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\;.€3eHGBBC E: EF6FTHG s. 19 NOV 2004 Rot ati ng storage device argl l\m
control nethod Field of the invention The present invention re N52Q04
rotati ng storage device and a control method thereof, and nore particularly
relates to the art effective for nmeasures for contam nation in a hard disk
unit or for a wite error caused by contam nation etc.. Back M' r
exanple, if contam nation such asg%gg-ﬁggéyx%irla.hard diskﬁmﬁmm wmummmWon
of contamination onto a head i s acknow edged®ds a cause of unst ableged ! i ght
of the head. Contam nation adhered on a magnetic disk nmediumin the hard
disk unit is also acknowl edged as a cause of adhesion of the contam nation
onto the headretadRngr L. lnfornation.read/ wite on the nmagnetic di sk.
Therefore, in procesgegqgfaggsg%%ﬁfggapﬁelﬁﬁr808F§Qluﬁpth0deasures for
contam nation such as sufficient cleaning of parts, assenbly in a clean
environment (clean room etc.) and adopting an aut omated processing by
nechanizautgﬂugrgft@Kgn-nbgwgygﬁ, t hese processes are hard to be all
automated so that manual process generating dust nmay not be elim nated.
Al'so, insufficient,cheaning of parts ~ ~ Nov ~;~;~. cannot be avoi ded
because of unequal process capabiliti'est®diseqtientl yotatcerd aknokeyel of
cont am natggn sha i nevitably be acceptable. Accordingly, the conventional
art conpriéﬁ?lﬁgaéh?eg 8P%£§E(ﬂﬁgh%ﬂxﬁ9%ﬁeQ§anﬂﬁrm@i@np@ftﬂéﬁ§§£§yand
growt h of f caused by contam nation. For exanple, Japanese Patent

(Lai d- Qoerf%q N‘g%%ob- 1@%5# bi %’E% BSkivVehecnrteaonjesgeot habn aghasent . def ect
regi stratign iss %%g%fr%q or a read error recoverable by offset read and
perform the adj acent defé PE@Fst?hti%ﬁfoﬁiawse¢Eorekﬁothecggy@&seby
directiondygg%?tkg%§g§r and offset direction. Thus, the m ni mum defect can
be registered efore a defect grows by perform ng adjacent defect
registration after detecting a read error, and high data reliability can be
obtained with the m ni mum nunber of defective sectors. For exanple,
Japanese Bg | d- Qpen) Hei sei No.5-28675 discloses the art to use a
magneti c hegggﬁr$%ﬁ%§gﬁgnisn1to make a magnetic head contact a nagnetic

di sk innediatel¥oge29re the start of rotating the magnetic disk, then
rotate the magnetic dﬁ?%ﬂﬁTt+ﬁSC%?%E@%HQ%QQDrew@ntabndh@@tggngQtjanute
dust can thggqpqggﬂpy nma ing t he magnetic head contact the nagnetic disk.
For exanpl e, Japanese Patent (L& Hotpeh) ceetseindoibn 54573 di seleses, the
art to stggkggwﬁgnggpmn rotation of the spindle while the nagnetic head is
not performng a ~-co 9% @ cause of unstable flight of the heaq.

c . .
ontamination adhered On a magnetic disk medium in the hardg

disk unit isg also acknowledged as a cause of adhesion of

the i i
contamination onto the head or an €rror in informati
10n
- read/write on the magnetic disk.

Therefore, in processes of assembling the hard disk

unit i
, nmeasures for contamination such as sufficient

room, i
etc.) and adopting an automated Processing by

t
O be all automated so that manual process generating dust

ma Ce .
Y not be eliminated. Also, insufficient cleaning of part
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2 1’9 NO V 2004 read/wite operation, then nake the nagnetic1hga& .
contact the magnetic disk. The report says that minute dust can'’b éNﬁ@&&Jé
by maki ng the magnetic head contact the nagnetic disk. For exanple,
Japanese Patent (Laid-Open) Heisei No.6-203503 discloses the art to
contrive | gadi ng and unl oadi ng periods focusing on changes in the
tangenti al°3HIRE Bf R¥RdIEShtRRIause t9R voatasl sracesst ompaB3S)idirkLr der
to preven&zthe di sk from bei ng danmaged and renove dust adhered on the head
rai | surface SEHLE pteventi orfeditaindi skekabmget andodusthinaraval ate enabl ed
by controlling | oad and unl oad operations to be perfornmed while the nunber
of disklwﬂQﬁéaﬁ%bi¥ pPewacreptakanpl e, Japanese Patent (Lai d-Open) Heise
No. 2000- 906l 2 di scloses the art to renove dust froma contact pad by
control | ing nunbdesonfidgdk, r shat icensattioad and: udbmadieper aldQns-J.0r
controlling the pitch angle of the head slider to efficiently renove dust
adhered add®™vactewsl aypdsonft hencentiaatibyperhaadeshidang HQWeVES .4 he
recent inprovenment of storage density requires nore detail ed neasures to
def ect on Gefdisks sunfiaeé apdcdetemtingrowhh. Even | evel s of contam nation
and defects out of matter with conventional arts do matter with the hard
di sk unit enabl iffgr hi ghestopage densidpanddd neasif st f or Rﬂ%i@Q@%QQQWaIion
provi ded by conventional arts are to make the head contact the magnetic 3
1 ~ N OV 20-400@- gp6R5 redl ism 1 ek altaenoértapmoopﬁli@%g fifa h%dggrc%ndti sk
unit of high storage density designed on prem se of higher storage density.
Cont act betedeent t herchgiad nd i SkigBY €RUSErH@W GQRE any nat,i ony For  the art
descri bed in above-descri bed Japanese Patent (Laid-Qpen) I sei

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, ana 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 lift

_ 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 contaclt the magnetic disk.
For example, Japanese Patent (Laid-Open) Heisei
No.5-54577 discloses the art to Stop or slow down rotation

of the spindle while the magnetic head is not performing a
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«No. 2000-156051, a specific result can be expected for defect growh, but
no nmeasure is taken for an existing defect and only a passive QSNIOé\/s
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 contam nation wi thout generating new contam nation by contact

bet ween t AEIWAY bRl dpekatAnot hetherurpase ohet haghBYent i@ g Scir?tcji rove
wite reliability around a possible defect to effectively use t storage

surface oftlen@agngiets cdilsk nBde urep&f theys mm%iﬂw@%@fcé,ﬁ%e
invention is to inprove wite reliability without deteriorating the

per f or mané€MSfvest i b operiatd onhhe Surmmrer ief Hde | BVEPLELN +A cqﬁéigi;rpegtto one
aspect of the present invention there. is provided a netho or” control I i ng
a rotatingistorage device, said rotating storage device conprising a

storage nediumdriven to rotate, a head for reading and witing data on

sai d storage nedioum axsinglé anpedphaadingpagehani sm Wi sgid head is
stored, said nmethod conprising the steps of: Ioad?ngqs%a%eﬁlgadaﬂferlﬁﬁ%ai d

ranped | o&di.1bg 20ECENi SR EE SR A hd 0gge pedi y [ | ocati on
information stored in said storage rrediaum Vi a sa%t%%g%; ngon TV r?g“%ai d

head t o annilosiddeof psaiiddagt of 38€siAEdiym w L hin.a.region other than a
valid storage region of said storaglggmgdi um Ig(‘lg]gds 198 Fangential

tforce of head contact to the contact start stop (CSS) 1in
order to prevent the disk from being damaged and remove

dust adhered on the head rail surface. Both prevention of

@ 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-Open) 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
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T 9 NO V Z00 -4a noving said head to the outside of said storage nedi um
within a region other than a valid storage region of said storapg Nﬁqugpg4
and repeating a conbination of said step for noving to the inside and s
step of noving to the outside for several tinmes. According to another
aspect of the present invention there isd4provided a rotating storage device
conprising: a head for reading and witing data on said storage nedium a

canped | oadiRomeB&RAMNNAME alot | HpipAdtesr dhdeatl GlsRMifabd a3 BRehe ORMking
mechani sm onto said storage nedium neans for reading |ocation information

stored in I.d_ st : j Vi ' d; r ving:said head
to an insi ggélgl%eds(gl{ gl%&lgefgﬂglggher{es ﬁ%% {i/imen{gﬁgacroggfqbﬁ&g]t@ %épl%tlhean aga\q)léﬁ?ﬁarhgy
st orage re%ion of said storage nmedium neans for noving said head to the
out si de of C8YERGYSLRETBHW thin a regi on other than a valid storage region
of said storage medi um

