Gl Jp3eKK][ 486nTI I N A DI SK DRI VE BACKGROUND OF THE | NVENTI ON 5 The
resent invention generally relates to the field of a disk driv i

a magnetic disk nedium and nore particularly to wite operati ommmwmmmmmm’

for a no “mwmmwwm e operation other than a normal wite operatiopn,

general,nﬂmm , such as a hard disk drive or a nagneto-opticé?”ﬁisk

drive, magnetige@abty records data on a nggnftic di sk nmedi um (whi ch nmay be

sinply referred to as a disk hereinafter) and reproduces recorded data on
this disk by using a head. 15 Recent disk drives are used for various
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demands for teCPﬁiﬁabIEEaﬁﬂng for the tenperature environment in
particul ar are Thcreasing. dally, to assure constant reliability, the 25

tenperature range in the envi { i arH i;ve nornally
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operates is defined in the pr speci rons 1n advance. In the disk

drive, g r - 2 thenpepopdng d‘iﬁ%ﬁ%ﬁ%’ﬂ %_;tein“e%a(lwr% tr%l%aieelrsatﬂd)r\:he

characteristic or magnetic recording characteristic ow tenperature
are particul arly;épgoptagt 4i 9k ARgPet waakhy useeoadmagndatia o dihe disk. 5
In general, in the field of nagnetic recording techniques, the coercive

force of the dimkdbespnasdl acge weihiguledlgt iten wirl tieemperattiiosn Theref ore,

magneti c recording by flux reversal on the disk becones difficult beyond

t he magnetic recontroy fOrcapabnthbymefl wiré ter icpera¢didnofotilee dhiane when

t he anmbi ent environnment of the disk drive enters an extrenely | ow

tenperat ure st aenoMhateWbibe pperhéipemrperature range as a product

specification, specification of a tenperature value of 15 the operation

linit ont@he | owtenpBr deBLE2S) dé idérsrgagé&"@n e ecordinag & bt eri st ¢

for the wite operation. Incidentall¥h ig t.he read operation which reads
16fer

data fromthe dfskVetRE folMBFRRERPH 580 I8 Ve e MAGRS dture side
is wde conpared mﬁta t?e 20 wite_oq 8ra%i§9.kFu%th%f(t§% éggperature

val ue of the opE?%?F 6 Pﬁ?tOBnatﬂgg |5%-t nﬁergtgrg 5i'd&4ce déer ni ned as
the read/wite e J resti ngd.the Latl h teristics
of the conponen?g %?&%ﬁg gggéﬁg%?vgé é% ?ng%EE 3%2%13%F3%f9tﬁéﬁfenperature
speci fication iﬁeﬁﬁééﬁ&égtgeeeea@aiaaﬁaignb@aqggaasmhgyn%g&%bi% meeer.di ng

characteristic at" a | ow tenperature in tr
15 Recent disk drives are used for various purposes

such as external storage devices of, e.g., personal
computers as well as data storage devices of wvarious
kinds of digital devices mounted in a digital TV or
an automobile. Against such a background, with
20 diversification of the environments in which the
disk drives are used, demands for technical measures
for the temperature environment in particular are
increasing.
Usually, to assure constant reliability, the
25 temperature range in the environment in which a disk
drive normally operates is defined in the product

specifications in advance. In the disk drive,



partigcular. In a lowtenperature environment which exceeds the tol erance of
the tenperature specification, the possibility that sufficient reliability
for the recorded data not can be assured becones high when 5 a wite
operation which records data on the disk is executed. As a counterneasure,
there is proposed a prior art technique which nonitors the tenperature in
the disk drive by using a tenperature sensor and inhibits 10 wite
operations when a | owtenperature state-exéeeding the tolerance occurs (for
exanpl e, see Jpn. Pat. Appln. KOKAI Publication No. 7-6560). Wth such a
prior art technique, even if fluctuations in tenperature falling bel ow the
| owt enper at ur ethenrecébdoéngucharbciterpessidsl € wrd ey ®pertatuser data of | ow
reliability frombeing recorded on the disk. Meanwhile, in the disk drive,
there i s executebazagteréssper ari sagRRGACHFerRr dina shayacihiamwdtiidat does
not concern host systen1£irrespective of the 20 issue of a wite command)
ot her than the abr#&alowr LeBPepaitareoprespagitiicadianty tiFpertantheagite
operation when a read error is generated in a read gperation. This
non-nor mal wri tB2gPBEACROAY| EEREASPEr SRitEn OPnFdISV d Sk al ternati ve

Phe di ok Shen o ond 1B BeResadar 40t G RadHaR e gRel by decqdine. ) O
|t ti ir it ti i - 4, t ed which
fewites an add eSENCEREE! SFBR CABTS.VECGPAEE SF (HE AaK HEHTIS, the
write operation, ublghy,teRoLdsancHRARL o8 Rieslbany dhlor mitign cancer ni ng
€'s t he sk drive is al'so a rdon-nor mal

operation history art-up o

write operati onm%hgbiksrgea%%aﬂbyt ¢10he retR4891 A "ﬂrhi?

t gicemand. In the
normal read/wite operation, the ho3t systemis concerned. %hat is, in

response to a rgadbmekt gigenpand HeQBhHhe hROosla ghetieMrelddeddingk 10 drive

executes a read/wite operation. Therefore, in the environnent where the

disk drive i s usefabibenyt BE tREpetater &ckec ofes hequdalivieo wilerbel ow a

| owt enperature limt, the host systemcan stop the issue of a wite conmmand

and can i ssue ohhy ambéadtcenmiamdnm&btHoWerée, diska drdvenemnimrsmite

operation which is not the above-described nornmal operation, since the host

system not can @Bnerbrenelyt hewwtpipespéigei 6itate -executed even in a

t enrper at ure environnent e%ual to or below the | owtenperature limt. In

such a wite 20 oper atRERigFea tBmbErattF@ERIATS F9DhAHw tHfeduct

| ow-t enperature |im data or histary information which cannot .assure
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SUMVARY THE I'N ! I S7an “obj ecC the present “innvéntion to
provide a disk Hagéa B eHeCRBCHbIREAYE chRS aleleirdlitid ¥or fth'ﬁ writelf data

recording on a disk by inhibiting a wite operation that a host systemis

not concerned WopBr&89BnNOr MBLiVWEREE10REr Akl @R Weer he rbenper il state
in the environnent where the drive is used 5 becones equal to or below a

| ow-t enper at ur erkbdkt data &eomr danceiwkt h thee tadpeahcef folre opreaseiion
invention, there is provided a disk drive including facilities to inhibit
wite operationohhthet hewhtsmpeystumei sidet isomddenedmpiatried widkht eimeer at ure
10 environnment equal to or |lower than a |owtenperature limt.
20 write operation. Further, the temperature value of
the operating limit on the high-temperature side is
determined as the read/write operation characteristic
and the operating characteristics of the components of
the disk drive.
25 In the disk drive, the temperature specification

in read/write operations is based on the magnetic

recording characteristic at a low temperature in



The di sk drive conprises a read/wite nmechani smwhich executes a read
operation and wite operation of data with respect to a nagnetic disk

medi um 15 a tenperature sensor which detects tenperatures and a controller
whi ch inhibits a non-nornmal wite operation when a tenperature val ue
detected by the tenperature sensor is not nore than a stipulated value in a
non-normal wite operation to wite data to the 20 nmagnetic di sk nmedi um
irrespective of a data wite command suppl Bed-from the outside. Additiona
obj ects and advantages of the invention will be set forth in the
description which follows, and in part will be obvious fromthe 25
description, orpamyibelkearnéd by lpwatempe refturee amiiednmemt Wiel dbj ect s
and advantages of the invention may be realized and obtai ned by nmeans of

- 6 the instruernealst tbe &nderenbinatli dhe Fampienatardey gus qitfsidcaout

herei nafter. BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NG The
acconpanyi ng dr 8iwngs thehpersabaé liityotpatasad B dierdnd doradritife fomart of
t he specification, illustrate enbodi nents of the invention, and together
with the generafFh8e5eFPpErEndgiacACAb6RE HFd ASFAIGEt Hgcairafe dkdhtWiaD of

t he enbodi nents gi ven bel ow, serve to _explain the principles of the

i nvention® 10 Fmvritrasanﬁﬁsefzndwagf:&mr&ﬁ&ﬁdﬁgdét%ri%r &% disk
drive concerni ng_enbodi,nents of the present invention;, FIG 2 is a view
illustrating a éﬁﬁBESPUre characteristic of read/wite operation

concerning 15 a fi rshsegb%giug?r%% e'é'sﬁrg?i [ ; ear%%liatggp:%'deacgéalré cff’ ating a

nodi fi cati on concerning the enbodi me owcharts

11ustrating thg.pr eeeAieual Wi therbaltbdls itheAldmipuatdnieProcassl ng 20

concerning the first e iment; FIG 6 is a flow i1TlTustrating the
procedure of witgkcartgel bynul‘s*ﬂﬁglr gcggﬁp@qa%ﬂa SleRlbr BRf MBHIM ts

concerning the first enbodi nment; is a flowhart concerning a second
25 enbodigent; FkGte8obsratibawchbeh aonosi-tieiged afthired serdredi ment ;
exceeding the tolerance occurs (for example, see
Jpn. Pat. Appln. KOKAI Publication No. 7-6560).
With such a prior art technique, even if fluctuations
in temperature falling below the low-temperature limit
15 occur, it is possible to prevent user data of low
reliability from being recorded on the disk.
Meanwhile, in the disk drive, there is executed
a write operation (non-normal write operation) that
does not concern host system (irrespective of the
20 issue of a write command) other than the normal write
operation. Specifically, this is the write operation
when a read error is generated in a read operation.
This non-normal write operation is the operation
involved in alternative processing which changes a
25 recording area (data track or data sector) on the disk

when a read error occurs to another recording area.

In the alternative processing, a write operation is



FIG 9 is a flowhart concerning a fourth enbodinent; FIG 10 is a

fl owchart concerning a fifth enbodinent; 5 FIG 11 is a flowchart
concerning a sixth enbodinent; and FIG 12 is a flowhart concerning a
sevent h enbodi nent. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 10 The enbodi nent
according to the present invention wll now be described wth reference to
t he acconpanying drawings. (Structure of Disk Drive) FIG 1 is a block

di agram showing a primary part 15 of a disR drive in the enbodi nents. As
this disk drive, a hard disk drive (HDD) which uses a disk 1 as a magnetic
recording nmediumis assunmed. This drive has a magnetic head 2 in order to
20 perform r eadeweictit edpwhdchomewriittle sr @spectdnes & rmdiesks flon ThabB sk 1 i s
fixed to a spindle notor (SPM 3 and rotated at high speed. The magnetic
head 2 is nount s8condgd adt Gheodigkdri Fawthern Wi enidia aprmatiorcM) 5. To
the VCM 5 is supplied a drive current by a VCM 25 driver 60 included in a
not or driver |CWBichhEegetds Qri weratess hiigdaides formatdkeer 60 and an
SPM driver 61 and is controlled by a CPU 10. _ Here, the magnetic head
2 has a struct uFBREEERIPHaPPEYREAGhEAS gy é@eé’g’ﬁ mF adad it attons and a
wite head for executing w,ite_ operations are separated from each other and
nmounted on a sl Sas? dgl%ﬁ A8t @&08r 24 PR~ FORRET &&d‘t@orﬂﬂe(ﬁartéborb))’n&%}brvo

system whi ch uses Eh%egPyalg as % gahn %Ie %jhpqqﬁgosition t he magnetic
head 2 on the diSk>17°BEIPHEs "Sulhi®a 'KEET Glsi LEdhISP™MaR di sk dri ve
includes a circuit syst hayi a Ll idd | [ CUi , W channe
8, a disk cpnprollgr&?H%g% ®¥r§g%iég%brocég%%sﬁ%%éﬁgééﬁg,ﬂgﬁ% %?%%ipry 11.
The preanplifiegyskbpuit ZoRasraecnead ranapl iifd, erand HIMdd eeqanplifier. The

read anplifier anplifies a read signal output fromthe read head. The wite
15 anplifier copegdy&ratw cbamdata reognaheotiopt! sfsi®m, the disk
10 drive executes a read/write operation. Therefore,
in the environment where the disk drive is used, when
the temperature becomes equal to or below a low-
temperature limit, the host system can stop the issue
of a write command and can issue only a read command.
15 However, in a non-normal write operation which is
not the above~described normal operation, since the
host system not can control it, the write operation is
executed even in a temperature environment equal to or
below the low-temperature limit. In such a write
20 operation at a temperature equal to or below the
low~temperature limit, data or history information
which cannot assure sufficient reliability is recorded
on the disk. Therefore, in the worst case, data or
information recorded on the disk may be lost.
25 BRIEF SUMMARY OF THE INVENTION

