.;e3etAjr6TWW0 8 JA N 2403 WO 00/ 03389 PCT/ US99/ 15864 * @0002* CURF@EIBTJ@ 2003
PROFI LE SHAPI NG TO REDUCE DI SC DRI VE SEEK TI ME VARI ATI ON AND ACOQUSTI C S
GENERATION 5 Field of the Invent ”m‘mw mmmgntl on rel ates general I%/ to the
field of digeddlobige data storage u nmore parti culP&XUF/1584 not by
way of limtation, to an apparatus argyset hod for inproving disc drive seek
performance by reducing seek tine variation and acoustic noi se generation.
10 Background A disc drive is a data storage device used to store and
retrieve conputerized data in a fast and efficient nmanner. A typical disc
drive conpri ses CifRRENTRR@FILE SHARINGTONREDRICE D€ ®RIME SEEKBIMEt | zabl e
medi um and nmounted 15 VARIATIODNAND ACOUSTICENOISO GENERADIGNI on at a
constant high speed. The data are stored on the discs in a plurality of
concentric circular tracks by an array of transducers ("heads") nounted to

a radial actuator for novenent of the heads relative to the discs. The
heads abe supp&idddf thednventien cor r espondi ng di sc surfaces by air bearings

set up by the rot atjrg.n.of t.he discs. Serﬁiodqdrc%}]ﬂit (font ol lably 20
posi tions the heads PRABIFGHOR HANEHEARFELY FOHE S TR PERTE S 24T U8 Vat or coi |
whi ch forms pagtyigds, fnd/RbfeSpadtdulariDber ndt ¥eMay of FirkiBibe 18 @n ApaRarhé amsf er

performance, efforts are made to minimze the tine required for to nove the
heads from one method Ko Brraavyng disc diive sryk pesfesrane By sdueins SeckitHag Varasiofi sc

drive can procggd Eogsﬁ«{{?d?&f Le@ab@ to or fromthe various 25 tracks. For
seeks above a Gertarn engt% a velocity controlled approach is typically

used whé&rein a velocity profile is selected to define a desired velocity
trajectory for the hegd. To carry out the seek, current is applied to the
actuator coil CRE accelerate the head in the direction of the

destination track uptdie @ri@%‘iag‘gﬁ‘ s‘{cﬁb%CdeR/)éeiu&Jt%%fd?@gnd Alridepr edet erm ned

di stance fromthe destination track) current of opposite polarity is
appl i ed to thecempwerized dawiin atfestdod effcieat manteg. A typigh! @iso Q98 8&@prists

PCTI US99/ 15864 head to r.eaﬁh t he destitn tion track. fg.ni .‘grat h(g dectel eration
phase of the s8Bk® PRE V& GEFt {fabF e REHEN .airgagnggzgg ém‘{}] APLFRIREY and

conpargd to thgn @R ASIHANGIHAL Mefr Fedouab el 4 Yord@nsgh el h Thy ditaaryel ocity
profile; corrections to the current are nade in order to cause the head to

fol l ow t he deceloradan b disenjnerPlorafity of qoneentricieizaias sxarkinbit #radrkay ofhe desired
velocity at o ralidhCets g%@?ﬁ} bt PJa {)atlf‘al YGufG? fok n{%\%édz%f'tﬁe Hegéser red to

as the "demand Vel rement 1 oned veloCity-control |l ed seek

met hodol ogy hageib@eno ftigudictsu SEfetleadart bppdtts® ovbritvecartdspordingldie@urfaasse
arisen in that sudden, |arge changes in current applied to the actuator

coi | can est abby < hgAdREs SEEWP DY Biedoragpr of the discs. A servo circuit controllably
20 positions the heads through the application of current to an actuator coil which

forms part of a voice coil motor (VCM).

To maximize data transfer performance, efforts are made to minimize the
time required for to move the heads from one track to another during a seek
operation so that the disc drive can proceed to transfer data to or from the various

25 tracks. For seeks above a certain length, a velocity controlled approach is
typically used wherein a velocity profile is selected to define a desired velocity
trajectory for the head. To carry out the seek, current is applied to the actuator
coil to first accelerate the head in the direction of the destination track until a
maximum velocity is reached. At a predetermined distance from the destination

30 track, current of opposite polarity is applied to the actuator coil to decelerate the
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10 the disc drive, adversely affecting servo performance as wel |l

generating unwant ed acoustic noise. As a result, various inprovengngtnhaakZﬂﬂa
been proposed in the prior art to mnimze such effects. For exanple,

Uni ted Stat &0 P38t No. 5,475,545 issued to Hanpshire et alPCTAISED/EH86H gned

to the assignee of the present invention, discloses a servo circuit 15

which is used to control the position of heads of a disc drive using a

nodi fied vel ocity-controll ed approach. will be appreciated ) at the

begi nning of a velocity-controlled seek? the actual velocity of the head is

substantially zer wher eas, the .vel ocit rofile requires a mand vel ocity
of substanti al Izlvaﬁ?rﬁ}ﬁ drgation "ﬁcﬁﬁ' sﬂ?ﬁ%p’t‘: eFﬂerg“?%P e\pgfﬁme% tE?ror,
and the servo Cyefdeity lof SRIRAM ASrePdateddy aBinYiheatd @I thé ¥atrdspBhdng Ur r ent
to the coil, resulting in quick acceleration, but also |arge amunts of

vi bration. Accodediredgyslocityras seicfiopsh thyrthe velsitysprofil; Sageqtiohe tetie surronli 41 es
initial portions of. the vel oci rof i b rovi.ding an initi demand
velocity of zerB*&rl qr«ﬁeéﬁo F?‘H?Fé%e}ﬁ"f‘ﬁ?ﬁ%‘)h’_?lﬁgyt&grqﬁ?‘le&er@téﬁ_g‘bgwfg}ogulpﬁh% eact| of
a successi on of gdsiikEioR BakIdSTHRYdeSiréd PGbdif ht WAY YReH Bhrnpletpdent BReMeldGteNBNd
25 velocity is reached. In this way, the velocity errors at initial stages
of the seek ar epmﬁk@uee@ferammtaséhq:l"gﬁmnd velcipr'e gradual |y applied to the

VCM unti |l the maxi ci:ty is.reached. B cti ropri ate
fraction value, the is1 b}e{??khgaaﬁo%?‘le’l“fonggVHS?W‘%%“‘ES)OE‘IIC iséegggtﬁg?c?g n%at%rﬁegz)f
time, but with pusdbshanh i@l disedietdrbrotleds Bavet AriseN @6 that SfAdéHilhpd St at es
Patent No. 5,657,179 issued to McKenzie et al. and assigned ~ 8 ~~ N 2003
WO 001 03389 PCTShamgrs/in sement.agplied 1o [ile esuaieyrod wn esyblishrundasited; vivratienson,
provi degyan i np it OV Lre a7 .ence by

usi ng aﬁglari abl %’%%F@@f’% yadgérﬁgﬂgf@g@f%gt‘% Q/egfou%élfi §¢etzﬁ3g§g% %e&@%éﬁ? urt her
tailoring of thgnwaged domgic auise s at faailt, ivariagPimpadveéntentdigavy/Gdén propoieded
States Patent No. 4,965,501 issued to Hashinoto) discloses a different
approach to red@dMhBrigioArs e minimize spcll efficlges of a seek. Instead of reducing
the initial demand Ltles e I ' ces,
the Hashi moto U5, 4 SeaubpE Vafed SeTaRl 43y 378 AET R ARt e 40
velocity error dnshdyssighat jonhe assignegef thaiptésant iauenien] disdoseandefvasitsuith t he

standard _vel ocity 10 controlled approach but then sets an output servo
gain bl dék to awf\;’éﬂs 556,19 eqpgiol Hﬁc?%’tﬁ‘@ﬁé%b?%ﬁél";ﬁ 3 iy H@ﬁ{sgﬁgt%l@og'ﬁ?ﬁ to

gradual l'y appl yydiRs&-oHirbatap FbaElheAYQ}\ﬂllb@taipbrech?edUﬁﬂh% MRGrRY 1S
reached. It will be"noted that a tradeoff nust be nade between perform ng

the seek in as wpleatytopnaoldirmeel, theagrod yelokiy afitherledd i sustentgallyensr,at i on of

[ [ 15 duri h . The f [ f . id
G 1 or ent et hoBB601 W8 't B BLPDIE ERETP A AT AR AR AL FORCBBPERET o

arrive at an aceagligbl Bni¢ Wik Slargearbclinearobeaia thowrdo eparitisyends Byt he
art. Neverthel ess, as ever greater |evels of operational performance are

requi red0t o neetPHYiBE dEFfardmpBavailable eirTepeto thietcrileteshlting én guisk pepeleaation,

storage capacit Lt?t.sals%rIErgggﬁo[l%@l%Fgg)rﬁﬁ)’h?SAecoH]ﬁ 1§, b TPininite ‘if?§.t%,ﬁ‘i‘$,§35‘eed

for inmprovenents int er eby seeks can carri out "W uced
| evel s of acoustdferemei madifiestinBiabportibneofhe velbtion profile by piovidingCin initial
i nprovenents that the present i nvgr‘g iqQn is dir e%t ed. Summm, of the Invention
emand velocity of zero and then incrementing the demand velocity during each of
a succession of time periods by a fraction value until the maximum demand
25 velocity is reached. In this way, the velocity errors at initial stages of the seek are
reduced and the current is more gradually applied to the VCM until the maximum
velocity is reached. By selecting an appropriate fraction value, the seek can still
be carried out in a short amount of time, but with a substantial reduction in
acoustic noise.

30 United States Patent No. 5,657,179 issued to McKenzie et al. and assigned



25 The present invention is directed to an apparatus and nmethod fgr

provi di er])g i nproved di sc drive seek performance by reduci ng seek tlgré JAN 2003
variation as well as reducing the generation of undesired acoustic noise.
As exenpl i f W200H3389r ef erred enbodi nents, a disc drive conpr PEBYSHiISEAtL uat or
supporting a head over a rotatable disc) the head positioned by a servo 30
circuit which applies current to an actuator notor coupled to the head.

