;e3ezX6&TzT 0 3 J tJ L 2002 Specification CURRENT LIMTING IN ELSH
PERFORMANCE FI LES BACKGROUND OF THE I NVENTION: Field of the In tLM$L 3@&2
present invention relates to a disk drive system having neans for
optim zi ng power consunption efficiency during a seek operation. More
particularly, the present invention rehates to a nethod for reducing
spindle driving current while actuator driving current reaches a peak
during the decel erati on sequence of an actuator seek operation. Description
of the Prior Art: Mdern disk drive systens typically include: a disk
having a thin magnetic coating upon Spetifivatiher data and position
information is stored in a series of concentric or spiral tracks; a spindle
not or assenbly for supporting and rotating the disk in response to a
spindle current provided by a spindle driver circuit; a read/wite head for
generating and detegﬁhﬂQE T iMIT9RG 19 HTeer ekl ﬁmhﬁﬂ i f the magnetic
material as the disk 1s rrg?z}fe rel api@ve to tﬁgo ead, b?%%%szzrm assenbl y
for supporting and noving the head radially over the surface of the disk;
and an actuator, usually conprising a voice coil notor, for driving the
head- ann as ly 1n re%p nse to an actuator current provided by an

act uat or - ystens al so include a channel unit,
having a read/wite channel and a position error channel, electrically
coupl ed tlieldiof thedmyention: e head via an ann electronics unit; and a servo'
controller unit responsive to a position error signal received fromthe
head vi a t he Jhapmeint invettionaelateniper disk drevetsystem baringemeans &g optimzmgqemier ol

signal to the actuator driver circuit. faor, contraolli t he actuator .current,
and 1 ur t rapsumpidy eeihey durlsg s iralion Vo gtisitariy 4 el R ORIt

si gnal t Q héiRodft RALAnE SiNEE dGViRE dirent WhilCRRfatoPitivingcuirat 2idhaglh feaklduriap! .
The position error signal, which is proportional to the relative difference
of the pdhe dacelamtion sagnence efanegctugtor sepk operation. head and t he nearest track
center, provides information relating to sources of notion including notion
of the actuator and notion of the disk surface itself. The servo system
whet her @eseriptiéh cfthe®rivedwra t ype or an enbedded servo type, uses the

position error,sjgnal. to keep track of actuat osition as well. as

Detoct ty. - mho MR ity SEeangR: F b b Brein Sentiob Segh 1 o
systens agicltisseafh end po¥Rioh ibiHBion B st aResdstof eshcbritiOsM8Birhafhcks asanpl ed.
Modern digital servo controllers, mhich_nnégbe i1 nplenmented by a

mi cr opr oceBkrmeler agsembly foasurroginglang reieingdr disk g sesponse do 2MINHALBIF! { 0

det er M NGy Y Ehl Yoo PRANAL: SRINO) RYGHETheHd for Elrkhfihe Brd RAGL YarsfiBRSGUCEr
or sone type of “estimating schehe to determné ve o%lty par aret ers.

typi cal anegneiic aréntation pf ths triapmdtio matesabasdibe dislaisfrothied redadive it thg hedd; ahead-

acceleration and.a filtered derivative of positiop to obtajn velocity feed
ook, Sertrd AsiRET" pposae i Bovne Sesr Bl Bienese of e bR AT o
track foldcpmtonGisiMEeonptsifg & 86ie P8I0 otod, forldfiCink KRUad-Binl L¥émISly DESHonkd®
servo controller maintains the head in a path over the centerline of a

sel ect ed ¥ragERtor purfent provided by aicactiatar driva sHPHY Libddi@syrtemhygsomnclydea in t he
track. | - der. | ' - head
ona 1 ar oLr ) SRR baTRE L raliinE BRI SR PR e P Sl BLARA (4 e

i ncl udes read/antedead abianans elgetamas vanthnd adece catratléranitseqosneac a pogiiisilg each
of these sequences,.the current provided by the actuator driver circuit to
the act udPeF Sipaslifereived Sam theiead adRe Rl UlibioBRopeEityF (ki Fuae aver age
current Vahg.sighlfo3REAhAG: RELEQIBRNGEcRlrofing Ble MBS RIh, SnPRARGT tional to
t he anobunt of power available for providing current to the actuator during
accel eration and decel eration. Typically, a single power supply provides
power to both the spindle driver circuit and the actuator driver circuit.

H gh performance files require a high spindle velocity which necessitates a
hi gh spindle current |evel. H gh perfornmance files also feature fast
seeki ng perfornmance which 0 3J UL 2002
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3 requires high peak actuator current |evels during acceleratron and
deceleration. The peak actuator current drawn during the de{pBe cﬂUUZ
‘sequence of the seek is significantly nore than the peak current drawn
during the accel eration sequence due to voltage adding effects of a back
el ectronotive force (back EMF) induced in the actuator. During the

decel erati on sequence, back EMF effectively adds to the supply voltage so
that nore actuator current can be drawn fromthe power supply. Conversely,
during the accelerate portion of the seek, the back EMF subtracts fromthe
suppl y voperatiye to proeidebypiadie somngahdisgeal tortaadpiidie drdentiruit foneontadlinighee act uat or
noves faste hi modern servo controller designs, velocity versus position
schedul efSROYE SYTFBL.servo control | er are desi gned assuming that the

accel eration n l; gggﬁ, t

actuator. Al tﬁ% Eﬁ&ﬁ%&%ﬁ} anEN}FMQIEJIrlSo6‘13 es a#é’ ﬂgbblfeﬂrﬁ}/é;(ﬁ#%&g%%g@%rg{igonfsé)gt er
and t hustheeprtewd tlsaesertvo thiademd tludrmamakacbc«tmm movidag nfermaticin eelating tar omgres

decel erat i t t d
doce! or o tat bR or i S BEE dud e Stk Shdhoedih oot P Rl k"
drive powRéthérbPRld¥dicatdd ehotARCdrah embédaecpg&w GRS ude® MRIpotifort éifor Sighaldb Reep

driver, may be exceeded when the peak deceleration current is reached For
a disk dtfaoke)fﬁmﬂgwqa@lonwwﬂrbbevqbfb@w ers and haV| ng data stored according

to a stripingstechni e t dr urin ecel er

particul arly pIPSEI8 ﬁétl’?eir% mt%@%%é Zoge%fglﬁ'“&p %Igﬁif ﬁ?ré{? c‘ﬂ'fogﬁ‘ys S0Y B8t asrs“ 5 e&ﬁ? seek,
and decedyefestisén whlchipbsitiGirinatidh it BahEEY Modm digitdl@éko EahtroRéts,Svhich may
S|nultaneously Because seek performance is [imted by the anount of
current BRAEMIGmnEedrhya %%F‘@?S&t”i %513 digital ﬂ%"ép@ﬁe&ﬁ’dﬁe staiesslEmatersddy i nher ent
desi gn tsademid v o rent. One
hoy Lo oo vl RO o Y O S ROy BB lcBl B bt ol

ex c eededestimmatingjsdbeme keedetdringre viebcityopat@séters Ahmmemmllcer\atwmspnmfor hees hthh

. powet Bt Pyeert alfeepkmten ot e BrthRoCRbion o ke PRV O BHRANY | ot o

desi gn par amedeg¥cSsysteMs Erfé?%bé}&eli:h&v&@l ﬁmode@?br&iaﬁ?%ld@ﬁnéﬂﬂw@%ﬂéﬁr@’m@deow des
reduction of the peak actuator current values, but this is acconplished at

the costansfa seelgmedg Iy the tgl followingmeds Sredermye edutrelerpraintaing the bead imiaetif or e,
as the s I mance
1l es | D R e A e R B e

| ar ger poakr Isthepkékasodehihe kerivs cotmroyerus)éltdc;ed tc[:plm thd hedd ofPatazgdt trhk different

5, 381, 27 i scl oses t hod of red n omer re ui,repent s. of a
couer | suBun etk dieoe R ke AR e TR dur i ng
t he acceiegiigiel.ODuSREIRA CLthede sthRnsREhe BRAMAHOAR BYHe ddhFor dFRR&AL 8 f Or

during a coast sequence of the seek operation so that the spindle velocity
i s mai nt e Aetbater isiprseaseigiapeek Yadweswhirlinevester thenthe ayeregroumggiaglvaothdr ovi de a

sol ution ent drawn
T o g A
seek opemahﬂog&unmﬂhmdeaammoa&hm@qoﬁﬁmuen@eddumkn@omhich to conpensate for
spindl e curr duced during actuat, r accelﬁgﬁ €h¥ needfg is a
net hod and ap grca 4 Srgte PO ‘fHP R'RY ?saogrrta ﬁfﬂ dﬁg Fr gredihAne %6 m t he
power  sughatorriver Gefif rstrghv;erﬁ%rmeeﬁrequeoﬂh@r HihDEOWSIRHY VUAGR rBdesdta®B@KI Ng
operation wherein seeking performance i s not Sacrificed.” SUWARY OF THE

| NVENT| COhigh spindle garresth jevel: ngh péréorpprosdites ajsafeshire et seeking peviodeanahwhispar at us
and nethod for limting the anbunt of power drawn fromthe power supply of
a disk drive during the decel erati on sequence of a seeking operation
wherei n seeking performance is not sacrificed. According to one aspect of
the present invention there is provided a nmachi ne readabl e storage device
having stored therein instructions for executing a process for limting
energy consunption in a disk drive systemincluding a disk having a
plurality of tracks formed thereon, a spindle notor for rotating the disk
in response to a spindle current, the spindle notor rotating said disk at a
nom nal speed while the spindle current has a nom nal value, an arm
assenbly for positioning the head relative to the tracks of the disk, an
actuator for driving the armassenbly in response to an actuator current,
sai d process being perfornmed during periods of a decel eration sequence for
positioning the head at a target track, said process conprising the steps
of : determ ning a reduced spindle current value which is less than said
nom nal val ue during a spindle energy deferring period; during each of a
plurality of sanpling intervals transpiring during said spindle energy
deferring period, 0 3 J U L 2002 -5 deternlnrng a deferred sprndle
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said nom nal spindle current value during a spindle energy conpensating
period; said increased spindle current value for adding a qugggi{%égf%ooz
conpensati ng spindle energy which is approxi mately equal to d sur e of
deferred spindl e energy, wherein said spindle energy deferring period and
sai d spindle energy conpensating periodg both during the decel eration
sequence. According to another aspect of the present invention there is
provi ded a process for limting energy consunption in a disk drive system
including a disk having a plurality of tracks fornmed thereon, a spindle

