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APPARATUS FOR DYNAM CALLY ADJUSTI NG SEEK OPERATI ONS FI ELD OF THE |

5 The present invention relates to disc drive data storage systens. Mre
specifically, the present invention relates to nethods and apparatus for
per form ng a“ﬁ)eo%%]éni‘ a disc drive data storage system BACKEROGINR: &6 THE

| NVENTI ON A disc drive data storage systemincludes a data storage disc
provi ding a disc surface that has concentric data tracks, a data head that
can read/wite to th [ r.f.ac a t r [ rts the data
head above the disc @g@mm% g@aﬁuﬁ@%@§¥%vemnt of
the data head. In dDYQNANMNEALRY AHSSTIMGISEER ORERZTIONSBovVerent of
the >, data head relative to the disc surface fromthe end of one

read/ wite on the disc surface 568 '??QI'N zﬁo he next read/wite on
t he di sc surface, but not incl um—n'gj'ﬁ{:re—a'crua‘i‘p&\"rea@i ng/witing. The access

time is made sip of t ithetprasene oivenn@niekitessteeksd diee amd stabgneystdmsre. The
seek time conponent is the tinme taken to travel fromthe track on which 20

one read/ wite ctiPptereedicely thepieset K ERGRTeAtes fe rdhed a8/ writ e begi ns
The second tine , I i i time the

di sc drive spendgj }M%P?%%eyr&?ﬁ]@tag%%ﬁ%Fg’?g%g%ﬂzg&% (g)ggfa(%e%{%@ﬁ]hder t he head
after the head has arrived RACTKSROUMNKOHFTHBISVENIEQMXt read/ wite

begins. The rotational ,|atency tinme can be a ?i(genif' cant ar(%, 2s of the
access time for all bAufhsfﬂé‘vFéiﬁﬁe%‘Fa&ee‘é’lﬁ?.mVF‘f SRS st Sconponent  of
the access tigre ;%x%"vicfiﬁé aliov8liYa&1Rhf has BB R ntdd HAACRE, A atR hbadflie drive
data storage systens, ctcommands sent by a host conputer are executed in an
opti mum or der t ocamiraadyivsteliotthe disd$wafaceand mardctwftor whidetupploetathand al so
rotational |atengy. ~ ~ S Zoo3 00/ 22 -2 PCT/US99/ 23581 In
spite of the adv‘i%? Q@ae%al?j)é’feﬁg?jgﬁg/“ﬂ&‘? Vﬁﬁ‘ef‘ﬁg}éf@éﬂﬁt%rncab’?escommnds,

| ack of control Q¥esmihiesadan hefg commands and the tine between conmmands
arriving fromthe host conputer inposes limtations in the optim zation
techni ques. Thus, si gnidiscclaives roratesorral bel defimed\asshé hovemext efthei n current

t . A t] . t ypi cal mbi nat i f i.d t of
The. actuat or 1 hattRbvsL I a e R et Fab eer Pl e de MBrfelied oy a

wai t period for thbe:isappragtoahebsiatang of Geiextiday wiite onehed diskRapi d novenent
of the actuator causes Fr oblens in the disc drive data_storage to systens
such as i ncr easedrigFdPat nefinclydingtbe axud readipgy wrgac dlgt 368ss Hgh power
consunption, an ral j S r mechani cs.
The present i nvgﬁﬁ%@% u%rcg# eds%%&?(o‘f%ﬁ%hétefé%?ﬁgé%a gaﬁ%tt e?’ glb%)bl ens, and
of f ers advant ageselotigre cohgpopenias tiertimd Gk SUMBRYelGForilike trNENT IWANIThe

pr esent invegti on re!gaa} es to disc dr'éve at a t,a}r&]gﬁe s%/ste whi ch reduce
vibrations, #cou¥ti'€ M?&P”}P&%togf M BT B Jifte ’fe_r"i‘é1 &48Fng access
times. In accor d&%i—‘r{% Wht Be2RA tﬁﬁ@&%ﬁ@?\%n Qfmefr&%ti%ﬁslﬁﬁhcy BKRNI AR, a 20
seek nethod of controlling an actuator to nove a data head includes