WD 00103389 -4 o a ~a N Zoo; PCT/US99/ 15864 A seek is carried out to nove
the head froman initial track to a destination track on the disc using the
servo circuit whi,ch autputs. a series of current command val ues i ndicative
of successive g ﬁsﬂgg‘% f&ﬁ“‘%BFF?JHE“‘FB“‘E}b pJBY)‘pFSe’H‘ WPT?YF@CA‘L?YF&[&& nmotor. A
vel ocity profi|@anyshirt UES. $435848 RTereide BICTRAE 2 VaHAHIE VEIBSHY Mamatfiaégodf S
the desired velocity as the head is decelerated to the destinatjon track.
During the seekvaluspéms aBewing furtheritailoringsf| the sesulsing jsurrentithattis apnlisd & theo
accel erate the away fromthe initial track, the current conmand val ues
defining a ri siﬂgﬁgorti on wherein the current is successively increased to
a first bevel and a nbasuieyPatéING. AQoa50501 REucHhe HRHImohe desdlos@d i s
successi vely decreased 10 to a second level. The rising and falling
portions are eadiffejsnicdnpredsh yo tadueiag meise 2binitiad stagenef aieakt dastead 96 redioimzat a
sel ected freque - h i.s..subs I . estination
rack by applyi G e AERAR ebGret RORSHE B ke SRR PAE kel 50 e
di fference bet viggsmirhdie W.8] 9965 BOphimfiatbea et Byhdetafiiniag a Vabeo oelbyiryodrréhe

head. 15 By controlling both rising and falling portions of the

accel eration cuideasnera@ng s {agge isvtiad currentcapineand (reyish dhectandard Yoy sc dri ve
is reduggd, re ' nat | I f i i

vari ati a8 seo P AE-ERETAL bR Ak Rk, 8% PRRLRAR AN ARPVARE i g
servo gain to pndsuctessivelyrinetdimdntaths ighinad ghaduakie applp avraoskreadt as ed VONIp
operation) as well as a deceleration 20 current profile used to generate
the vel ocity prigtil the maNiBHMGgelReiny|is (eagkednsi ti ons to the naxi num current to
be applied to decel ' |

vari ggs ot her feat u?égglgﬁ%nglg@g%? gtélgg;'%fngﬁtg% %?aaéc%gvrvléeg)ﬁﬁé; %?Zg%%gg
invention w | ihesapiklyenmaditenns possibdedamigrediicing éhef gehératiomgf ahetisticl meodke
description and, a review of the associated drawn 25 Brief Description
of "t he' Ban no<Rine e ek o e BEeab e rapdies P Mareg RENeI9BeS BN uct ed
in accordance wnt lihi@aeagﬁﬁéaﬁan,%mglédmsﬁi@fattah@c@b@sg%m RORIE, 88 -haltd G 2
provi des a functi onal ock diagram of a servo circuit ofp the disc 30 drive
of FIG | ) uséektendoundrapgrapiye isthelest.i n accordance with preferred

embodi ment s Vo 00|1Qg’v%§tgelés5s, as ever greater levels of operational performance are required

to meet the demand for disc drives with ever increasing data storage capacities and
20 transfer rates, there remains a continued need for improvements in the art whereby
seeks can be carried out with reduced levels of acoustic noise and seek time

variation. [t is to such improvements that the present invention is directed.

Summary of the Invention
25 The present invention is directed to an apparatus and method for providing

improved disc drive seek performance by reducing seek time variation as well as
reducing the generation of undesired acoustic noise.

As exemplified by preferred embodiments, a disc drive comprises an
actuator supporting a head over a rotatable disc, the head positioned by a servo

30 circuit which applies current to an actuator motor coupled to the head.



of the present invention. ~ 8 JA N 2003 PCTI US99/ 15864 FIG 3 is a

graphi cal representation of a current profile of the prior art. Fl GIQ@ If-%ﬁ ‘
graphi cal representation of a velocity profile of the prior art for 200
the current WO @¥G3s89 of FIG 3. 5 FIG 5 is a graphical repr®sefusewised of
current applied to a disc drive head to cause the head to follow the prior
art-velocity profile of FIG 4 during a seek. FIG 6 is a control block

di agram representing progranm ng utili ggq by a servo processor to carry out
a-prior art velocity-controlled seek such as represented by FIGS. 4 and 5.

10 FIG 7 is a graphy : t] t. . | Ny
accordance with preptgggdggﬁ%ggﬁgéﬁtég&(}fﬁ% Hgaﬁﬂéégaﬂt]m%@{ééﬁb( ﬁ%tﬁ%%&'&g is a

gr aphi cal repr emekbatthedisotusiag e seewpeirudicnghivie baputk ¥ sgriesfoflcarremrosgandndom

the current profjle of FIG 7 is a caontrol block diagram

. Fl . FIG 9 g
representing praEaiRAFAivECf Fycressivsymagniudes of cpirentip be arrlise 1 fhepCHpls o
carry out a velQgity-AC . : 1) It 3 :
enbodi ment s of n? glt'p'ﬁegég&r’f%@: ﬂg\@/fglﬁﬁnﬁ g\irfll.dé% %ﬁﬁ%g?’zggméﬁda%h#@g{sﬁ({é%ggg(e)gt ation
of current applthededimedtvelocity as thdriiead issdeceleratdd wuthd dasnaioneswgkt of t he

operation of the praogranm ng represented by FIG 9. 20 FIG 11 is a

y .
gr aphi cal represent deFERE Be SRK. SBsR IPORCRHERJE 2BRlied 1) BEFCHRIY RO t8c dri ve
of FIG 1 during.desS Qkad g@ﬂi i i ich AR, dpum
velocity is not %‘?‘% a,&ﬁ!gﬁ_ E?:(% £Gk?‘fyrl I stﬂ%ﬁléthaggﬁi&%’a Q?%nes%rh?g?i onbcg::I current
appl i ed by the dgfisingdr rivieg pertion whereinithe @sreat isomodessicfly irieecaggiap atfirsn of t he
programm ng represented F 25 duri a l.ong seek in which the
e rum vl oci 15 A Agbiaber g Berich erdde MRS el Bk of
FI G 121bei ng sulskedrd Rvely Biefisigy afdofalling portiofe agf eabh frefdr@bly lch4pactddzdds a
correspondi ng graphical representation of velocity attained by the head
during the | ongs&$cBie QUAEET sinhyaye e telreted fraquarcye ubhediesd ispubseayently3o Fi G

14 provides a f I . t] o wmees VO
001 03389 PCT/ ué&g%‘%g@;‘%-‘ég%‘?"gﬁ?ﬁg’%mﬁr *{nggE @ﬁ?ﬁ?“@%@iﬁﬁﬂo"ﬁ?gﬁ‘& (& yeTocey €rror
processor of Fldeerdisbdrdsinpe diffetstse baveec thedeheity prdfile fpdethe meteal verdeagliofrent s.
Detail ed Descrigtion 5 1n order to set forth a detail ed description of

vari ous presentt %/h?ﬂdeferred enbodi ments of the present invention, reference
is firsysnade to FI G : ] {eSfiof 100
used toisstore corrputCBé); %@@é@%ﬁ\glﬁg atg??ﬁgbgggﬂﬁoﬁﬁ%eegccgleﬁﬁgg-Cg%ﬂg?:t'
assenbly (HDA) ekOiatamdofangahamita desoinangeg ofitheahitsl drivem/Wiusadp poiutinpghecont r ol

el ectroni cs used ?tz‘y the.disc drive 100. The PWA.is 1% g%)untfed to the

under si de of tH&" Bﬂ°‘iﬁinaﬁﬁla‘i‘fﬁﬁ%&as}“§ SHOY UDF SPTHONT ppOFR RETIOTMARGESS HpA 101
includes a basefuﬁﬁ@*inl&%v%fﬁc&%ﬂ&ﬁl?%dﬁxs% S g diPIOproHdd ausREt 0 rotate
a plurality of discs 106 at "a constant high speed. A series of concentric
tracks are def itrandition hedwe¢enaipen hrd diosesl loop Ppereonusi wgll serdeceltaationr i tten to

the disg,drive |00 duri nuf act ur i in.a copventional manner.. A disc 15
clamp (Adt desi YREPCRIOMULHAdS sehasaty L weIqng prflea el sradually tHngiion Beer s
di sposed bet weafie thxR8EMALcutreRCD eQpph&l BRIeBE R ME BEadthe distiRRioR Wek, 108,
shown in partial cutaway fashion, nates wth the base deck 102 to provide

an internal environnthgsefapd vateusimier fedturep\andadvaptagestwiatloehatab@rizs the
configured for raqtatiaon about cartridge bearin 0 senbl 12 supported
by the base dec‘ffg%ﬂg.mwfﬂgorégf]h% ?Rpai%g’l%g’?Betagfngg)fﬁﬁrfa.ﬁ%‘ﬁm&%iaﬁﬁqzl ed
application of dagsrigiin 4l Afeviat ofthe asseiated Bidvigs.@ voi ce coil motor (VCM
116 having a pair of opposing pernmanent nmagnets, one of which is shown at

118. Th&5current establishes a magnetic field which interacts with the
magnetic field Jiett g permmnen nets 118 to rotate the actuator 110. 25 °
A plurality of %&m&%&yﬁ by the actuator 110 over each of the
di sc surfaces by corFEBpPpfivitgs b ltéxplah QieSUSMEMisE aveaasiitiddein adctdantBi ch in
turn are supported by rigid actuator arns 124 which project fromthe body

of the actuat orwith preferred embediments o8 therptesgnt in¥entiognal s are passed fromthe
heads 120 to the af tioned disc drive, PWA usi a flex.cifcuit
nssenbly 126 i ch S rPYRES a kol ARrR B b cluE SEB e e 1o
the sidgoof thedred sFIT. 1148ed to carry out seeks in accordance with preferred embodiments



©Q 8 ~A N 2d03 WD 001 03389 PCT/ US99115864 as shown. A magnetic inerti al

| atch 130 secures the heads 120 over texturized | anding zones 13g 8n m

di sc surfaces when the disc drive 100 is deactivated. A function bd 2003
di agram of ave®n0II8Ti rcuit 140 is set forth by FIG 2, w t hPChesSseasse

circuit 140 controlling the position of the heads 120. Portions of S the
servo circuit 140 are disposed on the aforenentioned disc drive PWA. The
disc drive 100 is contenplated as enpl oy5i ng an enbedded servo schene) so

that servo data used by the servo circuit” 140 to effect positional control
are interspersed %n the tracks with user data bl ocks ("sectors”) in which
comput eri zed daPhPEPLSEPLINEPIRY- 2 user. 10 Servo data are transduced from
the disc surface by HE 56 @%?ﬂch@@ﬂe%ﬁtib@pﬂ@&ﬁf@%ﬁr% YOthé ?ﬁﬁlbﬁ@.k

signals which are passed, via the flex circuit assenbly 126, to the preanp
728 (FIG 1). After PpHeat 4 grapkicalgeprpsentation pf euelpcityagofilernd thecprityaek

signals are proyid r d) circuit 142 which conditions

t he signals for}%gggbfgloqré?hse(ejc?l\g%g#r%@ges%fgﬁaﬁn) preferably characterized as

