", e38"26RTn}], r _".~ BACKGROUND OF THE I NVENTI ON 5 The present invention
generally relates to the field of a disk drive such as a hard disk drive,
and nore particularly to the inprovenent of an access controlM”@mﬁmmmmmmm“
conti nuou ccessing data froma plurality of data tracks o

medi um J@W}&@Wwﬂm years, disk drives such as hard disk drives mhaus*been
used as s es for storing audio data and video data (generally
cal |l ed AV datadon addition to conputer data. A host systemsuch as a

personal conputer or a digital television set accesses 15 AV data stored in
a disk drive through an i nmage recordi ng operation or a sound recording
operation and then permts a pla rough a display or a
speaker to reproduce the data. Uﬁﬁi ? E%ﬁgﬁﬁzﬁﬂﬁg?gﬁx%D data requires

conti nuous 20 pr@gesshn ' y n S [ o] dat a has
the foll ow ng chargg?ergg?fgg?Agg?gF,FP% éggggéi%ggiégéa?§,%hpéﬁgr priority
is given to mai nbeiwkNg an arbitrary transfer rate in accordance with the
anount of data of, e.g., images or sounds 25 than increasing the accuracy
of the data. In order to nmai NtEACKARGUND s f e r agent ey host system sets
an arbitrary tinme limt for access to the disk drive. In f - 2 the disk
drive, anfccess prockss psesenpl ehednwibhi gehbeal i e rkiBitbs thetgRY

mai ntai ning the transfer rate. Upon accessing AV data, AV data is
successi vel y recbrefedl o segiiehtdnlvadsuesses anhardi akskegei dengagqnedi um
(hereinbelow, sinply referred to as a disk), or AV data is successively
reproduced fromfdiee dvakti¢wlanly tasthe aimpreessenpes it annavbess
previously recorded AV data is reproduced froma data track while other AV
data is being r&CBIdRY tREERA MY Rt ireeks 1Y aest gmaneddana t firomi sk i S
often carried out.. .theégfc SS operation, a particular access with

|
respect to recof&qﬁﬁkﬁFx ?Qﬁfuﬁnpﬁ Eertedivy. execut ed. Both of
Goneral 132 the di sk ot LGl N ERETNELER BT wes eiEh o tnng @hekn

General ly, the disk drive éxet e

response to a re@uests (&P genher m t he. host_system .  However,
when only the access soperati on Is perfagst'r errsggaoggn&eac rdart et tHAHEF equest

System s degr aod The enckn | ot O o Sgaa T s A R sk

systemis degraded. The reason is as ica )disk

drive, the acceds @ﬂ@ﬁ&ﬁb@ﬂt&obdmyﬂﬁéﬁf&hﬂH.r@@ﬁﬁﬁﬂﬁi wesi nat at a
to/fromthe disk requires processing tinme (nanely, t éﬂgine reqU|§%ﬁ or 25

preparati on propessiong]l tomptiterseek :0RBEMANAIN tfl &g A G e Ml ds 0t
concerned with data transfer. General disk drives use a nethod for

continuok® h AV3dajacesored dsgaertiskl didve hémomerm tdhe iareesses of data
requested fromthe host system |In the access operation during
reproduction, affEPTARGeePEagdrR 6% Pheotinsk Hesoaciess epe ratiook aalkead
operation to 5 ggntinuous%é accgss data from consecutive data sectors

fol l owi ng the sectBr PGFTthE PeBhB¥PEG ISYEEY EXebupSd thorughe 2ot her hand,
wite roquest ed BAPRe0WPT{ B BAPAFSPWhPoREPEORGCF SAST BAFed from the host
Zi:éﬁ?;g? a buffer ”BH?&XeithBEt%Ei%%taEOAﬁo%%%%“EEE%i?%Eac%% E%L%ugs
20 processing. Accordingly, an access operation for AV
data has the following characteristics: First, in
accessing AV data, higher priority is given to
maintaining an arbitrary transfer rate in accordance
with the amount of data of, e.g., lmages or sounds
25 than increasing the accuracy of the data. In order to

maintain the transfer rate, the host system sets an

arbitrary time limit for access to the disk drive. In



- The above nethod is effectively used to increase the performance of data
transfer (in sonme cases, called host transfer) to/fromthe host system 15
However, in the above-nentioned alternate access operation, when the
sequential access operations are alternately executed to the data tracks, a
situation where the | ook-ahead operation upon reproduction is hardly
executed occurs. Therefore, when the usual 20 continuous access nethod is
used, the performance of the host transf-er xannot always be increased in
the alternate access operation upon reproducing AV data. In the general

di sk drive, when the continuous access nethod is used and the | ook-ahead

operation is 25 @xeCiit8d di Jd1e HECRSSe SPEHASEOHs U | A EREOFUGI tRPn the
performance of the host transfer can be increased. However, as nentioned

above, in the aGaRSSGRErAN), thereby dnaiftseaientivd | yrandraltespately
access data upon, particularly, reproducing AV data, the |ook-ahead
operation upon reprodusén dcdss Haidll AV edges) envdagt & ois nfhyeasesveiyt he
nunber of seek operations of a head 5 to the data tracks having dif¥erent
access targets autdrdved diatseamerdiiahgaddiesoés tdre ali dksk Aceostdgdy, the
performance of the host transfer cannot always be increased. As related
art, nethdds fomessnfmorfienreigdshl avt,cesnp by ared ennedn to nes i dhekhcoess
operation 10 for sequentially and alternately executing accesses have been
proposed (for eddhslata rief suossA T vadokATediueed | BrPINcthe-dDalgg) . In he
related art, such a situation that operation cannot be executed is not ov
15 Therefore, tHé&iFerfadiammide 3ACTIfe M2 O} TR RECYHPIPHY  Pat .

However, in the | ook-ahead. ~fcone. transfer canpot BRI EF SUMWARY QF THE
RVENT] ON 1t 1 et i At s, oA A (4 G SR ATk | ve

access net hod whereb e, 20 perfor.mance of host,_transf.er i s increased to

i nprove the ent ior%@eégczxet\gsdagt&eglaﬁ iboehlrﬁgpornece%(re(;c]%fi%og %{ho%{% elsiatijape‘}raatcf nto
tiall | I ; : I 1

cepect of0t he  psBiaH AR oh HIRCMIREUAE S ey oo A o

control for a diskdlyl Wpattiialon NG Yl otk JEUN AN a-dwakd alg

accessing data fromdata tracks on the - i sk medi um wherein when the
di sk drive sequeridoaldingldrereldn AL SSsehdtatgrd feddit idatiay t racks on the
di sk medium a | ook-ahead operation can be secured and the nunber of seek
operations can kxecateced. Bothhe et damyds ot hecdmpisigpfandiccessi ng

| ook- ahead data ot her than requested data when alternately and sequentially
accessi ng the regpeoded itdat @rfer ehtiemadasly ta¥ecksash t he di sk nediumin
associ ation with novenent of the head; accunulating 10 the requested data
and the L8ok-ahead d&snensld wuffhe diebrdfiwmmeraeifieshdhae deasreqaingto
access the | ookahead data frogm a data track having a high data transfer

rate on the basPSCEFSa OBEFPEIORe M dASHEAT TFat®? & UGS gt SEEME dat a
tracks for a 15 predetern ned ri od. BRI EF .DESCRLPTI ON.OF THE SEVERAL

VI BV OF THe DRABPRBEEE) TEra $hs 21(955 diSAG A shSta1fy S SEFhA™Y part of
a di sk drive acg¢@rdi L.r c ngg j t f I nt

i nvention; 20 F:Egg b%%etgﬁdfo?g%%rtg% |§§r§%% for%gixp aia?ﬁc%d: (?aecaeot‘“ﬁz:ﬁlsfer

rates in di sk agpessedpedidirtgnt @nehddsit Sy, SeeRNGLTHANMRY S FIG 3
is a diagramfor explaining an outline of an access operation according to

the firspoand sgeeadtZzanefeeditderdm the MbItS sydtiei 1@ Grydaded.
expl ai ning the access operation according to the first enbodi nent;
The reason is as follows. Specifically, in the disk
drive, the access operation for recording or
reproducing designated data to/from the disk requires
processing time (namely, the time required for
25 preparation processing) for the seek operation of the

head, which is not concerned with data transfer.

