;e3ehX6ThuQ Specification Rotating storage device and its control nethod

sFireld of the invention The present invention relates to a rotating storage

device and a control method thereof, and nore particularly rel
art effective for neasures for contamnation in a hard disk uHmﬂ"mﬁ’Hmmmwmm
wite error caused by contam nation etc.. Background art For exanple
cont ani nati on such as dust exists in a hard disk unit , adhesion d
contam nation onto a head is acknépeeddddaddioa cause of unstable flight of
t he head. Contam nation adhered on a magnetic disk mediumin the hard disk
unit is also acknowl edged as a cause of adhesion of the contam nation onto
the head or an error in information read/wite on the magnetic disk.
Therefore, inRptatergestoragesaekliceganieiftar doditsk1Upkknogeasures for
contam nation such as sufficient cleaning of parts, assenmbly in a clean
environment (clean room etc.) and adopting an aut omated processing by
mechani zation are taken. However, these processes are hard to be all

aut omat ed BpeiHabrMeAHalnPERESSS denerating dust may not be elim nated.
Al'so, insufficient cleaning of parts cannot be avoi ded because of

I Libias. . t i ;
ggﬁggﬁing{?gﬁszﬁgs?apﬁg§%P§Ef§ be acceg%% ?gésZgéo?%?ﬂ%?%?i?ﬁesg8ﬁﬁgﬁtional
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registration 1s required for a reag error recoveran
performt adj a def, regi,stration _of _a sector in the reverse
direction© saig Sett ga}l%génd ) tset(){;‘rdi rggléti%n.wrl:‘hti%, e FeMSHdePEct can
be registe .a d ct grows by perform ng adjacent defect
registratf%ﬁgggfégégéggcgiﬁg'a read error, and high data reliability can be
obtained with the m ni mum nunber of defective sectors. For exanpl e,
Japanese Patent (Laid-Open) Heisei No.5-28675 discloses the art to use a
. magnetic I f chanismto make a magnetic head contact a magnetic
di sk inWED%%%%¢§O %ag?ggthe start of rotating the magnetic di sk, then
rotate the nagnegic di sk En this st Sai.d rgport i ndicates that mnute

te.,
dust can be renoved BYNR anlfh§Qﬁ;§%&ﬁa 082 FUBhiat 19 He FRYFESi &ndi sk

For exanple,, Japanese Pat.ent ai d- Ope Hei sei, No.5-54577 di scl oses the
art to st o% %%rgl g\}vsgomlr%dt aq((*}beﬁloqg)ﬁrye PRI R IR e ghetfcifiead s
not perform read/ write operation en t he _magnetic head
cont act tﬁ%h%%aﬁ%é?%égi§fi ?hgqg§cn?955§§t?h§f|#§i§h¢d8§t Beafenpved
by making é&ﬁ%&ﬁ%ﬂ&%ithgéﬁe%88téﬁtatRSgHEQQStéEsﬂ'%éaium in the hard

disk unit is also acknowledged as a cause of adhesion of

pdw

the contamination onto the head or an error in information
read/write on the magnetic disk.

Therefore, in processes of assembling the hard disk
unit, measures for contamination such as sufficient
cleaning of parts, assémbly in a clean environment (clean
room, etc.) and adopting an automated processing by
mechanization are taken. However, these processes are hard
to be all automated so that manual process generating dust

may not be eliminated. Also, insufficient cleaning of parts
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For exanpl e, Japanese Patent (Laid-Open) Heisei No.6-203503 discloses the
-art to contrive |oading and unl oadi ng periods focusing on changes in the
tangential force of head contact to the contact start stop (CSS) in order
to prevent the disk from bei ng damaged and renove dust adhered on the head
rail surface. Both prevention of a disk danage and dust renoval are enabl ed

by controlbiag O@éi éiaagoaecgageafdfogﬁmpéa P B gﬁg pfgbgg u”ber

of disk rotations is or exanpl e i sei

control | ?%%*%u‘n*ioersﬂ}?sdfﬁﬁ BEbshin e TRIBIELY fﬁ%ﬁ%‘a shebal T apetio,

control li e of e head sllder to efficiently renove dust.
adher ed aﬁgekgt 5%3% c??ﬁ??ihnact type head slider. However, the

recent inprovenent of st ge densi t uires nore detajl ed neasures to
defect on a di sREFFHAS d H%?e&?néﬁ Rnagy &F Y SAMRTHFCE oRLAFUFRS on
and defects out of matter with conventional arts_do matter with the hard

di sk uni t TOFaMamHP U gHWReDrAheCortaNigat o okadefestsopndnhgreyihamitnat i on
provi ded by conventional arts are to make the head contact the magnetic 3
-4 di sk nSGERFtRRARTA Y epptapinattonor the hard disk unit of high
storage density designed on prem se of higher storage density. Contact

bet ween the head’%hd di S%aWR4§. causdap@pesent aniBaliemwh. FolLBAd-Qpen)
descri bed in above-descri bed Japanese Patent (Laid-Open) Heisei No.

2000- 1560810,- 20 0hekci 40 21 r ddgiclosms behexpatt etiof ojudies edthayr owdademt no
nmeasure is taken for an existing defect and only a passive neasure such as

not to usdef@dphergoisttaraddonar edsassaduigeadat flotn‘ey ar e whEdEcCt iewrgrogect or s
i s taken.
recoverable by offset read and perform the adjacent defect

registration of a sector in the reverse direction of said
sector and offset direction. Thus, the minimum defect can
be registered before a defect grows by performing adjacent
defect registration after detecting a read error, and high
data reliability can be obtained with the minimum number of
defective sectors.

For example, Japanese Patent (Laid-Open) Heisei
No.5-28675 discloses the art to use a magnetic head 1lift
mechanism to make a magnetic head contact a magnetic disk
immediately before the start of rotating the magnetic disk,
then rotate the magnetic disk in this state. Said report
indicates that minute dust can be removed by making the
magnetic head contact the magnetic disk.

For example, Japanese Patent (Laid-Open) Heisei
No.5-54577 discloses the art to stop or slew down rotation

of the spindle while the magnetic head is not performing a



The purpose of the invention is to provide the art to renove contamination
+W t hout generating new contam nation by contact between the head and di sk.
Anot her purpose of the invention is to inprove wite reliability around a
possi bl e defect to effectively use the storage surface of the nmagnetic disk
medi um Further another purpose of the invention is to inprove wite
reliability without deteriorating the performance of wite operation.

Summary deddart v@nbperahaonr,ditied omake anpesiagifeti® heademontrawnt i on
there is provided a control nethod for the rotating storage device, said

rotating g{or &evh C816RIPI MRkNgeBoftObags FRALUMMAUItEC Aulst mie and a
read/wite head for information on said storage nedium said control nethod

conpri si t RS ik1P§" kRN NEt £d NHeaq! iR tiatM the dgHd®idon to
sai d sto%‘%&ﬁ%ﬁi 3)&15 re&er?%nc?ng‘é%ba dief ect list stored in a sgﬁ)r age area
provi ded &fs | sewhere of said rotating storage device to judge whether the
track having the sector into which said wite has been done or an adjacent

track or a nearl_bé/ﬁrgggrsngp_&sai gjgér%%}cé%e(s:o[\%g{éﬁta gﬁégﬁngggg veidfyd g said

wite if the resu ‘ju rue”. a Ac ing to anot her

aspect. ofyLhe ppesgat hiNEIbLON hRLe Lo Pray! dadhaccont rol dmlgocder

rotating . conprrsing a storage ne |un]dr|ven.to.r%tate and a
et TR e e S L e T
storage nggégg]of head contact to the contact start stop (CSS) in
order to prevent the disk from being démaged and rémové
dust adhered on the head rail surface. Both prevention of
a disk damage and dust removal are enabled by controlling
load and unload operations to be performed while the number
of disk rotations is few.
For example, Japanese Patent (Laid-Opén) Heisei
No.2000-90612 discloses the art to remove dust from a
contact pad by controlling numbers of disk rotations at
load and unload operations for controlling the pitch angle
of the head slider to efficiently remove dust adhered and
accumulated on the contact type head slider.
However, the recent improvement of storage density
requires more detailed measures to defect on a disk surface
and defect growth. Even levels of contamination and
defects out of matter with conventional arts do matter with
the hard disk unit enabling high storage density.