mot or f or reqties high pedeactiasds cinment &esplo degng aocdersyiinradtl decelerationt The peak sptuatdt e

mot or rotatinq sai d disk at a nomi nal spe ﬂ mhllp.%ﬂe sPindI% current has a
noni nal v HEL d&'ﬁ’“’%@‘?ﬁ“&é@"eﬁ*ﬁﬂﬁraf“& SeABYIE Pfs § 376X tSIgnHE A Y Rerg £ _}a%)élet 3t he
tracks of dfentdhaln diithgdfid A-b@él%tié@%g&édcé/a&g? Vh1B g8k RS IREB LY btk €sponse to

an actuator current, process Ing perforned during periods of a
decel er at ietastremofirerfore {tmck pVE) tindunédnig themetunwa dDaringthe dacejetation segkence,diagk

i sing the. st f: deternnj duced dl t
el e whi IV el afato S sudets volar 50 b Boha Ap i G RRPEo B M e
deferring goket Qghplyd l@&nﬂ&s&ﬁ@iﬁl—iﬂﬁ the atdeléta®d portionQdf 11BN, tHBad IR \sabtSacts from

transpiring during said spindle energy deferring period, determning a
def erred sply voltnges thereby bavsingithecanrrent to pespme dqvien as the actuater raeves fstepc

bet ween sgj olmi.hal indle cur val ue .and C SRJ urrent
val ue, an?’%&g} g ogcé)fl%&%eég %%%“éu‘@%ﬁ&?‘gjs& §?lrg£nrﬁ°ﬁvél?eﬁsre&g%e S%ﬁloé:g{étgo% %'t:%i on of
prior def elesigledasbuifing tigt the @Bdeleydion @fid Hexeldation @fll changasith the 0élodyfof trecd

spi ndl e energy; and determi ning an increased spindle current value which is
greater tﬁﬁﬁméﬁid nom nal spindle current value during a spindle energy
conpensating pofifdsn (8 bebIE 6t EHs 8RlaBillo AbleloRl faltel dil (hRlimBRNG B
quantity of conpensating spindle energy ich is approximtely equal to

sai d neas tingespthe gedkerchmtbr syranti e we deriny decolaation 13 incadaged. Am éXeebsive pegk002 - 6

spi ndl e ene deferrin eriqd and said spindle ener conpensat.i n riod
Dot h t  andBAGr TP Pt dfeaBiiiod reteabufitarts SERHH fiegmm ven v g o
aspect of thd@isPaSewer BYPRL Whkhch@utrehtsy HR6\0dks @eflerdo die%Eindreidyieer,smy BN
conprising a disk having a plurality of tracks_formed thereon, a spindle
not or for exepeded whersthe pealridstelerptionsupedrreached Egsianipkariveineluding naylfiplespi ndl e
nmot or r ot g [ ' #gﬂ?- e sal éﬂ% has
a nom nal Ek{l/%tfégse%ﬂgﬁ v% %gtggglé y ]gg Itop%%ﬁ@?%%a%&ug ’ ﬁllg ge r ef}gl!tlt?i&% {1)‘%2{ & d
tracks of deesletatiorsik pardioulady prablemafiobecause eachef 8 aluchligy ofiaamstersihay seek, medponse

to an actuator current, and controller ans operative to regul ate said
spi ndl e cdﬁ?eg‘?{f‘teaﬂéﬁ%s&f’lf%é’ﬁtﬁgf r‘gﬁ‘(‘j’tngé’ﬁ? Ggpnt 8&“&?’5’8“ said head at a
target track, SrbshisesekpetfbrfianddEaimitbebyte binbldlof cupRpt Ahilabee foPaRR¥leftibe

program nodul es for inplenenting a process for limting energy consunption
during perand dscelratipnghers| ippminherantslesigm ledeoff etvsersseekipppyiprnmsce padpeakt a

target tr I r QIRkL § : t] spi ndl e
cur font  t aoeict Sl ORFREy (AR Rl Bl RLEPRLAY of RERMACLOM S P00 s
spi ndl e erescgpledidirergrdenaierptémi io th dedign ithegleederfticnfprefilpivith addqhiyte afargafiplpeag
intervals tra i.ring during said spindl ner deferri ri.od,

det er m ni rfE s PRSI heanttpe LRy Eo T e riopl: B EME FKiof S ¢ ne
di f f er encexch@ionaa ofiRk BppR6iHlabidesipa iphi@mBRe. IRréhsing eieeel reéatanbe ofaRdlacaghddng
said deferred spindle current value to an accumulation of prior deferred

spi ndl e currewdks rodictien of the praliapigponcumsais\duss.Glt Bisnerocerplshehal the enseelgy: and
regul ating said spindle current to an increased value which is greater than
said nom nal value during a spindle energy conpensating period to add a
gquantity of



conpensating spindl e energy which is approximtely equal to salg
deferred spindl e energy, wherein said spindle energy deferr|[}1 ﬁmd

‘'sai d spindle energy conpensating period both transpire during the

decel erati on sequence. The foregoing and ot her objects, features, and
advant ages of the present invention wllgbe apparent fromthe foll ow ng
detail ed description of the preferred enbodi nent which nakes reference to
the several figures of the draw ng. 0 3J UL 2002 IN THE DRAW NGS Fi g.
1 is a schematic block diagram of a disk drive systemwhich may be used to
i mpl ement ﬂéreeqse@seakﬁng’ paréortnanes.  Thaefys tasrihé mkqxé’rﬁognmqacnmdrspmquakge,edan

actuator driver it draw n wer from he sup n . spj ndl river
i rouit dr G B aher PR HECS B oreitgh basyrasabisa O dsk it foubF
circuit di 1915€de/1tﬁ th?gd?%/%r ngywﬁgﬁnﬁgredogt? the spindle driver circuit
of Fig. 1, 3 ustratlng1 wave forns representing current

is a

par amet er s of t hBudn £KJ. S%rﬁé\t@t a¥o. B3P 1,27 9h sliscloses ¢ anpthast of radpciag peahtewer ed
accordin S f is

e a 1 ow HraBelHhs T bt Ly ofk ARRAAIR whilBE RIS BHERk iOReaktd; | 2
current |i dutingihepradessorniequbreef dsaesmbk bparetidr, and tliéngponi@en;ﬁt@l fot dwyirh zagr am

illustratin ddi tional. ste of the spj. nd ent deferring sequen

11 tst r at eB0Ish SE9u5ho0 BF SR SPertps 2 o HecA SRt ATAGEL L dfnal e
current copR@nsdtitBy Pﬁﬂﬂ#@ﬁ‘%l@is PhethdiPd6dd o Providd™ dliGoR EPBRSH0OE dbdefibed
present invention. 3 J UL 2002 _$ DETAI LED DESCRI PTI ON OF THE
PREFERRED EWi3&mn RENES ppalgactqatwnh@wa@wlag therdenelgration sequegcqdusido hask e
suitable f Ci i vV, es:

SU1 20T e Y BAPEAGLLCAAR, hIEA LSSl BHE N0 o ibufl Ml eh
data and po@nmrmatelfmfmmrﬁtpwrmme@cgldmamatcwamr acmiﬁemm c tracks, the disk
bei ng rotatably unted t.o.a s dIe tor .14 ut 1 | ed to
receive a spindl ma&%sr“eﬁfle‘}’é IrlclErD S %ths for lmldﬁ%ﬂ{l‘ tf)&?amoun 0%%89"
driver cirdtivn E8nhehd p@waﬂs@pbpuf aZdhsnordmvleoklumgt the @q@elafﬂtﬁncuqnmb o gnal
IS to the s i ndl e not or Ut 22 coupled to receive a spindle command
si gnal forS m&%erthawhﬁéelgﬁ?%m@%tﬂm@?ﬁe Ip 8OV SACHRGRSY to control the
rotational velocity of the spindle notor, and an input 24 coupled to
receive a power signal; and a power supply 26 having an output 28 providing
t he power MAMARY EINVHNTMMNspi ndl e driver unit 18 via a node 29.

The disk drive 1 I I asd 30
for reading nagngttllgcaﬁtr %gl ltlj i ongreg%%tlﬁ‘;eengyﬁ% gféo anz'd{e:lfglg a%gse%%?gl e@%ﬂ?@;
supporti ng hnheng dwdammatl&faﬁ»wen dcdvas éropr thoei privtey supplyhe & dishtdrwg duirigl the

sur f ace, 1a t?{9 an out put g g} ervo si lgl ﬁé_gnél nqg use&

dat a. and 86?% |Sﬁ‘ﬂ‘bePFr%t‘i 'ﬁspeP %%e‘%l Tt HEHAA P Eésp?r P s )
actuat or 34adriflcedriving the armassenbly in response to an actuator current
signal, or coil current signal, Ic received ut an input 36; and an actuator
driver 38 havi ngA$ROgUEIR OnDaspeeh PlathaPreseat MVERAA therq iy pigvided 4 maghige

act uat or <%a‘a5b1e3§r?]oﬂa§@‘dkvé@ h%%g%%x%&‘ tﬁé}e{nefh%ﬁ(&loﬂﬁ' f@ﬁ%k&hﬁﬁ% coprzead ek gnal
for controlling t ctuator current Ic in order to contro osition of
t he read/ wlintitng ezeigB3 consumptine 1raat1w&tcbweams;tetarlmla@99mﬂ1§k haying an vralpyiof 44
coupled to ekVv a 8

vi a node Zégag%]keorglre %ﬂggrggﬁfﬁ‘ﬁ{ snggﬂ: Jno Obce)fg%ig&grgédrt&oflg{( JP t ype as%%%?
The act uat enrrdd, theapaxdibingto eopting ud diskait @mooondl spmd)whﬂeﬁmpmd&@cumem he

actuator current rovi de ctuator.drjver ci

o ive 0 1 nt RBpmir PR oy S At Ruinkishe Fiad slaitg o b st REe 3"
coupl ed t o dpkOWh Gtuatte 5PN g tBO AR NEsemitPah rePohsPidt ar? dct@htot RErremt] Badlie
driver circuit 18, an out put 54 coupled to provide the actuator cormand