det ermi ni ng a f itims¢ theglist driveadpepdsiviiting fonthe eppoopliiatg date & nogtat i onal
position of the data_head ent}e ek will art and determ ning a second
rotational positt rgl?rekfeégﬁ hihs ef"iﬁﬁs?él_tVS?iag qt_rﬁcg%?rf‘("g‘h&o e1"ﬁ§tgdata head
at a destinati onegd/whe tegals. TAE rGEGEHS 1dté® tirR8dh BF a4t gertt he data

head fromfor the first rotational position on a current track to
25 of the access time for all but the Iongest seeks. Itis the dominant

component of the access time for relatively short seeks. In some prior art
disc drive data storage systems, commands sent by a host computer are
executed in an optimum order to minimize both radial movement of the

data head and also rotational latency.
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the second rotational position on a destination track, using a fa%tksFEcB 2003
multiple seek profiles, is determ ned. Subsequently, a slower or sl owest
1'r F EB Z003 WD 00/22614 PCTNS99/ 23581 -3 of the multiple seek profiles
whi ch can be used to nove the data head fromthe current track to the
destination ¢ gekesW thin the determ ned access tine, is dgim@aisgymesl. The
sl ower seek profile can be the slowest of the multiple seek profiles which
can nove the data head within the s access tinme. The actuator is then
control l ed by using the determ ned sl ower ,or slowest of the nmultiple seek
profiles to nove the data head fromthe clrrent track to the destination
track. These and various other features as well as advantages which
characterize the pres@npiteyend adantdgdeb ghiged ppdpeintizing@Re &eagtidigofof the t o
followi ng detailed description and review of the associ ated draw ngs. BRI EF
DESCRI PTI ON OF THEDRAN. AR ¢fjcentrol perdheppmbey plpnymanfisandshe Bmgi sc dri ve
data storage -sys r i | 1 he.. sent
nventi on B G 2 e B e R B e s ek
~ 5 operation i nnabeoptatzaion tebhiiijeespThse vignifinaantitationaFlatncBstib a
sinmplified diagramof a disc surface showng a first rotational position
and a second 1ot BEFHHAIWEIYISYPSMSfor the seek. FIG 4 is a sinplified
diagram of a disc surlaee dierbfsh dibhbilh/d flitohadobe BB homu! h each
radi al section constituting a phase i 0’accordance W th a nore particul ar
enbodi nent of t hef thawenbiconhatth@®es3he slata Hehded thili deyiradtatk fdllewestdyod of
determning a fi rst.rot.ation%l osition for the s‘te{;a#< in acgordance with a
ler f)

more particul ar eWBEERCRRATOLIeARPrapriate data threme eag. Rapid group of
graphi cal repr esgBlahlAst O QWL RELRS pAsBlerds iﬂme%gé&imt@&e;ﬁlfgr ation
patterns for a velocity demand profile. 1 ~r F EB 2003 W 00/ 22614
PCT/ US99/ 23581 FiySten® dushas imaeqgsedvigpatiphiandhcreesr efsanitted eansticsor r espondi ng
to the graphical .rﬁpresentati ons of gl G 6,w th }ghe velfoci t% gemand profile
al tered accordi nYBEFOYF PO Ry and geecraly phighey shes fBftop AR cal
representati ons geriesRergiiag to 5 the graphical representations of FIG 7
with the velocity demand profile further altered by limting the initial
accel eration phase tdheguewat ivensehesovifess sgutign o thesggndodther aphi cal
representations spondi to,. th raphi.cal .representations of FIG 6
wi th the vel oci t%clrgé{eeﬁnl@shgn%Pg?fslaéjvtaS%ﬁ g‘lrpeédﬁg eor r|tng to a second net hod.

15 SUMMARY OF THE INVENTION

The present invention relates to disc drive data storage
systems which reduce vibrations, acoustics and/or power consumption
without increasing access times.

In accordance with one embodiment of the present invention, a
20 seek method of controlling an actuator to move a data head includes
determining a first rotational position corresponding to a rotational
position of the data head when the seek will start and determining a
second rotational position corresponding to a rotational position of the
data head at a destination of the seek. An access time required to move
25 the data head from for the first rotational position on a current track to
the second rotational position on a destination track, using a fastest of

multiple seek profiles, is determined. Subsequently, a slower or slowest



DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS An il lustrative éhfofinBnZ003
of a disc drive data storage systemthat perforns a seek in accordance with
the present invention, is showmn in FIG 1. Disc drive data storage system

