;e3€~{Z~x46TZhN* 'e 2 8 F EB 2002 -1 POAER SAVI NG METHOD AND APPARATUS FOR
COVPUTER DI SK DRI VE BACKGROUND OF THE I NVENTION 1. Field of the Invention
The present invention relates to conputer nenory di sk devices in which the
speed of r rotation is controlled, and particularly to reduci ng power
consunption of nulti-speed constant |inear velocity and nufti-speed
constant angul ar velocity disk drives. 2. Description of the Related Art
.1t is known that reducing power consunption of conputers and their

peri pheral s pronotes energy conservation. Further, it has been recognized
t hat reduci ng power consunption of conputer conponents and i

decreases the size of a power supply needed for this functigﬁa ﬁmgag?qgg
power supply facilitates the use of “donveni ent portable conputers, e.g.,

| apt op and not ebook conputers. Thus, it is desirable to reduce the power

required t i f I i he
conven entd SRR SHNET PO Aptf rSia s SR O LR ISR P ot T e
head transport notor of a conputer disk when no recording nediumis | oaded
in the disk drive. U 'S, Pat. No. 4,783,706 to Shoji ' et al. discloses such
an arrangenent However. when a recording nediumis in the disk drive then
no power can be saved by ysd ORGHOENIEORCE IINVENTIGR known to "spin
down") i.e. stop spinning, a recording nedia when a disk drive has been
inactive for a predeterm ned period of tinme. This results in a power

savi ngs, sincegth Lk i S J:dl €. Such a nmethod is shown in U S. Pat. No.
5,197, 055f't o] Hg?etkﬁﬁgkhzetmg??ﬁ wever, a significant tinme delay is experience
when. it is neThsgmsent inveiitiqu relatys to thapdirsherhoryrdeacdevivpe irbivhioR e sheédds onal
speed. . 28 FEﬁ 2002 -2 It .is disclosed uin-i U 'S Pat. No. -L987,502
;0 Fr eezefOHtRRS FOREAYAt.SBF BRTicHArIY fo rducingovrrcnsyraptionef@uitixpesteonsiant t o

distri b”t@éﬁﬁw&wm}“meﬁmww%m%gﬁS‘S‘E'&' griods in order to

determ ne en to nmove the 'head. After a pr rm ned maxi mum nunber of
idle periods has been reached the systemenploys a controller to stop the
rotation 5 pescription of the Related Art

It is known that reducing power consumption of computers and their peripkerals
promotes energy conservation. Further, it has been recognized that reducing power
consurﬂption of computer components and peripherals decreases the size of a power supply
needed for this function. A smaller power supply facilitates the use of convenient portable
computers, ¢.g., laptop and notebook computers. Thus, it is desirable to reduce the power
required by computer peripherals in order to save energy and increase the convenience of
computers. -

It is known to reduce the voltage supplied to the head transport motor of a computer
disk when no recording medium is loaded in the disk drive. U.S. Pat. No. 4,783,706 to Shoji

"et al. discloses such an arrangement. However. when a recording medium is in the disk drive
then no power can be saved by using this method.

It is also known to "spin down", i.e. stop spinning, a recording media when a disk
drive has been inactive for a predetermined period of time. This results in a power savings,
since the disk is idle. Such a method is shown in U.S. Pat. No. 5,197,055 to Hartung et al.
However, a significant time delay is experienced when it is necessary to "spin up" the disk

to reach operational rotational speed. -
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of the disk. Stopping the rotation of the disk has the sanme effect on power
consunption as the "spin down" nethod of the '055 patent discussed above.
Additionally, the disadvantage of a signidificant'tine delay to reach
operational speed after stopping is also present when using the nethod
disclosed in the '~02 patent. j Siml|ar nmethods and arrangenents for

di spl acing the head to reduce wear are disclosed in U S. Pat. No. a050, 015
to Hack et al. and U S. Pat. No. 5,117,315 to Nagasaki et ah é 2%2
pat ent di scloses noving the head to a waiting track or area oalt E&

usabl e area of the magnetic tracks. Tee-track location and waiting tine are
dependent on which tracks are read nost frequently, since the objective of
the ' 015 patent Idissdisdeyd eni 8-St d'ar deuckI8ASdr . .0 Areqnt el raidomusdiecusn stfopped
and start ed, Lo AENL eV ke ARl ARCRER e HAE QIUDAEL Y rnd D851 QBRI AY AN
startl ng o e electronic control circurt 1nvo or e power consurrptl on.
The ' 315 p@tnnds di @d¢rasemednmplvdrcn ng moke thecmed. Whdiar a mcdnmmad nthximdoh S
presence or a at i s capabl e of
Peduct ng vesPoE afie St ot eSS el e e s oo KR L PP Moy
lifting thefh&adsMGpm@mdkMdnmfsm@dﬁmds tRowae eff&t%ﬁ\pedeqummﬁtuﬁhrag t he
drag effect. of th ead .i ontracting t e di sk or start-up
however, t ¥ éB’ﬁa ?cﬁwg ﬂ\g} éﬁsn %‘t ﬁ’é“tusslﬁgétfw o, §‘£9@Pyp8¥ﬁélsa6\7f?é‘ﬁg§ di sk
is dal r eady of B sx}?fﬁf(f]cﬂﬂ tirlel.d8lay E&Each Npera@qn@l?ﬁeeaﬁﬁertsﬁ)pﬁag d@d]socbr&ght@&ﬁﬁ usingret hod
and appar at us ving.a head to a safe "home position under

m croproceél?o‘?leth‘?lggf)lPseaﬁ‘eHmlP Rifnsed that power to a rotating disk is
3 be i nt err upt 8inilaBhieddls £d wiri{Femeiits nemﬂaomeehaie@@&)@e&hce Q3hr aedisdioked
reduci ng any |nadverten1£<0($i gﬁeffec S h%‘ woul d result if the head

i nt er f er ed WPth Feh&ogy-2R0.¢151t E}ﬁetmv Pat e Wbt/rdd \ablesaspip stal die ar e
ineffecti veoﬁsopasalv QisPIOW¥R imoMtig| tRe Beadit6 4 waRting RMaliNbNated ButSidé! &R udhblORRS 8F 1 ON.

