. ;e3e&k&h: 06LTGP2 31 JUL 2003 DESCRI PTI ON Met hod of Driving Head, Head
Driving Device TRt ml vi ng Apparatus Using the Same Met h§j1a%]§ezgg§
FIELD OF THE IW& 1%““" present invention relates to contrdl l'i d

-of a head whic |s,6md for magnetic discldrivel and other disc drives.
nore particularly it relates to a nethod of driving head, a head driving
device and a disc driving apparatus using the sane nethod and devi ce. when
an access to a designated sector is required, the present invention allows
t he nmet hod of dnmm‘mgﬂmmmummad t heDIBRGRIPTIION devi ce and the disc
driving apparat sanme nethod to reduce power consunption at
seek-operation free Jfg@Eem extendi ng an access tine to the designated sector.
BACKGROUND OF THE | NVENTI ON Wien a denmand for reading/witing any sector on
a disc occurs, a convdethnaof Puiyingilead,sHedd DrivingPesicatansd noves a
magneti c head froma present position to a track including a target sector,

wi thin a shortest Pised)rixing Mpparaties Uising the Lamse Methodyand Pevigeget sect or
arrives at a position accessible by the nagnetic head, the magnetic head

reads/wites data in the target sector. (Hereinafter the track including a
target sector, or the track a target sector is inis refereed to sinply as
TTS.) Ther efBEED OF BHE WTM%} eadi ng/writing, the conventional
magneti c-di sc-driving apparatus_has required a waiting tipe_from an_instant

when the magnet i €hpgrgsenthinyraion zelakes becantrolling argped of aheadewhighsisant

when t he disc tates thereby the target sectgr rives gt the pqgsition, the
magneti c heased: dor FRagnakG dascidrives sndratber dise asaw-suz\fm@ partewgrly; it
the follown t hods have heen ., 31 J U L 2003, 2 .enployed. . \\hen,.the: .,
magnet i c- di Saths i ageaiBadelr fEiving hoa i besg rousedRyies HER QiSordruing,
series, for_exampl e, when the disc-driving-apparatus fipished. .
r eadi ng/ wr | EPREFAIUR| PEIRE UhG SHIRE (MEHEOLAABRRARTIE. o TERAIN Y ragoges to a
cont i nuousl .t he apparatus places the | eadi ng sector of,the second,tra
2" posi &1 peiERRiEBRLRAYLE, Redfasa, #Re EREERY FFEHPoRC AIbPE, B BRRLL B
second track,.. 1. RN L&, Al C . wal 1 i
required at &lélg’ggg Qg%géga&%eﬁgﬁ%‘?g‘# ﬁ’ﬁﬁggﬁggéc %rrlé %ggggics&{lﬁ%&é%%%th%b%\%r
t hi s mechanj e b %21? rAnNgoR. he
magnet i c- di Elgééra?‘{&‘?%etg‘ggg@ al %@ﬁﬁe@g?ﬁ \g\l/rgclotdess t3E;I)rslee?;};ltﬂlor o?ﬁ%‘%@ﬁgﬁ?gyﬁeﬁ
circuit of geat/ihd 5 i iting a sectornust be
actiwvat ed. ?n ordgﬁe tat?lo&%gssé t g%%gﬁé%@@%ﬂﬁaggﬁgg%dg avai l abl e for activating
the circuit only when the sector is engaged in read/wite. The disc driving
apparatus using this nethod turns on the circuit of read/wite data at a
pr edet er m nBACKGEROQUNDOERTHE INVENTION during the seek, or just before
reading/ witing the sector, and the disc driving apparatus turns off the
circuit at a tinWhehe deagaadi fordréddinighisitisg raagdisaghionr o i nglisdoceurs, a
result, the power consunption is reduced. Although the conventi onal
magnet i c- di acmztrﬂﬁdnagnmeﬁaidigc-dﬁnn@ sprastus mevdsaa geagsetic dieadftam a he
head arrives at a position accessible to a target sector, the driving
appar at us npvesentigoditiad toa track ineluding rautargevesectssp omdthig a shastesh time,
medi a- access-denand. The_disc driving apparatus requires large force to
nove a headaadswiheny the diss retatesnthereby thedargeh sectorr avmivess atthogitien
driving apparatus feeds |arge current to a head assenbly-drive-circuit
every tine @peessible hyothe magnetis beed: bhae ppagnetio headpreads/writesndatenin the
seek-operation beconmes greater, and this_inversely affects the efforts_of
| owering t héamkéecwnsgﬂﬁremfteméle. tnack includingem savgatseciea; ar thefradsaa
time until the circuit, of read/wi}e data,get ngrmal |y Therefore)
in a case o?ﬂ%mrqrglsam l%leilsr@ tostmply @@M&)“ﬁéﬁwﬁow AN FRSEHHOT he
termned tim wi t.hout consj

circuit of read/ wite.data,at a prede , derin

the times s ERUREPHEMECHS o TRItRNR] rBAEsets- PHsArHRE, AP antsT bAE
Coak- oper at FRAVITEAs RAitiE AR HomifR dRstaRt Whel, hesmasmeschead fnidhes,?
wor kK nor mal | nd so.on,, t foll ow i,nconveni enc occur :,,.Dependin
on a target sé%@iol??%‘?)%%’?ttpoﬁgf ?%lal.’fv&tﬂgg :’:Pﬂ?f"\c/th@%ge %oggﬁqgﬁﬁsa%rggy thao

Zf ?;;35 t mtglggeftosrec or}earcrliw;é:sué.é tl?é ptr)é:i%%/n ]:'uat x%adg%te%ic flielatc{] 8&”19 Qes}. %rﬁ%aéjata.