It is an object of the present invention to

provide a disk drive which can improve the reliability



the R Wchannel 8 into a wite current signal, and supplies it to the wite
'head.” The R* Wchannel 8 is a signal processing I C which processes the

read/ wite data signal (including a servo data signal). The HDC 20 9 has an
interface function with the drive and the host system 20 (for exanple, a
personal conputer or a digital device). The CPU 10 is the main contro
device of the drive. The CPU 10 executes servo system control 25 operation,
normal read/wite operation control, and contTol over the wite operation
that the host system 20 according to the enbodiment is not concerned with
_ g _ (non-normal wite operation). The nmenory 11 includes a RAM and a ROM
besi des the fl ash deherye¢EEPROY) onle. dThé bynonpibl tdmgr es widtieous ki nds
of data and prograns required for control of the CPU 10. 5 Further, this
drive has a tenpeebebiensehgbrallRogsegdypbendésedritngoneegerest widh n t he
drive. The tenperature sensor 12 detects the tenperature at fixed sanpling
interval s, and olRPUTNORBaL eWpiEat GPRTRELAB) t bheRe thputempPendugmy 10
nonitor tenperature 10 f|luctuation in accordan with the detected
tenperature frofrihe tRnpRe2cPYAHIEPPRER iHﬁfr?h efiFegt diSe US&Fsor 12

detects t t { { i d i i ot | tputs . th
Conper at e valMECaBet nadepl 46 SReDBENTE NORT LEFD BTSRRI tH uct uat i on
in accordance with t?g Qg&gg& gF%?ag%kth%eag %@Et% t enggégﬁ% _sensor

12. Incidentally, as“shown in e hos% system anacquire a

temperatur e val yig, def e6h ey by, L Nes 15, LETBHALULE 3eB3QL13 fchomie di sk

drive 30 by issuing a predeterm ned conman Furt t he "host system 20
may be configureg-{9; haye +4SiAMDLE EMLE BEULB2ERIONH 208 taRthMBRIskOr
changes in the anbient tenperature of itself and the drive 30. 20 (Wite
operation that &pstedyssendvt Scontecnsaewted Yht bB) templhe thirest enmbodi nment,
as the operating environnent of the disk drive, as shown in FIG 2, a

t enper atlr e envemvinemhent eqbeipeoabnr déowangeéhah endbki-tgmpeeadtiren i s
assunmed. In the tenperature range, a high-tenperature limt value (TH) is,
e.g., approximatenyts5 degrees Cel sius and is set according - 10 to the
read/ wite operation characteristic as well as the tenperature
characteristics of tReec8ipbneriycoFoNREigeBye. rEFWME idteha@edhdmd st he

| ow-tenperature |imt val ue varies geﬁending on the read operation 5
characteristic WhCRn@*GFEERS opeF 8RFoRPEhAFACPeAPEL WE I TRnOPEL 3O

| ow-tenperature Limt_value (T i he_ wite eration is, e.g.,

approxi mately Ooge%?é%sw s%%gggﬁg %8 30%898F§§ct§15 e u'Enénperature
char act erd sti c of . oROAPLEG,L e60h0LPIwn LRt BEEectle LfpkourLempergbure im !
val ue ( in the read operationis, e.g., apprOX|nathy - degrees

Cel sius, and thg teherantériwhighalhMebytW denoPnbkaadt hen thand, the disk
drive executes the wite operation that the host system 20 is not 15
concerned with 4pefaboonakhavii & etoppeabitonei radhevaatetedsdyetble the wite
command) ot her than the nornmal wite operation according to the wite
conmmand from t heehpstabyse ese28or Asst hetnoorrothmh ar isteépoperteati ealukat the

in a non-normal write operation to write data to the
20 magnetic disk medium irrespective of a data write
command supplied from the outside.

Additional objects and advantages of the
invention will be set forth in the description which
follows, and in part will be obvious from the

25 description, or may be learned by practice of the
invention. The objects and advantages of the

invention may be realized and obtained by means of



20 host system 20 is not concerned with,specifically there are assuned the
write operation involved in the alternative processing generated in a
normal read operation and the wite operation for recording history

i nformation concerning the operation history 25 of the drive on the disk 1.
host system 20 is not concerned with,specifically, there are assuned the
write operation involved in the alternative processing generting in a
normal read operation and the wite opeFatﬁon“for recordi ng history

i nformation concerning the operation history The non-normal wite
operation involved in the alternative processing is, as described above,
the - 11 opethei bpstavoenéaliifieke aaic eomeiingd innsc e thicwkdthy changes
a recording area (data track or data sector) on the disk where a read error
occurred to anoPféRtedcerdi R§raiBaited -t he alternative processing, 5 there
is executed the wite operation which rewites the_address conversion table
recorded on the RRGHKE PE¢RERLEPN eOPr GdEsSFWERAR REEWSOPEr dHEHRAVRNGhet hod

for controlling the ite operation involved in the . alternative broce si ng

Wi Il now be 10 descr iiBEdAGPRPPEYEPE S 3 iH%e MbvidhaHe oFREC% tehe CPU
10 cont i i f d_head t t. posi.ti the disk 1
con rgés POSk gﬁangogsggggggeafpa%% ﬁEOt%e %@g§¥éﬁ$%g?kﬁp on the als

i
i n accordance m%#h areéa d omthé host anfd executes the

read operation § o) eadafal grh0ATHLNT <! 8F0%he1a RASHLION (SILRAMendn the

read operation, e read signal output fromthe rea IsT oduced to

the original regordednhdaankRal NacBeWighannelyi§aandddansifl ned to the HOC
9. In the HDC 9, whether "a read error is included in the data reproduced by

20 the read opegathonedsdebeekpdiby, BECther kabohe@/teOriRa WB1low,
processing. If there is not read error, the read operation is normally

term nated (NO atrseéepoS2xplennt haeoplrenhchanes wifertha rieackrdrircar. occurs, 25
the CPU 10 executes the retry operation including error correction
processih@ by ECC pr &&€ssilngs( ¥EBlatckstdemgSamrthastieqy $8)pr e YCRIA 0
repeats the retry - 12
of a disk drive concerning embodiments of the present
invention;

FIG. 2 is a view illustrating a temperature

characteristic of read/write operation concerning
15 a first embodiment;

FIG. 3 is a block diagram illustrating
a modification concerning the first embodiment;

FIGS. 4 and 5 are flowcharts illustrating the
procedure of write control in alternative processing

20 concerning the first embodiment;

FIG. 6 is a flowchart illustrating the procedure
of write control in the recording of history
information concerning the first embodiment;

FIG. 7 is a flowchart concerning a second

25 embodiment;

FIG. 8 is a flowchart concerning a third

embodiment;



operation until the data is reproduced into nornal data (read error is
elimnated). However, when the nunber of tines of retrying becones equal to
or greater than a predeterm ned nunber of tinmes (N), 5 the CPU 10

determ nes that restoration of the data is inpossible and advances to
predeterm ned error processing (NO at step S5). Wien the data is restored
to nornmal data by the retry operation withi,n a predeterm ned nunber of
times 10 (N), the CPU 10 executes re-allocgtion processing of data on the
disk 1 which is called alternative processing (step S7). It is to be noted
that the alternative processing is also called re-assign_processing or
re-all ocation procesgitfy. A5 MY 2herPRCPERENEr foFOBEEArs, there is
a possibility th%é t he r%gd position on the disk 1 nmay be defective or
damaged. Theref 6FRCHHENE i ability of the recorded data is increased by
nmovi ng the recorded t.g, an area wi t.h higher reliabili (physically
different recorded a&ggﬁ 63)fﬁ%5%1f¥9%égﬁﬁ&a%ﬁ%&%@%f%@.alﬁyFﬁ S case, an
alternative are%m%ggg%gn%d by the alternative processing is an alternative
track in case of a track unit, or an alternative sector in case of a data
sector unkt. 25 In addidion, i t Sk ng; . si,nce the
recor di ngSar ea on t hg%cﬁ's%ql Jiég %%nﬁiﬁgﬁeé¥§$£fgﬁ?§c%t ?%)}rclatlabl e (FAT)
whi ch manages addiessaen®) e - 13 disk 1 nust be updated. The file
allocation table is usually stored in a systemarea (reference nuneral 100
in FIG 1) which is anqutier msta tfasicHdrackode P hdea diSkeAtnd I n short,
even though only the read command is issued fromthe host system 20, the
wite operationembwvaliwedti.n the alternative processing (novenent of the
user data and updating of the file allocation table) is executed in the

di sk drive. This wite 1DEBPBEEEDI BRESCRIPHE ONoRFhdtiRalINMENTE Qdper at i on t hat
the host system 20 is not concerned with. At this nmonent, the CPU 10 makes
j udgnent 18pon whet hefhe te3adigante agarding depiathe ccveserksinviantipe

| ow-tenperature limt value (TW in the wite operation shown in 15 FIG 2
based on the teWﬁé#aPBWéb@e@@@ﬁ?ﬁ?%ﬁﬂWﬁ?ﬁr%ﬁﬁ%qﬁPQ%ﬂﬁﬁﬁ%ﬁ%re sensor 12

(step S6). If the tenperature val.ue is higher than the | owtenperature

limt val ue (waFCPWQaEﬁﬁndegf@EﬁFE% the alternative processing and
normal |y term nates t({éﬁtrﬁ%tﬁﬁaed ciofpeﬂi%l (B}l(\}\éq at step S6 and step S7). On
e

t he ot her hand, when enperature value 1S a |l ow tenperature not nore

than the | ow Lemper aliace 1y alif Wagidie SR80, nergBL ey opai pat es

the read operation wi thout executing the alternative processing YES at

step S6)15ln ot ber avaidk drieeCRY khd riidddisndrdes write operation invol ved
in the alternative processing and di sables the alternative processing. -
14 As described abows, tddeordiisig dmitdy s érdaodlidiesit , dit ivee nCHPDIDrwimlchwr i t e
operation is inhibited in the tenperature environnent which is not nore
than the | owt emsesatudd sk di tasval yeanedtl demeratsiiony tied Bimeighet i ¢
recording characteristic in the wite operation involved in the alternative
processing i rrePé¢aRedt-o the wite command fromthe host system 20.
Therefore, data recordi.ng such as noving user data_or updating the address

managenent table i nvg! d 96 Vish Rate aal“’taé-’ﬂ?attli%eheiﬁ%c%sls‘? rfbr‘il%r n’%ﬁ_? execut ed.
The e 20 o BRI 08 S Mgoe LRlU ABLL Lo e
system 20 does eq GRACHN Ly %5i% iQé&“%d(gwspindle motor (SPM) 3 and
rotated at high speed. The magnetic head 2 is mounted
on an actuator 4 driven by a voice coil motor (VCM) 5.
To the VCM 5 is supplied a drive current by a VCM
25 driver 60 included in a motor driver IC 6. The motor

driver IC 6 includes a VCM driver 60 and an SPM driver

61 and is controlled by a CPU 10.