- 3-2akFES8 2002 SUMVARYﬁ% THE | NVENTI ON An qbj ective of the present

i nvention ¢ MREOEEE RSt hbe 1§ ?caeehet?ﬁffewmn&r%ﬂem@qn&am Wijch kragksA'e e

wi t hout si %ufm&amdf;aenaiﬁ%aamg,bfee@wm D1 9Bardn® dRcIGARIRAE rdRcS R, Gat a.
Anot her objective of the present invention is to provide an apparatus and
met hod f or CORIERL SRt ihPaRAed aRhEHTRA 19 2rHicveihe digricsmens qnéqnmtelwéﬁmpmge a di sk
fromthe optd G@hingdic?Hhda¥ineRic BREolRIBSERVOIVEMERE ipBled Sorb@HRbnOTHe"815
inventors' critical observation that power consufption can be reduced in an
optical di @%e@rqlv@smﬁla%&cesﬁ#qﬂeﬁ@“%Preﬁpraces@r Aeertobreseneacariabsenge ofFewaten and

then issui pggR d?s‘k”“ﬁi%‘ivh&n Eseda'[;!&ﬂe Bi"f%dl\!&lnga} ¥y Qfghtih & I&bBQ'ﬁ% 14 8o ¥hi ch
spins the disk mediumfo the Iowest "operational |evel™ or just bel ow the

oper at i onathreeyegks apd liffingtthe beeg | vdiea | be dskols stared. oPower s ﬁﬁeﬁ@yaeﬁmmgtthre di sk
for the dupaliep@eis thd¥eal HABYHERIP@tARing Eia%skfap%ﬁlubom&ev&e&el pdrt€rS O
t hat angul ar vel ocity where the Head may still read or wite F In a
const ant | pRfbEEthod apchor ysefied) tg/savgi RORveR Vhépea digk isjalspagy 1P§nq“§§ued from a

i croprocessor G @k ﬁew@éscsrosws&laeﬁﬁscesela@?&mhm LR i ARAMglaitedd € 0
seéek to an outer track when a predet erm ned period 1P |nact|V|ty occurs.
This is adKPaﬁtSetgeba@%@@é@gém@ﬁénlﬁf?@m%ﬁﬁm\ﬁémfd|Vt'13¢n0f ist Jg@sed et PAWEN OB | s
less at thg, auLes kpi’§'id Q@ﬁa&u Q4. 81ight V& of fsthRPLre! VELEED %a&&ﬁge speed
measur ed unde?ﬂgt rllse ad), {) erl%i fore the Were pclr:(g)b%glgr tﬂlzon )

spi ndl e ot H\ﬁﬁ‘fe@ﬁmsfbﬁﬁsfﬂtcﬁethm wulgyresplt fethg begd intpriered %%ﬁlﬁk Em@mlﬂar
veloci ty ({5Vbvdli G r&moﬁ%@agﬁeueta}@mef@ewehs sz{v@tpaevlapmie SREEH s gua,hgg; a
peri od~of relative inactivity is acconpl i shed by issuing a control~signal
fromthe nkesdprarceationr to the spindle control nodule to reduce the angul ar
vel ocity of the spindle notor that spins the disk to the | owest operational
| evel or just below the operational |evel wthout conpletely "spinning
down" the disk for the duration of the inactive period.



. -4 Advantageously, in either enbodinent the disk is operational, as it is
*never conpletely spun down" to the point that it stowrotating, with an
exception for disks left inactive for large periods of tinme. So there is no
associ ated significant delay in "spinning up" the disk upon receiving an
| /O command. Thus, the invention can be used to reduce power consunption of
a disk spindle notor while maintaining the disk in an operational node, or
spinning at a speed just bel ow an operational node. Regardi ng the nmentioned
exception, if the disk is left inactive for a predetermned tine which is
significantly long the disk may be stopped from spinning. The stopping of

the di sk, according to the present invention, will only fol cﬁé t of
ei ther noving the head to an outer tack for CLV drives, orém E@bﬁﬂe
angul ar velocity to the Iowgﬁhgégéggé$QEﬁFzﬁgigghggxnufti-speed CLV and
mufti-speed CAV drives. BRI | PTI WNG FIG 1 is a block
di agram of the present invention; FIG 2 shows a disk nmediumuseful with

constant linear velocity.type disk drives; Fl BAis a graph illustrating
a critical rel’%ﬁ?tﬂiﬁ%’r’(faﬁ}(ﬂ?é’?‘?ﬂsmvﬁ“f%“%’é“b’reég e paveRORYIRPYon@f agmprisaly

gr aph i | 14ist dakdeN@itdiR siaifichkily §€6RAdifeleGondNENE Ro USBfthanti thRedigaRr €Sent
invention; .. FIG 4 is a flow chart of ‘one enbodi ment of the present
i nvention; Fl @nosheslebigstive efi thik presetit imventinaf igito piovidecorappanatus andueahod/firoci t y

1P 0 i g S B SRR L RSHRE s, L URTER e Do
of acti orsvigsef ul for understanding the present invention. ,12 8 FEB
ZQ"OZ -5 DETA E:) ;I)%Esseglt:dir?\;gntcl]o\ln %:bls@%:{ glRt E%ﬁsgx?or%rcl]t?éal}ﬂz ol\ll)-ls:esrvation that power
consumption can be reduced in an optical disk drive by determining when a period of
inactivity occurs, and then issuing a command to reduce the velocity of the spindle motor
which spins the disk medium to the lowest "operational level" or just below the operational
level, without completely stopping or "spinning down" the disk for the duration of the
inactive period. The "operational level" refers to that angular velocity where the head may
still read or write data.
In a constant linear velocity (CLV) disk drive, a signal is issued from a
microprocessor to an actuator to cause a head having read capability to seek to an outer track
when a predetermined period of inactivity occurs. This is advantageous because the angular
velocity of the disk medium is less at the outer periphery for a given constant linear velocity
) (the speed measured under the head), and therefore the power consumption of the spindle
motor which spins the disk will be less.
In a constant angular velocity (CAV) disk drive a reduction of the rotational speed
* during a perio of relative inactivity is accomplished by issuing a contro-l signal from the
microprocessor to the spindle control module to reduce the angular velocity of the spindle

motor that spins the disk to the lowest operational level or just below the operational level

without completely "spinning down" the disk for the duration of the inactive period.