In order to reduce such a waiting time, the following methods have been



arrived at the position accessible to the target sector, the disc nmust wait

to rotate because the circuit of read/wite data is not ready r
operation. The circuit of read/wite data is thus obliged to g!y"@ﬂ-lm‘g%d

unnecessarily long. These factors inpede | owering the power consunption.
DI SCLOSURE OF THE | NVENTI ON The present invention at |east partially
resol ves the problens nentioned above and, according to one aspect,

provi des o3, fRLEed TWhefl Hd %a?ré%ﬁéﬁi&qgﬁﬁ{r%?-t aradhs AredldRRifds %%Efsresm ni ng

a mnimumintéger N holding a ation get-sector-accessi -tinme

) >_ (& %y teRkstdMBndre! ind B6ribealr tk YR, Whdd %?}e (diB@g}{ivgﬁ -aﬂ?gawaisng the

target sector), where the sector-arrival-tine is deflne cessary

time f rorﬂxﬁﬁhé&sfe%in%/%iﬁiﬁéda Fr8f tPadO%hA%tH Iéfa?dé/arﬁ_e@tm%écci]ﬂezﬁﬁ the

disc rotates thereby the target sector arrives at a position t ead can

access t Qohemddily, ithﬁltaﬁﬂa!fﬁtu@ﬁ&ces $he q?é&ihgzéé%’br‘loﬁﬂﬁe secolnd track at a .

»target-sector-accessm e-tinme I's a sumof the sector-arrival-tinme and

rotati on yaifibfGo tHat 4! ReBRSHD, folBeChéd® féth ey fibst fakR! foethd¥econd
mul tiplyi'ng a disc-rotation-period by an integer N (zero or greater than

zero); (Rradk shfilbd AlinfAedd Ms heathabicHRIRIEE theGvaitiip/ {itfssSRYRGred
accel eration/ decel eration pattern of the head so as to finish a head-noving

and a heagt pasht aeddisBgséquehtidlly ttbi sectb® laridket the CliratksiCC ERSvdited; tthie
determ ned by substituting the integer N. (the sector-arrival-tinme > the

di sc-r ot anechapiesicadnit rédudenthegeaitivig tim eoapramdomn astdddes.onvent i onal

nmet hods, the nethod of the present invention can provide a nethod realizing
a reduction of Whexe the onagmetic-discelniving-spmaaitus iroadsivritest arex sector ran an
access tinme. A head driving device of the present invention conprises the

f ol | owi nothel disena sirchit) ofardadinirite datsmypcessaay dos reading/wrisihgpe sectiooT
detecting neans for finding a head-present position (c)

t ar get - sexvet -bec eetivatdd- thmerder tulsave dhenpawsr,f armethad limtavaglable for
target-sector accessible-tinme, in advance, the head can access to a target
sect or forctivating the cinchit ondyselien the sector is engaged in read/write. The disc

driving apparatus using this method turns on the circuit of read/write data at
a predetermined timing such as before, after, during the seek, or just before
reading/writing the sector, and the disc driving apparatus turns off the circuit
at a timing the magnetic disc finishes reading/writing. As a result, the power
consumption is reduced.

Although the conventional magnetic-disc-driving-apparatus cannot
access to a target sector until the head arrives at a position accessible to a
target sector, the driving apparatus moves the head to TTS in a minimum time
responding to each media-access-demand. The disc driving apparatus
requires large force to move a head assembly to TTS at a maximum speed. In
other words, the disc driving apparatus feeds large current to a head
assembly-drive-circuit every time the head moves. Therefore the power
consumption during the seek-operation becomes greater, and this inversely
affects the efforts of lowering the power consumption.

The .circuit of read/write data requires a time until the circuit of

read/write data gets to work normally. Therefore, in a case of employing a



on head-present-position data, |ocation data of the target sector at a
destination, and driving capability of the head assenbly; argm om
means for controlling a head-assenbly-driver by determ ning U:Lg ed
and accel eration/deceleration pattern fgr the head so as to finish a
seek-operation to TTS during the tinme described in (c). 31 JUL 2003 5
More specifically, the head driving device conprises the foll ow ng

el enents: (a) a head accessing to a disc; (h) target-sector-accessible-tine
cal cul at i ngoniohirethes} thasttamgion thy eirgwitne Vite R @ Hedatesmired; timing,
relation: (the target-sector-accessible-tine) ~ (a shortest tine the head

noves to TWﬁhout\M@ﬁﬁi@erﬁl(%Sﬁé tiffes 30i¢H athe bédkBtihé tiibetidad @60vas (TS CS Siddey/uritil e
froma instant the head starts noving to TTS to another instant the disc

rotates thgraby. th et sect [ LLhon a cess
o for thetieey aifves s BRE “Fieshlc e Bhed BEDL MR dfoRBRei 30 61
the sector-arrival-time and a | atency) where the latency is obtained by

mul ti pl yi ntimg ugitié ¢her eircaiti efncepd/miritel dafp gets tonwetkenomnallyeand ser omyrthafellowingn
zero); (c) control nmeans for noving the head by determ ning the

MOVi Ng- SpegsdoAnaicde&Singy %Eé'lﬁg]ggfegmgisxg «?}% % ;ﬂiri{g&%&t@f osttiorf A¥er HRRAInECthe Sedk?

finish a head-noving and a to TTS wthin the
target-sector-accessible-tj.ne determ.ned hy sybstituti t he. i nt eger into
ot o ORI e e o S G ot gpat s . oforsh i P eeady
integer N) In conparison with conventional devices, the present invention
provi des aatnvad atthe positiprapeessible octhe targey sectorethe discamiso vai eoentate becausgpthie on
during a seek tine without extending an access tine. A disc driving

appar at us  giteiit sy reddARRteldatd 1Y 56E feRdly fof 3R op&@fon. "ehd GhduRWriéhdRVEIERMAEaSS thus

obliged to stay activated unnecessarily long. These factors impede lowering the power

consumption.