All measures for the contamination provided by

conventional arts are to make the head contact the magnetic



reading a gain value or an anplitude value of an automatic gain circuit for
.anmplifying a signal via said head; calculating dispersion of said signa
fromsaid head using said gain value or said anplitude val ue; determ ning
whet her a predeterm ned threshold value is exceeded by conparing a neasured
val ue stored in the dispersion table recorded in el sewhere of said storage
region in said rotating storage device.and a di spersion val ue obtained from
said calculation; and verifying said wite when the result of said judgnent

is "true" ;. Accordin o, still her fi: & he pres J i her e
IS provi dgﬁ@aﬁ%&g{nﬁ %ln&rraé hdc()% apg&%glggofogfﬁn ﬁg}ag?c()irl%ggmgeo\?i @gﬁ céct)%g(?tsd:egﬁtyta

st or age diumdriven.to ratate and read/ wit d for, infor i.on on said
storage nBefigned %Prﬁmés@n‘?fﬁﬂ cretHest ANy Q‘W&CF ﬁgtwseF’éﬁ]%e B‘?a.d ﬁﬁhﬁff] S ime(e
writing action to wite information to said storage nediunm determ ning
whet her sedude newtcentgpenadonon i s done within a certain period starting from
i medi ately after | oading said head on said storage nediumor within a tine
required for pFRecgrsirngeseribéc teilsveidesdibed Thsamess Patenni@nits OpamdHeiseii Nyi ng
said wite when a result of said determnation is "true". According to

still anobfigy.1 sBech seifidRsil SREN clpdVRM b A RF Sy thS bR RV indRdrdis!takddt | Ng
st orage devi ce conpri sing: -4b
for an existing defect and only a passive measure such as not to use peripheral storage area
assuming that they are defective sectors is taken.
The purpose of the invention is to provide the art to remove contamination without
generating new contamination by contact between the head and disk.
Another purpose of the invention is to improve write reliability around a possible
defect to effectively use the storage surface of the magnetic disk medium.

Further another purpose of the invention is to improve write reliability without

deteriorating the performance of write operation.

Summary of the Invention

According to one aspect of the present invention there is provided a control method
for the rotating storage device, said rotating storage device comprising a storage medium
driven to rotate and a read/write head for information on said storage medium, said control
method comprising the steps of:

performing writing action to write information to said storage medium;

referencing to a defect list stored in a storage area provided in elsewhere of said
rotating storage device to judge whether the track having the sector into which said write
has been done or an adjacent track or a nearby track of said track contains a defect; and

verifying said write if the result of said judgment is “true”.



a storage nediumdriven to rotate; a read/wite head for information on
+said storage nedium a neans to read information onto said storage nedi um
a defect list storing defective sector information; neans for determ ning
whet her said defective sector is contained in a track containing a sector
on which said wite has been done or a track adjacent to or nearby said
track by referencing to said defect |lis44- and neans for verifying said
wite when a result of said judgnment is "true". According to still another

aspect of the RLEsaM tior%‘f?)meir%?]i)éch%lf%é ?re@&f?‘{h%qoﬁ th&e 4k V[yg&iéé@ﬁ%ﬁtr@ew ce

conprising: a storag€ nmedi um ven to rotate; a read/ wi head for

i nformation, o aid st.orage nedi um neans for witi i nf.ormati onto said
storage BTG OednBiRE S et dfes colrt ac Tiares st S el e g & 5
an automatic gain circuit for anplifying a signal via said head or an

anpl i t uderspdiiee drad fardniorgatien opsaidsiqrage @aﬂwm;éﬁﬁdr@napkm@ﬁgq%cﬁ?nmrlswg
signal of said head frommnultiple said gain values or anplitude value; a

di sper si ostepsadlt e cont ai ni ng di spersions of signals on said head
individually stored in divided areas on said storage nedium mneans to judge

whet her a predpégsriiinedriting astien @ wittk iifoirBatidnae esi@diodygennediami ng a val ue in
sai d dispersion table and a di spersion val ue obtained by said cal cul ati on;

and neans to Vel i i€ I f i d o Sen
According to Sﬁapfﬁaﬁg%aﬁé‘yagfsepg%‘?ﬁg?ﬂglﬁg%; %?gn?ﬁgﬁ%g}l#%n@{ghlgr glr?&sl{lf@r
Vi ce conpri sing:

provided a tpLatd NdohQhA%% ASY.
calculating dispersion of said signal from said head using said gain value or said
amplitude value;

determining whether a predetermined threshold value is exceeded by comparing a
measured value stored in the dispersion table recorded in elsewhere of said storage region
in said rotating storage device and a dispersion value obtained from said calculation; and

verifying said write when the result of said judgment is “true”.

According to still another aspect of the present invention there is provided a control
method for a rotating storage device comprising a storage medium driven to rotate and
read/write head for information on said storage medium, said control method comprising
the steps of:

performing writing action to write information to said storage medium;

determining whether said write operation is done within a certain period starting
from immediately after loading said head on said storage medium or within a time required
for processing a predetermined number of commands; and

verifying said write when a result of said determination is “true”.

According to still another aspect of the present invention there is provided a

rotating storage device comprising:



-4c a storage nediumdriven to rotate; a read/wite head for information on
'sai d storage nedium neans for witing information onto said storage

medi um means for determ ning whether said wite operation is done within a
certain period starting fromimrediately after |oading said head on said
storage nediumor within a time required for processing a predeterm ned
nunber of connands; and neans for verifgpng said wite when a result of
said judgnment is "true". The hard disk unit of the invention adopts the

ranped | oadi ngag%qgg@%mm@g,eﬁg@ﬁ%ﬁeare fol l owed around the disk outside
valid storage areas for a specific period after the head is |oaded fromthe

d
cxcper i ment - ands o0 sy TR, SrAREDRESE SiCid PR AR, CERRHL L 0

t he head after being | oaded fromthe tanped | oadi ng mechanism The

cont ani natifernagiod qﬁ'?%%%ﬂ@%ﬁ@"éfmhead flight are assuned cooperatively to
rub the contam nation onto the surface of the magnetic nedium A

t enper at ur e onatdefectlististcimgdafectiee seatpmanfoonatiedi um ont o whi ch t he

contam nation is rubbed partly rises and a problem of nagnetic information

| oss arises. Thgah§ienide@fmisngWiRtidr vaid defestied sactpr ablcdmaiRdcausetrhdie
head i nmedi ately after being | oaded is | ocated on an area on the disk

out si de V@%ﬂtgm @&For%maﬁch 418 wRltORALBATdoHabAa tr@aéacggse%t RPSr @afb?esad n

addi tion ecau track followmng I's performed on out circuits

di sk track by referencing to said defect list; and

means for verifying said write when a result of said judgment is “true”.

According to still another aspect of the present invention there is provided a
rotating storage device comprising:

a storage medium driven to rotate;

a read/write head for information on said storage medium; means for writing
information onto said storage medium; means for reading amplitude information of a gain
value of an automatic gain circuit for amplifying a signal via said head or an amplitude
value of said signal,

means for calculating dispersion of a signal of said head from multiple said gain
values or amplitude value;

a dispersion table containing dispersions of signals on said head individually stored
in divided areas on said storage medium;

means to judge whether a predetermined threshold value is exceeded by comparing
a value in said dispersion table and a dispersion value obtained by said calculation; and

means to verify said write when a result of said judgment is “true”.

According to still another aspect of the present invention there is provided a

rotating storage device comprising:



for a certain period, the head flight can be stabilized during the track
‘foll ow ng. Furthernore, much contam nation can be blown off by w nd
pressure generated during track foll owi ng. Nanely, the invention renoves
contam nation i mediately after |oading fromthe tanmped | oadi ng nechani sm
and avoids the problem of data | oss caused by contam nation. Furthernore,
the head flight can be stabilized. The-4gwention also can repeat noving to
the inside and outside of the disk on outer circuits of the disk after the

track follow ngg@phdehfedibth Aived ffMdtds, and the speed of noving to the
outside can be increased to greater than, preferably, a several tines over

t he speed of I : : i nside. T 1S.slowy noved to the

i nsi de and svvinﬁ[%agﬂvn%t\g}ehég(fgo?f%fgn{éﬁfogﬁoglesal%ﬁlo%%?%e@ghani sm contam nation
on outer circuits o{b t he di sk can be swept out of the surface of the, disk.
Because a fil t BYaHOIOr I HEOEMHOER AN £418 $larage aigdivny menss 41 deferiaiaingy
outer circuits of the disk, contamnation is effectively trapped, and | evel
of cont anwhethesaid writeheperation isldere within acartaingeried stagthg fAsm timmedmtady tftere,
such sweep off operation adds a vibration in the horizontal direction of
the head. joe@ingasid abad bn aditesefhge méediemhe@aditina afme ¢équirlyfobro@e@ingd by
the wi nd pressure generated by disk rotation and the horizontal vibration.