General disk drives use a method for continuous



r

-6 FIG 5is a flowhart for explaining a procedure of an access nethod
according to the first enbodinent; FIG 6 is a flowhart for explaining the
procedure of the access nmethod according to the first 5 enbodinent FIG 7
is atimng chart for explaining the access operation according to the
second enbodinent; FIG 8 is a flowhart for explaining a procedure of an
access nethod according to the second 10 enbodinent; and FIG 9 is a

fl omchart for explaining the procedure of the .access nmethod according to

t he second enbodi nent. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 15 Enbodi nment s
of the present invention will now be descri bed hereinbelow with refer ence

to the draw ngs.,Flgst EhOdIGEN; £CCLel et foLiierRE e5eaLs eabogt nant o

shown in FIG 1, a nechani smthat accesses |sk 1

serving as a re%ﬂé&é@%%'&@%@%@t%th fnra%éi/a\e&égscomnd
generated froma host system 16 to execute recording or reproducing of

data. In an accesser@ferdt i Qi B6E oF b el Oc 1dve, PaLsentr SBNgat & sk
access (DA) to access a data track on 25 the disk 1 is discrimnated from

access to a buf figle rEraK yid bdessdBMa 8lodbeahosd systemd® ts a digital
devi ce such as a personal conputer or a digital television set. One or a
pluralityb5sof di sdentlirareistyt aodwsskd adat & pfnmh ecomd @cuf SRM) d2tanskeaters hen
rotated. In the disk 1, a plurality of concentric data tracks are 5 forned.
Each data track fislldiwiirdedcintsectqt whlthy véquestededattasis|n the access

operation, a head (in this case, a _
executed. On the other hand, in the access operation

during recording, a write operation to continuously
write requested data (write data), which is

10 transferred from the host system to a buffer memory in
the drive, to consecutive data sectors is executed.

The above method is effectively used to increase
the performance of data transfer (in some cases,
called host transfer) to/from the host system.

15 However, in the above-mentioned alternate access
operation, when the sequential access operations are
alternately executed to the data tracks, a situation
where the look-ahead operation upon reproduction is
hardly executed occurs. Therefore, when the usual

20 continuous access method is used, the performance of
the host transfer cannot always be increased in the
alternate access operation upon reproducing AV data.

In the general disk drive, when the continuous
access method is used and the look-ahead operation is

25 executed in the access operation during reproduction,
the performance of the host transfer can be increased.

However, as mentioned above, in the access operation



“ magnetic head) 3 records data in units of data sectors on each data track
or reproduces data fromeach data 10 sector. The head 3 has a read head 30
to reproduce data (a read operation) and a wite head 31 to record data (a
wite operation). The head 3 is nounted on an actuator 5 including a voice
coil nmotor (VCM 4. The actuator 5 executes 15 the seek operation to nove
the head 3 in the radial direction of the disk 1 by a driving force of the
VCM 4. Each of the SPM 2 and the VCM 4 is §hpﬁ1ied with driving current
froma notor driver 1C 6 constructed 20 by integrating an SPM driver and a
VCM driver into one circuit. A CPU 10 controls the notor driver IC 6. The
CPU 10 is the ndin seqentiahly aidtakterngeehndaesessit @sta hepennt rol
operation on the basis of a programstored in a ROM 12. A RAM 11 is used as
a 25 wor ki ng merasticiidel tonfeRrodpetnd i Y éitahetimpulaok-gheadi sk drive
15 further conprises a disk controller (HDC) 7, buffer nenory (buffer RAM
8, gate g arr SPrakian/uRpen e Y uchiPmel s 1B32TdhY PR BRAPI Fpe ko

(preanplifier) 1C 19. The HDC 7 conpr.i ses gn interface of the_drive 15 and

d
the host systemifE ITUSRESHOY the dTVARSE Lontesll SPHTOMI PR Pbst 853dem 16
d trals t f d/write data. The_buff 8.t il
Stores e dat &% eI R tATA) B R i TR ERr et e et rae g Ra Y
t f dP t 7 i I h i
hGoording o 10 i i Euen SRESCIEEE AN fok fofe | GRS ARG OPRLANLOT - ory
8. The gate arrayd dicldidesd SoF EHLSO! ¢ LLnL By TERLAGHICL agerye data

and an interface cont or transmtting ox receiving variou ata and

signal s. 15 The jRWhatel A3 18 fdfagh v i heri9b@hato ProcessSmngi rcuit.
The R/'Wchannel 13 reproduces (decodes) a read signal read out by the read

head 30 through davh heask anmin fd eidGnid t e Df | ghdadcsescorshagatiosm, and
then transmts the reproduced data (digital xead data) 2Qto the HDC 7. The
R/ W channel 13 rfeaeisesgient izl datand raint ¢ s HEG 7exencodes ddeesisds | nt o
predeterm ned recording data, and then transmts the resultant data to the
head anplifier Ih@VED berre tiearpaml (forreample hasefer ctel &ompl iFatr far 25

anplifying the read signal supplied fromthe read head 30 and a wite
anplifier for c&mRIt &@Iipﬁe %de@)‘”dﬁt Neupht 1 etf & omHowe ey channel 13

into wite - 9_current. Access erati on The acgcess eration accordi ng
to the present éffodiSEteNdTtma B HeTriBEeP it tre’ﬁ'g?e]r&%k't%h%acgl GS. 1

to 6. In the present .enbodi nen t he acc eration for reproduction is

t
assunmed. In the Oz?cecre@stslodbecraeﬁrioo%,b? o?xee%efrﬁs)qg,s AP U E TS ded on the di sk
1 is accggsed | R SYISE UL A PAES A GIUSE L IEWS A S ansfer cannot

be increased.
BRIEF SUMMARY OF THE INVENTION
It is an object of the present invention to
provide a disk drive access method whereby the
20 performance of host transfer is increased to improve
the entire access operation upon executing an access
operation to sequentially and alternately execute
accesses.
In accordance with one aspect of the present
25 invention, there is provided a method of access
control for a disk drive which includes a disk medium

and a head for accessing data from data tracks on the



10-fromthe host system 16. In this instance, as shown in FIG 2A, an inner
data track 100M and an outer data track 100N on the disk 1 are alternately
and sequentially accessed. In a general disk drive, each data track on the
15 disk 1 is divided into a plurality of data sectors 200N or 200M 1In
other words, in the access operation, recording or reproducing data is
executed in units of data sectors. As shown in FIG 2B, the nunber of data
sectors 20 included in the inner data tfack 100M on the disk 1 is different
fromthat in the outer data track 100N. That is, the outer data track 100N
i ncl udes data sectors whose nunber is relatively larger than that of the

i nner data tracRisgonedinm hehasedds whpsr &hiconlisk 25 iviearssigrentdtad (it he
amount of data per unit tinme) of data accessed in the outer data track 100N
i s higher than e&hiernatehy prResseat datradk Themdata Fracksy omcddradi ng to

t he present enbodi ment, as shown in FIG 3, the disk drive 15 alternately
and sequenti al | $ia&cBedésm ha 4apk—ePgaks OPErRtded FEONLen sEfelr@dsiand  and
then transfers data read fromthe data tracks 100M 5 and 100N to the host
system 16. The hBBeBY¥™BREr afi §RKs CRELBIPFARSeFaby Pen& esdi@@%per at i on ( HS)
to nove the head 3 b%byeen bg% data _track 100¥!and JON. _Duri,ng the seek
operation (HS), di sk BEcBSEEOY BRIPTARES DAY FEHHE datrfSSa 100M and

100N are stoppegOO%Qaggﬁal@g%?ag%ﬁgrogg%%t&%gg%%gggépgggeéﬁﬁﬁged by only

t he di sk access™accor hé "access requ romthe host

system 16. ACCOé?.“cg%é{teh90Ehéh§@gug?ﬁt§ail%gh%"c@'e%s%?@u'E‘k&'eatr% ek tlle buffer

menory 8. 15 According to the access neth of the present enbodi nent, the

| ook-ahead operahiansien the aytar tdakast backntOGNshawiendus Ringh transfer
rate is preferentially executed using the difference between the transfer

rates of the dajasbeagksoAORMANEo¥EABNES 020 thieNhieaded aaboweladsing resul t,
parts (300) of the seek operation are cut to reduce the nunber of seek

operati ans. Conskquestihgsttledpenf andabnhe dbokkehend detacdesa bu€fati on i s
increased. In this instance, since the transfer rate of the 25 data track
100M i s differenemprym ahdt sefurhagdacaessatime00N, accessr ¢hei Ledkf-or di sk
access in the data track 100Mis also different fromthat in the data ,

y - 11 track 18ofedadebpdfrgmt 8 dpEaateask hevhasg of higk gaédent

enbodi ment, the | ook-ahead, operatjon for the outer data track 100N is
preferential |y BX@R8f8H FBFet AR %bﬁebBFFFeP néedﬁéﬁﬁééﬁcﬁhgeHW§ﬁnaccesses.

described i n AGTArT GFCROPEOFERSE o5 FlGoioka: 86 Ref8hr Png 1o FIG 4
refereanSSynb9$feaétégmgéed period.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
FIG. 1 is a block diagram showing an essential
part of a disk drive according to first and second
embodiments of the present invention;

20 FIGS. 2A and 2B are diagrams for explaining data
transfer rates in disk access according to the first
and second embodiments;

FIG. 3 is a diagram for explaining an outline of
an access operation according to the first and second

25 embodiments;

FIG. 4 is a timing chart for explaining the

access operation according to the first embodiment;



deriot e periods each corresponding to one rotation of 10 the disk 1; DAn,
the disk access to the data track 100N, DAm the disk access to the data
track 100M RN, host processing (such as conmand generation processing) for
the data track 100N, RM host processing for the data track 100M (O,
access 15 preparation processing (conmmand overhead); and HS, the seek
operation of the head 3. Reference nuneral 400 denotes the seek operation
to be cut; 401N, data read fromthe data t Pack 100N and 401M data read
fromthe data track 100M Reference synbol AT denotes standby 20 tinme of
the di sk access. Basic Operation Wen a command indicative of an access
request is generat ed Hi%m Hé Fodtl ehadnt 10T (9P HES 09 2 PSR KT Rir i ve

st
15 receives the command (ste )., The CPU 25 10 .interprets the conmand
Focetvad by t haOrDBhy Aqeh S me thhk ZHE6T b TR S0 LB Hat a

fromthe data tracks OM and 1 n t.he. di sk is . - .12 assuned.