+
Principles of Operation Certain principles of electrical engineering,
“related to disk drives, and in particular direct current (DC) notors useful
for spinning disk mediuns are hel pful in understanding the present
invention. It is well known that Ohnms | aw teaches that voltage (V) is
equal to current (1) tines resistance (R) of a notor, or V=1 "~ R Further
it is knowmn that power (P) of the notor is given by the relationship P =V
~1 =VZIR It is also known that voltage of a particular notor is related
to its angular velocity by the foll ow ng equati on: V=Ke~c~ re Egjdhgi
-nmot or vol tage constant dependent bn' the characteristics of ¢ OeE i tor
type, and mis the angular velocity of the notor, thus yielding the
foll owi ng hel pful relationship: P = Key  ~ ¢c~2IR Thus it has been recogni zed

by the inventors . that because the r_expend by a nmotor drops as the
angul ar velociténggg %EﬁﬁtgrmHFBﬁgaﬁng§“ %fﬁ%bF%OP%M5W5Ld§ 4 RePA68 and
- appar at gsmprtelpuipaaBiom@alid yhet piht@araid viamt ragengfwitthius ex@badd RINKR-left
Enbodi ments Referring to F&gi 1, a general bLogﬁgdngéan1of_qn appar at us
capabl e ofPACEYEI IBE RFIYYS REHME O RS HifEdS BY 80 GRIASIgNTIARt 4J2Y I "SPiBMIRE uRn
optical diggkgich L¥én 1eSeil g aRMRD €5 HREAnE MPRAT HE MHventRAVBM 8E nsd @ L&REHARS Of
the present invention are also useful wth non-optical disk devices, such
as direct corempsion e ik pindlecmetor Prhde immintsining thej diskpiarani angraiohal rasdsf of i n
t hose di sk _.devi l.oui i r ' const.ant
angul ar vg %@%F;&??éﬁ% Jg%rﬂgg)c‘)fggcé: EZ%QLJ l-‘ﬁ}hu's ,R\ég%gll%gé%{? ’&gﬁig 6@387638%% i ther
of the CL‘theotiskGAVeft yetiveTioe a predetermined tiffe @hRMAL sighificaigribndtheidéskahspbeisef ul
wi.th a partic%i r type.of Vggisk dr%ve.&gfer%fd t0,as_Zoned Consta

Angul ar VE©BRS §° 6. 7 CAY/SGPRRE &F {Rredisky peso CatF PEECRHBY R Y near
density obnlylfellsweiny dedt daiier hovdng s Gead o &4 SwEraak for CLLV driva@dbtheducing

M croprocessor 12 has its own nenory, such as random access penory 13 and
read only ¥ ?CIWP&?IPg’Cﬁég‘ﬁ)F"%/%C PeSriar rukirgsdsClaY a0d Brltistresd % hi ng
t asks suchr@s;. "power on" tests. This nenory is used to store m crocode 14,
which is a set of preprogrammed instructions for carrying out

m cr oprocessor functions. Preferably, the inventors envision inplenenting
instructions in mcrocode within a mcroprocessor that is part of the disk
drive, such as mcrocode 14 shown as part of mcroprocessor 12, which is
dedi cated to disk drive 10. It is recognized that applicable instructions
could be inplenented in I 'an@ | i cati on program
witten in, for exanple}gpggfp aﬁgggggﬁgn o§§?§??ﬁ§ in control unit 26
which interfaces to disk drive 10 through attaching circuits 27. However,

it is believed .is re.efficient to inplement instructions directly in
the m cropr ocegé(g‘(ralt Eeacg@glég{aﬁ% %’;‘g‘f”rﬁ’“&?mt“ﬂ‘gﬂ%"& a path of the instructions
is kept to a nFIG.rmgmo\?Erwdibmlsﬁeﬁmm ueful Seth edﬁ:smmmclis:‘uazﬁprveto_bi&:)rr1 e tdiskidirivtes; |

m croprocessor ever a ul ar .m craprocessors used wth conputers. an
Conput er peri pﬁﬁmﬁs“&%gﬁﬁﬁaswﬂ% ﬁé“{f?‘i‘?’é’ at‘@ﬁhi?d’rs?ﬁgw tha RIESAGRYENGEe from
ot her manuf act BI@r$B i$HGhHapSiIMBERING| AoBérCeritic8Ore RMSshPbRAANAIARR fredaPnl y
used for simlar tasks. For exanple, reference nay be made to the foll ow ng
docunent atV&®'9er mpre in-depth __ understandi ng of programm ng an Intel

m croprocessor gyd nf @la AblvGhERPERS SRbodiRE: Bh@{eghes'em?l%%n- Vol . 1, and J.
Crawford and P. Cel singer, Progranm ng the 80386. Again referring to FIGS.
1 and 2, the nf¥s.opslsressdisk mrdagniehil vatheonyint ingularortacsy wnei dislkodrivaghi ch
may be a perso r..m e - LAg.GLicuits 27,
whi ch may be fgggéigggﬁégém%hgr?&%%%ﬁﬁﬁg@ngégﬁgﬁggfﬁ%%r aé@g% ) card.
The mi croproceEEar 712 eodiagreinsnatic sppmeloe eshowipr ol sequeniod ef 1&ctinhs gisefabrier ol s

t he spindlqinoto. 1 mh&%htrgc %ves power from power supply 19. The spindle
not or has”%f?%?gﬁ?%gmé¥en%ﬁﬁ TX°%nd a disk platter 22 for acconmodating and
spinning a di sk medium such as disk 30 (FIG 2). The m croprocessor also
controls an actuator 17 which through a known nechani sm control s novenent
of data read head 23. Data read fromthe head is passed through buffer




2 8'F E B 2002 28 and data circuits 2~ to the control uvt 26. The spindle
control nodule 16 and actuator 17 are controlled by mcrocode 14 in

m croprocessor 15 according to whether the apparatus is programred to
acconmodat e constant |inear velocity or constant angular velocity schenes.
The tntcroprocessor 12, containing mcrocode 14, and including the

m croprocessor's on board RAM 13 and ROM 1 ~ and a clock 11) form a power
savi ngs nodul e 21 for disk drive 10. Constant Linear Velocity One

enbodi nent of the present invention can be enployed with k S

| inear velocity disk drives. In a constant |inear veIocity?ﬁ%F*%gﬁ éaaﬁ
drive, such as a CD-ROM (Conpact Disg - Read Only Menory), a laser head is
used as the velocity transducer. Referring to Fig. 2, a CD-ROM di sk 30
enpl oys a si ngl ] i con tri i s, such as
circles 33 andI§%£2#QQ§iﬁ%ﬁﬁg&ﬁgPﬁp5&%&?5?&$#§%P§ﬁé%Qﬂﬁpéﬂigégkg t he di sk
30 to its outer periphery 36. A sector 37, containing data, is logically
and physically the sane size as all the other sectors on the disk. Although
there is £ Ughe path, each approximately concentric circle is
referred to as a track. A phantomradial line "r" is shown extending from
the center 35 to the outer periphery 36. Points r; and ro on the radi al
line r corr espGemgit grineipien né elermidaliangingdringt retagedteadisk Hevesemtdein martictla di sk,
and an outer. radj r.or.at.the outer rd phery respect.ively.
The angulé¥a$8 o%#?chgsﬁﬁiggﬁgﬁgSRﬁP%ggaﬁaFdwgwfﬁg% APITERY %ymof a
spi ndl e npdegant wiveatiort urns it. Track 33a and 34a _ r correspond to circles

