re3eq~q~~DR 6*T~gt K9 2 ~ C 2p2 ADAPTI NG SEEK VELQOCI TY PROFI LE TO DES
TRACK LOCATION ~'ielcl of the Travention This invention relates generally

to the field of disc drive data storage 5 devices, and nore re ipeet

but not by way of limtation) to an apparatus and nethod for ptr%n&(ﬁzb&c
drive data storage capacity and performance by adaptively adjusting the

vel ocity profile of a head during a seek in relation to the radi i

‘of the destination track. |3~ck~round of~e jnvention 10 A disc damwmﬂﬂmﬂmmw
data storage device used to store and retrieve conputer ized data In as

a
and efficient manner. A typical disc drive conprises one or nore ri gi*tf
discs' that are coated with a nagnetizabl e nmedi um and nounted on the hub of

i ndl e’ not f t o , i . dat t d
on the discs in a pl L?ﬁ%‘§§§‘§$§£§ﬁﬁ§%&%@‘%}?§%€@ebyaaﬁ array of
e adl a

transducers 15 ("heads") noun toar actuator for novenent of the
heads relative to the discs. The heads are nounted via flexures at the ends
of a pl uraligi¥doéf BE Bvepibgh project radially outward froman actuator
body. The actuator body pivots about a shaft nounted to the disc drive
housi ng at a posi Thisinvangerrajatedigensenly torbe feldqfidisc driverdateftopteet he di scs.
The pivot shaft is parallel .wth t i f s f.t i e not or
and theéjdi sc& c(?stﬁ'gfm? Fleep%%(éuéasr rfob\t}gnlger(l&zwg}' 8?1@“3%#’5?1 | tglanvm;{b(t?) ﬁis Sgz%g'{sdurfaces
of the di scsmethypifeihprbvini@isaairivatdata eompeyspasity and perdoimhane®byr to
position the heads with respect to the disc surfaces. The actuator voice
coi | notor i3aptivey adiuskng the velocHy prafe obA hepbduginga S¢ek iRdetinae 8¢ body
opposi te the HAeathAliBE of fedfstfitiBe thafper sed in the magnetic field of a
magnetic circuit wth one or nore permanent nmagnets. \Wen controlled
current is passed through the coil) an el ectromagnetic ~m~muaw ~ 2 D ~
C 200 -2 field is set up which interacts with the magnetic field of the
per manent na%%@%@éﬁ%@ﬁﬁ&ﬂheads to nove across the disc surfaces. The
heads e support gd;:aver. b S : I i i i ch
i ncl udgd ai r-beari%gh%uérﬁ?‘éeggg gssﬁgrﬁg%d%gé%ﬁ%grtggét&gmgé%?e?t%@%dmxe\? of 5
novi ng air gieed astatied fhyr ahdeffictdnaiaancrofA tybieabdisc grive oompeitestdne dreads ar e
said to "fly" over the disc surfaces. Generally, the heads vvriée data to a
sel ect ed dat@oter Hgld dsrsth agg %‘@‘%‘u‘f’?‘%éénwe%@i’édf‘?‘\‘}émrﬁa’@ﬂ‘éw PRd"or ti ons
of the data {IagKa hcatd oy 1B AV ey | urrent
to the head.}t“[n or%]@pa? g@%ﬂ@égﬂgﬁfédrgcgbéahta@l%htsﬁged\éa?gé gigg\reﬁé(:lgtgﬁ&lt he data
track, the heatheditdha flhtaktyldy doneamsiid cionsari trackbh &y magmetyi of tistazrof t he
data track and converts these ({jo a read signal which js decoded by read
channellS ci r c{iibeads " Hmopped & 8 sadigliagRiatasdpy FR¥smEt of e ib‘i%’?t‘?‘éﬂv%fo %ﬁe heads
is typicallyspehieved with a closed | oop, digital servo systemsuch as
disclosed in U'S. Patent No. 5,262,907 issued

The heads are mounted via flexures at the ends of a plurality of arms

6166*

which project radially outward from an actuator body. The actuator body pivots
about a shaft mounted to the disc drive housing at a position closely adjacent the
20 outer diameter of the discs. The i)ivot shaft is parallel with the axis of rotation of
the spindle motor and the discs so that the heads move in a plane parallel with the
surfaces of the discs.
Typically, the actuator employs a voice coil motor to position the heads
with respect to the disc surfaces. The actuator voice coil motor includes a coil
25 mounted on the side of the actuator body opposite the head arms so as to be
immersed in the magnetic field of a magnetic circuit with one or more permanent

magnets. When controlled current is passed through the coil, an electromagnetic

L
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‘Novenber 16) 1993 to Duffy et al., assigned to the assignee of the present
.15 invention and incorporated herein by reference. In such a system servo
“(positional control) data are interspersed with user data fi @I%?u’gm
store the user data) with the servo data being transduced by t It d
provided to the servo systemto detect head position and velocity. The
servo systemcarries out two primary operations: seeking and track 20

. following. During track follow ng) t#he selected head is naintained over a
sel ected track on the corresponding disc. To this end, the servo system
uses the sdiekbisdat np whigjeinegracte withobs imagsatie fieldrof $heypermanppiSpagneds ©at i ve of
the relative di Et ﬁnccg tbet ween thr-% hgasg Sgﬁg étshe center of the selected
track. In tAYSF e RSO MOE LR PO IFSSEHATE correction signal's which

adj ust the positipie Rfadt AR 89RErEY ovdr tBdjditet bpaciuber 3idetdssaniblizgr r ent
applied to the actuator coil. During a seek operation, the selected head is
noved fromvaich include ait-beaﬂkngtwr&cgﬁe&snmit@nmﬁaawtbﬁtilnblaa@rsqfci ated disc

surface. A vel.ocity contrpoll ed approa i §..use ej vel o¢i t rofile
i ndi cative *B?Vlagagigﬁnsaﬂt‘v@%@et Pa?ﬁ"&j"i@‘i‘%?&?c?%osg ‘Wgﬁ%égﬁg air%gaéélmegt gd hal eé
on the di stgreceyRetieditc sitadedi GeabrafpdihzOhedas writaddt@o hisalekied difie head is

first accelerated to a maxi mumvelocity through ~2 D-C-~ -3 the
appl i cat i ortrask en thardise sweane by geleerivedy magnetizieg pordondpf theTaes fieckd then is

i stance  rORiERRedae 1 AHEh s APhdlard e e RF e Bl GOF BRI o

current of qQppaRieh@y Poaldasack Yhd Gat@pRrddEoh tie ddetrady, Ithd Reddiedetdety Abe and
settle the head onto the destination 5 track. Adjustnments in the velocity
of t h&0 headransttions pethe mygnagic figdds fubs datartckaddicopyertsaihase 18 fead t he

dif fer ence BelWeARcH RGeBgddidly eh Qhkdné: BRCuIAGNR @6t lpyprofile. The
desired velotity A any gl verl pol n uring the seek 1s referred to as a
demand vel oci ty, Cohttdl dfhike pedidon bftherhehdd B tgpingiy shixyed vaidr 2 elwsaf denmand

velocity values, |f a fault occurs during.the_segek he il will be
shorted, 100eRubElY SCRE WSteasish itsd“ftfr‘%ﬁ?a.‘“fgsrrgw‘%ﬁ ht}%‘ ﬁléglé'gp? Afuser

per f or manc S 1 Pdkg k; kI perform
ach ook, SHEREE 1907 BURY cPall olBrkl (b o dnRed e TP eehD at

fol | oWé ng nndentioh amdenedrporatedHeancie, bydiefrentrel. via siels A gpeem, s¢rvenpt t o provi de
a maximumvelaogity that .is as high as C[i)ra ticahl et als%ﬁwthe head to 1 ~

reach the d@8tPRRAiCOAtreD Sata qrp inf SRETE r 1A fiefs useq 9 oresthg
att endant Aaae8kn ObifANREG vb AgkitRif I AMuRAYEY HelheaOM plified 36 Vi System