Usual |y, the CPU 10 g(fésgu%eslst ﬁeofgg)éigqﬁpretr aqqrone’fpéap’&]irfqo % he head 3 on
the data track where data rLkesp ing.tqQ.t ccess reque has, been
recorded. Speci pirggrepy%et ﬁgoééﬁ f%%%g%mmteg:}%qglg %cﬁgﬁ%ﬁ%%%ﬁh%aﬁl&s ive

t he VCM 4e ther%g%o%q\i/nielﬁ@t he head 3 to the data track serving as a target
position on the drs . I this case, the read head 30 included in the head

3 reads recorded dat gfg om t;he datiq itHAdh A £t U sede data to
the head anplifier IC 14. Thle Iglwlgtﬁangﬁel 13 perfoér}ﬁl% glﬁtﬁ pr%cessi ng

(such as decodi ggreek bbera@adnsiagrdlrdihdnTd thed ddcmd kendratharpl i fier
IC 14 to reconstitute original data and then transmts the reconstituted
data to the HDC 7. 1%rIthe sHRG & dFQowdHaattestorepnaduced ripta Krasstwed a)
supplied fromthe RRWchannel 13 in the buffer nenory 8 and al so transfers
the data to theoliosh sygseem hethdkde aglvorelimgntticortde Isasiondoperati on i s used
as a precondition. Wien the HDC 7 receives a command from 20 t he host

syst em 180 (st epeBbpdimgatcPentd det er mi nes whet her di sk access (the read
operation by the read head 30) is _being executed (step S2). If the disk
access i s being execltléd PYES ign fdoeshant fiafe el aimidet & nes whet her
the di sk access is 23 st opped gstep S8) . I%Iot her words, when the dis
access is perfoPhBECPYFeaCdathet PRERSRhIERTCS RGCOLGHRS Fod thiet FarEdiccess
request suppli edwgrgmtpl% - 13 host system 16 (NOin step S8), the CPU
10 stops the di SRPRECESS (step S9). Wien data requested by the host system

16 is accunulated in theDd}g%.%f D@ﬁrﬁéﬂi&fgﬁ%gnaﬁﬁewkméw he CPU 10

transfers the requested romthe to the host system 16 without

executingsthe di sk agg@sdimehel 8% th@erdhet agHetaddala i HidiPtbe
accunmul ated in the buffer nmenory 8 (NOin step 53), the CPU 10 proceeds to

preparation fordebergyseduheenihBedbwdiwikhacefescheet e teguesiatdndat.a (step
S4). When the CPU 10 conpl etes the preparation for address setting of
requested data or th&iseék Eopedameatt of the head 3, the CPU 10 pernmits the
read head 30 to execute the disk access (step S5). Wen 15 the disk access
is executed, as ment Aggeddabevéo the HDESEnic cpRdinen tyemsodheeth dax a
(request ed dat aé supEI ied fromthe RRWchannel 13 in the buffer nmenory 8
and al so transfBES-t he BafasKodrh¥endst hapsperecbanisapdhas acgesSpes

20 a disk 1 serving as a recording medium in accordance
with a read/write command generated from a host system
16 to execute recording or reproducing of data.
In an access operation according to the present
embodiment, disk access (DA) to access a data track on
25 the disk 1 is discriminated from access to a buffer
memory (buffer RAM) 8. The host system 16 is a

digital device such as a personal computer or a



" 20 The above-nentioned operation which acconpani es the execution of the

di sk access will now be described with reference to a timng chart of FIG
4. First, for the period Tl in FIG 4, for exanple, the disk access (DAn)
to the data track 100N is 25 executed in response to the host request (RN).
Due to the disk access (DAn), data (of two sectors in this case) recorded
in the data track 100N is transferred - to the host system 16. \Wen
all of the data is transferred to the host, the host processing (RN) is
finished. When the host processing is conpleted, the host 5 system 16

ds t reparation fo eneration of the next command (CO: command
ngSﬁSaZ) ? Eurﬂﬁﬂg%ﬁﬁiuﬁﬁ{?éh?%ﬁnp%%garation, tﬁe di sk accgss (DAn) to the
data track 100N is continued (tge I oE-ah%a .0 er?tion). Eﬁt read by the
| ook- ahead operation T8€19"t7aR 'ﬁf?fé Y8t éSEBC 725R/daf aFﬁ@ﬁ gecé‘rrul at ed
in the buffer nmepor I n command fo he data, track
hOOM i's ;eneratégyﬁﬁiﬁ%é§#§§fq roc%g%i%gg(?ﬁf, e EﬁiﬁﬁﬁéStogg ?ﬂ@ di sk
access (DAn) toéh%9<$ﬁéqaﬁg§5§%ce N dp @&gc%ggpigxg§g%e€r%gﬁssggg operation

(HS) of the hea cannot be exécu ntirely antil the

seek operation (#)md$. C t ey C t ck
100M V\he%tthe head éﬁre?ghgerg ﬁ%eéggﬁiéfrggigﬁ%b%&t%géaogégﬁ%%lgi cutes
the di sk access DAt sdderw@at a track 100M after the standby tine AT
(waiting for rotation) for the disk access (period T2). As with the
foregoing period T1, Iihetltk skcessesspéPAb)ons gonéaauednuphik theenext host
request (RN) is 25 generated. Consequently, requested data and | ookahead
data read by thenadjrsk iar deessd)( DAe coedd rdantsari it ethios tde X 7sadtops e
then accunul ated in - 15 the buffer nmenory 8. The requested data is
transferred fromn madiDdata dnaak ostreyednsds. dasa nbinem oeech adava, in
response to the host request (RN or RM, the disk accesses (DAn and DAM to
5 the datd traclEEctooN ardeldmachr: had & etad yhe3@ o et weprodietag
acconpani ed with the seek operation of the head 3. The requested data read

fromthe di sk adddSsed [(SAT SRPUHNCR)s ARl RRR9 hl HeRtre§REem 16
t hrough the HDC [/ t r.ansf er The | ook-ahead operation which is

(host . .LO
executed after t aet O(Zat "gtrr%nesfoéore)r\ﬂqllorﬁow be described with reference to a

flowchart of FIG 6. fy Jféﬁgoegjﬁq&&?nééhFér@ar?’haea\a?g‘t&heSnfﬁélggfﬁg

request (RN) is generate 0 executes
a voice coil motor (VCM) 4. The actuator 5 executes

15 the seek operation to move the head 3 in the radial
direction of the disk 1 by a driving force of the
VCM 4.
Each of the SPM 2 and the VCM 4 is supplied with
driving current from a motor driver IC 6 constructed
20 by integrating an SPM driver and a VCM driver into one
circuit. A CPU 10 controls the motor driver IC 6.
The CPU 10 is the main control unit of the drive and
executes the control operation on the basis of a
program stored in a ROM 12. A RAM 11 is used as a
25 working memory in the control operation of the CPU 10.
The disk drive 15 further comprises a disk

controller (HDC) 7, buffer memory (buffer RAM) 8, gate



15 di sk access (DAn) to the data track 100N (for the period T3). In this
instance, it is assuned that requested data (401N) corresponding to the
host request (RN) has been accunul ated in the buffer nenory 8 by the
precedi ng disk access. In this case, the HDC 20 7 transfers the requested
data (401N) read fromthe buffer nmenory 8 to the host system 16. After the
host transfer, the CPU 10 determ nes whether the disk access (DAn) to the
data track 100N is continued (step ®10). In other words, the CPU 10 25

det ermi nes whet her the | ook-ahead operati on |s execut%&i until the next host
request (RN) is generated. In this case, that the - 16

| ookahead operation, nanely, ch g;p kaa%% ss (DAn) is continued (YES in
step S10). In this inst @qes U 10 determ nes whether there is a