15 a digistal signal PIGCssSDEraphiChl)repréfentaiG ofl ddrenpgiplice fo 4 Bis€ AfiveIA&dd on

wi th programm ng steps stored 1n DSP nenory (VMEM 146 and comrands received
froma disc dri {ecawsefhsgica &sidpw the prienasihmglociyy rsofilp of FiGr 4 dwtingdpeknd

signals to a coil drigyer14 AP I . j r t he
actuator coil 114 to%%‘s?h%%o@égbﬁgg 1ag§ab¥§e@rc%€rgxlng§f)(¥r %S{#ol{tgigﬁ{é a
descri be pr ef er seto pnimaskioment B roduttahyriop aeseicity-overvlled Bdekputioss ar t

vel ocity-controll ed segkb#r%ggogolg ies will now be briefly discussed with
reference to Fl _E%’.res§9§: I 3*@P0vi des a current profile curve 150 plotted
agai nst 1@n x-axis 1521GNiCAbiaRicAirepeSintaion of A ch@niBrdiite fdrh@&ks 0 go”
during a seek (with the destination track denoted as track 0) and a y-axis
154 indi cative ofcopdnge witdrrefamethemberimenth of dapreseat ipvestivn.e curve 150 is
sel ected during the ign o o[RS i a r | : iLred
decel erati ng current ﬁf{é %g‘g N rﬁfe"}ingic} rg%rg%enﬁgx%fs{é g‘\g}éﬁ%ﬁﬁ@ﬁn&%gﬁrgg?@éel ocity
to decel erate t hgnie@debrh theC®ni ProfiRSdf FIGer. t he destination track. The

profile curve 150 provides an initial pulse of maxi mumcurrent (at position
156) which is then rEHac®d neonsebhleck diagragtiepsenting pragramainggitiliderbby thsod

that a f,gster d L j | LD A ] SO ~
8 - N 4303 wo §a70EsEE S of Bk Asur Bbn el iBloteek SRR T2 o
t he heads as qumwdthlprefasrep @swbdilrentstuf ttee edent inpemdiondi ng adequate margin to
account for variatio i n.operati.onal characteristics of the drive,
A though the. ourrent TS LhBVEraRN A rhiEsea oty sopreniamplrd by feclisifie mer el y
for conveni ence ;@R cirduit Bs A6&A1 @R RHeCOPatiBn 6OMY PRI JrARRIngRFeAGtdntRdSDy P Om
the current profile curve 150 of FIG 3, a corresponding velocity profile
is obtained, as% ndicated by velocity profile curve 160 of FIG 4) plotted
agai nst Jyacks to go saxis 162 .and velocity magnitude on y-axis 164. As
Wil be Moparent . tnETy: LR Saanitneuin ot iR i et Bhate ettty
(VPEM whi ch i s disdeirdefred) 1 alirih@h 98k of [Rb@wllave EA%h i @hRAaE h2Bmain
various points during the 10 seek. The velocity profile 160 has a
decel eration powelogity 168t aiitineh begins with a demand velocity of VMAX at

iti 168 and d 1 d d it f 0 at. k 0. Th
Posi tion 168 |5 a sefagt A HLRBRNCH  RtFEe0ot EAPteRb st PRI die 1%k o
and cor r esponds sk@otcireuit@sh résalt ot e dperatibfof ﬁm_pl@réfrhﬁidgelle?&isédedmmid.&?; 150
is used as follows. Seeks that begin frominitial tracks that are a
subst ant3al di swgriag aflprgscekén whichithrampximunr eeddeitp of hecmlogity profils isek

represented in E begi nni n t k X . are.dnitially accel erated
toward the destiahflaf1 ?cgntggrc%r(r: tgmgseg’gﬁ%‘sﬁel% s‘#’ﬁ%m%lﬁlsf"&% it%#eocl”"@u?fi ent to
the actuator coifiGlid, as indicated by current curve 170 of FIG 5. The

current curve 170 isZB;l)I otted 20 against tracks to go x-axis 172 and seek
current magnitude y- &%Ps 1} s cavemsponging sraphical represemation ofrvsiocity attained1 no

i ncl udes a current | se. of i ected polarity inc hg,a rising
portion 176, a ?%n}éﬁggrﬁ?‘ AL 5 t’ugsg’h_‘"ffg"“éﬁ}? °§F’F%ﬁﬁ"f%eg$$%l?t 18n 180. For
refereng® the porti GIGLT8 pedviuss adioheetatt¥er YWSERKIFOUEDNE t @plebdhuing axi s 172
as a result of back electromagnetic force (benf) established in the



25 actuator coil | 4. The current pulse fornmed fromportions 176, 178 and
180 results in the velocity of the head 120 foll owi ng acceleratio rip .
182 in FIG 4 to reach the maxi num demand vel ocity VMAX. Once therqu}éggzm
attai ns t hewoeooronzsn vel ocity VMAX very little current is repti/usdnsgss

maintain the head at this velocity, so the current is dropped back to a 30
val.-ue near zero until the head 120 reaches the position 168 in FIG 4. This
near ~ 8 JAIV 2003 WD 00/ 03389 PCT/ US99/ 15864 -9 zero current is
represented in FIG 5 at portion 182) “bhi ch extends to position 178. At

this point, a large appunt of current of opposite polarity (186 in FIG 5)

is applied to {PRRETARIIAE BFPs cafried oy by Hefspir Rpeaster 1R A fu1g 2SEHhY t he

decel eration p i i 20 is settled onto the destination.
track 0. 5 A s??ﬁqrg&c%%gﬁé&#ga E&gtex%ﬁ?ort}'vel ocity controll ed seeks from
tracks closer to the destination track 0) such as fromtrack X2; in this

case) current is agai alp |lied to the coil 114 to accelerate the head 120

(as indicated @%@Mﬂ@n portion 188) until the decel eration portion

166 is reached, aft ' ' ' ' ' to
£ &h olak fdset %rﬁ?ﬂﬁet?iied%?&ﬂtitoﬁ &Qhﬁﬁﬁ%@&e&%}l?%@é@%@h

bring the head 120 to rest over the destination trac t he
previ ous seek, cntbodingm)s dfhibe preswbt iiROntitoe sefaehca Bdirkt madt JdASL. lavhitine

maxi num vel ocity VpEM before the decel ergti on phase is initjated. For
reference) it PWEBéOHﬂ?‘é&‘CWHQta ‘f‘??e ‘é‘t‘}o\?)b ‘H%‘%g’rﬁt%d:o?@“%idﬁ?- &gﬁf‘}‘%l | ed
seek process i rk AT i el At v.ek 3

Bel ow a certai f\drfgr%g?ﬁ&(hg}&%:ﬁ hgid ?‘g&agﬁé?rg@\és(@@tloﬁaﬁhgeﬁlﬂ?%ﬁﬁénﬁggﬁmy
efficient to enpWy) supiditippsoeritrob alectworicsalsee by alppdisadtive d0hoThe PREA lead 120

to the destination track 0. As wil recogni.zed hy those skilled in the
art, sug(ﬁ posi tTYRLAA 1 &b yrgtersiflef dée ﬁ@f‘\ef@n%@ BegEs ‘%/BHt Y’F‘%H’. n élﬁ’e l ocati on
of the destination tnagiha 1RkEAES RARAIEHOTWCHNbbREs shifgeaEO! t he

nmovement of the head 120 to the desired final |ocation. 6 provi des a
control di agr anhOdepeccwentatet 4 plorabity pf digasalfriang constdnt high speedy Aasepies of  art

servo processor_to carry.out e velocity-controlled seek, Initially FIG 6
shows a pl ant tﬁOB%eI?& %%Ek? 3‘&‘%@8%{%‘? ?%?é %ft hee(pﬁccﬁurr irac?ﬂ Esén ST ‘Iiat?]?vcrg e
portions of theoddisc @&five WOridg ims@ufaditriaf el ¢evenfidnal eanherg UA @ikct 0

provi de a mat hemati cal npdel of the operation of the plant 200, outputs
estimat 5 of hednmhodt desianateghicgptes healitrsJ0aand xaeriggofLlsr spaserpdispesgfect i ve
pat hs 204, 206 ; I { : i v tend to
nove the head O\%%eﬁ%ﬁﬁ@@&?h@%gth%ﬂ% @éﬁﬁ?@f Sﬁft%%@\%gﬁg sihla%lli}rd?ents

est abl i shed by pahé@l cofaway Gashiof, mites diithcke base degk 102gtof poeids ahimennahe f | ex

circuit. Bias wil] oft b sition dependent. During a seek, the nunber
of tracks to ch“ivgo?IHﬁﬁ?oro'ﬁe Elg%’*utléfl)o to a profiler 212. As di scussed above,

the tracks to go is 4 hah¥fheall16isiANESrel $6@iotitidd abBudNeardfigs 88kridnd is
determned in relation t0 the differencé between the position of the 08

JA N 2023 WO 00use:3889 112 eupparedsode bagodeckd 8. did actuator ddAts mated thrdush
destination track, In re nse. the profiler out. he .appr.opri ate demand
vel ocity on patcf?ngﬁlledt;}ﬂp §833Wn o]f 8‘?"%'3?3%? éfm?tﬂli%?ngﬁ?‘f%ﬁolflgg‘ﬂﬁﬁﬁl%s or from
val ues stored i(vGM} Onkhavingt Bpdi€of dppesiflg bE@ipBRenialewsefle bheh#e R bwn
velocity and the estinmated velocity VE Is determ ned using sunmmng 5

junction 216. TRild8dilie sp@entstablishers magesticdield whichrgigragisgwith thgamegnstie ck