| ose contro the actuato uring a seek; such a loss of control can
occur) for exenpsedm s deceet Head positiopangdvelogityhe drive. Limt stops
(sonmetines referred to as "crash stops”) are provided to limt the maxi num
radi al ext ensi onlD®SYVOSHECREITLES A TNR\PTUNE PPARHERY SeREngPRE taek f aces.
Such hppmt r i A n SONLAS : di ng features
of thébact ugigrmr\}\%e;bl%ﬁ@ lﬁ%&ﬁ”g\?@@é?ﬁt e:ia&ll nner ?fgstsﬁnag)?lﬁﬁ%ﬁ?%?%ost di aneters
of the di scseledidd trhek sethexcosespemiipdiss. Ty hitempdathel serveeshseen tfee thel ocity
of the heads, the: abrupt decel eration of the actuataor upon contact with the
associ at ed FifiP 12E(19 BRI AR Ik eETigRal AEER, (difative of therelatsads)

potenti al 'y qamegbakebh hd AL AN Ontd St HE $8eGH £3GES 1n turn, the PES

is used to generate correction signals which adjust the position of the head by

25 adjusting the amount of current applied to the actuator coil.

During a seek operation, the selected head is moved from an initial track
to a destination track on the associated disc surface. A velocity controlled
approach is used wherein a velocity profile, indicative of a desired velocity
trajectory for the head, is selected based on the distance between the initial and

30 destination tracks. The head is first accelerated to a maximum velocity through



One prior art approach to reducing damage to the disc drive froman over
velocity condition is disclosed by U S. Patent No. 4,967,291 issued Cctoher
30, 1990 by Touchton et al. ("Touchton '291 "), which limts 1
velocity of the heads during a seek to a sufficient |evel 301:21@?&@52 a
run-away 30 condition occur) the heads are not danmaged upon contact with
the associated limt 12 Q~C ~nn2 -4 stop. Touchton '291 nonitors the
‘velocity of the head and interrupts he application cf current to the

actuator coil (such as by tenporarily shorting the coil) when the velocity
exceeds a saliecapphicatéttodtia lasgo magnityde efrcuzvent phesadh The head tgRdsthe |imit

stops sufficient]y,soft so as to safely .decelerate t he .ypon cont act
-5t Run s pederiniangy b s e eSS e o R B B TR URGS arge
decel erati o e destinfiBA frick, RE WhHicEpAnt DRIrgd ARGukBIREE@ANGTARDEsifehe
decel eration of the actuator into the stops. Because the actuator is in

* cont act -wi t tpolarigy lis apptliedttothe owil Iededelersie and seitle thp/kgad oo thelestavation on
zones, the zones cannot be used to, store data. Thus | ar .0

decel ert | oﬁrﬂfgne‘\%éﬂmef@s‘“éﬁ%{?l%w A ‘h&fhef‘auéred‘gfpﬁ“e‘@i%mfjggurb%ﬁ‘eand _
limts the tapal gﬁﬁtﬂnn%ﬁﬁ@m%r%ce_t%égn' %€ acthl 4/&0(98"3‘{@%@}/&15857 € remains
a continued nee or inprovenents in the art to enable disc drive designers
t o achi eve equwefilel NCiiccdesined vdaicitydensy gives paind dueingltise sk datdertadatosker

performance. It is to these ends that tqr}e present inventi gn 15 is directed.
Sunmar X cf theEMAIYRIEE, Wit he Seiasty iPRIEAICOBIRT S NEH 166166 QYA appar at us

and rethod Tod itagx%pg;shﬁulpefmsh i (1RYELIABAGH Wil b8 sfibetéa, dr | ve using

an adaptive ve I'le selected ih relation to destination track
| ocati oh. 2Cabsingcgosctancetomrake.pr ef erred enbodi nents, a disc drive

includes a rotatable disc wth a recording surface on which a plurality of
tracks are defi netP HRAITBIEE Sata ansferpsrfopmancspaiterapts apemade i mwRZe he

tracks. The tn@aﬂ,eirgwqﬁpg(fngt,sés?fogggézgﬂ&eéxé,faé&wgis%r&yrcsrgne{ﬂygtﬁan?fepem of an

actuator notor, w eing provided to I e max!l num r adi al

excur si on ofduring ahesdt foloSeip/Modd of bpertiidn. pElehey, hiscadrirel desighyrs @aempol | ed
seek operation to nove the head froman initial track to_a destination
track by acdelpsevitde pgnaxiumayaieciynthagis apdighetspractiabledeiakigm hehelitey and

t hen degcel ergting the. . t ion.track in accordance with a
vel oci ny pr orﬁ%clhe(%e ﬂF%f“gﬁggﬁ{??kﬁﬁg Sgglﬁ@g{bglmr gﬂtll%g'adapt S the deceleration
portion of the veTiggt iyan atiehdbhEddng2O0Pdantagepo oli¢ d8vd, monelat, isksuld thet he
physi cal |ocation of the destination track on the disc, so ' that the head

i s decel er at€&CatysEm EHGGQH‘TP‘QQQI’F GFmuato5 dRENG @SseiE FHCh ﬁﬁ%ﬁsr%S?“‘%Ga“_
outernost) di QELRF SxPhplkNfrofl £ fosd B pONRACHe WPivET AGKS NG (sdikifrdredi at e

portions
referred to as "crash stops”) are provided to limit the maximum radial extension

20 of the heads as they sweep across the disc surfaces. Such limit stops are typically
arranged to contact a corresponding features of the actuator when the heads are at
the innermost and outermost diameters of the discs. If the servo system fails to
adequately reduce the velocity of the heads, the abrupt deceleration of the
actuator upon contact with the associated limit stop can cause excessive

25 movement of the heads, potentially damaging the heads and/or the disc surfaces.

One prior art approach to reducing damage to the disc drive from an over-
velocity condition is disclosed by U.S. Patent No. 4,967,291 issued October 30,
1990 by Touchton et al. ("Touchton '291"), which limits the maximum velocity
of the heads during a seek to a sufficient level so that, should a run-away

30 condition occur, the heads are not damaged upon contact with the associated limit



of the disc. This serves to mninm ze danage to the disc drive should
control of S the actuator be |lost and the actuator cone into contact with a
fimt stop. Additionally) the servo circuit preferably sel ect f a’ﬁﬂh
maxi num vel ocity in relation to the physical |ocation of the eZtﬂgo;i on's
track, so that a reduced maxi numvelocity is selected for tracks adjacent

t he i nnernost and out ernost di arreters of the disc and a greater maxi mum
‘velocity is selected for 10 internedi4ate tracks. These and various ot her
features as well as advantages which characterize the present invention

wi || be appargnt Thudnom'29¢anbnitprofhetvetocitplof gwihegd aed interewptaidiccri ption and a
revi ew of the associated drawn l1on of th nes 15
FIG 1 proviaﬁggc%{ot" Freeat (4 10626 'F‘a%?fai’@és"ag hgéd?%qr?ﬂ%'tsggrtimﬁalgﬂ%cordance
with prefer rc%@h)madh@eabémoéxaeb@s PEAS aftshomvention. FIG 2 provides a
functional block diragram of” a servo circuit used to control the position of
t he heads of the élnstdnedpnmeamhpﬁo@hmtoma@ﬁ g ﬁlmltumﬁanﬁbl@tl\}'esbﬁ(mw
profile_ for the rive cative o seri denand velocities
Phch ke up S bcedtrotériss e apontoufa £ ool AoBmpole PrE e

appr oaches Aotd JoRli€se 1@9 Qdkhpg current
profile indi r,pi’t ;é%/dg’]g?}ﬂaggrr%&ﬁ%g lﬁg@dgc it I%Z cgictluatqgl} 8;®@o&cguse t he
head to fol | aupd teaceemamidhn the Gédchﬂatdlfn cﬁ"ltﬁ‘c a@uat@binkd (Be sbopss Because the