100 includes seek controller 15 120, servo controller 130, actuator notor

140, actuator 150, data head 160, disc 170 and spindle 180. Disc drive data

st orage systWeh0ae®14 s coupled to a host conputer 110 that KEiE e85 ands

111 to seek controller 120. Seek controller 120 optim zes the “seek

operations corresponding to these conmands. The seek controller 120
accordingly sends seek 20 inplenmentation rthstructions 121 to servo

controller 130. Velocity and accel eration control instructions 131 are in

turn sent by servq controller 130 .t0 actuator notor 140. Actuator 150 is
moved 1 n di1fer erft 167 FRLTPISREcoRf PSR oH RN COdT SEd 70 by

means of actuat org JRtRE clrdfnt MRUNE I ddtifgtid RadiOhRhESthe PRI mate@Xi S Of
spindle 180 which is driven by 25 a notor (not shown). Data head 160 that
i s supported by actesatione, ibdetermaided dahaslbwenseekgtrafile wan betheghtveest of t he di sc
surface in accor drlnce .~ 4 F Ef Z003, WO 00l 2%%14 tPﬁTﬁ% 23t 81 -5 with
the command assodMafEHURISSe REPIISEYRICD son Bieak Tipdataprashvit frent ed by the
actuator notors ang-&y tizhe mﬂcﬁﬁh'téﬁ!i&en&%ﬂkroﬁ@cﬂ‘b?%ihg'fhelc?&eﬁqﬂﬂeéer vo
controller 130 can each be inplenented by separate m croprocessors or
digital signal prsboegsurstiowent obtheanulsipiosepk profdeutdadoverthe Hetadwnad

m cr opr ocessor ore di g' taIr sitq,gals( t(?{hoc esgort.o %grc\go controller 130 functions
in conformance wi tH" ST HFOCE T Ol S eCENVES ¥9%m seek control ler 120. In
enbodi ments of the i nygeéd HHH vaRRK otRRttEMiteBlas Wl BB tAgHsAF B | ON t hat
includes a rotational position of data head 160 when the access will start
and a rotational cpeesicteriza the present iheadionsille apparest kpen fegdingfofithe access
1l ustrates ot armiRa B Rt irdon Aoty 8ot SORRRl e e coek
portion of the access is JdesUEFE3dRPOION-OBTRETRAWIGGE0 FI G 2, bl ock
diagram 400 illustrates_a nethod of inplenenting seek operations for an
access in accordance WeH BRsppkdeddiagrameaf # gisc driye dpiagiaragt vEtea® bl ock
410, the nethod ipgl t 1. L st o i ition
correspondi ng totgﬁr%?gci%fngﬁaaﬁg%qoﬁcggg%ng &gattaghgeg%g?%%en\%ﬁgn t he access
wll start. As ill ustFabetlisatbl@dk dbdgprak d28¢ mdtkodretihgpleradrgmg the beadkes
determ ning a second rotati onagla{éosj tion corresvﬁondi ng to a rotational

posi tion of détaoﬁé%?dloi‘éﬁ 280 Sy S RIASOY ITEBGR cess. As illustrated at
bl ock 430, an access k@& irsfaq;fhﬁm@le&&agmﬁoﬂ@aﬁcB@ﬁ&te%ﬁé)wfrrgomi;sbe first
rotational position on the initial or current track to the second
rotational posit irotationakpusitk atela seqand ootatioral posisionéprahe seskest of nultiple

seek profiles is detergined. As sho at bl ock. 440, a sl. r .or slowest of
the nultiple seek pr oFﬁ'e%‘sﬁﬁf%ﬂﬁég%%ﬁﬁrﬂgda ?5Cﬁ%<§%ce£‘f1§g§én§8 160 fromthe
current track tonklléiple radtal bedtioBs 2QBea¥¥r&0h1%26tch RatEEA9A 3 Ha8din 6
destination track, wthin the determ ned access tine, is then determ ned.
I'n sone enbodPmenteprdance|wikkstmere pericuiar embadimentetf the BVEREN-whi ch can be
used to nove the data i O N i j : ' However, m
ot her enbodi nent s, seglﬁgﬁggbﬁggwﬁgﬁxﬁﬁggg%ﬁ?ﬂ%ﬁ%@%ggqﬁg%essari |y
the sl owest, arerotatidnalfpositidryfontheisebiuiii dcabrldned withaakoréFartihutar nmet hod