FIG 5is a flowhart show ng a nodification concerning the control of the
'wite operation involved in the alternative processing (non-normal wite
operation) of the first enbodinent. 20 This nodification makes judgnent
upon whether the tenperature value is not nore than the | owtenperature
limt value (TW in the wite operation shown in FIG 2 based on the
tenperature detection value fromthe tenperature sensor 12 (step S16). |If
the 25 tenperature value is higher than-th®& |lowtenperature limt value
(TW, the CPU 10 executes the alternative processing and normal ly

term nates the read operation - 15 (NO at step S16 and step S17). On the
ot her hand, the tenpHeatyr ¢heahdenietinohernr € thaan & hee e msspnet ur e
limt value (TW, the CPU 10 normally term nates the read operation w thout
5 executing thetbateanacadehpadcéssi rgeCVESngt remep oGt iAng lrsd nonent
the CPU 10 tenporarily stores the recorded data (data concerni ng novenent
of the user data wnidtepdagitngosf ekpeutihng alrligeairerattdloing) ane t he fl ash
menory 110 and nornally term nates the 10 processing (step S18). Wth such
processi ng, notS¢Pa¥atfd AreP®rAachverdepr 68esToNgtes @nsablsdddsut it is

tenporarily held, and the alternatively processing._can be perfornmed in
accor danc® wi t Poce&sPeher thaf §}Vﬁﬁea%PiF@nf§° ﬁé%%?ﬁbﬁi%??ﬁ%ﬁned, and

the alternative processjng, can be_exe ed by utilizing.the idle tjne other
han the ueual TESHFRr ThECBaaRaR: bic FAVGEAeRS o Bar B herihv cFich
teﬁgerafurzuguddenl .grop hpthe Ln% rnglggegp ra%%re ; tgf di sk drive

i ncreases to s&%%sﬁgl %argeg E?gss ?FhegFlng %ﬁe gngﬁﬁﬁé ‘on continues

¢ fixed time. F . o . o devi
il 1 a cor o PRITHR BUERE, Mgl it ata ) Ok it ey o

tenperature enviyongReL jaSCQPéHQEd%gQgeﬁ\nh‘%)&ti%gn%' Pr@AR@3lAIE S 25
i ncreased. In the enbodi nent, the U 10 can advance to preparation for the

al ternatiove progessing Whi ehRURE8hannel6s,t he ddaka cohdred ligt tid)l agh
menory 110 when the tenperature value fromthe tenperature sensor 12
becones hi gher ahanctbprbowastenpécaviur @0l i ant walemoriyhé 1ICPU 10 executes
the alternative processing by 5 using the idle tinme other than the nornal
read/ wite operationThrdpeskrmphatfésrt lvd raatid st dveed a reate smiralshf imsnory 110
after conpletion of the processing. Therefore, in this enbodinment, it is
possible to pr e@@ﬂtatWélgat arphdSéckel | BRIl Fepd smPdidied GIeUidiEs a | ow
tenperature from bei ng recorde and the recorded data reqyired_in t he

d
al ternative pro%eE%?ﬁgsEﬁﬂaBeOHEEHFegFOWttP? £63Fe PRGCed thE "Gt the

i f S11 S15 in, Fl 5 i iml f 15
Plocea' TS o o tRrier FRnEbEls 2 ki, SrrRaciahial PRERL S ity O

e 1o the ot hod For RoRPPBITEng TRECwr [& oper arront fagrued fhe. o °"

supplies it to the write head. The R/W channel 8 is
a signal processing IC which processes the read/write
data signal (including a servo data signal). The HDC

20 9 has an interface function with the drive and the
host system 20 (for example, a personal computer or
a digital device).

The CPU 10 is the main control device of the

drive. The CPU 10 executes servo system control

25 operation, normal read/write operation control, and

control over the write operation that the host system

20 according to the embodiment is not concerned with



20 recording processing of the history information concerning the operation
‘history of the drive. In the disk drive, the wite operation (updating
operation) for recording the history information concerning the operation
history of the drive in 25 a systemarea (area 100 of track 0) on the disk
1 is executed at the start-up imediately after turning on the power supply
or inthe idle tine other than the - 17 normal read/wite operation.
This wite operation is the non-normal wi%e operation that the host system
20 is not concerned with. The history information is the information 5
concerning use of the drive such as a nunber of tines of the alternative
processi ng or ifarmeienl spetid i ekebytiopr edeTheninasdryt dddand litles
exanpl e, SMART standard) such as a nunber of tines of irregular stops. 10
The CPU 10, as &Hdwh and B RO besides the ftask vpepayi RESROMieldfdati ng
data concerning updating of the history information at the tinme of start-up
i medi atel y af t8¥e ARG bh $HE powerl teppl ¥ipdsi aft AatrdrEdti e ot her
than the nornmal read/wite 15 operation éstgp 821%. At _this nonent, the CPU
10 nakes j udgmEHC VBT RTHET e A 1Rt Eir e 98I BRei SFHotOmore than the

I t t lim I IW in th it ti h in FIG 2
bgg;degﬁ%[ﬁeu[gnpggg'%ggh%gtéE¥¥%hgﬁhY§eﬁ%%o%1£E§£?5l ﬁF%t%ggs%% sensor 12

e val ve (TP A1 O st Ceeiartd (Rt PeEar L R B PR e execut i ng
the write operation gk orfaL | yedsts nat s LbesPERCeRshag,LHO: Al aptep S22

25 and step S23). On the ot and, the tenperature value 1s [ower than
the |ow tenper atiyes |d40d1 Mad Uen €dWa1 4 heakPbdfpies MehL Yt ERpBI-ARLes the
processi ng - 18 without executing the wite operation (YES at step S22).
Here, the CPU klean tengios aapt y1 GAaveridecrpdad i ngn dabascosmperangrepdati ng
of the history information in the flash nenory 110 (step S24). 5 As

descri béd® aboveluatudieion iire apsrradarore odehi tivel dedechetihe recordi ng
(updating) processing of the history information irrelevant to the wite
command from t Henpssta gyre efif @0, tha et eppeeabpee asennorslnhibited in the
tenperature environnent equal to or 10 |ower than the lowtenperature limt
val ue (TW depedAHg g2t hagnetic recording characteristic. Therefore

when the host system 20, does npot concern, it is_possible to prevent the
data whose reliabili{®5+é?¢5$£}%d %ftﬁh%W?o%PtEﬁger t uFBef PERtpEYAGeT

recorded 15 onzﬂpe di sk %U.The ite operation candb r Sﬁe teg when t he

t enperature envi T offent - sla%qﬁ()%ﬂpﬁﬁn ‘the Y%%%%n %§%9§? a%Yi R&d by .

t il tQrd i i i f\.f,he hi st
enpor apisly s %én}ﬂeé{tgxﬁ)%ﬂsr@r%aff&ﬁctﬁﬁ%‘:%ﬂsﬂpﬁfi{zé‘gw e history

information 20 into t menory 110. In entally, in this enbodi nent,
as the wite opgyatign dMseddedrifitedasdmbysd em PRrtSepOt th@NCcerned with
the wite operation involved in the alternative processing and recording
processi ng 25 Hapdats yiggn e nPe doi gl sd oty haber Masi owni s assuned.
However, the present invention is not restricted thereto, all the wite
operations for tempeture sensor 200 and monitor changes in the

ambient temperature of itself and the drive 30.

20 (Write operation that Host System is not Concerned
With)

In the first embodiment, as the operating

environment of the disk drive, as shown in FIG. 2,
a temperature environment in a temperature range

25 enabling operation is assumed. In the temperature
range, a high-temperature limit value (TH) is, e.q.,

approximately 55 degrees Celsius and is set according



autonmtically recording data on the disk 1 by judgnent of the drive itself
are included. Further, the tenperature sensor 12 nay be installed on any of
a circuit board attached to the 5 outside of the disk drive and a circuit
board arranged in the drive. Furthernore, as shown in FIG 3, it may be a
structure that the CPU 10 nmakes judgnent upon the tenperature situation in
the drive by utilizing the tenperature detection value fromthe tenperature
10 sensor 200 provided in the host sysfénﬂéb.'To sum up, when the
tenperature state in the disk drive is changed to the lowtenperature |imt
or below, the wite operation that the host systemis not concerned wth
(non-nornmal wite bperzeredyrise ovepe tdgromitaragististhidiaedverhar®fore,
in the tenperature environment equal to or lower than a | owtenperature
limt, data recbPfi RETPRYEIFVES FharRETEHSTHAS W Priv SHIRRPEMES HeL nor ma
read operation o data recording of the history information 20 executed at
the startup of Fh@ aﬁbgPatugni§%ﬁnﬁF%@Fé@Fanrqgﬁmﬁﬂ%itgﬂp%542ﬁﬁﬁt, dat a

recording with Ehei%OM/reliabiLity can %ﬁ_avoidﬁggaandtyence the sufficient
reliability cantbBIFhdPeBy I8L4P8d ARPERTESD &R daid rFRGr A T t hat t he
host t i : 2 i t .di . | t ; fwrit
host SYSLEM L PAL-BRRREI0E0.ZaNN Lol U diSlon A don, LR ROUIBL, cendl Wt
executes the PrQRess) Ngnko1bRNLRIL AR LRAG & ORR alkoh 40 Ll
tenperature environnent equal to or below the lowtenperature limt.

Addi tional advapi-ages aB#afREh! eat k0RsS WaldyraJigatid 1y QF g il d hose
skilled in the art. Therefore, the invention in its broader aspects is not

limted to the spesifisCadat aisl scangdiaR esetal iNay-edigsh renise shown and
descri bed herein. Accordingly, various nodifications may be nade w thout
departing from thera@tepisitti copfsmapeedfid heqendrs). | rifenthere, cdreept as
defi ned by the appended clains and their equivalents. (Second enbodi nent) A
second ehbodi mehownkkhprowtbsedddoiitbaa lwiet N TRf eireridee tread fdpacdtaran of
FIG 7. 15 Here, a tenperature detection value of the tenperature sensor 12
is denoted as "K®; 8nf-a PBRFreEApairslyr 620 WeongdsuEadisiiisvhiand tie regul ar
read/ wite operation can be nornaL&%éeeruted is designated as a stipul ated

value T. |If an SRBPEARCS01EekFeratyPdY(ML9S5 the drive is not less than the
stipulated value T, the U determn that .a normal tenperature
envi ronnent is provi th%%sﬁil?ﬁe)’f thtaﬁlgi.’t %er%ﬂ? e‘{]rs]e‘ﬁesoe?‘xﬁ‘gptr%s n%llﬂ%t ed on a
circuit SUbStra&?i@%°¥§@?§tﬁ8ntgﬁaQ'%%edﬂdg% 4ém|§bt(étg%@oted that the
host system 20 nmay be contfigured to have 1ts o enperdture sensor

moni tor g5 changechRedfRbent thempehahvhkeaaf Wrtisel ot diRg i rrdlevaid Ve,
and infornms the CPU 10 of the tenperature detection value K through the HDC

9. Furthernore, tbyissadi Bg anhpr edeter toRd@ne) MG tharhasie sksiem 20 can
acquire the tenperature value K detected by the
write operation according to the write command from
the host system 20.
As the non-normal write operation that the
20 host system 20 is not concerned with, specifically,
there are assumed the write operation involved in the
alternative processing generated in a normal read
operation and the write operation for recording
history information concerning the operation history
25 of the drive on the disk 1.

The non-normal write operation involved in the

alternative processing is, as described above, the



5 tenperature sensor 12 fromthe disk drive. Here, it is assunmed that the
disk drive receives a wite command fromthe host system 20. Upon receiving
the wite command, the CPU 10 positions the head 2 in a specified area on
the disk 1, and executes 10 the wite operation to wite data transmtted
fromthe host system 20 (step S31). In the wite operation, the CPU 10
confirnms the positioning accuracy of the head 2 wth respect to the
specified area on the disk 1. Wen the'bos%%idhing 15 accuracy is
sufficient, the CPU 10 determ nes that the normal wite operation is
possi bl e, and executes the wite operation of the data (wite OK YES at a
step S32). The pBsireitdpnndnyedyescy rofththe Harmat fTeRireessbydtHelah at e
of servo information 20 previously recorded on the disk 1, an influence of
di sturbance (acEBPBESEI 8nFesppiied B ahe Wb Erank te $3k. S§REN k he CPU
10 confirnms that the narnal ite operation is possible on the disk 1, it
executes the wPPetgﬁefj&giioWwéﬁ& PnE&aATs e[rﬁé)%&qc%cgrﬁ@oarbqt%r nor mal

termnation (YES at the step S32). %?ﬁth ot her, .hand, when the CPU 10 can
not confirm t hef§GPFALPEnE REad é@éi %mﬁiﬁf%ﬁﬁﬁﬁ%ﬁaﬁroc@s%Enghanely, can

