightly biased against the aerodynamic 1lift of the -
slider so that the head 16 flies on an air bearing over
the disk 12 when the disk 12 is rotated at a high speed by
the spindle motor assembly 14. -

In a typical data storage system, digital data is
stored in the form of magnetic transitions on a series of
spiral tracks or concentric, closely spaced tracks
comprising the surface of the magnetizable rigid data
storage disks. The tracks are generally _d:.v:.ded' into a
plurality of sectors, with each sector comprising a number
of information fields. One of the information fields is
typically desﬁ'.ghated for storing data, while other field_s
contain sector identification and synchroni.zatit?n
information, for example. Data is transferred to, and
retrieved frqm, specified track and sector locations by
the transducers being shifted from track to track,
typically ‘under the control of a controller. The
transducer assembly typically includes a read element and
"a write element. Other transducer assembly configurations
:anorporate a single transducer element used to both write
data to the disks and read data from the disks.

Writing data to a data storage disk generally
involves passing a current through the write element of
the transducer assembly to produce magnetic lines of flux
which magnetize a specific location of the disk surface.
Reading data from a specified disk location is typically
accomplished by a read element of the transducer é.ssembly
sénsing the magnetic field or flux lines emanating from
the magnetize'd locations of the disk. BAs the read element
passes over the rotating disk 'surface, the interaction
between the read element and the magl:xetized locations on
the disk surface results in the production of electrical
signals in the read element. The electrical signals
correspond to transitions in the magnetic Field.
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9 Brief Description of the Draw ngs FIGURE 1 is a perspective
"kl lustration of an exenplary data storage device which nmay be used with the

~i'nventi on. FIGURE 2 is a schematic illustration of a disk drive

~encl osure which may be used with the invention, FIGURE 3 is a
schematic illustration of an exenplary seek operation undertaken by a disk
drive assenbly such as that depi cted |n4¢|gure 1. - FFIGURE 4 is a
schematic illustpation oné enbodi f the inventio FI GURE 5
is a schematic il % ré?lon gflgﬁ%ﬂt?ﬁﬁgt? Lo nRAE Vo I%ﬁ\ M 5%&nti on.

FIGURE 6 is angthamaphc of| lopstmagtions ofG@neﬁﬁtheras?S%Eﬁ1mﬁl§Ear§ed

support ed be§U)i:'dr‘rﬁr NERBT ¥omputerr |JARE A thit Poisd)enBid Cdrive
il lustration ? ternati ve enbodi ment _of the i.nventi Of&h% Fl GURE

8 is a sch@ﬂﬁ??c Te, ust‘?oé‘lf?]rﬁflnﬁep“?ﬁ?%d‘paﬁﬁ‘?%od}? ‘of PRiERtion to

an exenpl ar ymayr atheaysbemaccessed for read/write operations byiOthe
computer system with which the drive interfaces.

With each of th@ase operations there are a number of
"seek® operations which are undertaken by the head. A
seek is the movement of the head radially across the. disk.
Generally, the head moves radially on a periodic basis
either in routine idle, to avoid depletion of lubricart,
or in reading and writing appllcatlons. -

As can be seen in F:Lgure 2, the hard dr:.ve is
composed of a number of different constituent wparts. .
There is a disk enclosure 25 within which are the hard
drive metﬁory- elements 12. The membfy elements 12
generally rotate above a spindle motor a:sset'nbly 14. In
turn, the heads 16 are controlled by an_actuator 17. A
microprocessox 19 controls the disk enclosure environment
signalling a first controller 21 which controls the
spindle motor assembly 14 as well as a second controller
23 which directs the actuator 17 rotating the disk drive
heads 16. Generally, the method of the invention may be
configur'é"d in any number of different environments
consistent with the invention.

A counting program may generally be found in the
microprocessor 19 for counting the number of seek
operations undertaken by the head over any given period of
time. The microprocessor 19 controls movement of the head
and, in turn, is controlled by the - computer'i system
u{igroprocessor' 27, for example, on the computer -system
mdi:her board.

Turning to Figure 2, a 'schematic diagram of the
method of the invention may generally be seen. Generally,
any drive assembly, stack of assemblies, or array .of drive
assemblies is supported by various control procedures
found on the operational memory in one or more of the

computer system microprocessor 27, disk drive
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Det ai |l ed Description of the Preferred Enbodi nent The invention

gonpri ses nethods and assenblies for increasing the reliability of a data
storage device. Storage devices in which the nethod of the invention nay be
used generally conprise a nenory el enent disk, containing data, the disk
bei ng rotatably nounted about an axis,_and a transducer positioned to read
and/or wite data fronto the disk. ‘¥he device al so contains an actuator
for noving the transducer head relative to the disk, and a counter for

counting thgmﬂéf!ibpfoeésseeklﬁp'&ﬂf%}km deot hefreedyr faémartsgiufi]erthféead-
In greater tall,, Figure 1 prqyides_a [ tive view o trative
dat a storageg%lg ig?erlo\% hggd di skeasggﬁﬁgglllga?(c)rggﬁgf?’n\é\i%th%@@%%%hi% s of