DISCLOSURE OF THE INVENTION
The present invention at least partially resolves the problems mentioned above and,

according to one aspect, provides a method for driving a head comprising:

(a) astep for determining a minimum integer N holding a relation of:
(a target-sector-accessible-time ) > (a shortest time for the head to move to TTS) (the
track including the target sector),
where the sector-arrival-time is defined as a necessary time from an instant the head
starts moving to TTS to another instant the disc rotates thereby the target sector arrives at a

position the head can access to for the first time, and



(a) a spindle unit for rotating a disc; and (b) a head driving device, the
devi ce including the structure discussed above. I n conpariso f t

conventi onal apparatuses, the present invention 31 J UL 2(%\30»' JH‘-@\ZO(QBS
a disc driving apparatus realizing a regduction of power consunption during
a seek time without extending an access tinme. BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 is a block diagramof a disc driving apparatus in
accordance wjth an enpodi nent, of the present. invention. FlIG is a,

¥ ovchar s s HobiHBSLToRapeREDIs g, &t @ B ke GPpHETakng: 38 ArrpBing
apparatus shown in Fig. 1. FIG 3 is a flowhart show ng a process of
control li m@itfmgstﬂmemamlcyyomereathhmmyebtatrred’bys‘m(ﬂtiﬁgfiﬁg adiscirotatiordperipda
target sector) of the sane disc driving apparatus shown in Fig. 1.. FIG 4
isaflo . b COSH ontrolling a drive-timng for a
circuit \cl)\%}%égndt; ﬁ@%gg?rgrgapﬁﬁa%rpéeé% di sc driving apparatus shown in Fig.
1. DESCRI PTI ON OF THE PREFERRED ENMBCODI MENT Exenpl ary enbodi nents of the
present invefi ch dep deiscriossg Hogeihgad t By wetminifg androyiggspeed and
acconpanyi ng drawi ngs. (First Exenplary Enbodinent) FIG 1 shows a bl ock

di agr am ofaceel¢ratidddcetetitiog pattbrnl olthahead abus tasfirdsh &headhviig and a head-
di sc-driving-apparatus in accordance with the first enbodi nent of the

present i i i i i Vi r 1 El i.ncludes
Cpi ndi e uoptRBie 313 BRERIAE Rubliaf et hat i RRR Bhotauhed b Heshuline o
sinply as disc_2) and head driving device 30 which drives head assenbly 1
(her ei naf tdegar&N.ereed to sinply as head 1). Media access management unit 7
recei ves conmand 18 for accessing to designated sector from higher |evel

system 8, anghd decior-aalvattime SstheldiserdtBtio? :rﬁﬁlt%ﬂﬁil@teéé?Q?ti on of a track
including a target sector (TTS) at a destination, 31 J UL 2003 and data

20 indicati a location.of the.target, sector ip th rack. Managenent unit
7 output o daaomERon Hm convefiiorl Mgl bR wefion St b FreerpibEHEN G 't o
target-sector-arrival-time-calculator 6 respectively.

provide a method realizing a reduction of power consumption during a seek time without

extending an access time.

A head driving device of the present invention comprises the following elements:

(a) a head accessing to a disc;

(b) head-position detecting means for finding a head-present-position

(c) target-sector-accessible-time calculation means for calculating a target-sector-
accessible-time, in advance, the head can access to a target sector for the first time, based
on head-present-position data, location data of the target sector at a destination, and driving
capability of the head assembly; and

(d) control means for controlling a head-assembly-driver by determining a moving-
speed and acceleration/deceleration pattern for the head so as to finish a seek-operation to

TTS during the time described in (c).



Head position detector 4 reads data 15 fromdisc 2 via head 1, and then
,calculates data 16 indicating a present track position andgjgt gé%lzszgga

i ndi'cating a head position on the present track. Detector u a 16
to mini munseek-time-cal cul ator 6, and outduts data 17 to .

target-sector-arrival-tinmecal culator 6 respectively. Calculator 6
cal culates mninum seek tine 22 frompresent track to TTS (the track

including a targ sector.)., has n data.19, data 16, and thg drjuin
capabi |12y pr edottei sbacigealife the dieait Bitny BvenecumBRitar: i dalpting us
of the presert invention, and then outputs the m ninmum seek tinme 22 to
t ar get - sect § e-né%%t@ssi bl e-time-calculator 9. Calculator 5 calculates tine 21

necessary for thz )tarrb%g'a sect or ho giri_ve at a position accessible by the
head for the firs¥ #i*vB% AF5EPDI° 8403520, data 1?7, and rotation period of

Capabi | f‘deﬁﬁ " h BBtk dsteatE R 25@21}%3@%2%%”5?5%3%3@&%@
capabi Perers Tt ek
exampl o _an SOLASR LRt (RGO AEIHAR. T 0E) “and so on. | Cal cul at or

9 determ nes a ml I . 3 reatert ) ' S
the follow ng rel(g}%%glbegtssg%%gr? féﬁglgf%ﬁ?n%anu s&g?@?ﬁ%%fie@én@%wggi on
period of diggep )r’ot ated by spindle unit 40: (a tine until the target

sect or arrives’gﬁ the position accessible by the head for the first tine,

i.e. time 21 + a t O ] 4 ; i i sC i : i r
WwReR! h0Be A6Fa2Hvaf u%ﬁ%lgﬁg%métop o3 g ?géés%ary ﬁp% ﬂ%ﬁgﬁg