t wo- di nensi onal graphical representation of nmaxi mum demand vel ocities for
the tracks oIft#er i§iiscaniaet Wik thy Wmitgiapy avhile the kgady areqavegy te i s a

three- di mensy Qgal @ AAE ahe LEREGRRM BE 10 A sétel M iopyf, Meboct Ly profil es

for the tracks on e e PO dan e Wit h pre rred’e Sdi ment s. a 2
aEc Papp - G Rideelefatfin0aond @qufires @iar @wifig 80iha Maial rettsrtitmattiang ahd@indpeanat i on of
the servo circuit of FIG 2 during a velocity controlled seek) and is
represent at i &l @nta. capreir @it Wgivat i 1 i zed by the servo circuit digital

si gnal processor P) C FIG 8
provides a flow cwﬁ peF%b‘i"e %ﬁ\%g%%&@wéé@ﬂ{ oét% %%cgﬂ)rq'g%?@segﬁﬁ {stlwhese

programm ng dit td emik @Mc Uhee gedipereto Sicve BOR iheressiiig Yatd denAtisenid i n
accordance with preferred enbodinents. PIG 9 is a graphical conparison of

head decel erlgr§ldRf dpaSTRTRICE REHPIACH! Ty 5o Hhess gRdsithatdhe PERSENtIAYEOGR act i ve
decel e@tl on s%?ﬂe@&dt he servo circuit of FIG 2.

Summary of the Invention

The present invention is directed to an apparatus and method for
improving the operational performance of a disc drive using an adaptive velocity
profile selected in relation to destination track location.

20 In accordance with preferred embodiments, a disc drive includes a
rotatable disc with a recording surface on which a plurality of tracks are defined
and an actuator which supports a head adjacent the tracks. The head is moved
through application of current to a coil of an actuator motor, with limit stops
being provided to limit the maximum radial excursion of the head. A servo

25 circuit performs a velocity-controlled seek operation to move the head from an
initial track to a destination track by accelerating and maintaining the head at a
maximum velocity and then decelerating the head to the destination track in
accordance with a velocity profile.

Preferably, the servo circuit adapts the deceleration portion of the velocity



10 FIG 10 provides graphical representations of velocity profiles in
accordance with preferred enbodi nents. FIG 11 provi des graphical
representations of velocity profiles in accordance with addi fll?)l‘@EC 2002
preferred enbodinents. FIG 12 is a three-di nensional graphica iy
representation of a famly of 1 S velocity profiles for the tracks on the
discs in accordance with additional preferred enbodi ments. Det~i]ed Descrin
“inn In order to set forth a detail ed.glescription of various presently
"preferred enbodi nents of the present invention, reference is first nmade to
FIG 1 whi Cr})f%ﬂl@iﬁ\%t@ntteﬁh@b@lic‘éi RVadn 8f Gk FestiativerddklonigrdidcQ st ore
conputer data. The disc drive 100 includes a head-disc assenbly (I-1DA) 101
. and a pri ht etlaviheihegd asdeatsrateqd Myedvogshte fargrasknedienenieingemashps used by
the disc drive |00, ;The PWA.i punted to fhe rSi: : ~ | DA 101
and hence, i%“t%?os\sldéz\"ﬂ)elt%rsioﬁtlﬁ—ﬁ 5C 33 c%pafﬁé t%&%%‘fﬂ ‘ﬂ%ﬁﬁ%‘gé }Ollggés'g deck
102 whi ch supp@etdsscd TRisRENRs MO hRRindiRAd488¢ tb the dib@lGvershiplildr @ntioyoDf di scs
106 at a constant high speed. Although nit shown, it will be understood

that tracks deactwforiedioshansbibp agatopso@e detoSppeicEih adimigsteRr vo dat a

_ e OBt OShATELOR 2Bk Ry o_da
manner . A di Sc cl A9 Lol EtVo i FHAEREL I 4 P RRUERIRT . e

200 _, _ di scy@pageibraationate bRysi@ebaatbaeeie ddktansiof fatk, wWoshitlae in FIG
1) to the spindle notor 104. A top cover (not shovvnz mates with the base
deck 102 to pdgcsdmagzimpptvelassly iespleqteshifsitackoadipgsat thppneomostaAnd ot ary

Acsenbly 112°0EnAATAAHEER, dthe 1B A AlbrElg haflnll Hoods B at ea

t hr ougho cont rmdrnediapplacikeat i on of current to an actuator coil 113 of a

voice coil motor (VCM 114, A plurality of agtuator arns | 16 project from
t he actuator 110 gﬁﬁs%ﬂblpbwouf‘lo&?ﬁ GUHEE AHBICH &8 aé‘ia@“\&ﬁ? EYHI,C}‘iCII?R‘taG RZ€ suppor t

a plurality i : f g6k scs 10G
A Fat cni st op 0 Se e g e e T ng
zones (not déscgpadedhd atrevibw afnheassdéiardtdeawings. t he di scs 106 when the
disc drive is not in use and includes |limt stops (not separately
designated) to limt the radial extent (stroke) of the actuator 110. A flex
circuit asseﬂ‘ﬂ_g%ﬂl%&i i dfl h@ lhectrical comunication between the
actuator 110 and the disc drive . I5 At this point) it wll be noted

t hat tRfee radi al FyGeltrendides a tapgplomyieay ef s disc love ponsiuethd in egsortiasee 106,

with these regions.denoted as R1, and respectively. As discussed
bel ow, the ﬁhrﬁfﬁfe\?"eq%o%’f‘et_?%?ﬁ?’ﬁ'_étf Ogggﬁwrg%elnggqvéﬂnqngad 120 achi eves during a
seek is preferabl yidebasaiagdaiftnkishattiedk difehReoML@r @ citdhitMiegh t he

destination track resides. Mreover) the deceleration profile of the 20
head 120 is torntréighe position®ifitye baadeof d¢ dise drveanfildG. tlo t he associ at ed

region for the destijnation track.. Turni ow tq. FI.G 2) .shown therein is a
functional bl ock iitlggraja%“f‘té?‘e%a SEIPGLY qu'}ﬁ%?qr 1&%8%98&6, ‘gd‘ﬁi‘}h"tﬁr(gl“ t he
positiom of tbgedSRdlmAROvelRaliMOwHaE tralE Apld @RFOMEERBY @ftﬁ@ls@l&ft _head 120
to generate a readback signal which is 25 anplified by a preanplifier
(preanp) 132.hedthes predzeap apBackespr defsenatlwinytrackcor porated in the flex circuit
assenbly 124 and %ﬁtcteﬂ to the side of. the act uah&r. %10, see FIG 1), in
order to ninimze fhe HRVSIRSY 2 GPUEPRRLING SHIHERTPTOHIE IBTIEUMS of $978Md t he head

120. The anpliphii@fid Badeaskrodnglalithe HARAHIRSY ARk »%mh’ytcpy&lme_of
normal i zati on tfunction by an automatic gain control (AGC) "circuit 30 134,

whi ch adj ust FIGh8. anpl i tude range of the readback signal to a range
suit abl2e5 T aFIEi.% izsoaot%wo-dimensional graphical representation of maximum demand
velocities for the tracks on the discs of the disc drive of FIG. 1.

FIG. 6 is a three-dimensional graphical representation of a family of
velocity profiles for the tracks on the discs in accordance with preferred

embodiments.