218 havi ng gai ng i lid tidhg function. The

out put passes P%%@B%E’gggﬁ%{%ﬂ%%%n?{e}rﬁggglrgt[rél%tdllés)&s%drtrlgr?eyd;t sunmmi ng j unction
222 wi tB5San al t er natA pipraity nEhdad§ AZ) aei sgppdrtedrbyptht hetB@dr il hal beateasteodthe
current applied,to the coil. At the sa tinme,.the desti ion track

| ocation is pr oq}fcdsé‘ﬂgﬁ‘?‘? yrﬁ?ﬁ?sﬁ?gpwgé%éﬁ%s“épﬂsﬁ afff’rﬂ?]@aiq?%i Bhich i REn 228)

whi ch predicts 70 sasmRRBd b kil AR FHs 154 TGS fohhtBe 554y SRthed bi as’ at
sunmmi ng j unction 5 . The90]§t put aon patsh 232 1S (s)Jurmegl atetgﬁcga}J %‘r}f@n ng
junction 222, astatir/llfs Bectroviorrdadsandmvig signalstare paseédifrotmothb dieatissi20ss ed

shortly. The output of the L ng junction 222 is.provided, to a gain block
336 15" havi ng. o AoRsFrertiog 17 SRR NA I o ik girtyihessimbly taganic?

charact ggi sti csip@fiddseprvinypliffedAri9btt Qlktuit! 128 THETRRA 18 {the SIBF 6N thel ddRGior M0 238
with a current null signal on path 240, used to null out current. The
resulting signal on path 242 conprises a current demand signal which is

provided to the plant to adjust the position of the selected head. 20 In
response, the plant provides a sense output on path 244; servo data are



provided to a denodul ati on (denod) bl ock 246 and current |evel |s&ﬁow€gdd2003
to sunm ng junction 248. After denodul ation, the servo data are |ineari

using linearization block 250 to give a position sanple XSAMp on path 252,
which is di WepMI388d at sunming junction 254 with the positPEHUEAIFIGAt e XE

to provide an 25 observer error OyRR on path 256. In this manner, the
operation of the observer 202 is nmmintained nonmnally that of the plant

200. The current input to the summing jynction 248 is used for saturation
conpensation and is accordingly sumred with a saturation null input from

path 258. Gain [l 260 ie had | I YL put is

di fferenced 30 %’Sﬁﬁ&f’hg‘ B’l%g’gé"scdﬁ’?r ’?@%ﬁéﬁgﬁggﬁgﬁh B sglzr esp(r)#s}glrgépt er

(FIR) bl ock 262apdiny zoes 132@n8he didt AXAWesNhddQhOBi3Earivd 10(PEHehiTRAA5864 t he
desired tine delay to the output of the notch filter 220, so thr%b t he
observer 202 recei ved fanctignaidiiesk dipgsam of a serve cirpdt 14048 sgh frbdy 196 2ne

saturati on | 00py;f9Rend 0 dAMONRE AR 1H85o88bb of heladidot! Ak ibhs of

Accordingly, the prior art circui operates to control the

vel ocity55 of tihe sheadiduitilaQ are dispogeds@ethe aforérpastivhedodisdédriecPWes Bhe denand
velocity values on path 214 in relation to the length of the seek and the
physi cal | ocat i &isc 8rive @0 H@Piemqt@rﬁsteﬂﬁ’&é’mgﬁé‘f%‘?t}egw 50 $e5eRE.EO tat shown

thereinis a gr i i . 0r af | Qled
formatted i n acubvhins sSEPLERE Ry AP LaGioRel bbb Hoho e Herdiie

invention. The owthéarazkOwith uséradateblodgdl sestorst’y moldsiclt computeriadidatazre and
current magnitude y-axis 274. The curve 270 is generally simlar to the

prior art cur vestersg Wfa‘l‘ﬂeg 3, in that the curve 270 is selected as the
desiredgurrent (0 beppRh Gtk kB RhAE deSERESAnbSatdPRaa DN di SC

drive 100 during a seek. e the curve 150, howevér, the curve
provi des a | eadgemgraposdrivo neadFk s nalsivdtichnare pasged durathk flek camuik t§semblyf r om

i |1 t iti 77 .t h [ . t | t
posi T on’ 275, _Thi® trdl NEATR 458 0. Jhi A0et BIeRAPHCANTLEY QRGHETBbIAS-dhe 280.
Pref erabl y) e dalagopd GbvRER d 2asRbERkGa Ao Jlcan1enanaar ter of a

sine wave of selecte requen trailing portion 282 extends fromthe
portion 280 backordutianeitiee signeds fas usdiopwn seawal prosesporefdd; atefgrablp charaeserizad aso

mrror the shape of the portion e nt profile 270.results in a
cor_resp&gdi ng v%ld@étia{ﬁ}g’ﬂfﬂg?f‘?qe%s%@\é@' }g@ﬁi{@h T PTG P B ed

agai nst tracks bﬂ)g%?nﬁim%&lte%s3%@?&@)8&‘%@1%@%\4@{45"14615&&1 dbonarls 2&¢ivedhe
velocity profile curve 290 has a snooth transition between the naxi num

vel ocity VMAX aff@mea dise 8rise mi¢reproprssari (Bt shown) tq oxtpuk ERresnt SoMBBLh SEaRIpy
positions 297 apd -Wh r X Jo b d A28 don
FIG 7. The dece %‘rg%'? F%Y]mplgr%t iclg{r?cggg%ggrf %@eaipges%ggeﬁéetgqgee%%ﬁzaetrat |llolnl% o

traj ectory as t pesiti@atheingabtz0glhetrdingly.est adj acent the destination track O,
as defined by the current profile of FIG 7., The vel oci t||¥t iﬁr ofile of FIG 8

is used My the servolRiPFEeHdesarky MeferTad cRbAUBRISO! 18 PRTSFRt IAVNIAR REYAISsed
wi th reference LQofilontrdiied SeekUnethddioghs RFif YbH ¥R tRiefly discussed with

reference to FIGS. 3-6. FIG. 3 provides a current profile curve 150 plotted
against an x-axis 152 indicative of position in terms to "tracks to go" during a seek
(with the destination track denoted as track 0) and a y-axis 154 indicative of

25 current magnitude. The current profile curve 150 is selected during the design of
a disc drive as representing the desired decelerating current to be applied to a head
traveling at maximum velocity to decelerate the head to come to rest over the
destination track. The profile curve 150 provides an initial pulse of maximum
current (at position 156) which is then reduced as shown to track Q. It will be

30 understood that a faster deceleration rate will result in a shorter seek time, so
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of programming utilized by the DSP 144 (FIG 2} and FIG 10 repres 03
current applied to the actuator coil 114 during a seek of internediate

| engt h, as WRMANBEd bel ow. For sinplicity of discussion) sPER/USAY1BA6GCKS

di scussed above in FIG 6 are provided with the sane reference nunerals in
5'FIG 9) and several otherw se conventional elenents discussed in FIG 6
have been omtted fromthe diagramof ¢l G 9. The current curve of FIG 10,
denoted generally at 300 and plotted against tracks to go x-axis 302 and

Ceparated by (e Sreiads @ Heeattc U hORE o B LB ENTR SORIHE Y SENFNS g

each gener al | yadequateaapirdtot ecame fayuarikgsnsdh opemmtinsal whamctofistios lo€ diteed

frequency. The, segnepts. P, -PZ and PS- P6 erteraII corr ond to cons t ant
current out put‘s“"fomag%‘fﬁ?sq’hﬁurﬁ%{ﬁﬁﬁ showass a)ﬁ@g\i&@yﬁa ‘ﬁ?}% Vel dﬁF\?Eﬂ %70)
these segnent sfakshvBMendddndlit § ackOrdhRt WitlR&driveRlenallpaactiesbent effects. The
segnent P3-P4 represents a small anount of current that is applied to 15
the coi$ 114 once thHremiibegurian prefie prran 158 0EFEF aB et chryesphrdipg edlediiyng

current) rat ok opkanOSe R ThuEAGL Py RrbySORBRR (e DRFE: P A G R o

4. The segnentaghthstRbackb o go 6RRRISABDGAd WuloEHy ﬁﬁgﬂhthdél’brﬁ)ﬂﬂklls @64 aA\samuabl e
gain to the coasting current of segment P3-P4 to transition from open to

cl osed | oop cobﬁt%i")?marﬁ}éi: Yra¥ie & Srapvidgk éndicapigns pf demand velacits (¥ Sthighe
required. Fin 7 r t

vel oci ty-cont ?’ol dd\'EE ﬁ?qg}g%}i’ 8%)@?,[3 froé?rgétrfegﬁq ga\ggmﬁgtﬂ &géﬂrﬂgmg tlh% a manner
simlanoto thadeelcarried out by the prlor art circuit of FIG 6. It will be

noted that the current curve 300 be nodified drgendl ng upon seek
| ength to cause thé”t‘?e"&!?ct%PF@H‘éhG(th@ad‘eeé‘*?lie‘f?étoi“d??rt‘? L8 %C‘ﬁgq’o'étsr‘i“ﬂb agai n

to FIG 9, a v, t ahl i m t he
vel ocity prof |E]eé&%% ?JEE){ ggg%ags} p%SlﬁexegyElg&gﬁcr?%g%% %ﬁ#@gt\{eﬁg t’h)g@nurrber
of tracks to guotdck Onghelpesiserho68 & a::u:iace:dtnuptbef iof ratksfr@n J@6desiimatioar | y

outputs curre values | T romthe rofile 270 of FIG 7.
Open | oop curr‘é"rﬂ'i‘%c%’ﬁtfﬁﬂasrtoﬁﬂt Bt %Eﬁsm?ﬁgéJ d 316 each in turn 30
sequentkal | y out putyheGidide E%EF rSFAEIER S el Eseﬁ)tllloyvst OSeEﬂethE’tl t?e%ﬁn #08 ih@af orm t he