N) the mninmumseek tinme to present Ime 22 Then” cal cul at or

substi tutes jhemntNélRgBeall dtAR tovRRdtbaAI TS @iCahotMRrUiHstant #Re HiSE roPAREES
thereby the target sector arrives at a position accessible by the head for

the first titierely the targtibetort Heivedt fO8pokitiord flee hehdtdaa abedskad fot thie
magneti c 31 J UL 2003 s disc drive). This fornula produces

t arget - sect dirst¢imgssadd e-ti ne 23, then calculator 9 outputs this time 23 to
head- assenbl y-dri ving-controller 12. Controller 12 cal cul ates a speed and
accel er at i on/ decdihertargensquadi-acdessibldieiate is & euihef thesettdr-aarivabtiphenadt he
seek to TTS at this speed and with this pattern within

t ar get - sect a lateneg,swhere thentat2gcy ihebtained byl haitiflyingenediscrotation-period
desi gnat ed-current-value 24 for driving the head assenbly based on these
speed and pdit ennntegenty (ddroor g2eatershan zewo); ent - val ue 24 to

headassenbl y-driving-circuit 13. Driving circuit 13 outputs_a drive current
correspondi ng to Eueonizel menns fmm&&@ head hysldetenmining 3heimovingnenaedon
25. Head-assen&l y-driver controls an operatioon of head 1 with the drjve

current. Nexan acwéﬂaésor%ie@é@iaémt@m@ﬁ@@éww tosfiniahes beadyspyige
ete™ny T obekop e uban o T e i erote iy
I L s e R T e R
5115 repeat oo urlihD RSN TE § Pat SRt AR eREiotoh HR TR 10° °7
rovi ng-speea to THs, cuppERied” gith bifettioaBfy, Sl | Uil
o1l analyzesplffdéo Bl f04d Arivilg Mi@r&&ﬁﬁ@;ﬂ% YHRBEoh SHChSREr BABumption

cal cul ates the Tocation of e-track inc arget” sect or

accessed andgifi§o £ ] oGt bRt t : track. Second, step
S12 cal cul atgs agl og%ik: oﬁlo ltgtl%tragi atn glﬁc c?%;tlh%gd IS positioned
presently, and a hogadd Wivhet gﬂg ogst SEI @@i Sk&Wpri th
head- posi ti on-dat a suppl(aligg Fr %ﬁpﬁea Sposi?feoﬁ)rrget ectﬂé{’ .Oiﬁleiz(t , pgltsg% SleS
cal cul ates afdﬂoW'Kﬁ@léﬁ%ﬁtézi me frompresent track to TTS using the |ocation
of TTS cal cul at eJ 'n step S11 and S12, the track 31 J UL 2003 9 location

where the head i s(d)QsipindleHdnRl B8 26idting 2dkd; Baddri ving capability of the
head assenbly of the disc-driving-apparatus. Then, step S14 cal cul ates the

time until the digy dﬂe@ﬂ&&iﬁh‘?@&ﬁcé,%e@éﬂéﬁ isdGliig thd slfetate diRussed
position accessible by the head for the first tinme) based on the |ocation
of the targehbswsstor on the track calculated at step S 11 and S 12) the

| ocation of the head on the present track, and the rotation period of the
di sc. Next, basedInrconisanisdnievithl conivahtional appapstusds, thel prédents inyerition
calculates a mnimuminteger N (zero or greater than zero), i.e. the nunber
of the tines the target sector nust pass through the position accessible by
the head even if the head noves to TTS in a mninmmtinme. Were the m nimum
integer N holds the relation: (the time until the target sector arrives at
the position accessible by the head for the first tinme + the rotation

Y e - . o M



to access tinme in conparison with conventional nethods. (Second Enbodi nent)
. The differences between the second enbodi nent and the fi rsg ﬁﬁmlem
ment'i oned above are as follows. In the second enbodi nent) @o & are
added to the structure of the first enbodGnment shown in FIG 1.

Target -sector-accessi ble-timecal cul ator 9 cal cul ates
target-sector-accessible-time 23 in the same procedure as the first

enbodi ment responsi ve, to, desi gnat ed-sect or-accessi ng-conmand 18 suppl i ed
from hi gher previdies &ydisedravingnapnaratus yepliziasta redudion ofpawgsnensumption 0.
Managenment unit 10 subtracts a stabilization-tinme needed for circuit 11 of
read/ wite ditring pspekdimgewithepbextending pplaccestings, and deternines a

startup tine for the circuit 11 of read/wite data. Managenent unit 10 has
a built-in circuit which can neasure a tine. Wien the startup tine for

(1:i1r fﬁlef' e& %ﬁﬁ%lﬂﬁéﬁﬁﬁ%ﬁ&ﬁ%%@éhﬂt lﬂ) C§Iext ,ndazge£ ioegi (r)](c:ui t
i i i i j |GS. 2 4. FIG 4 i
? ngv\r caL:a?? Ssﬂﬁcvit h;@jpf %bovgﬁmgtma' ¥ |qu3w’ g%gfgipgr%npﬁarfgm HgaFQﬂIdﬁﬁlees with

circuit of read/wiite data.in the di.sc driving apparatus. In FIG 2) step
S2 control s Q‘h%%gkfnﬁﬁgp @%B'é%"(?“génﬁ%}o%nd then the process noves on to

eadiur | to data dRTcdn q HoreharyShiing ah optlife & whofe, pragshe offfhe samme
the stabilizatign. tine for the,circui E,.oflread/wri te data fromthe target
sector acces‘glsf)ﬁ'@vll?gr&pgﬁf% sastlboavré%n tl%'p 'S16 shown in FIG 3-S16 controls
t he head i ng- - ' '