t he inventi opouhings qragnan 0mayc| beePrepgidpared? igHahpr8N * fradghesiec

nmediumis di speséfits #iEhdhSknd2s{scent at Bbadd ddnihroippedredR@ds arepi ndl e
not or assenbl 4. A rragn%gl transducer or head 16.is susgend d ov%r t he
di sk at the BR%%oFCa3FEAF é"g’rﬁ 1B 1Y e T e ST R A nER A 254 P

suspended atinheiaptimgneathenchssf eff avar2éty Thé dapphicanions$.t he Them 20

provi des an - ' NOLGEs £Qt t Vs 0 T at or
notor 24 | ndﬁ%@%ﬁeﬁébﬁeﬂ't %lerq mlggig%%ﬁt&%t El\]/:g? n:ch)i icﬁ:{észs 2 Qgr?g‘é?%er eby
noves the he@@Vige;n deBerBraY r SOMPTifese Pregravingd hwhirhy gountge
assenbly is indivbduslt Beeka dperEt 2ondr adi phrdr iofe tivis oopetatipnadl e

not or asserrbl%m notor 24, as well as the head 16 are activated by a host

systemthroung'; anm electronic circuit disposed on .a circuit board.

El ectrical inter Bmetypicalecseeke dpsxationd isheshen dpstRigyuxeeBfect ed
via a recept@gtigSsédBkdBpedhtion mb¥ed thHedHead MH tbPbe heagedi dlisk
assenblies are stacked g/!_thhn 'eS'd; | e _Lé%ltvaS IR ggmgorzl‘.eig‘ttig%sgrit, the
magneti ¢ _medttfton £heldr skBE28°2 %d:frﬁ eBOVREG | p

to the disk 12. Since the disk 12 is constantly rotating,

the movement of the head 1.6, while essentially radial is

in a spifal pattern in xelationship to the disk 12. As

the seek operation progresses, the head 16 moves outward,

f radially, to point T2. Thus with each seek, more wmaterial

accumulates on the head 16. If this accumulation
continues over several weeks, and the drive is stopped and
not started for several minutes, the drive may not start.
The conditions may worsen at elevated temperatures. The
accumulated material on the slider forms a bond with the
disks and this creates a force which is many' times what a
drive motor can provide. ,

In Figure 2 there 1is generally an exponential
relationship between the signal strength and the distance
between the recording head 16 and disk 12. Increasing the
distance between the head 16 and the disk 12 may .decrease
signal strength to a point at which the data pfeviously
recorded on the disk is unreadable. As a result, the
dhnecessary vertical motion of a head with respect to a
disk may also contribute to system failure.

The method of the invention 1is initiated by
programming the computer system to count the number of
seek operations and recall the seek operations undertaken
to compare these against a threshold c¢tount. Again,

programming may .be completed in any of the system elements
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cylinders, data tracks within the cylinders and sectors within the data

tor acks. An individual cylinder nmay be thought of as the sane head
l'ocation on nore than one disk -for a given novement of the | oad beam
actuator. Data is witten to and read fromthe radially spaced tracks by

t he transducer head 16. The position of the head relative to a
particul ar track on the disk is maint4ined by a servo- control unit in a
conventional manner. The | oad beam 18 is lightly biased against the
aerodynam c khfithof tdemtsdirder tsige t habysbemhead dfiefddiemadn amemorypeari ng

over the disl 12 . t i 12 1S T d, at hi SPesd o spi ndl e
not or assenb%?efi%%gn%nqé&ﬁ}%‘%cé% 5g{g§tr§t %f atkge sgifgsl{kem g‘ll%ll %‘na%&ga S '
stored in thésf puegsRMRRFhdid cCounthsrR orecad Fheerfeskpfcagpiliafied tacks

of concentrige diGRe!Nea8Paeedsst Atk ss\FRYe ongchdedsskl sagpofad he
magnet i zabl eFHFgI d_data sto;ca e ESk The tragks e enq__razll %IV ded-

d
into a plurafPey VBFY4Bg: §PEX NiPPRCealpresedfol ESHBH I TR & TS
i nf ormati on &eekdsareCreountethéxromf ectdvabhoh ief dshe syshsrcabiur desiegnat ed

for storing gdatgyoyfid£rot bpferdtdldS £8NRKRormERF! ¥he . VABPILGT GRION and

synchroni zat Icgtr;nt, Veeexs 18 reset to zero and seeks are counted from
the last stop/start operation. The operational memory
also recalls the seek count at which the drive is at
threshold, T..,, STEP 42. This parameter, T,.. is used to
evaluate the-need for stop/stiai:'t operations as it provides
a true indication of actual hard drive use; the movement
of the head 16 across the hard disk element 12. Toeex MAY
be set at any value which reflects the size and usage-
level of it:.he computer system. 1;‘0r example, a single drive
computer System may have usage at a different level than‘
computer system having an array of more than one drive . i
Further, personal computer systems may receive different
levels of usage when compared to computer systems used by
institutions. This varying seek count, V... is compared
to the threshold seek count T,.., STEP 44, and when:

Vseek = Tseex ' (1)

a stop/start operation is initiated, STEP 48. V. may
then be reset to zero ‘so that once the stop/stért.
operation is completed, the seek count may resume, STEP
46. _

An alternative means of executing the invention is to
use a counter which counts the number of seeks undertaken
by the system from the initial activation of the system.
Once reviewed, if the number of seek operations completed
m-éets or exceeds a threshold level, Tieexr & Stop/start
operaﬁiog is undertaken, and the counting operation is
reset.