-'s for remaining portions of the servo circuit 130. The readback signal is
next provided to a denodul ator circuit (denod) 136, which degodes and
conditions the servo data to provide digital inputs to a dig QalD%@zgnz
processor (DSP) 138. The DSP 138 receives top level instructions f a
disc drive control processor 140 and perforns seeks and track foll ow ng
operations using programm ng stored in DSP nenory (MEM 142. The disc drive
‘control processor 140 uses top |evel-Gprogranmi ng in processor nenory (MEM
| 44 to control the overall operation of the disc drive 100, including the
transfer of data BEl.veprovidee ahwads] didfraandlustratogtthe opgratien of Hetsestown) i n
whi ch* 10 the disc drive 100 is nounted. ‘lihéa ‘_ggP IC’&38 ouitﬁﬁuts.a series of
current c()n‘rﬁif?ﬂ“s‘?fdﬂg-@fﬂ‘ﬂ"% L ¥elpcigy saptlleq seel; and BaFPURFRUAN Sl i es current-
to the coil ﬁ;%éranﬁ:hﬁ{ge.hmz@dlb?%é BGvé BRcdiadizahl $86 biceswek (DBR) kel ected head
| 20. The basi c operation of the servo circuit 130 daring a velocity

control 'ed saekrdante wivprbfergdembodisatniti.t h ref erence to FIGS. 3 15 and 4.

FIG 3 sh f am ‘of vel It fil ted at 1S0
bl ot t acSagar net ahtG Are e i A A DATATYESUEESRONGE, " [ o0M e
posi tion wit R raspAcve bP FH@‘?arﬁhﬁrﬁ; difiBkd b theéeto @ifrc_:lfilf‘BSPLtBQernyut atracks to

go" until a destination track "0" is reached. It w be readily understood
t hat each tr seek ihasc@Oamceunitid peeferoadegmizodimentk. address which is stored as

part of the servo ta.di scussed above. ver, the, designatjon of the
destination trackFg(g‘ Bt‘ﬁ’ A BRARICa gOXHEﬂ”SPP,E? Ee%(getcﬁ'ieﬁé‘_oaéﬁmg'ﬂﬁishwE‘ét?fve of
the actual agereasidH cdilhd thifiigh abGéd @celePRRA usn@Gke b& v QIERLEFIGY 2.
referred to as "track 0" at such time that it is identified as the

dest i nd0i on trackFéGr 1O grevigesrgraphidad repsesskitatio® aovaleqityi prgfestin FI G 3, the
y-axis 1S4 indicates d mang:[rv '0%it§.h that is, the target) or desired,

vel ocity for FREREGE HARTCHT &9 e_ﬁ’éﬁ'nts during the seek. FIG 4 .
provi des a CorreSP@@.diP?rmdiéseg}{apméa@fréar@semgohm@c@édn&ep@fne@uﬁrent appl i ed
to the coil 113 and ploited against an x-axis 162 indicative of tracks to

go during t haccsahincamdthaadgitipniabpiiefediedmibodindntsur rent nmagni tude. 30 It can

be seen fromFI G that the vel ocity .profiles hir 9
decel erati on portfgq P%éﬁ“&)ﬁ?"c‘ '"bcé’élf)ﬁfg &Rﬁ‘fi’ﬂc“ rﬂ%?r%ﬁ “\%I%(gé%i 'g@ﬁg%qvm px at
track Xp andygg&itLpstBed PrahdeiMBdn\Rd @6td in Retordamde WitlkaBdiBonalhe track Xfl
is a predeterm ned nunber of tracks fromtrack 0. Seeks that begin from
initial trackefered embedifrgntsher fromthe destination track O than track Xo)
such as the seek 5 represented in rlIG 3 as beginning at track X,, are
initially accelerated toward the destination track O as a result of the
application gferaleliavgeripimyunt of current to the coil 113 by the coil driver
146. This current Is represented by current pulse 168, which results in
accel eration of t Hhe ondexdoatioioghtar dgtaled descrippipn jodmaniouptpregdntly nréfernsdxi mum

dermand vel ociet 0%{J\/lﬁxxti S, eachedf. thei. heac} 120 .cqasts (LO UKQI#[H track X~ is
reached; duri W??%@f PORICYt OXET R A B TS PR E AU et aYVé‘Cﬁecessar Y,
as i ndixat ed shywe Wb PlanPaEW icPA dis_zalrivéﬁslomih;@edq%aéi‘or%%%n{[ﬁ?&%&l.tTfh"éQKs%(",) a

current pulse |74) having a polarity opposite the initial pulse I/2) is
appl i ed by t Heived00 idelngesra hepd-dise abeenahlp (HDA) 108 dndacprirged aliong t he

rack o 15" ASGmRY SpWED seBbering Mud Hesfropiss Suy eE ot BockBe from
tracks closerpwa ik eodest ot batertin@sku® HDAN 0 NedtHeAcK ig(ﬁoﬁ ﬁlk'ﬁfgb 4 from

track X,; in this case, current is again applied to the col
accel erate tHdGhdad (as indicated by acceleration portion 176) until the

decel erati on porti.gn 1 S reached after ich current of opposite
polarity is appli e’@‘etéggf m]g"lcﬁ’@e%@%ﬁeff?@k tlgy\l?"@é"lh YVBYIOY spidleqagior nat i on
track 0. Unli i I NQLy 1k nd
coast ai a Mg e T AR (R TS S GRS T HnREE R
reference, i tshowh/ itivallrtetedetshatl thiteraabove ddéiaed divesthvefl theidisy sapmtdsol | ed

seek process is carried out for seeks having a relatively |ong duration
(referred to YAHESeBydapaEiten to the G &riveelq0duiinegngmiaqratisg ims 100 tracks),

a position 2 rall pr,0 i | nt.s. i.n_head
position ar eSCPﬁ‘ZCq‘%‘gﬁé\}alﬁgmfég i”h?ﬁg%@wm%%e%geﬁke@@??%& FH% ﬂg
destination track 0. In the prior art, the maxi num demand velocity VMix is
generally the sanme, regardless of the physical address of the destination
track 0. The sel ected value of VM, x depends on a nunber of factors,

i ncl udi ng the maxi mum anmount 30 of current available fromthe coil driver
| 46, hut generally involves a tradeoff

ated. For .



~ 2 DF~. ~~ -1 o0 between reducing the anmbunt of tine required to carry out
the average seek, which argues in favor of a higher VM-x) and reducing the
risk of damage to the drive as a result of a power |oss or hehééult
condition, which argues in favor of a |lower V~, AX. Such lini %2
overconme by the present invention, a first 5 preferred enbodi nent of ch
wi Il now be discussed with referencg_ to FIG 5. FIG 5 shows a graphi cal
~"representation of a maxi mum demand Vel ocity curve 180) plotted agai nst an

164 i ndi cat 9 oretmumcd Bodn Pioebh fbenEor FRnds M noPine hnfey; 2 ©

regions RL, phict @30 RIopteves (ﬁdi%ha;wﬂymstei&&hlme bhds dekk qoereppovide 10 t o
t hose previously set forth on the to &bdl sc 106 in FIG 1. Although the

regi ons R1, imkgrnahehvi®neeat fonehnHbd tlbst antial Iy divide the surface of the

disc 106 into thirds) such [ d

enbodi ment : ot her™ E¥ ylaéma&)[r-sldﬁeﬁ C?‘ﬁ@l"ﬁeﬁ %‘gﬁ‘g'é?‘% ﬁg: ?‘éﬁ’ r??‘%’? regi ons
are readi| yafs@%wi@&ﬁﬁmné&bﬂmﬁé@eck5102 TR a8at6L 810 idtdted N this
enbodi ment, the maxi mum demand vel ocity is set to a first value Vh,,,x, at

the inner rroa;nrotxgtacdmta:lletlhephmen oficamrerttéo ag aDpaton cpdildrpfRIvaericdihcr eases
to a second val u e bou dar betvve ions R. and R2. The

nmaxi num denﬁ?fﬁo‘i/&(gm)tlwr e‘}‘rﬁrﬁ@“i'ﬁ a“sqé f]&i %i&f( O FEACHAA 1 adi al
extent of ti‘lfo aﬁ@'s d??ﬂcﬁf?g'af&gﬁpﬁé?ﬁ% \fvl‘in@ﬁ‘ M%ﬁ@ supPort @ pYieafly ofiCT 0SS