for the cirout. EREohis = B S IR preledtHerb bk oM dt Mplotl B
ti f th ' j e | i [ d
e Of L. B4 WdvdaI65 A0S (bt NEall TRoNSe 1P aBRSS so ShEP oF2he! SuihEPERLe

until the tine 3 passes. ses, ‘the process noves

on to step SFdvi A18tak SRowadinOP{cPyt s a startup command to circuit 11 of
read/ wite datgﬁg;ﬂ?% concl udes the ggrocess for controlling the startup

timng for the cippgiiioh ASRehawisHOwlAE% pARtdsd BLEo 211K P § (BSvebEheOfor! O

step $S4 shown in FIG 2. Just before the target sector becones accessible,
the stabilizati@RittdfRa8fwiib®datd 6£{He &imb HEY ikl 8pbardeHOWRY Fignd
upon an access to the target sector becones possible, a nedia access can be
done imredi ately. This concludes a nedi aaccess-process responsive to the
nmedi a- access-denmand supplied fromthe higher |evel system and then the
process novePDESCRERRION OF¢PHEIPRERERRER EMBODEMENEd i n the second
enbodi ment allows the circuit of read/wite data to be stabilized just
before the target Exemplarheembediments sofblthe THresentheinveatmn careefdéscribedy
of the circuit of read/wite data is inproved. As a result, the structure
of the preseherdingfiar with refévence fsother accompantingdrdwings. read/ wite
operation. As nentioned above, the present invention includes the step for
calculating the time the head can access to a target sector of a disc for
the first time and_the_step_for_controlling the head to conplete the seek
to TTS wit hin t he(firpeExamplary Bpbodiment) 't | the method of the pr esent

i nventi on reduces wer consunption .at the seek-operatjon wfhout extending
an access tine iangnﬂa?h% lork Hingran; of i magnetiudiscrdriying-apparatus as
present invention in(‘ll udes th ste{).for cont{OI ling a saartup twm ta ¢
al | ow the ci PBui®X8HPIPe Y/ fr | CECYRIVARESPRA ALY 10 ZREFOTBARCH TS e 1IS

Lo 9t Sec oL aRlER 3 HER b VSR, SRR SRE S hrd AERE

s POvety SORCUTRLL SR MG SOP AU R ORTABI gkl 1R (LR

roed! oo 0, S gl i’ §'ERA R, B 00Tt Ve
assembly 1 (hereinafter refereed to simply as head 1).

Media access management unit 7 receives command 18 for accessing to

designated sector from higher level system 8, and then calculates data 19

indicating a location of a track including a target sector (T'TS) at a destination,



| NDUSTRI AL APPLI CABI LI TY OF THE | NVENTI ON The present invention provides a
met hod of driving a head, a head driving device and a disc %gil\qmgggg
apparatus using the sane nethod and devj ce. The nethod and [ e

t he power consunption during the seekoperation w thout extéending an access

time to the designated sector when an access to an designated sector is
required, and are useful for controlling a head of a disc drive, especially

a magnet isndedataof20a inEdaring i dscadiornveof thdl tdifet?Rdtok3 i6l Ahd/StiackA
met hod for driving a head, said nethod conprising: (a) a step for

det er m niMgnagemehniumit Tt @@t dagh diNth nihénainh-@sekitita-calculator 6, and
target-sector-accessible-tine) > (a shortest tinme within which the head

nmoves to cutpiudslatl0 wditaggdt-dert@earnieslltime-cald@utar Serlspbctavdlyval -tine is
defined as a necessary tine froman instance the head starts noving to the

track includi nded@@osigetetetsod readadatdds frowst dise@ wiadhe] 1047d ¢hen
thereby the target sector arrives at a position accessible by the head for

a first tdaleylatexddatzel6 aidiehtinga preseat éssclopesitioseand dats dMiatidating a
sector-arrival-tinme and a |latency which is obtained by nultiplying a

di sc-r ot chéashpestioacbrbyhapresarsggeaclN (Detertor 4gputpds dabad 6zter miningtm-a
step for noving the head by determ ning a novi ng-speed and an

accel er atseskttimestalcalaton Ganndr autpuishdata ht7 hteadafget-sdeter-arteslatinmyi ng
and a head positioning to the track including the target sector within the
t ar get - seelonlager B yesprotivelyre det ermined by substituting the integer N 2.
T he nmethod as _defined in claim1l, further conprising a step for

control | i ng anCalsadlatorop calowates mivimum seek timed2@rirem puesenbytrackitag on
the circuit when a tinme formed of a stabilization-tine_necessary for_the

circuit bETRJtBeRracdkeindudingnitazgetapessor)s based oncdakasiy dats A6 apd the
when necclBAing CRRALY BressEraRI OL (BrBre aserbly o (e ROSITIAG. The
met hod as_defined i.n. claim1,. wherein the,head is a net.ic _head, 4. The
Tot hod actRIAHATER of FBG PAPHRAE igvestionnand hepriontnass the Sinagnsiaeek tiine
22 to target-sector-accessible-time-calculator 9. Calculator 5 calculates time
21 necessary for the target sector to arrive at a position accessible by the head
for the first time, based on data 20, data 17, and rotation period of disc 2, and
then outputs time 21 to calculator 9. Where the driving capability of the
head assembly refers to a value determined by e.g. the inertia of head
assembly 1, a driving force of head assembly driver 8 (for example: an actuator
comprising a coil and a magnet), and so on. |
Calculator 9 determines a minimum integer N (zero or greater than
zero), which holds the following relation based on time 21, minimum seek time
22, and rotation period of disc 2 rotated by spindle unit 40: (a time until the
target sector arrives at the position accessible by the head for the first time, i.e.
time 21 + a rotation period of the magnetic disc drive X the integer N) & (the
minimum seek time to present TTS, ie. time 22), Then calculator 9
substitutes the integer N into a formula: (the time until the disc rotates