In greater detail, as can be seen in the flow chart
shown in Figure 'S, the operational memory may be
programmed to recall the threshold number:of seeks, T

seek ¢

which must be undertaken before a stop/start operation is
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information, for exanple. Data is transferred to, and retrieved from
specified track and sector |locations by the transducers being shifted
from track to track, typically under the control of a controller.
The transducer assenbly typicalty includes a read elenent and a wite
el ement. Other transducer assenbly configurations incorporate a single
transducer elenment used to both witéd>data to the disks and read data from
t he di sks. Witing data..to  a data storage disk generally
i nvol ves passideyt@kan + eMhet bpeyglts ionalwnerere|lashe opmphterr apstemer
assenbl y t 0RO @egrt%é&rérhrﬂéé 06 Ebte Whishrdrmanetn,ze, aseReckhi C
| ocation of the disk surface adi ng data.from a specified di sk [ocation
is typicall ¥y accOpfTehes b hgtf‘?gd q"tréeherﬁeed(f tPRETF Y ucRPTRREERE v
sensi ng the u@gmelﬂmd | elsd m;,,,fl tasl | hesnemetat i nHirsonoperatagnet ized

llocations of; 1iRg HeK. 1y ,ﬁs%etwe ﬁﬁ?ﬂg' H@neotaﬁsmrof heediod aLh 0gLdi sk

surf ace, the I nteracti read el enent_and the nmagnetized ..
| ocati ons ofhehe PRRUERF f aS¥SEETyY| thag ?Wlﬁtﬁﬂ’ucﬁld}?%f IE‘F%!:’PP%EEI
signal s in opexatdcdms aEpt . The electrical signals correspond to

transitions in tt}:%en%%g&t %xfanFet%r defined by the operational memory 12
of the comput:er system is the number of seeks undexrtaken
since completion of the last stop/start 6peratio’n, Meeek ¢
STEP 52. Stop/start operations may occur, for example,
with the first use of the computer system, routine trouble
shooting operations which occur as the computer system is .
brought into full operational capability, or with the
powering down of the computer system at the termination of
routine use. ) '

Once N, and M. are defined, the operational memory
; I compares these two parameters to deterxrmine whether a
stop/start operation should be undertaken, STEP S4.
Once compared, if: f

Neeex = Mseex < Tseek_ (2)
then the program continues to count and recall seeks, STEP
‘55. N

However, once compared, if:
’ Nseek - Mseek 2 Tseek (3)
the operational memory resets the parameter M;.ex. STEP 56,
so that: . . _
Meeex = Ngeex . (4)

and initiates a stop/start operation, STEP S8.

Turning to F:Lgure 6, in certain applications,
aux.lllary memory (or storage) 31 may be available. within
the computer system. Auxiliary memory 31 is often used to
maintain  the computer system microprocessor 27 operation
in environments with high user volume = such as
administrative or service operations in financial,
communications, or governmental institutions.

Auxiliary storage or memory may be an element

separate from the computer system or encompassed within
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W.th nost drives, seek operations occur fromthe initiation of operations.
Generally, a drive is started by turning the conputer on. At that point,
the drive cones ready, conpleting start up operations. The drive may then
be accessed for read/wite operations by the conputer systemw th which the
drive I nterfaces. Wth each of tﬂgzse operations there are a nunber of
"seek"_operations which are undertaken’by the head. A seek is the novenent
of the head radi ally across the disk. Cenerally, the head noves radially on
a periodi c bhsi scempHELRT nsysireime litgled £.t 0 bt ifep! etStOFasre | wisny cant ,

gr hndreadl asmaﬂés@ﬁathaﬁ a@@ﬁﬁ%@é'@?sgat?lft cO3egant her setge | rsdarglérs_e}hZ the
ard drive is C S nunber | f ferent, co e arts ere is
a di sk encl 6&]?%@%% %ﬂ‘ts% SthiTh aa?‘i LR Ha g SR vg%tcﬁ%%ogkmg mts  12.
The menoryflasbmmsmeryl? geaer allle}:trmtratcelhboﬂe“aﬁabbendilr@gmmabdsserrbl y

