1 8 JAN 7007 :J\'---‘:Speci fication Rotati ng storage device and its conié
nmethod Field of the invention The present invention relates to a tJéNiZﬂQZ
storage device and a control nethod thereof, and nore particularly

rel ates to ctive for neasures for contamination in a hard disk
unit or fo m@m‘m Wﬁwor caused by contamination etc.. Background art For
exanpl e, con on such as Spegifsddsttisonn a hard disk unit,

adhesi on of cont8ffinati on onto a head is acknow edged as a cause of
unstable flight of the head. Contam nation adhered on a magnetic di sk
mediumin the hard disk unit is also acknow edged as a cause of adhesion
of the contaRbhatioy aritorddee dwaitboramn &y Wortrd Ntmid on read/ wite
on the magnetic disk. Therefore, in processes of assenbling the hard disk
unit, measures for contam nation such as sufficient cleaning of parts,
assenbly in a clean environnent (clean room etc.) and adopting an

aut omat ed pietassifngnhky i nfehdamizati on are taken. However, these processes
are hard to be all automated so that nanual process generating dust may

not be elim nat etheAlp3@sdmsUi hi€h€0bnCheaniag QR>QQrE%ta%ing storage

device and a control method thereof, and more particularly
relates to the art effective for measures for contamination
in a hard disk unit or for a write error caused by

i contamination etc..

Background art

For example, if contamination such as dust exists in
a hard disk unit, adhesion of contamination onto a head is
acknowledged as a cause of unstable flight.of the head.
Contamination adhered on a magnetic disk medium in the hard
disk unit is also acknowledged as a cause of adhesion of
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,_assambly in a clean eavironment (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 e€liminated. Also, inéufficient cleaning of parts

T
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18 JAN ZQu7 cannot be avoi ded because of unequal process capabilities.
Consequently, a certain level of contamination shall inevitably bel§ JAN 2687
acceptabl e. Accordingly, the conventional art conprises neasures for
various types of contam nation or defects and growmh of defects caused by

contam natj_on. JFor exanmple,. Japanese Patent (Laid-Open) No.2000-156051
di scl oses ¥ %enoa ?b?oajvlrf}gélgdt #Pa Caa‘%ﬁeac%ﬁt unﬁ%‘&%@t Pragerser S3RAPI L 4R8I r ed
for a read, error recoverable by offset read and performthe adjacent
defect reGEIFHTVN Bt afse&fGtaIN t YRV erQE dfPBEEMIRadA i shaktt or
and offset, direction. Thus, the_ nininumdefect can be registered before a
def ect ng\ﬁse“bjyt?)%fYo?ﬁi AGCeBfabeRtr defect registration after detecting a
read error, and high _data reliability can be obtained with the m ninum
nunber of def eAFRIAERIYs. thEr conaifdIteonFdpatiet e CPAPEAS eEL Aleh ey
Hei sei  No. 5- 28675 discloses the art- to use a nmagnetic head lift
mechani smiF el usraiees cofeg@ntoniast ianmagndeifecdissland romditt ed
before the start of rotating the nagnetic disk,. then rotate the nagnetic
di sk in tHKefeqts ecasaed bgpopntamadataees that mnute dust can be renoved -
by maki ng the nmagnetic head contact the magnetic di sk. For exanpl e, '
Japanese Patent Ramij d- Ogxanplei.sei Nmp@Evewpks77 dPateknses t hd.zird-ames) op ofr
sl ow down rotation _
No.2000-156051 discloses the -art to judge that adjacent

defect registration is required for a read error
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 obtaiﬁed with the minimum number of
defective'sectors. |

For example, Jépanese Patént '(Laid—Open) Heisei
No.5-28675 discloses the art. to use a magnétic headrlift
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 slow down rotation

_ of_the spindle while the magnetic head is not performing a
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of the spindle while the magnetic head is not performnga 2 1 8 AQN 1007
read/ wite operation; then nake the nagnetic head contact the na& AN 007
di sk. The report says that mnute dust can be renpoved by naking the
magnetic head contact the magnetic disk. For exanple, Japanese Patent
(Lai d- Open) Heise!. No.6-203503 discloses the art to contrive |oading and

unl oadi ngrped/eds teocopengt @6nGha@as mikd henbanedtalc hoage ohthrad
contact to the contact start stop (CSS) in- order to prevent the disk from

bei ng damegied manrthdta® e sklust TREhEERIreNs 48 PRAE hahlitaUalidte cafotfe
prevention of a disk damage and dust renoval are enabled by controlling

load and wBh@ad LPEY Akiakihd OthE REIJYLIRA H@ééec%ga%"h@? ﬁ%gﬂie%}ic
rotations is few. For exanple, Japanese Patent (Laid-Qpen I sel
No. 2000- 9961z di scl oses the art to renove dust froma contact pad by

controlling nunbers of disk rotations at |oad and unl oad operations for

control l'ing thegitch, fo ofJ%%%nggdtéggﬁﬁh:togﬁ%%égbggé&évggq2¥ﬁedust

adhered and accunul ate nthec ead r.

Gef ect onte 8o Bt LY SR GET Sl g ARt ok SRR e " P AR | on
i sk uni { SBAS D 1PEE LSSt agachantp yr  chafige? “En ST chhgeneral " 0
force of head contact to the contact start stop (CSS) in
order to prevent the disk from being damaged 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-Open) Heisei
No.2000-90612 discloses the art to remove dusf 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 1levels 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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Al measures for the contam nation provided by conventional arts are to
make the head contact the magnetic 3 18 JAN 2007 -4 disk medium TahdAmpgy
not appropriate for the hard disk unit of high storage density designed on
prenmi se of higher storage density. Contagt between the head and di sk may
cause new contam nation. For the art described in above-described Japanese

J i sej - 1560 1 It can, be
expoct ed rar ey iy 564 365 ndtppioBde ronBR Rart o SRER! bigf clofeeelengl vrgieaed ccr

and only empesiiseeofiiigherr @ope Herdsity NaContdet be®vepe thePRQIAIndSIiH #A @h&anew
assum ng th{at they are defective sectors is taken. The purpose of the
i nvention %8 afTBnaﬁ‘ro vide the art to renove contam nation wi thout generating

IS T : tior _ y
new cont ani nat i FoR tRyarc@RERE iR ebNRERsdrftRd P‘ﬁﬁﬁes@@qteﬁl &%nd-gggf)b fscPREPARS. O

the invention is to inprove wite reliability around a p bl
ef f ect i vel YO0k a whecidie gearecagurer expectod farhisfavh groetth cowlinskmensalictimtakien rfbhar

anot her t i I | S.to improve wite.reliability w thout
deterior gtéirxﬁsgﬁ ﬁg(fe%tea:ag or %ﬁ@&es's%? n{v‘\% it reesuocgg? 4058 ise %‘iﬂﬂpﬁﬂ/s%f&g? _ﬁéa PHVYERRE on
Accor di ng tha timyarad¢featveatctbisds pkasent i nvention there is provided a nethod

for reducin ite errors, on a storage device having a storage .
medi um dri veg }ﬁ%erp&%o[sg of ke Nveptinnq P ipreYidee g bio KMovE senimimstieatitauon

sai d st or ageerilch A6 oo rin BRIV QP Sk Ghe h&GSHYURY @ Write command by
sai d storage device; determ ning whether or not a wite operation on said

st orage medi um dOHEF dumese of gbg dvenrion & ommaock iwsitqoaerlifabigiimsdrhamg hai pbsaib_led
redeterm - i oad] said. read/wite head on sai

: gstorage ng(@jfegtnt? %g%gyﬁe%{ %&rtg%%%ggg%rlgc%o%@? PRt gtcﬁsi%m? A said wite
operation is pénftoerneilirt 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
reducing write errors on a storage device having a storage medium driven to rotate and a
read/write head for writing information on said storage medium, said method compn'sing:

receiving a write command by said storage device;

determining whether or not a write operation on said storage medium according to said -
write command is performed within a predetermined amount of time after loading said
read/write head on said storage medium; and

in response to a determination that said write operation is performed within a
predeterxhined amount of time after loading said head on said storage medium, setting a
verification flag to indicate a data verification is required immediately after said write
operation.