Q ~ JAN 2003 WO 001 03389 NS991158b4 -13 segnents fromPo to P4 of the
current curve 1B08s it fHe@ subfantibhdisancafromrthe dcﬂmxahdl radk@ssuah as therseskat ed in

an open | oop fashi on hat e val ues det er.m ed i.rre ectlv
Vel oeity orfor P TLBIIE B HeFmIRe AL G Suart BN Gy R R gaas
wherein the cudds@itiiof @HER0Gs ¥akdBSof UBEshpliCarRiCe RrRhetolthe abteasr diP1 iy are

determned in relation to the difference between the actual velocity and
the vel ocity pisondirateq by eurrentigervedl’8of FYGed r dihp cummget qurvees7Gis piitedh t he

rovover® ar o GRS b FaB 172 R SO el ekt S0 BT U e o

VERR, as schemati calibe pdﬂddtﬁﬁlﬁdhemur&nﬁﬂfrwes7@ﬁn<ﬁ1‘ﬂle& @tte&eﬁmﬂseruﬂﬁeftﬂscal Iy
designated) at the outputs of these tables. 10 FIG 9 additionally includes
a gai n_conver gélfgEdmobiey EBAinE LHisige etiondd 6t heorspEntremAcR®N Hifrandg t he
operation of t , i i ck 236
i's increased a!s]?adl%og{sled %glﬁ%w{fgregéeg\%%?&tlgg ‘28;{%‘?5{ %ﬁg{%t“g “ﬁ& r%s;fegﬁ t
from open | ooptotthe glarBeid2lao @pesuluofibagk élbd:tﬁorﬁagm\éﬁdi B8R BE (efrifestdtdibhedt iAehe
current__previously applled by the table 316 to the plant is switched to the

i nput 28 of t hettgRnilgdein %Cﬁﬂe@ﬂlsﬁﬁm%ﬁﬁﬁtPQﬁIOQSh]e%sé?glénfbéﬁon bl ock
236 d t ts th
current "t anl e fndd Tl At BATTODRoUIRL Okiefiton UGN BLIEREIS, | 0€
out put i s supploiresthtthe ifaginpine demafddvelaeitgonf,i 0l the application of current

to the actuator coil 114. 20 Once the gain convergence function has

conpl et ed t he tr ansPRGeSRe headni 20 étains g@?ﬁ“@’@“@ﬂb‘é"éﬁ“WoM VaY digtle Qureeshisr ol | ed
cl osed | oop op t he
prior art for ﬁqgﬁéde)%aljln%fl{ﬁgle@ gg&%dﬁ{t tmgg&%&%n tﬂ%egq?lg? Eﬁ%)ébéeﬂul%a?ie( r%{) 9cur ve
300. That is, tviee mataedotuntithediead/FiBrelaches \thd sdxitiori 1680ia RIGe 41 Mhis nda® t he
servo gain block 236 and current control is perfornmed 25 accordingly. It
will be noted that the segnent PS-P6 will be full decelerating current
while the segnent P6-P7 will provide a controlled reduction in current in
relation to velocity error as the head is brought to rest adjacent the
destination track. The manner in which the DSP | 44 operates to output
current command 30 signals to generate the current curve 300 will now be
di scussed with reference to :0-a ~aN 2003 WD 001 03389 PCTNS99/ 15864 - 14
FIG. 11 mhlch represents veI00|ty of the head 120 durlng a seek of

o, 4 -- o o o, o, I



15 preferably operate to reduce excitation of nmechanical resonanc I nat
actuator 110 as conpared to the full accel eration provided by theef)ai‘gAhll(?ZOOs
circuit of FIG 6. The velocity of the head 120 accordingly follows the
trajectory woome33spm FIG 10 until the velocity error VERB r BE/H8/14864

sel ected value, as indicated by interval 332 in FIG 11. As wll be

recogni zed, the greatest anmount of velocity 20 error VERR wlll occur at
initial stages of the seek when the heagd velocity is substantially zero.

The velocity error VET will thereafter be caused to decrease as the
trajectory of . R4 V. I :290. Thus,
once the vel oc%e'? §C£$%grl}%%f§9@é§?gg§%s§ %ﬁpc%fﬁé[??%%’ev}l@gf&gé%sqghgﬁgf&?cuit of
FIG 9 sw tches78.r amhidyoihtahllagd dfhotint dftvarteabbfoppbaitespadarity t(pR6 i K. Sent 25

command val ues indjcative of constant current at .th i nal magni t ude
reached duri ng‘sta_ﬁﬁl“iﬁ’r @W@W%@g‘??éh% 14 tpifleselerpte @‘ﬁthf“fle%)r ‘QQ%?‘E%C‘EF@“?WE‘
segment P, -Pz. ndfibh 156 UhtNHERLR CRHSSAES BhRAL beindod fRxftpad 120 as shoun

in FIG 11. W e velocity error ecreases to an interval indicated

at 334, sthe circuit AcimifrGro&ss s used éor falanityt cantrell@li@cksofromitacks3ddsek ¢ t he
segnent P2 P3. 30 During this segnent, the gurrent is reduced fromt.h

maxi mum val ue B¥ Cleﬁ_glaﬂogtfs?‘si Ncgﬂg@"\/@ﬂ@bf‘og?,@s %‘I”f\%gfﬁ"i§8"§§m-afg}‘§(gg_nent
P1-PZ down to g @oEhildhs YRhdBleRE@ e (R 190 (astifldiRhted B ad@lcPatiohlPofidreligst i on

is carried out as shown in FIG 10 to follow a quarter sine wave path,

whi ch al so ser untdl thodecsltnasiwntroatiaax i iatreanhedf aftes gthiohi euatent efsappasittes in t he
actuator 110. The .head 120 wil.l conti to_accel erate). but at I ed -
rate) as indi CB{;&@HI}S'S 8931,5%(&) bTT.g %eﬁaﬁﬁg 10 &Y% ((:)iwfrytiwe?jg%'?1 9%%0}( g)ac nceilllggan
intervaip i ndi cefeqffeabusszbk, HoMever, tigdhdad AR0FdoEs nét reidht Ml esadt noMie ngdxfirgud14 t o

tabl e 316, which maintains the current at a | ow |evel in accordance with

t he correspondVelgcivay pmsbefers the geecleratiopphass isfipitiated70 of FIG 7. The head
120 wi Il continue t af, e, ' LEGHCRY. il Selol®y tiHiidied
fourth velocity er rg?%gkﬂeéflﬁvé“?gq{rae%cﬁgﬁegggtl}én%?ccrat gﬁee?t%é% { neFI G
11. It will besdhtpesteshicagiedrout fortsaeksviaving 4 yelafvelynengh Eagdihl 28elaw at hi s

poi nt during the seek nom nally reaches a constant |evel..the decreasing
vel ocity profi F"ét%&nﬁﬁhl (E“%"eﬁﬁslﬁott%é‘%%)e}t&?ﬁ E’fferb PB(IS moge ?fJIﬁHeHIa(PeeI"ﬁP??ye%ch t he
intervals 338. MbsifiéH Sonf@l1Bd apprbRnGb mdVietth®hedd 20 8 1 @seedRntAcKDI |Aze the
gai n convergence 15 block 318 to transition fromopen to closed | oop
operation. Thi ®ill be esogniaefl bythops skilgd indhe ATty guahiosigans] cRILIYPfusehz servo

gain bl ock 236t i Nkt val u : [Walels i gain
Po & final val GCeRR blondien iy Relioide PRIk ARER B A cldfy DO 1
to n. The finalprofat,ue ckhtrolshk movemea s dheoleadn@0lto et desimedfindl Aecadest i nati on
track. The initial value of gain, K, is variable based on 20 the_ | ength of
the seek and is preFlFabpipvids agentrel diagram fepresentative.of programming) utiized e | ~

S the sEON tude Gfck Ut &Rl ABMLALoLUEL N I AL OHEIRIUERN i R4, | T

is the corresp i'ng current  Troma ta current val ues correspondi ng
to the current FiGobishevcaplast Bdck 200, kbisesentativecbf YEERBicalsankiheechaicaddi ty error

t int P i.e.) 25 _the |nt | 338 i G 11). T inis, f bl
et ement cd {1 BATHKH S A BHCARTARRANE. A OB U e MBS AZR OO bui ng
el a1 onShi b b a0 O BOKARE? e 10 ool AP LARAA dKibla = I +

I (ItF 11~) n where K(i) is the gain for each particular Interva , i's
the initial gaipesigeneciasityapd bige 4Ki,0¥ &k WKBn irespeditye fpatha 204.6206rand 268i n)
and n is.the tqfal. nunber aof intervals. Returnin o FI 1, the val ue of
Gur_renti%lppl i ed %0 {HRECHERHER B{r]%oé‘iﬁslaﬂ‘aﬂ?f’%s‘odﬂ?‘f% eﬁ‘f‘f’él ?fgg\‘}?l&)ﬁ‘s‘c%%sgrrent P~
P4 i's thereaft gin@ipletigtls ¢ohd M8 al@rRABERALIISHEdDS th@rotation of the discs and

spring forces from the flex circuit. Bias will often be position dependent.

During a seek, the number of tracks to go is input on path 210 to a profiler
212. As discussed above, the tracks to go is the physical distance remaining in the

30 seek and is determined in relation to the difference between the position of the



the gain block 236 by the gain convergence block 318 (wth opposi teﬂg [JAN 2003
polarity). At the sane tine, the gain convergence bl ock 318 sequenti al I'y
increnents the gain of the servo gain block 236 so that the actual current
applied to WRIBEPator coil 114 increases to the final val BETASHES i al |y
equal to full ) maxi mum current as defined 10 by the portion 280 of FIG 7.
This provides a snooth transition to full deceleration current) which again
reduces the excitation of mechani cal tgganances in the actuator 110. At
this point the velocity of the head 120 has reached point P5 and cl osed

| oop velocity goptdl e focahit boHe B¥stinBGon/RARC thifepOfte! fle ROAEK orglts hiRY
segment PS 15 P6. It I's contenplated that substantially constant, maximum
current will bepmpptiatedieotand nejocityi an padir 214 throught ér ewdmplh, inteepdatiarent wi | |
be reduced to cause the head velocity tq followr i pLn rtions, of the
vel ocity profi FERRFPGACR @“(VFP’S?’rft%e-dF“?)an?)("t’?l@\Qllfpmt‘ﬁg?‘rgﬁ‘%%eﬁl‘ﬁﬁitB‘haI

bl ock 322. An ageyasi da6ci8f arddNBe EQMSAC %&@Wﬂ@ﬁ&eﬁﬁﬂe@@siﬁ%}ﬂﬂhﬁﬁ@w by a
review of 20 the current ‘profile curve 270°of FIG 7 and the current 300 of
FIG 105 In th@netipoR2l6r (Dhis diffeientes valedinatrwors esprovidedjtchgaim block 218 hawvng

substantial change,in the magnitude of current demand (fromthe current
orofi Lo curve S9B)Kuraramaupanet temrnlBiiet bt Treeidilander MM en
portion of theaGiaidhefiterP20fank §s Sisind& ArS8MnTASundlon320GaitH Nifalfdhdimpt passed
through the coil I 14 is relatively snmall at this 25 tinme. This |arge

difference in ewrertrfiA@evignabion path 224 indicative af gurestappdiedto BacodntAttthy ough
the actuator cg#ée gﬂmegﬁ?ee SlifiSn LGk Eb%?ﬁ'or; is'ég .éédr(’%%%‘}t?éﬁ‘l z?fgtg 2ghani cal

resonances in rrve. e convergence ftu on of carri ed out
in Q08 JAN Pzt KISHORBS WhiRBTHreiHOS b afodn:-of biss aelticinin gemwiet withihe
present invention, however, snpoths this transition. ' For the present

i nvention, chafynited 8iss REFMINEE BACtiQE 230 g The OBRHL O RAth Rh Beummed gt Heseeks
whi ch achi eve [ F : QCh Ay , i 2 C i.qn of
segront pa. po, “RATEAIEHAESY a8 Mefla¥ n Sl g AR RA" D BB al
as descri bed aBloatdy. except that as the current applied during the