di fference bi tyf\@e,-n‘—’te d| sk tranrs)f erc dte 5 of the | gt atel y~ precedi ng
conmmand (I'-Q\‘?p and thaE éaﬂ;lsﬂelfﬁr sent corrmag? (;BI\M( }Pep S11). I.n this case,
since the | {;gifﬁa‘fa ®Fack 100M Ig vangl& atively | oy tb&ﬁé‘f‘ér rate and
t he outer atrac G,Ndw@irﬁé arelatj \(Zelqy duiagt tetsansfer rate are
alternately 10 abegessed, there | a'x(fheffl’g)rence betwee { hef di sk transfer
rates. The CPU 10 cal {:I g‘psﬂselt‘h]e nunber of data SERPOr S corresponding to
the differepge beevB8R t he transfl%r andt €S {'step 812 oHaeiCPU 10 conti nues
the disk 15 access (%ﬁ;@t G(Yrslt@ ondi ng to ead operation of the
cal cul ated ata sect ymieﬁ%"r 0 the pgrlg ged3)2t%hen the disk
accessﬁ(DAn) i's con*g:_) tgdté YE |n step gtlé ral hat fand s fi ni shed (step
S14). Furthegeathe® 10 detektrlglpaesl\léﬁ e basis ofn20 thé’oﬁeneratl on of
t he next host reques% ddRaidh “fer the dj S AC Acdess "(DAn) is cgntlnued (step
S15). \When tt‘@tm’e@& ost requeﬁaﬁmﬂ% gener at ed gg@;dnn%t‘ép S15), the
di sk access (DAn) goqﬁp‘éﬂ (Step S16),. @@rwhp}‘oned abov% whaen the data
track 100N 25 (m&SiPﬁg a high tl’%r(lﬁgf'elhela € is acces 0ok ahead
operation is exec% ﬁa)rlf‘a eriod corregé@nmlrﬁgt 0 the di fference between
t he high transd®®2Yate and %D aiment *

the Presen o
10 a sexvo ¢

20



- 17 low disk-transfer rate corresponding to the precedi ng conmand (RM.
Therefore, although the conpletion of the host processing (RN) is slightly
del ayed, | ookahead data can be mai ntained sufficiently in the 5 buffer
menory 8. Subsequently, when the command for the data track 100Mis
generated by the host processing (RM, the CPU 10 executes the seek
operation (HS) to nove the head 3 fromthe _data track 100N to the data
track 100M 10 In this instance, since t'he9par't of requested data
corresponding to the host request has been accunulated in, for exanple, the
buffer nenory 8, the actual disk access (DAM is finished in a short tine
(refer to the p&MrE&TF4). The transfer rate of the 15 data track 100Mis

| ow. Accordingly, when the requested data corresponding to the host request
is transferred to t h&HESS Qfgé(réarﬁli%} the host processing is conpleted in
mnimumtinme (one ro(t;?%itontirre). tcli?rrrrandfor t he data

Suq:[s.e uentl%r]l when_a

track 20 100N i s gen EFIT T P HA Pt S HP I R, “HheP T 8TeRebt ed data
is included in t I - ah dat 0 l.at.ed in.the buffer nenory
8 by the Iookahgg'gogggliéélt%l gﬁcl or?’ot%’hgo%pidrg’l)so ii%‘r&l etﬁleffoerr!fee,r?erh%e 10 does
not need the se%Jngperlattioo% (400) to nove the 25 head 3 to the data track
100N. The“requesfed’'data is read fromthe | ook-ahead data (401N)

accunmul ated in the bylf ey (o1VAS & q{}%i = -
? 5 Accordi ngly, si ncazc%{%gsqe%?(r%lgle?%ti on

transferred to the host system 16.

and the di sk acgessrapeotRictieeded ahamiest proeessi NEddNods£0mH et ed
in a very short time. Since the seek 5 operation (400) is unnecessary for
the period of tHerhestmpnegeaw e teRYecdriedClld thexady as the | ookahead
operation while continuing the disk access (DAmM to the data track 100M
Advant ages 10 Ascrestednéd akesypenskhéodiask agereess Hdde)st gdweradatd track
100N having a high transfer rate is continued for a period corresponding to
the difféPence Beoweshet hostr system dét.es In khdshdnsiarnds, fag shqari od

corresponding to the disk access (DAm) to the 15 data track 100M having a
| ow transfer rafB. F&nséfuerty yRngLt tripgk AOPM Pad fagy aifemhsata

processing is slightl el ayed, requested data included in data to be
sequenti al acce§§gﬂ i%ogﬁeo\éattget rdgé% ioéﬁecéﬁt@én@&eéiyné’dldoefore t he

| ook-ahead 20 o er agi . hn at p:er war ds, in the sequential and alternate
access oper at i oRC WPFREASM Yt REFSSK ahead operation in the data track 100N

havi ng a hi gh transf r.a be Ther

request for the 25 dg'%'aat :g%(?%%%&oﬁll%g&t;&erﬁgr_reét %&é{ %ae%ae%%g:%ﬁé can be
read fropxthe | gokxahead dataqaecymibakediiiatine Ui e eyt fand be
then transferred w thout - 19 needing the seek operation and the disk

access. ConsequgobNyort ReomEnti e exaeut wokdsi, Menr etd & fsey host
processing (RM and RN) can be reduced. Thus, the perfornmance of the
sequenti al and epteahabe, aceessdingperatrepmodacibng idatredsedxebiuted

advant ages of the present enbodi nent will now be described herei nbel ow with
respect to a spésithttexafpbletal sechersequential and alternate access
operations 10 for the data tracks 100M and 100N, it is assuned that, for
access time of the séfeS&RYEnENoff IGeqiddst éped@bahef fata dfedcddss tine

for the data track_  100Mto that for the data track 100Nis 1 . 1.2 (5 ns .
6 ms wit#°respetPctp ﬁglcéEStPS 3BBeLefRbRs Frafifen O0Ne of o1 8 isdqgdi &e"d for

i T or ence. bet uloRT PR Er SRORer PRkt 48 CBP BESBRICAS S 575t MM bect or o
Subsequent |y, |?h%pei?ccg§a Eﬁtggedg@ at&%%?:kll%% N’iﬁtcllgld%%"'%f gLion of the
| i d e [ook- ahea

command i s repe rve elrayed unti | opergtlon for 51

sectors is finighed 6hbest est o $o5akkskhed t t ahned by the

sixth repetitive ge?lé%nggggerr]gﬁ?gn gﬁd glatga afg%gm} étg% ?rﬁl%?hg&%ﬁ:f tgr

nmenmory 8 for sixnhéepgabedqapar akhers16am.bergeeHbedcRAGOLPRG M oni, N 225 the

access to the data track 100N, the | ook-ahead operation is advanced by 6 ns

(1 ms x 35X tinmesans€epseqgdentkie bREUALOBESERAE bl ugahr @SRNdicFg to the
data accessed in the outer data track 100N is higher

than that in the inner data track 100M.



" - 20 seek tine (13 ns x 2) can be reduced in the seek operation required
to nove the head between the data tracks 100M and 100N. Second Enbodi nent 5
General ly, when AV data or the like is reproduced, the host system 16 sets
atime limt of access to each of the data tracks 100M and 100N in order to
maintain the transfer rate. A second enbodi nent relates to an access net hod
wher eby the 10 maxi mum comrand processi ng Ebne_is secured in the tine limt
to continue disk access. Specifically, according to the access nethod,

after a host request is conpleted, the |ook-ahead operation is continued

til th time limt, th ing the 15 maxi t ,of
ook- ahead data. The I REHNErba Mot o7 PRC nGRE R BRGEr | BEUSPAMeLH |
her ei nbel i th 1 ef to FIGS,. 7 to. 9., As shown i flowchart,of FIG
5. whon L he HDCERT ock VIE AP o 4HE HOLoLy <18 1SHEPBh55) | 20
the CPU 10 deterpy her , di t] h d
hoad 30) i s bet Ry BeRan ad 1 Sys oo 1AL A SRRl HRE B b "D et oo

(YES in step Sz%xd_ %n%é%%ﬁrﬂﬁ&%fs m [ d&§%§aa€f§§f§si $ogu

stopped (step S er wor access Is perforned for

data track whi chds$ RN aQNaaIdah W tdy dde ace eSSTREaMest s 9f o 8B POSH
system - 21 16 (NOin step S28), thHe CPU 10 stops the di sk access (step

S29) . In the case aendAale BAUesd esbdly dherdosdn syst end nbos been
accunul ated in the buffer nmenory 8 5 (YES in step S23), the CPU 10 permts

the HDC 7 to trarsfen thaweguateddal aedackdhel (mstarsysiem 16 16t bpg S26) .
If the requested data is not accunulated in the buffer nmenory 8 (NOin step
S23), the CPU 1Gher ceeddorer giriepar @id)on digk tdrms eseeut {fmof and s kDAO)
access for the requested data (step S24). Wen the preparation for address
setting of the iteqidst e t@dattaaaid (IO aald dfiMhtdes sfoppedhead 3 is

conpl eted, the CPU 10 executes di sk access using the read head 30 (step
S25). Duéfto the execlits P ahRad PREGKE ERE EaNNQL henexoreledbbVe, the

HDC 7 accunul ates _reproduced data (requested data) supplied fromthe RRW
Chanmel 53 1t RRIBEPG: Ghotomp o X Co HBN B M ATEART oF STRIRE dat & t 0

the host systeng%%p@%ggjf%%Q.the host system 16. Accordingly,

look~-ahead data is hardly accumulated in the buffer
memory 8.