33 and 34, respectively. Thu track 33a s the track closest tq.the outer
e fphery of - deselndin et Oirg's15% foeeked v wpitieel) S Saval 3 Gt 4D esnoh p
of the ragkidaned (B dfiaskotof o e=pomer mm&unﬁdmwnmepaw&rc@? gSthegnetofdsV di sk
drive can be better understood, Using a constant |inear velocity nethod, a
di sk dri veivew by thejrelaponstiy Pop Ysiaht|§/Ry altiivalse kaowmthat yeltagaiof g Rarigwdar (e. g.

di sk 30) jndtof Rd FMAEDoSTRs Arfdlar 38l08inABY the FQRRN: figh:(e. 9. head 23) moves
over a portfon of the disk, theosggg% ﬁeasurﬂ%ﬂg? the head is held

constant. This speed, VD,~, is 2 ¥=KE¥w200 8 actually the speed of

t he medi ' : At ~ . (o) i f.0 i speed
devi ces; aﬁ@%’é@% ,Esegg%oga/ra&&g%%ée‘g I'S gg?pégc&edo?% ?%%C%ﬁéﬁcﬁgqf %eons élll’? 0Iqas t he
angul ar vebgcaitd; «c s dge anguldnevelicitg neft the )maior, ribtsayiebied tiby frdlomdng @klpfilonshi p
is known by the.equation: VDaa - r ~ w, where r is the radius of the disk
and VD~,ﬁeanP ?angential (i.e. in a direction perpendicular to both the

normal axis of rotation and the raHi=uK¢* webRcity of the data neasured at

t he head,__and i's anqul ar | oci t typi cal l asured in tations per
minute. (FBRt R ek THrERireq By diss mentom tiaf Derafivscin povppendefl 33 a motor”
COr r esponghopd as R hribfalay Blefity Yof RS inothr @Rbpk it R dk8Hatl® to® BRYlol e meihwe tnd

relationship as the radius increases fromthe center of the disk to the
- apparatus for automatically taking advantage of this relationship.

Embodiments

Referring to FIG. 1, a general block diagram of an apparatus capable of reducing the
power consumed by a disk drive 10 is shown. An optical disk drive is the preferred
embodiment; however, the teachings of the present invention are also useful with non-optical
disk devices, such as direct access storage devices. The invention is particularly useful in
those disk devices employing constant linear velocity (CLV) and constant angular velocity
(CAV) control schemes. Thus, disk drive 10 could be either of the CLV or CAV type. The.



outer periphery of the disk. FIG 3A is a graph plotting angular velocities
versus the radius in a nulti-speed drive enploying a constant |inear
velocity schene, to illustrate this point. The points n and ro correspond
to the radial line "r" of FIG 2. Atop curve 3 8a, shown in FIG. 3A
plots the inverse relationship of the angular velocity, w, to the
i ncreasing radius at the higher speed setting of a nufti-speed CLV drive. A
| ower curve 38b plots the identical relationship, but at |ower nagnitudes,
for a | ower speed setting on a nufti-speed CLV drive. This r[eBa['@@s?@mgchan
be related to power consunption, since it is known that P = Ke- :

it can be seen that P = Ke ~ Data r==R The inventors having recogni zed
that this princi paI may be i npl enent &8 to reduce power consunptl onin a
di sk drlve h n t omat i ¢ net n R rat
advant age ot’ert St% ‘ésr%iﬁ’flava]ﬁl?? caPéCéﬁs r}OgA‘r%agils'%s re Fé? kﬁﬂlﬁtlval ue
reduces t t'(eoxaﬁgulAagtﬂmNebcw (204 VY. hlZS:AtWElSID(iM&I’S aEOMT]thﬁnwbefrc thelisgirndl e
notor in a cons | i negr, vel ocity. disk drive e |leavin the di sk
drive opé?cétflfyo‘?é e IgHor dﬁ”s‘ﬂ%%f‘%l“ﬁ@@c’t%uy BHRr ‘f‘sonl}ilt“"o?sﬁ r 14has its
oper at i onadw&aea@ryorsutte&eﬂanaantatats @lta SBead rédd omy ﬁtamt)t;ememcmuseaad or
wite data to the disk. 8 FEB -9~ Referrlnqto FI'GS. 1 and 4,
the pref ertpatbre apnawady and f@ﬁa@Pmﬁ’H@uﬂ&t\?@iﬁtsP@nasnﬂyW@eglt tBus. u AHIS MBErBRY . is An
over vi ew Qlsed REsbRShINGIO4) Shich 3 K A8 De bRl IFrh N SER DS ROEA BT 4-
In each step the m croprocessor I nple Rt’§ m crocode Imstrue RS n
order to cra:crqprcmgtsmt I’ﬁ@cppmcegsferthiy@hemveritms eniisios dinplegfengngrpisirgétiops in

reference w || e i cr CESSQE  singe it IS .t rinci pal
citor Thdtieer oy ilaBRioby Sblifel SO GEERR BRE S itk 1 sBNT

on" of thesctjaszkoidmmtepm&ssdarizyevwm Isvazdicarbe ek disk @pivé 20i SIt (i kécoptined Matt he

M Cr opr ocessQr %35 to see if arkyF %mt&a is bein transfe;red bet ween, t he head
23 and di SRPsablseinFEugtops soyifl; Reeimplementedoia WY iefuding #552m gpplication

Al t er nat elptegrahORritleh in§ faeéxfa%reedwsc"qm@ugelana Ypbradfg P cotR@] hit 2BYwHith €S

are currently open (i. bei ng, read or having data witten to them. If
this is t rlﬂiéffa‘teﬁé‘hdlﬁhéﬂm 1Q hrough agaddingsirgytsi2d. flowexen jtysbeligied thatis more| ock