The i nventi.gfe2hin0d ¥hbdrd FLoMfidngs;0Rgr ation in the fol l owi ng cases: The
first case Is a specific period I nmrediately after the head 15 | oaded. Based

ot stabi 11 zeat P F ¥R AR S RH e R R p bRl e corfain

eriod may be, _for e | e, : . : .
P 4 Tfle halrdX giglt() unit of the invention adopts the ramped loading mechanism, and

tracks are followed around the disk outside valid storage areas for a specific period after

the head is loaded from the ramped loading mechanism onto the magnetic



several seconds. The second case is an exi stence of a defect .adjacent to
‘the track including a sector onto which wite has been done. This case is

i ndi cated based on an opinion resulted fromthe experi nent and study
indicating that ‘the head may collide to a nearby defect and so flight may
not be stabilized. For exanple, the case in which wite is done onto a
sector of gpé;ack aghacent to a defective track can be presented. Wiether a
defect occ$¥caleBdWnown A3Farding eter réxnenimartie defiecsthdgt byThenkhi rd
case is that the head flight is judged to be unstable froma signal input
from the hdBYeNARLEhal BYCh gpentampoationmdfiterheadhegeanbi f it9fh bredaq
preanplifier, then converted into a digital signal by a read/wite channel.
At this tiREteghdainmtleadedl firome dhee maaedtioadiidig dedHd®lshlS The
anplitude is made constant by an automatic gain circuit. Stability of the

head can b&ontandgat faronanid s pastiabil evfesan cbtpéaedraaghtvalie Qf<Lhga
automatic gain circuit. Dispersions in a normal state are neasurea

bef or ehandCoaperatd vstlyr etb i rub dhepeositanihakien Bad) thdli SpeFsbon yal ue
at wite operation and a dispersion value stored in the table are coﬁpared,

and if thether magrditsipermeapumal U ex&RSNS By PesH f LR tsﬁhﬁ:‘?c‘%%%' dof’atﬁg’ the
n

head flight is judged to be unstable. In addition, because a disper

val ue depemdgnetia dinelidmanshes. &ﬁ@bﬁiﬁﬁm§aﬁoh%aﬂﬁﬁgg§g?Lgﬁgnsgﬁéggaiate

areas and a di spersion value of each area can be store

perforns vpartigatrDsespeimd | 8N P dii€ o RPQYE; Cl i case.occurs. The
verification operation is to read written dg¥ é§§}c02§295@a$EQﬁt C%Fite

data to searwBether trhe tiwy&Rtfoht §5 i i or..not. |If they are
i dentical, successfulness of wite can éﬁ%%n |rn%§¥I UGt 2 \prerlem.

epeatod un 1T he rarr e narTRRLIF, HERDE EngeIGH " Bpmsln 1
©6n an area on the disk outside wvalid storage areas; the
problem of data loss does not arise. In addition, because
track following is performed on outer circuits of the disk
for a certain period, the head flight can. be stabilized
during the t;ack following. Furthermore, much
contamination can be blown off by wind pressure generated
during track folloWing. Namely, the invention removes
contamination immediately after loading from the ramped
loading mechanism and avoids the problem of data loss
caused by contamination. Furthermore, the head flight can
be stabilized.

The invention also can repeat moving to the inside
and outside of the disk on outer circuits of the disk after
the track following on the outer circuits, and the speed of

moving to the outside can be increased to greater than,

preferably, a several times over the speed of moving to the



In addition, even if verification operation is perfornmed in said cases, the
‘ratio of the operation against entire wite operation is few percent.
Therefore, the range of perfornmance deterioration in wite operation can be
ignored. On the other .hand, according to the opinion of the inventors,
many wite errors occur in said cases, and many of them can be prevented by
verification operation in said cases. The storage reliability of the disk
unit can s?‘ﬂﬁ?-gﬁcan{rp? b&adngo Pd@Wiivt movedd dice rtiher dinisigle temdenfictmmnce .
Brief Description of the Drawings Fig . 1 shows a bl ock di agram showi ng an
exanpl e of M@VAdr §oditdie Mitskde an Bybbbisemechanisar, r yongaminati®on on
invention. Fig. 2 shows a flowhart show ng an exanple of a control nethod
as an enbo@Rfent clocuddsr wgthmitdidie cavebéi swepti gut3ofephet Swi-fidle Vi ew
typi cally showi ng nearby peripheral areas on a disk. Fig. 3(a) shows a
state i n whEchher atlksk ol | Beicagses apef {Dreedfon arhppdny0 cokdBn@Hd 195 -

Fig. 3(b) shows a state in which a head is performng a sweep off

oper ation. 1§ qsubldepi dhstaldedpmhedow NGultiede ERGLELO8S JrePERseYidig 8

| ocations of cylinders which a head trails by the control nethod déscri bed
in the enbcdhteminhehionar ryd ngeddbcitheelpventi&ped, Fl Gngd® dfg@,g%s 3,41 ock
di agram showi ng an exanple of a hard di sk as anot her enbodi nent tor

carrying otibnthmihaveshl 88. thedha®dad@Riskt sind tf LRAWCRRAr t-eJAWINT 3 gxanml e
of a control _ nmethod for a hard disk unit as an enbo |msntdfor cartying

out the iny&méiQmmeDeﬁﬁbhpbhﬁﬁszfwuE%%%%%ibh QP?%’azbigg%gq%éi;gﬁ(yﬂe:l

3': Heads (magnetic heads), 4: Arm 5. Voice co not or, iver, 7:

Back enf nRorigent81 Ser¥etdent bl kek naghea Lihigr redad/ wite
channel, 11: Hard disk controller, 12: h%%ﬁ/l 1 g?lrt%glgga%&f)ﬁera)d}’%fﬁﬁe on

Di spersi onthabheadlZes i BN : interface, 15: Bus,
16: Host devi ce, 17 R%%Egng%gg%g %chanl s%&évs)g?%'llhneng‘%l%l r O Sf5%ct i on

Pheed. yousenEubeLachbolbilibeati BN SRECHnCXoDXbLRIRT DYTRAL, Bast Mede

for Carrying out the Tnvention Preferred enbodrments yi-fif-out the

be. carried out | uant e aod et SR SR et B g era1n AR 2
following cases: The first case is a specific period
immediately after the head is loaded. Based on the
experiment and study by the inventors reveal that the head

flight is not stabilized for a certain period after the

head is 1loaded. The certain period may be, for example,

several seconds.

The second case is an existence of a defect adjacent
to the track including a sector onto which write has been
done. This case is indicated based on an opinion resulted
from the experiment and study indicating that the head may
collide to a nearby defect and so flight may not be
stabllized. For example, the case in which write is done
onto a sector of a track adjacent to a defective track can

be presented. Whether a defect occurs can be known by
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be interpreted limting on the contents of the enbodi nents for carrying out-
«the invention. In addition, the sane nunbers are assigned to the sane

el enents throughout all enbodi ments for carrying out the invention.
(Exanple 1) Fig. 1 shows a bl ock di agram show ng an exanple of the heard
disk unit as a particular enbodi nent for carrying out the invention. The
hard disk unit of Exanple 1 _conprises disk 1 (nagnetic storage nedium on
whi ch i nf GF9ERTBING stombRt defery disted, spindle nmotor 2 for driving disk
1 torotate, nagnetic head 3 for storing information onto disk 1 or reading
stored informatiBe bBhird sasgorks nghabghbei beladad 3 ohid i®i dedgedl twotor 5
(actuator) for driving arm4. Voice coil notor 5 is driven by VCMdriver 6,
and the r &eryestabier &mom v $bgnel oinpotcérovi Itheothwad. | sAnpantadrogd on

t he back enf nonitor 7. VCMdriver 6 is controlled by support controller 8.
An anal og sslgpat fnputhéxdm3 the dresd fisdamyl hebed ppyraapbirtasplq fard ,i nput
to read/wite channel 10. In read/wite channel 10, the anal og signal from
head 3 is tHignsteshtertedpemtso c anpliditiel by idmlautbymati ¢ rgady waiiteui t
and converted into a digital signal, then sent to hard disk controller 11

as read orchénh€ldatat khiaddiiinieOn, tife gBAput/abign®f 18ecaHverRERC 19N
circuit can be 10 fetched fromread/wite channel 10, but this

processi ngigitabe deseri badsd ataipliHaidh disk oRidd Ol b6hsLdnEONbyo! B he

entire hard disk unit. For exanple, hard disk controller 11 receives a
automatic gain circuilt. Stability of the head can be
judged from dispersion of an obtained gain value of the
automatic gain circuit. Dispersions in a normal state are
measured beforehand, and are stored in a dispersion table.
Then, a dispersion value at write operation and a
dispersion value stored in the table are compared, and if
the former dispersion value exceeds a specified threshold
value, the head flight 4is judged to be unstable. In
addition, because a dispersion value depends on a disk
diameter, the disk can be divided into appropriate areas
and a dispersion value of each area can be stored.

The invention perfbrms verification operation when
the above-described <case occurs. The verification
operation is to read written data and compares it with
write data to see whether the two data items are identical
or not. If they are identical, successfulness of write can
be confirmed. If not, write operation is performed again.
Then, the write and verification operation is repeated

until the data is normally written.



servo signal fromread/wite channel 10, then outputs a driver signal to
VCM driver 6. Alternatively, hard disk controller 11 receives a commuand
such as a wite request and sends a read or wite gate to read/wite
channel 10 to control read or wite operation. Hard disk controller 11 is
connected to RAM 12, ROM 13 or host interface 14 via bus 15. A host
interface 14 interfaces host device 16. A program processed by the MPU in a
hard di sk controfPer afdtdan.or RVem REM 13erAfpeagiam f opesatticsl | ihg the
hard di sk unit, for exanple, is |oaded fromnnagnetic storage nmedium1l into
RAM 12. Al PEFfarmed yin mrayidl rasesct ithes ratin mf fidve fagemktion npydiisom and
output to the disk unit or as a storage area of a defect list or a

di sper si onendibre desttéeberpdmation bdlsowfewhepeakicdatuni t Thetdtodescriked
enbodi nent has ranped | oadi ng mechanism Wen disk 1 is in a stopped state,
head 3 is vanged afh penfedmanadi dg terdoaaitionl 7in Byradepbpagatadn | @a6i ng
mechani sm 17) durability to a vibration, shock and ot her nechani cal hazard
may be i npbevégdnoled. 20shdke atheawthard, HRUrwin) XAy &fnfors 0§k ol
met hod in the nmethod for carrying out the present invention. Processing is
started byther dinv@ntiorde PaNer wriee shdoisn®ddifr ek dsdi 8K dddids PYana
releasing it fromsleep node or other neans.. Disk 1 in a stopped state is

driven to mahgt @fbytimm nehe B@tQfeaenV@&nbﬁobﬁkﬁgﬁ%ﬁQqui%gﬁ?é@ﬁ§hggéthe

specified rotational speed, head 3 is |oaded onto disk 1 p 20 cause

head 3 [ s sagneddded aMpere! eadirageeNABIM:LY WIRNLAE Sk 13 13 obRpd
rotating, loading is executed by noving head 3°fromtanpe oadi ng

mechani sm d7gh9rdicaitlyl N Bel Ot BLI NG at'%_iltﬁkutthi SqdLal Oa + PAGK eﬁs

nonitor 7 nonitors an output fromvoice coll notor 5, and novenent of arm 4
can be conpeekbedaseet hat head 3 gently noves onto disk 1. Mwverment of arm
4 is controlled by driving voice coil notor 5 using a driving

Brief Description of the Drawings

Fig. 1 shows a block diagram showing an example of a hard

disk unit as an embodiment for carrying out the invention.