regi on R3. t hough 'a genera I'near relationship I's shown between V~"~
and VM ~) otbeesppadingdendt 12heveatie suefaded of tbodtsesnb@@.t @dlatchighpas use of a

hi gher order functi n (suc uadrati.c ngtion} to determn

i nter Hdi at éswb@éé 30 sdchee e heede et gerised [paing bbes. Bk AETPRREBI  esul t s
in an adapt iy ' bk gseam@ d}sel 966 wex%ﬁnedcﬁ&e&wg R @ uddend ﬁlefmwn
(physi cal cfr e destination track. For seeks that conclude at
destinati onmmasxkps (rmn se@raely BEsifgnatal) to thhret thmraidihleeﬂemr(srmktt)exf miedi at e

portions” of the disc 106}, the |arger i s _used; conversely, the

maxi mum denmasiaieelidei +A Neeeiresasserlly tll% f&‘"é%‘tafeﬁfﬂqcéfr‘l‘mt‘ FIPRMBERERBs cl oser
to the inne d 06. :10 In this way, seeks
carried out E)thgeges{’(?‘rr)l% |t(831rnrﬁicf%n?kt§£g Fg(r:'e!ral?ﬁ{%e edges of ~ 2 DC 2Q02 the
di sc necordi ng swtftaisegotranithvell Safreted tharthfeedadially akteading dugieds neexienum

velocity, reducing the likelihood of damage to th ve 100 shoul d a
fault in corﬁ?‘rﬂbp“(g‘)?e tpedistctQPatiaih thass ‘8%’8{}?98%{}%‘3dt ‘H’ZRgc]?ié 3 "faul t

i nduced bra S t fore
cont act vi £ eReERED AV pEloE ikt BBE Y Bl Bl AR Dl 0,
tracks that 120echiaveheéurifg 0saek ieplefaritily derepainedin bﬁatsaf&i(y\ecragxbheﬂi out at a

hi gher maxi num vel ocity, as there will be nore tine to brake the actuator
110 before cBhehthe ‘i‘eé“ﬂ%l@é‘ tick mesidrs- | Nipgepves 8 deceisrationguefite ofahe hough t he

particid ar MahyesofiOfrifier reféabl?@glewyﬁm reatVinl tb theasy ?Lﬁ%erg RASEA;R0 on the
requi renments of a given application suc can be preterably selecfed to
achi eve substeatitdtminl tyackhe same average seek t| me as a drive using uniform

maxi nrum demand vel.ocity. For_exanple, using ~, of about 130
centineters (cm I'E‘érd‘b‘iﬁj“‘{"?‘)@ Flf%t?e@%‘e&}he&ﬁﬁ liaa sznﬂfbla%ﬁtag%@ fgm sec

(150 inches/geg) cicalh 480 g&h@%ﬂ{%ﬁd%ghﬁe AR ?yers%gso fﬁ% jime as a

drive using | ~ a uniform Vh 00 1 nc es/sec)
General |y, aparisdededahea eﬁge:tablmeésuﬂltmgem:{te beeaﬂ:laclevgdalwhbmhdme third

t rok t d Vn, , AX t
he. e mm VBROAGSY EPHTBHELEaen) da%: iR PHEVSR RS o EGRaUlI oh the. hoad

i s decel er atméo@bﬁhrﬁa: f #le eiek erram meagtymzafamheném&hm%e%ne HeRe! eration
profile 166 of FIG 3). Accordingly ) the velocity profile for each head

120 wi |l | defactuater lsllﬁ)rd‘seﬂ:EIG sicin erder mpningreize ¢l physic@D dismnBt Getvben Tie

vel oci t rofile face i tted in n.x-axis 192 indicative of
radi al %ogl t‘?%’i‘f%ﬁ%ﬁ@gé@sllﬁ ﬂé?@ph%ff k‘?g‘ir’iﬁﬁé% sigep) NeXUWRASFRSES 2Bt r acks
to go to the, ﬁaam bz tmcésnccgﬁctﬁ alclgat@n B a@;}]de%eﬁc Xi mum 25

demand vel oci t e note p0| ecel eration
porti okD 134, Wthh adJusts the amplitude range of the readback signal to a range suitable



of each individual profile begins (such as the track Xp in FIG 3) can be
made to vary with destination track |location, as desired; that,is. not only
can velocity profiles to tracks in the region R have a | ower WD‘E@%DQ%
demand velocity than velocity profiles for tracks in the region R2) bu e
velocity profiles for the 30 tracks in the region RL can also start

decel erating the head 120 at a point that is 12 ~~~ ~~ -12 farther from
“the destination track than for the ttacks in the region R2, and can
accordingly be decelerated at a reduced rate. These and ot her

consi der at i dosrenidininp@otticnspfskeiserye sircuit 190bel ow. FIGS. 7 and 8 have been

provided to bett illustrate the nner . i i e..SekV ipcuit 130
preferably utili g@? re?ﬁ%FF%g'\?trlso"cagF 9"’3’#% ﬁo;'wn%e?rgbﬁ 33&1% %‘g®t3@6%5| nni c~g
with FIG 7)138hemicH debédsianidScond vk i setvagh@at pedlies eigital inpsts @b o
progranm ng stored:in DSP rrermr%c 142 (FI G 2{ and utilized by the DSP 138

(F1G 2) durdigitpl signshprosesser (PHPY 138.1 yhe BB 138 eseixes @pprusitinirusirns200)
tati f .el ectrical hani ' : isc dri
e o B R bk Wkt TR0 RO bl e

preanp |32. ARrRRSELYRE p2eZranG@inf iseité®th DSPRheMOGMENDIAgMeliecdbc nodel  of
the operation of the plant 2006\E0ut puts estimates of head position,

vel oci ty andiriNeagon{rREprogessand4\\mpesolop leh @eegro@npeg Hspragassopmemand 208.

Bias is repr ti,ve of forces t tend ve .. ad 0 off-track,
T5 auch as iR d “4iiF sBpORE el Uneh i O BNE ghIE DGR Bpetthe 1o
rotation of ghRfdicTaallbwadifiiheMehd0150ikes hbstaBhipier theshevhs i WhitR4. Bi as
will often be position dependent. During a seek) the nunber ~f tracks to go

is inpl? on tpadisc2iryetl®Ods prayiidder 212. As di scussed above, the tracks to

go is the physic dj e 20 remai.ning in the seek and i s determned in
relation to the 31-1?‘? b%tﬂgg PERYR 8 eH e r LTt SAmBnd ﬁ@“ﬂ‘ééﬁ a£oy d;EH’Br t he

| ocation of cg&ﬁuq?%t Whadl QIplibE 8&dfent!t) thESRPNEE) théBBy Qﬁj%t'ixlxﬁe(he(?h'&il?i“ts the
appropriate demand velocity on path 214 through, for exanple, Interpolation
t echni ques -~msitionamthakeleged herde20. nThe bamk opgrati@bdethe Fhevodiifchiriéfice

bet ween the demand vel.ocit nd the timted vel Qci.t ~ s 2 t er m ned
et e T E e oantrolAT stak WD hat e Derirsd i mlvghte IIRRLS! ded to
gain blpck 218 having gain KAY to carry out an acceleration limting

functi on. The out put passes through a notch filter 220 and is summed at
sumi nb j uncti on BIZ2 3kltdwsanfamtityeohetlociy pufilengeriecAd)y dergiral atddOpat h 224

i ndi cative of current applied t he coil 3., At the sane.tinme, the

dest | nat | on Hatiet b 3B G FLond Byrat S THB Gexiat 3 BISaleR Phsifs
prediction biagkepe& oWk 8ldc 108, irterms of B mibdbeP bedirgdi& BpoaNRHNE Of bias
which is summed with the estimated bias at sunm nb junction 230. The out put

on path 232 destisathareldackt "Q"nie reaghpd.n It yilhee readil 2ayeragodehat eagh wadkdvond
A L R et LI
conpensat e f @oveOribRweds, tHerdesignsiet ethe destinagion @fack BE "track 0" is not the

same thing as, or indicative of the actual address of the track; rather, each track

is conveniently referred to as "track 0" at such time that it is identified as the

destination track during a particular seek.