14. In turpeaihgnhigagemt@yare controlled by an actuator 17. A
m cr oprocessor 19 control s the disk en | osure environnent signal I i ng a

first controller Efnexﬂgcﬁ%gﬁﬁ%les"t'hé g pFYRiS CQdDYRB O £9T el | as
a second caui;eobvh.elh 23 wbinphtdrr ectrpriibéngchuni biaty mehatryngtoragei sk

drive head . ngéghl Y, %n”eétl?ﬁglfnzj thAPé( Qt i;an mf§%ﬁ'{ copfl.gur ed

in any nu fferent = envi Fonnents con I s ent he 1 nventi on.
A counti ng %Y%E;@Gnﬂiﬁ?egéﬁeFHF-‘PygbethGuﬁéF“? shens depigtedcdasBigwyef or

counting the, nurrbzawe&fexseeleh@pebgétaaioaaﬂewea&p bdfthﬁl&eéémgﬁetéhzﬁn% |
e Nnea

and | [n | CorRCeny CEEBRATSHed I TRES BEptRErE e S FHer BIRASEES, 27
for exanpl estonaghmhmptlhercglyéimmmbybmdtlon 3 dhove N metki gure 2,
a schemat i okl agrap/ekadte operation is then completed. After the
‘hard drive element is powered back up the data is
transferred back onto the hard disk element.
Specifically, the operational memory of the computer
, .system is programmed to count and recall the number of
seek operations undertaken since initiation of. system
operation N_.. ., STEP 70 (see Fig. 7). The system is also
programmed to count and recall M,.. that is the number of
seek operations undertaken since the last stop/start
operation, STEP 72. As with the operation 'depicted in
Fig. 5, Ny and M, are compared, STEP 73, and when the
condition.;".of ‘equation 2 is met, seek counting continues,
STEP 78. "When the condition of equation 3 is met, M, .. is
reset to equal N,.,., STEP 74. Data is then transferred
from the wvirtual drive to the auxiliary storage by the
array controllér, STEP 75. A stop/start operation is then
initiated in the disk drive STEP 76. After the stop/start
operation has been completed, the data may then be
transferred back to the disk drive from the auxiliary
sébrage, STEP 77. The seek operational count may then be
resumed, STEP 79.
The invention is also useful 'in the operation of
v arrays of multiple disk drives used in parallel, see Fig.
8. Array systems provide the operator' with a fast
response, more data storage space, and a gré‘ater tolerance

to disk drive failure. Array configurations such as
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methrod of .the invention nmay generally be seen, Generally, any drive
assenhbl y, stack of assenblies, or array of drive assenblies is supported by
various control procedures found on the operational nenory in one or nore

of the conputer system m croprocessor 27, di sk drive
13 m croprocessor 19, disk 12 or other nmenory el enents of the disk
drive 10. The operational nenory inctlding the counting program may be

programred into any of these el enents within the system These control
procedures are ed to assist the drive in com.ng ready to erate and
initiating Fﬁé%’?}% AZAYE P15k raXer o aIS%Tﬁgsggglgrr‘ﬁggg{’ Y8t em
whi ch i ncl udesafld diitlet thecdswestoramge Disli drivgenaralyby atmpnroses

program ng WHaeH £C0pdi Srant N¢nkindusd n§EEK aePeL abiaBabasepal t Wbwifbs
oper at i onal menory. The typical seek operation.i.s shown in, Figure
3 “Each sePETESEMANGS, SRS SULERE HEadRBERREEVESRIWILE 3 QF LY I T1

t he head st abednmpumySdced. a Tied ahevthedi of the imerdiisin May & nesedhe
disk 12 is cpsy .e\ésfeo?xaélii’}aﬁ:ilit%)ﬁ'%{%’ﬁ{@i%koﬁfﬁbé Q%ﬁg 46, while
essentially radial i's in a spiral” pattern 1n relations .?5 to the disk 12.
As  the seek opePfd iTFERIRFYSIELAYt F¥SKERATTE RByESHuiRaFdgure 8.

’ : Two disk drives 10 and 10’ are connected, through an array
controller 33 to a host. The host 36 does not see the
action of .the individual drives 10 and 10‘, but rather
sees a virtuai drive 37 as controlling the ongoing
read/write operations. ) T

In operation each new seek operation .moves the
slider(s) for 10 and 10’ over a new disk area. Thus with
each new seek operétion, more material may accumulate on
the respective sliders. Accumulation over an extended
period of time may result in a head crash on one or more

6f the drives. o

In accordance with an. alternative aspect of the
invenﬁion, each stop/start operation may be undertaken by
monitoring the earlier of threshold limits for power-on-
hours or seeks. As can be seen in Figure 8, the array
control¥er can be configured to recall both seeks and
power-on-hours to initiate stop/start operations.

”Nbrﬁéily, data transfer proceeds from the host,
through the array controller 33 to the drives 10 and 10°.

The switches 34 and 35 connect the array controller 33 to

each of drives 10 and 10‘. Generally, the data on drives
10 and 10’ is redundant and failure of either drive can be
tolerated. "

As shown in Figure' 8; the array controller 33
comprises the operational memory for determining whethexr
the accumulated number of seek operations for either drive
10 or 10‘ dictates a stop/start operation is dictated. As
shown in Figure 8, wvircual drive 37 is transferring data

to the auxiliary storage 31 through the array controller
33. b



radical ly, to point T2. Thus with each seek, nore materi al accunul at es

on the head 16. |If this accunmulation continues over several weeks,
and the drive is stopped and not started for several mnutes, the drive
may not start. The conditions:my worsen at el evated tenperatures. The

accunul ated material on the slider forns a bond with the di sks and this
creates a force which is many tines whgt a drive notor can provide.