" ti ‘h | . ; . < bla. i it
ot ry operati on GEER £oa SRPEHEED: R b aP R et g ABPEFESRS Slep
S32, and S33 togﬁéfﬁgdﬁg.%%dcgﬂvte@s%o% WEhe relddh ARerat o ahep wite K

can be confirne CPU™10 inforns the host system 20 of nornal

term nation of Rh@t@@h&%'iv}é’r Pt CRRA MY Gh RER @p@:@éiecﬁu)s?’_‘l) . On the ot her
hand, when the above-described 10 condition can not be confirned even if

the wite retry operahieOmeXeRetDra dyradel I i ethaumbete dbpéraeso@nd t he
normal wite operation (actually, the sufficient head positioning accuracy)

can not be confiinredyvedhénCRHel@ ldteaps tiilve wrdoe sapatatwionl (ved ¢ a step
S35). 15 Inthis state, the CPU 10 nmakes judgnment upon whet her a
tenperatuPe of tkecdibed Famhameifentncerger dthe & loweraitntef nalG. 4.
tenperature) is in the lowtenperature state |ess than the stipulated val ue
T based on a result dhec&Rbarlils GIPrHetoNee PAHE Do ighsef o er efed 23 dn
value K fromthe tenEerature sensor 12 ggf tEe stipulated value T (step
S36). If a tenp&Pafurérgeti ROSHHLPE 08 e | tha! 13 EIMFat Tt al ue T

and normal, the_CPU_10 advances to alternative proc in YES at, the step
536, and S37). 35CFA RETHRES RECTY ST GRRLsiTG L The BPUD TRAH TS a

specified area (i 124 ggggtrf#rig%) tion_xyg%fgqa';ﬁe fg{dﬁ ethoeoegaa}% hi s

i npossi ble), sets edet erm ne ernative area o e disk 1

o nse | eppestitedpugasyTl 2 A e e dles dtomn A SR e
Here, the 5 CPUslgneieout@s tpreosssihig tead ewdd 6  uaiejusstdrass
the original recorded data in the R/W channel 8 and
transferred to the HDC 9. In the HDC 9, whether
a read error is included in the data reproduced by
20 the read operation is checked by ECC (error
check/correction) processing. If there is not read
error, the read operation is normally terminated
(NO at step S2).
On the other hand, when a read error occurs,
25 the CPU 10 executes the retry operation including

error correction processing by ECC processing (YES at

step S2 and step S3). The CPU 10 repeats the retry



managenment table information (or FAT: file allocation table) recorded on,
e.g., an outernost track 100 on the disk 1 as alternative processing
information. Based on this alternative processing, the CPU 10 10 executes
the wite operation to record data in the alternative area, and infornms the
host system 20 of normal term nation. On the other hand, when the CPU 10
confirnms that a tenperature of the drive is in the |lowtenperature 15 state
| ess than the stipulated value T, it i fhi Bi4s the alternative processi ng
and advances to predeterm ned abnornmal processing (NO at the step S36). The
predet erm ned abnornmal processing includes processing to informthe host
system 20 t hat @R@r€PUDEOU65h1n§gezdaﬁ@r#&IP@R@@Qﬁﬁ&gt#ﬂ¥QMﬂQ¥m%bnnand,
and others. As described above, according to the nmethod of the second
embodi ment, whef2ERe (RBRARPIRPEt éSofdraiNGhefaAn n&loNsY &onfiefed-ased on
t he positioning accuragg of the ?ead 2, .the drive auto ticau%¥ execut es

S a I

the 25 al t er nat RYBPRF 0REsE1MES| PLalELAYdPS BEEOBES KAV V@ 3 1s within an
al  owabl e range. On_the aof theﬂsrive is | ow,

¢ gther hana, when _a tqu&;atug§ (
i.e., less _ 9593t ehahPPRe s PF FHRAEET VAU O & Tl ®SRat iNe processi ng
is inhibited. | h i, il f th
writo hoth rel abPoerbUr S0 AEPEERYHES, RhAS ettty SRS Wbl g When

executing the it enperabignaha dackepsedcoTiusaciidian ddhe Jidiod

according to this enbodl nent does not execute'the rewite operation (wite
operation) of theoakkgingti¥e RELOsesepl BRG)i.nformation involved by the
alternative 10 processing by inhibiting the alternative processing, it is
possible to avoid a whekHathendsateh itshalesttieedl trey Mdrnkel HBELIS) Nthe
information with the lowreliability is recorded on the disk 1. Since the
host system 20 eahrgouaperattbat wivthtie eperatiede rid nkal inyutssd fdfe tiased on
notification fromthe drive, it can reissue the wite command. (Third
enbodi mreM) A tKkNid ehbodPHeh? wkktutiew be-dddocialiddnnintoaesfssmenced to a
flowchart of FIG 8. 20 This enbodinent normally term nates the wite
operation if noffhf PBcbREi A§SKah bBi€bnfisr ved ey edddnmg tEe verifying
data recorded bg the wite operation when ,a tenperature of the drive is
low, i.e., less Fﬂaﬁs§ﬁEgS{FEGPa§ga'vaFGel? §Pngﬁeqﬂﬁﬁgtﬁh%23¥%%cuting t he
wite operation_such as.a test weite operatian. Ig Efs onse .to a wite
comand (for ex%gg?ﬁ?a Ve BrOGCERe Ittt 8 1ESmTBAES Y FémAHe Post  syst em
20, the CPU 10 h Lt Latian_w I ct to a specified
area on the dis§§§gg§§§?ﬁi§rﬁ%ﬁe§%?gg g%bg th%gfgﬁﬁgg of the drive is
normal, jse., not |efgaawhRaR,t Rges! aPWHaled MRS chuddle teRl$ 0 £xecut es
the regular wite operation (including the regular alternative processing).
Moreover, when pbesopelatiyobhas maemgkebyl besditiahedn tHhe QRYXLQ inafyor ms the
host system 20 of normal termnation (YES at a step S40, 10 and S47). On

t he ot her hand, behéafactenpeoat damagkdt. he Theredofdet edial are Mabud Ky is in
the lowtenperature state |l ess than the stipulated value T, the CPU 10
makes judgment @pohhehseperdedi deteKiss iobrapsed basowvihdorihehe

posi tioning accuracy of the head 2 (steps S41 _and S42), and executes the
data wite operBffordee fatastaeplr Argadvikdt Pind ek ited ighdddtiYon can be

o Sy oot B LR eBaRs SF2bon e Il 4 O con ot be
alternative processing. In this case, an alternative
area specified by the alternative processing is
an alternative track in case of a track unit, or
an alternative sector in case of a data sector unit.

25 In addition, in the alternative processing, since

the recording area on the disk 1 is changed, the file

allocation table (FAT) which manages addresses on the



20 enbodi nent nentioned above, the CPU 10 executes the control over the
wite retry processing and the alternative processing (including
inhibition) (NO at the step S42, and S48 and S49 to S402). On the other
hand, when wite OKis determ ned, 25 the CPU 10 perforns the verify
operation to read and check data recorded by the wite operation fromthe
disk 1 (YES at the step $S42, and $45). Wien nor mal - 26 recording can
be confirned based on this verify operatid the CPU 10 inforns the host
system 2 of normal termnation of the wite operation (YES at a step $S46).
On the other hand, when normal recording 5 can not be confirned,

pr edet er mi ned adhsknil mpsbckssiipgasedh afher dddssiadg aantiivfrortrakilee isost
system 2 that the CPU 10 can not nornally execute the wite operation is
conduct ed (NO atsupélyt 8posad) inHar eystia epgald redfiehanas whstaial 4 00
tenperature 10 of the drive has risen to the stipulated value T before
executing the vERi F{Gopétatldah($6epnsadyreripst tHiack ergerdt e 9% not
changed fromthe | owtenperature state, the CPU 10 inhibits read reassign
processi ng (NO &fetAzS&tép S43, and S44). The read 15 reassign processing

read error i gener atBdoapThne e efe Lo Ete i ot I X9 (ST | on, ¢ he
read retry processi i e ted_for edet er.mi _ned .nunber_ of .times. Wen
the read error bgé%gg EgoﬁegﬁgrgasEySF%Fg%rggd Feersgﬁﬁ%bg §?ﬁﬁ?‘¥he read

reassi gn procesfh{?gl%éda!t'ﬁoﬂﬁéi S?Ele n\%’ﬁ??‘ét 8octSng g(r%oﬁ)ée%e‘?{@%@ ment,

when a tenperature of the drive ow, i.e., less tha st1 pul at ed
value T, it is ppashbbe b9thnbhAl Lpkheiwy be eper atihQn Of Zadig _
alternative processing information involved by the alternative processing
by prohibiting thelepadsasgegntpHOcaSEShagdliBkad¥vaARGe. IThiiss wrtifiey ef ore,
possible to 1/ - 27 avoid a situation such that the alternative
processilny i nf oopatadvhomi Lh the how-nekimahi Wirtlyel ®peaadrided thratt hdedi sk 1.
(Fourth enbodinent) 5 A fourth enbodi ment will now be described with
reference to a hoewchmstenf 2F Gs 8otl nonkesnedboditimnt Att Hédilsostomeydt,em 20
moni tors an anbient tenperature of the drive (or the system by using a

t enper ature senkbe @EUEEGnméheénJPﬁémép§kuEGndWP@éh@ﬂ & tteRpParRt e sensor
mounted on the systemitself. In addition, this is the nethod to execute

the verify oper%8iBfR £8re8Bati FRi R LRESWERER &b&r dOWsTHSERRFFHEE i n the
| ow-t enper at ure stahs ig thz agcondﬁgnb%%Lnen%.n%g&hpned above in response
to 15 a command! o YAE Rodf y%Pe 50" &t Ps,; & & étommand i s
i d, h fi [ ; f th
rive (o the svErinf Paerq Hc thELrPBLRsERE B L T BB on the

stipul ated val ughd (shgeri20use0Qknshbe the (digk disyve, the CPU 10 confirms
whet her the anbient tenperature of the drive i's in the | owtenperature

state | ess than the sti pukatefipeabiert haseed ds malgHdrcanan dHeom t he
tenperature sensor 12 or the drive or the host system 20. Additionally, 25
as simlar to thewstenpdrettbodi iréntiif tvhéu€PUTHQ , arhen@ibiicdll exeoetetses a
series of processing (range of reference nuneral 100) in accordance with
the wite the alternative processing and normally terminates the
20 read operation (NO at step S6 and step S7). On the
other hand, when the temperature value is a low
temperature not more than the low-temperature limit
value (TW), the CPU 10 normally terminates the read
operation without executing the alternative processing
25 (YES at step S6). 1In other words, the CPU 10 inhibits

the write operation involved in the alternative

processing and disables the alternative processing.



- 28 commuand fromthe host system 20 (steps S210 to S290, S270, S280 and
S300 to S330). On the other hand, in cases where the anbient tenperature of
the drive is in the lowtenperature 5 state less than the stipul ated val ue
T, when the drive confirms wite OKin the wite operation, the host system
20 executes the verify operation to read and check data recorded by the
wite operation fromthe disk 1 (step S25Q)., Wien normal recording is 10
confirmed, the host system 20 confirms that’ the wite operation is nornally
term nated based on notification fromthe CPU 10 (YES at the step S260). On
t he ot her hand, when_normal recording can not be confirned, the_ host system
20 confirms that thelfr CESCERERE: BORVES B GRAIAHYT e BUES MR RENeRL

term nated based on notification fromthe CPU 10 (NO at, the step S260).
(Fifth enmbodi nehB§ BORTRPRMEAbYALENPPRHTAT 1e8Ww e dHERT 4R 34 1S ef er ence
to a flowhart of FIG  10. 20 In this_enbqdinment, the host system 20

moni tors an anbFEWPeTBHPERaFVEISPMERE ¥ANGE (S NHe ™K& dh)ahytiRing a

2 d .t he disk d
mount ed o the Sg8T ERTPERBERT ot Ss b AU AaH Y S iah T anbi ent 25

tenperat ugr e of Lve s Ln.the r.at. st.at e t han t he
stipulaté% va|ué9§?g§%§ ﬁ%é?kgﬁé?eﬁbggEkgggggﬂggggﬁ%éﬁﬁag%%ﬁ%%ibit t he
alternative - : QGes sl herdi.s rJ ; fgﬁ? li.is to be
noted that the ?gﬁgggégﬁoﬁggegygge grgggeggﬁﬁgﬁgﬁﬁé%%gin I%ﬁl%?indicates
processi ng whi ciri-g1avharBtbCahby weXeeutkedmdnd ol o s3ydtedd esponse
to a wite coonmand fromthe host system 20, the CPU 10 executes the wite
operation with pespethekerarspeahthedeabediony Siediask mbviMg s nonent,
when the anbient tenperature of the drive is normal not |ess than the
sti pul ated val ugafta 406 thda€Phgl@hexaddtres st mansegeart Wwakile dpardtvean
(including the regular alternative processing). Further, when the operation
is nornel®y terimnbhedalthenePUveOpirnfesssnghd shastt systcarhe2d of nor ma
termnation (YES at a step S50, and S56). 15 On the other hand, when the
anmbi ent t enper atheEefaeeecttoASvRPEELIR] oftor BEediante Ghe datenahasg
tenperature state_less_than,th stigglateg val.ue, the CPU 10 receives a