For the art described in above-described Japanese Patent (Laid-Open) Heisei

No. 2000-156051, a specific result can be expected for defect growth, but no measure is
taken 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 method for
controlling a rotating storage device, said rotating storage device comprising a storage
medium driven to rotate, a head for reading and writing data on said storage medium, and
a ramped loading mechanism on which said head is stored, said method comprising the
steps of:
loading said head from said ramped loading mechanism onto said storage medium;
reading location information stored in said storage medium via said head; and
moving said head to an inside of said storage medium within a region other than a

valid storage region of said storage medium; and



means for repeating said noving to the inside and outside for sjege@v 200
tinmes.” The hard disk unit of the invention adopts the canped | oadi 4‘
alllsl 11, and tracks are followed around the di sk outside valid storage
areas for a specific period after the head is | oaded fromthe canped

| oadi ng mechani sm onto the nmagnetic 148- N OV 200g di sk medi um According
to experinment and study by the inventors, much contam nation often adheres

on the head aft efolg) BAd heafRcdht beRideRe sdiaReshel A@HINGyiIRE R3BEISMothEP than
contam nati on and unst abl eness of head flight are assuned cooperatively to

rub the contam ' of . magnetic nedium A
t enper at urer!]l \gar1]1d{§ ﬁ&ghéﬁeﬁ%@%f%%\ﬁfﬁgﬁ eafg,ﬁdé l|§113Mr?gdi um onto which the

contam nation is rubbed part| X.ri Ses .and a ;r)robl.em of magnetic informatjon
[0ss arises. ThaPMBR(: BMPERET BE 610 S1ePofoT SHRHNE IR B 8P

head i medi ately after being |oaded is |ocated on an area on the disk
out si de valmovigg tr higeutsatedassevetsbtimepbl em of data | oss does not arise. In
addi tion) because track following is perforned on outer circuits of the
disk f or a certaidordigg it@dnothficasheadfthd glekert anvendos tiadde b9 grediddara wgtinke
track follow ng. Furthernore, nmuch contam nation can be blown off by w nd

pressure gepghal 8didUWonifisidgack foll owing. Namely, the invention renoves
contam nation Tmedi atel'y after |oading fromthe tanped | oadi ng nmechani sm

and avoi ds the prohl f. |, 0s. S by tam.nation. Furthernore,
the head flight %lge%dggr' r(s%fl%tlgg%?%‘égl?lﬁ%ﬁgtgioﬁgélﬁtsfog%&arﬁg%{@an repeat noving to
t he inside and outside of the disk on_.outer. circuit f the disk after the
track Tol Tow ng bAEHG BadE TriBiEreIo ditith s Siueg Grmri HyRs iHane
outside can be increased to greater than, preferably, a several tines over
t he speed ohedgpispEntesaifetosage niedium~ s N ov zoos inside. The head is
slowy noved to the inside and swiftly noved to the outside. By this
mechani sm cont afntait fiod mealing Utcetiorc infommdtion afortdh én duigkstoape beedswephia eaitl of
the surface of the disk. Because a filter for_ trapping contam nation is
usual l'y i nstsahil #d nearby outer circuits of the disk, contam nation is
effectively trapped, and level of contam nation in the hard disk unit can
be reduced. At the, SaP uidviRe <AHRR.SWEEP Rl APSSALoARa VitRakERR N
t he hori zont al dl?r%c?f?gh Si%t he &e%d. Cont am nat:jon g%ﬁerge{guon\t e h%lag can
effectively pe renpved t he wi nd pressure nerated by disk rotation and
the hori zoncftgffr tb?rb? 5?q}dosgé.{m%%egfoﬁ\/ogﬁglidos Or%%es%g(\?}%rrnf fies wite operation in
the follow ng cases: The first case is a specific period jnmrediately after
the head is | oadBERNSHAE &PVGHE Fﬁé%@ﬁ‘ﬂ)&’ ithreAYIsigh P! sHATage BiFdtue Witk Ati5eEn
reveal that the head flight is not stabilized for a certain period after

t he head i sothgdbeus valitbsterrge sdgorpdsaiddiarage edivior exanpl e, sever al

seconds. The second case is an existence of a defect adjacent to the track
i ncl udi ng a sectmearsrborepbrtoly surdimevihgs theaniddane ouflhiefocaseral smiendi cat ed
based on an opinion resulted fromthe experinent and study indicating that

the head may colthdgakiadisk 8@0PYhABFveftiorRbpsOihk! h@btd MBMinOMeBi@inism, and
stabilized. For exanple, the case in which wite is done onto a sector of a

track adj ac%%ﬁ(ﬁ%gevﬁllggjegﬁwu\{ﬁ the BGK oﬁ@meb@ligrsﬁﬁgéy £6as %\pﬁtspggiﬂ@pgx‘?gc?gffttel‘

Ooccurs can

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



.~ 17~NO\/ZOO4 referring to the defect list. The third case is1t
head flight is judged to be unstable froma signal input from t1hgamga\zezug1lf
anal og signal input fromthe head is anplified by a preanplifier, then
converted into a digital signal by a read/wite channel. At this tine, the
I nput sign% ik(s: cogverted into digital after its anplitude is nmade constant
by an aut oftdikc Bafauwi.r cuircoStaahid i £y o d can be judged from

di spersion of an obtained gain val ue of tﬁ(gtegg{“%ﬁgti%mgais dtfjiyr ch¥t .the

Di sper si ondRvigngd oney mahushat €o:@¥ £y s ,£d forehand, and are stored in a
di spersion table. Then, a dispersion val ueogt%e%r i 18 Gt alfifontBnad head

di sper si ona¥4kue tstioredidauddert@pl enar e ared, and if the forner

di spersi on val ue exceeds a specified thr%@ﬁgﬁd!’l@gfib%? PRENRBAE™M.| | ghte i s

j udged to Bendnstiabltd.on n@ddihkeRy 1 REcaNSe -a . di spersion val ue depends on a
di sk diameter, the disk can be divi eﬁ ?ﬁt%faﬁlﬁraéiprfija’t%maréﬁg &5 uaned

di sper si onceabaeaafi veagh &y ea,1¢af, be d. .. The invention perforns
verification operation ;when the a 032{19e!§10r}?%1e%n CHREO obREr surthee of
verificati bneopemaldtanr: igedQih _eadAwrtiegntp%ng(gat a and conpares it with wite

data to see whether the two data itens aré rdéntPcdiPrsweface f ofheycar e

dent1 ol nsunaesel uhaasanoloit) | u5an OF conlLEd, 11 not wite
Tepeat od L1 Uhe dala Lol T L e b oy, 2002, |7 200 L on,
operaton agsLast entiie MLS oper pi o0 L3 [ow percent Therefore, the
Lhe other Sndhoacesuduagd o, onlnion of e L ventors, oy wite
veriticatian anerationcin sl dycgpes, e storase rell abi 1y of the disk
ol ef Doswaatian of We.Ouange 1, 1 shots 3 b ock diagram show ng ar
ventlon v 2pshoys, LLowhart shoung an ecample of @ control rethad
Lyl ol |y showina.neaghy pectpher ol argas on a sk Fio. 3(e) shous 2
8 G20) shaw 2 state |RUch g fead L performng o sweep off

co . X
ntamination can be blown off by wind pressure generated

duri i
1ng track following. Namely, the invention removes

contamination immediately after loading from the ramped

1 i ,
B cading mechanism and avoids the problem of data loss

ca . .
used by contamination. Furthermore, the heagd flight can

be stabilized.