i ncludes controlling actuator 150 using the determ ned slower or slowest of
the nultiple seeRMMoGiMpRIOftEe REsentdaYentitllad 160 to i npl enent tile access
fromthe first rotati lc spQSLL I Ak dl . ; cond
rotational position ogﬂ?ﬁselgg?éétn:'llﬁgﬁté}gﬁﬁ{e%agg%&%@ag%%% S V%‘%tpgﬁéﬁg‘zo i ncl ude
t he determ nabi onelkity ahdtacberhtipropattdras forcf veladity deemad I56fihen t he access
will start and at a destination of the access. Referring to FIG 3, a

begi nning rotational position 171 and an ending rotational position 172 of
data associated with a first command, and a begi nning rotational position
173 and an ending is rotational position 174 of data associated with a
second command are shown. I.nplenmentation of the second command is the
target of the access operation. In sone enbodinents, a rotational position
sorting feature of seek controller 120 maintains the destination position
of data head 160, which zo is the beginning rotational position 174.of the
second command. The :




information for block 420 is therefore determ ned fromthe rot ati-o‘hél FEB 2003
position sorting feature. Wen servicing queued comrands within controller
120, the rotational position sorting feature of seek controller 120 can

al so identify the ending position of data head 160 for the first 2s
command. Gengs glhys the ending position of the currently epcamuds/mgsicomand
(first command) 1s known and the drive will start its access .1 ~4 F EB
2003 WO 0012261a PCT/ US99/ 23581 -7_ operation for the next command (second
command) when the current comrmand (first gpm‘rand) conpl etes. Wien host
conputer 110 issues commands 111 individually in a "single-threaded" node,
wi th individual conmands being received from5 the host system 110
substanti al | y separ at BI¢.I7dsn gealp of digphicsl @epreSaititiodlslcofred@éhdiagntdise
different nmethods to determne the position of actuator 150 to provide

i nfor mati on r equithegrapicabrepessentatonopiddGnamithdhe velaritpfewrad PEfERst ance in
determ ning the i t&; 0 in a non-queued (single-thread)
envi ronnent . Oneg?g%gn#%@iqgg%fagFgfﬂgthﬁgsc hardware to provide a readabl e
regi ster that indicatEE.Bleagusupesttgraphied]ireprabenpaainkicorregfordah@tchead 160.
Anot her net hod of det eFfm' Qj&eng&the .posi tign of data head |60 i n accordance
with the invedti 8t graPRic3EePEEsaRiaionsRf G rdirvith thteelpeiiedemanrd PpAfdges under

data head 160 on r : | j 9 a disc
surface 175 whic (t:lgér? %{g%ﬁﬂyggn}g&t 8“?2?:}%?&%%@2%55%5%@%%& ons (for '
illustrative purpasssics.only sections 170-1,170-2,170-3, 170-4, 170-5, 170-6,
170-7 and 170-8 are sh ).. An index r%rli 176 can_ be 8ositi9%§£ al ong a
first end of radial Né@g@‘%ﬁ&ﬁﬁ? SRR YR ITRT L MABORE COPEHMEMNE T or i ndex

mark T76 are al S%&@ﬁéhkhﬁegl;és@mhh&%afmdeé%mtné Mod8, &rahd P%ﬁléOt ati onal

position (step 410 of FIG of data head 160 using disc surtace |75 with

wedge- shaped 18ectlitered aceordagdpialsechbrisehethodFI G 5 is a bl ock di agram 500 of

a met hod of determﬁﬁ]gjt fEbEZi{tLIEfI& ublafﬁﬂ@@\%fﬁgi@fEVLﬁéD&E Ek when a

disc surface divideg—fthto arttpret etproyed—tEach of the
nul tiple radial secti gRSIZRra€i08 Siribblinnt 3f 2 BRUEve Ahtd H6rafleSosteAS
illustrated at block 510, the nethod includes recording afifst tinme at

whi ch i ndex mar kthergedarmas 8 eeekiin peroedares witlsthepeesent inyepties sssshaner  dat a
head 160. At bl ock , :he t (ol ~ 2003 001,22614 $