11 used t%ff@aﬁ% smaemeaﬂfnsetcuowaﬁécuylut bhe nhéroPRa%@sonI BecARE hd Rngth&? 3. The
step 42 is perforned continuously until al Ivity ceases, and when this

condi ti on data pash afithe dpsuvetians is dpRfi e BdnimimacThe mstrugtontset Hepepdoorghor
checks th er a assed
i1 ot he PGB dibrortfecBBLET SLRE borfhef FREASHEEIAE b Thay Fompucll a2
t he dri ve cpmipstestperipheraisckredmiads byc thevinte} . Cdpparetian, pal&rdegterﬂmsaeﬂoml nthehas
passed W th e drive in an ,be establlsh t hat, the drive
"activity '?aé\‘ftﬁcm?ré ek St/ﬁ@%?‘é&%t Q?Orﬁvﬁga&? °2afl SFesommantly F‘Vl t Or §imay Bsksy s
after the Rk Qﬁkmf)leﬂﬁafeﬁ:ncelmﬁ beadadz! tocthe Eiloddng BeneneE6 dok aow ﬁﬂtﬁipﬂ{ m ned
time, T,, whlle ?I‘IVEISII’I aﬂ,ﬁlnactlve state 4@ m cro ces 12
sends di sROEFTSGR 1?‘L$)° & iTEFORSERSS s t 8?9 Croprefes Oﬁ éﬁ‘f’ ?fg
recogni ze Ad@bodit Vot? ﬁ'aﬁ@JpQ?an&HQmHQ’ GRldmerl h?ogpamrngsﬁé/gmamde to occur
if a neasured tine, t, is less than a predeterm ned trme, T" without
devi ati ng fromAgsin r@&m&md“fthShbat%éhﬁm@mrq%ﬂs@rrlﬁ ngrtuéuqarwthla coptroBA and
4, in a copstan &l Qi & & [ &ﬂ’%
m croproceﬁggozt% %vyléi}gﬁg%tbﬁat%? ° tﬁé?ﬂgﬂé Gperggesz gé{mt Jecrutﬂ?ggk 33a,
whi ch has whieh meayi breinfor enaamslenEa%mle&?Ompem ($vstkrnsdntee"ace(35’5¢%lt eprdi5 Blie FI G
4). The sp| ndl e _cont I i conf i.gur
mai ntain a lﬁrgﬁsotcess ' FI n%@?%/ge OCI C&?VB%O&EO%@}%QE ey St%ﬁe%lrg%ﬁag’?oﬁ%r 1tgne
angul ar velhicH ieyeioés pcpmand}oen povarsup@ytls. tThe spbmaﬂ/estotmes atrbntiag elemest 240f

FI G 3A(vvh coor lnat |s ro hown i.n st
Thus, gi véﬂ I‘?éstkdﬁ% 33?) acﬁ%@&p abg’& aP %ﬂ’isgr‘\ﬁa}“&h Wi S 32’0 &agcr ease
of power WhWemMhe microprocessor also controls an actuator 17 which through a known mechanism

controls movement of data read head 23. Data read from the head is passed through buffer



2 8 F EB 2002 - -10 the radius is increased and the angul ar velocity is
decreased, it can be seen that the power _ savings are significant. The
significance is especially recognizable when it is noted that the power is
i nversely proportional to the radius squared. Additional power savings are
recogni zed by m croprocessor 12 then commandi ng the spindle control nodule
16 to select the | owest avail able speed for a nmulti-speed drive (step 46).
For a CLV drive at its low RPM which occurs when the head is at the outer
track (e.g., track 33a) a sinple "seek”™ comuand i ssued by m croprocessor
12, is all that is required to access data | ocated el se\/\he{zlaayéga QQQ

Al t hough a speed change is associated with the CLV seek 2
associated with every "seek" inplenentation in a CL V device. Thus, the
drive is still fully operational in the power saving node It is

advant ageois it iRgidbsks i LAkl LIGAI TR s%ﬁﬁl eaflo3PREALNS A BRELLY S
rat her than being "spun down" (1. ecause a conpletely spun
down di sk lakesorrodighy ﬂu@amdcalrﬂomrttucmfnromsnce lﬁmcbﬁdihgpmwheqbér tho apgeeatas i ng
speed. O nto,a.level just belo ti onal
wi t hout st%p F‘rtgmter‘th%?g ﬁmgog@ }séac\sgs%g\lx%?ar\ﬁl?wwf },aﬂgﬂl&r Y‘i\ﬁv%crt&tsﬁ%r%eﬁr rit
of the i nVBtmefoprdesst 40} cdknguingrnﬂéedcm 14 dRefieclidifg theOmkdréprocedsor3tom B,

anot her enbodi of t r esent vention can be enpl oyed with disks for
constant &R g%‘v@l f?@”‘?@ﬁ‘f] %@ﬂ s IOTNFFROMEE prvings awdile A dordighudaye

velocity (I@AV) schenes are well known. Typically a spindle notor, such as
notor 18, is used as a velocity transducer by attaching a tachoneter to the
nmotor's rotating el ement (such as elenent 24) and then digitally encoding

t he si gnalgendhierinat g, @ Signal froma nmotor is conpared to a reference
signal to determne the rotational or angular velocity of the spindle
notor. Once the velocity of the notor is known it can be controlled by

varying the vol{a 9

control | ed by gcg’%@%‘%@é&%ﬁ%@%@hm&rﬁsu gﬂ"é’v\%&f% ‘pogs%“t]l car

const ant aeigult)adlskeilmestm a&omﬁmtlmemepbldcﬁgapddaeﬁiskaﬁqvwﬁrcﬂ a8 ahepROBUCh as
head 23, i(g in r atla{]ﬁ&ugj r adi which. i.s ownto ncreasefroman

i nner val {eompast ae gfmry A laserised is ¥ F(Y"" HRnsgucer; ¢t he

out er per Rpheefing toTp@ LoR dD-R@M diskl 36 Saplb s gﬁgtetp%@mnﬁhﬁfg SpeEmarhyt i ng
for a CAV drive. and the lower |ine 39b represents a | ower speed setting

for a CAVCeReEWEC qiglegi uphaps eides $handifyulhe singds path spiraleframithe eanter3S efane
val ue r egafedixﬁeﬁo Qfitstoieer hachussy 28, AREGH 3y h&mbﬁﬁﬁ’g aata,qytogie&ty éﬁd'p‘ﬂ?él&ﬁ@

Referring to F 5, a known type of disk 60, which is Uuse

di sk devi & ﬁaglemm allthpedar sqctorg P gealisky e%lthpusta@m i5 3g9tuallyi anly emecpatiyi ded
radially Lphg %Féx&r?étgly%ncc-ﬁlﬂ?c dirgkd t%feﬁ'%‘t({ ad ﬁﬁjckbyA %h%&ﬁq’aﬂﬁl 1Blenes i ype
of control nodale (suéh as modul e ways spin-at the sane rate. The
di sk is t yipivoa¢ftgndengimemahd eentar 3(5pt> |ﬂmaduteuop@heﬁum Mﬁsatemdmw thypactlail |y

alyl ow for .aut | ec [ d, xanpl e h speed
m'gnt. by SEbb S Bl dndls 3R I REET o o Bt Eerde

savi ngs ha&aineehnaeas ar td dmyert;i&aphmeatpws/elandrhe&nghlhﬂséldscﬂﬁyeﬂ thendﬁslh,emt abI e
bel ow, where t ul a |tz£}/ n§asur ed L Rot at. i ogs gif