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

a storage medium;

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

means for receiving a write command;

[RALIBPP)03734.doc:ave



predeterm ned anmount of tinme after loading said head on said storage

medi um setting a verification flag to indicate a data verificati,on is
required i Mmediately after said wite operation. According to an(@h@t’\’ 2007
aspect of the present invention there is grovided a storage device
conprising: a storage nedium a read/wite head for witing information on
said storage nedium neans for receiving a wite command; [R\LI

BPP] 03734.doc:a'. ¢ 18 JAN 2007 -4a neans for determ ning whether or not a
write operationmemns firddstarisige wiedidinor @t CORMHO@peatisitiofl Md 5@ ARG S
performed withi.n a predeterm ned anount of tine aFt er |oading said

read/ wri t e*HEKU"BH gaa?? OVTEE SPRABRNIEUPTI TS of 1 thiah gredeiernsiged pmgung of time after
verificati %dfn'g%gidtr@ad/\ﬂﬁie%ﬁ&oﬁ-S:ﬁ'@-h@ra‘é@Hetiiu%éh@n is required immediately
after said wite operation, in response to a determnation that said wite
operation is peetws fudsstiingian verifiragdet fagnia eddieato untlaef vérifivetiaf tierreduidi ng
sai d head I I U The hard disk unit .of the.invention
adopt s theﬂlﬁlrgén%g lyls%)ffa%(;j%g Wr?e”%ﬁéfﬁ%plsoﬁlf TP Feat&?s(l%teé?@a%'?)'f ihghwadd Wik mgrating
di sk out si Gepeviatet sttbiragpredeeasintdemauspeainid sidpabddnch @id Béadt s adrdgs

| oaded from %.he ranped | oadi ng mechani smonto the magnetic

[ R\ LI BPP] B578%8" doc: avc 1 8 JAN 7007 di sk medium According to experinent
and study by tiehd Ry hit dURE ARSI R0ATES Mo RS Ean . LR DEd
after being | oaded fromthe ranped | oading mscharlu)l sm The  CcOntan nation
and unst abirédeldavessarpengthe Idisgjtotutsadeey aid starage areas for a specific period after the head is

o loaded from the ramped loading mechanism onto the magnetic
S

[RALIBPP)03734.doc:avc



cooperatively to rub the cont am nation onto the surface of the magneti c

ium A tenperature on the surface of the nagnetic nmediumonto the
(r:rgﬁ![ ;m' nat i Orr]rpi s rubbed partly rises and a problem of magnetic i nm z&YhIZQBﬁ
loss arises. The invention is effective for such a problem Becagfsekt e
head irrrredidatt |y after being | oaded is |ocat ed5 on an area on the di s I
out si de val |eri§t5‘ﬁgdémhr easCe¢PEdipgotienesbetamentosandioatuayt By fStEheF] n
addi tion, hecause track follow ng is performed on outer circuits of t eh
disk for g%ve'%llfa‘?wpem% frataadadtiiiogpht ofhen hmdlsd ey | bhedrhuridigy t 3
track follow ng. Furthermore, nuch contanination can be blown off by win
pressure gétdeh ébelmrﬂﬁgd?ﬂacﬂrmmlt_tlmu Tgmp&AMTEObydihfembBUERL AN T ey es
contam nation i medi ately after |oading fromthe ranped |oading nechani sm

i ds O3 ke f andt amoissblemesedoby heeidt ami Nt # 0Are FWLREIPT €.
?Rcej ﬁ\ég:j ?I i ghtqgrzan be stabilized. The invention also can repeat noving to

S - . S . f chbe ok af ter
the insi de Co@meTARtistefey ofot mebditsle aromtdminL Féi 4516 ¢ s @ i
thgtrackfollovving on the outer circuits, and the speed o? noving to the

[ ' : i | tines over
de cafthse nagnebbednedigmeat eX thaperabtebebablohe eV eLdl o
?Eteslspeed of noving to the 5 1 8 JAN 2007 i nside. Thea%ea 'S s%ow{

moved to tMegnediide aediswi fbhto NWKHeeht orkbe QS B, hiss, Mes g)%idsm
contam nation on outer circuits of the disk can be swept out "of “t
surface partly rises and a problem of magnetic information loss
arises. The invention is effective for such a prbblem.
Because the head immediately.after being loaded is located
on an area on the disk ,outside valid 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 fo;lowing. Furthermore, much
contamination can be blown. off by wind pressure generated
during track folloWing. - Namely, the invention removes
éontamination immediately after loading from the ramped
{’3 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
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f the disk. Because a filter for trapping contanination is usually
ionstal | ed nearby outer circuits of the disk, contamnation is ef f1efg§j‘|{1\\blz&ﬂ>/
trapped, and level of contam nation in the hard disk unit can be'r
At the sane tine, such sweep off operation adds a vibration in the
horizontal direction of the head. Contamination adhered on the head can
ef fecti vel yn§ddeenpde Meadel s sibyl e saoved genenet eflshiedhfill Latiatign and
the horizontal vibration. The invention also verifies wite operation’in

the follomongdcdsestheTheutside. casy ithis SReShdn LsRET EOFtam AR 8hely
after the head is | oaded. Based on the experinent and study by the

inventors peteal dihatuitte deathefdight cah M st |dwedof th€ caikain
period after the head is |oaded. The certain period nmay be, for exanpl e,

several seod@indshe Thieskecombozfe i$ AR1QXESERACE Ofpd 46T 865+ a0k A58, O
the track including a sector onto which wite has b%enﬁigdone. ﬁyﬁl S case is

i ndicated hasesswalBp GRisHaONdESHEhedy f& QML h%iq:g,real?rgsrreg% and, ?%‘?gﬁt ay

i ndicating that the head may collide to a nearby ect and so

not be stabhlthmedation exaspl e CASE | ”t‘@’%&:@@d")’” L&nhS el OC\% .

' defective tra an’ be pres

Zeg;? Iac? f ogéhrtgfn;ﬁgi{&%iﬁa;\ﬂ;tiﬁé;h G-a - ']1715 299 pLef e«éﬁci:gg. to,{he, defect
list. The third case is that theaheadhf g |Sjud%edr?
same time, such sweep off operation adds a vibration in the
horizontal direction of the head. Contamination adhered on
the head can effectively be removed by the wind pressure
generated by disk rotation and the horizontal vibration.

The invention also verifies write operation in the
following cases: The first case is a SPecific period
immediately after the head is 1loaded. ~Based on the
experiment and study by the inventors reveal that the head
flight is not stabilized for a certain périod after the
head is loaded. The certain period may be, for example,

several seconds.