In Figure 2 there is generally an exponential rel ati onshi p between
t he signal strengmheaadxihead&séeaﬁ&ge bﬁ&%peacehedrrm@rndmguh&ﬁ&h&&;and

di sk 12._Incpeasi ngstgaé? asgl@g e[__peé s@ﬁf‘@e&fS anld Qﬁ,ﬂ}esliolz may

decrease  signal Stren data previously
recorded on iHergPs§RYLS unF@&déﬁFé thaAstaS rCQSl‘Het wrikden Gondedyeamyp

vertical notigA @lowd Hieaghr-améberesPeeionotie aulkSkiamy atstagentiikyge to
systemfaiIU{:ﬁ . he nmethod of the invention is initiated by

pr ogramm ng g QSﬁ'pute "systemto count the nunber of seek operations
and recal |l the se®kheoparstlinny ustieregrRerspeetds ddigparecoviarye ofigshest a

threshol d cogplay sfgabR. afcafoeﬁérrgwg/a@a»ftb%p@%eh@hedsl BoApietbdl.he

system el erreniternatlve embodiments of this array system also support
use of the method of the invention. For example, the
auxiliary storage may also be an additional redundant hard
drive, any number of hard drives or memory elements for ;
use with the method of the invention. - -

The above specification, examples and data p_:"OVide
the complete description of the manufacture and use of
invention. Since many embodiments of the invention can be

- made without departing from the spirit and scope of: the
invention, the invention resides in the claims hereinafter
appended. - i



whi th contain t he system s operational. nenory. Specifically,
turni-ng to Figure 4, the operational menory- is programred to count and
Tecall the seeks conpleted by the drive head across the surface of the disk
STEP 40. The varying seek count, V[err], is initially set at zero and seeks
are counted fromactivation of the system but once a stop/start operation
is perforned, the varying seek count, V[err], is reset. to zero and seeks
are counted fromthe | ast stop/start oﬂ@ratlon The operational nmenory al so
recal I's the sed&ABfnt at which the drive is at threshold, T[err], STEP 42.

This paraneter, T[err], is used to _evaluate the need for stop/start
operations as |t r ovi e indication of yghshard drive use; the
novenent of the hglad 1gl€across %ra%%r sk @@%nt fh T[err] may be set

at any val ue which refl%ﬂ@Qﬂm@%r&ndlaga@éiqfeﬁ@IY W%ﬁ’f@dcéﬁﬁtiﬂ:eﬁn
system For exawle, a single dr| ve conputer system may have usage at a
different | evel than corg)ut stem ?aw ng an array

'(__) L& t han ons
drive. Further, persond™c t?°§ys Vr?%cel ve da??ere ¥ 18g8fs of
usage when comglateidre d:o:ommi aetislyst ens used by institutions. This varying

seek count, V[err], is o o] d Kk TLerr TEP
a4 and when: £ M’@%rf&ﬁgrﬁ’i 5}@% 3Rk noabalr The' 'beef

stop/start oReRatGPNS E"Pﬁ'ﬁ‘?’&l‘%@ BTEPL 8a°t %%‘R 4Bt rRnsher/ ?E@%P to
zero so that gpwasadivn stw/ddcajfrémpratdon is conpleted, the seek count may

resume, STEP 46. - aA% erfgg_t :T%élgfg@ﬁggfaﬁégggy %%g?esk%?g; ?el s to

use a counter which éourﬁ kS undert
from the i ni ioperatiaon amMhen or—hlehecﬂ@tten?f ORald o FOBREGT | Feﬁﬁbeﬁunﬁer of

seek operati %mﬁa Mise®r exceeds a threshold level, T[err],.
stop/start operation is undertaken, and the counting oper ation is

2. A data storage dev:.ce comprising:
a memoxry element disk rotgtably mounted about an
axis; ‘
an actuator for moving 'a transducer head
relative -to said disk;

i a counter for counting the number of seek
operations performed by said actuator since a stop/start
operation has occurred;

~ means for initiating another said stop/start
operatién based on the count of said counter; and
a non-volatile random access memory for
temporarily storing- write data for said data storage
device while said another stop/start operation is
performed. ' .

. 3. An array controller for controlling a plurality
-of data storage devices, each of the data storage. devices
including a memory element disk rotatably mounted about an
axis and an actuator for moving a transducer head relative
to the disk, said array controller comprising; -

a countér for counting the number of seek
operations performed by the éctuator of each respective

one of the data storage devices since a stop/start

* c L M S *



reset. In greater detail, as can be seen in the flow chart shown in
Figure 5, the operational nenory nmay be programmed to recall the
threshol d nunber of seeks, T[err], which nust be undertaken before a

stop/start operation is _ 15
undert aken. The operational nmenory of the conputer system may
t hen be programmed to count and rec?tol N err], STEP 50, to

determ-ne whether the seek operdtion paraneter _ identified

as T[err] has been net. Thi s operation_i . Lni tica
det er ni ni ng t?%erf%tlaﬁn r{lu?rﬁoe‘?c%‘fr’%e%kjsn_vﬁ?%i respective O%‘%eggokrrg%t ggtgyst em
has conpl et edstsirage by igg sy and . operation, Nerr].