Fig. 2 shows a flowchart showing an example of a control

method as an embodiment for carrying out the invention.

Fig. 3 depicts a side view typically showing nearby
peripheral areas on a disk. Fig. 3(a) shows a state in
which track following is performed on a head to -128
cylinder. Fig. 3(b) shows a state in which a head is

performing a sweep off operation.

Fig. 4 depicts a graph showing time functions representing



current generated by VCM driver 6 when it receives a signal .fromservo
rcontroller 8. A servo pattern representing location information is tried to
be detected by head 3 noved onto disk 1. The servo pattern is witten on
di sk 1 beforehand. Wien the servo pattern is appropriately read, a |ocation
of head 3 can be confirned . Conpletion of |oading head 3 is judged by
confirmng, that reading the servo pattern is successful (Step 21). Servo
pattern readfAbiPRS c 8kt IGHIGRASTs rvRdchnai haashdirrills bwnhet axhn tuteh
| oadi-ng head 3 is4iudged to be conpleted, seek for the cylinder with
cyl i nder Aigbaedxdepmrihedt dn khe smpodifmeat hod Tamydmes o428 the
cylinder, a state in which the cylinder is followed is retained for a
speci fic pERyetian. for exanple, 40 ms (Step 23). In the present
description, cylinder nunbers x are defined to be assigned in ascendi ng
order fromouter circuits to inner circuits of disk 1. That is, inner
circuits of the disk have greater nunbers. However, the outnost circuit is
not desi grnat@d $odepieysi adblogknddagtambshowimonambexanipla of iandeird
| ocat ed somewhat inner fromthe outnost circuit of the disk becones O.
Areas on @y$knaersnotharnembedifeand foreahetrydhg valti dhst Ahaes taleads, and
used by a user and as areas reserved by the system Areas on cylinders with
nunbers |l ess than O are areas on outer circuits of the disk, and are not
used for data storage operation. The -128 cylinder exits in an area around
the disk. Fig. 8(dppistshe filitevctiat tsiowmd Yashewbng1br 8¢k af Jdndwigig on
head 3 to -128 cylinder. Head 3 indicated by

method for a hard disk unit as an embodiment for carrying

out the invention.
Description of Numerals

l: Disk, 2: Spindle motor, 3, 3': Heads (magnetic heads),
4: Arm, 5: Voice coil motor, 6: VCM driver, 7: Back emf
monitor, 8: Servo controller, 9: Head preamplifier, 10:

Read/write channel, 11: Hard disk controller, 12: RAM,
12a: Data buffer, 12b: Dispersion table, 12c: Defect
list, 13: ROM, 14: Host interface, 15: Bus, 16: Host
device, 17: Ramped loading mechanism, Vin: Inner circuit
direction speed, Vout: Outer circuit direction sSpeed, Xx:

Cylinder number
Best Mode for Carrying out the Invention

Preferred embodiments for carrying out the invention



t he dashed line typically shows | oading head 3 fromthe ranped | oading
mechani sm The right side of disk 1 (central part of disk 1) is omtted: As
shown in the figure, head 3 is followed to the track contained in the
cylinder of X= :128 in areas around the disk (area other the valid storage
areas). In addition, nultiple disks 1 actually exist, and heads 3 are

| ocated on both sides of disks |, but they are onitted in the figure. The
expr essi o Sabdgitahbeds bagedvem thacltawinghe IpewdvérattRe Anvestikat the
heads exist with specific 13 di stances in the normal line direction from

the surfac@rofbe heanapedt butstiar aga-isiude exbdBgRitS S 0f RUSHARIKUNLE That
is, locations of head 3 and nmagnetic storage nedium1l are, relative, and

"above a theackitewrpreved aimiagky bde%@ﬂdHhﬁéﬁtéQGﬁtiﬁQmﬁéﬁbpﬁmQQQQ

i ncl udes "downwards"”, "sideward" and "oblique direction e nmagnetic

storage sifoa | sak2eting dewbwaihds, 1AERWARH . Or i an@ﬁ%iﬁH? qhﬁgcgkﬁg, and
e storag

a gap schedul ed by design originally exists between t ead and e

si de. Thusunbens agkef AdsAWidd t o arpaS S RMNE i.d e area.on a
disk within a specific period, e.g.) 40 ns, agtgpgﬂg§d1§hﬁ£ oad d)al3

contaninabhm@dmmbdx%tﬁdywbégEX{Kgubé& gﬁ{ﬁb&ﬂﬁf&ﬁre generated from
y e

rotation of the disk. Especial according to t i ndi ngs of the
i nvent or s ( ERdip1eONtam nati on often adheres to head 3 inmediately after
bei ng | oaded from ranped | oadi ng mechani sm 17. In such case, much

contan nat  on caache {euGl 14 HLNERY Tl b, stade oLl 0ading by
[esul {, abmebasnceoh SANETON | UL ghbsedent, Sper ol ons can,
cont arm nat L en Sirer 8V SReALRsPS AL AR CIaR netdgnet cEEREPAge b de on
gizknéi nggﬁ¥g§§¥§re .biiitYmQBng%Eg l%%%r%%%auiﬁankgls %L?unghggﬁ di sk
information is magnetically stored, spindle motor 2 for
driving disk 1 to rotate, magnetic head 3 for storing
information onto disk 1 or reading stored information, arm
4 supporting magnetic head 3 and voice coil motor 5
(actuator) for driving arm 4. Voice coil motor 5 is driven
by VCM driver 6, and the reverse electromotive force of
voice coll motor 5 is monitored on the back emf monitor 7.
VCM driver 6 is controlled by support controller 8.

An analog output from head 3 is amplified by head
preamplifier 9 and input to read/write channel 10. In
read/write channel 10, the analog signal from head 3 is
adjusted to a specific amplitude by the automatic gain
circuit and cohverted into a digital signal, then sent to

hard disk controller 11 as read or write data. In

addition, a gain value of the automatic gain circuit can be

10



data. Furthernore, according to the opinion of the inventors , flight of
‘head 3 immedi ately after being | oaded is conparatively unstable. Therefore,
track following.for a specific period inmediately after |oading acts to
stabilize head flight in an early stage. This processing enabl es subsequent
operations be perforned in a stable head flight state, and contributes to

| nprovenerfietiihed | Eeoel raklwkYte - cH¥hEXAMIE Ohuiragld o g 449 - 128
cylinder is described here, but needless to say, %%f:l ow n{; k)%%\gﬁ%i%r%&grs in

ot her out il a8 MsdPEpshSKkatsral so all right. However, following at a
| ocation where the air bearing surface (ABS) of head 3 does not hang over O

l'i nd [ he ¢ I | d,the disk is desirabl
Fad S i ndi cat oy She. daekErb g I BpnBESe) chrCaRt iFachard: tadng on

t he innernpsty are n i sk.. The inventors experinentally recognize
that much contam ﬁf;??or?%gnpacec’unﬂﬁﬁﬁea&r aFeRLTeldeRd the 88 Brehead 3.

Even if on lLnatipon i s _accunul ated in areas on the outnost circuit
of the AB%, t‘;r:?e %gﬁbgﬁﬁ nﬁ’f?‘Bn_’-‘ie?a(ésF eFRANBGL r Jifbi nEheR tHERY LRk aar ea
| ocated o |ipder _as |o s.the said condition is satisfied.