|

command to inhi bEtiEREIAFYel Ral PYETFRoWELE fg 18Y kEMPeIa e i command

(steps S51 and 20.552), Th 1 onf.i ether wite OK jndicative of
t he nor nal mxit%gﬁggr%?FSHgﬁgpgﬁtg?%eglﬁgggdw%ﬁ%t% ﬁu&ﬂ%ﬁ(ﬁﬁﬁﬁf%icuracy of
the head 2 (step,S83)otHebRcejen wite OK can not be confirned, the CPU 10
executes the wite retry processing only for a 25 predeterm ned nunber of
tinmes (N5 (NO agmbherstgpisay, and S57 to S59). However, since the conmmand
to inhibit the alternative processing is received, the - 30 CPU 10
advances to predet er Frged 5ahBoENE] oRcBEEES ishBD Wil GUIMRNEGIH A it he
alternative processing when the wite retry processing is conducted for the
pr edet er mi ned nooheeroingi ths ChhtE¥ESodt thestvepn t85dpera tiine dentcdlvey, when
wite OKis confirnmed, the CPU 10 proceeds to the verify processing based
on a command frém the AbdSerspsiEm ROoaSSSILRD dinong noyematlhiwed tenbodi nent
menti oned above (YES at the step S53, and S61 and S62). It is to be noted
that the CPU 10°R®rabiemht Péalhy &x&sht 88BPPRA™MESEd reassi gn i nhibition

processuﬂg (NO at th%hi%egogﬁ%ic%QQOES%LRes judgment upon whether the

temperature value is not more than the low-temperature
limit value (TW) in the write operation shown in
FIG. 2 based on the temperature detection value
from the temperature sensor 12 (step Sl16). If the

25 temperature value is higher than the low-temperature
limit value (TW), the CPU 10 executes the alternative

processing and normally terminates the read operation



(Si xth enbodi nment) A sixth enbodiment will now be described with reference
to a flowchart of FIG 11. 15 This enbodinent is a method to stop a wite
cache function executed by the HDC 9 using the buffer nenory 90 when a
tenperature of the drive is in the |owtenperature state | ess than the
stipulated value T. That is, in response to a wite command (for 20
exanple, a test wite command) fromthe host system 20, the CPU 10 executes
the wite operation with respect to a speci¥ied area on the disk 1. At this
nonent, when the tenperature of the drive is normal, nanely, it is not |ess
than the stipulated value T, the CPU 10 25 executes the regular wite
operation (incl tdPngtt EEepe§dlbarngl séewatSlvie -pr ocessi ng). Furthernore, when
the operation is normally termnated, the CPU 10 - 31 inforns the host
system 20 of the nor Ral ther pither SeNAYEShe temperpr e Emine7Ey . 0@k t he

ot her hand, when a tenperature (detection value K) of the drive is in the

| ow t enper at ur Q¥ &t £NEN 88 LR¥n teAResA I RSatidd MaliiE e (TR crihe0 st ops

the writ he f i f the HDC.9 (NO at th S70,, and S71). Then,

Lhe CPU 10° cont FPHaLi RPEReKLYA FERLAR S e SRAAIP S HOTb Bt (9 based
th i tionj f .the head 2 (steps .S72 S73)., 10

'nci dent ai |y, { RBCRRGAbIEHG 67 SEREOCedss FEpr O S S P s80 10 S84

is simlar tot ' t t . 0 1o S33 i

the second enbollfbnt (LesEFcnoapity 8 PR b Tt ol stdd S8 '

Here, the HDC 9.pf theodisk dokye é%%]at RS M LAGRR, iR | PN i Store the

wite data in the buffer nmenory 9 en the wite data 1s transferred from
the host system;g0ri Ra®hdahdl QpUARAAVE oF GRled dinansfialsnaesh tHdbidie disk
drive having the wite cache 28 function, if the read command is issued
after executingihhehwer flasapaeabirgn 1WMoeanichedremylanatigmenirmjadvtidhe verify
operation is carried out, and the data wite-cached in the buffer nmenory 90
is transf@rred pootheshogt (syepeslB).. Therefore, the data actually 25
recorded on the disk 1 may not be possibly transferred to the host system
20. Thus, in this enWodhmenich wrecessdngni tretcaistrt the 3P tdwmmtiwnly s
provided, the wite cache function_is stopped before executing the wite
oper ati on when PhRecegfpBfatsr 816RPLRE  dPfe lits disn b qraiit Idure
state. Alternativglﬁ th? CPU %O nﬁé execute .the 5 wite operation or the
read operation BP9t HBedALECEPREL VELdaPrRG SEALEShISRD) Aoh& FFHOF™EDrEd in t he
buffer nenory 9 Lef, .accardi th t hod Qf this .enbodi nent,
since the wwitegggégggégch%gﬁ chggggkgd 1gh eﬁs?hghféﬁﬁgfﬁﬁure of the
drive is;jdn the TREer at.u tae Lnq4p i gyl d y

recor de?%n theoggﬁeﬁgaggb%ﬁ?%g?{elra?gd%lthtgl %iﬁrggﬁgfs?%%%%#%dpl ace of
the data subjectgd be wkkbteteache ukitasenef theading thedythdrmagdiat el y
after 15 being recorded by the wite operation. As a result, the host
system 20 can cohéi ussalheedalarackuabkyatdeor.dedroyeniaadi,slevenmMien t he
tenperature of the drive is in the lowtenperature state. (Seventh

enbodi ment) 20 Ansextathaénbedprentunel sudcdenly deogrs,bddheniterafadr ence to
a flowchart of FIG 12. This enbodinent is a nethod which buffers the wite
data to the bufftempasabryegofatbiet dapsr rilve iimensases i@ Wwamee operation
to the disk 1 when 25 an anbient tenperature of the drive is in the

| owt enper@t ur e SEAFBSFeBY FRAAPRELINPPURERe NRAIIIE ZELOThICONFEIIES wi | | now

be concretely dgggrgb%?xed time. Further, in case of the disk drive

for a digital device mounted in a car or the like,
it can be expected that the ambient temperature
environment is changed and an external temperature is
25 increased.
In the embodiment, the CPU 10 can advance to

preparation for the alternative processing which uses



- 33 hereinafter. In response to a wite command fromthe host system 20,
the CPU 10 starts the wite operation with respect to a specified area on
the disk 1. At this 5 nonent, when the tenperature of the drive is nornal,
i.e., it is not less than the stipulated value T, the CPU 10 executes the
regular wite operation (including the regular alternative processing).
Furt hernore, when the operation is nornalk%%terninated, the CPU 10 10
inforns the host system 20 of normal term-fation (YES at a step S90, and
S96) . On the other hand, when the tenperature of the drive is in the

| ow-tenperature state | ess than the stipulated value T, the CPU 10
tenporarily stotbs th&alstwriede idatdet ridgsthemesd fy dnh @ éhetosthgyst em 20
into the buffer nenory 90, and tenporarily inhibits the wite operation
(disk wite) totenpegpsure vedupgs fSOM tthesIPmpempdireafairsal e of a
predeterm ned tine, when 20 the tenperature of the drive rises to the
stipul ated val ueeFomegehé&pbero thancdibe il HaNReT adfuts shd Mt a1y

records the data stored.in the buffer nqu%y 90 onto the disk YES at a
step S94, and S98%. CHHed Ot RECCHAGEr @I 1S W YR Y i the | ow2s

tenperature state,even.if . redeternined . tine has passed, the, CPU 10
exggutes %redetBFﬁPﬁe&hﬁbﬁa}%aElﬂﬁoe rh55§ﬁbﬁgﬁ% :ﬁqﬁﬁzwfiﬁﬁorn1the
host - 34 syste hat .t he.w.it 0 n an not_ be .normally executed
(NO at the stepogﬁg]?.%gﬂé égcfe?‘l%}eqéhgﬁoe\%e%céﬁ(?&cﬁ r?& roecfhlg1 r%?%od of this
embodi ment, whepiLg LERBELALYGe 0k N it R Uie @il damerature or
the internal tenperature s in the lTowtenperature state, the witle

operation to thenhdigkolel s ihe¥Rekakbawepanded, angddgyrd tg, data is
buffered until the nornal tenperature state is obtained. It is, therefore,

possible to avopde¥@nd shtuakitanwhdsle tatiddia wy ties dajwerdd haddiecd ow
reliability is recorded. As to the tenperature of the drive, since heat is
generateddoin the towvéenpenatheepdwem defiploy rexdrdtated aorg tihecr ease in
tenperature can be expected when 15 a given tine passes. Thus, by
tenporarily bufferpndetihdaliri requdtradunim Ithe adde ryfatd vy edetcersgitad ti ne,
it is possible to relatively avoid the situation that the wite operation

i s disabl ed. | néERHeR€aPByUrEf-each of the foregoing 20 enbodi nents, when an
attachnment position qof the tenperature sensor, 12 in the drive, is {gstanced

fram positions of di &% FSak@ enﬁéﬁﬁ'f;ﬁf(ﬁ#WQQ te RiPtErpetat trd® may be
Phe 25 torr ol at EORPGP (CenBePbPhr 8 botiedqTne Bot 17 P0eih dite TiF adVafibe and
determ ngsthe spipyl ated vakig §sPagedhnon o W% cor ¢l idibianation
will be omitted.
(Recording Processing of History Information)
Description will now be given as to the method
for controlling the write operation involved in the
20 recording processing of the history information
concerning the operation history of the drive.
In the disk drive, the write operation (updating
operation) for recording the history information
concerning the operation history of the drive in
25 a system area {area 100 of track 0) on the disk 1 is

executed at the start-up immediately after turning on

the power supply or in the idle time other than the



- 35 WAT IS CLAIMED IS: 1. A disk drive conprising: a read/wite
mechani sm for executing a read operation and a wite operation of data with
respect 5 to a nmagnetic disk nedium a tenperature sensor which detects a
tenperature; and a controller which inhibits a non-normal wite operation
when a tenperature val ue detected by said 10 tenperature sensor is not nore
than a stipulated value in said non-normal wite operation in which data is
witten on said magnetic disk nediun1by'sa}3 read/ wite nechani sm
irrespective of a wite command fromthe outside. 15 2. A disk drive
according to claim1l1, wherein said non-normal wite operation includes a
write operationnpumallt geast/iwed ter orpezsitign .nvdlhisd Wil trempetdbionfisa read
error when executing said read operation according to a read command from
the 20 outsi de. tBe Roai-skraeily @rideochard tion|tdiah thaww el nsgaten 20
non-normal wite operation includes a wite operation for recording

pr edet er mi ned i AFoPREt CORCEFNEdMWddét-er ni ned area on sai d magnetic disk

mediumin 25 a period_excluding a period of executin nor mal read
operation or wite oﬁé‘reaﬁﬁlo‘gﬁorg’. IRt C?r%/elsac%b‘?djr Pt m 1, further

Sai d magneti o dFORCSHRAPE RUSatd GO PR TN B & CHEP TorE hot F1S 5
1)L OPer et o e Bl RIRICA RO S0 AR gLl At
medium 5. A digl drbyeqaeendndg R aHdH M8 £ drd: o 160 TREMA P Y-
standard) such as a number of times of irregular
stops.
10 The CPU 10, as shown in FIG. 6, starts the write
operation of the updating data concerning updating
of the history information at the time of start-up
immediately after turning on the power supply or
in the idle time other than the normal read/write
15 operation (step S21). At this moment, the CPU 10
makes judgment upon whether a temperature value is
not more than the low-temperature limit value (TW) in
the write operation shown in FIG. 2 based on the
temperature detection value from the temperature
20 sensor 12 (step $522).