The next parameter defiqaddyrbhe OReraht onpl aRBEREY said stop/8tathe
conputer systemis the nurrberjt(gf seeks .undert aken '

sipce

conpl eti on oPREFAGIRR dPop?R1QAr FGHETSH TG, O e | The  data "stexpges,

St op/ st art opndEidesn bammd aoc rhe fosumkaoblsmid counter. with the first use
of the computer system routine trouble shooti ng operations

whi ch occur "as the conmputer systemis brought into_full

operational capabi4- tyAo@ngavh qaperoller for cgphrplhingodnPbrrahity
conput er sysigmdalcd kRt dreige Rividtesf each of the dathi stovage devices
including a memory elenient disk rotatably mounted about an
axis and an actuator for moving a transducer head relat_:ive

to the disk, said array controller comprising: '
| a  counter for counting the number J&f seek
operations performed by the actuator of each respective
one of the data storage devices since. a stop/start
operation has occurred in said respective one of the data
storage devices; f
; means for initiating another said stop/start
operation in said respective one of said data -storag;e

:devices based on the count of said counter; and

a non-volatile random access wemory for
temporarily storing write data for said respective one of
said data storage devices while said another stop/start
operatisfrl is performed in said respective one of the data

storage devices.

5. A method of increasing the reliability of a data
.storage device, said data storage device comprising a
memory element disk containing data rotatably mounted
q_bout an axis, a transducer head, and actuator for moving
é’aid transducer head relative to said disk, and a counter
for counting the number of seek operations performed by
said transducer head, said method comprising the steps of:

(a) defining a threshold seek operation count T,,..:

(b) counting the number of seek operations since the

last stop/start operé‘tion to detexrmine V and

seek ¢

(¢} . determining whether V.. is equal to or greater
than T,.e.- )
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Qrce Nl err] and Merr] are defined, the operational menory conpares these
two paraneters to determ ne whether a stop/start operation
shoul d be undertaken, STEP 54. Once conpared, if:

Nerr] - Merr] < T[err] (2) then the program
continues to count and recall seeks, STEP 55.

However, once conpared, if: 21 Nerr] - Merr] [err]

Tlerr] (3) t he operational menory resets
t he paraneter I\/[eré STEP 56 so that: |
Merr] = Nerr] The method of claim G4) wherein V, . afd sal &tes a

stop/start Opﬁ&a@x@ateSTEl%aﬁﬁ T..« and said t ransBfdEN hedd uldetfcdes 6 I N
certain appll%atl NS, « operat auxiliary menory (or storage) 31 may be
avail abl e wi t §i P art op rtahél0 rrput er system Auxiliary nmenory 31 is
often.used to’ mai ntain the conputer system m croprocessor 27-

operati on N THRIGEIUPUS Wi 5, bereifietne! U asid as
adm ni strative service o erat I ons financi al ,

communi cat i on& dd&tt 6\?&1\5%’ TLSES |at"’d‘t’11c}ﬁ§'y memory . Auxi | i ary
storage or nenory may be an el enent separate fromthe conputer
system or enconpasged Wil ethod of claim 7, wherein V. is equ%ﬁ to

or greater than T, and data for said dété storage device

is transferred to 'said auxiliary memory, - and said
transducer head undergoes a stop/start operatlon.

. 9. The method of claim 8, wherein after said
stop/start operation is completed, said data is
transferred to said data storagé device. ' -

; : - : ) ;
10. The method of claim 6, wheren.n V$eek is reset to

equal zero before said stop/start operatlon is undertaken.

11. A method of increasing the reliability of a data
storage -device comprising a memory element disk containing
data rotatably mounted about an axis, a transducer head,
and actuator for mov:.ng said transducer head relative to
said disk, and a counter for counting the number of seek
operations performed by said transducer head, said methed
comprising the steps of:

- (a) defining a threshold seek operation count
T .

seek 7
(b) counting the number of seek operations
since the 1last stop/start operation to

determine M.,

(c) recalling the total number of seek
operations completed by the data storage

device to define N_,;

(d) defining D by determining the difference
between N

see

x and Mg..; and

(e) determining whethex D, is greater than

A
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thé - conputer system itself. Auxiliary storage nmay conprise a
ron-vol atile or fault tol erant storage, such as an added di sk drive,

addi ti onal random access nenory, or flash nmenory, i.e. electronically
erasabl e programmabl e read onl y  nenory. Turning to Figure 7, the
system of the invention for use with a conputer conprising auxiliary nenory
storage may be seen. When auxiliary mtorage is present, the system
proceeds through the sane steps depicted in Figure 5. However, the
operﬁti onal I menory2 of The ﬁ@ﬁ‘ﬂblﬁe& SyB4 A1t ranéil;eiﬁ bhe dat aq@fgli Riprest
to the _auxiljar . Storag ep the condit e [ gve is met.
The stop/star’f era 1?oﬁhlys1 Eﬂ’e‘h %orrpﬁda d gqagséﬂfl Xr ﬁ%gghgﬁgér%ﬁe\fea

el enent |ssm&t'e%lrtba@men9tl©he data 1is transferred back onto the hard
di sk el enent. Speci-fi cally, the oper ational nenory of the conputer
systemis progra count. a e nber _qf seek gperations
undert aken si nce ¥ 1t|'§??’o'ﬂ ebho @;&% ﬁgflg eﬁfe?ol]is”" SFeP-76% $&% Fig.
7). The sysipral m@hswhpm@aams&dni%emntommiatmus Mretedtakaat is the
nunber of seek operations undertaken since the |ast stop/start operation,
STEP 72. As with the operation depicted.in Fig. 5 Nerr] ,and I\/[err] are
conpar ed, STEP 734 -andthehathod: oafi tqléﬂmofnequ‘a’@?’é‘hllz isgiget d eyder
counting coeldditdonsIP démpMhess t iexiDikdyi wemorly.equation 3 is met,