The second case is an existence of a defect adjacent

S

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
stabilized. 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



be unstable froma signal input fromthe head. An analog signal input from
the head is anplified by a preanplifier, then converted into a ﬂhqkﬂqhw
signal by a read/wite channel. At this tine, the input signal Is
converted into digital after its anplitude is nade constant by an
automatic gain circuit. Stability of the head can be judged from

di spersi orefferaninghtted nidee gd¢fieotl Leésdft the automatic gain circuit.

Di spersions in a nornmal state are neasured beforehand, and are stored in a
di spersi on tabl &he ThHehrd acdisepersi tihhatalthe atead ifEigiper 46i gndged ao

di spersion value stored in the table are conpared, and if the forner

di sper si olbevalnet skteefisom specidnaell thpashdrdm vHaichedde haad dddiggy i s
judged to be unstable. In addition, because a dispersion val ue depends on
a di sk disainptex | inpret df skmcahebaedivi fiedampl Of 8PAT BPT lad - c2MBASL £ AN, a

di spersion val ue of each area can be stored. The invention perforns

verificatimemwpas@aivartedenntde abavegdescr idegh£RSOPCAI Teal)yrite
verification operationis to read witten data and conpares it with wite

data to semaiedher Abethwa dat | t@i® fhsut d8DbhEed! i sORlertea iy, are
identical, successfulness of wite can be confirmed. If not, wite '

operation {55 Peif orgefeadaiis Higiddife Wide ARdeVebbhis¢ahion wgpergiion

is repeated wuntil the data is normally witten. 7 1 8 JAN 2007 °In

addi tion, fyedhdfiverddifaii@nerati 8fabhs$1ity 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 is 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 perfdrms 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 th 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.
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perfornmed in said cases, the ratio of the operation against entire wite
operation is few percent. Therefore, the range of performance 14 AN 2007
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

sai d cases. The dffor gd¥elembi | e¥gnof ifhe ik igdttioran osegativnantisy be
i nproved without deteriorating its perfornmance. Brief Description of the
Drawi ngs FP§riprsigshsim snbtkcasesr athehoathg afi thanpperetianhagdinditsk
unit as an enbodi ment for carrying out the invention. Fig. 2 shows a

fl onchart ehddineg wnidranpberatiancaid r dew npéhodnas an Tishediomnt ftere
carrying out the invention. Fig. 3 depicts a side view typically show ng
near by periplger abf apeaformancdi SletdaiipraXBdn ShAWS 4 t8 abetativhi Sl r ack
followng is perforned on a head to -128 cylinder. Fig. 3(b) shows a state
i n which abeedgnicreder fai nng etisereapardf 20624108 t5 GhedodeRiiohS oF
graph showing tinme functions representing 8 1 8 JAN 2007 | ocations of

cyl i nders whiechirvédeestcs | anhaybwrtite ewtdd o8BtROd ndastid bedsé s thega
enmbodi ment for carrying out the invention. Fig. 5 depicts a block diagram

showi ng anmexgmie wie Bahdbedipskvan tarotiery ot 4eNn fOhe £EL¥MNYG Lout
t he inventi on. _
said cases. The storage reliability of the disk unit can

significantly be improved without deteriorating its

performance.
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 he&d 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
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Fig. 6 depicts a flowchart showing an exanple of a control nethod for a
hard di sk unit as an enbodi ment for carrying out the invention. 18 7
Description of Nunerals 1: Disk, 2: Spindle notor, 3, 3': Heads (nag%AeN I?O(Q
heads), 4: Arm. 5: Voice coil notor, 6: VCMdriver, 7: Back enf nonitor,
8: Servo contraller, 9. Head preanplifier, 10: Read/wite channel, 11:
Hard di sk ¢ &qnér,Oflz?YgARﬁeriz higly £ pheadr tradgs hgpbhei contasle,
12c: Def ect ist, 13: ROM 14: Host interface, 15: Bus, 16: Host a }
devi ce, 17M& d9e$oE4PRY nEthihesgmbedimembefay r eakryidor exut othepeed,
Vout: Quter circuit direction -speed, x: Cylinder nunber Best Mdde for
Carryi ng odVEREL%enti on Preferred enmbodinents for carrying out the
invention 9 1 8 JAN 2007 is detailed based on the draw ng. However, the
i nvention can be carried out in various enbodiments so it should not be
interpreted linmting on the contents of the enbodinments for carrying out
the invent Fdf.- PPn dsddidioR Rirck dhagrambsheving assegasdleoofha hame

el ements throughout all enbodinments for carrying out the invention.
(Exanpl e 1YipkKgas] agiediera entsudinginey rzon strovw nign@noek atipe einfenthenhear d
disk unit as a particular enbodi nent for carrying

Fig. 6 depicts a flowchart showing an example of a control

method for a hard disk unit as an embodiment for carrying

out the invention.
Description of Numerals

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

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

o
—

device, 17: Ramped. loading mechanism, Vin: Inner circuit
direction speed, Vout: Outer circuit direction speed, x:

. Cylinder number

Best Mode for Carrying out the Invention

Preferred embodiments for carrying out the invention



out the invention. The hard disk unit of Exanple 1 conprises disk 1
(magnetic storage nedium on which information is ma.gnetlcalIy-s:]@;f(ig,ziﬂW
spindle nmotor 2 for driving disk 1 to rotate, nmagnetic head 3 fo Ori'rig
information onto disk 1 or reading stored information, arm 4 supporting
magneti c head_3 and voice coil notor 5 (actuator) for dr|V|qg.arn14. Voi ce
coi | rotortSs 9et@#icen based/an dkheefdrewiagd t Héowever s e thleecinamt iome
force of voice coil nmotor 5 is nmonitored on the back enf nonitor 7. VCM
driver 6 iGTcdMft reRFEdey odkpgdar tvasuiniysol érebodimeémt anabog towhpuild e head
3 is anplified by head preanplifier 9 and input to read/wite channel 10.
In read/ \Wé tnepEpnetedolimi¢iagalony egnadntewts head thel embdd iidAd to a
specific anplitude by the automatic gain circuit and converted into a
digital sif@fal carmydngenouto thwar dndieak ioant r olier addidsoneadtRe Widnle
data. In addition, a gain value of the automatic gain circuit can be 10

18 JAN 200mmbegtchedef raom rgrest we bt arehasant Henfditd NErongaeeS! f}%lw: X
be described later. Hard disk controller 11 controls the entire hard di sk

[ | [ { i | from
unit. For egtradiimentaribdi skrepntigobhertdd i866h¥Esna Servo signal
read/wite channel 10, then outputs a driver.signal to VCMdriver 6.