Ther ef or e?j a‘t’tc%s: s?ggaag ?Ilpe;\gcﬁaﬁrﬁgeﬁr dtect &d tegmpitdvaly. Mrrdudisit
circuit ofcoare%ﬁrﬁarouT? the di sk on which track followng by head 3 is
enabl ed | SAEHHHed {n TEGFIVES R | GAMBANGarfiigh oS c@l IWkliom reqnesped

| oadi ng 15 nmechani sm 17 After the end of Step 23,, -200 is specified to
cyl i nder ABYheieRA] R ebea9) oF o WEidet gadex ton xaad Maakt enuriberned (50 epo25) .
Cylinder number -200is the outnost circuit of disk 1 on which head 3

det er ni ne§OHF T CIn iRt /Y JHrbke RPRIE@tHP col | ision to ranped | oadi ng
mechani sm 17 can be sought. However, cylinder nunber -200 is only an
exanpl e, and ned@&sdigk sgontrelipandds kxcorniiegted Hot IRAMK HENSROM,

assi gnnment _of ranped | oadi ng nechanism 17 or other condition. Next, X is

i ncrement éd IRF 2hestednierfasedct £rwinaebus k5. s RedosthamitefSiep 27). |f
X is less than 0, control returns to Step 25 and seek on x cylinder is
started. FRECTHIACS Rogt tdeybee clbi ndér pabgiein ericwpdnedcdad GhésMPu an
area around the disk, head 3 is noved toward inner circuits of disk 1 at a
speed cor A8spBnditafifl t 8listicr ephrobyer. Mhensx $sodederim nRdMt albe O An Step
27, that is, when the target cylinder of head 3 enters a valid storage
area, thePBPEEESs f9rocadsrqlol i ptles bl sk omixt cyfondexamghen is
increment of x is specified to -10 (Step 29) to determne if x is greater
t han -2001P80€8 3djrom f magretieat storhge - ABAjiumeel onntacylRAMeriss
started (Step 28). That is, head 3 is noved toward outer circuits of disk 1
at a speedlisrneddyiedivhg R herfueatiohs =46 &hibsfifiere.fotheiamyi ngphowar d
outer circuits continues until the target cylinder search reaches -200
CyIinder.from and output to the disk unit or as a storage area of a

defect list or a dispersion table described herein below.

The disk unit in the described embodiment has ramped
loading mechanism. When disk 1 is in a stopped state, head
3 1is stored in ramped loading mechanism 17. By adopting
ramp loading mechanism 15, durability to a vibration, shock
and other mechanical hazard may be improved.

Fig. 2 shows a flowchart showing an example of a
control method in the method for carrying out the present

invention. Processing is started by turning on the power

11



16 *Fig.. 3(a) is the side view typically show ng said noving.toward inner
rcircuits and outer circuits. Head 3 assunes that the |[imt of the inner
circuit directionis O cylinder and the Iimt of outer circuit direction is
-200 cylinder, and noves between these |imts to the inner circuit
direction at a speed of Vin, and to the outer circuit direction at a speed
of Vout. Speed Vin corresponds to cylinder increnent by 2 and speed Vout
corresporffs EBaEVAnAddihe Mearedreddiskyundt thatrekgasbael 3tmfrem sdlodyy
toward inner circuits and noves faster toward outer circuits. Such head 3
oper at i ormede gosehelf mgmnst i oRiskwdr drow estoppedi ssadnd 1actd@r iversweep
contam nation off peripheral areas on the disk toward the outer circuit

di recti ontof roftate sky Sphinddeemadtan 2l so Whees ratéthoalsi abFi Aiak 1

hori zontal direction to head 3 itself. This vibration shakes contam nation
of f head Beachési $hexpepéeilfied exithitiona effesd, t hahacont agi naddquy may be
renoved nore surely from cooperative effect of said vibration and w nd
pressure geteraisl by (Seleqt iz20) of ghsdude hosE€8SEsVakbRRKE iMOWfa L I N
Step 31 to determ ne whether Loop is 3 or greater (Step 32). If Loop is 3
or less, IGA@ingt MmeditdhZémand pehbAr raSak d 1SWRER of o 9Red atd AL+ sSUFh sweep
of f operation shall be repeated three tinmes. After thi's, start usu

control (fH£Pisd) isFidkedutsSdapnd i 1 f unctlons S j 7

| ocations of cylinders dﬁ?%ﬁdhggd%ghPégfrgg ? gaﬁ¥(§gnfégpé§fq?%gggl a
Servo pathésRah BsRUCCESHo! agbkt i 18 140, aStALE, Wtk CYAL NS yq and
retain this head position for a specific perio omtinme tl to tine t2.

ALer Ll oaBPhd 0! BuSRCN ngRBLEY! DB iR HPTULYDHPYELLR G Mld nder

After this, quickly move to -2 cylinder an orma Tirst sweep of f

operati Oneofy t ing%o?recﬁji reflaf %V%Rl@&)rtog)i{ Oaffagh c'a%oabé:ylsigzg ﬁ)'OL %Idts4' The

sanme operation is turthernore repeate w'ce, the usual Harted

fromtinme.gB ﬁ@ggrgiBgn£9§}ﬁ§V§§[gP9%shigﬂi?.anﬁo&%@%&%tg&i%ﬁﬁgﬁsgﬁgribed

in the enbodi nent for~carr he 1rnvenfion,

dh d d f i for, i £ i od
echer e Shoead) 80828, LTRGBS | SRS Ly FBOSiARET ©

inan initial stage o Because e

initial Séﬁ%ﬁkg?l%ﬁﬁ@f&ﬂehsbgev&ﬂrEggvgp Be&hBHe&%'r§5§§%8%25%2$éghﬁﬁb a

pr obl em of Ss caused Dy contam natron can al s m

bei ng rub@ggg gr@gdéghggo%?ggeg[ng contam nation off to outer circuits of

t he di sk ead sweep O opefation in peripheral areas on the disk and

" & bor | zont i cr eee) SRt A B b TP CLop A 0O o RE R T oy Aihaer

in a horizontal direction can Xpécte

number's) £y14gagl 1T aERAL Al Uge Biah de! SEOLAS sReedaoh, Tyl no.fover d

i nner or outer circuits and repeati ng tines of "sweep at i ol ear e

only exanples, fHethbaqt f#ahr$8LdnVahiesi sl 1 beforehand. When the
servo pattern is appropriately read, a location of head 3
can be confirmed. Completion of loading head 3 is judged
by confirming that reading the servo pattern is successful
(Step 21). Servo pattern reading is continuously tried
untill loading is completed.
When loading head 3 is judged to be cqmpleted, seek
for the cylinder with cylinder number x=-128 starts (Step
22). After head 3 reaches -128 cylinder, a state in which

the cylinder is followed is retained for a specific period,

12



can appropriately be changed according to conditions such as a tine
‘required for one-tinme seek is well known by the person skilled in the art.
(Exanmple 2) Fig. 5 is a block diagram showi ng an exanple of a hard disk
unit as anot her ‘enbodi nent for carrying out the invention. The overvi ew of
the hard disk unit of the enbodi ments of the invention is the sane as that

shown in Fi QBEee%rgrﬂﬂﬂ‘%e,VeJd £ ngf?\l{mé #’:&/Fi gure 5, the hard disk unit of

t hi s enbodi nent r-carrying ou enti on conprises per-zone base
anpl i tude di spersign #ﬁ.le 12bn&2d defect list 12c. In addition, data
buffer 12a is one of TuUNcEESHTE tes?FBELPBLOR he CRANINIRIf ununbens of lve
enbodi nent Eg&i%arrying %yt the invention. D spersion table 12b and defect
list 12c are reag% r&® dPsk 2ssignefor é8 | ASRAMILRg | ordedi t Foom aguesanpl e
of table 123 and %%Legt | ist 12c stored on disk 1 is shown here, but these
tabl es needh&FUA y5CbeteF e@lgeuditsk of Rubiskexanpl e THadte tahl esppap be
stored in a ieniqonductor nonvol atile nenory in the hard disk unit.

Di spersi on PabPB1E5h af ofbe disgerkavesgukaskegnaluntrgts { udervdvae heafe3
for individual zones created by dividing the surface of disk 1 into-
concentric BPFEPELs RAFEltSihanotngésiguietedr eoobbaicyad nidedM @ik ¥ ah ues
of the automatic gain circuit nounted in read/wite channel 10. A signal
from head 3PP§ &h8 i numbeby ofeaal py2anfibif ileicat®d Soméwha PPYL; from
read/ wite channel 10. The signal has a certain |level of anplitude

di sper si on. theadPukmest chedineiit 0 afseshbhed felk OMBd el By Ci rcgl.%atsodgﬁii ust
a signal level before analog to digital conversion. A signal anplitude can

be known byc¥kiBderag wighi mwaber af bha ayreEBREEC FRbN i {fyl tstcfpd
di spersion of a signal anplitude can be seized froma dispersion 0 e

signal anpl@Tede, Fhel diispdr Honacarsdie &RAT @8ENE£8abY WLLOS. o bgzheth”eea“
val ue, maxi mum val ue and m ni nrum val ue of the anplitude. Because the

di spersi on ¥¥$tes. defarshonon diyankideirsdiveal | amBbrdi Skl A4 SRerglon
val ue per zone divided into a concentric circle shape is stored'into a

table. SuchPrea$sper sidmen ahiwcwiats ber r eher aaskd Qg 3 ,&oNk L 0! t gLl be
described later. Defect list 12c regi sters sectors judged %égbggggfé%%?ve

by inspectidatatsthrpgenvpéranibhe f@BEOLY2080 cylinder exits in an area

around the disk.

Fig. 3(a) is the side view typically showing track
following on head 3 to -128 cylinder. Head 3 indicated by
the dashed 1line typically shows loading head 3 from the
ramped loading mechanism. The right side of disk 1
(central part of disk 1) is omitted.