Merr] is reset to equal N[err] -STEP 74. Data is then transferred from
the virtual drive to the auxrllary storage by the array controller, STEP
75. A stop/start Ifper Zhemethedof ighaimiéd vherein Psak ii#| eau81ERo76.

After the SprbiTe%ﬁ:beWai‘i "IQnk,h%‘-imcp%'&acﬂﬂi@'é%ﬁ@dai:hesééi:'agéaﬂe{rhéﬁ be
transferred back rive trom t helaum [i arny st or aaqn STEP [77. The
Srigd S e a' “sd

seek oper at i&nalt A bEAEs AR id

transducer head undergoes a stop/start op_erat:l.on.

16. The wmethod of: glaim 15, wherein after said
stop/start operation is completed, said data is
transferred to said datalstorage device.

17. The method of claim 13, wherein M, is reset to
equal N, before said stop/start operation is undertaken.
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The-invention is also useful in the operat'i on of: arrays of nultiple disk

drives used in parallel, see Fig. 8:;" ‘Array systens provide the operator
with a fast response, nore data st.orage space, and a greater tolerance to
disk drive failure. Array configurations such as _

17 redundant arrays of disk drives are also systens which are useful
with the invention. Di sk drive arrays ay£ nore fault tolerant than
single drive assenblies. However, performance can suffer in an array

systemwhile a drive is being replaced. The nethod of the invention nay be
used to increa¥eMETHOD ANy ASSEMBLYi FOR ANCREASING/STORAGE DEVICENp! ary
array systemnmay be seen in Figure 8. Two disk drives 10 and 10' are
connected, through an array control RELIABILTY host. The host 36 does not
see the action of the individual drives 10 and 10', but rather sees a
virtual driABSBRAET controlling the ongoing read/wite operations.

over a new di Sk TheRverARInGIeRts b THARL obd A s dericeidfs Aecriai may
accunul ate iBvention may include setting a threshold seek value T} and comparing this value to
the actual seek performed by the head, Ve to determine the need for a stop/start
operation. Alternatively, the invehtion includes defining threshold seek operation count
.Tseek, counting the number of seek operations to determine Mgee since. the last stop/start
operation, recalling the total number of seek operations completed by the data storage
device to define Ngeei, defining Dy by determining the difference between Ngop and -
Mgeex, and determining whether Dy, is equal to or greater than Tgee. When Dgegy is
equal to or greater than Ty, the transducer head (16); undergoes :a stop/start operation.
Mo may then be reset to equal Ngeeg béfore the stop/start operatibn is undertaken.

When Dg is less than Ty the count is commenced.

Fig. 4



P
th@ respective sliders. Accunul ati on over an extended period of tine may
tesult in a head crash on one or nore of the drives. I n accordance
with an alternative aspect of the invention, each stop/start operation nay
be undertaken by nonitoring the earlier of threshold Iimts for power-on-
hours or seeks. As can be seen in Figure 8, the array controller can be
configured to recall both seeks and power-on-hours to initiate stop/start
oper ati ons. Normal |y, data transfld8 proceeds fromthe host,
t hrough the array controller 33 to the drives 10 and 10'. The switches 34
and 35 connect the array coontroller 33 to each of drives 10 and 10'.
Cenerally, the data on drives 10 and 10' is redundant and failure of
either drive can be tolerated. ' As shown in Figure 8, the array
controller 33 conprises the operational nenory for determ ni ng whet her
t he accunul at ed nunber of seek operations for €ither drive 10 or 10
dictates a stop/start operation is dictated. As shown in Figure 8,
virtual drive 37 is transferring data to the auxiliary storage 31 through
the array controller 33. 18

FIG. |



The auxiliary storage 31 replaces drive 10 while this drive is stopped and
immedi ately restarted. Once drive 10 is restarted, the data that was to be
witten to drive 10 can now be transferred fromthe auxiliary storage 31 to

the drive 10. The auxiliary storage speeds the recovery of the array
system after the stop/start operation is conpleted. Alternative enbodi nents
of this array system al so support use of the nethod of the invention. For

exanpl e, the auxiliary storage may al so 2yg an additional redundant hard
drive, any nunber of hard drives or nenory elenments for use with the nethod
of the invention. The above specification, exanples and data provide
the conpl ete description of the manufacture and use of invention. Since
many enbodi ments of the invention can be nmade wi thout departing fromthe
spirit and scope of the invéntion, the invention resides in the clains