PCT/ US99/ 23581 i %c Ig%g's [}rl%cdcﬁ% nagggoéaéggﬁ%feﬂﬁrgg Hécgucger? SI\EAéI(’I%S %rhtfé\p/‘\eﬁen a next
command, cor nespullsag otcontrbiterdGo s tuatsr hetor Nd, atAatoed 50, dats el va from ;
t he host system The_step shown at bl ock 530 includes determ ning a ,
di fference bet wedHc tfdarg FRIPAIIAR Rivg drive detrcdrrase srdemAPOpt qeiplSho, the
method s incl udeg, gy dbRguld 016 ki SLRACE i HIPWIsdel TBpEBALi 180 Tor (he
data head to traverse one phase of the disc surface at a known rotational
speed in order t%eattaoatmilesl?8 optimiesrstthp ke petivas pomekipogding tohtbedd r st
rotational position. Recarding th ir time and the second tine according
to bl ocks 510 an%?r%’i'@ng%gfqeﬁ'@%ﬁfé‘%tohﬁr%@c ‘?q%ér‘g_g%?‘?ﬂdce?é’eé‘outi ne that takes a
tinme stanp wof h HeSieiént@nqRsthteioRs BAMoQErRQoRiENASIBOONERcitPag®! UtiON s

to enploy a single tiner to record tines associated with bl ocks 510 and 520
acceleration control instructions 131 are in turn sent by servo controller

130 to actuator motor 140. Actuator 150 is moved in different directions

over the surface of magnetic disc 170 by means of actuator motor 140.

Magmnetic disc 170 rotates about an axis of spindle 180 which is driven by
25  a motor (not shown). Data head 160 that is supported by actuator 150

reads data from and /or writes data to the disc surface in accordance



whose difference is thereafter determ ned as indicated in block 5301.' EEEB 2003
first rotational position is then determned in accordance with bl ock 540.

15 A rotational position calculation is shown below in Equation 1. current
phase = (current tinme - index-tinme)/ phase tinme Equation 1 where, zo
current-phase = the phase of the first rotational position; current tine -

a second ti MYOWBRYWM occurs at an i nstant when the next conR@HESY23581
corresponding to the access; is received fromthe host system index tine -
the first time which is the tine at which the 2s index mark nost recently
passes under the data head; and 14 F E-B 2003 WO 001 22614 -9

PCTI US99/ 23581 phase tinme - a known tinme required for the data head to

traverse one phase. re than one tiper can be use to inplenent the above
cal cul ation of " ¥yt ﬁforﬁﬁﬁg'a?soﬁﬁtgg‘gﬁﬁlt@ HHigedseek PEBH nat i on 5 of

two timers T5 an%%lt@mem%r fh ABfuath? rﬁo'itmaar{HTll)Gyl IReoARGbikisTer that counts up

and waps at a cou of 65536, while tiner has a resolution of 160

nanoseconds and countSekowmyolardppandseato eordoaller 180 c&2&648h bEhe r ot at i onal

position determ ni@g aI% rithm usi t hese two ?.mars.is shown in the
r,nea 1

in
fol | owi ng pseudot® by STPPIEHT TIRIRE St B & @bt SIERANBYC TSP GO he

rel ationshi p showh 15 Bi@kid@a i thel sarrlel MRprbéddBarl dridigiallsighal T6) then
relative tinme = ((tinme T5 - index_time nms) * 1000) + %(ln ex_time_tick -
time T6) * 160)/ pO@esseb SErveconglolier 128 funaens i ¢arifpemaace-withhdex _time _ns) *
1000) ((tine T6 - i dexT.éi me tick *1%0%?/ é_OﬂO current _phase = rel ative
timel/ phase_tinme BEGUHETBR O GHEFHIOPREST WRER IR i s passed by the data head

at the region of the jdiesfbodlithbsf R\ i8VeEEn! eRSoRBBAS 120 A8 Where: tine
T5 = the second tine indicated by timer T5, which 25 is recorded at an

i nstant when a nixermsionghet incdudess patiimbpesitiemef detedwed 16Gwher tlieved from
the host syStem . .od i FrFafls 208110 90624544 BT 59%45 3951 - 10

destination of the access to determine an optimum seek profile for the
seek operation. A method that illustrates obtaining and using this
information to implement the seek portion of the access is described
below.

15 Referring to FIG. 2, block diagram 400 illustrates a method of
implementing seek operations for an access in accordance with the
present invention. As illustrated at block 410, the method includes
determining a first rotational position corresponding to a rotational
position of data head 160 when the access will start. As illustrated at

20  block 420, the method also includes determining a second rotational
position corresponding to a rotatiorial position of data head 160 at a
destination of the access. As illustrated at block 430, an access time
required to move data head 160 from the first rotational position on the

- initial or current track to the second rotational position on the

25 destination track using a fastest of multiple seek profiles is determined.