The i i
nvention also can repeat moving to the inside

and outside of the disk on outer circuits of the disk after

£ .
he track following on the outer circuits, and the speed of

movi. i i
Ng to the outside can be increased to greater than

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

5



.~ 9 ~ov zoos locations of cylinders which a head trails by th n I
‘et hod described in the enbodi ment for carrying out the invenﬁi%mbygﬂ%
depicts a bl ock di agram showi ng an exanple of a hard di sk as anot her

enbodi ment for carrying out the invention. Fig. 6 depicts a flowhart

show ng an exanple of a control nmethod for a hard disk unit as an

enbodi ment & dear r yiheg hewetd tie d N |1y e PESET P4 | of Nuperals 1: Disk,
2: Spindle nmotor, 3, 3. Heads (magnetic heeads(f,“z% fA)rPS é%:a i TRLEBLY
notor, 6: NGCNedriteerthe’:oBackaent monithQl, B rvo controller, 9: Head
preanplifier, 1G Read/wite channg?, 11 ”%grhgﬁldllss COHtr Bt ion2on RAM
12a: Data buftber cit2hii td sperepongiap! g,,12¢: Defect list, 13: ROM 14:
Host interface, 15: Bus, 16: Host %ievi cer %% SBaRbe® Yokt ngdrethnhinsm
Vin: | nnero€i rew ta ik ect igRnR:sReed, Moyt ter .circuit direction speed, x:
Oyl i nder number Best Mdde for Carrying %%% RE I"AGER"h Priekam Fration

embodi ment $sf ars @8 1yi N6 QW 1the LD ion..9 1.9 NOV 200'+ is detailed
based on the drawi ng. However, the %{ﬁg ntion ‘cafitbEUehFr idd sbe idiviari ous

enbodi nent sosaini nshablhd npt be At ar. ted [imting on the contents of the
enbodi nents for carrying out the ir?\stég{eﬁ n. Jf]ﬁaléa‘a?iti ofind helsdmd numbers

are assi gnedntamti g t3ane igl epgn t-hraughout, all enbodi nents for carrying
out the invention. (Exam%l e 1 %%Iéi. AL S5 GRE- ta Birodie dicaramd shovii nighan

exanpl e ofsahe beard disk upit..a particul ar enbodi ment for carrying out
the invention. The hard di s%e%rﬁ)i ?)f%f CEXAfpHe ™ ad6fpral Yedrditsionl i(mmagnet i ¢

storage negbHN} cQARaMGR 10t i i gnetically stored, spindle notor
2 for driving di skal to Fg?g?é,n%%agﬁgt ?’ggﬁeadcﬁ’“ﬁ@f“lé*taérﬂoﬁlg gdifeararatdon

onto di sk dher neadi Ng, SLeE iLnformation, arm supporting nmagnetic head 3
and voice coil :rotor 5 %’acfg’gg Xreﬁy%e df TP hgd aPih 4hevovéedcoilesmtor 5 is

driven by MGM drtygry0, g he reverse el ectronotive force of voice coil
notor 5 is nonitored gn ?Hg %3% rcéﬁf] ABAHi £BF Porizyural drbveri6ni.s

controll ed by SUﬁQQrEnQ%%EGQLJeglé% verifies

write operation in the

following cases: The first case 1is a Specific period

lmmediately after the head 1is loaded. Based on the

experiment and study by the inventors reveal that the heagd

flight 1is not stabilized for a certain period after the

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

several seconds.

N The second case is an existence of a defect adjacent

¢ . .
0 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

stabil s
tabilized. 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

6



An anall og output fromhead 3 is anplified by head preanplifier {
to read/ wite channel 10. In read/wite channel 10) the anal og ZEM@W?@W
head 3 i _s adjusted to a specific anplitude by the automatic gain circuit
and converted into a digital signal, then sent to hard disk controller 11
as read or wite data. In addition, a gain value of the automatic gain
circuit carebertdng fo9theodezeotf atiched fromread/ wite channel 10, but
this processing will be described later. Hard disk controller 11 controls
the entire hard Thekthnrti. dzofe examphgr kaed ndiagk ool er {14,L8C8i ves a
servo signal fromread/wite channel 10, then outputs a Fiver g gnal" to
VCM dri verbes uAktebnat ifwelny,a hai gngdi sknpant relhernkl {£6ei vega gommand
such as a wite request and sends a read or wite gate to read/ Wwite?
channel 10signabninphtr €adnOren i€ @Pes akhon: r Hag dpdi sk Ller, 11 is
connected tc RAM 12, ROM 13 or host int erfalge 14 vi agbusp%gghkgﬁgﬁer'
interface tlhen nt@shacesedosindeVi ge 36y Pr Qi AN Processed by .the MPU in a
hard disk controller 11 is stored in %\A 13. A%{Holgrg)%fgr Egyr?fi/&’llllitr‘?g t he
hard di sk aiinefor examplie +igd oaded { jc.storage medium1l1 into
RAM 12. Alternatively, RAM 12 functions rglg@% u?%g %%rcaagﬁritﬁ ut' f%%m and

out put to dihgi dhsk HALLOr i3S aa%&%rq_gpd ar of a defect |list or a
di spersion table descri It;ed lherei n el ow _elalshe Tk AP FARE hePdeséri bed

enbodi nenta@sns anped,d gading syeghani s ndisk 1.is in a stopped state,
head 3 is stored in ﬁbarrlped |"oadi ng nec aarlltlygjfenltﬁ. ogy 5b8ptli“?®dr§r?d“ | &&di ng

mechani smjhyag&dr akidy tyiQeasYLRr aid o shock and ot her mechani cal hazard
may be inproved. Fig. 2 lsh%iﬁivssa PI gjtm%hg?t Oé)%gvlvinﬁg ai gxarfprtecofola &t rol

met hod i n ddeom®t hedqfo TyiiRg Oyt . resent invention. Processing is
started by turning on trﬁe%ggv\%rﬂ' 1%91%5@%\?0%4 G 3tAPETRG FhatRardedi sk

unit by releasingsitotrom,shaep opde or ather. neans. Disk 1 in a stopped
state is driven to rot atelbb%s'pia% :arneotsgcrorfd Wik r Ot SPEBRSOBT taPdie -1

reaches the,gpeci i edyirotatdonal , head 3.is |oaded onto disk 1 (Step
20). Because head 3 islsg)teorgel In \?%?ﬁ?)éeid Foadi'ig rec FRf<Hh 100 whehd di sk 1