15 According to the access method of the present
embodiment, the look-ahead operation for the outer
data track 100N having a high transfer rate is
preferentially executed using the difference between
the transfer rates of the data tracks 100M and 100N as

20 mentioned above. As a result, parts (300) of the seek
operation are cut to reduce the number of seek
operations. Consequently, the performance of the
entire access operation is increased.

In this instance, since the transfer rate of the

25 data track 100M is different from that of the data
track 100N, time required for disk access in the data

track 100M is also different from that in the data



Thé above-nenti oned operati on acconpanying the 20 execution of the disk
access W Il now be described with reference to a timng chart of FIG 7.
First, for the period T1 in FIG 7, the disk access (DAn) to, e.g., the
data track 100N is executed in response to the host request (RN). Due to
the disk 25 access (DA . n), data (of two sectors in this case) recorded in
the data track 100N is transferred to the f st_system 16. \Wen all of the
data is transferred - 22 to the host system 16, the host processing (RN)
is finished. Wien the host processing is finished, the host system 16

ds t ' J f th t d , d
bver hoad) - Dur 4G Suah & pr SEAREAS ot I AHES SIS MALRS (8) to ¢ he
data t Kk 100N_i ti d..(l ogk- t . Data (70 db
the | ook ahead B56PaoR Lo krEnd (1o K L HE SR Pt 1 & cheh EFE Y
accumul ated in B0 ulle L S BONS. | SHAEAURN LY, Whelk 2 gotmad for e

data track 100M'I's Qenerate y t'he host “processing st ops

the di sk access (RAR) 110 18 Gt ot A %ggngﬁguhtggnbégéggg s the seek
operation (HS) 8& thenheaé 1§ 3.%$he 3#% accesszéannot e éiecuted unti |
the seek gperation (Hye i%LPhRiwbaA-dheaheace3 figa sdhe data track
100M Wien the head 3 reaches the data track 100M the U 10 executes the

di sk access (DAghpbaiinee tdatia 120dWw 3k deMigfderirt hetsdandpyc i me AT
(waiting for rotation) for the disk access (period T2). The di sk access

(DAM) is conti nwedettehicle the miest. Wosio reequest (RN) is generated in a

manner simlar to the foregoing period T1l. Consequently, requested data 25
and | ook- ahead dat a Resde dryincheodiBIG .ackesse {drencarsymsants tDl the HDC 7 and
then accunulated in the buffer nmenory 8. The requested data is transferred
fromthe - 23deppte7resipke Resh Spr@drPading fntdnghe fova athe di sk

accesses (DAn and _ ,
1 the disk 1; DAn, the disk access to the data track

100N; DAm, the disk access to the data track 100M; RN,
host processing {(such as command generation
processing) for the data track 100N; RM, host
processing for the data track 100M; CO, access
15 preparation processing (command overhead); and HS, the
seek operation of the head 3. Reference numeral 400
denotes the seek operation to be cut; 401N, data read
from the data track 100N; and 401M, data read from the
data track 100M. Reference symbol AT denotes standby
20 time of the disk access.
Basic Operation
When a command indicative of an access redquest is
generated from the host system 16, the HDC 7 in the
disk drive 15 receives the command (step S1). The CPU
25 10 interprets the command received by the HDC 7. 1In
this instance, a read command to reproduce data from

the data tracks (100M and 100N) on the disk 1 is



DAM) are alternately executed while being acconpani ed by the seek operation
of the head 3 for the data 5 tracks 100N and 100Min response to the host
request (RN and RM. The requested data read by each di sk access (DAn or
DAM) is transferred to the host system 16 t hrough the HDC 7 (host
transfer). According to the present enbodinent, as shown in 10 FIG 7, the
host system designates tine limts (LTn aw LTm for the disk accesses
executed for the data tracks 100N and 100 %y t he host system 16. Wen the
el apsed tine required for the actual disk access has spare tinme within the
time limt (LTn or LTm, the 15 | ook-ahead operation is continued for the
spare tine. Theaf§gReshead soFerati dhranGHU PEEHERT | PRl 8¢k ref erence

to a flowmhart of FIG, 9 in addition tqQ FlI Gafg. For the period Tl shown in
FIG 7, after tRESRESLCP0 tor Besidion Recmead Hterhih e het Fskt he di sk

access (DAn) to hhe d t% track 100N j.s cqontinued (ste 8304. | n_ot her

words, whet her PRETEoGR EERE "EFEPRAIAN it R RGP TIHRE 83 host
t (R i t i d 1. N, t hi va At ] d

hat the | obk- aReel SEOared. Sasarinl dHa i paceare d mehn e B hued

(YES In s5eP SfeoINB 0RO fantiiues die yaapke AN PP Ay se 24

(di sk access DAn) to the maximumlimt up unti

desi gnated by thgahost +8y $hemMyh® a( $treR SFPrv e d e ﬁ%ﬁ}%@;%&ﬁd%ﬂ) i's
conpleted (YES in step S31), the command is finished (step S32). 5 Further,

the CPU 10 det eppl Ree @Askhe basis of the generation of the next host
request (RM whether the disk access (DAn) is continued (step S33). Wen

the next host requestin( RMid sagenerndieddNOidndstEp S33)udddeidi ke access
(DAn) is stopped (step S34). 10 As nmentioned above, if the time [imt (LTn
or LTn) desi gnaheddby tleedsoskccoysieemdbi ehads anottHee ete tex deeddd, arde

| ook- ahead operation is continued to the maxinumlimt after the host

t ransf er10Accor 8hagl putautkolie dhadacdepltdts deast ampl Hosr prbcdessi ng (RN)
is 15 slightly del ayed, |ook-ahead data can be sufficiently secured in the
buf f er nmenory 8Th3u§£&7q&éﬁpny,l as PRGNS Mignad RARSGESE IThmETHER &S t he

data track 100M,i s generated, by the host pr.ocessin ,. the U.10 stops
the di sk access9EEREIBE)| 8(c%k-t Red&26h&r-&gtiadn) rtadlﬁ“%é:(tﬂ ke dAnd

t hen executes the k operation (HS)., .therehy nmowi ng t.he, head 3,fromthe
data track 100|\P{“8§?§ée§a§§ ?éaéﬁ f(?)(?ﬁln é: ofolgégleaclutdears]cat r?él%litgkerhccess
(DAM for the 2 Lra 1 i %6 ) eque d read fromthe
data track 100N?5%§E?%rt'%hghgi ggwgé(%gslg% Erz’r)daﬁts% '?}rbaﬁé}’feeerldfr%azt'o t he host
system 1fst hrough t henEDEDE 7 acdamdiRess taisffided ARSLIUEIU D Yaattdre
command (RN) to the data track 100N is generated fromthe host system 16.
The request ed datippllsednclrusedhihe/n chavkreahaad idatthed HuAEEY neairwl at ed
in the buffer nenory 8 by the | ook ahead operation for the period T1.
Therefore, a se8kapgerdspotr&néd@kriso timeyeatize toedthe3 hostt sy sdama td.ack 100N
is not needed. The HDC 7 reads out the requested data fromthe | ook-ahead
data (701N) accunul affbg RRoVe-mea tiwhegt hisrict e ratd arhels tusatsfag 2 t he

data to the host system 16. Since the seek operation (700) and the stopping
of the di sk accR58CPRAifiare nBheRe&ded EDChd @@gefyes a command from

20 the host system 16 (step S1), the CPU 10 determines
whether disk access (the read operation by the read
head 30) is being executed (step S2).

If the disk access is being executed (YES in step
S2), the CPU 10 determines whether the disk access is

25 stopped (step S8). In other words, when the disk

access is performed for a data track which is not

concerned with the access request supplied from the



continues the disk access (D. Am, thereby continuing 15 the | ook-ahead
operation in the data track 100M Subsequently, a command for the data
track 100Mis generated by the host processing (RM. The requested data is
included in the | ook-ahead data (701M accunulated in the buffer nenory 8
by the 20 | ook-ahead operation for the period T2. Therefore, the seek
operation (700) to nove the head 3 to the ﬂgta_track 100M i s not needed.
The HDC 7 reads out the requested data from'the | ook-ahead data (701M
accunul ated in the buffer nmenory 8 and then transfers 25 the data to the
host system 16. Since the seek operation é?OO and the_ stopping of the disk
access (DAmM ar *Uhhet¥slseRylot RO Py 3Be S8¥6 tREnEFHUSS FREPE $k€access
(DAM), thereby continuing the ]| ook- gead operation for the data track 100M
(period T3 ) . ISSKMRFHeFSs %#$%IS§ ‘the above, when a command 5 for the

data t k 100N i ted by the hopst i the CRPU 10 st
Che di sk access o CHEFHA S8 tE MERIToBRN: RY R DARESAYSEE At onP and
executes the seek operation,.th rqu 'nH thg hga E fron1%he gta track
oM 1ot o ot ETTRTREALEN i The bahPa Hehiey "R i LT EES e 1 h
BP0 S0chas (Bt b ek SO0 i kg Sbots, RBSRLERe B K
access to the data track 10 ﬁ?or§§ % IS exécuted in response to tRe host

request (RN or %\@_,tMeh&é@ksf&@%slé_swiseﬂaﬁeusﬁéeéétaﬂgtEﬁenaxgﬁumIim't up
until the time limt (LTn or LTn) designated by the hoSt system 16.