If the temperature value is higher than the low-
temperature limit wvalue (TW), the CPU 10 updates the
history information by executing the write operation
and normally terminates the processing (NO at step S22

25 and step S23). On the other hand, the temperature

value is lower than the low-temperature limit value

(TW), the CPU 10 normally terminates the processing



10 a nenory which tenporarily stores data to be recorded on said nagnetic
di sk nedium wherein said non-normal wite operation includes a wite
operation in alternative processing involved in generation of a read error
when executing a read 15 operation according to a read conmand fromthe
outside, and said controller inhibits said alternative processing which

i nvol ves said wite operation when said tenperature value is not nore than
a stipulated 20 value and tenporarily stor data to be recorded on said
magnetic di sk nedium 6. A disk drive according to claim1, further
conprising: a nmenory which tenporarily stores data to be 25 recorded on
sai d magnetic dwskheudi execuiténgi fhsaiwt ifen-apenediion i (EDper astem i ncl udes
a wite operation for recording predeterm ned - 37 information in a
predet erm ned aféd)on H&re ma§reCP¥ diSsicarediampanaal nersaiete ested udi ng a
period of executing a normal read operation or wite gperation, and 5 said
control | er inhi BPE&tdRPdORERL 6OBFEXRLNGh WRTST 19 P& difert ¥ Xal ue i s not
nore than a stipulated value and tenporarily stqres jn said nenory

predet er mi ned i hPOPRBETSAT &nb@}g‘ree gpra@@d’q F Yorlddet €1himetf Hrea on said
magneti c di sk nmediu 10, 7. A.disk.drive accqrding to claiml, wherein said
non-nornmaf write ope id(?r‘?cirr}(?ﬁ?z@?oér% it'e Mt o %?%%tjr%%oz}l%ée or
updat es i nformatjgn cer.ni r.atj on_hj_st.or f said drive. i,n a

pr edet er m ned a?}elgo(%%gga?é '&glgng{%ic%@%@‘g' r#élé)llat?%lg’tg}sl The 15w o?f stt art - up
of said di sk drpyecody Angathadiah GeBNAEANG o idie ORANAl | Qg @ di sk
drive which includes X magnet1 ¢ di sk nmedi um and a tenperature sensor, the
net hod conpri si RgomaeHui hbBE 8ykeRRenat U o/ ale defratad dly said 200
tenperature sensor in a non-normal wite operation to record data on said
magneti c di sk nmedhtiBitetetiavahe temdewsatin e @A it tduautisd das and
inhibiting said non-normal wite operation when said tenperature value is
not norel®han alswepuktatedtBg laWwtdemperAtmetehddmadcoradiveg (TW)Cl ai m 8,
wherein said non-normal wite operation includes a wite operation - 38
in alternative gepesdshggonntbeyvadgnetdengrcairoiingf chareardt eerirgri awhen
executing a read operation accordin

Therefore, when the %ost system 20 does not concern,

it is possible to prevent the data whose reliability

is lowered with a low temperature from being recorded
15 on the disk 1.

The write operation can be restarted when the
temperature environment is improved for the reason
above-mentioned by temporarily storing the updating
data concerning updating of the history information

20 into the flash memory 110.

Incidentally, in this embodiment, as the write
operation mode that the host system 20 is not
concerned with, the write operation involved in the
alternative processing and recording processing

25 (updating processing) of the history information is
assumed. However, the present invention is not

restricted thereto, all the write operations for



to a read command fromthe outside. 10. A nethod according to claim 8§,
wherein said 5 non-normal wite operation includes a wite operation to
record predetermned infornmation in a predeterni ned area on said magnetic
di sk mediumin a period excluding a period of executing a normal read
operation or wite operation. 10 11. A nethod according to claim8, wherein
said non-normal wite operation includes a wite operation to record or
update i nformati on concerning an operafiohl%igfory of said drive in a
predeterm ned area on said nmagnetic disk nmediumat start-up of said 15 disk
drive. 12. A nethod according to claim8, further conprising: tenporarily
storing data toab&omatdrcadd Yoresaird imsyiatiac aft siheredh Hin aferi Yeégment i ng
said non-nornmal 20 wite operation. 13. A method according to claim?9,
further conprisPAgtheefpdrsr ity ediforingg idiaidas be recorded on said
magneti c nediuminvolved in said alternative 25 processing after inhibiting

sai d non-normal writd%p&Edri dhe TATPR LAY Hi g B8Y P&i m 10,

further - 39 ,conprisi,ng. tenporarily stari saj d .pr edet erm ned

i nformation to BESEE&&Fgegnoﬁn_ ai’d fa ﬁert(:iucltdirbg‘\l?#ecﬁtﬁ:_rﬁcgﬁcgrt? nhitbi ti ng

sai d non-gor mal e Lt g5 QPeral kaly 1A Heihad Aceardi ng Los Al AL
urther conprisrng. tenporari!|y Storing 1 nformation Concerning an operation

history of sai d}\ﬂi $KedbirY§eafl t @4 e NG 0 Sl r&%}’ﬁ.mf’é, Wi Gy
operation. 16. di'sk storage apparatus conprising: read/wite means Tor

executing a reagdeopesati@RyRe 2nWhi 14 ORSALIOMMle JafipigiddL ngshect to a
di sk nmedi um by using a head; 15 a tenperature sensor which detéects a

tenperature; nmeans ktempexaguliengidhiz@riRal iive tHeOGRSSINGhY Qitcimangth@ Wite
target area on said disk mediumto an alternative area if it is determ ned
that a normal the temperature detection value from the temperature
10 sensor 200 provided in the host system 20.
To sum up, when the temperature state in the disk
drive is changed to the low-temperature limit or
below, the write operation that the host system is
not concerned with (non-normal write operation) can
15 be automatically inhibited. Therefore, in the
temperature environment equal to or lower than a
low-temperature limit, data recording involved in
the alternative processing in the normal read
operation or data recording of the history information
20 executed at the startup of the apparatus is inhibited,
for example. As a result, data recording with the low
reliability can be avoided, and hence the sufficient
reliability can be thereby assured with respect to
data recording that the host system is not concerned
25 with the disk.

As for the normal read/write operation that

the host system is concerned with, the host system



wite operation is inpossible when executing said 20 wite operation;
controlling neans for inhibiting said alternative processing when a
tenperature detected by said tenperature sensor is |ower than a stipul ated
value. 17. The di sk storage apparatus according to 25 claim 16, wherein
said alternative processing includes a rewite operation of alternative
processing information to change a wite target area on said disk -
nmediumto an alternative area. 18. The i s%° storage apparatus according to
claim17, wherein said alternative processing information corresponds to
address managenent table 5 information or file allocation table information
recorded on sai éxdcykesedhenprogespiaditek igthotsige Hppareadisiaicedrding to
claim 16, wherein said controlling means determ nes that a normal wit
operation is i nppSseblenand fheetedpess tang ianw iranyerdped@tdbonte AT a
predet ermi ned nunber of times when said head can not be positioned in a
wite target arBglen §hedlevsikempgirghuae tiHé 4 nme of said wite operation,

and controls so as tQ al.l qw execuiion of said, 15 alternative processin
Bhen ot enper ature dSCOMtABTR. GHERIARRS R dbibbia vt Thik

stipulated value. 20. The disk storage rat us cordi,ng tQ claim16
Therei o o o coRertivnateln SRRty SN G At ey (G

i npossi bl e and
nunber of tines

2eexROUREI A UL LR Sbior AReTALIN ] o' & Jy edgt a1 ned

en sai an not be positioned in a wi ar ge

on said di sk meghumgbokie ol ek St Weldi® QRALALNAD et il S

alternative processing an

controls 25 so as to execute predeterm ned

processing WhenNshown and described herein. Accordingly, various

10

15

20

25

modifications may be made without departing from the
spirit or scope of the general inventive concept as
defined by the appended claims and their equivalents.
(Second embodiment)

A second embodiment will now be described with
reference to a flowchart of FIG. 7.

Here, a temperature detection value of the
temperature sensor 12 is denoted as "K", and a
low-temperature limit value with which the regular
read/write operation can be normally executed is
designated as a stipulated value T. If an ambient
temperature (K) of the drive is not less than the
stipulated value T, the CPU 10 determines that
a normal temperature environment is provided.
Usually, the temperature sensor 12 is mounted on
a circuit substrate provided to the disk drive.

It is to be noted that the host system 20 may be
configured to have its own temperature sensor, monitor

a change in ambient temperature of itself and the

and

40
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ar ea
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error



a tenperature detected by said tenperature sensor is |ower than a

sti pul at ed val ue. - 41 21. The disk storage apparatus according to claim
16, wherein said controlling neans reads and verifies data recorded by said
wite operation froma specified area if a tenperature detected by said 5
tenperature sensor is lower than a stipulated tenperature when said wite
operation is executed in said specified area on said disk nmediumin
accordance with a wite conmand fromthe dutside, and normal |y term nates
when recording normality is 10 confirnmed by said verify operation, and
controls so as to execute predeterm ned error processing when recording
normal ity is nodrévafi pnedinfprmehéhgi SPUstldy afe tAyspdramper afcding ding to
claim 16, wherein said controlling nmeans executes 15 said wite operation
in a specified 8rEECEACBaVElHESK fBEPHSN Fhgc i dhce Bt herngye e bmmand
fromthe outside, and controls so as to inhibit alternative processing

i nvol ved by saiHsﬁééﬁgrétP§886§P§WﬂﬁﬁdichmF%ﬁbeﬂéﬁhﬁéﬁﬁb‘H@@%%?éﬁjby sai d
tenperature sensor is |ower than a stipul ated val en .readi ng .data
recorded by sai 82t PEEUSHESN 5%?01‘?6?‘?8??135%’1% S5 il{'gdi\,%reecécqcﬂ(lé)&gﬁ}edance
with a read conpand fromthe outside. 23 . A.dis t oy .age apparatus which
execut e are dWRFFF§u55eF§PFSﬁ g? 559&\3“%14%§3x§5£%%ia di sk nmedi um by
using a head in accogdance ;W 4y 3 Jeadlwila QORI TP fe NOSLe fYsL em

havi ng a tenperature
a write command from the host system 20. Upon

recelving the write command, the CPU 10 positions the
head 2 in a specified area on the disk 1, and executes

10 the write operation to write data transmitted from the
host system 20 (step S31).

In the write operation, the CPU 10 confirms the
positioning accuracy of the head 2 with respect to the
specified area on the disk 1. When the positioning

15 accuracy is sufficient, the CPU 10 determines that the
normal write operation is possible, and executes the
write operation of the data (write OK, YES at a step
S32). The positioning accuracy of the head 2
fluctuates by the state of servo information

20 previously recorded on the disk 1, an influence of
disturbance (acceleration) applied to the drive, or
the like. When the CPU 10 confirms that the normal
write operation is possible on the disk 1, it executes
the write operation and informs the host system 20 of

25 normal termination (YES at the step S$32).