signal to iPAgsess heingmerfnemed durng perpdsvel a dpeakerptions sguengegfor positioning the
head at a target track, said process comprising the steps of:

determining a reduced spindle current value which is less than said nominal
value during a spindle energy deferring period;
during each of a plurality of sampling intervals transpiring during said spindle

energy deferring period,



03 J UL 2002 9 an input 56; an armelectronics circuit 58 havin n_ L QRut
60 coupled to receive the servo signal carrying user data and]ﬁbsﬂﬂipﬂhﬂ?
‘information fromthe head 30 via output 33 of the arm assenbly, and an

out put 64 providing a pre-anplified servo signal; a channel unit 66 having
an input 68 connected to receive the presanplified servo signal from output
64 of the armelectronics unit, and an output 70 connected to provide a
position signal carrying position information to input 56 of the servo
controller 50 via a node 72; and an interface controller 74 having a port
76 connected to out putdeféinfihingRelctted sfsimamheﬁmdlu@@mcmﬁp&bm@ﬁm toihd 66
is preferably of the PRW, type and includes an automatic gain control
circuit, adﬁéﬁmﬁbpg“ﬁﬁ%&ﬂéﬁ@?“%%émpﬁﬁﬁﬁﬁﬂﬁﬂﬁbﬁﬁmg and sync-byte detection
circuitry. Lo d nels are provided in comonly assigned
u. S Paten%éfﬁ%%%$£#@@%%8®ﬁgg JH%Q%?255,13I . In the preferred enbodi nent,
the servo control |l er 5@lding saididgferratl spmdier @irtent valne ¢ ah rpbwemelation df pooet e

sanpl i ng of,_the,posiition sighal to determ ne pqsition and,velocit

par et or S Setigted BSRAE GEBom B it S B el BRI BB B cher o
m croprocessor or a di @gté@dinibgGhalnchasiessindle antenByalat Sehitned debates URAOT t

| ogi ¢ such as counters, _an interrupt controller, a direct nenory access
control | er Sai negpna| spingle Crmentt tabif dymmeep sPUdls SRSy CoBRpAERE Perehesatd | v

known to asgi \ r : NGl ol e
normal |y anshared SRR REEAEOHLE B, hing dNTlchAN"of ENRGRANSE SpBILE Grerey
for st ori nyhechcis rppriximatelyr egual RAMId aredsuxe of fdefesred spiidde knerghewbaeinrsaid er
directly overgees operation of the interface control |ogic, t at.a.
channel | i ag ElsBS A RnEpitiod 4 ol S AEFrEEN borgrenshiasriondhitEing
control s tte detéeratien pamiehdeoni Nng of the head 30 during execution of track
seek and track followi ng operations by requl ating.the voltage of the
act uat or commnd%?ﬁﬂ’&igg[ﬁ @8@5‘8‘@@’?3 qffthe P‘%ﬁ?}’f‘ ! gB‘Pn ﬁﬁée ’é(ﬁrﬂ‘é‘flﬁ‘; Agrecret
circuit 38forThatifg @ﬁérg% k&ﬁsu_ﬁﬂ,ftibﬁm £URRIgBIvVE spsad iﬁ&%n gﬁ}/sk }%Qﬂltgraoélul_\gﬁlych

|

utilizes feedback position information fromthe dis ind and mai ntain a

posi tion ovktrackstiarmed therepak a spindisemgios or TH@ingode tdignin refransate erspindje be
| ocat ed on j : . 20 4 i i e (4

dod; cat ed 537k 86 Spindf shorbr HroidE s o APENERNER oIS GBI HBSinlle Grenf
(enbedded baramimindhenlas tuatronseorbly fir pesicoting thecleaduglatiee ahbirmdd ofithd a

spi ndl e not,or control (.TNS.320), and an her necessary s ort 1ogic.and
o ero codetsky §F SShShE R Fivige i B SNERY FLIOPIES A SUPAR BResaid

spi ndl e dr preeessCheigg perfdnedodimngdpdrivds € apdevelerstivnMeyuctze dbr bbgdtioding B ndl e
driver circuit 18 incl udes: a.di%ital.to gyalo% onverter (DAC) 80

i ncl udi ng BFRY 44 gderegiracknsrdd proge GOMmEEEne etsﬁ"é’ é’gi ndl e command signal from
output 52 of ser¥QedMRingOh l8fucPspfid® cdrtent vAhieWHich2d 168ds TR <dfd N&hinal

circuit 18, and an output 84; and a transconductance anplifier 86 having an
i nput 88 cuilHedvides ¢ epindlesuerggdeferringeeriodC 80, an output 90 connected to a

2 irst power tof Seinpiegst d Akitfy QY EBpiat Bl REsRBUAE Bublhl 180 Sl

power suppkgergpdefemingmpuiod24 of the circuit 18, and a second power term na
96 connected to ground. Because e trans onduc%a cewgﬂghifier 86 ha

i has
functional characteri sff'EMBMER {eSHraRE A ™ Y4be LPORPHIpna! 12 1hg ent
signal Is bFgserReNentecnhRid/BbhRGE sgihdlk Qs W& atd PR RehRd Bpindle! dhrht
enbodi nent, the 'transconductance anplifier has a bandw dth approxi mately
equal to 3UBNEANdTherefore, a time delay'is incurred as the spindle current
I s responds to changes, i lgnal .
Seeki ng operations per?%?%%gﬁg¥g?ﬁgﬁ§£?€%§g%ﬁ%¥3? Sﬁgégg%gwg. 1; ?ﬁ?hgge an
accel er at i defeedispindle carrdntayaliws &4 devatdponmsasytecofcieferidrspingle drergt ord er at i on
sequence of the ek .operati.on, the actuator current.l~ rises ang falls in
rccordance wi th JeeruffE B BeridCoRiNE Cufeal Vo rm e FLETET B ¢ ne
accel er at i asmadupirete cdrfehoughiendtrifigquispiadle anggekcodp@hadtingnpadenr shidig to
the present inve tLog may i ncl ude, a ﬁ,ast se uencg of operation., In a
preferred SREGEPHERindist cirrrat YRS AT afitipgft AeARLitY RE cQEPENHAR iSBiRdleifEhte i s
i npl ement edpidh A MPLd @G8RI AMEERH sl JfaiferfRPiPXdeRh &Y, RERIn &4 t he
full voltage avail able at the power supply 26 (Fig. 1) is provided to the
actuator driver circuit 3 8 Also, in the preferred enbodi nent, the
decel erati on sequence is inplenented in a current node wherein the
controller 50 (Fig. 1 ) controls the actuator comrand 0 3J UL 2002 11
signal to be proportional to the difference between a target ~~elocity and
an estimated velocity for each sanpling interval. Fig. 3 shows a graph at
110 illustrating wave fornms representing current paraneters of the disk
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command signal is updated 10,000 tunes per second. Therefore, the spindle
sanpling interval Ts is usually much greater than the actuat Bfﬁnij@QO%
uiterval, Tc However, in the process of the present inventiork e sprndle
command signal is sanpled and updated once per actuator sanpling interval,
T~ =T, At atinme to, the servo controlle .50 (Fig. 1) updates the spindle
command signal (wave form 118) and the actuator conmand signal (not shown).
At atimet,, T seconds after tine to, the servo controller updates the

spi ndl e command signal and actuator command signal again. At time to, at
the begi nni gindlt éneelBCcdbhidd Porise Ginenedd Ghindld eaeky seskjengatigepaidd botht he
servo controller begins executing the current limting process of the

present i nvBHiSPHA dpgpg Fhe CEFIAGLOMECRRRAINt of power drawn fromthe power
supply 26 (Fig. 1Aceufpfngqo%%t1faﬂ%cht bb%@g&@éﬁrﬁ&em@e? %ﬁ&e%;ﬁovi&d h REsk
begi nni ng of each sanpling interval, the servo controller: (1) determnes a
present val devd systarheoaprismgor disbrimaing & iphwmality (addracks domedathdreanpa spimdie

val ue for the,carrespondi ng . actuator current J,~ e form 120) for .the
 esont sanBRiSiol FRARGNIRS Bk MbaEHb i indly ol BN s S Ibatb otk
signal for §dié dikhatsumeearmne peshmbile gid spindly @urraimdha ¥ abiengfvaldee aacdriat or
current |~ (wave form 120). for the Nt h subsequent, s, l.ing intervyal,. .

Wher ein N i SSEHOIHOE GRS eHIAG Bheadipayd %@ggaﬁ@fﬁ@gﬁ&ég agluplgE 10 driving ent
val ues (wavgyid Qi alsdhbly O rdsBEnddlitd MURRRICNrcRRARA cBBrdIRk @hdhdb op&ratiieto
nom nal spindle current” value 114 to deternme a predicted value for the

st andar d agtpeele wid spindlacurrerheadisaidactiaty cpgenttfpepegittondugspid heask at adagget ng

i nterval . i i i i . i ve
form 1 20) 1 o SeRE EBMIAIR LSS K MICE (pARE kAl e O RN BloARS i
val ues of t heplsinentiisy ol pagessefgatimiting ¢rergy combweptiomdeiggreniod? 3] a teceldrixdorNt h

subsequent sanmpling interval .i eater an a.first threshol d, val ue 126.
e e eraiReatl pREot R e E6F Glacl R Syt ot by Rggpe Gapor
current (wave for paghffihgissid Gp@aleduriehtd ald@udet vatuetWHigbfRQkdd tNa d4ed Achinal he

servo control |l er begins reducing the value of the adjusted spindle current
I's (wave fovaiedenngy spindlecoeigy dglermee pioddl e conmand si gnal (wave fOTI | |