Therefore, when ddtecdd Mestdpride LTrwwen LR abbowstepagethi B abter the
requested data is transferred to the host system the | ook-ahead operation
in the data trackdsmZhtantinugte Konseruesndyy al {kough tbept 8B%®,required
for the host processing is slightly delayed within the tine limt of the
di sk access, reduest@Grl dad promdentedto npdaeparsbibe Serguehei ekkyuatorssed
can be secured before 25 the | ook-ahead operation. Since the nunber of seek
oper ati od® and tdfe disbercedssli ek Ehreessageshadbdatedietepri 41 he sequenti al
and al ternate access - 27 operation, the entire execution tinme required
for host processing (FARNERRNGTEah0 beorrétted. thnePErBRrEALLRR HEFSf or mance

of the entire access operation can be increased, 5 |In case of the method
according to thé tsa%&kﬁﬁrﬁ#hFe%?%%éeghgaFﬁoﬁraﬁgﬁdsﬁﬁ ration is
continued to the xijwumlimt up until t t] imt, the st _prqcessin
is relatively dequ%’;reaa?l%m%f\?etrrfé gri’%%% %he@lg? o%ggs#ggp?gmbg?fggﬁeﬁgwgt hout )
10 exceeding tng,didtesd 4] telgsianatied byskhecbost pyebsmysp. tignsher rate

request ed by the host system can be guarant eed oned above,

accordi ngsto theyd rfitsantaasonds embodh PBA} Sas WiER: EOREH NHBYSe datResuch as
AV 15 data is sequentially and alternately accessed, the | ook- ahead

operation i s sedDEd attumel Suddere®f o Seekd opet at ( pegueste@dased) to

i ncrease the performance of the host transfer. Thus, the entire access
operation can beupplrimcdr@d the R Herchwnns] 1Bheihobke abefiflenpeemdbrpn can
be surely executed during the access operation to sequentially and
alternately exedutadd el s destermheied odeta abo | Hee caget i ayshemahbunt of

| ook-ahead data can be realized, so that the possibility of 25 transferring
the | ook- ahead det®rss SoRREtSH data to the host system can be increased

- 2
8 20 The above~mentioned operation which accompanies

the execution of the disk access will now be described
with reference to a timing chart of FIG. 4.
First, for the period Tl in FIG. 4, for example,
the disk access (DAn) to the data track 100N is
25 executed in response to the host request (RN). Due to
the disk access (DAn), data (of two sectors in this

case) recorded in the data track 100N is transferred



" WHAT IS CLAIMED IS: 1. A nethod of access control for a disk drive which

i ncludes a di sk nedium and a head for accessing data fromdata tracks on
the di sk medium the nethod 5 conprising: accessing | ook-ahead data ot her

t han requested data when alternately and sequentially accessing the
requested data in the data tracks on the disk nmediumin association with
movenent of the head; 10 accunul ating the ggquested data and the | ook ahead
data in a buffer nmenory; and securing acce time to access | ook-ahead data
in a data track having a high data transfer rate on the basis of the

di fference between the data transfer 15 rates of the data tracks for a

predet er mi ned péd ddte ROk FtHER dkor MR tdLEI A nFhe JPeRetd the access
time is secured for eri cqorresponding ta time required t cess the
Fequested dat a it ARSEAT A dk Ha e o | ohe sl Trhseras e BROGGEES

met hod accordin .toéﬂégrnlﬂ further conprising the step of: transferring
request ed data o ‘buffer nmenory to a host system when the requested

data correspondi ng tqﬂgﬁ}q5%§§§35@3&gi$e%§£§§a{gdC££§$%%%§,2§th§gs§ysten1

is accunul ated in the fer nenory. hod acc to clarm1
further canprisiRQ: - {ggg iggk t ffer
menory toga hostsy%;csetmen]ﬁe\%\/%éfr?t({ e rgﬁ steFS at a&?gf%%c n%%'g%%%&?ng?he

buffer menory URQR FAELASUJMhAME (EAVEI BRI Svd Phddg) datgui{agkihaving a
high data 5 transfer rate in response to an access request generated from

the host systenmpean@RTeas Pripdeakiciheathdad tsit na¢dhesslatmndy aek fe the

predeterm ned period. 5. A nmethod of access control for a disk drive 10
whi ch i ncl udes aatiaskrsdi woahd s dweadi fwed accies sl skeltaali¢adn data tracks on
the di sk nmedium the nethod conprising: accessing | ook-ahead data ot her
t han requested operation). Data read by the look-ahead operation is
10 transmitted to the HDC 7 and is then accumulated in
the buffer memory 8.
Subsequently, when a command for the data track
100M is generated by the host processing (RM), the CPU
10 stops the disk access (DAn) to the data track 100N
15 and then executes the seek operation (HS) of the head
3. The disk access cannot be executed entirely until
the seek operation (HS) is completed‘and the head 3
reaches the data track 100M.
When the head 3 reaches the data track 100M, the
20 CPU 10 executes the disk access (DAm) to the data
track 100M after the standby time AT (waiting for
rotation) for the disk access (period T2). As with
the foregoing period T1l, the disk access (DAm) is
continued until the next host request (RN) is
25 generated. Consequently, requested data and look-

ahead data read by the disk access (DAm) are

transmitted to the HDC 7 and are then accumulated in



data when sequentially and alternately accessing the 15 requested data in
the data tracks on the disk nmediumin association with novenent of the
head; accumul ating the requested data and the | ook ahead data in a buffer
menory; and securing access tinme to access the | ook-ahead 20 data for a
predeterm ned period in addition to access tine for the requested data
within an access tine limt of each data tr%ck. 6. A nethod according to
claimb5, further conprising the step of: 28 sefting the tine required for
di sk access to each data track to the maximumlimt within the data-track
access time limt restricted by a host_system - 30 7. Adisk drive
conprising: a diEe fif ier WAeBArYial - naRyecbREBAELRE Hatd ifacks thereon: a
head to record or reproduce data to/fromeach 5 of the data tracks; a seek
mechani smto moved %%%%§b€¥%%eﬁh?h%D9a§atPrEEEsPoéﬁdsﬁsgéﬂtFékler to

control so as to access | ook, ahead data other than requested,data for a 10
pr edet er ni ned period'%ﬁ ?ﬁ%gﬁae?g 8P Vhe anFSFBHBéebggwégﬁ 8264 transfer

t f the data t k i all d alt i th
Fequested data iEE ta i Fa Rl Tothe o sR hr b e SRR oL P R B T
wherein 15 the ré§é§rtéﬁfﬁiefo@ﬁ0§§& i?ﬂﬁ LP.aGees3 59%&'?B§@§u@§ha
froma data trac aving a high data transter rate on tﬁe aXIS of the

difference bet V‘%f@@eiﬁ%%&@émﬁé’ﬁ%d of1therdat §?Ek38f5§ra9ioﬁ‘ dicSkndri ve
according to claim7, further 20 conprising; a buffer nenory to tenporarily

accunmul ate the neauess ed tad araddeshed| 99kaahead dabm freegssd in the disk
medi um wherein the controller controls so that the requested

accesses (DAn and DAm) is transferred to the host
system 16 through the HDC 7 (host transfer).
10 The look-ahead operation which is executed after
the host transfer will now be described with reference
to a flowchart of FIG. 6.
For the period T2 in FIG. 4, when the next host
request (RN) 1is generated, the CPU 10 executes the
15 disk access (DAn) to the data track 100N (for the
period T3). 1In this instance, it is assumed that
requested data (401N) corresponding to the host
request (RN) has been accumulated in the buffer memory
8 by the preceding disk access. 1In this case, the HDC
20 7 transfers the requested data (401N) read from the
buffer memory 8 to the host system 16.
After the host transfer, the CPU 10 determines
whether the disk access (DAn) to the data track 100N
is continued (step S10). 1In other words, the CPU 10
25 determines whether the look-ahead operation is
executed until the next host request (RN) is

generated. In this case, it is assumed that the



" 25'data is transferred fromthe buffer nmenmory to a host system and the
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the disk access (DAn) is continued (step S15). When

the next host request (RM) is generated (NO in step
S15), the disk access (DAn) is stopped (step S16).
As mentioned above, when the data track 100N
25 having a high transfer rate is accessed, the look-
ahead operation is executed for a period corresponding

to the difference between the high transfer rate and a
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command (RM). Therefore, although the completion of
the host processing (RN) is slightly delayed, look-
ahead data can be maintained sufficiently in the
5 buffer memory 8.
Subsequently, when the command for the data track
100M is generated by the host processing (RM), the CPU
10 executes the seek operation (HS) to move the head 3
from the data track 100N to the data track 100M.
10 In this instance, since the part of requested
data corresponding to the host request has been
accumulated in, for example, the buffer memory 8, the
actual disk access (DAm) is finished in a short time
(refer to the period T4). The transfer rate of the
15 data track 100M is low. Accordingly, when the
requested data corresponding to the host request is
transferred to the host system 16, the host processing
is completed in minimum time (one rotation time).
Subsequently, when a command for the data track
20 100N is generated by the host processing (RN), the
requested data i1s included in the look-ahead data
(401N) accumulated in the buffer memory 8 by the look-
ahead operation for the period T3. Therefore, the CPU
10 does not need the seek operation (400) to move the
25 head 3 to the data track 100N. The requested data is

read from the look-ahead data (401N) accumulated in

the buffer memory 8 by the HDC7 and is then
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transferred to the host system 16.