has stoppeg 4,08 atiHg. i i xecut ed ving tread 3 fromranped
| oadi ng necha% sm 17 yégg?sk%gcloﬁsen ar o%g?i Eéb Fataé% ATt 9 oa@Pfig L fhack

enf nonitamd FBRLER S5+ put fromvaice coil nmotor 5, and novenent of
arm4 can be contBlrn%IQI zjdl%g}oe%la%ﬁ hé‘égu§ GEREFY“moveP Ut ol ¥t sk Teshevenent

of arm 4 ~s gontraledyhy drivi voi ce coj | tor 5 using a driving
current generated by VCM ari \%?Bgtwhjé% thUdrgeec({er?\%s B sitghat 2 rom servio

control leradii A S€rve,patfern_re nting location information is tried to
be detected by head 3 noored gntgigﬁgﬁéflgm’eac%’@r vBeBabtier Pt s awr Pieén on

di sk 1 befprghand. thgcheq e rvo pattern.is appropriately read, a
| ocation of head 3 caneb:é]lc%}bnf Frgﬁegae C%H)Jr(écﬁioﬁ”?if) Izlfgb'?cﬁbmlffé% 8rE4sj udged

by confirmfg 4 hat i eryo ftern is successful (Step 21). Servo
pattern readi ng issl?:%%tgliﬁﬁo\hg%gt?|¥eﬁg?a}ﬁt?¥e?o%%l’? ngci SLebRPt et ed. Wherr

| oadi ng head 3 ig,du t.a be conpleted, seek for the cylinder with

cyl i nder number x=-| %gﬁ%tnécr < (gfareggof?)g. VAt e HEEPs  cegslids el 2ghen
cyl i nder, ta in whi the cylinder is followed is retained for a
s%ecific Bgyfod%%fgg W@égllbed ycase occurs. The verification

operation 1is 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 1is repeated

until the data is normally written.



o - 1 9 N OV 20~~r for exanple, 40 ns (Step 23). In the present Nyt f _
cylinder nunbers x are defined to be assigned in ascending or def?&%%ggg#

circuits to inner circuits of disk 1. That is, inner circuits of the disk
have greater nunmbers. However, the outnost circuit is not designated to be
cylinder nunber 0, but the nunmber of a cylinder |ocated sonmewhat inner from

the outnost circint afdtibeodi sk eheaonas 0.¢ & £85. 00 Syl | wi.1h nunber O
and greater are valid storage areas, and used by a user gﬁgfggl%’?ea§s

reserved lpesstesa Hneasi@nce¥bindeps wWathon | han O are areas
on outer_ circuits of the disk, and are not Ougggﬁ%rOggfg%%ﬂ}rﬁg@m“
oper at i on.enfihiere 128-ia3d | gder-a8%bhs | r round t disk. hig. 3(a) is
the side view typi cal | y S ovviang trac %Vfio%%ﬁgegﬁ‘hea&%?rtegqrf% &e nder .

Head ~ i ndi &d @yﬁéﬁ&qmr jcally shows | oading head 3 fromthe
r anped Ioadaimral% mechani sm The ri%ﬁ?eis?(gfegg%o%' SR PNt PRE T Pat R oF adi sk 1)

i SK
is omttede e i not he, ki 3.1s followed to the track
contained in the cylinder o? Xg%%éSﬂfgﬁgar%ggoﬁgbﬁ%dt?hbh‘ai Sk1{aPeacsdt her

B g di sks 1 actually exist, and

the valid t5ie0r 886cA£828) - it,jon | ti
heads 3 are |ocated on t')otmt?ql?’ia eslﬂo(ﬁt TsKS" 1 PBUF ey e ©FeE edand t he

figure. TheyBXPSESEHLAR ahqut,h s "abave a track' in the specification
means t hat tnﬁ))e( heads exi st?l \t})viet ﬁ%geﬁfeeé&ﬁ c 13 VeRIGEbirmoprarathaeesni n t he
normal |ing ¥ restion fromthe surface of the magnetic storage side on
magnetic storage nedi um 1.@ That & ’f%lcla?l?bﬂét‘éfgﬁe&@%ddrﬁd( nelephiet cen
storage nmedidym 4, lative, .and "ahove a track" or "over a track"

i ndi cati ng tdr#{egﬁ%%ﬁ%ﬁﬁ of” % he "HBAGVFRcI dte @ HownWstasipragiidawar d't sand
"oblique djggcyion en the magnetic storage side is facing downwards,

si deward ngre in angho%%”inque direction, and a gap schedul ed by design
originally exists between the head and storage side. Thus, by track
following to areas around a valid storage area on a disk within a specific
period, epgiefTH er. head 3 is |oaded, contami nation can be bl own off
head 3 by wind pr%sg;s%lr%“g%%e?gt%}aef%ffﬁﬂrrb?%ti on of the disk. Especially,
according to the findings of the inventors, nuch contam nation often
adheres to head ;z immediately after being | oaded from canped | oadi ng
mechani smgl7, | h_case, ch. contam nati on can be renoved from head 3
inan initi érl s‘?agHg‘ 3&0%‘ By 29T $ 0% HyY t PRcRE R Lar eds @rband t he

|
c

ge”of "o
di sk i mredi;atel fter loading,. As a result, an influence of contam nation
in subsequelntkeo&r;nelftatallSonasn c%%b(gqlf”éedﬁ VEly GEFeoht ot ledtmdinhenwiot e
reliability can be unproved. In addition, track following is perforned in
areas around the disc so even if contam nation adhered on head 3 is rubbed
onto the magnetic grage side on disk 1 there is no possibility of data

| 0ss becausg’nar eagﬁgr' gu%d f%%“%?%’kt aP8°Hol'9ustl 28R brecf9a dONN-O ~00~
data. Furthernyy cording tot opi nion of the inventors, flight of
head 3 i medi at el%yS gaf eer”g‘boel ﬁ%el}to}goéﬂ G Coparat vidly iurstrablen . Therefore,
track follow ng for a specific period i mediately after |oading acts to
stabilize head flight in an early stage. This processing enabl es subsequent
operati on§il§e pejrfo({erre.d in a stable head flight state, and contributes to

i mpr ovenent “of wirite Feii%bidityide view typically showing nearby

peripheral areas on a disk. Fig. 3(a) shows.a state in

which track following 1is performed on a head to -128

cylinder. FFig. 3(b) shows a state in which a head is

performing a sweep off operation.

Fig. 4 depicts a graph showing time functions representing
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.An exé;rrpl e of track following to -128 cylinder is described herél SoNOV 2004
needl ess to say, following to cylinders in other outer areas on the disk 1s
also all right. .However, following at a | ocation where the air tearing
surface (ABS) of head 3 does not hang over 0 cylinder in the innernost
circuit of areas around the disk is desirable. Head 3' indicated by the
dashed |inkocatfFbgs 3fa)cehondets agk 1kl lLLow on_the ipnernost areas on

t he di sk. The inventors experinental Ily rgc\gqgér#hzepﬁfafs mgéfh th6nteafitgli on i s
accunul at edethoar eass oy the ABS of ..~ shead 3. Even if nuch

contam nation is accunmul ated in areas mct))r?dtlﬁ“éano thBE5t @vauing ofPut hehaBS,
the contammaéhonohsS not adhered by rubbing on the track area | ocated on O
cylinder as long as the said condition is satisfied. Therefore, data
storage areas can be protected conpletely. The outnost circuit of areas
around the disk on which track following by head 3 is enabled is determ ned
in consideragi on @kpdanger gf ¢l l4i;Si t g, ranped | oadi ng ~J DL,