As shown in the figure, head 3 is followed to the
track contained in the cylinder of X= -128 in aréas around
the disk (area other the valid storage areas). Ih
addition, multiple disks 1 actually exist, and headé 3 are
located on both sides of disks 1, but they are omitted in
the figure. The expression about heads "above a track" in

the specification means that the heads exist with specific
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sectors assuned to be defective around a defective sector. The reason why
+the sectors around the defective sector are regi stered beforehand is
because growth of the defect is expected. Sectors judged to be defective
during use are additionally registered fromtine to tine into the defect

| ist used as a secondary table. Such a defect |ist can be referenced for a
control tgﬁfﬁvﬂll be, described herein below. Fig. 7 is a flowhart show ng
an exanpl tancsshtiny thet AgEmAd, ldpe Wdaecdilon ddrem dbker sbedace < d
enbodi rents 20 for carrying out the invention. Data is received from host
devi ce | 6 t¥& chagpetissisikpraget sided ¢t smadticThetorsgei medduh' 1a wite
command is received as data is considered here. Next, set the verification
flag to "@hatrhies veloeationonof| hgadndi @aresnadrstticr yeordyeamediuns 1
required after wite processing,, and when it is set to "1", verification
i's requiréde Nexetlattihee pr cosss "ddtorari res twaekter otrthe "pregessi g riaige of
the wite command is imedi ately after head | oading (Step 36). Wether it

i s i medi drdicafiny bkad locadivon it deher Heaed 1)01Ed8s eXabhh@ardsi-ng an
internal clock to determ ne whether a specific is period has been passed

fromthe tisiglesfariead amadi ngbaliqlg UFHRGAN PP AHdRt et ROUNMAGNER 1ic
det erm ne ‘whet her the specific nunber of conmands are processed. For

exanpl e, isfttoxrampy tside pes | e ee DSRNwLEES £0s 1 48RaPEOSBSSnSEhS oB 11l of
few seconds (for exanple, |less than 10 seconds, about 5 seconds) an

det er mi nesiisferitiesm t hensea 195?2 seasdugen PASSEhidd HPlgj ﬁQflgr Q&?Lgfcstsﬁgs

the verification flag to " tep 37). |If "the time has™ been passe
process prea@réh ttheSlttdad&nd storage side.

Thus, by track following to areas around a valid
storage area on a disk within a specific 'period,' e.g., 40
ms, after head 3 is loaded, contamination can be blown off
head 3 by wind pressure generated from rotation of the
disk. Especially, according to the findings of the
inventors, much contamination often adheres to head 3
immediately after being loaded from ramped loading
mechanism 17. In such case, much contamination can be
removed from head 3 in an initial stage of loading by
following tracks in areas around the disk immediately after
loading. As a result, an influence of contamination in
- subsequent operations can effectively be controlled and the
write reliability can be improved. In addition, track
following is performed in areas around the disk so even if
contamination adhered on head 3 is rubbed onto the magnetic
storage side on disk 1, there is no possibility of data

loss because areas around the disk are not used to store
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The flight of head 3 is unstable inmediately after head | oading, then a
«command may be executed while a flight height is high. If wite processing
is perforned in such a condition, normal wite often fails. These findings
are based on results of experinents and studies of the 21 i nventors.
Therefore, verify process' is perfornmed imediately after | oading as
described |ater. Next, the process converts a | ogical address contained in
recei ved @t int o Bupkhermareaddresor@sngp 38). tBbysiopdhn istdr esSestias e
specified by cylinders, heads, and sectors. Because the target cylinder can
be known, ¥BfeRtensi hEldghscofl istadl X immedd stelpgerter) bdgagiaidmsgt here
is any defective sector nearby the target cylinder (Step 39). As a concept
of "nearbyls eemparatiuvelyyuinsdabdeup tTherefdredetraskarelibaned for
corresponding to few tracks. Desirably, "nearby" shall nean adjacent. If a
cylinder &djaspecifbcor peedody tiNenddrpeil eyl dfeer cOphaing aagefectiye
sector, the process sets the verification flag to "1" (Step 40). If not,

t he processtabirtessshbadStrap ghl ﬂxdéﬁe%hir\lg gy, 9epgial b HSSS @
protrusion on a disk surface or a magnetized filmpeeling off a defective
section edrdBlas sulbssyesnt! b i ohhi LASE ,.suc rotrusjon,
the head rises high. ?E?/(gn if hgggaglgggsb%o?ggg???gg EL{ili sgt %F%gﬁc?eho dair
current causeshdy scd@d ati of i S h iah.,. S Li.S

head causes a wite error dggsasacidj{.t%%hb}r%%org’% vg?ng)fri%é)aét“?%ﬁ [ s%q:gl ot Stui r ed
even when dAdeidweri£yi es around a defective sector. Next, the process
starts seek toward a target cylinder (Step 41) and obtain a dispersion

val ue of a zone GPnbabhiple tHe LIt %{ligﬁf’ﬂf gm t gbe %¥2Jls)+r$) tep 42). 22

Next, when seek nearly reaches the targe der, a drsp CVallfe of a

signal ameidddidndd ead, Skt £8e4Plok oL 0eRaYT ey 8, ahor enentianed, a

di spersion val ue can be obtai ned by using autbonatic gal Cr EXilet

read/writg changly BRGRIYH | Wred 021 Vghg'e ciilzsk

outipsut A5.an t put, of a
read/write channel. This function can bé used as 15. AH sr?gjsi SR -ue can

be measur eg,esf OF e . staring . the maxi mum and m ni num val ues of a
si gnal at readieng' af%)ig'@yl% odé(ape$ slé):;l:\?otlp%{tggﬁrﬁea&b?/ tHe t EFEL"Ori t e

obj ect seghfiacd NERRS 3.r es the target sector, hard disk
control ler 11 rai sgs a\jw\;\/r%ir}t g?%g% e3a§§%\%ri’}°etsehv\?ril?e°HSFa ContHL4RdRT 1 105t ep

44) . The es } nes,; her | data itens _have heen witten (Ste
45%. | f ng{ﬂ}ct hﬁmg(?%@ég% rz:\}\eé{&'?léqto epaﬁﬁa%ndaFSFpg tﬁg‘epro LEK; né.s( | f P

(Step 40) SRR Ut o0 "0 BREEERRY 3 O SEGTRY, dofiei ek dRon
i sper si on o0 uerars S (Rl PARfRYER S ReotuRbthaY RV o B i
val ue oxcoaitt ho TR Sperbiberd e BRRTRERFALORG YT LT 405001 BORD. 1t he
out o do. 1 W HpuR A s, PaCEMMIRPRD U, Gfe} S wrbendl LAB A | 6% under
e’ condi BN iher & iTe hedi o 3o LR EATHSY ot caoiblnLenc A cohanes on. o
write oberal ol S RRLLOIORAN L N Bl O PSS! PLAL Yo MEhn b lEoNo2d DELONT T

hi gh, then the veri ation'is re

ecof t he

adhered by rubbing on the track area located on 0 cylinder
as long as the said condition is satisfied. Therefore,
data storage areas can be protected completely. The
outmost circuit of areas around the disk on which track
following by head 3 is enabled 1is determined in

consideration of danger of collision to ramped loading
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Next; the process determ nes whether the verification flag is set to "1".
If the flag is "1", the process performverify processing (Step 50). The
verification procedure may be carried out by referring to an error code
(ECC) to see if it is identical. The process determ nes whether the error
code is identical (Step 51), and if it is, the process term nate processing
(Step 53). If not, the process retrires wite processing (Step 52). After
this, the mecuasksmpelforns verify processing again, and repeats this
processing until no problemarises. On the other hand, if verification is
not required (vexftéeattw fdmy of0) sitpSt 88, 49.286H€ 4 0GR/ fef L Nl $S
processing (Step 53). According to the Fr])ard di sk unit and contro od

accordi ng ¢yl fix@ep| evunsdr t ke i(ByYept i 90y RY f QB W i L&ciR! %?S%éfoﬂ.r?c{é

;
j udgi ng whet her | oadi ng has just been ended, whether wite Is ne onto

nearby a dafifdr and sl hes)wi (@i sdlanenifibbe Lhoohead thbexddhdgpe! abl ©

. n
sate. Experinentally, wite in such state o‘\fl@en ternmndfes Wth an error so

perform vesifdeati ogse | yather 1icﬁ%'ﬁ’e ‘glg% t peLhorm ye&%{%ﬁﬁ%éﬁa Even if

verification is 24  perfornmed state, it is ortess

f ti J [ he .St . j t heref ,

Che' pr ocos et O 15 of i macd: of St R bAC kS b d ArHRh, dd A ©

duci ' ' t ' t th t he hard
i sk uni't TR, L7 obRC e, MR TRt PERAPRIER B Rher 5 done.