As shown at block 440, a slower or slowest of the multiple seek profiles

which can be used to move data head 160 from the current track to the



50 ~5 20 25 index_time nms= the first tine recorded by tinmer T5 i,cFEBtﬁQQa
time at which the index mark nostrecently passes under the data head;tine

T6- the second tine indicated by tinmer T6 whichis recorded at an instant

when a next conmand, corresponding to the access, isreceived fromthe host
system i ndeyddh%di c= the first tine, recorded by tinmer perushiessiisthe

time at which the 1ndex mark nostrecently passes under the data head;
relative time- time difference between the first tine and thesecond tine

cal cul ated using a conbinationof readingsgof tiners TS5 and T6; phase_tinme= a
known time required for the data head totraverse one phase;

andcurrent _phase= the first rotational position. As indicated above,

i nst ead of neasudestgration tank, withim tha delendaedtacems vinid) issthen dgleemimedr osecond
timer, current th_hrre and hn lex time neasugﬁgrrents re de,lfg% bot h
mllisecond and HhFREREEBRAIIISRET & slomest pthaimyEPisrsegl PROHIRRWBICh CARr s are
converted into NherQMBEMES thiRfatd ARG WihihaRohdkLoRRfs Adterdtinbd i second
timer will result Iinthis tinmer not recording mcroseconds that have

el apsed bet ween koeeessivether kinbodovents sedhpsélasivesichgraslowes bcomds can be

icked up with the hel, f the readi ng, of. the nanosecond .ti The
Iroeadi ngspof t e H%Fﬁﬁsé‘?élgyoﬁﬁ Siqvﬁ‘ésrt’ YF LS n%@f*péas SFFiaEerdc?sté)iQfgg‘éo'éhﬁ t he
M ssing m cr oseceRepANEudddesht QihP Stk SF Wﬁ@tl@&@té@\iﬁ@& sielvet BE 1 ~r

F E B ~O WD 001 22614 PCT/ US99123581 -11 mllisecond tinmer readings. The
di fference bet wegpwest|cd thammuéiple seqlepmfites tmoexe datreherainl 60ie freplemenbe
obtained with theg use of t timers wth differept resol uti . Referring
back Lo FIG 2. DRdciers o firbraiorshesiort ot bt s fBas o
determning a figgbnd ggtaﬁd,,qyp@;osmidﬂtﬁ@dminaggﬁmapa_ce with block 410 and a
second rotational position in accordance with bl ock 420 provides the
necessary i nfior mat i orPlecks 440 ead #e induste the deteeminationsftjotationsi ng til e
fastest of multiple.see il i.n accordance.w.th bl.ock 430. .Details of
determ ning the Jésgtééng({fid%%aolréérageggmn}éﬁnnte a%céefsowlwsltﬁg aﬁ‘ﬁiya(séflé‘gefhncﬁhpf‘ erence
(or the associ atéfthé heveys. Taifavehiy tbﬂEGfi,ra?degfr@ﬁrﬂiﬁd?ﬁlt@éna@gﬁi;iﬁbﬁ)ml(ab{dmk 410
of FIG 2) and the second rotational position (Ob_l ock 420 of FIG 2)
constitutes a phas¥dng repdoral Posiiondifd sbdatp proriatedwithandisht es directly to
access tinme. |If e L, e disc to
rotate the phase&ﬁgﬁ'gﬁgé t éﬁhfﬁgﬁgé{‘}g tggl lS“???n%ﬁ?sa&t g¥ hase

di fference mujtikatechabyoditien thet dad agsbeieteriegjth a 8ecdnol donawardsa&eone phase
at a known speed. If the seek cann ?ﬂ conplete within this tinqe, then the
access Lime |s i SOPEaLBRCRERNTIGHS P SByne Remmand Sao Bratteiti th one or
nore additional gi&gopeMabHtions needed for the seek to conplete.
Cenerally, the seek tine can be characterized by the 20 foll ow ng equati on.
Equation 3 Access ti hesom¢ghdbodimefifser migional poriien spney featiranfisesk of