RPMVs: RPM ﬁ‘.t ‘“lﬂ’c? o 30 S8 1015 i (WS F6 007 ”&E 652 An a\/\atts
The exper tomdtpatd ®&irclep 35 Bd s4jeespactieiyl ghtis, Raaksdads Gb (hOTcI6AM o Btd iadr di sk
drive, and a_Tektroni x AMb03 current probe, spun at the indicated RPM

val ues. TRERASTt slg®spPiied to the motor was 12 Volts DC, and vat t age was
cal cul ated usi pErEMY & FRYS. J indc3A, @%nﬁ@a@'ﬂelhfb%hl%@? uteeguﬁk'o% difk RPMeval ues
results in a savings of about 16 % &7 2-6 his case, it can be
seen fronPeWer t%tueechbb\ﬂee mERRAIUSRE SR Lﬁgﬂsskocfnvatf@mbqts%rnmdep@oewgm@d by

operati ng r me of
data is |(r:1 er en 713(\%5%13&1%\ a?%l%&é J]{g%%@ggtcgng app I&%&Wg sane
gener al cenckpt. gaetsgu@ens splroneg $Q)ﬂ1apunsdiaa:nteadmgteead (\zgl bDeadt2B) diogksqver e

i nventors_have re dtht itoringt he drive
and conpaP?™Hg= tHi*&® ? a re er%enr}g%nraétl \t/hletqm({qles‘vhee erlgméllljomis{/f"p’r
automati c reduction of the speed when there is a per|od of inactivity
exceeding a predetermned tine. The "active" versus "inactive" status is
determ ned by the 1/O activity nonitored by drive m croprocessor 12 or
whet her files are opened, as nonitored by control unit 26. 28 FEB
2002 -12Refernng to FIGS. 6 and 1) the enbodi nent of the invention using
CAV disks is Illustrated. As with CLV drives. in each step the

m croprocessor 12 inplenments mcrocode 14 in order to carry out the
process; however, for the sake of sinplicity, reference will be made only
to the mcroprocessor acti on of carryl ng out the mcrocode |nstruct| ons.

o A PN 1L~ . '




~3- z 8r E B zooz operation node is conbined with an additional savings
technique for disks left inactive for a long period of tinme. Such a nethod,
in a preferred enbodi ment, would be carried out by a m croprocessor such as
m croprocessor 12, by instructions in mcrocode, such as m crocode 14.
Control unit 26 could also be programred to performthe nethod. \Wen the
device is needed it can be spun back up to operating speed. A preferred
enbodi ment of the present invention has been described for reduci ng power
consunption of a disk drive) without significantly slow ng ;ggiifégii speed
of data on the disk; however, it should be understood that f

and adaption thereof may occur to persgns skilled in the art. Therefore
protection afforded the present invenfPon should only 1 be limted in
accordance with the scope of the follow ng clains. ald ~t.. ~~1.:.~
CLAI M5 1. Acwmelihid sa¢edr<€fdb@mgiapiwm regcobis mppeddonV af, can elserpetvanedriomonyiti-
optical disk X S CQBQE! 20 Lng
data, a hea%f3eg e\lglg%%\rmwe%cﬁ sﬁ g’%’c”ﬁ ga\lﬁcgedngcnvgﬂ? g?glgerl phery Jgﬁéﬁ %gl ng
nmount ed, i nelosigy changdsh@hekinbmedtid, verotaiondl dy,dammremnnshm is pnmebs}sme equation:
communi cation with the clock, a spl | e mggor for spinning the disk nmedi um
at a neasurabl e angul ar veIOC|ty ndew~SpT fidl e motor control nodule to

mai nt ai N awhidRst @nkd Aldiug o@'@sbsaxamnd lvggasr thwn@enfay(&f id H1@irebisk peRyehdiBhlar
relative to the head, the nethod_ conp FISIQ? the steps of: (a) determ ning

whet her t h&o @pdithgmopaalj ais AR aetaen anh e radiuy) Seloriy 0& ﬂsfeé@éa ﬂfQﬁHFd @b the
head actuajofy L,Rq & iSRhgA& @Jkﬂcltli‘e%l&@%ﬂlcﬁsﬁéﬁiﬁn OdratidiS pdt RN ClEest 10

proxinmty to the outer perl ery “of e disk nme un1|f the disk drive iIs
i nactive, glvenebystantdinedrriglocks, ‘émg,uihaucowpqmdmtgwngﬂmt welodily skust dropainmgrden a

TR v LR 06 P 508 5 SRR o U ST
medi um r esutet Ipngherly af ribeldiski ORI(f 3A is a graph plotting angular velocities versus the
radius in a multi-speed drive employing a constant linear velocity scheme, to illustrate this
point. The points r; and r, correspond to the radial line "1" of FIG. 2. A top curve 38a,
shown in FIG. 3A, plots the inverse relationship of the angular velocity, w, to the
increasing racius at the higher speed setting of a multi-speed CLV drive. A lower curve
38b plots the identical relationship, but at lower magnitudes, for a lower speed setting on
a multi-speed CLV drive. This relationship can be related to power consumption, since it

is known that

P =Ke™ % o¥/R.
it can be seen that , 5
b Ke* =V
- =R

~-

The inventors having recognized that this principal may be implemented to reduce power
consumption in a disk drive, have invented an automatic method and apparatus to take
advantage of the fact that an increase of the radius r to its maximum value reduces the
angular velocity and thus the power consumption of the spindle motor in a constant linear
velocity disk drive, while leaving the disk drive "operational" or at a speed close to
"operational" speed. An operational speed or level is that disk speed at which the head

may read or write data to the disk.



power consuned by the spindle notor. 2. A nethod as clainmed in claima1,
wherein if the disk drive is inactive, then follow ng the displacenent of
the head to the outer periphery of the disk medium further including step
of issuing a seek signal to the head actuator to displace the head fromthe
outer periphery track to a track corresponding to a location of data, in
response to a request to read the data. 3. A nethod as clained in any
preceding claim wherein if the disk drive is inactive, then follow ng the
di spl acenent of the head to the outer periphery of the di sk nedium further
I ncluding the step of reducing the angular velocity until