118) ‘appropri at el Qo DESHMY OF RBUAC IHEH QL HEHESARL dhiY SuhOpMAI0)

and t he adj usted Mu%ﬂ%EJ d)ﬁb§6%2ﬁ%3 Splﬁ%@% current %&av% ?or ?1%?, %ﬁich
i el ds the enkrggtiefd: igdf e val ue (wave form|l24), does not exceed the

y agyreeg

first threshold 126 for ,the Nt h subseguent, s | ] i pterval .  For anpl e,
e ac ety thettaRubig S RRBMC ML Do BT S prophllonl iR

comrand si gd#feréntebesiwenwn)idaochiral calue aap eaid iredycedalee,@ahdt he act uat or

current signal (wave form.120). for the next sanpli i nterval beginning at

Cime 13, SAr i me t2 ¢ netdiad st Bl PR erEL v EHEdo PhaeoPREeg R aF RdE

standard agdeRead Spiadlelc@Rtntwalies td W pf DiBAshALdf cfe%rrefdfkﬁirﬂ@e}(éneﬁ%lmhd ng
interval, beginning at tine t~, is not greater than the first threshold

val ue 126. At ti necavlatingreidsgnindle eBrentdp |aaringrepsef vizhisswhighds gratep e widd

val ue of th F=10 ; YRVl R tPraghh @ﬁﬁ- f

sanpl i ng inggﬁ%al, lgﬁﬁﬁﬁﬁggﬁgﬁm?#%%ﬁ$%¥ |s_gpé§% r&%ﬁéh tﬁg'f?r t ﬁb,o

t hreshol d vabmperisatng Fpiedlefanecry whichiisrappraxintatedy squaldo caidt medsuey ofideferred nes

an aggregate _excess current. value .127 which.is _equal.t.o the.diffearence

Dot waen Che PG RS ov a8 SuPds S b ErP R Bt i S bl B e o
the first thompbtdatinypéritr] Hotlp trhmupirk ldarif@thel deogleratibe sat@kndeegi nning at tine
t4. Also at tinme é%ﬁ %he servo control|er steps the, spjndle cogngnd s%%na
(wave form 118) ddWf tACENRE P epries RYicCife fGalhise 4Rd t3vaniapess OE NS prrAsalk
current i O@enURUGIOBE bkt G dnd BIGWiAE! dtARUCELoNPMIP oPfind feferred

adj usted spindle current (wave form 116) which is proportional to'the

nom nal spi sdibediswant eich reglesis raftrenpd toube sdverad ignesgaf theakkawiwg. current val ue
127. In an enbodi ment of the present invention, the target reduced val ue of
the adjusted spindle current is equal to the nom nal spindle current |evel
1 14 mnus the aggregate excess current value 127 mnus a constant. As
menti oned above, a tine delay is incurred as the adjusted spindle current
Is (wave form 116) responds to changes in the voltage |evel of the spindle
command signal (wave foixn 118) due to the |ow band width filter properties
of the transconductance anplifier 86 (Fig. 2) At tine t3, to conpensate for
the delay in order to aclueve a faster spindle current response, the servo
controller steps the current command signal (wave form 118) down fromthe
vol tage corresponding to the one Anp spindle current to a voltage
con-esponding to a zero Anp spindle 0 3J UL 2002 14 current val ue which
is substantially less than the voltage corresponding to the target reduced
val ue of the adjusted spindle current. As the servo controller begins

] o o S A oA s\



i ncreasing the current command signal (wave form 118) in order to increase
the adjusted spindle current IS (wave form 1167 back towards TPS ?Mjijgﬂoz
spindle current level 114. In the depicted exanple, at tinmes t4; s, te,
and t,, the servo controller deterniines whether the predicted value of the
st andard aggregate current value (wave form 122) for the next sanpling
interval is less than the first threshold value 126. At tine t,, the servo
controller determ nes that the predicted value of the standard aggregate
current value (wave form 122) for the next sanpling interval, beginning at
time t8, isIN@IE DRAWMINGS i rst threshold value 126. Therefore, at tinme t-~,

the servo control|ler steps the current co d signal (wave form 118)  up
fromthe voltage %@r}é%%ﬁi@?ﬁﬁchcgﬁggﬁm%O ﬁgmgﬁ$ﬁﬂﬁ¥“ﬁﬂﬂwgﬁhnﬁﬁéw‘Fﬁighe
vol tage corf6apaadihdplRer hSeRANEn ARP s SR Hfudisd § 3BkveN Alpssy, ial RAER dtider
begi n increasing the adjusted spindle current (wave form 116) back toward
t he nomi nal cispitndtbwingupavesttiranaitheesupply, and atspindle driver leircuitijdrasying popien fiom
current (maﬂF foqn]116) reaches the nom nal spindle current value 114, the
del ay being q38PR'Y the | ow bandwi dt h properties of the transconductance
amplifier 86 (FigFig?) iaa ddaded séirchaab@ireuit Afaglant ©F thd pdlerr gpli dv@nédi&d to
spindle current, dqurjing a spindl.e energy deferning period between tines t3
and t9, theﬂ@ﬁgmg§ V&L Pt @fdigHe spindle notor is reduced and the Spindle
velocity of the spigngligarRidl ilthéirdtigGyavb) forfis d9RERAGEE cur R PRF Rers ok the
necessary to increase the spindle current in order to ensurée that the.

spi ndl e vel digk dyive exfUrigs | tag fungions mfriihe galcartrgltetorcsonling ébreawrsnt Hmitnad| e
speed is in T i speed of a disk drive nmust be controlled
very accura&%?%@q?ggﬂ%g%ﬁgﬁvﬁ%ﬁph 0.1 % of a target speed. If the speed
devi at es by nore Figad i$ hiflow therant ilhistrathrg alapiadieaourmeot déferrmpcaenadnet yof the
recorded or repraduced. This_i.s because the recording frequency depends on
t he spi ndl ec'%"beg‘égm‘tﬁlﬁp@ﬁ?fﬁﬂifg‘,e Pyeest PEES8uced when the spindl e speed is

| ower than the sprigdlseisspesly vm@#amt i1N¥tBatibigl hddBtiormal |skepapdedie bfindlaVaur@nt

| ower frequency than it should. Therefore, at atinme, t,o> after the

st andard ag@¢fegmescaumnee Hiusiraigd & ¥igr faad2) decreases bel ow a second

t hreshol d val ue 19, I - theyifd ] nd
ber ore 03 3 U Leo0gy 8% REEERn SRR D bl RRllect Bl S of
seeki ng opethatcumant lihigingprecscelithe ptesent iS@niith.g. 1) begi ns i npl ementing a
spi ndl e current conpensating sequence of the current limting process of
the present invention. At tine tlo, the sen~o controller increases the
spindle conrriand signal (wave form 118) to begin increasing the adjusted
spindle current (wave form 116) in order to conpensate for the current
deferred during the tinme period between tinmes t3 and t9. During each
sanpling interval following time t,o, the servo controller: (1) determ nes
a spindle current conpensation value 130 for the present sanpling interval
by subtracting the nom nal current value 114 fromthe present value of the
adj usted spindle current (wave form 116); (2) adds the spindle current
conpensation value 130 for the present sanpling interval to a total
conpensating spindle current value to develop a quantity of conpensating
spindl e energy; and (3) deteirriiries whether or not the quantity of
conpensating spindle energy is greater than or equal to the quantity of
deferred spindle energy. In general, the integral of the spindle current
Is, less the drag forces on the disk, is proportional to the spindle
velocity. Therefore, if the quantity of conpensating spindle energy is
equal to the quantity of deferred spindle energy, then the spindle

vel ocity, which is decreased during the current defernng sequence, wll be
returned to the nom nal spindle velocity during the conpensati ng sequence
of the current limting process of the present invention. At time t,b, the
servo controller determnes that the quantity of conpensating spindle
energy i s approaching the quantity of deferred spindle energy. Therefore,
at tinme t,a, the servo controller decreases the spindl e conmand signa
(wave form 118) to begin decreasing the adjusted spindle current (wave form
116). At tune t,6, the adjusted spindle current (wave form 116) reaches the
nom nal spindle current value. In an enbodi ment of the present invention, a
predictive analysis is used to nore accurately control the spindle current
conpensating sequence so that the total anount of conpensating spindle
current, or conpensating spindle energy, is nore accurately set to the
total anmount of deferred spindle current, or deferred spindl e energy 03
J UL 2002 As a result of increasing the spindle current during a spindle
ener gy conpensating period between tines t,o and t,6, the energy provided
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threshol d val ue, the process proceeds to step 226 in which the servo
control | er determ nes an aggregate excess current val ue 127 (ﬂg% “HHL{gBOZ
the Nth subsequent sanpling interval by subtracting the first res

value 126 (Fig. 3) fromthe predicted value of the aggregate current (wave
form 122 of Fig. 3) determned in steg 218. In an enbodi ment of the present
i nvention, the servo controller defaults to a predeterm ned "worst case"
aggregat e excess current value 127 (Fig. 3) for the Nth subsequent sanpling
interval. The worst case aggregate excess current value can be determ ned

for a parl@)E‘i‘WIEEp@%kﬁﬁ’l tenPg! f or mance
specificatrons o SYyS ¥ p 228, the servo
control | er suliig dchsws hleloatgg:aggmtae 1extedisk drive saitibleor practitdg tieFpregent3) f or

t he next .sanpling interval t he nlnal spi.ndl e current val 14 (Fig.
3) to detEVFIAR b %r%lifatvedartri egia i 2ains £ den BpenRP soaling farpied ?«ﬁ&% fornl
116 of Fifgr stdind L%'ér 3a?§atf@l?6§1t1§ﬁﬂ?édn@90d cﬂttéaﬁltﬁ@itt? of &)n@én%ﬁb tfaeis, thelskIsRingO

controller controls th I ndl e command si gna Fig. 3) to achi eve the
adj ust ed refatabli mowntedrte ratspmdlle mavtdrdd hahieg ammputsléwprhplﬂgto ireeeive g apindle pursangé s 232,

t he servo cantrol ler d nes d r.red. s e current alue 12 (Fig. 3)
for the prESLiivas ditspidls Tolbh  SuPas JHeE S AR TgnE Mo L RO R BeGr e
adj ust ed éi)ﬁidMUL@reﬁtUslig’rﬁDIs td 18 ¥5indi1e Ridtok, 1 ilfut B2 SoupRll td Febdivel d ¥pindld WdkHinkd
spindle current value 114 (Fig. 3). I'n step 234, the servo controller adds

the defe rsreal fop penttolling the sprndle,curtget Isingrdes o copieol thesetationalyalosity afthe ppindloal t o

a total e

cervo contssh PS o BEtaGolifhd Skeel et SnBRh BT T Epts St B Chebing B it

' et Fy@*e‘”g"‘d‘“é\“‘m“?’éﬁ?%“‘ét,“%%‘%uﬁ?fE‘?“"“‘“‘a Wi m‘ﬁ‘*ﬁ‘*‘?i‘?‘éf? ed ot 224