mechani sm 17. 19 N UV 200g After t %ggrr‘]i‘&‘ SPC8LY 38 exap® lies ofpecinfired t o
cylinder mugerax §SbeRe24rmb8as gk _on _cylinder nunber x (Step 25).
Cyli nder number -200 is themoutn@gbkc?gguf?r5y¥8ﬁsQui Shewhngknhiead .3
determ ned in consideration of danger of collision to ranped | oadi ng
mechani sm 17 can be sought. However, cylinder nunber -200 is only an

exanpl e, ancy heedhess tQ Sa¥%dj.changes according to a track density,

assi gnnent of rarrpe% I oadi ng lrée“%:%haa‘rflats%%lofvld}g ot’hetXeBnbet Pdna Nextrox is
incrementektyo@ £StER 28)-4 0 termne if it is less than O (Step 27). If
X is less than O, contré rr&et(ljfﬁ‘jsns PBlgt 8p 2% dPdEedn onfarcyhirngengl s
started. Hhat i1, ihfethe farget cylinder of following by head 3 is in ar:
area around the disk, head 3 is noved toward inner circuits of disk 1 at a
speed corresponding to increnment by 2. b9hen x is determned to be 0 in
Step 27, that is, when the target cylinder of head 3 enters a valid storage
area, thepR6eSS$: P5,0C ep 28 and seek on x cylinder. Then

i ncrenent of x lissztspem qilﬂ%‘?%%io (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 noved toward outer circuits of disk 1
at a speed .corgespondin Lncrement of -10 this time. The noving toward
outer circuits conti nUengﬁfjille fiR&OLar det Cyl iltfts semahe r sachesds 200
cylinder. 416 aAym, 4.9 OV 200g Fig. 3(a) is the side viewtypically

show ng sai d rmrvni]'ng 'tOV\\'l/z;Arl T nne lc’i‘%—c‘iﬁt sg and’ Gt @ricer cui t s. Bideade Bt
assumes thatithg- ligt o he inner circuit direction is O cylinder and the
linmit of outer circuit dlépté?:t P8Rt 960 ayli Mged namhmovies doet ween t hese
limts torkhe ypere CLtSHi L, directiop at a speed of Vin, and to the outer
circuit direction at a %‘E}é‘%% oflprout Haé‘ﬁeéi&s‘!ﬁ - Ybrresponds1ite cytkimder
increnment 1by .2 apdSp ut responds to cylinder increnment by 10. That
is, head 3 noves slowy %%érdﬁiahner BiFREFE40And atdwes faster neomese outer
circuits. 194¢h head 3 eration js a seep off operation toward outer
Circuits and acts to §§gépalc4dnta fat F8hesf BCper ilgher aBuar eas :on Hde: di sk
toward thgeQyter ciycuit rgi rection of the disk. This operation also gives a
vibration in a horiZontal ®ifec?fOhrd=Bepbanismit ¥anf:. Thirsvidration
shakes coptagi-praty,on. of f. head 3.. It is expected to exhibit the effect that
cont am nati on %%;(/)I e%p%eer%vg\go%‘re QFer yci¥onitodperative ebbeat of said

vi brationcgpd wi,nd pressure generated by rotation of disk 1. Increase

vari abl e Lgoprl 8’? fl%f“%%t ep 31 to determ ne whether Loop is 3 or greater
(Step 32). If Loopis ? r> less, return to Step 25 and perform said sweep
of f operation. Such sweep off operation Shall be repeated three tines.
After thi tagrt. usual control (Step 33). Fig. 4 is a graph show n

functi onsg?ggrggtgﬁ’t i%ﬁﬁ Carrying %Ut I%he )Inven%ion orep ’

Preferred embodiments for carrying out the invention

9



19 N‘;O\/ 200g | ocations of cylinders which head 3 trails by sqigl fﬁ@'v 2{’]04
If reading a servo pattern is successful at tinme t0, start seek on™-1Z2~
cylinder, and retain this head position for a specific period fromtine tl
t=o time t2. After this , performseek on -200 cylinder, then gently nove
to O cylinder. After this, quickly nove to -200 cylinder and performa
first sweep’ ofietopeedt iibed & MepLeQy for control to reach -200
cylinder is t4. The same operation is f'jrﬁgﬁe‘r T Epeat Bliet winventiilbe usual
control is®t are edakroagt ioi® 158, qrding to.the hard disk unit and
control nmethod described in the %ﬁ%n&?%@”&%‘ﬁ%i% but shhelidnwenti on,
much cont de niat t enpadhened jpR thead n be renoved by track follow ng for
a specific period in an i niti aPﬁgt é)g]ect%@ HedH 470 ¢y tBecawbedt hent-kack
fol | ow ng fior anairiiytingl stage .0ading is perforned in peripheral areas
on the disk, a problem of dat ahq% 028V886§88-by éontaddhatdoon car aks@ebe
pr event ed nfutrahei ng”&baﬁ dditi on, sweeping contam nation off to
outer circuits of the dis cbonyédzjl %a&%&\e%’ﬁ“%f fegéﬁéﬁéﬁi omraugpenitphgl al
areas on eheodiisteand fpreo . nore effective contam nation renoval from
head 3 by a vibration 1.1 léalt orl Zoft al LI riedteni @an be expected. Needl ess
to say, thexeyxijirdery nunbers, cylinder increment values that determ ne
speed of noving toward inner or outer circuits and repeating tithes of
sweep of f operatkijgns Aar nlLy exapples. The fact that said values 18 .o~
9 NOV 2004 can ap%r opri §P§V§ be %ﬂgﬂ}@eéiééééfﬂdia’@wmg candielia@pg cSUGH as a
time requ'thgdhfegrrdoraq-sgg r{lenisceek is well known by the person skilled in the

is a B¢k RiiTdgrcarashowibgl iame rex sl e;é}fl:l}ai,{@rd

he

art. (Example 2) Fig.
di sk unitoas apgthe diment for carrying out the invention.

overvi ew of thgmﬁar{inglg}s?glaﬂi't of Ththe heisodidrsht suof tt her i nyestion is the
sanme as tdhahpsk in.Ei,gure 1, However, as shown in Figure 5, the hard

di sk unit ofptEig\é@enb%olﬁk?ant fma%‘?’f% ngsberaghe inndenhi on cGOMRSS8S

per - zone ﬁa§@r;§g@5%}lude dimsper sion table 12b and defect list 12c. In

addi tion, data buffer 12a"i"$"6id 6 functpord. desciridied astbhe RALQ 12
functi onsdleivﬂgug %{@Sqidi ment for carrying out tlue invention. Dispersion
table 12b and defect 1ist f2cT8F@'Feadirerhini skeddand ssered 4/ RAM 12. In
addi ti on, i@y tabl.e 12b and defect |ist 12c stored on di'sk 1 is
shown here, bﬁﬁéﬂgégeggﬁﬁl gjslsr}feeld Hot" & Walys Heostadr edroAmdi skl , For
exanpl e ,4t%51§@£@§ anmatl)e stored in a sem conductor nonvolatile menory in
the hard disk unit. sper%r?%?llcf able?d 2B staordes vdiisper sibans abrsi-gnal

anpl i tudgsdy d-3 _for.individual zones created by dividing the surface
of di sk i( intﬂ%ﬁgeﬁgﬁ @%Yi"%?eagrﬁaﬂ)es.Vgigﬁatofanplhbtuﬁles are40bt ai ned
from gai mwalugs Cpif-\;%lle aut ona ic gain circuit nounted in read/wite
channel 10. A signal ftom hedf 3thE difi9rficedebycheadopi eamldfder .39 1 9