On the other hand, when the CPU 10 can not

confirm the sufficient head positioning accuracy,



- 42  detection function to detect a tenperature, said apparatus
conprising: neans for executing alternative processing to change a wite
target area on said disk mediumto 5 an alternative area if it is

determ ned that a nornmal wite operation is inpossible when executing a
wite operation; and controlling neans for inhibiting said alternative
processi ng when said host systeminforns that 10 a tenperature is | ower
than a stipul ated val ue. 24. The di sk Storge apparatus according to claim
23, wherein said controlling neans executes a wite operation in a
specified area on said disk nmediumin accordance with a wite comand from
sai d 15 host sysamelyreads and ¢eniffires thatta thec ovodadh loyrsidied write
operation fromsaid specified area in accordance with a conmand from sai d
host syst em whepparabipar asupesssbllewed tt repea tst igpwrdited nedinie, and 20
normal |y term nates when recording normality is confirned by said verify
operation, and eBAtRbLeNsyiiEinoacrEedes epradete hed &fr drimsocéSsi ng
when recordi ng normal i not confir 25. The di sk stor%gg appar at us

according to 25(§Paﬁﬁl%é?l%ﬁ@?eﬁﬁzsaﬁagggﬁ§r5plﬁﬁ&)neaﬁﬁﬁﬁﬂn i as to
iDLl o8l Rl LeF0g! LLR-0T BResaLARy N ASROIAANEC O LDo2 oMBK Lo ool d
2 o) ok SLPEBGELATER U ALCRL BBL0 SRR 2 WSl ¢
termination of the normal write operation (YES at
a step S34).
On the other hand, when the above-described
10 condition can not be confirmed even if the write retry
operation exceeds a predetermined number of times and
the normal write operation (actually, the sufficient
head positioning accuracy) can not be confirmed, the
CPU 10 stops the write operation (YES at a step S35).
15 In this state, the CPU 10 makes judgment upon
whether a temperature of the drive (an ambient
temperature or an internal temperature) is in the
low-temperature state less than the stipulated value T
based on a result of comparison between the
20 temperature detection value K from the temperature
sensor 12 and the stipulated value T (step S36).
If a temperature of the drive is not less than the
stipulated value T and normal, the CPU 10 advances to
alternative processing (YES at the step S36, and S37).
25 In the alternative processing, the CPU 10

disables a specified area (write target area) in

which the write operation is impossible), sets



5 determnes that a normal wite operation is inpossible and executes a
wite retry operation for a predeterm ned nunber of times if said head can
not be positioned in a wite target area on said di sk medi um when executi ng
said wite operation in 10 accordance with a wite conmand from sai d host
system and controls so as to execute predeterm ned error processing when
said normal wite operation is inpossible after conpletion of said wite
retry 15 operation for a predetern ned mumser of times. 27. The disk
storage apparatus according to any of clainms 16, wherein said controlling
means controls so as to stop a wite cache function or clear a wite buffer
when a tenperatarerddeterndnby sditdrnefpocatuea 20 ddwsalidk l,onwer than a
stipul ated value. 28. The di sk storage apparatus according to any of clains
16, wherein sai@ndogheobeengheeanscidnedolageso afhis stldprnatkive cache
function or clear a wite buffer in accordance with notification or a
command 25 frone5afdiRosd 3ySEERRRAER 4TEEHpématitrds ©f &x@chlhaﬁ an

stipul ated value, 29. A disk storage apparatus conpri si ng: -

read/wite nean%lF%FnéﬁéHGtPﬁ@tgrrégduaﬁéﬁaploﬁaG@ &awtHae oﬁ%%%ﬂu(i@eof

d di sk di b head;

Whi oh det Lfipa&%gn%a?‘sr'eﬁetgﬁ REPeets E?l'pQE. ﬁgeﬁ&&@aﬁe:qpa&é“ég%““w
d t t t t

2nd control | | ng HRaHETREE  FRRLE! CIRGLEArd Ny 1(E8 Rl at it WIIPGARRES: Lo

N

at the tine of said Wwité operation a tenperature by said
tenperature sensRLt 45skO¥ehstBRRernative processing information.

Based on this alternative processing, the CPU 10

10 executes the write operation to record data in the
alternative area, and informs the host system 20 of
normal termination.

On the other hand, when the CPU 10 confirms that
a temperature of the drive is in the low-temperature

15 state less than the stipulated value T, it inhibits
the alternative processing and advances to predeter-
mined abnormal processing (NO at the step S36). The
predetermined abnormal processing includes processing
to inform the host system 20 that the CPU 10 can not

20 normally execute the write command, and others.

As described above, according to the method of
the second embodiment, when the normal write operation
can not be confirmed based on the positioning accuracy
of the head 2, the drive automatically executes the

25 alternative processing i1f a temperature of the drive
falls within an allowable range. On the other hand,

when a temperature of the drive is low, i.e., less



a stiNEuI ated value. 30. The di sk storage apparatus according to 15 claim
29, erein said controlling neans controls so as to cancel wite
inhibition with respect to said disk mediumand wite data stored in said
buffer nmenory onto said di sk nedium when a tenperature detected by said
tenperature sensor rises to 20 a stipulated value. 31. Awite controlling
nmet hod applied to a disk storage nedi um whi ch records data onto a disk
medi um by using a head, said nethod conmprising: a step of detecting a
tenperature; 25 a step of confirm ng whether a nornmal wite operation is
possi bl e based on a positioning accuracy when positioning said head in a
wite target ar&haat the- s43putll¢ed velofe dyeditd reg termattieveoper ati on on
said disk nedium a step of executing alternative processing to change said
wite target arpzogmssand dissknimddiitecd.o 5 an alternative area when it can
not be confirnmed that said normal wite operation is possible by said
confirmation step; afd &bhst dpvoftampfnstunty st althee vafi%@ processi ng
when a tenperature obtai ned at said detection step is 10 | ower thap a
stipul ated val ua2PgPilihy @Rfi toecHritd® MeRg mlfdd HlobriRF S0 %i m 31,
further conprising: a._step.of executing a wite retry operation fqr a

pr edet er n? ned nﬁﬁgeffe&fla‘gilﬂrégymﬁgn%iattacgﬁcr?d:t&w T YR S nor mal
15 wite operation,.is passible at said confjr ion st.ep; d s 0

al | owi ng execut }"’5ﬁt8f © g'rr&tépperlrsi‘atdie\% eﬁr’s@ce‘sgﬁtr?dlsﬂ/(hesr%rgcﬁ & ee%egtﬁuaq[%r e
rises to a stipylabed;%al U8 +AQs3mub it AR Id:e gt hogh accor ding

to
rewrite operation (write operation) of the alternative

processing information involved by the alternative

10 processing by inhibiting the alternative processing,
it is possible to avoid a situation such that the
alternative processing information with the low
reliability is recorded on the disk 1. Since the host
system 20 can confirm that write operation is

15 impossible based on notification from the drive,
it can reissue the write command.

(Third embodiment)
A third embodiment will now be described with
reference to a flowchart of FIG. 8.

20 This embodiment normally terminates the write
operation if normal recording can be confirmed by
reading and verifying data recorded by the write
operation when a temperature of the drive is low,
i.e., less than the stipulated value T at the time of

25 executing the write operation such as a test write
operation.

In response to a write command (for example,
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109438 () - 10%6:&' fpcorddxpxpan be confirmed based on this verify
operation, the CPU 10 informs the host system 2 of
normal termination of the write operation (YES at a
step S46). On the other hand, when normal recording
5 can not be confirmed, predetermined abnormal
processing such as processing to inform the host
system 2 that the CPU 10 can not normally execute the
write operation is conducted (NO at the step S46).
Here, the CPU 10 confirms whether a temperature
10 of the drive has risen to the stipulated value T
before executing the verify operation (step S$S43).
When this temperature is not changed from the low-
temperature state, the CPU 10 inhibits read reassign
processing (NO at the step S43, and S44). The read
15 reassign processing is alternative processing involved
by the read operation. That is, when a read error is
generated at the time of execution of the read
operation, the read retry processing is repeated for
a predetermined number of times. When the read error
20 can be restored by this read retry processing, the
read reassign processing is automatically executed.
Thus, in this embodiment, when a temperature of
the drive is low, i.e., less than the stipulated value
T, it is possible to inhibit the write operation of
25 the alternative processing information involved by the

alternative processing by prohibiting the read assign

processing in advance. It is, therefore, possible to
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the disk 1.
(Fourth embodiment)
5 A fourth embodiment will now be described with
reference to a flowchart of FIG. 9.
In this embodiment, the host system 20 monitors
an ambient temperature of the drive (or the system)
by using a temperature sensor 12 mounted on the disk
10 drive or a temperature sensor mounted on the system
itself. 1In addition, this is the method to execute
the verify operation for confirming the write
operation conducted in the low-temperature state in
the second embodiment mentioned above in response to
15 a command from the host system 20,
That is, when a write command is issued, the host
system 20 confirms whether an ambient temperature of
the drive (or the system) is in the low-temperature
state, i.e., less than the stipulated value T (step
20 5200). In the disk drive, the CPU 10 confirms
whether the ambient temperature of the drive is in the
low-temperature state less than the stipulated value T
based on notification from the temperature sensor 12
or the drive or the host system 20. Additionally,
25 as similar to the second embodiment, the CPU 10

automatically executes a series of processing (range

of reference numeral 100) in accordance with the write
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On the other hand, in cases where the ambient
temperature of the drive is in the low-temperature
5 state less than the stipulated value T, when the drive
confirms write OK in the write operation, the host
system 20 executes the verify operation to read and
check data recorded by the write operation from
the disk 1 (step S250). When normal recording is
10 confirmed, the host system 20 confirms that the write
operation is normally terminated based on notification
from the CPU 10 (YES at the step S260). On the other
hand, when normal recording can not be confirmed,
the host system 20 confirms that the write operation
15 is not normal but abnormally terminated based on
notification from the CPU 10 (NO at the step S5260).
(Fifth embodiment)
A fifth embodiment will now be described with
reference to a flowchart of FIG. 10.
20 In this embodiment, the host system 20 monitors
an ambient temperature of the drive (or the system)
by using a temperature sensor 12 mounted on the disk
drive or a temperature sensor mounted on the system
itself (step S50). Additionally, when the ambient
25 temperature of the drive is in the low-temperature

state less than the stipulated value T, the host

system 20 issues a command to inhibit the alternative
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processing to the disk drive (step S51). It is to be
noted that the range denoted by reference numeral 500
in FIG. 5 indicates processing which is automatically
executed by the disk drive.
5 In response to a write command from the host
system 20, the CPU 10 executes the write operation
with respect to a specified area on the disk 1.
At this moment, when the ambient temperature of the
drive is normal not less than the stipulated value T,

10 the CPU 10 executes the regular write operation
(including the regular alternative processing).
Further, when the operation is normally terminated,
the CPU 10 informs the host system 20 of normal
termination (YES at a step S50, and S56).

15 On the other hand, when the ambient temperature
(detection value K) of the drive is in the low-
temperature state less than the stipulated wvalue, the
CPU 10 receives a command to inhibit the alternative
processing as well as the write command (steps S51 and

20 852). The CPU 10 confirms whether write OK indicative
of the normal write operation is obtained based on
the positioning accuracy of the head 2 (step S$53).
Here, when write OK can not be confirmed, the CPU 10
executes the write retry processing only for a

25 predetermined number of times (N) (NO at the step S53,

and 857 to S59). However, since the command to

inhibit the alternative processing is received, the
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without executing the alternative processing when
the write retry processing is conducted for the
predetermined number of times (N} (YES at a step S59).
5 Incidentally, when write OK is confirmed, the CPU
10 proceeds to the verify processing based on a
command from the host system 20 as similar to the
third embodiment mentioned above (YES at the step S53,
and S61 and S62). It is to be noted that the CPU 10
10 automatically executes the read reassign inhibition
processing (NO at the step 554, and S55).
(Sixth embodiment)
A sixth embodiment will now be described with
reference to a flowchart of FIG. 11.
15 This embodiment is a method to stop a write cache
function executed by the HDC 9 using the buffer memory
90 when a temperature of the drive is in the low-
temperature state less than the stipulated value T.
That is, in response to a write command (for
20 example, a test write command) from the host system 20,
the CPU 10 executes the write operation with respect
to a specified area on the disk 1. At this moment,
when the temperature of the drive is normal, namely,
it is not less than the stipulated value T, the CPU 10
25 executes the regular write operation (including the

regular alternative processing). Furthermore, when

the operation is normally terminated, the CPU 10
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the write cache function of the HDC 9 (NO at the step
570, and S71). Then, the CPU 10 confirms write OK
indicative of the normal write operation based on the
positioning accuracy of the head 2 (steps S72 and S73).

10 Incidentally, the processing of the steps S$74, 875,

S77, S78 and S80 to S84 is similar to the processing
of the steps S23 to 826, 528 and S30 to S33 in the
second embodiment (see FIG. 3), thereby omitting the
explanation.

15 Here, the HDC 9 of the disk drive has the write
cache function to store the write data in the buffer
memory 90 when the write data is transferred from the
host system 20 in order to improve a data transfer
speed. In the disk drive having the write cache

20 function, i1f the read command is issued after
executing the write operation when the temperature is
low, the verify operation is carried out, and the data
write-cached in the buffer memory 90 is transferred to
the host system 20. Therefore, the data actually

25 recorded on the disk 1 may not be possibly transferred

to the host system 20.

Thus, in this embodiment, when the write cache
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temperature of the drive is in the low-temperature
state. Alternatively, the CPU 10 may execute the
5 write operation or the read operation of the data
after clearing (flashing) the data stored in the
buffer memory 90.
In brief, according to the method of this
embodiment, since the write cache function is stopped
10 when the temperature of the drive is in the low-
temperature state in particular, the data actually
recorded on the disk 1 can be transferred to the host
system 20 in place of the data subjected to write
cache in case of reading the data immediately after
15 being recorded by the write operation. As a result,
the host system 20 can confirms the data actually
recorded on the disk 1 when the temperature of the
drive is in the low-temperature state.
(Seventh embodiment)
20 A seventh embodiment will now be described with
reference to a flowchart of FIG. 12.
This embodiment is a method which buffers the
write data to the buffer memory 90 and temporarily
inhibits the write operation to the disk 1 when
25 an ambient temperature of the drive is in the low-

temperature state less than the stipulated value T.