"coasting" segnent P4 is de to.followt .curren rofil urve 270,
by the time the gain"ESHRY GelESUBIMRAIIBIEN &St’f a{oggie{! r“g?lﬂ“f’ibg?ﬁ‘f%gm open
to closgd | 00phRRRE 3hinOR,, (ALd i%oc%&dﬁc%t@t%ﬁnbﬂid%hﬁor@ chird&efdics 8Rthebei Ng
applied to the actuator coil 114 i's relatively small. Hence very little
change in curr &Mt akesoyppeide sumymedet stomupg junciion2i$f with e cguemt nwdmigaehence

bl ock . Th hapi f I i .
D 00K, 318, 0 YR, fhed BT DSHR R 5ol 257 Bl

illustrate a | angefent ésfgitd s@akwhithasponvilirgee thaipldnt pr &fjiest eIt df ment S)
FIGS. 12 and |13 have been provided which are generally simlar to FIGS. 10
and 11 di scusséteeisdberd-F|G 12 provides a graphical illustration of a 15
currentygeurve 340) Rayidgnpdh id Q47 Jer YA

addi tional internedi at egbpg%ehtﬁi?agl&%{t%%é S%%?gsei nggf?;égatgeﬁkgeeﬁ%pg%}%tarse PS and
P6. FIG 13 provoddsi o gdapddutaion (dgme didckt2id6 andEureeny &velis pyoidealj tect or y

curve 350 indicative of the trajectory of the head 120 duping the seek as a
result of use SFM{THRS WP%‘?\?&{:U r%ﬂ’é).d“ Oty B¢ty exdaty gre {’ eag‘é"rg]‘bsé“gseen

that the head l&@aﬂiﬁ@@ﬁ%cﬁc%o'i@giv%"ﬂo\éﬁiloﬁ%ﬁq{lem - bndath 1NakyHidiEs 9ai n
convergence function of block 318 (FIG 9) takes place at this velocity.
Accordi ngly) t iWéffergpeedrat summing Mastiea 54 willathe pappon estiniaie Xho mavidear
profil abl e he he 0.0 .followthe desir decel eration
traj ecte2 o%y to f%}%gérﬁglg%r?ﬁra F"&r?“tpr%g‘c duIPinﬁ’é e el°881}§§‘8r|b§ﬁ3’tei° V95 To
summari ze t he ROLdgmangaidedfominhiyhatdfGhe pnpe@sent s a SEEK ROUTI NE 350)
illustrative of steps carried out by the disc drive 100 when a seek is
initiated to nove a K¥IYEEBLIAWAS the BIHBIREIHICLPRPAS is usediOS SRHEROBN t r ack.

122 E g:“G: ”g) ?O’EBHpéx‘?s%tiBB 984 ALy Rt WBA b sHuBAbE b idBuE 8% galif DSP

258. Gain block 260 applies a saturation gain Kg,7 and the output is differenced
30 with the bias sum from path 232. Finite response filter (FIR) block 262 provides



30 Upon recei pt of a seek command, the routine proceeds to identify the ~
8 (JA N 2003 W O 00l 03389 - 18 PCT/ US99115864 address of the desti nh BodAN 2003
track at step 36Z. The length of the seek in terns of the nunber of tracks
to go to thé’e‘aé‘%/fmﬁ%lti on track fromthe initial track is al $6T¥&P%¥Rned at
this time by subtracting the address of the destination track fromthe
address of the existing track being followed. 5 Fromthis information, the
routi ne next determ nes whether the seelii.s sufficiently short to utilize a
poesition control approach) decision step 364. This is determ ned by
conparing the | enoddiired tidleR9al theoodpitiof deforadriitednes Nl tHathhd shieFveag0d DO
tracks). If the seek length falls w t%i n the threshold, a position
control | ed seek réceiysanfspitehed iaputsirerp e3be thh HIR B@ grrtbe sawradiprilpopt 368. 10
When the seek | ength.warrants .a vel ocjit ntrolled seek, however, the
routine passes %88%“[%&? 70 Wgﬂi\{ e%oﬁfe'ﬁ¥'? gag“ﬂg%%t rol is utilized to
initially accel erate Aderdig the Briboaichcdinéf KIGS 6idpaiated o Eork thel velocity
accordance with the foregoing discussion. That is, the current applied to

t he actuak or coidf thelaeaf slugiag aeqp seek capuiting e seriasiof derapnthirlosdty yaluey onr
velocity error, a ; Qi reect | . 314 and
St ot b e o R nfthalh Ak nhehPof @?géﬁkg%h%ﬁdehﬁgc% Wrauddgr he
processor 144 trpsiatiopaacit.r om open | oop to closed | oop operation by the
operation of the gain convergence bl ock 318%4 after which the head 120 is
decel erated to the deefrAagngw to ek 7ushons thereinds 2 isEppicaloprestntationaf aj s) i n
relation to the de | ocj t ve i o) i_ndi g

tep 574, 20 1n PR GpE NS e SRRl e St (ABRARIR &
present imventi Qhe pesélit ib@hech.t ThabuapRad atplstedrngaingitiors fogfo pexif QV2ang a
seek operation in a disc drive. As exenplified by preferred enbodinents) a
di sc drive 100 CHFSP Bagniyde xexisat’dr HherusysdyOris Bengradly ERIRT 19 thegRrisy agt
rotatable disc 18 %180 PRk RS2 I70Y B1e3RE UOUEIdeOHd cut Bl e
applies current to an actuat of notor 6 coupl ec§3 to the head. seek 1s
carried out to rippked foalebelewtef a salectod head 2@ bf the disk drive 0@ dwdngwataekn track
on the disc using the servo c&rcuit whi ch ou#z)uts 13 sefi s of _curl:lgnt
comand val ues ikerfbs CHVE 0. droney ek dissury SRIPYideRAlcating BPTHGAL /P o be
appl i ed t he . i : f.i }

sequenc efsgf de rra%a\?/ fér#égé(:?{afigﬂs?fy%%ﬁig \8? g@%@’%@oﬂeg&iﬁﬁ% %ggb;ﬁ?ﬁ f the

PCT/ US99/ 15864 imakimatni onereaf vileatdesitioe@78.e Thisimaximemicheefteaticiis

decelerated to the destipation, track. rin he seek) .0 |l oop cyrrent is
appl i od 1o the JEADGES alpBEGRTiay ?i@ce?r?fea%b&gttﬁfeleﬁ@awéwaﬁ‘i?é _&ﬁﬁe[%ﬁ@tii‘ﬂi tial
track (step 350)fo)1o$vrb‘?1e-‘ﬁ{4£r'ié?r!ﬁf OB k&S ﬂ‘é&deﬂéﬁgAQraril'ir%' élﬂti&?ﬁ$2 on
{Po-Pl) wherein the current is successively 5 incredased to a first level

and a subsequentextends fnom the poition 3802bapRjo reheawpnast shewo and érprefesably
successi yely decy Q econd | evel . .th ising and falling portions
each cha?cgct eri ngf‘e%gcgq%%gﬁgr g”ﬁasg?%roéﬁ?lgo\}\%{’/g—]éﬂ a selected frequency. The

head i s subsequently 'umalremapmmmamuldaﬁhicaﬁtép@ﬁdih%]aasci@yp:aﬂnldﬁtm
current in relation to velocity error determined as the difference between

the velocity proftd0 @ shvn eI Sletied ag@@ptdgqc'{'cwoogo ’Eh’és ﬁ%él"?'d YRRcifur poses
be under ot ood 0 Ba R RSy (LI A" | Tkl PEATRe cfivE 3 har Aol i V) 1 o
st eps have been batelean tHe alakiminalyeloeity Vg, adravdeoeleraden pdrtibn 296 in a region
25 bounded by positions 297 and 298, which correspond to the positions 277 and 278

in FIG. 7. The deceleration portion 296 defines a desired deceleration trajectory

as the head is brought to rest adjacent the destination track 0, as defined by the

current profile of FIG. 7.

The velocity profile of FIG. 8 is used by the servo circuit 140 during a seek

30 as will now be discussed with reference to FIGS. 9 and 10. FIG. 9 provides a



are not necessarily limted to the order shown. 15 It will be cle i hat
the present invention is well adapted to carry out the objects an &t}AN 20[]3
t he ends and advant ages nentioned as well as those inherent therein.

a present|y WP&V&¥#%d enbodi nent has been described for pur ﬂ’§§€§98¥58f“r1| s

di scl osure) nunerous changes may be nade which will readily suggest

t Hensel ves to those skilled in the art and which are enconpassed in the
spirit of the 20 invention disclosed anth as defined in the appended cl ai ns.
0 8 JAN2003 -20 Clainms: 5 1. A method for carrying out a seek in a disc
drive by novi ngcantfoeathgt4nd repastentiivel cflprogramininguilifd byl thaDSPn 44 &G, DN a
corresponding disc_using a servo circuit which outputs a series of current
command val ues PRYFIGt IQ/sprssenty ertest arpdicd g kietagator spil i fdupps ee®eCfappl i ed

to an actuator t \Y/ used
by coil driver (r:rllR %@ﬁefifa ?%J%hég’p%syex%{t}ﬁegﬁ’t@ ﬁgtw o] ?‘ﬁe a@ “glgy %{f&?&ﬁgﬁg&%{rnﬁﬁf he

met hod conpri si wfpcks divcussdd: abbeg indFIQV i6dire grovided|wich the sprmfreﬂeeembnmhexdhsfm nes
a desired decel eration traj ectory, of the head as the heﬁ% 18%5&08 es the

desti natibn tradis- Pp3nd mrg’/h%eraﬂsgéppwﬂewalemm
val ues to the C%leén &Bitﬁé@rﬁo‘fd{h@l&ﬁ R oPff®l grate the head away fromthe

initial track, the current ~ nmand val ues defining a rising portion
wherein the current |'Ehmnmeswrvemwﬁ(hdﬂedwtbdtgrnaraﬂlym&BO‘D ambbloand:lagmnst
subsequent falll ortlon m? rein the curre i s.successi vely decreased to
a second | evel, |g§’|’hﬁ“% ndh qurregt ‘E)‘Bgnc“i“gﬁg 315 4hé§/$‘r¥ eﬂ R IPEdef i ned