thereby the target sector arrives at a position accessible by the head for the

first time, i.e. time 21 + the integer N X the rotation period of the magnetic



head and the disc is a magnetic disc. 5. A head driving device conprising:

g
(a) a head for accessing to a disc; (b) head-position-det eglouqtam(]?or
determ ning a head-present-position; (c) calculation means™for calculating

i n advance a target-sector-accessibIe-ting;for a first time based on a data
of the head-present-position, a |location data of a target sector at a
destination, and a driving capability of a head assenbly; and (d)

head- assenbly control ling neans for controlling a head- assenbly-driver by

det er mi ni ng diseodring).sfbés farthdn predlces atdrpet-decoricosdsiblepiidec?3, f tHen
conpleting a seek to a track including the target sector wwthin the tine

cal cul at ed hyaledliatoxc@lontpats tiis than 23 t6.headhasdnilili drivingesont eoli«®.i Si ng:
(a) a head for accessing to a disc; (b) target-sector-accessible-tine

cal cul ati on meansCéntroflet dintalicntntas i spesdrahdtageleritibaldbcalpratiog! wpititem
(a target-sector-accessible-tine) > (a shortest tine within which a head

moves to a tofdedad haouhatchemd dregatcongslety Jhe secklto) UT'S280Bhikspsedmml with
sector-arrival-tinme is defined as a necessary tinme froman instance the

head starts thivi pgttem t Withinat&rgetcectdirrgctdsibleatiget 28ect ThehocomivbHer 12

I nstance a disc rotates thereby the target sector arrives at a position
accessi bl e byetenminesidesignated-cnstentivadyue 24dfortriving the head assembly based
target-sector-accessible-tinme is a sumof the sector-arrival-tine and a

| at ency whi con ithesshspgadeamépattami pIGantgollenil12 outputst dwmentrabee 24 tahead-
integer N (zero or greater than zero). (c) control means for noving the
head by det eRsAeHIbly-Aring-¢igcwihedd. addrixing civaut at3 ortpsse| =rdrivencyaenkr n
so that the head finj,shes a head- qovi nd a head _positioning to the track
i ncl udi ng t hePTTasRANAIRg &o SPrWI’cth‘faHB? @29;9 aspembly-dyivars3 vig eannegidon 25.

determ ned by, sybstityting.the integer N. 7. The hea rivi evi ce as
defined in obgh -ﬁsegﬁlﬁ-ﬁ Yﬁrc%?qwgﬁ&n BREFSI08) @%&ﬂwahhgﬁﬁgr%ﬁa@%m
means for control Ner:]:g, & Sex16s 0 E)}I)eorrz]a.t{olngedi(s)gus%e&%%gégwisl EieetaC erdctlljslsiglg FIG. 2 and

FIG. 3.

FIG. 2 is a flowchart showing the outline of whole process of the disc
driving apparatus, and FIG. 3 is a flowchart showing a process for controlling
a head moving-speed at which the head moves to TTS.

In FIG. 2, step S1 determines whether or not a media-access-command
from the higher level system is received. If the command is not received, step
S1 is repeated until the command gets received. If the command gets
received, the process moves on to step S2, and step S2 controls the head
moving-speed to TTS, which is described in FIG. 3.

In FIG. 3, first, step S11 analyzes the content of the media-access-
command received, and calculates the location of the track including the
target sector to be accessed and the location of the target sector on the track.
Second, step S12 calculates a location of a track at which the head is
positioned presently, and a location of the head on the present track using
head-position-data supplied from head position detector 4.

Next, step S13 calculates a minimum seek-time from present track to

TTS using the location of TTS calculated in step S11 and S12, the track



of data by turning on the circuit when a tine, forned of a
stabilization-tinme necessary for the circuit being subtracgpﬂ Rﬂg 20@3
target-sector-accessible-tinme got by subsbltutlng the inte I's “passed
away, and by fuming off the circuit when necessary read/wite operation is
conpleted. 8 The device as defined in claim5, 6 or 7, wherein said head is
a magnetic head and the disc is a magnetic disc. 9. A di sc driving

apparatus c ( ting
a disc; (b) quﬁg% I;"‘?i%elr\?lb’r%‘gl:]! l‘c;iee%/# %seﬁgégrﬁoﬁréfl\ﬁfﬁaé&aﬁﬁ d}gi eﬁgﬁgiﬁ@% .°§gamft? of"

conpri sing: thl-Hdadab&AADIyO6S AEE AiRLdviry-APPardkas; Ther) sﬂéﬁasw‘éﬁlctu’lé’fés

detection neans for determ ning a head-present-position,;

target - sect Ghoas&esentil ¢hd di¥8 retltestRbrHY ﬂﬁaﬂﬁgépéec‘%@é ﬁﬂ‘ﬁéd ﬁ'ﬂthé‘pé’éﬁ’i@ﬁce
a tinme said head can access to a target sector for a first tinme, based on a

data of the Jfieaskibleebgtheosdd FEiNthefik6iC timdbabatdowthé rl@céti’dxﬂ@f tﬁ@%@éetat
a destination, and a driving capability of a head assenbly; and (b-4)

control mar@cﬁ@o@th@@fh@@&@@aﬂed at st B10landg12 theddcasseobtle Headoh by
determ ning a novi ng-speed and an accel erati on/ decel eration pattern for

conpl eti ng atheaedestnt trackaakdithe lrothticn pbriod af ghé disect or within the
accessible tinme. 10. A disc driving apparatus conprising: (a) a spindle
devi ce for rotatiNgxf bassl ofibjhe viabaal cdidulategl de\steps S dndeBilde step 15
conprising: (b-1) a head for accessing to the disc; (b-2)

t ar get - sect oraledlades abhmitiure intdgen| M i(zeno aregeatdrothadezao)iienithg rmmber ofuim
integer N holding a relation: (a target-sector-accessible-tine) > (a
shortest ti néhewtimdasntlvhtatget Bectoradusb pess threugh sk positiadaecepsaiblebyethe

sector), head even if the head moves to TTS in a minimum time. Where the
minimum integer N holds the relation: (the time until the target sector arrives
at the position accessible by the head for the first time + the rotation period of
the magnetic disc drive X the integer N) = (the minimum seek time to TTS).