Al ternati @xamplar dl. di sk controller 11 receives a command such as a wite

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

the heard disk unit as a particﬁlar embodiment for carrying
out the invention. The hard disk unit of 'Example 1
comprises disk 1 (magnetic storage medium) on which
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 informétion, 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 coil 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 converted 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



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 JAR 2007
or host interface 14 via bus. 15. A host interface 14 interfaces host
device 16. A program processed by the MPU in a hard disk controller 11 is
stored in ROMASa Ardh OFedd fidh teon 7Y fde hand disk unit, for
exanple, is |oaded from magr{e't ilc st%ﬁgg}éé?mdlltq}m ?Q‘thnt ghiﬁMqﬁc?Cesmng

Alternatiwely: RAMVsd2chypeli 9a%egs @ buffer for data input fromand output
to the disk unit or as a storage area of a defect list or a dispersion

bl descr bed pgse! bl o TS, l1, 9. sty bed srigd et e

ranped | oadi ng mechani sm . i . ) .
17" dur abi T o SO0 oPuTERE RO angou ek R Odi RASERYeRayabe
't he. metRERT? o IR R5OBUL CHY T EeenEhanagint 16n. WHGLcoStRYTES &
init by reFehe o SRRl LB e bt herd hamRAt Drely s Pard stopped
state is driven Jriro rqotate by spindle motor 2. Wien rotations of disk 1

reaches t HEPRPERTPEd Mot BREDHESS sPestPMferl Sufh |lagadedwrémeo thgkedt (St ep

20). Because head_ 3 is stored in ranped |oading nmechanism 17 when disk 1
has Stoppéau?of%??ﬁg? read or write gate to read/write channel 10 to

control read or write 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 disk controller 11 is stored in ROM 13. A

program for controlling the hard disk unit, for_examplé, is
loaded from magnétic storage medium 1 into. RAM - 12.
Alternatively, RAM 12 functions as a buffer for data input
from and outptt 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

o,
et

loading mechanism.  When disk 1 is in a stopped state, head
3 is stored in ramped loading mechanism 17. By adopting
ramp loading mechanism 17, durability to a vibration, shock
and other mechanical hazard may be improved. |
Fig. 2 shows a flowchart showing an éxample of a
control method in the method for carrying out the preseﬁt

invention. Processing is started by turning on the power

11



| oadi ng i s executed by noving head 3 from ranped ioading mechani sm 17 to
arotating state. At this |oading, back enf nonitor 7 nonitors
fromvoice coil notor 5, and movenment of arm 4 can be ddhiANili02d

disk 1 in
an out put
so that

by drivin

pattern r

head 3 gently noves onto disk 1. Movenent of arm4 is contr

olled

voice coil motor 5 using a driving current generated.by VCM
driver 6 YRefticr ek e hagdghdisk fursit seyvoedensiolg drt 8frédmseieep

epresentin%llocation information-is tried to be detected by

head

3 noved oRPBedigk othephemegngyo Pdtskerh is ar istoppedn diste 11 befied oband.

When t he
confirned
readi ng t

servo pattern is appropriately read, a |ocation of head 3
toCamtladte obyofshigatiegmbead 2.i s wWhegedrotytiomsi o ngidpat
he servo pattern is successful (Step 21). Servo pattern rea

can be

di ng

i s continneashgst rilerl spetiilf iledadioia t loxanpkpeed., Wead | gadisgibgadg3 is
judged to be conpleted, seek for the cylinder with cylinder nunber x

starts (Sbepo B2pk Aft(Stéyearlo B. r eBebagselBBaayl3 nderstersdaig kBm

the cylinder is followed is retained for a specific period, 121 3 J
2007 forleaaimbe, md€hanibht €p7 2%hen NaiBR Pr esRyY geggbbgtlggtagyhquer

nunbers Xx
circuits

are defined to be assigned in ascending order from outer

=-128

gch

AN

1oalinngr ix rexuetatell dyskndvid§aheas 3 NBbm Gidnfpdd S18fakhg di sk
have greater nunbers. However, the

mechanism 17 to disk 1 in a rotating state. Af this
loading, back emf monitor 7 monitors an output from voice
coil motor 5,.and movement of arm 4 can be.controlled so
that head 3 gently moves onto disk 1. Movement -of arm 4 is
controlled by driving voice coil motor 5 using a driving
current generated by VCM driver 6 when it receives a signal
from servo controller 8.

A servo pattern representing location information is
tried to be detected by head 3 moved onto disk 1. The
servo pattern is written on disk 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
until 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



outnost circuit is not designated to0 be cylinder number 0, but the nunber

of a cylinder |ocated sonewhat i_nnﬁr f:ﬂ(;m '(t)he gu'é;ne)zt e(r:i ;(r:gi '\t/aﬂ‘ é@@&?@@é _
s 0. Areas’'on cylinders with nunber an
greggrsre and used by a user and as areas reserved by the system Areas on

i i f the
i i rgggg)@; |l e t han are_-.areas on outer circuits o _
giylslknd::é \z,imrﬁg}not u eJ(?;Iefog8 (ED ésg?Brgaé'operat! on. The -128 cyli ndﬁr exits
in an area around, t'h% isk. Fig. Sgg) is the side view typically show ng
Bf Frafedogd

track follow ng on h CrABEAONMe ey Bindelr caetbdns kheare

g B B N R WL TN
eyl inder of HEERE ] Foor Ebex, 'd_imép"dj'u?ﬁe“’egfiﬁdigfe;.%?ﬁgﬁlg;?ﬁgai@ | disier age
Focat b o GO B LG S v oot h At e
ﬁégagsz;?gt g\‘?h%?"f?sggg“gi?ﬁ@fg\{gs intaL?ngilggatigieizgem(;éi}'ﬁﬂ&@r NRLABL ¢! ioqe

direction fromthe surface of the nagnetic storage side on magnetic storage

medi um 1. PH&t TRe nyeRerorst of lyadn@ieandLomgned | Sombahage MBALPMEL AT e
rel ati ve, and "above a track" or "over a track ' .
the outmost circuit of the disk becomes 0. Areas on

cylinders with number 0 and greater are valid storage
areas, and used by a user and as areas reserved by the
system. Areas on cylinders with numbers less than 0 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. 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 wvalid storage areas). Iﬁ
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

13



indicating the |ocation of the head includes "downwards", "sideward" and
"oblique direction" when the nmagnetic storage side is facing dOW“W@UkNZM7
sideward or in an oblique direction, and a gap schedul ed by design
originally exists between the head and storage side. Thus, by track _
followi ng o areas around a valid storage area on a disk within a specific
period, edflStanressinfher npeagls Lineg ticgntBremathen svafage IbHown
off head 3 by wind pressure generated fromrotation of the disk. _
Especi al | FheacB8gaPrkdct o5 torage ndiltgs of magnetivenstosageuchedbamart nat i on
often adheres to head 3 imediately after being | oaded from ranped | oading
mechani smThat |is sutpcetiensmedh headt Briarat imagresini des toeageedediam mead 3
inan initial stage of loading by follow ng tracks in-areas around the

di sk i nmedizg elnel#tisre, | gl nd'abksven reesdirdackdn ioif | veres ofa caayimati on
in subsequent operations can effectively be controlled and the wite
reliabilitindiantbieng mphevddcdticaddit i ohe heatk id®lh@¥é Ngdownkeiriaymed in
areas around the disk so even if contam nation adhered on head 3 is rubbed

onto the regrEward'st oande Sodeiguedi siirbctiiftgre ivhéy PERSI biddgne taf dat a
| oss because areas around the disk are not used to store 14 18 JAN 2007

data. Fur tshenmayes;sabe ot sli Aigecingt dewephraon of abheranyentar an ibhgkfuof
head 3 imedi ately after being |oaded is conparatively unstable.
Ther ef or e ditrreactki o) | @éing H@p scheduled 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, 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 1loaded from .ramped load__ing
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