2 8 F EB 2002 notor ceases to spin, if the disk drive rengqﬁgsﬁﬁggiggg for
a predeterm ned period of tlne there%y further reducing the power consuned
by the spindle ggtor met hod as clained in claim3, wherein if the

di sk drive is RASELE/Q ﬁlﬁﬁ éaﬁ? ddHESFSHTHedmplemenation of thaunyeREen mey bsei ng
the reduchi afdepfioddIeaRBIA R Heth® Gistyeibitt ik bnclldtd 3PinEHos Jﬁ'a}:%?&ﬁﬁ??ﬁst 0

spin, further including the step of increasing the angular velocity of the
spi ndl e nbt dp cagiustensthgimigropresesRr 87 gnpi¢mants miseochéa thsaestions ororder Wi @plyace -

the head I) O@gtﬂ?gcegyth%@epgr ERNGE Yalted chémél([?cn?’bgcrfg gn ecﬁ'glr Gﬁagl dl ng 1o i

| ocation of respohse to a reque fea

appar at usmii@bproedsurisinge pms/m«e pnnm;sa.llapbn dhe hﬁcrapromtlef‘Stﬁﬁnﬁég/MO@ﬁmdi@ds di sk
drive. whe 1 he di sk drij s,a h aqﬁgapabl eadi ata, head
26t et or . SR ot AR S B o ye ASBRAes Ftaried &%

use, in the xﬂﬂcﬁipmiessmelz ® §‘de0€ kiny date @ybeir tra@l%i@ﬁeds saxueemtheqmm @Ad u&l& V\A th
nni ng .t he di sk nmedi um at . a neasurabl e

the cl ock, a spindle notor
angul ar v‘é’l BWFSP Haive buHer, é @ncfnggtarx:lrcmts 25. Alternately, step 42 is performed by
control unit 26 to see if any files are currently open (i.e., being read or having data written

to them). If this is true, then the drive is considered to be "active" and a time clock 11 used
to measure periods of "inactivity" is reset to zero in step 43. The step 42 is performed
continuously until all activity ceases, and when this condition is met the drive is considered
"inactive." Next the processor checks the clock 11, to determine if a preaetermined time, T,, :
has passed while the drive remains inactive (step 44). During this "inactive” time, the drive ,
is still checked for activity. Once a predetermined time has passed, with the drive inactive,
then it can be established that the drive "activity level" is below a predetermined reference
activity level. Thus, after the clock time, t, measured at clock 11, has exceeded a
predetermined time, T,, while the drive is in an inactive state, the microprocessor 12 sends
disk drive 10 into a power saving mode (ste'p 45). The inventors recognize thz;t it is also
possible to cause the power saving mode to occur if a measured time, t, is less than a
predetermined time, T,, without deviating from the spirit of the invention.

’ Referring to FIGS. 1, 2, 3A and 4, in a constant linear velocity disk drive, a message
is sent from microprocessor 12 to actuator 17 to cause head 23 to seek to the track 33a, which
has the maximum radius measured from disk center 35 (step 45 of FIG. 4). The spindle
control module 16, being automatically configured to maintain a constant linear velocity
(Vpw) compensates by decreasing the angular velocity of spindle motor 18 to the lowest
operational level of FIG. 3A (where the horizonal coordinate is r,), as shown in step 45.

Thus, given the previously descnibed relationship which mandates a decrease of power when
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control nodule to maintain a substantially constant |inear velocity of the
disk nediumrel ative to the head, the apparatus conprising; neans for
determ ni ng whether the disk drive is inactive; and signal issuing neans
for issuing a seek signal to the head actuator to displace the head to a
track of the disk mediumclosest in proximty to the outer periphery of the
disk mediumif the disk drive is inactive, thereby reducing the angul ar
velocity of the disk, to maintain a linear velocity of the disk medium
relative to the head at the | owest |evel at which the head may still read
data fromor wite data to the disk nedium resulting in aggﬁﬁbog é&
power consuned by the spindle notor. 6. An apparatus as cl a U £ms
wherein the signal issuing nmeans further includes neans for issuing a seek
signal to the head actuator to displac¥the head from 2 8 f= E 8 ?2QQ the
outer peri rack correspondi.ng to, a | ocation of data, in
response ttgpggé{"é%{fggée%sgd rgré%g‘ et??@“%’fif’ %O ot bc\?\faﬁegd’t”hcean |6355Fré(t:h§m$tp°6¥ert~ he
head to t having$ ere signifi@her Vhofigiifieande skespeerdiivimacognizabie @pgmait &t nigedathacthai med
inclaimb5 or claim 6él wherei.n the ‘%i %n(ﬁl i ssui.ng n | eans includes neans
for issui YY" CONBEHEY PIORREUEHKE A1 Be JBHET S AFGdu Ao BORE 1AYIRES N6l ar

vel ocity ustddnideBdySRichsprdtesidt 07 tHeRaSBIahdinS HeRpindfe dofRoldhédiléll 6 Y& sd1&sRI NS
inactive for a predeterm ned period of time, thereby further reducing the

power consherdeivesy availablepperd Eorpomyliti-spged duvesigprtal-usons ArhidrEe at its dvwi m 7,
wherein t rqud i gl NBaRS(el O ird Q- ngpRe to
t he spi nd:’tgmggnt ro Oérréﬁ%ﬁ‘fvg%t gi%ﬁ{%g? éﬂgteﬁ{?ﬁgteangul %aigq’v%%cgﬁa Qos?nlglge spi ndl e
mot or f ol |cowimapddssued by miweprofessdrd 2ais gl khat is veguzed toyacodss tiste lspied dlsewiare or

arid means Jno eid?ss‘kl.Ji mhalg%eaegpegél gga%lgetiso astscnz‘xeate R ?}get Hﬁ{losreel;[,()suc i EEL&%% is
associated with every "seek” implementation in a CLV device. Thus, the drive is still fully
operational in the power saving mode. It is advantageous that the disk is rotating at a reduced
speed when inactive, rather than being “spun down" (i.e., at rest), because a completely spun
down disk takes a significant amount of time to be "spun up" to operating speed. Of course,
the qisk may be spun to a level just below operational without stopping in order to save

power without departing from the spirit of the invention.

Constant Angular Velocity

Referring to FIGS. 1 and 3B, another embodiment of the present invention can be
employed with disks for constant angular velocity (CAV) schemes. Multi-speed constant
angular velocity (CAV) schemes are well known. Typically a spindle motor, such as motor
18, is used as a velocity transducer by attaching a tachometer to the motor’s rotating element

~‘(.such as element 24) and then digitally encoding the signal. Alternatively, a signal from a
motor is compared to a reference signal to determine the rotational or angular velocity of the
spindle motor. Once the velocity of the motor is known, it can be controlled by varying the
voltage applied to the motor, through a power supply 19 controlled by microprocessor 12.
The result is shown in FIG. 3B, a constant angular velocity is maintained regardless of where
a head, such as head 23, is in relation to the radius, which is shown to increase from an inner

value "r|", near the center, to an outer value "ry", near or at the outer periphery. The top line



the head fromthe outer periphery track to a track corresponding to a

v location of data, in response to a request to read the data follow ng the

di spl acenent of the head to the outer periphery of the disk nedium .AE A
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in the table below, where the angular velocity is measured in Rotations per minute, or RPMs:
RPM Current (Amps) Power
2400 0.52 A 6.2 Watts
3600 0.60 A 7.2 Watts

The experimental set-up included a Hewlett-Packard C1716T CAV optical disk drive, and a

Tektronix AMS503 current probe, spun at the indicated RPM values. The voltage applied to
the motor was 12 Volts DC, and wattage was calculated using Ohm’s law. It can be seen that
the reduction in RPM values results in a savings of about 16 % ((7.2-6.2)/6.2).