Accordingly, since the seek operation and the
disk access are not needed, the host processing (RN)
is completed in a very short time. Since the seek

5 operation (400) is unnecessary for the period of the
host processing (RN), the CPU 10 executes the look-
ahead operation while continuing the disk access (DAm)
to the data track 100M.

Advantages

10 As mentioned above, the disk access (DAn) to the
data track 100N having a high transfer rate is
continued for a period corresponding to the difference
between the transfer rates, in other words, for a
period corresponding to the disk access (DAm) to the

15 data track 100M having a low transfer rate.
Consequently, although time required for the host
processing is slightly delayed, requested data
included in data to be sequential accessed in the data
track 100N can be obtained before the look-ahead

20 operation.

In other words, in the sequential and alternate
access operation, time for the look-ahead operation in
the data track 100N having a high transfer rate can be
secured. Therefore, when the host request for the

25 data track 100N is generated, the requested data can

be read from the look-ahead data accumulated in the

buffer memory 8 and be then transferred without
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needing the seek operation and the disk access.
Consequently, the entire execution time required for
host processing (RM and RN) can be reduced. Thus, the
performance of the sequential and alternate access

5 operation can be increased.

The advantages of the present embodiment will now
be described hereinbelow with respect to a specific
example.

In the sequential and alternate access operations

10 for the data tracks 100M and 100N, it is assumed that,
for access time of the same amount of requested data,
the ratio of access time for the data track 100M to
that for the data track 100N is 1 : 1.2 (5 ms : 6 ms
with respect to access to 256 sectors). When the time

15 required for the seek operation (HS) is set to 13 ms,
it is assumed that there is a difference between the
transfer rates corresponding to 51 data sectors.

Subsequently, in the access to the data track
100N, the completion of the command is repetitively

20 delayed until the look-ahead operation for 51 sectors
is finished. One host request is satisfied by data
obtained by the sixth repetitive delaying operation
and data accumulated in the buffer memory 8 for six
repeated operations can be secured. Accordingly, in

25 the access to the data track 100N, the look-ahead
operation is advanced by 6 ms (1 ms x six times).

Consequently, the processing time corresponding to the
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operation required to move the head between the data
tracks 100M and 100N.
Second Embodiment
5 Generally, when AV data or the like is
reproduced, the host system 16 sets a time limit of
access to each of the data tracks 100M and 100N in
order to maintain the transfer rate. A second
embodiment relates to an access method whereby the
10 maximum command processing time is secured in the time
limit to continue disk access. Specifically,
according to the access method, after a host request
is completed, the look-ahead operation is continued
until the access time limit, thereby securing the
15 maximum amount of look-ahead data.
The present embodiment will now be described in
detail hereinbelow with reference to FIGS. 7 to 9.
As shown in a flowchart of FIG. 8, when the HDC 7
receives a command from the host system 16 (step S$21),
20 the CPU 10 determines whether disk access (the read
operation by the read head 30) is being executed
(step S22).
If the disk access 1s being executed (YES in step
S22), the CPU 10 determines whether the disk access is
25 stopped (step $28). 1In other words, if the disk
access 1s performed for a data track which is not

concerned with the access request of the host system
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system 16 has been accumulated in the buffer memory 8
5 (YES in step S23), the CPU 10 permits the HDC 7 to
transfer the requested data to the host system 16
(step S26). If the requested data is not accumulated
in the buffer memory 8 (NO in step S23), the CPU 10
proceeds to preparation for the execution of disk
10 access for the requested data (step S24).

When the preparation for address setting of the
requested data and the seek operation of the head 3 is
completed, the CPU 10 executes disk access using the
read head 30 (step S25). Due to the execution of the

15 disk access, as mentioned above, the HDC 7 accumulates
reproduced data (requested data) supplied from the R/W
channel 13 in the buffer memory 8 (step S26) and also
transfers the data to the host system 16 (step S27).

The above-mentioned operation accompanying the

20 execution of the disk access will now be described
with reference to a timing chart of FIG. 7.

First, for the period Tl in FIG. 7, the disk
access (DAn) to, e.g., the data track 100N is executed
in response to the host request (RN). Due to the disk

25 access (DAn), data (of two sectors in this case)
recorded in the data track 100N is transferred to the

host system 16. When all of the data is transferred
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to the host system 16, the host processing (RN) is
finished.
When the host processing is finished, the host
system 16 proceeds to preparation for generation of
5 the next command (CO: command overhead). During such
a preparation period, the disk access (DAn) to the
data track 100N is continued (look-ahead operation).
Data (701N) read by the look-ahead operation is
transmitted to the HDC 7 and is then accumulated in
10 the buffer memory 8.

Subsequently, when a command for the data track
100M is generated by the host processing (RM), the CPU
10 stops the disk access (DAn) to the data track 100N
and then executes the seek operation (HS) of the head

15 3. The disk access cannot be executed until the seek
operation (HS) is completed and the head 3 reaches the
data track 100M.

When the head 3 reaches the data track 100M, the
CPU 10 executes the disk access (DAm) to the data

20 track 100M after the standby time AT (waiting for
rotation) for the disk access (period T2).

The disk access (DAm) is continued until the next
host request (RN) is generated in a manner similar to
the foregoing period Tl. Consequently, requested data

25 and look-ahead data read by the disk access (DAm) are
sent to the HDC 7 and then accumulated in the buffer

memory 8. The requested data is transferred from the
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HDC 7 to the host system 1l6.
As mentioned above, the disk accesses (DAn and
DAm) are alternately executed while being accompanied
by the seek operation of the head 3 for the data
5 tracks 100N and 100M in response to the host request
(RN and RM). The requested data read by each disk
access (DAn or DAm) 1s transferred to the host system
16 through the HDC 7 (host transfer).
According to the present embodiment, as shown in
10 FIG. 7, the host system designates time limits (LTn
and LTm) for the disk accesses executed for the data
tracks 100N and 100M by the host system 16. When the
elapsed time required for the actual disk access has
spare time within the time limit (LTn or LTm), the
15 look-ahead operation is continued for the spare time.
The look-ahead operation will now be described
with reference to a flowchart of FIG. 9 in addition to
FIG. 7.
For the period Tl shown in FIG. 7, after the host
20 transfer, the CPU 10 determines whether the disk
access (DAn) to the data track 100N is continued (step
S30). In other words, whether the look-ahead
operation is executed until the next host request (RM)
is generated is determined. 1In this case, it 1is
25 assumed that the look-ahead operation, namely, the

disk access (DAn) is continued (YES in step S30).

The CPU 10 continues the look-ahead operation
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(disk access DAn) to the maximum limit up until the
time limit (LTn) designated by the host system 16
(step S31). When the disk access (DAn) is completed
(YES in step S31), the command is finished (step S32).
5 Further, the CPU 10 determines on the basis of
the generation of the next host request (RM) whether
the disk access (DAn) is continued (step S33). When
the next host request (RM) is generated (NO in step
S33), the disk access (DAn) is stopped (step S$34).
10 As mentioned above, if the time limit (LTn or
LTm) designated by the host system 16 has not been
exceeded, the look-ahead operation is continued to the
maximum limit after the host transfer. Accordingly,
although the completion of the host processing (RN) is
15 slightly delayed, look-ahead data can be sufficiently
secured in the buffer memory 8.

Subsequently, as shown in FIG. 7, when a command
for the data track 100M is generated by the host
processing (RM), the CPU 10 stops the disk access (the

20 look-ahead operation) to the data track 100N and then
executes the seek operation (HS), thereby moving the
head 3 from the data track 100N to the data track
100M.