25 Continuing with FIG. 3, the y-axis 154 indicates demand velocity, that is,

the target, or desired, velocity for the head 120 at various points during the seek.

FIG. 4 provides a corresponding current profile 160 indicative of current applied

to the coil 113 and plotted against an x-axis 162 indicative of tracks to go during

the seek and a y-axis indicative of current magnitude.

30 It can be seen from FIG. 3 that the velocity profiles 150 share a common



VCM 11d. The output is summed at summng junction 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-’%

adj ust the position of the selected head 120. 10 In response, m&ﬂﬂz
provi des a sense output on path 244; servo data are provided to a

denodul ati on (denod) hlock 246 and current level is provided to summ ng
‘junction 248. After denodul ation, th® servo data are linearized using

| i neari zation block 250 to give a position sanple XSA~, ~p on path 252,

whi ch is diddcereenipmcpatios U66] Wyu:jhumgtn'sovﬁt}25demmd1v&lh@t}pﬁfsvb§,jxmm traskt i mat e XE
to provide an 1 S observer error I n th;ﬁ; manner, the

OLRR on path 2$6.

oper ati on* oXot2Rd dgprsasesdp axsmangd vRlQCHY gﬁier@d_‘WSFrSnaTt}ey‘rﬁcll‘f ¥R the plant
200. The CUbfferhl 'nubfbel BP nBURTHOR ARG | Qi ARt bEail TR itfiaiSaL urat i on
conpensation and i's acco |n Iy With A saturatron nu I nput from
. path 258. Gahfkshh@zcmzmh@pmbmese aeﬁmhmmtrh@m gainnrasSIKG, andth dshie @tu:lkput is
differenced 20 with the bias sumfrompath 232. Finite respaonse filter
(FIR) Bl ockrepsesepredhvindds. Bnas Regivegiat rapk >8emé?ymtt@llméc%ﬁﬁsaﬂowrdt he not ch
filter 220, 480 m ei t her
the AR 262 Brofiftedn fadk s 55 ¥ Fh ¥ BEERKER0 foP e EORRM IR buleb R 2 110
sat ur at i on. tcAthearodi nglwtltcrmﬂcdnimnlmsomﬁ €arreht dpeepedsesied by comnremtol t he
velocity of the a Ion? seek utputting the series of

120 durin
demand vel 0B légi ngc JESHEL IR a?i‘ge‘iaﬂo?é e hsad P@“sﬁ@m%%gtpﬂ“tﬁn& e seek
and the physical dfeahd Hﬂx%uﬁx*&%nﬂﬁé%l’&éﬂ@n { sGKenel! ﬁeqw fyEges a flow
chart for an ADAPTNE SEEK routine 270 udt¥ at'i ng overa ] unctl onality
of thdOser vonugi traaki X, Ilﬁttachtdcaimnylg nljs dirie, :oebrksnalhacawm:ntameumm largor ef err ed

enbodi nents. 0 gonr @ of a seek, co 4%% g P 138 fromthe disc
drive ' BEGSERIRY 1IN ﬁ:a[? rﬁyrg{rredygeggog s thehead 370 reachies tgacke ) ¢
proceeds tox denbidkt mgénwenaa/ﬂdg&ﬁaaﬂty mﬁsi@ee%umm @nsé {Aacks and the
number of tracks to go to the destination track, step 74. Fromthis

i nfor mat i onappiked W ‘ihctsnotl dvisser 16 te dpgeinsateubrobendr129 almggthséeqclesawn | be

d, d 27 |1 ed
ook 15 excooten RE R s bed R CenyBa S0 EP LB ORI O ihen The ¢

destination traclAsxﬁuaafpfrd)&lsmtdsyd%x&ﬁe%m g}fdoﬂffbtlé‘tEsdékﬁ&@ﬁ\ttrédk@@l@sérO war r ant
a long seek, the appropriate velocity profile, including the maxi mum demand

vel ocity VMatllelfbsﬂlfﬁiﬁ@@dff(CdfrO gandte HeddXo, wER S oM Werk Liin thieeasduri ng t he
seek, step S f f e servo
cirouit 130chrana abiRabple Ko R B e dh o it Bertlof BBt o
track at stapce2@dtiamgoitioa ml)lhhnEthemdSelafauaﬁﬁortAﬁ 1ébs¢c uaskal, aheve W th
reference to FIG 6, not onli/ can _the maxi num denmand vel ocity be sel ected
based on pr oHigh eyrret of apeesifenpalatty it pERlkedite baingiths heagt 139, toeat overe
decel tio o ified 15 based
on sucty pr o ebsioeftorrabl' B URRE LRl tebir A lsP P BeltE S Bl G 7 e
actively deoeéceratdecdaktenhaadxﬁrﬁ% aéloany Béfore s deteléranoh pi3e Reingfbigeved by
shorting the coil_113, For exa FIG 9 provides a@?raphl cal
representation off % TEfEENEe ithwl f‘eﬁ%{?‘i Bt &'@rf\ﬁé"%é@c&h &d@@?w@@poheﬂ ng
active decel I ax 304, | ative of
v SBEEpHRBsCY cm.egp tfsggéekgﬂa\ﬂggg@a& flly Y@t BgLE B ty,

posi tion (tra to go) axi's I t
will be not ed "ﬂdsrigtsebkné')dﬂ}eﬂmee:ertequbﬁgﬁ ($uehraedooeratk, ¥ebhGédt y of the head
120 by 50% (i.e éfromvelomta/ , to V,) through shorting of the coil)
measured as ©REOHedERmERCTY Isaised Mhere adjustiments irRkeag-positionaiy fed fasvaxd ltonger

o2, Lot AhaRfEnfaRf theRtnt RSP A o Rt RlaAEh Ihel oM 2 i gher el ocity V=

In the prior art, the maximum demand velocity Vy,,x is generally the
same, regardless of the physical address of the destination track 0. The selected
value of Vi, depends on a number of factors, including the maximum amount

30 of current available from the coil driver 146, but generally involves a tradeoff



25 occurs in the distance fromX, to Xz). If V, represents a velocity at
whi ch contact with the associated limt stop can safely occur w thout
damage to the disc drive 100, then in another enbodi nment) seekscgcqg&
destination tracks that are farther froma limt stop than the S 2@2
to X3 can be carried out using a higher maxi mum demand velocity V~, Axz with
a conventional deceleration 30 portigp) and seeks to tracks that are within
“the distance X, to X, froma limt stop -15 can be carried out using a

| ower maxi mym demand vel gcity V~, .Aa, and egraded .decel er atj,on portion.
FIG 10 i||d‘é’-f"r’%?f‘e@g't"‘rﬂ‘%Mﬂ?%@ﬁf‘ﬁe%‘ﬂ%’%’a‘gfﬁ%’&i|°£?Fhf,“nga%eas% 'shows a
nor mal vel oGy Qf@fek!iﬁfa‘%‘éf\é?_a:ﬂ-%\e@w,\{ e Gedhcyel e irisk dfrdamapetcCiheve 312,
pl otted agai nst position x-axis 314 and 5 velocity y-axis 316. The nor nal
vel ocity pr afrivesascureselt 310 poaer test iomother Evdtrrondisionc which\avgussandaradnvert s
to decel eratipn 'tion,318. at Xc2; the reduced vel ocit rofile curve 312
uses maxi munt g)é‘f?ﬁ%«m?%&?ﬁﬁ&}“%ﬁf a%Fn%’eECSWQM lg‘etpgesaatc’é‘?é%rﬁé&i'Sr{‘rﬁtorti on 320
at Xe, .5 An aﬁﬁé?’c‘??ﬁ%ﬁﬁdiﬁqéﬁt SPRieh BN howede digtubded Bt ref&endro . hat the
normal velocity profile 310 is utilized for a majority 10 of the disc
surface and t he rEHuc®dhawd ographiqat eprdsentationvel Sm2xinumdenanddeloaiy f or