In this case, it can be seen from the table above, that a savings of about 16% may be
obtained by operating at a lower speed. Of course the trade-off is that access time of data
is inherently slower with a slower spin rate. Thus, applying the same general concept as
given above for constant linear velocity disks, the inventors have recognized that monitoring
the activity level of the drive and comparing this to a reference activity level criteria allows
for automatic reduction of the speed when there is a period of inactivity exceeding a
predetermined time. The "active" versus "“inactive" status is determined by the I/O activity
monitored by drive microprocessor 12 or whether files are opened, as monitored by control

unit 26.
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llustrated. As with CLV drives. in each step the microprocessor 12 implements microcode
14 in order to carry out the process; however, for the sake of simplicity, reference will be
made only to the microprocessor action of carrying out the microcode instructions. The
microprocessor 12 "Start" step 61 coincides with the powering on of the disk drive. As with
CLYV drives, a "Drive Active" check step 62 is performed by the microprocessor 12 to see if

data I/0 is occurring or if any files are currently open (i.e., being read or having data written

~—

to them). If any files are open, then the drive is considered to be "active" and a time counter,
t, measured at clock 11, is reset to zero in step 63. Step 62 is performed continuously until
all data transfer ceases or all files are closed, and when this condition is met the drive is
considered "inactive." Next the processor checks the clock 11, to determine if a
predetermined time has passed while the drive remains inactive. As with CLV devices, once
a predetermined time has passed in step 64, with the drive inactive, then it can be established
that the ‘girive "activity level" is below a predetermined rf.fercnce activity level. Thus, after
the clock time, t, measured at clock 11, has exceeded a predetermined time, T, , while the
drive is in an inactive state, the micro'proccssor 12 goes into a power saving mode by
reducing the disk angular velocity to the lowest operational speed, as shown in step 66.
Reference will now be made to FIGS. 4, 6. and 7. Referring to FIG. 7, a time line
70, where time is measured in direction 76, shows that a complete device sp'm-ddwn can be
added to the general method of power saving mode described above for either CLV or CAV
schemes if the device has been in a power saving mode for a predetermined period of time.
This might be implemented, for example, if a computer which uses the disk drive has been
left powered on. but is unattended. A device is determined to be an active device as shown
in time line segment 72 (segment 72). An active device is determined as described above in
either step 42 FIG. 4 or step 62 FIG. 6. A device or drive which is inactive (segment 74)
for T, seconds (segment 77) is sent into a power saving mode (segment 78) where it remains
for T, ow seconds (segment 82), and then the motor velocity is reduced until the motor stops

spinning (segment 83). In this way, a method and apparatus for saving power in a normal
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a microprocessor such as microprocessor 12, by instructions in microcode, such as microcode
14. Control unit 26 could also be programmed to perform the method. When the device is
needed it can be spun back up to operating speed.

A preferred embodiment of the present invention has been described for reducing
power consumption of a disk drive, without significantly slowing the access speed of data on
the disk; however, it should be understood that modifications and adaption thereof may occur
to persons skilled in the art. Therefore, protection afforded the present invention should only

be limited in accordance with the scope of the following claims.
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CLAIMS Bt
1. A method of reducing power consumption of a computer memory optical disk
drive, wherein the disk drive has a head capable of reading data, a head actuator, a
disk medium having an outer periphery and being mounted, in use, in the disk drive, a
clock, a control processor in communication with the clock, a spindle motor for
spinning the disk medium at a measurable angular velocity, and a spindle motor
control module to maintain a substantially constant linear velocity of the disk medium
relative to the head, the method comprising the steps of:
(a) determining whether the disk drive is inactive; and
(b) issuing a seek signal to the head actuator to displace the head to a track of the
disk medium closest in proximity to the outer periphery of the disk medium if the disk
drive is inactive, thereby reducing the angular velocity of the disk to maintain a linear
velocity of the disk medium relative to the head at the lowest level at which the head
may still read data from or write data to the disk medium, resulting in a reduction of
} power consumed by the spindle motor.

2. A method as claimed in claim 1, wherein if the disk drive is inactive, then
following the displacement of the head to the outer periphery of the disk medium,
further including step of issuing a seek signal to the head actuator to displace the head
from the outer periphery track to a track corresponding to a location of data, in
response to a request to read the data.
3. A method as claimed in any preceding claim, wherein if the disk drive is

inactive, then following the displacement of the head to the outer periphery of the disk

medium, further including the step of reducing the angular velocity until the spindle
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predetermined period of time then following the reduction of the angular velocity until

the spindle motor ceases to spin, further including the step of increasing the angular
velocity of the spindle motor and issuing a seek signal to the head actuator to displace
- the head from the outer periphery track to a track corresponding to a location of data,

in response to a request to read the data.
5. An apparatus for reducing power consumption in a computer memory optical
disk drive, wherein the disk drive has a head capable of reading data, a head actuator,
a disk medium having an outer periphery and being mounted, in use, in the disk drive,
a clock, a control processor in communication with the clock, a spindle motor for
spinning the disk medium at a measurable angular velocity, and a spindle motor
control module to maintain a substantially constant linear velocity of the disk medium
relative to the head, the apparatus comprising:

means for determining whether the disk drive is inactive; and

signal issuing means for issuing a seek signal to the head actuator to displace
the head to a track of the disk medium closest in proximity to the outer periphery of
the disk medium if the disk drive is inactive, thereby reducing the angular velocity of
the disk, to maintain a linear velocity of the disk medium relative to the head at the
lowest level at which the head may still read data from or write data to the disk
medium, resulting in a reduction of power consumed by the spindle motor.
6. An apparatus as claimed in claim 5 wherein the signal issuing means further

includes means for issuing a seek signal to the head actuator to displace the head from
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the angular velocity until the spindle motor ceases to spin, if the disk drive remains
— inactive for a predetermined period of time, thereby further reducing the power
consumed by the spindle motor.
8. An apparatus as claimed in claim 7, wherein the command issuing means
includes means for issuing a command to the spindle control module to increase the
angular velocity of the spindle motor following a reduction of the angular velocity of
the spindle motor and means for issuing a seek signal to the head actuator to displace
the head from the outer periphery track to a track corresponding to a location of data,

in response to a request to read the data following the displacement of the head to the

} outer periphery of the disk medium.