her ei naft er appended. 26 19 | CLAI M
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1. A data storage device conpri sing: a menory el enent di sk

rotatably nounted about an axis; an actuator for noving a
transducer head relative to said disk; a counter for counting the
nunber of seek operations performed by said actuator since a stop/start
operation has occurred; and means for initiating another said
stop/start operation when the count of said counter reaches a
predet er mi ned nunber. 2. A data 878rage device conprising:

a nenory el enent disk rotatably nounted about an axis; an

actuator for noving a transducer head relative-to said disk

counter for counting the nunber of seek operations perfornmed by said
actuator since a stop/start operation has occurred; means for
initiating another said stop/start operation based on the count of said
counter; and a non-volatile random access nenory for
tenporarily storing- wite data for said data storage device while said
anot her stop/start operation is performned. 3. An array controller for
controlling a plurality of data storage devices, each of the data storage.
devices including a nenory el enent disk rotatably nounted about an

FIG. 3
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axis and an actuator for noving a transducer head relative to the disk,
said array controller conprising; a counter for counting the
nunber of seek operations performed by the actuator of each respecti ve one
of the data storage devices since a stop/start

20 operation has occurred in said respective one of the data st orage

devi ces; and means for initiating another said stop/start
operation in said respective one of the dgiga storage devices based on the
count of said counter. 4. An array controller for controlling a

plurality of data storage devices, each of the data storage devices
including a nenory el enent disk rotatably nounted about an axis and an
actuator for noving a transducer head relative to the disk, said array
controller conprising: a counter for counting the nunber of seek
operations perfornmed by the actuator of each respective one of the data

st orage devices since a stop/start

START
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-DISK DRIVE: .

VSEEK

RECALL THE SEEK
COUNT AT WHICH s k2

THE SYSTEM IS AT f
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T

PERFORM STOP/START

»( RETURN )
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operation has occurred in said respective one of the data storage devices;
nmeans for initiating another said stop/start operation in said respective
one of said data storage :devices based on the count of said counter; and
a non-vol atil e random access nenory for tenmporarily storing wite data for
sai d respective one of said data storage devices while sai.d another
stop/start operation is perfornmed in said respective one of the data

st orage devi ces. 5. A nethod of Bf8reasing the reliability of a
data storage device, said data storage device conprising a nenory el enent
di sk containing data rotatably nounted about an axis, a transducer head,
and actuator for noving said transducer head relative to said disk, and a
counter for counting the nunber of seek operations perforned by said
transducer head, said nethod conpr|S|ng the steps of: (a) defining a
threshol d seek operation cou (b) counting the nunber of
seek operations since the stop/start operation to determ ne
Verr]; and (c). deterM pHer V[err] is equal to or greater
than T[err]. .

COUNT FROM THE
DISK DRIVE:

Nogek

* RECALL THE SEEK |50

¢

RECALL THE SEEK 52
COUNT AT THE LAST r’;;
START/STOP OPERATION:
MsEEK
55
54 - i
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-
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21 6 The nethod of claimb5, wherein V[err] is equal to or greater
than T[err] and said transducer head undergoes a stop/start operation.

7. The nethod of claimb5, wherein the said device additionally conprises
auxiliary nenory. 8. The nmethod of claim7, wherein V[err] is
equal to or greater than T[err] and data for said data storage device is
transferred to said auxiliary nenory, and said transducer head

undergoes a stop/start operation. 6¥8 The nethod of claim S8,
wherein after said stop/start operation is conpleted, said data is
transferred to said data storage devi ce. 10. The nethod of claim®6
wherein V[err] is reset to equal zero before said stop/start operation is
undert aken. 11. A nmethod of increasing the reliability of a data

storage device conprising a nenory el enent disk containing data rotatably
nmount ed about an axis, a transducer head, and actuator for noving said
transducer head relative to said disk, and a counter for counting the

nunmber of seek
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opErations perfornmed by said transducer head,

steps of:
‘Tlerr];

(a)
(b)

counti ng

since the | ast stop/start operation to

(c) t he

recal l'i ng
(d)
N err] and Merr];
greater than

22

said stop/start opera

t ot al
conpl eted by the data storage

12. The nethod of cl
than T[err] and said transducer hea
13. The method of claim 12, wherei

nunber of seek

et erm

T[ eSTART

Merr] is

said nethod conprising the

defining a threshold seek operation count
t he nunber of seek operations

determne Merr];
oper ati ons

device to define Nerr];
defining Derr] by detern1n|ng the 4i8terence
and

bet ween
ning whether Derr] is

rein Dierr] is equal to or greater
undergoes a stop/start operation.

reset to equal N err] when
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14. The nmethod of claim 11, wherein said device additionally conprises
auxiliary nenory. 15. The nmethod of claim 14, wherein Derr] is
equal to or greater than T[err], and data for said data storage device is
transferred to said auxiliary nmenory, and said transducer head
~undergoes a stop/start operation. 16. The method of claim 15,
wherein after said stop/start operation is conpleted, said data is
transferred to said data storage devic 17. The method of claim 13,
wherein Merr] is reset to equal Nerr ]%efore said stop/start operation is

under t aken. i
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