that the V@dge S@dPCiHj’g? @gaeremeﬁﬂawctrﬁ?raeq)hgact%ép frreading magnatic frapsitions

t hreshol dinMal 4k 15:h6 R AGERB| Y Fﬁgﬁoﬂhé € Fehd hdas 56 ﬁpcl&éﬁrdxﬁmw tucﬂtb t he

servo control [ er increases t e command signal 118 (Fig.” 3) t

(r]I eturn Ij Iretating drdkemtagqc,ragdhamgm@tm@ pevlwdmlawervosxgoahogmspgdﬂesdatﬁ hﬁd )
epicte roceeds 32 a esGy i bed above

i n order oﬁ{éggﬁ ?gna%ﬂnptov’td ‘?asdé ?ard ere Spl ncf éa%ﬁér%lrae%rt% ﬂvﬁgrl e ¢ Cﬂée

quanti ty asenttdy e;rxreqxdn@pb Al h@uAseugynt siyhhloor coi eattint signadtlefecdved ot by mppt ocess
proceeds directly %back to step 202 of Fig. 4) Fig. 6 shows a flow

chart at 3580431 tfétaroatdrlrrg & happgan euterfﬂro@rﬂwd&ﬂrb%rré%?rﬁaﬂeéde&t&eaﬁrat?rhe
current I T r ds
From - L e R B e o R e

t he predicutrent lval arder & canirel thggoesgipatof theucadérrite hasd 30 vfaohmcmﬂahd ﬁirrg 3)

((jle:;[ eT m negTeimrblf tagg a " 18@&% %881@1 %o rﬁgfévestﬁ%goweﬂsérpa S eCO t if{' %ofwe{ \Flltgblpije 129
aggr egat e6cua n@i@t29t Sheaim hs&&bly 132y be a Sieed Bldrotai’gr t@]sdmlsdnbtﬁl 'Ill&:, acmhtbr depl ct ed
process prgg gds drrectky C' (back to ste 202 of Fig. %ﬁ

2002 Zo IRFelprblycopprisss 3ivRice 0%4 mgtozreﬁrpatw fodh fprceafoe eeaewhrpa%w br

agar egat &c6ifd8AVercgclifss than the second threshol d val ue, the process
proceeds to 254 at hick is then determ ned whether or not a quantity of
conpensating sk dakarienéd fyythersntledss: 4 feare cottellquennéluginghn depersz ecurdal tadl e

ener gy deter. e j it. i.s,determ.ned at 2 <-4 that

t he quanﬂ”?vg%g'éBW% %F?ngg%ﬂﬁngﬁgaP &ﬁme@ ﬂ%%”P%@gqghﬂhumgsauantlty
of defer ro%dpl%@td’&bﬁd@ﬂhéraaﬁétor dofiEnHhE RIgGEIE iPLORES SheREAGBLASvEE Bircuit8B, 4RI6 1 N
whi ch the servo controller decreases the spindl e command signal (mave form
118 of Fig. 3) to begin changing the adjusted spindle current (wave form
116 of Fig. 3) back , to the nomnal value 114 (Fig. 3). If it is

determ ned at 254 that the quantity of conpensating spindle current is not
| ess than the quantity of deferred spindle current, the depicted process
proceeds to step 258 in which the servo controller increases the spindle
command signal to achieve a desired value of the adjusted spindle current
(wave form 116 of Fig. 3). In step 260, the servo controller determ nes the
present value of the adjusted spindle current (wave form 116 of Fig. 3)
such as by executing steps 202, 204, 206, and 208 of the process 200 (Fig.
4). In step 262, the servo controller deternm nes the spindle current
conpensation value 130 (Fig. 3) for the present sanpling interval by
subtracting the nom nal spindle current value 114 (Fig. 3) fromthe present
val ue of the adjusted spindle current (wave form 116) determined in step
260. In step 264, the servo controller adds the present spindle current
conpensation value 130 (Fig. 3) to a total conpensating spindle current
value stored in a regrster of the servo controller 50 (Frg 1) in order to
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0 3J t~L 2002 -22 CLAIM5S 1. A machi ne readabl e storage device havi

stored therein instructions for executi ng a process for I|mt| 3 PQﬁg)’ZODZ
‘consunption in a disk drive systemincluding a disk having a pltu ity of
tracks forned thereon, a spindle nmotor for rotating the disk in response to
a spindle current, the spindle notor gotating said disk at a nom nal speed
whil e the spindle current has a nom nal value, an arm assenbly for
positioning the head relative to the tracks of the disk, an actuator for
driving the armassenbly in response to an actuator current, said process

beni g petf gf 'EI?% dy hﬁ'gle nicggﬁcv.gtf 586hag§1 911 ﬂg)ﬂ{ 6(P(Q)u 1@@%@9&ﬁ/eftlgsem%igtnhpm ng

the head at a térge rac sal proce nprisihg the steps of -
det er m niargyigg useddate ehdspaisitidh mfomratxamfromaliellead/\m mhl outputl 38 thehan asamblynom nal

val ue duri |ndIe ner gy def i ng per dur i each of a
plurali t9ﬂ<§§n% 1OF iREP VidhiRee? %raglpélﬁs% s.lacvgf aﬁbﬂnﬁgl %.63%%%@} wPER gy
def er nng . pekiefh, rQ@eﬁ‘glr Im: A% ﬁﬁ%ﬁfeﬁfo S%Qal%gnﬂléﬁ%t‘éw of mgwabéﬁ%m@@ L ahd

proportional to the ren sai spi ndl e current’ val ue
and sai damn edtputetd ®pne¢tHdeo pnomldemposzammgnahcradymgqbnmgor&afodnatwhew mpdt Epefndl e

current value to a acurrula n of 0 defer |ndlec rent val ues
T tovel B sHnusime” S g nade B3 80 R it @nEplc 14 B doghegipd to

[ ncreasegu?mm%lghu&ﬁgneya{uy% Whl ch is greater than sai d nom nal spindle
current value during a spindle energy conpensating period, said increased

spi ndl e curreffe dahifuhiPbs @%f&gb@oﬂmepmytyﬁganamm aSaRIgAR] @nkéler gy
which is approximately equal” to said neasurg& of deferred spindle energy,

wher ei n  siaduik, spmulbﬂed‘rerqnmcgysmﬂmt@rcucmg anxbsynodiyta detection dirgytiyn dPescriptiongyof

" cadab! orENy Sandl s ievidedin Ctuboly OGRS PR NERES o tpe ey

conpri si pgsshei.steps of: during each of said sanpling intervals pr| or to
said spindle energy deferring period, determ ning a sanple value of the

gﬁ’(‘j uat or 3C ur [JE{’LE@Z 81%%%@%%19&11&@:&%@ SR @nit&ller 80 s dgitall EstroliIvasAO! d val ue,

implements discrete sampling of the position signal to determine position and velocity parameters.
Also, in varying embodiments, the controller includes either a microprocessor or a digital signal
processor and may also include sepport logic such as counters, an interrupt controller, a direct
memory access controller, a serial interface controller, and other components generally known to
assist microprocessor control functions. The controller is normally associated with a
predetermined amount of read only type memory for storing a control program, RAM, and a
reference clock. The controller directly oversees operation of the interface control logic, the data
channel, and actuator and spindle control circuitry.

The controller 50 controls the precise positioning of the head 30 during execution of track
seek and track following operations by regulating the voltage of the actuator command signal
provided to the input 42 of the actuator driver circuit 38. The controller 50 implements closed

loop servo control which utilizes feedback position information from the disk to find and maintain

a position over a target track of the disk. The position information may be located on a single



if said sanple value is greater than said first threshold val ue, beginnin
‘said‘spindle energy deferring period by regulating said spi ndlgpﬂcgy[grfz[]ﬂi
sai d reduced value. 3. A nachine readabl e storage device as reclt I'n
claiml1, said process further conprising the steps of: during each of said
sanpling intervals prior to said spimd e energy deferring period,

determ ning a sanple value of said actuator current, adding said sanple
value to said nom nal value of said spindle current to determ ne an
aggregate current val ue, conparing said aggregate current value to a first

threshol dexigliifdistt furfed c;i.e.?gaécﬁaﬁédescw breffbedtRl UEddt rSlkS BhiGker Pfloreakd first
t hreshol d val ue, beginning said spindle energy deferring period by

r egul at i mgersiaiaderapeddet] ereyr Tlevctatr saitwl ¢ledhoniesimeabagembined Avithrgciindée

readabl e st orage i as.recitfed in claim]1l .sai rocess further
conpri si H{:j’t‘?rkﬁggt%‘ilgﬁgé 350) aBﬂlP’i’yn‘b&“’éé‘E?f’SW LRP %‘ﬁﬂﬁ“fi‘ﬁ‘g“ ?ﬁ)ﬁg’r vals prior to
sai d spindl e ener deferring. period, determning a. present value of  ,said
actuator curr et z%wst tailpd Sqhpmatic gspt ’Qgriaﬁ’togp’\?%"?dlﬁ drye Sfreu th,jcoup{ed

det er m nigdige gow&%%ﬁg o8 oy@g.ure, Yindi@lveRGit Rt Qinchidbd: §Aaith b aRalSpbRREUENt
sanpling interval; a nodu for adding said predicted value to said nom nal

val ue of (DAY 88 pichaling anunput 82 cormected torredeive the spindld icommendsjgma frameutput H2nt

2 T " Bhiebtrontrolea 0 e Hiiond 220 e e prad s g8 SRR e rene -
val ue i s ughfRehdictahfPdinpifefi’d hadvirg dnhihifs 8O Lehn¥odde outp@dB4vitRI SCI8d, 4pi ndl e

energy deferring period by regulating said spindle conmand signal to adjust

sai d spi eutpat ¥ gonaeetedito a sedecd 2 whicktis gonngriadto the gt 30 of the spmdle driver circuit,

, a first power terminal 94 connected to receive the power signal from the power supply 26 via input
24 of the circuit 18, and a second power terminal 96 connected to ground. Because the
transconductance amplifier 86 has functional characteristics of a low band width filter, the spindle
current signal I5 lags behind the voltage of the spindle command signal. In an embodiment, the
‘transconductance amplifier has a bandwidth approximately equal to 300 Hz. Therefore, a time
delay'is incurred as the spindle current Is responds to changes in the voltage level of the spindle
command signal.