whet her wite | o] on [ a def ect nd whether wite is done while
t he head ilséi ndrgligt ;h%f e ‘?’F?%g%fgm aafrbé ar¥ srsab&f alf®¥det éitni FEEPISShever
one of these,| of any.arbitrary conbinatjon of themmay be witten and
verified. ?%%‘ﬁ Hov, % ﬁgq%e(fﬁr?/ﬁfnt%y FRLIHIRNE 0P % ﬁ%%égné'*loé‘tdéﬂﬂ been
descri bed based on e | es, of the invention, however the present invention
is not Ii nl”ﬁ%laarflosrf' hjé?gg’év%tg%gc??ﬂgatgﬁzﬁrrpl es and various nodification may
be possible wi thput de’t()arti ng from %h& coge and sgi rit of the present
invention. For exanpt et tRelUGFEBeRbLP t 6r (pUeR) 28Astpr dotecnmine 4f
exanpl e in%he enmbodi mpnt, however,_ _another notor_or actuator may be used.
The hard di'sk*TnttSHad™dPs§ gi £ Jan eMarhl 15 of e85 r bhaki Ag sodtaed
device in the enmbodi nggt lﬁ—gwevgr, aﬁpl ication of the invention is not
limted t &FHE Nart dPERP ufP t 2PBuFegKsBRappFYLABAET 4Sastastade ddWiade with
a rotatin storﬁgﬁﬁrre?i um zuch as CD-R'W_DVD, ‘and re-witable optical or
optical - ett stardgé Faditodess of fiplilowing My depdgd d8vide anFor
exanpl e, the present invention nmay be_al so applicable to renovable rotating
magneti c sél%‘?éggaer%‘é%i c’égesﬂt‘:ﬁkashéaﬁl P d8vinegednloVREPpInBREk cdEEudd s
Ef fects given by representative features included in the invention
di scl osed QDEE/ (H”%K ajgp‘?F cat FBRCYr EOBECFBPREHRY EBNLAGTREENENPEaR -be renmoved
wi t hout generati new contam nation_by contacting a head and a di sk. Even
if there is a d , ¥t e r@?FSB'i“PPF? d° vir§t 8 drbuRBePhe Tdef Bt ds.
i nproved, _and ahﬁtorta%e s(\tlj\;f ce of a magnetic di sk nmedi um can nost
ef fecti velv&ebré Bd L AFHE TR 48T oF | Pe§dcan ed ehfpradvealivt derage
deteriorati neqathe;d{)erfornance of a wjite operation. 26

area, € process proceeds to Step 28 and seek on X

cylinder. Then increment of x is specified to -10 (Step 29)
to determine if x is greater than -200 (Step 30). If x is
greater than -200, seek on x cylinder is started (Step 28).
That is, head 3 is moved toward outer circuits of disk 1 at
a speed corresponding to increment of -10 this time. The
moving toward outer circuits continues until the target

cylinder search reaches -200 cylinder.
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-27 Clains 1. A control nethod for the rotating storage device, said
‘rotating storage device conprising a storage nediumdriven to rotate and a
read/ wite head for information jon said storage nedium said control nethod
conprising the steps of: performng witing action to wite information to
said storage nedium referencing to a defect |list stored in a storage area
provided in el sewhere of said rotating storage device tojudge whether the
track having th&s®ct dl(ant bswHiheh said widw hgpibadiydositowingn satj@cent
track or a nearby track of said track contains a defect; and verifying said

wite if mieviegutbwafrdsaimhémdgieotits "dndiedutér Aigentnel. nehbed for a
rotating storage device conprising a storage nediumdriven to rotate and a

read/ w i t eagmame$ othanf ehealliiail oS aiik sivieecbeh vl a3abetgent Hy dret hod
conprising steps of: performng witing action to wite information to said

storage megy1ndéeadndg thedalimyel 4 Qutar aMdditdeavpdseidh ag augymtic
gain circuit for anmplifying a signal via said head; cal culating dispersion

of said Si@neindéom sand Nrrbd'Siatvean! 9AbReValiRLeL Sed d B! iHle:

val ue; determ ni ng whet her” a predeterm ne res val ue i s exceeded by

compar i N9 & FEREHT &k 2l tfor?! Gtedal liddith dogPayl on bl o7 0L dedhd )

el sewhere of said storage region In rotating” storageé device an

di spersi Orbi’f+1&'ft Obﬁ%:%%ﬁi.i%lhomaﬁ?‘i da'(':aggglagti A R pveri fyiSB%e%ai iV\ﬂri te

when the result of said judgnment is "trte™.
corresponds to cylinder increment by 2 and speed Vout
_correspOnds to cylinder ihcrement by 10. That is, head 3
moves slowly toward inner citrcuits and moves faster toward
outer circuits.

Such head 3 operation is a seep off operation toward
outer circuits and acts to sweep contamination off
peripheral areas on the disk toward the outer circuit
direction of the disk. This operation also gives a
vibration in a horizontal direction to head 3 itself. This
vibration shakes contamination off head 3. It is expected
to exhibit the effect that contamination may be removed
more surely from cooperative effect of said vibration and
wind pressure generated by rotation of disk 1.

Increase variable Loop for 1 in Step 31 to determine
whether Loop is 3 or greater (Step 32). If Loop is 3 or
less, return to Step 25 and perform said sweep off
operation. Such sweep off operation shall be repeated

three times. After this, start usual control (Step 33).

Fig. 4 1is a graph showing functions representing
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-28 3. A control nethod for a rotating storage device conprising a storage
‘medium driven to rotate and read/ wite head for information on said storage
medi um said control nethod conprising the steps of: performng witing
action to wite information to said storage nedium determ ning whet her
said wite operation is done within a certain period starting from

i redi at el %e %oaﬁi n aid hea%,o %stbra e mediumor within a tine
required f%?g{l) :(L){’:% sP gcglgpg&é"tselw JT‘FEH e ttﬂaqt,ltﬁn?é’n(féldarﬁwvem?lyi- ng
sai d vvritey\fl\hen a result of said determination is "true". 4. Arotating
storage detf cECRGIPA; & RPTVP RIFEYEN nk8i GRFEPFSENLL Btr Sdmee t0a rakaWtvite
head for information _on said storage nedium a neans to read information
onto said $¥9FagR mddBufYLindsnciand sretasni ihlaeheadi posdsdoor for a
i nformation; neans.for determnni n% whet her sai d defective sector is
cont ai ned $PeGifiacenirdi finan atimet okl otonhtimesaizh wiAftéms tielen, done
or a track adjacent to or nearby said track by referencing to said defect
list; and TRorS§ekKi {9 ng-2¢0 d asliingleshen thenesgehtdf sadvej utgment i s
"true". 5. A rotating storage device conprising: a storage nediumdriven to
rotate; a ¢ebinderte hiftier orthilsf,orqutdloly omosai dost-@emecyrdhasr raans for
witing information onto said storage nedi um neans for readi ng anplitude
i nformat i apeoformgai first sweep off operation. A time required for

control to reach -200 cylinder is t4. The same operation

is furthermore repeated twice, the usual control is started

from time t8.

According to the hard disk unit and control method
described in ’the embodiment for carrying out the invention,
much contamination adhered on head 3 can Dbe  removed by
track following for a specific period in an initial stage
of head loading. Because the track following in an initial
stage of loading is performed in peripheral areas on the
disk, a problem of data loss caused by contamination can
also be prevented from being rubbed. 1In addition, sweeping
contamination off to outer circuits of the disk by a head
sweep off operation in peripheral areas on the disk and
moreover, more effective contamination removal from head 3
by a vibration in a horizontal direction can be expected.

Needless to say, the cylinder numbers, cylinder
increment values that determine speed of moving toward

inner or outer circuits and repeating times of sweep off

operations are only examples. The fact that said wvalues
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-29 'value of an automatic gain circuit for anplifying a signal via said
~head or an anplitude value of said signal; neans for cal culating dispersion
of a signal of said head fromnultiple said gain values or anplitude val ue;
a dispersion table containing dispersions of signals on said head
individually stored in divided areas on said storage nedium neans to judge
whet her a predeterm ned threshold value is exceeded by conparing a value in
sai d di spefah oAPPERPEiaiely dvepehsngrdyalasemting rea . bpndaitdonal cather i on;
and neans to verify said wite when a result of said judgnent is "true". 6.
A rotatinastar &deedeveqsl wahpfosi nge-aimkorsagk nagdi wellr kewnt ®y ofd e; a
read/ wite head for information on said storage nedium neans for witing

i nformati @restn skillletiodagehsedirtn neans for determ ning whether said
wite operation is done within a certain peri.od starting frominmediately
after | oad{Expmplid hfad on said storage nmediumor within a tinme required
for processing a predeterm ned nunber of commands; and neans for verifying

said wite when Bigesul ti®f asabrbhdpdanaliransS sidwg an 1
(A e. Ar. AF. AL. A L. Al F. AUSS. A} . A. AVYR. A g,.A?.A 9 an example of a

g’f’ LA, Allard - AdsR) AN Az. AnbBRef3 ARt o SafyAdg- But ASRYI R X

DPac) xsni duutat sak 0al oahal 67 eal el ol oaheal ﬁﬁe%a]cﬁaglga&f,g]tcaéfggﬁqigaca] ca

] ca] ca] ca] ca] ca] c<a] ca] ca] ca] ca] cRa] ca! F' xq } xsnid_Z]ca] ca ]calc

:} g:} cal campenhent sabeakarl calralealral saknal waher) £ erheakalsnl sl cal e

D gl 1™ d" gt g #43US) skded] calealfalalial eadal oal caleal gal cal cal cal cal
.C.a] cal ca] i:a] cal] ca] ca] ca] ca]caJca ca%cg‘}’ca]lca] c%‘% ca% c§!’ U%]gﬁ%& @%é%(%ﬁgé&&[) v
- CV; (&( 53.) % ;su;rril]%f:,z%cfaj ?::g]iga] %Ig %g 3 Ea]f(:Oa cz‘ﬂa 55]3’33]gca?%5] cg]‘%a]i@é(]eég]jﬁ] caj ca
I'ca] ca] calasgal 684 cpbeab6abedhsdl GhlifA dids | aispdrsioh’ BR0e 19hET 235023344
defect list 12c. In addition, data buffer 12a is ohe of
functions described as the RAM 12 funct%ons of the
embodiment for carrying out the invention. j Dispersion
table 12b and defect list 12c are read from disk 1 and
stored in RAM 12. 1In addition, an example of table 12b and
defect list 1l2c stored on disk 1 is shown here, but these
tables need not always be stored on disk 1. For example,
the tables can be stored in a semiconductor nonvolatile
memory in the hard disk unit.