The CPU 10 executes the disk access (DAm) for the

25 data track 100M (period T2). Requested data read from
the data track 100M due to the disk access (DAm) is

transferred to the host system 16 through the HDC 7



F'109%@& () - S! F" 109 () - SYpZqZr ZsZzZZ2[ r P@
10! 1 L-"1098 1109 Ut U ()-!!109KK& ()-109%%& ()- 10 10

101 L-"109%& ()-2[[[\&]]}[<P@ 10!!&&" 109%F& ()- S! &&"' 10965& () - S9" 109%& () -
1096& ()-1]110%5i5& ()-]1"i j k| s ArSlls 110%'& ()-

1 9" 10965& () -

PLOY& ()- MLOY& ()- 107" 107N 107 F/"10%87& ()-:1 T/710% 5
5& ()-:A " :abb}[9rSl !s!s"10%& ()-!s"10%& ()-!&" 109& ()-!&" 10%& ()-
F109&' ()- !'10%& ()-bcddddddd} oPl &10%& (Y~ml0%& ()- 10 10

101 L) "109& ()-!L)"109& ()-!3L)"10% ()- d&e<eNeef ?f aBoP1 &10 F109%& () -

1098 ()-!fT 100/5?&' %-Eloty&' éi)fi_ 10%&' ()- f109%& ()-?fyffAgggggdEoPl ~ &10l
: =1 -f

109& ()-Y 9409%&

10

15

20

25

BoRS{ 109& () -
Subsequently, the command (RN) to the data track

o

100N is generated from the host system 16. The
requested data is included the in look-ahead data
(701N) accumulated in the buffer memory 8 by the look-
ahead operation for the period Tl. Therefore, a seek
operation (700) to move the head 3 to the data track
100N is not needed. The HDC 7 reads out the requested
data from the look-ahead data (701N) accumulated in
the buffer memory 8 and then transfers the data to the
host system 16,

Since the seek operation (700) and the stopping
of the disk access (DAm) are not needed, the CPU 10
continues the disk access (DAm), thereby continuing
the look-ahead operation in the data track 100M.

Subsequently, a command for the data track 100M
is generated by the host processing (RM). The
requested data is included in the look-ahead data
(701M) accumulated in the buffer memory 8 by the
look—-ahead operation for the period T2. Therefore,
the seek operation (700) to move the head 3 to the
data track 100M is not needed. The HDC 7 reads out
the requested data from the look-ahead data (701M)
accumulated in the buffer memory 8 and then transfers
the data to the host system 16.

Since the seek operation (700) and the stopping

of the disk access (DAm} are unnecessary, the CPU 10
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10%& () - 1O%&I(rgc;ntinues the disk access (DAm), thereby continuing
the look-ahead operation for the data track 100M
(period T3).
In a manner similar to the above, when a command
5 for the data track 100N is generated by the host
processing (RN), the CPU 10 stops the disk access to
the data track 100M (the look-ahead operation) and
executes the seek operation, thereby moving the head 3
from the data track 100M to the data track 100N
10 (period T3). Then, the CPU 10 executes the disk
access (DAn) to the data track 100N.

As mentioned above, when the disk access to the
data track 100N or 100M is executed in response to the
host request (RN or RM), the disk access is continued

15 to the maximum limit up until the time limit (LTn or
LTm) designated by the host system 16. Therefore,
when the time limit (LTn or LTm) allows spare time
after the requested data is transferred to the host
system, the look-ahead operation in the data track is

20 continued.

Consequently, although the time required for the
host processing is slightly delayed within the time
limit of the disk access, requested data included in
data to be sequentially accessed can be secured before

25 the look-ahead operation. Since the number of seek

operations and the number of disk accesses can be

reduced in the sequential and alternate access
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operation, the entire execution time required for host
processing (RM and RN) can be reduced. Therefore, the
performance of the entire access operation can be
increased.

5 In case of the method according to the present
embodiment, since the look-ahead operation is
continued to the maximum limit up until the time
limit, the host processing is relatively delayed.
However, since the processing 1is performed without

10 exceeding the time limit designated by the host
system, a transfer rate requested by the host system
can be guaranteed.

As mentioned above, according to the first and
second embodiments, when continuous data such as AV

15 data i1s sequentially and alternately accessed, the
look-ahead operation is secured and the number of seek
operations is reduced to increase the performance of
the host transfer. Thus, the entire access operation
can be improved.

20 In other words, the look-ahead operation can be
surely executed during the access operation to
sequentially and alternately execute the accesses.
Therefore, an increase in the amount of look-ahead
data can be realized, so that the possibility of

25 transferring the look-ahead data as requested data to

the host system can be increased.
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1. A method of access control for a disk drive
which includes a disk medium and a head for accessing
data from data tracks on the disk medium, the method

5 comprising:

accessing look-ahead data other than requested
data when alternately and sequentially accessing the
requested data in the data tracks on the disk medium
in association with movement of the head;

10 accumulating the requested data and the look-
ahead data in a buffer memory; and

securing access time to access look-ahead data in
a data track having a high data transfer rate on the
basis of the difference between the data transfer

15 rates of the data tracks for a predetermined period.

2. A method according to claim 1, wherein

the access time is secured for a period
corresponding to time required to access the requested
data in a data track having a low data transfer rate.

20 3. A method according to claim 1, further
comprising the step of:

transferring requested data from the buffer
memory to a host system when the requested data
corresponding to an access request generated from the

25 host system is accumulated in the buffer memory.

4. A method according to claim 1, further

comprising:
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10% () - MLO%& () - transferring requested data from the buffer
memory to a host system when the requested data is
accumulated in the buffer memory upon accessing the
requested data in the data track having a high data
5 transfer rate in response to an access request
generated from the host system; and
accessing look-ahead data in the data track for
the predetermined period.
5. A method of access control for a disk drive
10 which includes a disk medium and a head for access
data from data tracks on the disk medium, the method
comprising:
accessing look-ahead data other than requested
data when sequentially and alternately accessing the
15 requested data in the data tracks on the disk medium
in association with movement of the head;
accumulating the requested data and the look-
ahead data in a buffer memory; and
securing access time to access the look-ahead
20 data for a predetermined period in addition to access
time for the requested data within an access time
limit of each data track.
6. A method according to claim 5, further
comprising the step of:
25 setting the time required for disk access to each

data track to the maximum limit within the data-track

access time limit restricted by a host system.
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7. A disk drive comprising:

a disk medium which has many concentric data
tracks thereon;

a head to record or reproduce data to/from each

5 of the data tracks;

a seek mechanism to move the head between the
data tracks; and

a controller to control so as to access look-
ahead data other than requested data for a

10 predetermined period on the basis of the difference
between data transfer rates of the data tracks when
sequentially and alternately accessing the requested
data in the data tracks.

8. A disk drive according to claim 7, wherein

15 the controller secures access time to access
look-ahead data from a data track having a high data
transfer rate on the basis of the difference between
data transfer rates of the data tracks.

9. A disk drive according to claim 7, further

20 comprising;

a buffer memory to temporarily accumulate the
requested data and the look-ahead data accessed in the
disk medium, wherein

the controller controls so that the requested

25 data is transferred from the buffer memory to a host

system and the requested data is transferred from the

look-ahead data to the host system.



Ty10% &' ()-! 10%n& ()-! 109k ()- 110%& ()- 10%& ()-+[*dEnbC

Sf10L-"10% V& ()- | +10%& ()- )10%& ()- % 10%& ()-#10%& ()- "10%& ()-
@eaB7C 10z :10%& ()- 810%& ()-6"!10%& ()-1 410%& ()-

2S10% & ()-!'L-"10%& ()-efgn:jmV 3z10%& ()-3S10%& ()- 10%R& ()-

10%& ()-10%& ()-nml0%& ()- 10z 10zcnnvv 3z10%&' () -3S10%

109%g& ()-!10%9& ()- 10%@& ()-10%g& () - 3{ @& ()- Nornmal" "Heading 13]c"
"Headi ng 23] c" "Heading 33]c" "Heading 43] "Headi ng 53]c" "Heading 63]c"
"Headi ng 73] c" "Heading 83]c" "Heading 93]c"A "Default Paragr aph Font @

#( - 27H=| BGLRr K\ af | {IfI 2'Z "(FQPlirz @10 rstuvwxyz{| *A Bz{
! '('$%&‘ ) |+#- ' 0g1535R? - <P @ EFRH %DJ& Y% Bél@iU@h?kaHhS‘p’?én

t uwd ~N&Qv3H QQQ *e Nf Roman ICourler New' h

Eﬁtrgu)r dDocument ‘}*%%%&Of(‘%gr We?oi%% 58%950 58" t6°Hc8e58 tne 100k-
I
e

<=>?@BCDEFCH JKLMNCPQRITUIKYZ] \] A s abe el gbij KLIMGRAL §t uXwayaEh) £,

access time for the requested data in accordance with
5 an access time limit for each data track when

alternately and sequentially accessing the requested

data in the data tracks.

11. A disk drive according to claim 7, wherein
the controller secures access time for the look-

10 ahead data to the maximum limit in addition to access

time for the requested time within an access time

limit for each data track.