Seeking operations performed by the servo controller 50 (Fig. 1) include an acceleration
sequence and a deceleration sequence. During the acceleration sequence of the seek operation, the
actuator current I rises and falls in accordance with a standard acceleration current profile for
performing the acceleration sequence. Although not required, a seek operation according to the
present invention may include a coast sequence of operation. In a preferred embodiment of the
present invention, the acceleration sequence is implemented in a voltage mode wherein a voltage
approximately equal to the full voltage available at the power supply 26 (Fig. 1) is provided to the
actuator driver circuit 38. Also, in the preferred embodiment, the deceleration sequence 1s

implemented in a current mode wherein the controller 50 (Fig. 1) conirols the actuator command



-24 5: A machi ne readabl e storage device as recited in claiml, wherein

sai d spindle energy conpensating period transpires after said imnd

energy deferring period. 6. A machine readabl e storage device 3@3@5‘-«33002
claiml1, said process further conprising the steps of: during each of said
sanpling intervals during said spindl eenergy deferring period, determ ning
a present value of said actuator current, subtracting a predeterm ned val ue
fromsaid present value to determ ne an excess current val ue, and wherein
sai d reduced value to which said spindle current is adjusted is greater
than or etgnal totbe psgpiodioealde e differenetbetwedniadgargdt. veldcityeemt ian estimasdadienslogits foor age
device as recited in claim1, said process further conprising the steps of:
during eS8 BPURE %) i ng intervals during said spindl e energy deferring
period, deter PBRAcEs SHAPH & MBLIURIAIngSAVE fRGE HpfeSntifH U pardf&ES of G d
sanpl e value to said nom hal value of said spindle current to determne an
aggr egat digkdrivesystana 1@ &ig.sl)bs # Swetiongpf imertheleursnttiaramtteynbairg oniseHeddy dhe
aggregate_current, v det.erni ne an, exgess current val ue wher ei n
e T oa eal bR B DS B PP TR BBt B pit Bk e, e

than or g@tfaimdd@using theAscehifion dbdueide of @bdéR opdlatioh TREHdpited RRE&RIE St or age
device as recited in claim1, sald process further conprising the steps of:

for each iBfludeap goimabipindle qurertywaye SoranuiR Gplid ing) repsesaeiptivecta pempingbsnindls ng

eri od, 1 0] . I.d: 2 r ent rin aid
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begi n adjtﬁleséépycgedse?(ggplg'f) zlinna%jueste(c:ilé;rnrnglgtcurfrern(t)wageaflogn { le6d (ﬂgs%gd line) representative of

the spindle current Is provided by the spindle driver circuit 18 (Fig. 1) as controlled by the spindle

current command signal according to the current limiting process of the present invention; a
spindle command signal wave form 118 representative of the spindle command signal provided at
output 52 of the servo controller 50 (Fig. 1) according to the current limiting process of the present
invention; an actuator current wave form 120 representative of the absolute value of the actuator
current I as calculated in accordance with a standard actua’tor current profile for the deceleration
sequence; a standard aggregate wave form 122 (solid line) representative of the sum of the
nominal spindle current wave form 112 and the actuator current wave form 120; and an adjusted
aggregate wave form 124 (dashed line) representative of the sum of the adjusted spindle current
wave form 116 and the actuator current wave form 120 in accordance with the current limiting
process of the present invention.

The servo controller 50 (Fig. 1) updates the spindle command signal (wave form 118) once
per spindle sampling interval (or spindle update period), Ts. The servo controller 50 (Fig. 1)
updates the actuator command signal (not shown) once per actuator sampling interval, Tc Ina

typical disk drive, the spindle command signal 1s updated 100 times per second and the actuator



0 3 J UL 2002 -25 value back toward said nom nal value to begin ceasing

said spindle energy deferring period. 9. A machine readabl e st 3agﬂjﬂezﬂﬁz
as recited in claiml, said process further conprising the st s Lf

each of said sanpling intervals during said spindle energy deferring
period, determ ning a sanple value of said actuator current, adding said
sanpl e value to said nomnal value of'%aid spindle current to determ ne an
aggregate current val ue, conparing said aggregate current value to a first
threshold value, and if said aggregate current value is less than said
first theeathahdlsipgall updited 1,600 tigesi st Iithee oz drempiidki samaling iateb@yTon

adj usting said spindle current fromsaid reduced val ue pack tomarghsaid
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readabl e storage device as recited in claiml, said process further
power drawn from the power supply 26 (Fig. 1) during periods of the deceleration sequence. At
the beginning of each sampling interval, the servo controller: (1) determines a present value for the
actuator command signal (not shown) and a present value for the corresponding actuator current Ic
(wave form 120) for the present sampling interval; (2) predicts the value of the actuator command
signal for the Nth subsequent sampling interval and a value of the actuator current Ic (wave form
120) for the Nith subsequent sampling interval, wherein N is an integer number; and (3) adds the
predicted actuator current values (wave form 120) for the Nth subsequent sampling interval to the
nominal spindle current value 114 to determine a predicted value for the standard aggregate
current (wave form 122) for the Nth subsequent sampling interval.

During sampling intervals while the actuator current signal (wave form 120) is increasing,

the servo controller determines whether predicted values of the standard aggregate current value
(wave form 122) for the Nth subsequent sampling interval is greater than a first threshold value
126. If it is determined that a predicted value of the standard aggregate current (wave form 122)
1s greater than the first threshold value 126, the servo controller begins reducing the value of the
adjusted spindle current Is (wave form 116) by controlling the spindle command signal (wave

form 118) appropriately so that the sum of the actuator current (wave form 120) and the adjusted



conprising the steps of: 0 3J UL 2002 -26 for each of a plurality of
sanpling intervals during said spindle energy conpensating period,

determ ning a conpensating spindle current value which is propgr%igﬁﬁ_lhgﬂnz
the difference between said nom nal value and said increased valle, "a
addi ng said conpensating spindle current value to an accunul ati on of prior
conpensating spindle current val ues t d3devel op said quantity of
conpensating spindle energy. 12. A machi ne readabl e storage device as
recited in claim1l, said process further conprising the steps of: for each
of a pl ursplodieyeutntRaw foft@116)! whivialisldel thelaBdsi8Rbdreppic vallue (eave f@h 124), does
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limting energy consunption as recited in claim213, further conprising the
st eps of :spindle current Is (wave form 116) responds to changes in the voltage level of the spindle

command signal (wave form 118) due to the low band width filter properties of the
transconductance amplifier 86 (Fig. 2)

At time ts, to compensate for the delay in order to aclueve a faster spindle current response,
the servo controller steps the current command signal (wave form 118) down from the voltage

corresponding to the one Amp spindle current to a voltage corresponding to a zero Amp spindle



during each of said sanpling intervals prior to said spindle rg
'deferfring period, determning a sanple value of the actuator ﬁﬁ?ﬁeﬁﬂL.ZﬂﬂZ

conparing said sanple value to a first threshold value, and if said sanple
value is greater than said first threshold val ue, beginning said spindle
energy deferring period by regulating said spindle current to said reduced
val ue. 15. A process for limting enef'gy consunption as recited in claim
13, further conprising the steps of: during each of said sanpling intervals
prior to said spindle energy deferring period, determ ning a sanple val ue

of said agiréadvalueGHHidlER bubstaltilRdessahsh thaigtage doalesdndlig Sothél tafgeiiedadedwaluee Of
said spindle current to.determ ne an aggregate current val ue, conparing
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claim 13, further conprising the steps : 0.3 JUL 2002 -28 durlng each
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controller steps the current command signal (wave form 118) up from the voltage corresponding to

the zero Amp spindle current value to a voltage corresponding to a 0.5 Amp spindle current value
which, in the depicted example, is equal to the nominal value 114 minus the corresponding
aggregate excess current value 127 minus a constant value. At time ts, the standard aggregate
current value (wave form 122) reaches its peak value. The delay time between time t;, at which
the adjusted spindle current (wave form 116) begins decreasing, and time ts, at which the adjusted
spindle current reaches the nominal spindle current value 114, is due to the low bandwidth
characteristics of the transconductance amplifier 86 (Fig. 2) as discussed above.

After the servo controller begins reducing the value of the adjusted spindle current Is (wave
form 116) by controlling the spindle command signal (wave form 118), the servo controller: adds
the deferred spindle current value 128 for the present sampling interval to a total deferred spindle
current value stored in a register of the servo controller 50 (Fig. 1) to develop a quantity of
deferred spindle energy; and determines whether the predicted value of the standard aggregate
current (wave form 122) for the Nth subsequent sampling interval 1s less than the first threshold
value 126. If the predicted value of the standard aggregate current (wave form 122) for an Nth

subsequent sampling interval is less than the first threshold value 126, the servo controller begins



conparing said predicted aggregate current value to a first threshold

'val ue; if said predicted aggregate current value is greater tﬂa31 db]l_ngﬂDQst
t hreshol d val ue, begi nning said spindle energy deferring period by

regul ati ng said spindle command signal to adjust said spindle current to
said reduced value. 17. A process for,Jimting energy consunption as
recited in claim13, wherein said spinI e energy conpensating period
transpires after said spindle energy defernng period. 18. A disk drive
system conprising a disk having a plurality of tracks fornmed thereon, a
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spindle notor Totating said disk at a nom nal speed while said spindle
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relative to said tracks of said disk, an gactuator for. . driving said arm
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current, copparing, said sanple val ue to first threshold value,. and if
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frequency depends on the spindle speed. For example, data reproduced when the spindle speed is

lower than the spindle speed when it was written will appear to have a lower frequency than it

should.