14



a specific period imediately after |oading acts to stabilize. he L i ght
in gn earlypstage. Thi's processing enables subsequent operations Eg~&N3%W
performed in a stable head flight state, and contributes to inprovenent of
wite reliability. An exanple of track following to -128 cylinder is
described here, but needl ess to.say, following to cylinders in other outer
areas on tdtdi sk | Euntberaprerni glaccorddmeyerto f ahleowiopgiratorn | ®E€at 4198
where the air bearing surface (ABS) .of head 3 does not hang over O
cylinder i¥nvemeorsnefisghtcioflidadf3atmmedsaesny hieed Yeiny Hesidabl e.
Head 3' indicated by the dashed line in Fig. 3(a) shows track. follow ng

on the imﬂﬁrm@mpareaiveawﬂunsuﬁbm@.Thehgﬁaﬁ@f@[stgéggnﬂymygwﬂd@r gni ze
that much contamination is 'accunul ated in areas around the ABS of ead

3. Even ifa musbechfitan pairied i sinfcaatated gﬁt@feagoaggnbhgdgggmwé%
circuit of the ABS, the contamnnation is not adhered by rdbbing on e

track arestashlezle Ohe@ACYIiWler iRSahORGAY e pal d ?‘B@Lgi ?g%}iééfsej[rig The

satisfied. Therefore, data storage areas can be protecte np

out nost cCidrable ©f s@heaguaneuBgeirhe 1 dingk pan p\é@ff%%mnarda&lﬁ faf (gqq%vfen%eb%/%head

3 is enabled is determned in consideration of danger of colli'sion
ranped | oadiinght 1% tae JANROO TcoBENGME SEN 17, ﬁﬁﬁo&é}ﬁel’?pd S Sv:%reiptezg’

-200 is specified to
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 location where the air bearing
surface (ABS) of head 3 does_ not hang over 0 cylinder in
the innermost circuit of areas around the disk ‘is
desirable.- Head 3' indicated by the dashed line in Fig.
3(a) shows'track_follOWing on the innermost areas-bn the
disk; The inventors experimentally recognize that much
contamination is ;accumulated in aréas around the -ABS of
head 3. Even if much contamination is accumulated in areas
on the dutmost_circuit of the ABS, the contamination is not
adhered by rubbing dn the track.area located on 0 cylinder
as long as the said'condition is satisfied. Therefofe,
data storage areas can be protected completely. ° The
outmost circuit of areas around the disk on which track

following by head 3 is enabled is determinéd in

consideration of danger of collision to ramped loading
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cylinder nunber x (Step 24) to start seek on cyli nder number x (Step 25).
Cylinder number -200 is the outnobst circuit of disk 1 on which h@%@mw
determined in consideration of danger of collision to ranped.. |oading
nmechani sm 17 can be sought. However, cylinder nunber -200 is only an

exanpl e, and needless to say, it changes according to a track density,
assi gnnentm@¢hanipmwdll’eadi ng nechani sm 17 or other condition. Next, X is
increnented by 2 (Step 26) to determine if it is less than O (Step 27). If
X is less than Orftentrthe retdr e t GtYdpEp23; angdoseeks OrspesyFidgereds
started. That is, if the target cylinder of follow ng by head 3 is in an
area arouncylieddiskauticedl 3 i g steyed2iowargl istagh GbbgUI &S ﬁl%&c?%r.l at
a speed corresponding to increment.by 2. Wen x is determ n_ed t'o be in
Step 27, thahbes, x WStep hoshar gegy evhadfehuRbeead o et erfed &fﬁrhc‘i’ t
storage area, the process proceeds to Step 28 and seek on x cylinder.

Then incregentuot XJrs s@eskfiad tdh - 1n6Shepn2dy 19 JdgLEEN 88 /4 Xirll'x.s |
greater than -200 (Step 30). If X |30%g_reater éhin -280,6ﬂfee CiOPC)L(I' ?s/ |O][1der
is starte ion'l i i o] _
di sk 1 at dc{é%ggzﬁg%:éﬁegﬁind(?an%éﬁ i nchr?eq%%{goP \i\gft hIZs &?%%e.l?iln%ﬁ\é;ng
t oward out j ht'$7CQRL S, 4t t .inder search . r

1200 cyl i e eSS TaRRT0 R o) RrhBHRE" SR bRER )i 156

show ng saig only an example, and needless to say, it changes
according to a track density, assignment of ramped loading
mechanism 17 or other condition.

Next, x is incremented by 2 (Step 26) to determine if
it is less than O (Stép 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 in an
area around the disk, heéd 3 is moved toward inner. circuits
of disk 1 at a speed corresponding to increment by 2.

When x is_determined fo 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 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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movi ng toward inner circuits and outer ci rcuits. Head 3 assunes that the
limt of the inner circuit directionis O cylinder and the limt qugAJ,gzw
circuit direction is -200 cylinder, and noves between these |inmts t0
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 VBug. cblakespsndeh¢ o sdyid ndeewi RypARRIE1pY shBwifatsasq head
3 noves slowy toward inner circuits and noves faster toward outer

circuits. muchngeddwhmpetahenn dircuiteerand f oaperatdaidomar d }ﬁa}&cﬁ% _
circuits and acts to sweep contanination off peripheral areas on the disk

t owar d t heamsmeescithati tthedi et OdSIfOf:héhQnﬂb§k01IBh§.toQﬁrr%tdtqrbrfilf§) g§ives
a vibration in a horizontal direction to head 3 itself. This vibration

shakes contyninaéromnd ftheadildit bl loilteéspeéiﬁ&n% 04¢¥BERE bnt N& efﬁﬁﬁt
that contam nation may be renoved nore surely from cooperative effect of

sai d vibratypinasd, WA RSS! &ASREIAL Gt:‘i’)e%n %ﬁlt-“t%oogg' d{:@gorlirb’#(gg[ Zfse

vari abl e Loop for 1in Step 31 to determ ne is

Step 32 I t t 25 an erformsai d sweep
E)ff Ioope% a%illg%\hpggcdh%%ceg%o%fﬁper ggt}:y%é]nd s%aflsl Gge rea;a)ne(gt% ?h?ee Yt eks.

After thisgistait U%‘i‘%]ecccci%tl{ Ol 5 Stg g%)eedlzl %t 4 VSul. grap% ShO\M Pin
functions representing 17 8 JAN 200

corresponds to cylinder increment by 2 and speed Vout
corresponds to cylinder ihcrement by 10. That is, head 3
moves slowly toward inner citcuits 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 thé disk. This operation 'élso 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 contaminétion may be removed
£y 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 1s a graph showing functions representing
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| ocations of cylinders which head 3 trails by said control. If reading a
servo pattern is successful at tinme t0, start seek on -128 cyli nqing,ANa@gy
retain this head position for a specific period fromtine ti to tinme tZ.
After this, performseek on -200 cylinder, then gently nove to O :

cylinder. @fte this, quickly. move to -200 cylinder and performa first
sweep of f S?éf‘PBﬁ. ° tqyﬁeui/% r"gblcfrbrzhe% nt rofatds fieactridogortrehder is
P : ! ; / .
t4. The safg ogeratl on is furthernore repeated twi ce, the usual control is
started fronfERTETEs.2 }S9EXDr BRRAGCLD e SHECESHTIR @ti ttimpl €@ntsbarhet hod
described inthe enmbodi ment for carrying out the invention, nuch
cont ani nat F8fkaRerdd Hrehbhidsr caanBe Teéadned iy  headk o d<it iovi nfprf oa a
specific period in an initial stage of head |oading. Because the track
fol | owi ng PReGALLRI tPariodt afeomf Himedi hg i%o pdrifrer nkd. i n pétiephetials ar eas
on the disk, a problemof data | oss caused by contam nation can also be
prevent ed PEBRPEBI n§eplibbed. tAOAdd¢Ylbmiesweeiery geontlani matieontof foto
outer circuits of the disk by a head sweep off operation in peripheral
areas on t@gldhdrrand Afbezovidris nogeieklgciriove clomt apdoatdydrindovahaf rom
head 3 by a vibration in a horizontal direction can be expected. Needl ess
to say, theeryprmder Mimber syeepl iafferopseretssent gpalties thejuired efdi-ne
speed of nmoving toward inner or outer circuits and repeating tines of
sweep of f coperefli dws meachnl-poexayliasierThies f 8¢t t lrake SRind VedéEsStion
is furthermore repeated twice, the usual control is started
from time t8.