t k dj t [im t, . For. le, i nmhodi t th
e oot aciye d BE. ploffed aBioRana s ERTRIAtve fi FAG BETOSH B0k . 25
inches) in radi @bs%&ik%gnghkmcﬁ@amatdéxﬁmd%n&y% e a%r QRBLE he

remai nder of the disc Addi tional preferred eirbodi nents maintain the
maxi mum vel osdted thakitbe tegPratR la RedmicREe dlonpithghx-gxis U82 fimFI@E| § cderssriandt i on

tracks, . but select a decel eratjon profile ip.te ion t he .l ocation of
{he_deb? | nat oo RIEKIoEy ot Eroeh et Be 40g L ERLLaAReheF wedflied" o
FI'GS. 11 andri2r2 gh®R3ldreRhOWh 6 SubkidniPiivRRShO Bdface eI tRS 8RE Ab6 doof a
famly of velocity profile curves, generally denoted at reference numneral
330 and Pl ot thixds.asyahris mexelp On aeabrgangg asthn prpfepred epdiogiment; eidet he axes used

in FIG 10). The curves. 33Q, share a comon, maxi num vel oci,t,y portion 332
with a comoff RTWWV@F@@H@“‘\@Oqu lgagths,g _gqug\%q,gqajhlyhe curves 330

have a range.ffe ']g{egyent decel eration portions) bounded by a rriaxi num
(hi ghest rat e‘?] ecel eration portion 334 which begins at a distance XD2 from
the desfination 2Brdm &3&. O)it eandbeaseen ianLimtlis ewbstinreat ethe dexahemat i on

ortion 336, which begins at a distance XDL framthe destination track O.
‘Fl)'husl) f or tr‘a‘l?fﬂzlé“da‘fel?‘?ﬁqi?'-‘ﬁéfﬂtﬁo%gésbﬁa %S’w@&&“%‘ﬁ%";f“mb"ﬁ‘é}éﬁ“ ‘LZU“WII fol | ow

a decel erati Qﬁnﬁf&f(i[bﬁirﬁégﬂﬁfli{ﬂﬁﬁd Mrdatl (B ArskédHa AR VN',:,%K at ha®kand@i, acent
the limt stops, the heads 120 will follow the portion 336. For tratcks

bet ween t hesbettueen kreiand Bhehd Rie Teadaxia@n dirhdndfvsldeity ram3ms dieccsdcendit i on

profile that vl;l%l: lVSMA\Q': ;[xchrlops tthg?’ac;igln ?entt)%}: %Ai{%erre]gi%g ?ggd gg‘éases r20m SM%OOZ
20 to Vyax: across region R3. Although a generally linear relationship is shown

between Vi, x, and V,,,, other configurations are readily contemplated, such as
use of a higher order function (such as a quadratic function) to determine
intermediate values of maximum‘demand velocity.
This configuration results in an adaptive maximum demand velocity

25 depending upon the location (physical address) of the destination track. For
seeks that conclude at destination tracks in region R2 (i.e., the "middle," or
"intermediate portions” of the disc 106), the larger Vy,y, is used; conversely, the
maximum demand velocity decreases as the destination track becomes closer to
the inner or outer diameters of the disc 106.

30 In this way, seeks carried out to destination tracks adjacent the edges of



-16°"FI G 12 provides a three-dinensional surface 340 representative of a .
famly of velocity profile curves such as 330 in FIG 11. The gugf 34
is plotted against x) y and z axes 192) 194 and |96 (as used iaél ﬁf@)ﬂ?&%
before, the regions Rl, R2 and R3 divide the radius of the associated disc
106 into 5 thirds, but such is nerely illustrative of a preferred

enbodi nent and is not limting: Seelg§ are generally carried out as
“previously discussed in FIG 8) excep]t that the appropriate decel eration

file i lected in step 280 and used to decelerate the . in st
a2, 11 wi | e ae BeehoR ot ap e peRCetcd RUEHe G SeaBaRERY ey ol

and ' 10 cl gjeimRetybedRMingRRE BRADOS BF 8frAdgel tBNRY HRE Uriad 100 REAAE aOf4ET: it he
prior art: The agl ity of the disc drive 100 to adaptlveli; select the rate

of decel er atdootrohnfithelagtivatori 1 wcsus|and ithe/acstatere " faal dnduzed raking doeseek

ensures that the actuator wll contact the.linit, st { Vi ity bel ow
a safe thr eSS PEVE 89‘539 Spglgf“ff@}lﬁd%[%éelﬁf’?u)e qre?gwﬁéteﬁﬁﬁ u?%%&%?‘gég%‘r“i“ge. .
Dependi §ig ongbhie M&dbidrefRRE b @dstifatbneitkd had Rl fafiBéd @6 Bedniagegss time
can be mai ntained) or even inproved. Mreover, although it is common in the

prior art tocamdrer afiely isarciedcanit df s bighemmaxioumyeleeitie as (thase ayillthgrpere
decel eration zon bet ween t he, { nnernmos nd_out errmst,. tracks and the
E:or respondi n‘émf: i %akgﬁh‘bg?m?[WeF &%@%rﬁtcopméﬁt’?%‘ﬁ ‘g‘éﬁ}%’aﬁ?g‘? %?%ﬂder

recordi ng bagpdyrall owing tracks to be placed closer to the edges of the

disc 20 recording surface and increasing the total data storage capacity of
the drive. |n sunfithgygit the partiesianwalues/fontVyop, dnd Wieotiddetsolesreddppedt at us

and nethod for i nproving the operational perfornmance . of a djisc drive using
an adaﬁ)&i ve %?*ﬁg‘ipéﬂ‘s‘/‘r?ﬂ‘%?w Pga g&F’éé?‘ﬂHaﬁl?P'rsBF}éﬁrgﬁc Prc?fﬂgglg"isﬁ!fﬂegﬁot rack

| ocation. | r <\, t ! : j iive 100

i ncl udes a %@%’?éggﬂ%@la\é‘?é% %n?ﬁe{aﬁ%g@{%@@?g?gtéﬁ?svgﬁlfsgig?cx)ﬁfd\;\\m ch a
plurality ofmaxianis demendetlocityedF@retampleaasing oV, 1 0f siuti38upports a head

120 adj acent the tracks. The head is noved through apEI |$ati on of current
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1 ? DEC 200 z -1 s Cai s: 1. Anethod for carrying out a seek in a disc
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the seek in relation to the nunber of,tracks between the initial track and
~the destination track; (b) selecting %\ decel eration portion in relation to
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208. Bias is representative of forces that tend to move the head 120 off-track,

15 such as windage effects from the air currents established by the rotation of the
discs 106 and spring forces from the flex circuit 124, 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

20 remaining in the seek and is determined in relation to the difference between the
position of the head 120 and the location of the destination track. In response,
the profiler outputs the appropriate demand velocity on path 214 through, for
example, interpolation techniques ‘or from values stored in a look-up table. The
difference between the demand velocity and the estimated velocity V; is

25 determined using summing junction 216. This difference, velocity error, is
provided to gain block 218 having gain K,, to carry out an acceleration limiting
function. The output passes through a notch filter 220 and is summed at
summing junction 222 with an alternating current (AC) signal on path 224
indicative of current applied to the coil 113. At the same time, the destination

30 track location is provided on input path 226 to a bias prediction block 228, which



4. A disc drive, conprising: a rotatable disc with a recording surface on
which a plurality of tracks are defined; an actuator which supgpor @‘M
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seeks in accordance with preferred embodiments.

30 Upon receipt of a seek command by the DSP 138 from the disc drive
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onto the destination track at step 284 and the routine ends at 286.