N OV 20 i i i
%u:e coil motor 5 ig monitored on the back emf monitor 7

. VCM driver 6 ig controlled by Support controller §

An analog output from head 3 is amplified by head

re 1 f3 i
Preamplifier 9 ang input to read/write channel 190 In

re i
ad/write channel 10, the analog signal from head 3 j
s
adjus . i.fi i
Justed to a Specific amplitude by the automatic gai
n

} }
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9 and input to read/wite channel 10. The signal has a certain lgvﬁbéff
‘anpl i tude di spersion. Read/wite channel 10 uses the automati c1g i rZﬂﬂ’t
to adjust a signal |evel before analog to digital conversion. A signal
anplitude can be known by neasuring a gain value of the automatic gain
circuit) and dispersion of a signal anplitude can be seized froma

di sper si onfec)‘FCl?%‘g dirpval remd/wride. Thenfespersi opygan be. represent ed by

wi dt hs of the mean val ue, maxi mum val ue and m ni num VQT ue o If%ceesasifﬁ}ﬁ’tude.
Because t HE i sherdeonrvakbdesadepend on a di ameter direction of disk 1, a
di spersion vaIqugfr zone divided into a concentric circle shape is stored
into a table. Sutdra dispecshenotableiga refergnced for a control that
will be desc'rt‘i bed | ater. Defect Iist 1208?285'2?5%3&8{1&?% G0dgel dicipe

def ecti ve WL § nspelororeadmishé pmpat-4f r h tQry or. sectors assuned to
be defective around a def eclfi ve sect or@ﬂ%r}%e%rofégtgr@nl the 8¢t bYes around

t he def ectieysestignadr ef re@i stI 4, Lbefor i s .becayse growth of the
defect is expected. Sectors judged to be §§$§g ;lvelbod'uri%ﬁﬁnus%u’él?‘éts a

2dditl,onaidus iogi stgned oM ETRLl TE |1 Ue defect |51 uoed ao 2
i1 Do desariied her e1 1 el 8 Lohgyd f1ogehaLt show 19 an example o
devico 16 after procese o e STATTel La 5 FH7 e Castrsmmahi th acur (e
command | sonegeilvetas Hatg-i S, Considered here. Next, set the verification
flag to "0". The verification flag I ndllcat_es whet her veri T'I cation is _
Fodui red. “Next, "the process BEPRHAhed larét e R TG"  obeadiamy 14 merois the |
i e, comend ) snbedhatelcal tef esdihoading (ep 0). Wether 11 is

| pternal  chookertodeterat neoyhel ey 2 RPeLlic perl od has been passed fro
Cortain period has beon passed FTREChr ddos  SeTG | e OROHew Seconds (for
cxampl e, beca-uhan Lo Speanisgbal, i seeqts) A0d deter nes, whet her fhe
L9 "y (SHepasn), skut naud e flas Besn passeds  Lhe pr ocess proceeds oS cp
S portormed | suen 8 candl tror. TKArHUIS Wi 12 GREBRF &bks Adrosonti nd ngs
are basedfoomresdl bs @ exREHEMN S,and studies of the 21 1 9 N Ov 2009

IsK.un

inventors. Therefore, verify process is lpter‘flbr?r%dai ﬁﬁ@ﬁﬁaﬁelay?eafftoér d oadi ng
"0 Tocel ved data | oto a Bhyer Baroadl 586 ( SEpe5LpSdphyseanl raddresses. are
o known, rof of To tha doraet T SLINTH LM & STaginen utige whather her e
of mearby . aecune tral BB T HABRSTBRTD ATy nastoDncA ditsitancean |
corresporidi Ng tsa Jra t{acks, Q%si rabl.y, "nearby" shall nmean adjacent. If a

cylinder adjacent to or nearby t He'Y tMEFINEER ddnt ai By addefacld ve

sector, thenProscessnse .verification flag to "1" (Step 40). If not,
the process proceed%étlhé%%gglﬂ.”' gurablllty 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 pPresent

in . . .
vention. Processing is started by turning on the power

I



A def écti ve sector generally exists as a protrusion on a disk
‘magnetized filmpeeling off a defective section exists as a coﬁtgal\fﬁlvf gpggd

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
rai ses head 3 high. Such rise of the head causes a wite error as said.
Ther ef or e CTveTiFT £B1 Y ofihies hidgb ¢ bgkii netlt even I\Ml%réistihﬁy hj_agatdfﬂ),ine&%re und a
defective sector. Next, the process starts seek toward a target cylinder
(Step 41) "RAG OBt a? Bhardingperssi ondvskue of a mwt@ﬂ@gighgrgggget
cylinder fromtable 12b (Step 42). 22 1 9 N OV 200g Next, when see

nearly re&fheC inket dvgetpeyfiladentor di spergidn Vet 4ei Ghs aof Qﬁg&k 1
anplitude of head 3 (Step 43) is nmeasured. As aforenenti oneg, a di'spersion
val ue canBechistai hled by eusimigz@ULOFBLE6n§RI I elelCUi o 0f the g eg%}‘r&“ te
channel . Recently, a gain value is output as an output of a rea Ftle
channel . Phite fdirsdt i bn(saapbeoysed RS duSe A\ecgdsgeriséi o&é/]gééje.r(l:an be
neasured by, for exanple, storing the maxi mum and m ni rum va les*BpPed

si gnal at lpeddingg meghayicadelperyses VaiRat t er n, near he target (wite
obj ect sector). Then, taken head 3 reaches the targggxgégt%orfoﬁ%%ﬂgai'sk
control | etoalingi ses axechiteatE ABYiWE 1Rt e ta onto disk. 1 (Step
44). The process determ nes vvhetfer al }%dalta itensrﬁgveraénéjeend \/\)’?‘??éﬂg(St ep
45). |f noechthesprocesstseverdis 1o Shep 44.and;retr e progessing. |f
the data itens are witten, the process issﬁes a gorr%(r%gri\geternﬁ atP&%Sstat us
(Step 46) Llohdinhi,s ist@geemEN@RACHSS; CRIPAL &S: t bt ai ned. di spersi on

val ue (difference between the nmaxi num val ue and ?ngnlgr%l%u\}algfé%mtﬁobce

di sper si onoval uetst:or ed iahd heotabh & apd jydge, whet her the value is within
the schedul ed range (Step 47). For exanpl e, qﬁ £ the! OEFaicﬁé’&r&]slﬁéjr sFon

val ue exceeds hhaadizspRsiGh yRlde $tored dyn the table for 40 percent, the
obt ai ned di spersion val ue i's deterni ned toélge1 out' S 'dd" $'He Yarfye" 4fi5t is
outsi de thentangeedt hey veriiflieat iy dd ag i to . 1". The condjtion under
which 23 1 9 N OV 200 the di gper sion va ueﬁl;gtgoéetSerH?h‘éa fo Pel vl gi de
the rangecusrthe genditdirer wWhergd he-hgad hejght greatly varies. Under such
condition, a wite operation is perfolr med bvvi ttﬁenhijg rpeocs i'619 ity Wi dE the
head hei ghtomssbirgh, cbherdiheverification is required. Next, the process
determ nes whether the verification flag is set to "1". If the flag is "1",
the process perhoksenverifyr racesshpgqd 50)... . The verification procedure
may be carried out by referring tobanseﬁgﬁgcgégafﬁaﬁ) P§odg@tipn tiss

i dentical trThe process qdatesdpnes, Wgther,the error code is identical (Step
57.)) and if it is, the process £ &r m nat e3prm&:J§sdsiCHbt?Sfléﬁk53}): | Tt , the
process retries panitea-pr 06e481iRG6StEP 22 After. this, the process
perfornms verify processing agai n,e and repe}éltsl t e|fsm‘h;53tl si ng @Rt i1heo
probl em aseses. pai tihe, ofhepppapdribtyerifigation is not required
(verification flag - 0) in s?gp 915,1 tﬁe9pr Se85s 4 el mat e Bgo@@@@i ny (Step
53). Accoranget edive hard, di sk WAL ;8Rd gontrol. method according to