According to the hard disk unit and control method
described injthe embodiment for carrying out the invention,
much contamination .adhered on head 3 can be  removed bjr
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. In 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 ffom 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 éaid values
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18 18 JAN 2007 can appropriately be changed according to.” conditi ons such
as a tinme required folropong-ti me seek is well known by the . person skl JAdc007
inthe art. (Exanple 2) Fig. 5 is a block diagram show ng an exanple of a
hard di sk unit as another enbodi ment for carrying out the invention. The
overview of the hard disk unit of the enbodinments of the invention is t he
sane as t NGB sRERTIRT 13k ebe. Chengrsr acrordibvg ta Riopdid imns heublr d
disk unit of this enbodinent for carrying out the invention conprises
per-zone baSe3arfpiNe VERAYI Ep@r EPon onebitdm2serid islefedll knownlley the
addition, data buffer 12a is one of functions described as the RAM 12
functi ons BPTEAB Skiddedmdmt ther agdr.ryi ng out the invention. Di sper si on
table 12b and defect list 12c are read fromdisk 1 and stored in RAM 12.

I n additi ohExampégadpl e of table 12b and defect list 12c stor ed on disk 1
is showmn here, but these tables need not always be stored on disk 1. For

exanpl e, the taBligs Ganibe astbledki @iagaam Cglmglwgﬁ@_r aﬁhor@/;@gl,algiéeofrregrory
in the hard disk unit. Dispersion table 12b stores di spersions of signal

anpl i t udeshardmdiead Whforabndinvitleal HNWRE MdreAt 26 biardi¥hgi Rt hene
surface of disk 1 into concentric circle shapes. Signal anplitudes are
obt ai ned fimvegaionval uaheof ovbbeiaut osRt itheJahArai r€iét RURL edsi Nepe
read/ write channel o :
embodiments of the invention is the same as that shown in
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 and.
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. Dispersion
table 12b and defect list 12¢c are read from disk 1 and
stored in RAM 12. 1In 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,
i'g 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

s

the automatic gain cirduit mounted in read/write channel

10. A signal from head 3 is amplified by head preamplifier
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10. A signal fromhead 3 is anplified by head preanplifier 19 1 8 ﬁAN 2007
9 and input- to read/ wite channel 10. The signal has a certain Ievle JAN 2007
anplitude di spersion. Read/wite channel .10 uses the automatic gain
circuit to adjust a signal level before analog to digital conversion. A

signal a i e. be known reasuyrin ain value of the automatic
gaign ci rgﬁ t%Hgnd'ng)ﬁlrs{pefgi dﬁ?aoq})vélsﬁegnﬁ‘[‘aﬁﬁﬁii &%e cdRepeSigRakelasr gin a
di spersion of the signal anplitude. The dispersion _can be represented by
wi dt hs of %%Fet%nf%‘g?ﬁe,f’% AR A dSRemS Homi nuRepal/weide tohannel

anpl i tude., Because  the dispersion values depend on a diameter directi on of
disk 1, alfi 475 artenpticzgaéndrirasdti foo agljusdncemidraiketel shape
is stored into a table. Such a dispersion table can be referenced for a
control tRaEakg | anpéodest? i Bagitatdercomegrgioni st A 26igngilsteansl isarder s
judged to be defective by inspection at shipnment fromthe factory or _
sect ors as@inebet krgwnjeb#ctieaswrioundaa asfrecvaleesearf othe Ehetanestson why
the sectors around the defective sector are registered beforehand is
because gi9fh ®ir¢hitdefadct dbspexpben edf 8ectigrsa] uagpilitodbe caef asd i ve
during use are additionally registered fromtine to tine into the defect

i st usedsgsizedbefvotary tdidmersSuoh afdefkret digtalaampdituefear encaes for a
control that will be described herein bel ow. ,
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 1ist 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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Fig. 7 is a flowhart showi ng an exanple of a control _
di sk unit described in said enbodinents 20 1 8 JAN 2007 for carrygqgﬂo

the invention. Data is received fromhost device 16 after processing
started (Step 34). The case in which a wite command is received as data
is considered here. Next, set the verification flag to "0". The_ _
verificati dorf lcagiynich ¢ ades tw@eim@ényféhtipaplonils required after wite
processing, and when it is set to "1", verification is reqU|red Next ,

process .det erni nmﬁmew%edé@éﬁoﬁﬁ&ﬁ'ﬂsstv\% 851085 §Be il %I %Cing;'fster

i mredi ately after head loading (Step 36

er itors mms ately

net hod for the hard

t he

head | oadi ng isxardel®r ngngs Hy) fthﬁgéslggéezxn“\%hﬁgaagrh%%r naloglfnl?gl%gfltsﬁead

determ ne whether a speC|f|c peri od

| oadi ng or AayedSidi &k aRRIQP! 1 € LQWILES

een passe

ohcéert erm ne V\/r{et her th%ﬁxe

speci fic number of commands ate processed:(%br exanple a C& a|

ti f, few condS
per o a5 eaty e L0 Brovgse sohs, LIRSl BREOIS ISt

exanpl e,

| ess than 10 s

n

t th r.QC ts the verification flag
ot L1 TP EREE PoBsad ok bRl e LI ROCEES PELS LIS O LS 00
Step 38. ggg'wﬂéguléﬁ §e%§:§:|3, nstable | medi ately after dhead Ioadlng

then a cormand may be exect

e a ?¥+5ﬁgatlon is require

Next, the process determines whether the processing
time of the write command is immediately after head ioading
(Step 36). Whether it is iﬁmediately 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 orlby using.an appfopriate counter
to determine whether the specific number of commands atre
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 1mmed1ately 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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hei ght i

verify process is perforned imediately after

s high. If wite processing is perfornmed in such a condition,
normal wite often fails. These findings are based on results 0f18HAN2m7
experinments and studies of the 21 1 8 JAN 2007 inventors. Therefore,

| oadi ng as described | ater.