i rrespective of cbﬁg%é/:ﬁlseg;ﬁénys d@bﬂfateh%y pofhtd GenofdR3 G| U PL.| Yha BB nidnROp,p Seri es
of closed |oop current conmand val ueS 'to the coil river circuit to

decel er at® til e ahéRgPy eachigenataliyt ¢caregispand to oaekuanterraf] aaginowayeof setecied| oci ty
profile; and (d) u Si ain.of the se vocrcut ro
an initial val ud" ef]'éqﬁyfl ﬁ§|se§;%qqfe ‘ﬁg af’?%ﬁ%is g?rgﬁal@e?%eéﬁo%c{) Olnﬁ)%?)t BFEPat i on
of the 25 appl yloﬂ@u{%t(ﬁpo;ﬁﬂ&m?'ﬁdl ainRROI AP QRhAREEATdRRUAL met}ﬁb@é’e@ﬁiéﬁt@t ly
applying step (c) of claim1, wherein the applying step (b)

further conpri sese sat@prliofto tFOx-akis P02 dpeta l‘nqueilf&%et ermning velocity error

as a difference bet nactu el ocity of t vel ocl ty
profile as the head i éc%%elngkh?‘eﬁpé ?P"&?n ﬁ%ﬁ?f%ﬂgrle}l{]{rigt%ag&eg 8 1A N
Q003 - 2115 (b2) appdani NG driaetﬂelr&hmchﬁzrs_tueema@aemed B¢ thieepreoddinPeBmenOp
current comrand values until the velocity error decreases to a first error

magni tude; 5 andiqusayr, shibaseneprvg Seberasts the head 12818t CORFIANS CUTTER). BN he
series of open lt Pt SHAGER VeI GQRN ¥BeisiSart IR of BFGVE! Afle!s¥efbdi ¥-P! Ss a

bet ween the fi
convergence function which applies a variable gain to the coasting current of

segment P,-P, to transition from open to closed loop control, and hence may take a

20 slightly different shape, as required. Finally, the segment P,-P, represents
conventional velocity-controlled deceleration in relation to velocity error, in a
manner similar to that carried out by the prior art circuit of FIG. 6. It will be
noted that the current curve 300 will be modified depending upon seek length to
cause the head to reach the destination track.

25 Referring again to FIG. 9, a velocity profile table 304 outputs demand
velocities from the velocity profile 290 of FIG. 8 as indexed by an input indicating
the number of tracks to go during the seek. A current profile table 306 similarly
outputs current table values I; from the current profile 270 of FIG. 7.

Open loop current command tables 310, 312, 314 and 316 each in turn

30 sequentially outputs current commands directly to the plant 200 to form the



error magni tude and a second error nagnitude, wherein the second gr&o& 0
magnitude is less than the first error nagnitude. to 3. The netho f AMZQ 3
1, wherein the series of open |oop current command val ues of the applying
step (b) fuMOH@P33efines an internediate portion between t FETYSPAoand
falling portions, wherein the coil driver circuit applies nomnally

constant current to the actuator notor during the internediate portion. 15

4. The method of claim1, wherein the_g Fovi ding step (a) further conprises
steps of: (al) defining a current profl e indicative of desired

decel erating C%Eéxﬁé]ﬁ thCiﬁQS ChHAE chftEntgRd 3% Mﬁcp'%t IR aﬂdén'i ack, the
e

current profil avi ng ‘a rst portion at a nom nal magnit a second
portion which tcommsintivaluss l’me(g&ndrbtred iroan open loag fashione irt thatthemaluesianenagni t ude

dathird i h t t th tude t h
nomi nal | magn { USRS A FREH R G 7Ot AGP GO PEPBEOIBE Y RO 8oty

profile in rel aht gAot St FhERiIFAE LOSOR S MNthnd SRS hieditb ALRIErAE Ynd Ak 10be head
woul d follow by application of the current profile to the actuator notor.

S. A di sé& dri veare desapnined mgt‘elaaonm@F&iﬁﬁf@emewtwemﬁhaacﬂwdﬁmmgalyhﬁlﬁace on
whi ch a plural i teY cgtféc?trr zceh he E%c? ;%rgg‘? 'Ié}he t?m? hI}IChZIQI?%II'CI%?ﬁ lltchggt uat or

whi ch supports TH aLor to the

actuator whi ch teeves th@&arhﬁx@d@l@mossm 3241208 BN 6) REveSHr, fa@@&etef&l’ﬂﬁe(ﬁﬁlt uat or
not or conprising a coil; and a servo circuit, operably coupled to the head

and the coil, wi§lagan &pﬁ\FuwnWr@melomﬁy eFer é”mnl’ ag &%@P?@Flmlwl%ﬁbﬁbﬁer ation
wherein the heas@nh gsW ifefled (B {Thﬁﬂerlcg e* h@él%ﬁaﬁéﬁzgt e o"ﬂxepg tf)é%E strack by
ea tent ec

accel erating the XI nmum v subs e[ eratinb
t he head00 to the d€HGI aaﬁdmnnillyanﬁudas aagmmr:dmc@nm bllocla31/83bvbmhtgyn¢:mm§| | e

defining a de5|red tra ctory of the head, the servo circu rising a
servo processorth®s&EMY § RBo cPuiiRgth o8gFaARP B‘etCBHV‘(r&S“CBPB\?i(&ég ?‘Eéf”é‘m ty

profile which c&@f%e deoa%aqlx?ﬁfoﬁfg.’:@ﬁ(iﬁér@z{séﬁ aQ?gws@a@saewo eanvtemh@sﬁéi atdch t he

head approaches t Ination ~ 5 trac apply current to the coil
driver circuit dfshacicaiitdren eptheopéadosadalpop.r Gmring this convergence function,

the current previously applied by the table 316 to the plant is switched to the input
15 of the servo gain block 236.

The output of the servo gain block 236 is provided as an input to a
summing junction 320, which subtracts the current table values I, from the current
profile table 306. The resulting output is supplied to the plant 200 to control the
application of current to the actuator coil 114.

20 Once the gain convergence function has completed the transition from open
loop to closed loop, velocity-controlled closed loop operation is thereafter
performed in a manner similar to the prior art for the remaining segments P;-P
and P¢-P, of the current curve 300. That is, the velocity error Vggg is switched in
as the input to the servo gain block 236 and current control is performed

25 accordingly. It will be noted that the segment P;-P, will be full decelerating
current while the segment P,-P, will provide a controiled reduction in current in
relation to velocity error as the head is brought to rest adjacent the destination
track.

The manner in which the DSP 144 operates to output current command

30 signals to generate the current curve 300 will now be discussed with reference to



the initial track, the current conprising a rising portion whereip th
current is successively increased to a first level and a subsequed f..&N 8803

portion wherein the current is successively decreased to a zo second | evel,
the rising WoMoMzd8di ng portions each having a shape det er mrexduspnsBspecti ve
of the velocity profile; (c) subsequently apply current to decelerate the
head to the destination track in relation to the velocity profile; and (d)
sequentially increase a gain of the seryp circuit froman initial value to
a z5 final value to transition between lo‘g'en | oop operation of step (b) and

| d | t f 5 [
the servo pr ocddCon TnabinTFRE It G EE 1P skEne r o Pr R mi
velocity error |agtie Whf ki SkahRA Ve inisd] WalociP thaEH RS inbi/reBdh thb ehalR@en and
the velocity profile as the head is accel erate away fromthe initial

track, and whervelacity W .serRos rpasons&@walblpngmegppatentrbpbmghepmrcmt@ﬁ Fi5. 9 he
series 0 8 JAN

velbaty orror narBiEey ised Ry RE Rproved ek PRI Bt dlian,

applies $he falikhdig apebmbad @b tHelRio? aftl ForQbfeRPEE the bdOPinEdtveRRity COnmand
val ues when the vel oci tfyt error is between the first error magni tude and a

second error nefpitateRyeof tnbeadi 120 in genssalbhidertificdrat Adgy i FlGod 1iaad theswlackn t he
first error gir}bﬁfé%deﬁuﬁlé‘% gxlo?gn fhd i’é@l%l&tl af3@H M 5, wherein the current of

step (b) furth ortion between the rising and

falling portions congr |hs|b|agmnmgldialhd seelcqhstiesa‘ham:mmmxs id8ntiflddeand ippevidbdi ve
of claimb5, wherein the demand velagcities of the velocity profl l e are
defined in rel dPitBhVveleciy Eﬁ?ﬁﬂﬁ‘eﬁplerﬁ%ﬁ? fnslex the; apRTGRyiBteFemyad velagjties fom

decel er g4 N9 OUhS GBbekPpRELSS 20F PP, BARA1bGridayE hiptisdi Lirifng | e

current profile havin rst portibn'at an mna , a second
portion whi ch twahrsitd tlmrmarlitr’mmwmax gm&rahlalfohugnﬁndahdm thowa ilrﬁ(ﬁmﬁnthmgsm t ude

and a third portion which trangitions fromthe
o nal magn ¢ GUBARERAEHVE e NS hgS A TR P BT VLA o RGP IcFRgr AP0t 11 o
in by applicatiQfwefp réwh@ed?ﬁoﬁﬂi §i8OtabR! of tdi8ulhea L8y AGhetiaPmelMBlLuch as a
A@ Al .A . A(S Any A@ A?. A
. A3e. A(y. AR AuméatAﬂ daxRr. sm@s expas@ny 2t AiAGR nated Aat Ngs pyrpgngjeaggorm will
15 preferably operate to reduce excitation of mechanical resonances in the actuator
110 as compared to the full acceleration provided by the prior art circuit of FIG. 6.
The velocity of the head 120 accordingly follows the trajectory shown in
FIG. 10 until the velocity error Vg, reaches a selected value, as indicated by
interval 332 in FIG. 11. As will be recognized, the greatest amount of velocity
20 error Vg Will occur at initial stages of the seek when the head velocity is
substantially zero. The velocity error Vg, will thereafter be caused to decrease as
the trajectory of the head 120 approaches the velocity profile curve 290.
Thus, once the velocity error Vg, decreases to the interval 332, the circuit
of FIG. 9 switches from the table 310 to the table 312 and outputs current
25 command values indicative of constant current at the final magnitude reached
during the previous segment. This current, represented by the segment P,-P,, will
continue to cause acceleration of the head 120 as shown in FIG. 11. When the
velocity error Vg, decreases to an interval indicated at 334, the circuit of FIG. 9

switches from table 312 to table 314 for the segment P,-P,.