As discussed above with reference to FIG. 6, not only can the maximum
demand velocity be selected based on proximity of a destination track to a limit
stop, but the deceleration portion of the velocity profile can also be modified

15 based on such proximity. It has been found that the servo circuit of FIG. 7 can
actively decelerate the head 120 at a rate faster than can be achieved by shorting
the coil 113. For example, FIG. 9 provides a graphical representation of a
shorted deceleration curve 300 and a corresponding active deceleration curve
302, plotted against an x-axis 304 indicative of position (tracks to go) and a y-
20 axis 306 indicative of head velocity.

It will be noted that the distance required to reduce the velocity of the
head 120 by 50% (i.e., from velocity V, to V,) through shorting of the coil,
measured as the distance from track X, to track X;, is about 25% longer than the
distance required to reduce the velocity from a higher velocity V, to V, (which

25 occurs in the distance from X, to X,). If V| represents a velocity at which
contact with the associated limit stop can safely occur without damage to the disc
drive 100, then in another embodiment, seeks to destination tracks that are
farther from a limit stop than the distance X, to X, can be carried out using a

higher maximum demand velocity V,,,x, With a conventional deceleration

30 portion, and seeks to tracks that are within the distance X, to X, from a limit stop
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<<?<%v= >5Tn%/cks adjacent the limit stops. For example, in one embodiment the innermost
and outermost regions R1 and R3 are only about 0.64 ¢cm (0,25 inches) in radial
width and the central region R2 extends across the remainder of the disc 106.
Additional preferred embodiments maintain the maximum velocity V¢
15 at a selected, high value for all destination tracks, but select a deceleration profile
in relation to the location of the destination track. Such embodiments are
discussed with reference to FIGS. 11 and 12.
FIG. 11 provides a two-dimensional representation of a family of velocity
profile curves, generally denoted at reference numeral 330 and plotted against x
20 and y axes 314, 316 (similar to the axes used in FIG. 10).
The curves 330 share a common maximum velocity portion 332 with a
common maximum velocity Vi, as shown. However, the curves 330 have a
range of different deceleration portions, bounded by a maximum (highest rate)
deceleration portion 334 which begins at a distance XD2 from the destination
25 track 0, and a minimum (lowest rate) deceleration portion 336, which begins at a
distance XD1 from the destination track 0. Thus,_ for tracks at mid-portions of
the discs 106, the head 120 will follow a deceleration profile as defined by the
portion 334, For tracks adjacent the limit stops, the heads 120 will follow the
portion 336. For tracks between these two locations, the heads 120 will follow a

30 deceleration profile that falls within the range between 334 and 336.
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'@ 10% ) e]erﬁt th‘at‘fjne appropnthe deceleration profile is selected in step 280 and used to
decelerate the head in step 282.

It will now be clear that the present invention, as embodied herein and

10 claimed below, presents several important advantages over the prior art. The
ability of the disc drive 100 to adaptively select the rate of deceleration and the
maximum velocity of the head‘ 120 during a seek ensures that the actuator will
contact the limit stops at a velocity below a safe threshold level, reducing the risk
of damage to the disc drive. Depending on the requirements of a given

15 application, seek access time can be maintained, or even improved. Moreover,
although it is common in the prior art to narrow the recording band to increase
the distance (deceleration zone) between the innermost and outermost tracks and
the corresponding limit stops, the present invention accommodates a wider
recording band, allowing tracks to be placed closer to the edges of the disc

20 recording surface and increasing the total data storage capacity of the drive.

In summary, the present invention is directed to an apparatus and method
for improving the operational performance of a disc drive using an adaptive
velocity profile selected in relatior‘l to destination track location.

In accordance with preferred embodiments, a disc drive 100 includes a

25 rotatable disc 106 with a recording surface on which a plurality of tracks are
defined and an actuator 110 which supports a head 120 adjacent the tracks. The
head is moved through application of current to a coil 113 of an actuator motor
114.

A servo circuit 130 performs a seek operation to move the head from an

LS )
S

initial track to a destination track by accelerating and maintaining the head at a
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maximum velocity and then decelerating the head to the destination track in
accordance with a velocity profile 150, 310, 312. The servo circuit adaptively
selects the velocity profile 150, 190, 330, 340 in relation to the physical location
of the destination track on the disc to minimize damage to the disc drive should
control of the actuator be lost and the actuator come into contact with a latch/stop
122 designed to limit the radial excursion of the head. Such adaptation can
include selection of an appropriate deceleration portion 166, 318, 320, 334, 336
and selection of an appropriate maximum velocity 180, 310, 312.

For purposes of the appended claims, consistent with the foregoing
discussion the phrases "deceleration portion" and "deceleration trajectory” will
be defined as the desired trajectory of the head as the head is decelerated from a
maximum velocity to reach a bosition adjacent the destination track. Description
of a seek wherein a head accelerates to a maximum velocity and then decelerates
along a deceleration profile will be understood to describe operation such as
illustrated by the long seek of FIG. 3 which begins at track X; and makes full use
of the entire deceleration profile, but will not be read to encompass a short seek
where the head does not reach the maximum velocity and coasts, such as the
other seek of FIG. 3 which begins at track X, and only uses a portion of the
deceleration profile. The term "circuit" 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.

It will be clear that the present invention is well adapted to carry out the
objects and attain the ends and ad{/antages 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 invention disclosed and as defined in the appended claims.
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‘ from an initial track to a destination track on a corresponding disc in accordance
with a velociiy profile having a maximum velocity and a deceleration portion, the
5 method comprising steps of:
(a) identifying a physical location of the destination track and a length of
the seek in relation to the number of tracks between the initial
track and the destination track;
(b) selecting a deceleration portion in relation to the physical location of
10 the destination track, wherein for a given seek length, the
deceleration portion associated with a destination track proximate a
selected one of an innermost or outermost diameter of the disc
provides a decreased rate of change of velocity as compared to a
rate of change of velocity of a deceleration portion associated with
15 a destination track proximate an intermediate portion of the disc;
(c) applying current to an actuator coil to accelerate the head to a
maximum velocity; and
(d) subsequently applying current to the actuator coil to decelerate the
head from the maximum velocity in relation to the selected

20 deceleration portion.

2. The method of claim 1, further comprising a step of:
(e) selecting the maximum velocity of the head during the seek in relation
to the physical location of the destination track, wherein for a
given seek length, the maximum velocity associated with a
25 destination track proximate a selected one of the innermost or
outermost diameter of the disc has a reduced magnitude as
compared to a magnitude of a maximum velocity associated with a

destination track proximate the intermediate portion of the disc,
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5 hmlt stop used to limit radial excursion of the head.

4. A disc drive, comprising:
a rotatable disc with a recording surface on which a plurality of tracks are
defined;
an actuator which supports a head adjacent the tracks;
10 an actuator motor, coupled to the actuator, which moves the heads across
the recording sﬁrface, the actuator motor comprising a coil; and
a servo circuit, operably coupled to the head and the coil, which applies
current to the coil to perform a seek operation wherein the head is
moved from an initial track to a destination track by accelerating
15 the head to a maximum velocity and decelerating the head to the
destination track, wherein the servo circuit decelerates the head at
a reduced rate of change in velocity for tracks adjacent innermost
and outermost diameters of the disc as compared to tracks at an

intermediate portion of the disc.

20 5. The disc drive of claim 4, wherein the servo circuit further selects
the maximum velocity in relation to the physical location of the destination track

on the disc.

6. The disc drive of claim 5, further comprising a limit stop which

limits extension of the heads across the recording surface by contact with a

19
h

corresponding feature of the actuator, wherein the maximum velocity is selected
to reduce damage to the disc drive as a result of contact between the limit stop

and the actuator.
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8. The disc drive of claim 7, wherein the reduced value of maximum
velocity is selected for innermost tracks in the first region and for outermost
10 tracks in the third region, respectively, and wherein the values of maximum

velocity for remaining tracks in the first and third regions are selected by

interpolating between the greater and reduced values.