Next, step S16 determines the target sector accessible time obtained by
substituting the integer N in a formula. The formula is this: (time until the
target sector arrives at the position-accessible by the head for the first time +
the rotation period of the magnetic disc drive X the integer N)

Finally, step S17 calculates the speed and acceleration/deceleration
patterns of the head. With this speed and the patterns, the head completes
the seek to T'TS within the target-sector-accessible-time calculated at step S16.
Then, step S17 determines the current value for driving the head assembly,
and feed the current value to driving circuit 13. This concludes the process of
controlling the head moving-speed to TTS.

The structure discussed above allows the head to move, just after the
seek operation, at the speed and with the acceleration/deceleration pattern
accessible to the target sector. Thus driving circuit 13 requires less electric
current than the conventional method. As result, the method of the present

invention reduces power consumption at seek operation without extending an



31 J UL 2003 17 when a sector-arrival-tinme is defined as a necessary tine
.froman instance the head starts noving to the track incaugi Ug&} mgrget
sector to another instance a disc rotates thereby the taMget tor arrives
at a position accessible by the head for i first tinme, and the
target-sector-accessible-time is a sumof the sector-arrival-tine and a

| atency which is obtained by multiplying a disc-rotation-period by an
integer N (zero or greater than zero); (b-3) control neans for noving the
head by det arcogssi timednmoviparispeeitlacohventianat othodan/ decel eration pattern
so that the head finishes a head-noving and a head positioning to the track
including the target sector within the target-sector-accessible-tine
determ ned by substituting the integer N. 11. The apparatus as defined in
claim 10 fi ~rther(Secorpt Emabuglitaent) on ti ne nmanagenent neans for controlling
an operation tinme of a read/wite circuit of data by turning on the circuit
when a tine, forBwk ofiffersheds | batatdenn-thienmsenardsembpdiment handi rthei tfidséi ng
subtracted fromthe target-sector-accessible-tine got by substituting the

i nteger N, iembedisehtanentioned abgve arsmasfpltdws.ne circuit when necessary
read/ wite operation is conpleted. 12. The apparatus as defined in any one
of claims 9 to 14n thessespnd sanbodiownti some slamentscanecdiedts thestunetuirg ofa
magnetic disc. . A .A VY. A_,Y .Aaf )
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timing for the circuit of read/write data in the disc driving apparatus.

In FIG. 2, step S2 controls the head moving-speed to TTS, and then the
process moves on to step S3, and step S3 controls the startup timing for the
circuit of read/write data depicted in FIG. 4.

In FIG. 4, first, step S21 subtracts the stabilization time for the circuit
of read/write data from the target sector accessible time calculated at step S16
shown in FIG. 3—S16 controls the head moving-speed to TTS—and the step
S21 determines the startup time for the circuit.

Second, step S22 determines whether or not the startup time of the

circuit passes. If the time does not pass, step S22 is repeated until the time
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target sector becomes accessible, the stabilization time of the circuit of
read/write data passes away, and upon an access to the target sector becomes
possible, a media access can be done immediately. This concludes a media-
access-process responsive to the media-access-demand supplied from the
higher level system, and then the process moves on back to step S1.

The structure discussed in the second embodiment allows the circuit of
read/write data to be stabilized just before the target sector becomes accessible.
Thus the operation efficiency of the circuit of read/write data is improved. As
a result, the structure of the present invention reduces power consumption
during read/write operation.

As mentioned above, the present invention includes the step for
calculating the time the head can access to a target sector of a disc for the first
time and the step for controlling the head to complete the seek to TTS within
the time calculated. As result, the method of the present invention reduces
power consumption at the seek-operation without extending an access time in
comparison with conventional methods.

Further, the present invention includes the step for controlling a
startup timing to allow the circuit of read/write data to be stabilized just
before the target' sector becomes accessible. Thus the step optimizes the
operation efficiency of the circuit. As result, the method of the present
invention reduces power consumption during read/write operation.

The embodiments of the present invention describe about a magnetic

disc drive but it is needless to say that the present invention is applicable to

disc drives using various media discs.
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operation without extending an access time to the designated sector when an

access to an designated sector is required, and are useful for controlling a head

of a disc drive, especially a magnetic head of a magnetic disc drive.
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(a) a step for determining a minimum integer N holding a relation of:

(a target-sector-accessible-time) > (a shortest time within which the head moves
to a track including a target sector),

when a sector-arrival-time is defined as a necessary time from an instance the
head starts moving to the track including the target sector to another instance a disc
rotates thereby the target sector arrives at a position accessible by the head for a first
time, and the target-sector-accessible-time is a sum of the sector-arrival-time and a
latency which is obtained by multiplying a disc-rotation-period by an integer N (zero or
greater than zero);

(b) a step for moving the head by determining a moving-speed and an
acceleration/deceleration pattern so that the head finishes a head-moving and a head-
positioning to the track including the target sector within the target-sector-accessible-time

determined by substituting the integer N.