Therefore, at a time, t,o, after the standard aggregate current (wave form 122) decreases

below a second threshold value 129, which 1s less than the first threshold value 126, and before



addi ng said sanple value to said nom nal value of said spindle current to

determ ne an aggregate current value, conparing said aggregat urgy ant
"value to a first threshold value, if said aggregate current vg 3e’J|Lg- 2002

greater than said first threshold val ue, beginning said spindle energy
defernng period by regulating said spiendle current to said reduced val ue.
21. A disk drive systemas recited in claim18, said process further
conprising the steps of: 0 0 ~~~ 2002 -30 during each of said sanpling
intervals prior to said spindle energy deferring period, determning a
present thedndeof gfe deadletataomt saatence afie seplting gperating thgr sssemontsdlep’q @eg. ilht er val ,
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period transpires after said spindle energy defernng period. 23. A disk
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current compensation value 130 for the present sampling interval to a total compensating spindle
current value to develop a quantity of compensating spindle energy; and (3) determines whether or
not the quantity of compensating spindle energy is greater than or equal to the quantity of deferred
spindle energy.
In general, the integral of the spindle current Is, less the drag forces on the disk, is
pfoportional to the spindle velocity. Therefore, if the quantity of compensating spindle energy is
equal to the quantity of deferred spindle energy, then the spindle velocity, which is decreased
during the current deferring sequence, will be returned to the nominal spindle velocity during the
compensating sequence of the current limiting process of the present invention.
At time ty4, the servo controller determines that the quantity of compensating spindle
energy is approaching the quantity of deferred spindle energy. Therefore, at time t,s, the servo
controller decreases the spindle command signal (wave form 118) to begin decreasing the adjusted
spindle current (wave form 116). At time t;6, the adjusted spindle current (wave form 116)
reaches the nominal spindle current value. In an embodiment of the present invention, a
predictive analysis is used to more accurately contro} the spindle current compensating sequence
so that the total amount of compensating spindle current, or compensating spindle energy, is more

accurately set to the total amount of deferred spindle current, or deferred spindle energy



subtracting a predeterm ned value fromsaid present value to determ ne an
excess current value, and wherein said reduced val ue to which 3§ Jgbi 2602
‘current is regulated is greater than or equal to said excess current val ue.
24. A disk drive systemas recited in claim 18, said process further
conprising the steps of: during eachypf said sanpling intervals during said
spi ndl e energy deferring period, determ ning a sanple value of said
actuator current, 03 ~UL2002 -31 adding said sanple value to said

nom nal val ue of said spindle current to determ ne an aggregate current
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conprising the steps of: . ]
invention, the current limiting process is implemented as microcode executed over a processor of

the servo controller 50 (Fig. 1). The depicted process begins with step 202 in which the servo
controller 50 (Fig. 1) estimates the position and velocity of the head 30 (Fig. 1) for a present
actuator sampling interval using parameters determined during previous sampling intervals. In
step 204, the servo controller determines a target velocity for the present sampling interval using
either a table or a calculation method. In step 206, the servo controller determines a velocity error
for the present sampling interval by determining the difference between the estimated velocity
determined in step 202 and the target velocity determined in step 204. In step 208, the servo
controller filters and scales the velocity error determined in step 206 to determine a value of the
actuator command signal which is then provided to the actuator driver circuit 38 (Fig. 1) for
controlling the actuator current. In step 210, the servo controller predicts values of the actuator
position and velocity parameters for the Nth subsequent sampling interval. In varying
embodiments of the present invention, N is an integer number in the range between 1 and 5.

In step 212, the servo controller uses the predicted values of the position and velocity
parameters to determine a predicted target velocity value for the Nth subsequent sampling interval.
In step 214, the servo controller determines a predicted velocity error for the Nth subsequent
sampling interval by determining the difference between the predicted velocity value determined

in step 210 and the predicted target velocity value determined in step 212, In step 216, the servo



for each of said sanpling intervals during said spindle energysgeferfi
» period, determ ning a sanple value of said actuator current, a9§£0k2302

sanpl e value to said nom nal value of said spindle current to deterni ne an
aggregate current val ue, conparing said aggregate current value to a first
t hreshold value, and if said aggregatg current value is |less than said
first threshold value, regulating said spindle current fromsaid reduced
val ue back toward said nom nal value to begin ceasing said spindl e energy
deferring period. 27. A disk drive systemas recited in claim18, said
process §onirbNafileRpa k&ildddhd predistbERdost erbretefniald @fstep@1d tS ettt
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proceeds directly to “A” (to Fig. 5). Ifit is determined at 220 that the actuator current I is not

presently increasing, the depicted process proceeds directly to “B” (to Fig. 6).

Fig. 5 illustrates a sub-process at 222 for implementing additional steps of the spindle
current deferring sequence according to the present invention. The depicted process steps proceed
from “A” to 224 at which the servo controller determines whether the predicted value of the
aggregate current (wave form 122 of Fig. 3) determined in step 218 (Fig. 4) is greater than the
first threshold value 126 (Fig. 3). !

If it is determined at 224 that the predicted aggregate current value is greater than the
threshold value, the process proceeds to step 226 in which the servo controller determines an
aggregate excess current value 127 (Fig. 3) for the Nth subsequent sampling interval by
subtracting the first threshold value 126 (Fig. 3) from the predicted value of the aggregate current
(wave form 122 of Fig. 3) determined in step 218. In an embodiment of the present invention, the
servo controller defaults to a predetermined “worst case” aggregate excess current value 127 (Fig,
3) for the Nth subsequent sampling interval. The worst case aggregate excess current value can be
determined for a particular disk drive system based on the seeking performance specifications of

the system.



determ ning a conpensating spindle current value which is proportional to
“the difference between said nom nal value and said increased val ue, and
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deterrmned in step 234 (Fig. 5). Ifit is determined at 254 that the quantity of compensating
spindle current is not less than the quantity of deferred spindle current, the depicted process
proceeds to step 256 in which the servo controller decreases the spindle command signal (wave
form 118 of Fig. 3) to begin changing the adjusted spindle current (wave form 116 of Fig. 3) back
to the nominal value 114 (Fig. 3).

If it is determined at 254 that the quantity of compensating spindle current is not less than
the quantity of deferred spindle current, the depicted process proceeds to step 258 in which the
servo controller increases the spindle command signal to achieve a desired value of the adjusted
spindle current (wave form 116 of Fig. 3). In step 260, the servo controller determines the present
value of the adjusted spindle current (wave form 116 of Fig. 3) such as by executing steps 202,
204, 206, and 208 of the process 200 (Fig. 4).

In step 262, the servo controller determines the spindle current compensation value 130 ,
(Fig. 3) for the present sampling interval by subtracting the nominal spindle current value 114
(Fig. 3) from the present value of the adjusted spindle current (wave form 116) determined in step
260. In step 264, the servo controller adds the present spindle current compensation value 130
(Fig. 3) to a total compensating spindle current value stored in a register of the servo controller 50
(Fig. 1) in order to develop a quantity of compensating spindle energy.

Note that the predictive analysis of the spindle current deferring sequence (Fig. 4) can be
used in the compensating sequence of the current limiting process at 250 (Fig. 6) so that the total
amount of compensating spindle current, and thus the quantity of compensating spindle energy,
can be controlled more accurately. However, the error in spindle velocity due to the difference

between the total amount of deferred spindle current, or deferred spindle energy, versus the total
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amount of compensating spindle current, or compensating spindle energy, may be sufficiently
minimized without predictive analysis when implemented in modern servo systems.
Although the present invention has been particularly shown and described above with
reference to a specific embodiment, it is anticipated that alterations and modifications thereof wiil
no doubt become apparent to those skilled in the art. It is therefore intended that the following
claims be interpreted as covering all such alterations and modifications as fall within the true

spirit and scope of the invention.
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"10%99& () -{ sssu&yxxyxxpinSHeh &bl Morage device having stored therein instructions for
executing a process for limiting energy consumption in a disk drive system including a
disk having a plurality of tracks formed thereon, a spindle motor for rotating the disk in
response to a spindle current, the spindle motor rotating said disk at a nominal speed
while the spindle current has a nominal value, an arm assembly for positioning the head
relative to the tracks of the disk, an actuator for driving the arm assembly in response to
an actuator current, said process being performed during periods of a deceleration
sequence for positioning the head at a target track, said process comprising the steps of:
determining a reduced spindle current value which is less than said nominal
value during a spindle energy deferring period;
during each of a plurality of sampling intervals transpiring during said spindle
energy deferring period,
determining a deferred spindle current value which is proportional to the
difference between said nominal spindle current value and said reduced spindle current
value, and
adding said deferred spindle current value to an accumulation of prior
deferred spindle current values to develop a measure of
deferred spindle energy; and
determining an increased spindle current value which is greater than said
nominal spindle current value during a spindle energy compensating period, said
increased spindle current value for adding a quantity of compensating spindle energy
which is approximately equal to said measure of deferred spindle energy, wherein said
spindle energy deferring period and said spindle energy compensating period both during

the deceleration sequence.

2. A machine readable storage device as recited in claim 1, said process further
comprising the steps of:
during each of said sampling intervals prior to said spindle energy deferring
period,
determining a sample value of the actuator current,

comparing said sample value to a first threshold value, and
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said spindle ‘energy deferring period by regulating said spindle current to said reduced

value.

3. A machine readable storage device as recited in claim 1, said process further
comprising the steps of:
during each of said sampling intervals prior to said spindle energy deferring

period,

determining a sample value of said actuator current,

adding said sample value to said nominal value of said spindle current
to determine an aggregate current value,

comparing said aggregate current value to a first threshold value,

if said aggregate current value is greater than said first threshold value,
beginning said spindle energy deferring period by regulating said spindle current to said

reduced value.

4. A machine readable storage device as recited in claim 1, said process further
comprising the steps of:
during each of said sampling intervals prior to said spindle energy deferring

period,

determining a present value of said actuator current for the present
sampling interval;

a module for determining a predicted value of said actuator current for a
subsequent sampling interval;

a module for adding said predicted value to said nominal value of said
spindle current to determine a predicted aggregate current value; and

a module for comparing said predicted aggregate current value to a first
threshold value;

a module, if said predicted aggregate current value is greater than said
first threshold value, beginning said spindle energy deferring period by regulating said

spindle command signal to adjust said spindle current to said reduced value.
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energy compensating period transpires after said spindle energy deferring period.

6. A machine readable storage device as recited in claim 1, said process further
comprising the steps of:
during each of said sampling intervals during said spindle energy deferring

period,

determining a present value of said actuator current,

subtracting a predetermined value from said present value to determine
an excess current value, and

wherein said reduced value to which said spindle current is adjusted is

greater than or equal to said excess current value.