Next, the process converts a | ogical address contained in received data
into a phydivealtoasdress (Thepefese, Phwegiidyt apdpesses aie speaifforawtdy

s, heads, "and sectors. Because the target cylinder can be known,
refer to titheeddfadstly iasftdRcloadihgsast dgectbbpddyatetret her there is
defective sector nearby the target cylinder (Step 39). As a concept of

cyl i nder

"near by"

, assunmidextat cyhendepsocepst 0 comsrdrtyler ai n Pogi GdBncaddress

corresponding to few tracks. Desirably, "nearby" shall nean adjacent.

cyl i nder
sector,

pr ot r usi

cadjtacerdd t dnorrewaihyd t Retharigato cyl i idnt ajaseds qefayd

any

If a
ive

the process sets the verification flag to "1" (Step 40). If not,
the process)pr ocagdsidol S@firddseh detespe¥erseat 8k @9Nenhdly ,xedds as a
on on a disk surface or a nagnetized filmpeeling off a defective

section exnst Ss8stargQnvegechiskeachd ¢akljedescy BORHEST HCH@ RnRkJHSI on,
the head rises high. Even if } head 3 does not collide,. disturbance of air

current caeged ty thd diatéop 9isdi skclinatfies Beade3th %ﬁdg,%ume@:%%

the head causes a wite error as said. Therefore, “verificafion is also
required evRrreMen he, hgafdebti®8 sector nearby the target cylinder

(Step 39). As a concept of "nearby", assume that cylinders
up to a cylinder in a distance cofresponding 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). 1If not, the proceés proceeds to Step 41.

A defective.sector generally exists as a protrusion
on a disk surfacé or a magnetized £ilm peeling off a

defective section exists as a convex. If head 3 collides

of

against such a protrusion, the head rises high. Even if

head 3 does not collide,  disturbance of air current éaused
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 evén 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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around a defective sector. Next, the process starts seek toward a target
cylinder (Step 41) and obtain a dispersion value of a zone contaildi pgl 1002
target cylinder fromtable 12b (Step 42). 22 1 8 JAN-2007 Next, when seek
nearly reaches the target cylinder, a dispersion value of a signal _
anplitude of head 3 (Step 43) is neasured. As aforenentioned, a_dispersion
val ue can be obV&Xked"BEnusSiask QI ixeamdies dihe targst tewlinderw at e
channel. Recently, a gain value is output as an output of a read/wite
channel . TALSPegRdenoyadare bef usedignalsampligidperdsi dreadllie( Sbep bé3)
measured by, for exanple, storing the maxi nrum and m ni num val ues of a
signal at iealeaguxedyr ayhsodEopementionegdat fiedi speastipn hea lwes gean (beit e
obj ect sector). Then, when head 3 reaches the target sector, hard disk
control | erobtaianededya wring gatemahilcwgatias cdmicdt det atlont vedd gkrit£St ep
44) . The process determ nes whether all data itens have been witten (Step
45) . | f nothathel.pr Reessmirewerd sgaonSvepuddigndutiuty dsheproceset ngr | f
the data itens are witten, the process issues a comand termnation
status (Stepréaj/whitchichairage, thripreafssicanpanedet ee@tad negd. a
di spersion value (difference between the maxi mumvalue and m ni num val ue)
to a di spedssparsabne vwiliedchn blhe Meddere@ndy] udge Whelihifre t hetyaidg is
wi thin the schedul ed range o~ : '

the maximum and minimum values of a signal at reading a

gray code per servo pattern nearby the target (write object
™y 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
{'é dispersion value (difference between the maximum value and
minimum value) 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 vélue
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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(Step 47). For exanple, if the obtained dispersion value exceeds the
di spersion value stored in the table for 40 percent, the obtained{g JAN 7007
di spersion value is deternmned to be outside the range. If it is outside
the range, the wverification flag is set to "1". The condition under which
23 1 8 JAN 1007, the dispersion value is determ ned to be outside the range
is the cont®i G SREES OPhe e Hei dptegningd ytoabresut sditertlrichange
condition, a wite operation is perforned with ‘high possibility while the
head hei ghtSi st gigondddidamhe wheaei f that ihemad shedqbitr edrebiely, taeiesocess
determ nes whether the verification flag is set to "1". If the flag is
"1", the pYeéesssusdy fepndi/eiony provddsi npeStepon0)is Pearficamidd catten
procedure may be carried out by referring to an error code (ECC).to see if
it is iderkigll PoRseprlodasswhigier rdheesheahehbeghthe £rR0gh¢od®drS the
identical (Step 51), and if it is, the process term nate processing (Step
53).. If neerifipstpoocéssreetrired.wite processing (Step 52). After this,
the process perforns. verify processing again, and repeats this processing
until no probl enNextsesheOprokessodbeerhiands whev@idd it vy Si dWtion
required (verification flag = 0) in Step 49, the process term nates
processi ngt1gagt eips 53t Atcor'ti'ng torf henkar g1 dyskiginivt "andegenty0)cdet hod
according to Exanple 2 of the invention, performwite

perform verify processing (Step 50). The verification

procedure may be carried out by referring to an error code
)

A (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 proce_ssin'g (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 cdntrol 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 state often terminates
with an error so perform verification. In other cases, do

not perform verification. Even if wverification is



processing after judging whether |oading has just been ended, whether
wite is done onto nearby a defect, and whether wite is done whil A e
head flies in a stable sate. Experimentally, wite in such state ofte
termnates wth an error so performverification. In other cases, do not
performverification. Even if verificationis 24 18 JAN 7th perforned in
t he sai d spatgorinedi sinl peecemidrstass, ofitenidre Pererssi Ngraaeydihg to
the study of the inventors. Therefore, the processing reliability of the
hard di sk @mtirecpmobesﬁmmgn&utdndiﬁwuﬁ¢ngh@ﬁgtgd9rbqr%ﬁgF{gw@nt%%s_
deteriorating the performance of the hard disk unit. In addition, et her
above nentTaedfboadi nPehpsoicestsinkea1deng.1 (MRetert |H§?dshfgweug.t
nearby a defect, and whether wite is done while the head is Tn a stable
flight steae ang desimpalheal | pget eféﬁﬁ@ﬂ)g Hoygvel, ORE QL ct he&ﬁé}}%éﬁm or
any arbitrary conbination of themmay be witten and verrtied. 1 oo 4
above, thejetwenbratily the LRY$RLAERJASr GARCLHALY YiiRgen described base
on exanples of the invention, however, the present |nv§nt! t!s not e
i m h 0 i b I n r.i ou i f.icati-on ma

limted to the ghoygadessh @ﬂe%ﬁl@%p abovd glr%l lo.nel%[ %&quq1é1$§ e%‘é%'f

possi bl e without departing fromthe scope. sSpir

i nvention. ol &, VOi, oi V! s. prqvided as an
exanpl e irPf%% gﬁ%odinéﬁ%gg%omeggﬁg éﬁ%?ﬁ%@én% gﬁa%ﬁr y &' dereet, “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 iﬁventors has
concretely been described based on exampl.es ofj the_
invention, hoqever, the present invention is not limited to'
the above described examples and various modification may

" be possible_withogt departing from the scope and spirif_of
the present invention;

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

The hard disk unit was aléo 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 storaée medium such as CD-R/W, DVD, and

re-writable optical or optical-magnetic MO storage device
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actuator may be used. The hard disk unit was al so given as an exanple of a
rotating storage device in the enbodi ment. However, application of18hHaN 2007
invention is not-limted to the hard disk unit, but al so applicable to a
storage device with a rotating storage nmedi umsuch as CO-R'W DVD, and
re-witable optical or optical-nagnetic MO storage device 25 1 8 JAN 2007
such as a Nehor#geaded0 cetoraigecxaspice . t heppre ent may Do be, al so
applicable to renpvabl e rotating nagnetic storage ces such Rse8e9tp

devi ce and anwp‘ylodl skaylewee.aldfd eabp19cuBRelY L€ ive features
included in the invention disclosed 3? t he aSpI Féaﬁ%ﬁgg‘%gﬁs Tt bhRg

Cont ani nat inergreeti be steremed dév ot JEee! Ad optam nation by
contacting a head and a disk. Even if e?ateéig g@I efcg ch?hé‘ntdel’?]aﬂi?ll’}’ty

of wite ardink déeitedefect is |rrproved, and a storage surface of a
magnetic di sk nmedium can nost effectively be used. The wite reliability

gggrg?iLEPrgvgg?ﬁf%ﬁﬁfﬁogﬁeéh 5§¥f4§%né§¥fégnnggugésalgL&L%ed in
the invention disclosed by the application are as follows.
Contamination can be removed Qithout generating new
.contamination by contacting a head and a disk. Even if
there 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 wused. The write

reliability can be improved without deteriorating the

pPerformance of a write operation. .