2. The method as defined in claim 1, further comprising a step for controlling an
operation time of a circuit of read/write data by tuming on the circuit when a time
formed of a stabilization-time necessary for the circuit being subtracted from the target-
sector-accessible-time got by substituting the integer N is passed away, and by turning

off the circuit when necessary read/write operation is completed.



10%& ()-1  10%& ()-3 10%& ()-3 10%& ()- " 10%& ()-xSS) ITTTOUJELC
@Q19%A0%& ()- 3 #10%& ()-L! 10%& () - L 2003
109%8& () - 10%& ()-fZ10%& () - OUUWW_VWWIEDC @1L6- 10%& ()-3 10%& () -
1s10%&' ()- @ &10%&' ()-*MLO%& () - F(14! 1090& ()- WIUWWANEVWWINWC @ 1F
s10%& ()-F 10%& ()- 10%& ()-"310%& ()-Z 10b 10b

10b8' 10%& () - W XFXj XXYaYdEbC @110%& ()- 3 fyl0%& ()- 3 10%& ()- 3
C10%& ()-Y s10%& ()- 10%& ()- aYYYOzzzzdEbC. @1 -, 10%& ()-.(10%& ()- &S
10%8& () - #@ 1098&’ ( ﬁ\e gieth od inclpipe, pheseinfhehead Ispdnegnet head.

4, The method as defined in claim 1 or 2, wherein the head is a magnetic

head and the disc is a magnetic disc.

5.  Ahead driving device comprising:

(a) a head for accessing to a disc;

(b) head-position-detection means for determining a head-present-position;

(c) calculation means for calculating in advance a target-sector-accessible-time
for a first time based on a data of the head-present-position, a location data of a target
sector at a destination, and a driving capability of a head assembly; and

(d) head-assembly controlling means for controlling a head- assembly-driver by
determining a moving-speed and an acceleration/deceleration pattern for completing a
seek to a track including the target sector within the time calculated by said calculation

means.

6. A head driving device comprising:
(a) a head for accessing to a disc;
(b) target-sector-accessible-time calculation means for determining a minimum
integer N holding a relation:
(a target-sector-accessible-time) > (a shortest time within which a head moves to

a track including a target sector),



10b 10b 10b8: 10%& ()- F L6&LO%& ()- 3 10%& ()-F 110%& ()- F
S/ 10%& ()- [[[>\\\F] dEYNC @1 10%& ()-snl0%& ()- 10% '(l)- 2003
10%& ()- 10%& ()-SH# 10%& ()-F]]]] TMAJEYNC @1 MLOY%b& () -9 fl! Wi PQ
109%& ()- 3 S10%& ()-110%& ()- 109%& ()- ~-__ = dEYNC @1
L, 10%& () -*10%& ()- F(& 10%& () -
&s! 10%& () - #8& 10%& ()- ! &10%& ()-  aBaCaDaEaSaVabC @110%0& () - F"
10%0& () - 10b ,

when a sector-arrival-time is defined as a necessary time from an instance the

head starts moving to the track including the target sector to another instance a disc
rotates thereby the target sector arrives at a position accessible by the head for a first
time, and the target-sector-accessible-time is a sum of the sector-arrival-time and a
latency which is obtained by multiplying a disc-rotation-period by an integer N (zero or
greater than zero);

(c) control means for moving the head by determining a moving-speed and an
acceleration/deceleration pattern so that the head finishes a head-moving and a head-
positioning to the track including the target sector within the target-sector-accessible-time

determined by substituting the integer N.

7. The head driving device as defined in claim 6, said device further comprising
turn-on time management means for controlling an operation time of a read/write circuit
of data by turning on the circuit when a time, formed of a stabilization-time necessary for
the circuit being subtracted from the target-sector-accessible-time got by substituting the
integer N, is passed away, and by turning off the circuit when necessary read/write

operation is completed.

8 The device as defined in claim 5, 6 or 7, wherein said head is a magnetic

head and the disc is a magnetic disc.

9. A disc driving apparatus comprising;
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(a) a spindle device for rotating a disc;
(b) a head driving device for driving a head,
said device comprising:
(b-1) a head for accessing to the disc;
(b-2) head position detection means for determining a head-present-position;
(b-3) target-sector-accessible-time calculation means for calculating in advance
a time said head can access to a target sector for a first time, based on a data of the head-
present-position, a location data of the target sector at a destination, and a driving
capability of a head assembly; and
(b-4) control means for a head assembly for controlling a head-assembly-
driver by determining a moving-speed and an acceleration/deceleration pattern for

completing a seek to a track including the target sector within the accessible time.

10. A disc driving apparatus comprising:
(a) a spindle device for rotating a disc;
(b) a head driving device;
said device comprising:
(b-1) a head for accessing to the disc;
(b-2) target-sector-accessible-time calculation means for determining a
minimum integer N holding a relation:
(a target-sector-accessible-time) > (a shortest time within which the head moves

to a track including a target sector),
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time, and the target-sector-accessible-time is a sum of the sector-arrival-time and a
latency which is obtained by multiplying a disc-rotation-period by an integer N (zero or
greater than zero);

(b-3) control means for moving the head by determining a moving-speed and
an acceleration/deceleration pattern so that the head finishes a head-moving and a head-
positioning to the track including the target sector within the target-sector-accessible-time

determined by substituting the integer N.

11. The apparatus as defined in claim 10 further comprising turn-on time
management means for controlling an operation time of a read/write circuit of data by
turning on the circuit when a time, formed of a stabilization-time necessary for the circuit
being subtracted from the target-sector-accessible-time got by substituting the integer N,
is passed away, and by turning off the circuit when necessary read/write operation is

completed.

12. The apparatus as defined in any one of claims 9 to 12, wherein said head

is a magnetic head and the disc is a magnetic disc.