Exanpl e 2 of the invention, per%ngrmWPt eoq‘cp;loocaedslsnlgngh%ﬁ‘?er'3 jfradgivtp sthet her
| oadi ng has tustibpenqgended. whel ite is done onto nearby a defect,
and whether write is done while tlﬁgé ht\égéd %?f\écs) Pﬁgﬁeﬁ“a&lse qucessful

Experi mentstdy) ownite idy hp%ttf%té%n()f} en.termnates with an error so

performverification. In other cases, do Wdt9 perf or M VErRPREAY | dnic®Ven i f

verificatirnisi@4ding is completed.
When

loading head 3 is judged to be completed, 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



~9 N“O\/ zoos performed in the said state, it is 1 percent or1 QeFﬁU‘gfz[?Qé
‘entire processing according to the study of the inventors. Therefore,
processing reliability of the hard disk unit can be inproved by reducing
wite errors without deteriorating the performance of the hard disk unit.

I n addition, whether above nentioned | oadi ng has just been done, whether
wite is d(fr?éf s aeakedy 40 dei;ec$tepng3§/_net her wite is done while the head
isin a stable flight state are desirably all determ ned. However, one of
‘these itens or ary akbet maresaonbuBatir9p+ 9Lt hers 4 be witten and
verified. E%Ei n above, the invention bg thg'i n\)érf’[qgﬁf/esr hBEmE’Sﬁéré‘E ePycpheen
descri bed ddiash exanmlees aafsitdhed nygnt i Qn ver, .the present
invention is not limted to the above descri ggggﬁganﬁfggran T4ri euger

modi fi cati 6Aneay ive possibherwidiheutidepgkt i fromthe scope and spirit of
the present invention . For exanple, the voi%%s}éoﬁl‘ rmterTat(V@m' waBnher
provi ded _Clasudn sexafphac niidhe grbedi ...however, another notor or
actuator may be used. The hard di sk unig{;%%;tglalns%”%?%n asiAtt wsdanptbeof a
rotating spotagetdevi:eiit {he,gpbgdir However, application of the

i nvention is not linited to the hargggggétﬁﬂi% Eﬁt Hldd degplnweide bo a
storage debite td hnampetatd Mg, st.Qn medi um such as CO-R'W DVD, and
re-veritable optical or opti ca?-ngé%g;ale(r: “G$agecneviet 2Bner, fio@ N OV
2() 0~ suchths aolbnsker age-deyi ce r Far ex e, the present invention may
be al so applicable to renovabl e rot a;%?lre\g %ﬁnglﬁetl?eé:oé‘ﬁeo? ade devitesssuch as a
ZI P devi cecandntie@ppywdirsk gdevice. Fffects given by representative features
included in the invention di sc?osefbfnt(:éheg ppFfEat#bh arelbd foldonge

Cont am nat&aoaaean 41g3 r ggryed,w th enerating new contam nati on by
contacting a head and a di sk.WE%eg}%eflgt Aefe 4% ar@efectesarhed ebivabid ty of
wite arousdstba.defgelsi S, ved, and a storage surface of a magnetic

di sk nedi um can nost ef?ec'ﬂnve yélglceéelfésedﬁ’l e"VRPEFE rlelsisabihany ocan-de

i mproved witbaut odetgrdor atng, fhe ggrttgr mance of a wite operation. 2G

€ disk, and are not used for

data storage operation. The -128 cylinder exits in an area

around the disk.
IFig. 3(a) is the side view typically showing track

fol i 1
lowing on head 3 to -128 cylinder. Head 23 indicateq 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

t . . .
rack contained in the cylinder of x= -128 in areas around

the disk (area other the wvalid storage areas) In

addition, multiple disks 1 actually exist, andg heads 3 are

1 . .
ocated on both sides of disks 1, but they are omitted in

th . .
¢ figure. The exXpression about heads "above a track" in

the ifi -i
specification means that the heads exist with specific

13



=9 h@h’ZOOg -27 Clains 1. A nethod for controlling a rotatin t grage
device, said rotating storage device conprising a storage medig,u§1 @Wé}n@’ﬂ
rotate, a head for reading and witing data on said storage nedium and a
canped | oadi ng nmechani sm on which said head is stored, said nmethod
conprisigg_t@e steps of: |oading said head fromsaid canped | oadi ng
mechani snridfitensaisd st otlagenoednu 1heading Lqeat QN nf.or mation stored in
sai d storgge medi um vi a said head; and néviﬁb sai hgngF% AT ASedefof
sai d stor&gé medguetict hivmadegdiseaesothier b valjid storage region of
said storage medium and moving said head' 't %ﬂfq‘ﬁgcou é?la%g%f et ipnst dr.age
medi um wi Fhiatt dsredicsnoides dhapeaqgval i.gstorage .region of said storage
medi um and repeating a conbi nat i on of ggpdhé%g?%ﬁﬁ}%ﬁﬁﬁQEFt@e@hémihside
and said srep oklemvivieg tanighe -@ytsi.de for _several tipes. 2. The method
according to the claiml, ~herein sgidatrggéc¥s poSi ti 9Ned s8 t hatcan air

bearing siunflacat@ABS)t10f sakdihgad ot hang over said valid storage
area. 3. The nethod according to tﬁgpsﬁg?n$??gwﬁgFéPﬁe§aidi@%mwaoﬁshethod

further cbapdesesdthe gtepsofi i, spegd. of . moving to the outside of said
head is greaser than the speed o nnv?gﬁe?gl?ﬂsidgbeﬂ, Aot aragmge 51 or age
devi ce cosporabBgside is facing downwards, sideward or ip an oblique

direction, and a gap scheduled by design originally exists

between the head and storage side.

Thus, by track following to areas around a wvalid

storage area on a disk within a specific period e.g 40

m 5 "y
5. after head 3 isg loaded, contamination can be blown off

head 3 by wind pressure generated from rotation of the
disk. Especially, according to the findings of the

in i i
ventors, much contamination often adheres to head 3
a 3

i i . i
mmediately after being loaded from ramped loading
=

mechani y
sm 17. In such case, much contamination can be

removed from head 3 in an initial stage of loading by

- following tracks in dareas around the disk immediately after

loadin . i
g. As a result, an influence of contamination in

subsequent operations can effectively be controlled and the

Wwrite reliability can be improved. In addition track

£ . . .
ollowing is performed lnareas 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

lo -
S8 because areas around the disk are not used to store

14
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enables subsequent operations be performed in a stable head

flight state, and contributes to improvement of write

reliability.

An example of track following to -128 cylinder is

described here, but needless to say, following to cylinders
in other outer areas on the disk is also all right.