This method will now be concretely described
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respect to a specified area on the disk 1. At this
5 moment, when the temperature of the drive is normal,
i.e., it is not less than the stipulated value T, the
CPU 10 executes the regular write operation (including
the regular alternative processing). Furthermore,
when the operation is normally terminated, the CPU 10
10 informs the host system 20 of normal termination (YES
at a step $90, and 596).

On the other hand, when the temperature of the
drive is in the low-temperature state less than the
stipulated value T, the CPU 10 temporarily stores the

15 write data transferred from the host system 20 into
the buffer memory 90, and temporarily inhibits the
write operation (disk write) to the disk 1 (steps S91
to S93).

Then, after elapse of a predetermined time, when

20 the temperature of the drive rises to the stipulated
value T, the CPU 10 cancels inhibition of disk write,
and records the data stored in the buffer memory 90
onto the disk 1 (YES at a step S94, and S95). When
the temperature of the drive remains in the low-

25 temperature state even if a predetermined time has
passed, the CPU 10 executes predetermined abnormal

processing such as processing to inform the host
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system 20 that the write command can not be normally
executed (NO at the step S594).

As described above, according to the method of
this embodiment, when the temperature of the drive

5 (the ambient temperature or the internal temperature)
is in the low-temperature state, the write operation
to the disk 1 is temporarily suspended, and the write
data is buffered until the normal temperature state
is obtained. It is, therefore, possible to avoid

10 a situation such that the write data with the low
reliability is recorded.

As to the temperature of the drive, since heat is
generated in the drive when the power supply is turned
on, increase in temperature can be expected when

15 a given time passes. Thus, by temporarily buffering
the write data until elapse of a predetermined time,
it is possible to relatively avoid the situation that
the write operation is disabled.

Incidentally, in each of the foregoing

20 embodiments, when an attachment position of the
temperature sensor 12 in the drive is distanced from
positions of disk 1 and the head 2, a difference in
temperature may be possibly produced between them.

In such a case, it is desirable to obtain the

25 correlation of temperature between the both positions

in advance and determine the stipulated value T based

on this correlation.
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a read/write mechanism for executing a read
operation and a write operation of data with respect
to a magnetic disk medium;

a temperature sensor which detects a temperature;
and

a controller which inhibits a non-normal write
operation when a temperature value detected by said
temperature sensor is not more than a stipulated value
in said non-normal write operation in which data
is written on said magnetic disk medium by said
read/write mechanism irrespective of a write command
from the outside.

2. A disk drive according to claim 1, wherein
said non-normal write operation includes a write
operation in alternative processing involved in
generation of a read error when executing said read
operation according to a read command from the
outside.

3. A disk drive according to claim 1, wherein
said non-normal write operation includes a write
operation for recording predetermined information in
a predetermined area on said magnetic disk medium in
a period excluding a period of executing a normal read
operation or write operation.

4. A disk drive according to claim 1, further
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a memory which temporarily stores data to be
recorded on said magnetic disk,
wherein said controller inhibits said non-normal
5 write operation when said temperature value is not
more than a stipulated value and temporarily stores
data to be recorded on said magnetic disk medium.
5. A disk drive according to claim 1, further
comprising:
10 a memory which temporarily stores data to be
recorded on said magnetic disk medium,
wherein said non-normal write operation includes
a write operation in alternative processing involved
in generation of a read error when executing a read
15 operation according to a read command from the
outside, and
sald controller inhibits said alternative
processing which involves said write operation when
said temperature value is not more than a stipulated
20 value and temporarily stores data to be recorded on
said magnetic disk medium.
6. A disk drive according to claim 1, further
comprising:
a memory which temporarily stores data to be
25 recorded on said magnetic disk medium,

wherein said non-normal write operation includes

a write operation for recording predetermined
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information in a predetermined area on said magnetic
disk medium in a period excluding a period of
executing a normal read operation or write operation,
and
5 said controller inhibits said write operation
when said temperature value is not more than a
stipulated value and temporarily stores in said memory
predetermined information to be recorded in a
predetermined area on said magnetic disk medium.

10 7. A disk drive according to claim 1, wherein
said non-normal write operation includes a write
operation which records or updates information
concerning an operation history of said drive in
a predetermined area on said magnetic disk medium at

15 the time of start-up of said disk drive.

8. A method of controlling write operation for
a disk drive which includes a magnetic disk medium and
a temperature sensor, the method comprising:

acquiring a temperature value detected by said

20 temperature sensor in a non-normal write operation to
record data on said magnetic disk medium irrelevant to
a write command from the outside; and

inhibiting said non-normal write operation when
said temperature value is not more than a stipulated

25 value.

9. A method according to claim 8, wherein said

non-normal write operation includes a write operation
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in alternative processing involved in generation of
a read error when executing a read operation according
to a read command from the outside.
10. A method according to claim 8, wherein said

5 non-normal write operation includes a write operation
to record predetermined information in a predetermined
area on said magnetic disk medium in a period
excluding a period of executing a normal read
operation or write operation.

10 11. A method according to claim 8, wherein said
non-normal write operation includes a write operation
to record or update information concerning an
operation history of said drive in a predetermined
area on said magnetic disk medium at start-up of said

15 disk drive.

12. A method according to claim 8, further
comprising:
temporarily storing data to be recorded on said
magnetic disk medium after inhibiting said non-normal
20 write operation.
13. A method according to claim 9, further
comprising:
temporarily storing data to be recorded on
sald magnetic medium involved in said alternative

25 processing after inhibiting said non-normal write

operation.

14. A method according to claim 10, further
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information to be recorded on said magnetic disk
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medium after inhibiting said non-normal write
5 operation.
15. A method according to claim 11, further
comprising:
temporarily storing information concerning an
operation history of said disk drive after inhibiting
10 said non-normal write operation.
16. A disk storage apparatus comprising:
read/write means for executing a read operation
or a write operation of data with respect to a disk
medium by using a head;
15 a temperature sensor which detects a temperature;
means for executing alternative processing to
change a write target area on said disk medium to
an alternative area if it is determined that a normal
write operation is impossible when executing said
20 write operation; and
controlling means for inhibiting said alternative
processing when a temperature detected by said
temperature sensor is lower than a stipulated value.
17. The disk storage apparatus according to
25 claim 16, wherein said alternative processing
includes a rewrite operation of alternative processing

information to change a write target area on said disk
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medium to an alternative area.
18. The disk storage apparatus according to
claim 17, wherein said alternative processing
information corresponds to address management table
5 information or file allocation table information
recorded on said disk medium.
19, The disk storage apparatus according to
claim 16, wherein said controlling means determines
that a normal write operation is impossible and
10 executes a write retry operation for a predetermined
number of times when said head can not be positioned
in a write target area on said disk medium at the time
of sald write operation, and
controls so as to allow execution of said
15 alternative processing when a temperature detected by
sald temperature sensor rises to a stipulated wvalue.
20. The disk storage apparatus according to
claim 16, wherein said controlling means determines
that a normal write operation is impossible and
20 executes a write retry operation for a predetermined
number of times when said head can not be positioned
in a write target area on said disk medium at the time
of said write operation, and
inhibits said alternative processing and controls
25 so as to execute predetermined error processing when

a temperature detected by said temperature sensor is

lower than a stipulated value.
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21. The disk storage apparatus according to
claim 16, wherein said controlling means reads and
verifies data recorded by said write operation from
a specified area if a temperature detected by said

5 temperature sensor is lower than a stipulated
temperature when said write operation is executed in
said specified area on said disk medium in accordance
with a write command from the outside, and

normally terminates when recording normality is
10 confirmed by said verify operation, and controls so
as to execute predetermined error processing when
recording normality is not confirmed.

22. The disk storage apparatus according to
claim 16, wherein said controlling means executes

15 said write operation in a specified area on said disk
medium in accordance with a write command from the
outside, and

controls so as to inhibit alternative processing
involved by said read retry operation if a temperature

20 detected by said temperature sensor 1s lower than
a stipulated value when reading data recorded by said
write operation from said specified area in accordance
with a read command from the outside.

23. A disk storage apparatus which execute

25 a read/write operation of data with respect to a disk
medium by using a head in accordance with a read/write

command from a host system having a temperature
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detection function to detect a temperature, said
apparatus comprising:
means for executing alternative processing to
change a write target area on said disk medium to
5 an alternative area if it is determined that a normal
write operation is impossible when executing a write
operation; and
controlling means for inhibiting said alternative
processing when said host system informs that
10 a temperature is lower than a stipulated value.
24. The disk storage apparatus according to
claim 23, wherein said controlling means executes
a write operation in a specified area on said disk
medium in accordance with a write command from said
15 host system,
reads and verifies data recorded by said write
operation from said specified area in accordance with
a command from said host system when a temperature is
lower than a stipulated wvalue, and
20 normally terminates when recording normality is
confirmed by said verify operation, and controls so
as to execute predetermined error processing when
recording normality is not confirmed.
25. The disk storage apparatus according to
25 claim 23, wherein said controlling means controls so
as to inhibit said alternative processing in

accordance with a command from said host system when
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a temperature is lower than a stipulated value.

26. The disk storage apparatus according to
claim 23, wherein said controlling means inhibits said
alternative processing,

5 determines that a normal write operation is
impossible and executes a write retry operation for
a predetermined number of times if said head can not
be positioned in a write target area on said disk
medium when executing said write operation in

10 accordance with a write command from said host system,
and

controls so as to execute predetermined error

processing when said normal write operation is
impossible after completion of said write retry

15 operation for a predetermined number of times.

27. The disk storage apparatus according to any
of claims 16, wherein said controlling means controls
SO0 as to stop a write cache function or clear a write
buffer when a temperature detected by said temperature

20 sensor is lower than a stipulated wvalue.

28. The disk storage apparatus according to any
of claims 16, wherein said controlling means controls
so as to stop a write cache function or clear a write
buffer in accordance with notification or a command

25 from said host system when a temperature is lower than

a stipulated value.

29, A disk storage apparatus comprising:
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read/write means for executing a read operation
or a write operation of data with respect to a disk
medium by using a head;
a temperature sensor which detects a temperature;
5 write buffering means for temporarily storing
write data in a buffer memory at the time of said
write operation; and
controlling means for inhibiting said write
operation with respect to said disk medium with said
10 write data being held in said buffer memory at the
time of said write operation when a temperature
detected by said temperature sensor is lower than
a stipulated value.
30. The disk storage apparatus according to
15 claim 29, wherein said controlling means controls so
as to cancel write inhibition with respect to said
disk medium and write data stored in said buffer
memory onto said disk medium when a temperature
detected by said temperature sensor rises to
20 a stipulated wvalue.

31. A write controlling method applied to a disk
storage medium which records data onto a disk medium
by using a head, said method comprising:

a step of detecting a temperature;
25 a step of confirming whether a normal write

operation is possible based on a positioning accuracy

when positioning said head in a write target area at
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a step of executing alternative processing to
change said write target area on said disk medium to
5 an alternative area when it can not be confirmed that
said normal write operation is possible by said
confirmation step; and
a step of inhibiting said alternative processing
when a temperature obtained at said detection step is

10 lower than a stipulated value.

32. The write controlling method according to
claim 31, further comprising: a step of executing
a write retry operation for a predetermined number of
times when it can not be confirmed that said normal

15 write operation is possible at said confirmation step;
and

step of allowing execution of said alternative
processing when said temperature rises to a stipulated
value.

20 33. The write controlling method according to
claim 31, further comprising: a step of reading and
verifying data recorded by said write operation from
a specified area if a temperature detected by said
detection step is lower than a stipulated value when

25 executing a write operation in said specified area on
said disk medium in accordance with a write command

from the outside; and
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a step of normally terminating when recording
normality is confirmed by said verify step and
executing predetermined error processing when
recording normality is not confirmed by said same step.

34. The write controlling method according to
claim 31, wherein said inhibition step inhibits said
alternative processing in accordance with a command
from the outside when said temperature is lower than
a stipulated value.

35. The write controlling method according to
claim 31, further comprising a step of stopping
a write cache function or clearing a write buffer when
a temperature obtained by said detection step is lower

than a stipulated value.