Dispersion table 12b stores dispersions of signal
amplitudes from head 3 for individual zones created by
dividing the surface of disk 1 into concentric circle
shapes. Signal amplitudes are obtained from gain values of

the automatic gain circuit mounted in read/write channel

10. A signal from head 3 is amplified by head preamplifier
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Defect 1list 12c registers sectors judged to be
defective by inspection at shipment from the factory or
sectors assumed to be defective around a defective sector.
The reason why the sectors around the defective sector are
registered beforehand is because growth of the defect is
expected. Sectors judged to be defective during use are
additionally registered from time to time into the defect
list used as a secondary table. Such a defect list can be
referenced for a control that will be described herein
below.

Fig. 7 is a flowchart showing an example of a control

method for the hard disk unit described in said embodiments
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received as data 41is considered here. Next, set the
verification flag to "0". The verification flag indicates

whether verification 1is required after write processing,
and when it is set to "1", verification is required.

Next, the process determines whether the Processing
time of the write command is immediately after head loading
(Step 36). Whether it is immediately after head loading is
determined by, for example, using an internal clock to
determine whether a specific period has been passed from
the time of head loading or.by using.an appropriate counter
to determine whether the specific number of commands ate
processed. For example, if a certain period has been
passed, the process sets a time of few seconds (for
example, less than 10 seconds, about 5 seconds) and
determines whether the set time has been passed. If not,
the process sets the verification flag to "1" (Step 37).
If the time has been passed, the process proceeds to Step
38.

The flight of head 3 is unstable immediately after
head loading, then é command may be executed while a flight
height is high. If write processing is performed in such a
condition, normal write often fails. These findings are

based on results of experiments and studies of the
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and sectors. Because the target cylinder can be known,
refer to the defect list 12c¢ in this stage to judge whether
there is any defective sector nearby the target cylinder
(Step 39). As a concept of "nearby", éssume that cylinders
up to a cylinder in a distance corresponding to few tracks.
Desirably, "nearby" shall mean adjacent. If a cylinder
adjacent to or nearby the target cylinder contains a
defective sector, the process sets the verification flag to
"1" (Step 40). If not, the proceés proceeds to Step 41.
A defective sector generally exists as a protrusion
on a disk surface or a magnetized film peeling off a
defective section exists as a convex. If head 3 collides
against such a protrusion, the head rises high. Even if
head 3 does not collide, disturbance of air current caused
by a rotation of disk 1 raises head 3 high. Such rise of
the head causes a write error as said. Therefore,
verification 1is also required even when the head flies
around a defective sector.
Next, the process starts seek toward 5 target
cylinder (Step 41) and obtain a dispersion value of a zone

containing the target cylinder from table 12b (Step 42).
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' a read/write channel. This function can be used as is. A
dispersion value can be measured by, for egample, storing
the maximum and minimum values of a signal at reading a
gray code per servo pattern nearby the target (write object
sector).

Then, when head 3 reaches the target sector, hard
disk controller 11 raises a write gate and writes write
data onto disk 1 (Step 44). The process determines whether
all data items have been written (Step 45). If not, the
process reverts to Step 44 and retry the processing. If
the data items are written, the process issues a command
termination status (Step 46).

In this stage, the process compares the obtained
dispersion value (difference between the maximum value and
minimum wvalue) to a dispersion value stored in the table
and judge whether the vaiue is within the scheduled range
(Step 47). For example, if the obtained dispersion wvalue
exceeds the dispersion value stored in the table for 40
percent, the obtained dispersion value is determined to be
outside the range. If it is outside the range, the

verification flag is set to "1". The condition under which
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flag is set to "1". If the flag is "1", the process
perform verify processing (Step 50). The verification
procedure may be carried out by)referring-to an error code
(ECC) to see if it is identical. The process determines
whether the error code is identical (Step 51), and if it
is, the process terminate processing (Step 53). If not,
the process retries write processing (Step 52). After
this, the process performs . verify processing again, and
repeats this processing until no problem arises. On the
other hand, if verification is not required (verification
flag = 0) in Step 49, the process terminates processing
(Step 53).

According to the hard disk unit and control method
according to Example 2 of the invention, perform write
processing after judging whether 1loading has just been
ended, whether write is done onto nearby a defect, and
whether write is done while the head flies in a stable
sate. Experimentally, write in such stéte often terminates

with an error so perform verification. In other cases, do

not perform verification. BEven 1if verification is
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10t d! LI 1098008 éFordQ%8he) prote¥@ing) re13@6i1ity of the hard disk unit

can be improved by reducing write errors without
deteriorating the performance of the hard disk unit.

In addition, whether above mentioned loading has just
been done, whether write is done on.nearby a defect, and
whether write is done while the head is in a stable flight
state are desirably all determined. However, one of these
items or any arbitrary combination of them may be written
and verified.

Herein above, the invention by the inventors has
concretely been described based on examples of the
invention, hoqever, the present invention is not limited to
the above described examples and various modification may
be possible without departing from the scope and spirit of
the present invention.

For example, the voice coil motor (VCM) was provided
as an example in the embodiment, however, another motor or
actuator may be used.

The hard disk unit was also given as an example of a
rotating storage device in the embodiment. However,
application of the invention is not limited to the hard
disk unit, but also applicable to a storage device with a
rotating storage medium such as CD-R/W, DVD, and

re—w:itable optical or optical-magnetic MO storage device
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disk device.

Effects given by representative features included in
the invention disclosed by the application are as follows.
Contamination can be removed without generating new
contamination by contacting a head and a disk. Even if
.th'ere is a defect, the reliability of write around the
defect is improved, and -a storage surface of a magnetic
disk medium can most effectiVély be used. The write
reliability can be improved without deteriorating the

performance of a write operation. .
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1. A control method for the rotating storage device, said rotating storage device
comprising a storage medium driven to rotate and a read/write head for information on said
storage medium, said control method comprising the steps of:

performing writing action to write information to said storage medium;

referencing to a defect list stored in a storage area provided in elsewhere of said
rotating storage device to judge whether the track having the sector into which said write
has been done or an adjacent track or a nearby track of said track contains a defect; and

verifying said write if the result of said judgment is “true”.

2. A control method for a rotating storage device comprising a storage medium driven
to rotate and a read/write head for information on said storage medium; said control
method comprising steps of:

performing writing action to write information to said storage medium;

reading a gain value or an amplitude value of an automatic gain circuit for
amplifying a signal via said head;

calculating dispersion of said signal from said head using said gain value or said
amplitude value;

determining whether a predetermined threshold value is exceeded by comparing a
measured value stored in the dispersion table recorded in elsewhere of said storage region
in said rotating storage device and a dispersion value obtained from said calculation; and

verifying said write when the result of said judgment is “true”.
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performing writing action to write information to said storage medium;

determining whether said write operation is done within a certain period starting

from immediately after loading said head on said storage medium or within a time required

for processing a predetermined number of commands; and

verifying said write when a result of said determination is “true”.

4, A rotating storage device comprising:

a storage medium driven to rotate;

a read/write head for information on said storage medium, a means to read
information onto said storage medium;

a defect list storing defective sector information;

means for determining whether said defective sector is contained in a track
containing a sector on which said write has been done or a track adjacent to or nearby said
track by referencing to said defect list; and

means for verifying said write when a result of said judgment is “true”.

5. A rotating storage device comprising:
a storage medium driven to rotate;
a read/write head for information on said storage medium; means for writing

information onto said storage medium; means for reading amplitude information of a gain
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values or amplitude value;
a dispersion table containing dispersions of signals on said head individually stored
in divided areas on said storage medium,;
means to judge whether a predetermined threshold value is exceeded by comparing

a value in said dispersion table and a dispersion value obtained by said calculation; and

means to verify said write when a result of said judgment is “true”.

6. A rotating storage device comprising:

a storage medium driven to rotate;

a read/write head for information on said storage medium,;

means for writing information onto said storage medium; means for determining
whether said write operation is done within a certain period starting from immediately after
loading said head on said storage medium or within a time required for processing a
predetermined number of commands; and

means for verifying said write when a result of said judgment is “true”.