30 During this segment, the current is reduced from the maximum value of the
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QHEDCLO% & () - SO ) St Toe ekl ot dy 5 Pafibpati gn
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(1)

where I is the magnitude of current applied during the previous segment P;-P,, 1.

is the corresponding current from a table of current values corresponding to the

current profile curve 270 of FIG. 7, and Vg, is the velocity error at point P, (i.e.,
25 the interval 338 in FIG. 11). The gain is preferably incremented from this initial

value K, in accordance with the following relationship:
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. 10%4& ()-F + 10%4& ()-F & Z10%4& ()- (@10%4& () - KxmbC310% & ()- 10H 10H
10H8810%4& ()-F 710%4& ()-f510%& ()-E @L0%& ()-e

AaBnbCf 10% &' ()-10% & () -, 310% & ()-310% & ()-!, #S-10% : & ()- @0% & ()-~==d
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where K(i) is the gain for each particular interval i, K| is the initial gain selected
by equation (1), K; is the final desired gain, and n is the total number of intervals.
Returning to FIG. 11, the value of current applied to the actuator coil 114
5 during the prévious segment P,-P, is thereafter applied during the segment P,-P; to
the gain block 236 by the gain convergence block 318 (with opposite polarity). At
the same time, the gain convergence block 318 sequentially increments the gain of
the servo gain block 236 so that the actual current applied to the actuator coil 114
increases to the final value substantially equal to full, maximum current as defined
10 by the portion 280 of FIG. 7. This provides a smooth transition to full
deceleration current, which again reduces the excitation of mechanical resonances
in the actuator 110.
At this point the velocity of the head 120 has reached point P, and closed
loop velocity control is applied by the velocity control block 320 for segment P-
15 P,. It is contemplated that substantially constant, maximum current will be applied
during this portion, after which the current will be reduced to cause the head
velocity to follow remaining portions of the velocity profile curve 290 (from P,-P5)
by the operation of functional biock 322.
An advantage of the foregoing approach can be understood by a review of
20 the current profile curve 270 of FIG. 7 and the current 300 of FIG. 10. In the
prior art, the intermediate seek length results in a substantial change in the
magnitude of current demand (from the current profile curve 270) when the head
120 reaches the full decelerating current portion of the current profile curve (see
FIG. 3) since the current passed through the coil 114 is relatively small at this
25 time. This large difference in current demand results in a large surge of current
through the actuator coil to decelerate the head, undesirably exciting mechanical

resonances in the drive. The convergence function of block 318 carried out in
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Ug () -~ st 10% U&oégratxon c;fosegment P,-Ps. A seek of such longer length is carried out
5 substantially as described above, except that as the current applied during the
"coasting" segment P,-P, is made to follow the current profile curve 270, by the
time the gain convergence block 318 initiates transition from open to closed loop
operation (at position 298 in FIG. 8), the current being applied to the actuator coil
114 is relatively small., Hence very little change in current takes place by the

10 operation of the gain convergence block 318. The shaping of the decelerating

current takes place by the smooth portion 276 of the current profile 270 of FIG. 7.
To briefly illustrate a longer length seek in accordance with preferred

embodiments, FIGS. 12 and 13 have been provided which are generally similar to

FIGS. 10 and 11 discussed above. FIG. 12 provides a graphical illustration of a

15 current curve 340, having the aforementioned segments PO-P7, with additional
intermediate points P5-1 and P5-2 inserted between points P5 and P6. FIG. 13
provides a graphical representation of a velocity trajectory curve 350 indicative of
the trajectory of the head 120 during the seek as a result of use of the current curve
340.

20 From FIG. 13, it can be seen that the head 120 reaches the maximum
velocity Vy.x and that the gain convergence function of block 318 (FIG. 9) takes
place at this velocity. Accordingly, the current table values I (as supplied by the
current profile table 306) cause the head 120 to follow the desired deceleration
trajectory to the destination track during closed loop operation,

25 To summarize the foregoing discussion, FIG. 14 presents a SEEK
ROUTINE 360, illustrative of steps carried out by the disc drive 100 when a seek
is initiated to move a selected head from an initial to a destination track. The
routine comprises programming steps primarily carried out by the DSP 144 (FIG.
2).

30 Upon receipt of a seek command, the routine proceeds to identify the
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determined by comparing the length of the seek to a predefined threshold N (such
as 100 tracksj. If the seek length falls within the threshold, a position controlled
seek is performed at step 366 and the process ends at 368,

10 When the seek length warrants a velocity controlled seek, however, the
routine passes to step 370 wherein open loop control is utilized to initially
accelerate the head 120 toward the destination track, in accordance with the
foregoing discussion. That is, the current applied to the actuator coil 114 is
derived irrespective of the demand velocity or velocity error, and output directly

15 from the tables 310, 312, 314 and 316 of FIG. 9. The routine continues to step
372 wherein the servo processor 144 transitions from open loop to closed loop
operation by the operation of the gain convergence block 318, after which the head
120 is decelerated to the destination track using closed loop control; that is, in
relation to the demand velocity and the velocity error, as indicated at step 374.

20 In view of the foregoing, it will be understood that the present invention is
directed to an apparatus and method for performing a seck operation in a disc
drive.

As exemplified by preferred embodiments, a disc drive 100 comprises an
actuator 110 supporting a head 120 over a rotatable disc 106, the head positioned

25 by a servo circuit 140 which applies current to an actuator motor 116 coupled to
the head.

A seek is carried out to move the head from an initial track to a destination
track on the disc using the servo circuit which outputs a series of current command
values 330 indicative of successive magnitudes of current to be applied to the

30 actuator motor. A velocity profile 290 provides a sequence of demand velocities
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each characterized as a one quarter sine wave at a selected frequency. The head is
subsequently decelerated to the destination track by applying current in relation to
velocity error determined as the difference between the velocity profile and the

10 actual velocity of the head.

For purposes of the appended claims, the phrase The terms "circuit" and
"circuitry” will be understood to be realizable in hardware or firmware/
programming. Method steps have been individually labeled for convenience, but
are not necessarily limited to the order shown.

15 It will be clear that the present invention is well adapted to carry out the
objects and attain the ends and advantages mentioned as well as those inherent
therein. While a presently preferred embodiment has been described for purposes
of this disclosure, numerous changes may be made which will readily suggest
themselves to those skilled in the art and which are encompassed in the spirit of the

20 invention disclosed and as defined in the appended claims.
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A method for carrying out a seek in a disc drive by moving a head

from an initial track to a destination track on a corresponding disc using a servo
circuit which outputs a series of current command values indicative of successive
magnitudes of current to be applied to an actuator motor coupled to the head, the
current command values used by coil driver circuit to apply current to the actuator

{0 motor, the method comprising steps of:

(a) providing a velocity profile which defines a desired deceleration
trajectory of the head as the head approaches the destination track;

(b) applying a series of open loop current command values to the coil driver
circuit to accelerate the head away from the initial track, the current

15 command values defining a rising portion wherein the current is
successively increased to a first level and a subsequent falling portion
wherein the current is successively decreased to a second level, the
rising and falling portions each having a shape defined irrespective of
the veloéity profile;

20 (c) subsequently applying a series of closed loop current command values to
the coil driver circuit to decelerate the head to the destination track in
relation to the velocity profile; and

(d) sequentially increasing a gain of the servo circuit from an initial value to
a final value to transition between open loop operation of the

25 applying step (b) and closed loop operation of the subsequently
applying step (c).

2. The method of claim 1, wherein the applying step (b) further
comprises steps of:
30 (b1) repetitively determining velocity error as a difference between actual
velocity of the head and the velocity profile as the head is accelerated

away from the initial track;
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current command values when the velocity error is between the first
error magnitude and a second error magnitude, wherein the second

error magnitude is less than the first error magnitude.

10
3. The method of claim 1, wherein the series of open loop current
command values of the applying step (b) further defines an intermediate portion
between the rising and falling portions, wherein the coil driver circuit applies
nominally constant current to the actuator motor during the intermediate portion.
15
4, The method of claim 1, wherein the providing step (a) further
comprises steps of:
(al) defining a current profile indicative of desired decelerating current to
decelerate the head to the destination track, the current profile
20 having a first portion at a nominal magnitude, a second portion
which transitions from the nominal magnitude to a maximum
magnitude and a third portion which transitions from the maximum
magnitude to the nominal magnitude;
(a2) identifying the demand velocities of the velocity profile in relation to a
25 corresponding velocity trajectory that the head would follow by

application of the current profile to the actuator motor.

5. A disc drive, comprising:
a rotatable disc with a recording surface on which a plurality of tracks are

30 defined;
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moved from an initial track to a destination track by accelerating the

head to a maximum velocity and subsequently decelerating the head
10 to the destination track in accordance with a velocity profile defining

a desired trajectory of the head, the servo circuit comprising a servo

processor having associated programming to:

(a) provide a velocity profile which defines a desired deceleration

trajectory -of the head as the head approaches the destination

15 track;

(b) apply current to the coil driver circuit to accelerate the head away from
the initial track, the current comprising a rising portion wherein the
current is successively increased to a first level and a subsequent
falling portion wherein the current is successively decreased to a

20 second level, the rising and falling portions each having a shape
determined irrespective of the velocity profile;

(c) subsequently apply current to decelerate the head to the destination track
in relation to the velocity profile; and

(d) sequentially increase a gain of the servo circuit from an initial value to a

25 final value to transition between open loop operation of step (b) and

closed loop operation of step (c).

6. The disc drive of claim 5, wherein the servo processor has further
programiming to repetitively determine velocity error as a difference between actual
30  velocity of the head and the velocity profile as the head is accelerated away from the

initial track, and wherein the servo processor applies the rising portion of the series
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5  loop current command values when the velocity error is between the Tirst error
magnitude and a second error magnitude, wherein the second error magnitude is less

than the first error magnitude.

7. The disc drive of claim 5, wherein the current of step (b) further
10 comprises an intermediate portion between the rising and falling portions

comprising nominally constant current.

8. The disc drive of claim 5, wherein the demand velocities of the
velocity profile are defined in relation to a current profile indicative of desired
15  decelerating current to decelerate the head to the destination track, the current
profile having a first portion at a nominal magnitude, a second portion which
transitions from the nominal magnitude to a maximum magnitude and a third
portion which transitions from the maximum magnitude to the nominal magnitude,
wherein the head nominally follows the velocity profile in by application of the

20 current profile to the actuator motor.