7. A machine readable storage device as recited in claim 1, said process further
comprising the steps of:
during each of said sampling intervals during said spindle energy deferring

period,

determining a sample value of said actuator current,

adding said sample value to said nominal value of said spindle current
to determine an aggregate current value,

subtracting a predetermined value from said aggregate current value to
determine an excess current value, and

wherein said reduced value to which said spindle current is adjusted is

greater than or equal to said excess current value,

8. A machine readable storage device as recited in claim 1, said process further
comprising the steps of:
for each of said sampling intervals during said spindle energy deferring period,
determining a sample value of said actuator current,
comparing said sample value to a first threshold value, and
if said sample value is less than said first threshold value, regulating

said spindle command signal to begin adjusting said spindle current from said reduced
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C A machine readable storage device as recited in claim 1, said process further

comprising the steps of:
for each of said sampling intervals during said spindle energy deferring period,

determining a sample value of said actuator current,

adding said sample value to said nominal value of said spindle current
to determine an aggregate current value,

comparing said aggregate current value to a first threshold value, and

if said aggregate current value is less than said first threshold value,
regulating said spindle command signal to begin adjusting said spindle current from said
reduced value back toward said nominal value to begin ceasing said spindle energy

deferring period.

10. A machine readable storage device as recited in claim 1, said process further
comprising the steps of:
for each of said sampling intervals during said spindle energy deferring period,

determining a present value of said actuator current for the present
sampling interval,

determining a predicted value of said actuator current for a subsequent
sampling interval;

adding said predicted value to said nominal value of said spindle current
to determine a predicted aggregate current value; and

comparing said predicted aggregate current value to a first threshold
value;

if said predicted aggregate current value is less than said first threshold
value, regulating said spindle current from said reduced value back toward said nominal

value to begin ceasing said spindle energy deferring period.

11. A machine readable storage device as recited in claim 1, said process further

comprising the steps of:
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determining a compensating spindle current value which is proportional
to the difference between said nominal value and said increased value, and
adding said compensating spindle current value to an accumulation of
prior compensating spindle current values to develop said quantity of compensating

spindle energy.

12. A machine readable storage device as recited in claim 11, said process further
comprising the steps of:
for each of a plurality of sampling intervals during said spindle energy

compensating period,

comparing said quantity of compensating spindle energy to said
measure of deferred spindle energy,

if said quantity of compensating spindle energy is greater than or equal
to said measure of deferred spindle energy, regulating said spindle command signal to
begin adjusting said spindle current from said increased value back toward said nominal

value to begin ceasing said spindle energy compensating period.

13. A process for limiting energy consumption in a disk drive system including a
disk having a plurality of tracks formed thereon, a spindle motor for rotating the disk in
response to a spindle current, the spindle motor rotating said disk at a nominal speed
while the spindle current has a nominal value, an arm assembly for positioning the head
relative to the tracks of the disk, an actuator for driving the arm assembly in response to
an actuator current, said process being performed during periods of a deceleration
sequence for positioning the head at a target track, said process comprising the steps of:

determining a reduced spindle current value which is less than said nominal
value during a spindle energy deferring period;

during each of a plurality of sampling intervals transpiring during said spindle
energy deferring period,

determining a deferred spindle current value which is proportional to the

difference between said nominal spindle current value and said reduced spindle current

value, and
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adding said deferred spindle current value to an accumulation of prior
deferred spindle current values to develop a measure of deferred spindle energy; and
determining an increased spindle current value which is greater than said
nominal spindle current value during a spindle energy compensating period, said
increased spindle current value for adding a quantity of compensating spindle energy
which is approximately equal to said measure of deferred spindle energy, wherein said
spindle energy deferring period and said spindle energy compensating period both

transpire during the deceleration sequence.

14. A process for limiting energy consumption as recited in claim 13, further
comprising the steps of:

during each of said sampling intervals prior to said spindle energy deferring
period,

determining a sample value of the actuator current,

comparing said sample value to a first threshold value, and

if said sample value is greater than said first threshold value, beginning said

spindle energy deferring period by regulating said spindle current to said reduced value.

15. A process for limiting energy consumption as recited in claim 13, further
comprising the steps of:

during each of said sampling intervals prior to said spindle energy deferring
period,

determining a sample value of said actuator current,

adding said sample value to said nominal value of said spindle current to
determine an aggregate current value,

comparing said aggregate current value to a first threshold value,

if said aggregate current value is greater than said first threshold value,
beginning said spindle energy deferring period by regulating said spindle current to said

reduced value,

16. A process for limiting energy consumption as recited in claim 13, further

comprising the steps of:
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during each of said sampling intervals prior to said spindle energy deferring
period,

determining a present value of said actuator current for the present sampling
interval,

determining a predicted value of said actuator current for a subsequent sampling
interval;

adding said predicted value to said nominal value of said spindle current to
determine a predicted aggregate current value; and

comparing said predicted aggregate current value to a first threshold value;

if said predicted aggregate current value is greater than said first threshold value,
beginning said spindle energy deferring period by regulating said spindle command signal

to adjust said spindle current to said reduced value.

17. A process for limiting energy consumption as recited in claim 13, wherein said

spindle energy compensating period transpires after said spindle energy deferring period.

18. A disk drive system comprising a disk having a plurality of tracks formed
thereon, a spindle motor for rotating said disk in response to a spindle current, said
spindle motor rotating said disk at a nominal speed while said spindle current has a
nominal value, an arm assembly for positioning a head relative to said tracks of said disk,
an actuator for driving said arm assembly in response to an actuator current, and
controller means operative to regulate said spindle current and said actuator current for
positioning said head at a target track, said controller means being further operative to
execute program modules for implementing a process for limiting energy consumption
during periods of a deceleration sequence for positioning the head at a target track, said
process comprising the steps of:

regulating said spindle current to a reduced value which is less than said nominal
value during a spindle energy deferring period;

during each of a plurality of sampling intervals transpiring during said spindle
energy deferriﬁg period,

determining a deferred spindle current value which is proportional to the

difference between said nominal value and said reduced value, and
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deferred spindle current values to develop a measure of deferred spindle energy; and
regulating said spindle current to an increased value which is greater than said
nominal value during a spindle energy compensating period to add a quantity of
compensating spindle energy which is approximately equal to said measure of deferred
spindle energy, wherein said spindle energy deferring period and said spindle energy

compensating period both transpire during the deceleration sequence.

19. A disk drive system as recited in claim 18, said process further comprising the
steps of:
during each of said sampling intervals prior to said spindle energy deferring

period,

determining a sample value of said actuator current,

comparing said sample value to a first threshold value, and

if said sample value is greater than said first threshold value, beginning
said spindle energy deferring period by regulating said spindle current to said reduced

value.

20. A disk drive system as recited in claim 18, said process further comprising the
steps of:
during each of said sampling intervals prior to said spindle energy deferring

period,

determining a sample value of said actuator current,

adding said sample value to said nominal value of said spindle current
to determine an aggregate current value,

comparing said aggregate current value to a first threshold value,

if said aggregate current value is greater than said first threshold value,
beginning said spindle energy deferring period by regulating said spindle current to said

reduced value.

21, A disk drive system as recited in claim 18, said process further comprising the

steps of:
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during each of said sampling intervals prior to said spindle energy deferring

period,

determining a present value of said actuator current for the present
sampling interval,

determining a predicted value of said actuator current for a subsequent
sampling interval;

adding said predicted value to said nominal value of said spindle current
to determine a predicted aggregate current value; and

comparing said predicted aggregate current value to a first threshold
value;

if said predicted aggregate current value is greater than said first
threshold value, beginning said spindle energy deferring period by regulating said spindle

current to said reduced value.

22. A disk drive system as recited in claim 18, wherein said spindle energy

compensating period transpires after said spindle energy deferring period.

23. A disk drive system as recited in claim 18, said process further comprising the
steps of:
during each of said sampling intervals during said spindle energy deferring

period,

determining a present value of said actuator current,

subtracting a predetermined value from said present value to determine
an excess current value, and

wherein said reduced value to which said spindle current is regulated is

greater than or equal to said excess current value.

24, A disk drive system as recited in claim 18, said process further comprising the
steps of:

during each of said sampling intervals during said spindle energy deferring
period,

determining a sample value of said actuator current,
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greater than or equal to said excess current value.

25. A disk drive system as recited in claim 18, said process further comprising the
steps of:
for each of said sampling intervals during said spindle energy deferring period,
determining a sample value of said actuator current,
comparing said sample value to a first threshold value, and
if said sample value is less than said first threshold value, regulating
said spindle current from said reduced value back toward said nominal value to begin

ceasing said spindle energy deferring period.

26. A disk drive system as recited in claim 18, said process further comprising the
steps of:
for each of said sampling intervals during said spindle energy deferring period,
determining a sample value of said actuator current,
adding said sample value to said nominal value of said spindle current
to determine an aggregate current value,
comparing said aggregate current value to a first threshold value, and
if said aggregate current value is less than said first threshold value,
regulating said spindle current from said reduced value back toward said nominal value to

begin ceasing said spindle energy deferring period.

27. A disk drive system as recited in claim 18, said process further comprising the
steps of:
for each of said sampling intervals during said spindle energy deferring period,
determining a present value of said actuator current for the present

sampling interval,
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-32.

determining a predicted value of said actuator current for a subsequent
sampling interval,

adding said predicted value to said nominal value of said spindle current
to determine a predicted aggregate current value; and

comparing said predicted aggregate current value to a first threshold
value;

if said predicted aggregate current value is less than said first threshold
value, regulating said spindle current from said reduced value back toward said nominal

value to begin ceasing said spindle energy deferring period.

28. A disk drive system as recited in claim 18, said process further comprising the
steps of:
for each of a plurality of sampling intervals during said spindle energy

compensating period,

determining a compensating spindle current value which is proportional
to the difference between said nominal value and said
increased value, and

adding said compensating spindle current value to an accumulation of
prior compensating spindle current values to develop said quantity of compensating

spindle energy.

29, A disk drive system as recited in claim 28, said process further comprising the
steps of:
for each of a plurality of sampling intervals during said spindle energy

compensating period,

comparing said quantity of compensating spindle energy to said
measure of deferred spindle energy, and

if said quantity of compensating spindle energy is greater than or equal
to said measure of deferred spindle energy, regulating said spindle current from said
increased value back toward said nominal value to begin ceasing said spindle energy

compensating period.