However, following at a 1location where the air bearing

surface (ABS) of head 3 does not hang over 0o cylinder in
the innermost circuit of areas around the disk is
desirable. Head 3' indicated by the dashed 1line in Fig,

3(a) shows track following on the innermost areas on the
disk. The inventors experimentally recognize that much
contamination is accumulated in areas around the ABS of
B head 3. Even if much contamination is accumulated in areas
on the outmost circuit of the ABS, the contamination is not
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 isg determined in

consideration of danger of collision to ramped loading
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Next, x is incremented by 2 (Step 26) to determine if

it is less than 0 (Step 27). If x is less than 0, control

returns to Step 25 and seek on x Cylinder is started. That

is, if the target cylinder of following by head 3 is 1inp ar:

area around the disk, head 3 1ig moved toward inner circuits
of disk 1 at a speed corresponding to increment by 2.

When x ig determined to be 0 in Step 27, that is,

when the target cylinder of head 3 enters a valid storage

- area, the 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 % 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.

16
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Fig. 3(a) is the side view typically showing saig

moving toward inner circuits and outer circuits. Head 3

assumes that the limit of the inner circuit direction is o

cylinder and the limit of outer circuit direction is -200

cylinder, and moves between these limits 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 increment by 2 and speed Vout

corresponds to cylinder increment by 10. That is, head 3

moves slowly toward inner circuits 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. Thisg

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 is g graph showing functions representing

I
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locations of cylinders which head 3 trails by said control.

If reading a servo pattern is successful at time t0, start

seek on -128 cylinder, and retain this head position for a

specific period from time t1 to time t2. After this,

perform seek on -200 cylinder, then gently move to 0

cylinder. After this, quickly move to -200 cylinder and
perform a 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 be 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 values

18



10G 10G 10G3. 109%6&' ()-,!109& ()- ) 109&& ()-pPr """ {\=

‘ %8 () - % ()- 10 10 10, ; 1o 10
ﬁ‘,ﬁg‘?;;f’{f‘_.(glgly;ﬁ{f‘_ g? 081098 () - 3" SU&((((((}r g\ = 10F*10 /«&Ad Mlﬁ]\&RgLaﬂllro
LOR LW () F T, SO0 ()1 2100 ()0 0 1008 O n (L

1 al00Le () CEEBROBEE 1) Pirahanges HOWDEAENCE HOIEE L) 11 ond LOYGR () -
31092& ()

as a time required for one-time seek is well known by the
person skilled in the art.

(Example 2)

Fig. 5 is a block diagram showing an example of g
hard disk unit as another embodiment for carrying out the
invention. The overview of the hard disk wunit of the
embodiments of the invention is the same as that shown 1in
Figure 1. However, as shown in Figure 5, the hard disk
unit of this embodiment for carrying out the invention
comprises per-zone base amplitude dispersion table 12b andg
defect 1list 12¢. In addition, data buffer l2a is one of
functions described as the RAM 12 functions of the
embodiment for carrying out the invention. Dispersion
table 12b and defect list 12c¢ are read from disk 1 ang
stored in RAM 1. In addition, an example of table 12b and

defect list 12c¢ 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 pPreamplifier

19
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certain level of amplitude dispersion. Read/write channel
10 uses the automatic gain circuit to adjust a signal level
before analog to digital conversion. A signal amplitude
can be known by measuring a gain value of the automatic
gain circuit, and dispersion of a signal amplitude can be
seized from a dispersion of the signal amplitude. The
dispersion can be represented by widths of the mean value,
maximum value and minimum value of the amplitude. Because
the dispersion values depend on a diameter direction of
disk 1! a dispersion value per zone divided into a
concentric circle shape is stored into a table. Such a
dispersion table can be referenced for a control that will
be described later.

Defect list l2¢ 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 1is
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 is considered here. Next, set the
verification flag to "Q". The verification flag indicates
whether verification is 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 +*o
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 are

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 setsg 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 a 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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g z . .

immediately after loading as described later.

Next, the process converts a logical address
contained in received data into a physical address (Step
33). Physical addresses are specified by cylinders, heads,
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", assume that cylinders
up to a cylinder in a distance corresponding to few tracks,
Desirably, "nearby" shall mean adjacent. It a cylinder
adjacent to or nearby the target Ccylinder contains a
defective sector, the process sets the verification flag to
"1" (Step 40). If not, the process 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 ailr 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 is also required even when the head flies
around a defective sector.

Next, the process starts seek toward a 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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obtained by using automatic gain circuit of the read/write
channel, Recently, a gain value is output as an output of
a read/write channel. This function can be used as is. A
dispersion value can be measured by, for example, 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 value) to a dispersion value stored in the table

and judge whether the value is within the scheduled range

(Step 47). For example, if the obtained dispersion value

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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Under such condition, a write operation is performed with
high pPossibility while the head height is high, then the
verification is required.

Next, the process determines whether the verification
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 didentical. The process determines
whether the error code 1is 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, irf verification is not required (verification

flag = 0) 1in S5tep 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 loading 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 state often terminates
with an error so perform verification. 1In other cases, do

not perform verification. Even if verification is
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performed in the said state, it is 1 percent or less of

entire processing according to the study of the inventors.

Therefore, the processing reliability 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, however, 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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such as a Mo Storage device. For example, the present
invention may be also applicable to removable rotating

magnetic storage devices such as a gziIp device and floppy

disk device,

Contamination can be removed without generating new
contamination by contacting a head and a disk. Even irf
.there is a defect, the reliability of write around the
defect 1isg improved, ang a storage surface of a magnetic
disk medium can most effectively be used, The write

reliability can  be improved without deteriorating the

bperformance of g write operation.

26



()-,L10% U& ()-Y 10% U& ()-10% U& ()-KdIE:/ 10n¥Y Y Gl0% U& '(')'-'L I
W& ()-Y Y 10% U& ()-,L10% U& ()-!!10% U& ()-!10% U& ()- Nor nal 1I—é2Nm 2004
c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading
63] c" "Heading 73]c" "Heading 83]c" "Heading 93]c" A" Def aul t Par agr aph
Font [t @6 / >38E>CEI NTYi _e}j onuzHx) OFawi sgkt mopqgr G~ Tt OP" (. +22: 690,
DAFJ! PUW j bhxnrtt| x} Fl Kst uvwxyz{| } ~6Ti mes New RomanAri al Couri er New'h Root
Ent r yWor dDoClament HG ! "#39& () *+, -./ 0123456789: ;
<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~
1. A method for controlling a rotating storage device, said rotating storage device
comprising a storage medium driven to rotate, a head for reading and writing data on said
storage medium, and a ramped loading mechanism on which said head is stored, said
method comprising the steps of:
loading said head from said ramped loading mechanism onto said storage medium;
reading location information stored in said storage medium via said head; and
moving said head to an inside of said storage medium within a region other than a
valid storage region of said storage medium; and
moving said head to the outside of said storage medium within a region other than
a valid storage region of said storage medium; and

repeating a combination of said step for moving to the inside and said step of

moving to the outside for several times.

2. The method according to the claim 1, wherein said track is positioned so that an

air bearing surface (ABS) of said head does not hang over said valid storage area.

3. The method according to the claim 1, wherein said control method further
comprises the steps of:
a speed of moving to the outside of said head is greater than the speed of moving

to inside.

4, A rotating storage device comprising:
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a head for reading and writing data on said storage medium,;

a ramped loading mechanism for loading said head from said ramped loading
mechanism onto said storage medium,;

means for reading location information stored in said storage medium via said
head; and

means for moving said head to an inside of said storage medium within a region
other than a valid storage region of said storage medium;

means for moving said head to the outside of said storage medium within a region
other than a valid storage region of said storage medium,;

means for repeating said moving to the inside and outside for several times.

5. The rotating storage device according to the claim 4 wherein said track is

positioned so that an air bearing surface (ABS) does not hang over said valid storage area.