)
-
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1. Anethod for reducing wite errors on a storage device having a storage
medium driven to rotate and a read/wite head for witing inforng%h&m on
said storage nmedium said nethod conprising: receiving a wite c &mby
sai d storage device; determ ning whether or not a wite operation on said
storage nedi um according to said wite gommand is performed within a
predeterm ned anmount of tinme after loading said read/wite head on said

st orage negiyn% and in response to a determnation that said wite
operation §rB rformed within a predeterm ned anount of tinme after | oading
said head on said storage nedium setting a verification flag to indicate
a data verjfication is required i mediately after said wite operation. 2.
The net hodl-of cfdnehad feihedusing g4itel erersher af Ueregre deyier haiiag 3 storeges peadsant o
a determ ' t j j e i i r . i .

pr edet er m ne hgﬁégﬁgzg %*??ﬁgfgfpgﬂ‘Fﬁkﬁ?ﬁg1§§P§5ﬁﬁg§?%ﬂg§§? §§%¥§BEQK1
medi um namethed pdmpriseg:d verification flag to indicate a data verification
is not required innediatgl after said wite operation. 3. The nmethod of
claimi, mhereiﬁ“%gpﬁaﬁﬁi%éﬁnTﬁW{m@?' HUPEHES ““det er mi ni ng whet her or not a
write operati ordeeimsahdwBEtRErag @onB AR REARA GhRGdisRrSR rﬂediu%iatc@orgmga@pﬂd' S
performed on a target cylinder |ocated adjacent to a defective sector; and
i n respons¥iocunmgitde i mPHRTEA YHED & grieRrningd smauat iobrime afer fasdingdsadh a
target  okiddfte 1a88h a3k Agdef ective sector, setting a
verification flag to indicate a data verification is required i medi ately
after said wite ofmng itor dgRmiibhBPPIO3 784 dote aoperatios i3 APErROMEd wiRldn4da

- The met hod claim 3, wherein said method. further i.ncludes in. response to
‘a deter mpﬁg SR lr}elq]affm()sué‘itd’ f\ef\i/'rni‘etg %rplé’gg‘f‘gosﬁldi Eeage‘?q‘ SHHelPrasf E‘eg’a\‘f“be?%m“g a
cyl i nder netifitapat s adjiadgient a dotaavaldicecd Ve ré@et@immBAiadIQi Hed GaR@indite

verification flag to indicate a data verification is not
operation.

2. The method of claim 1, wherein said method further includes in response to a
determination that said write operation is performed beyond said predetermined amount of
time after loading said head on said storage medium, maintaining said verification flag to

indicate a data verification is not required immediately after said write operation.

3. The method of claim 1, w_herein said method further includes:

determining whether or not a write operation on said storage medium according to said
O } write command is performed on a target cylinder located adjacent to a defective sector; and

in response to a determination that said write operation is performed on a target
cylinder located adjacent to a defective sector, setting a verification flag to indicate a data

verification is required immediately after said write operation.

[RALIBPP}03734.doc:ave



required imredi ately after said wite operation. 5. A storage device
conprising: a storage nedium a read/wite head for witing information on
said storage medium means for receiving a wite command; neans ¥&dAN 2007
determ ning whether or not a wite operation on said storage nmedi um
according to said wite command is perfﬂégnpd wi thin a predeterm ned anount
of tinme after loading said read/wite ad on said storage nmedium and
nmeans for setting a verification flag to indicate a data verification is
required imediately after said wite operation, in response to a

det er mi nat4 on that msmbd I thRn OPENRErERNsaid SndRRIF AIHFRA V¥R Nin@response to a
predeterm ned anount of tinme after |oading said head on said storage

medi um 6.deRaingtion tge saiéwrie opdratednais peBormddeaned Rrgehicylinsieo nelgecatesd/adiasent

f urt h.er g lau&?éctiv E&})r?‘!n{yirgginﬁ%;sgidv§errlf{clat(i:(?t t‘lgntof !n%g:al;eoa I zﬂglv%ré}ﬁce ti%nqg%gt
verification is not required i I'a ely a sald wite operation, ihn
response trequaredématetdiarehy afodt shidatrits apdtativn. t € operation is perforned beyond
sai d predeterm ned amount of time after | oading said head on said storage
medium 7. The storage device of claim6, wherein said storage device

further includessiomgansviédontifisfigm ni ng whether or not a wite operation on
sai d storage nedium according to said wite command is perforned on a
target cylinde® staegetmefivgj acent to a defective sector; and means for

setting a veri fairga%y\ivrq% rIeL@H)rwtingfﬁeﬁ%a%% Saka sYo?éigfrb&o%E%P” |'s required

i medi ately after sard wite opefation, I n respon 0 a determ nation that
said wite opematanofor récsivipey f oriteednmmnd; t ar get cylinder | ocated adjacent to
- a, defective sector. p R \LlBPP10373€f. doc:avc 1.8 JAN 2007 1%9 8. The
~storage devi ce SANEIIY; AFteTMInRg - Wheihe 01gnQl {YYE WERIER AnysAdh Slorass g

nmeans for according to said write command is performed within a predetermined amount of time after
loading said read/write head on said storage medium; and

means for setting a verification flag to indicate a data verification is required

immediately after said write operation, in response to a determination that said write operation

1s performed within a predetermined amount of time after loading said head on said storage

medium.

6. The storage device of claim 5, wherein said storage device further includes
maintaining said verification flag to indicate a data verification is not required immediately
after said write operation, in response to a determination that said write operation is performed

) } beyond said predetermined amount of time after loading said head on said storage medium.

7. The storage device of claim 6, wherein said storage device further includes:

means for determining whether or not a write operation on said storage medium
according to said write command is performed on a target cylinder located adjacent to a
defective sector; and

means for setting a verification flag to indicate a data verification is required
immediately after said write operation, in response to a determination that said write operation

1s performed on a target cylinder located adjacent to a defective sector.

(RALIBPP]03734.doc:ave



REERY
. N

mai ntaining said verification flag to indicate a data verification is not
required i Mmedi ately after said wite operation, in response to éBJANzw7
determ nation that said wite operation is perfornmed on a target cylinder
not | ocated adjacent to a defective sector. [R\L |IBPP]03734. doc: avc

-29.

8. The storage device of claim 7, wherein said storage device further includes means for
maintaining said verification flag to indicate a data verification is not required immediately
after said write operation, in response to a determination that said write operation is performed

on a target cylinder not located adjacent to a defective sector.

~—

[RALIBPP)03734.doc:ave