revolutions * revol ut.i time) 25 t.ernm nation.of agce i by usin
T astest of muRsPLeCEo il SR hERTRA8) hoRuSh of AadiRgd ded et o' "
further detepim natheBegtrih®Y®StiohdlpRitiond 194 oreie)se@ind fonfhd| Phe seek
profiles for the determned 1 ~ FEB 2003 WO 00/22614 PCT/13S99/23581 -12
access tine in adefsmataeéonbleek H2iskneraore detprrpiaed deusmphg statipnBly using a
sub-routine inpl e i § hi o] I - " i f .ence()", that
takes as i npu'[n; }?@%osgfm\é%aa r%éw,p Agg‘éilé%%?g?%&ngéé&%‘ggg{é_ I s'génce",
"seek_profile", cntolléEhoo] theirotsionabpdsittorvadt fiddieatyread gedki ohavherce i s the
difference between the first rotatignal pgsition and the second rotational

position (does nigf cpmeisnentiiy thy fAsERg BrsineRy of datp Sgad BeY frdhe 1%k t wo :
positions). e i i e 1St (o) i ce between

t he cyIinderIﬂoé*??%%9%$3§ﬁ§§¥ﬂﬁ§%g&%ﬁé ?%ﬁ§ﬁ°g§§¥##%§“ ﬁ%£§ﬁ§@bylinder
position of the oatoard (fivstrcoiranandiels kpowntandnhe diiee will istapt ies ®eesk_profil e
represents which of nultiple seek profiles are being used by controller 120
to inplenent the seek during the access. For exanple, in an enbodi nent
havi ng four different possible seek profiles, the seek profile val ues "FAST
SEEK", "SLOW SEEK", "SLOWER SEEK", AND "SLOWNEST SEEK" represent, 15 from
fastest to slowest, the four seek profiles. Any nunber of seek profiles can
be used. Finally, the variable revolutions represents the



nunber of revol utions necessary to performthe access. The check 9 I'c!:ErB 2003
difference() routine conputes whether or not the seek, having a speed o
"seek _profile" and a distance of "seek distance", can 20 conplete in the
time corresponding to "phase_difference"” and "revolutions”". A FAIL value to
the sub-routinz check difference() is returned if the seek, ghisgonpl et e
in the speci¥?&¥* e Code to deternine the number of revo utions is shown
bel ow. 25 Establish how many revolutions are required with the fastest seek
profile using the follow ng do | oop: 1 ~4 F EB 2n03 WO 00l 22614 -13
revolutions = 0; do PCT/US99I 23581 if ((st7at us = check_di fference(phase

di fference, seek _distance, FAST SEEK, revolutions)) = FAIL) 5
revolutions++, wibbe oaleaf R et Ebhdohnd RREGIITLANABRLDERBHBRSL AL,

revol utions requifed to nove bet ween o the tirst rotationa position on the
current or initi abmimack(fasttontrarscomglated ati onal position on the
destination track usi ng the fastest seek profile ipvolves first setting the

nunber of revol utions ost goppREST 1Hhissyes semmRandsdd k i Y iERIBhEe i s t hen
repeat edly perf orgedus) e, s L iRgvi ARPH LS mmands BEnBhass dif S grence
(phase_differ enceg%glee?%%énrﬁgjﬁed i&%l'f rorhﬂtglhé first rotat iglcr)‘%al pc?gi Hrgn and
t he second r ot at tlonbdst ppsemi1d6;suBytatiadiyekpatiast aooecath edher,dest ance)

corresponding to the current (initjal) track and the destination track; 3)
the fastest of nﬁ?@%‘feé 12fgn H?Po?ﬁfﬁe@tmg sdpEiefermipG g PPN Rfinber  of

revol utions (revg&ﬂ&%l&ﬁsbtbﬁgéméﬂ@ofmamntrb iréd Fdrdlock@i® Bakue. The nunber
of revolutions are increnented 20 by one after each repetition of the

routi ne. The rouhanbvaretcanpsoddPASStarsedn deterimgning tiieposiforradataut i ons, and

the repetition term es if the tinme (a, ti conput ed sed upon .a time
equi val ent of t hEePhAbng Prsriari GaabRNE Sl ooT NG CAERT e, nunber
of revolutiong fgirthe BRIctHabdvAFe tolRbRHE QRefabld R pisBdithNtGhdicedi@at er than
or equal to a tinme 25 conputed using the fastest seek profile (FAST SEEK)

and a previ ousl ycetrentagtatginabpesitioreoldadk heddbibhce (seek_di st ance),

ot herwi se a FAIL val ug i ~ ~ F ~Q~~r 00! Zz2614 .,PCT/ U 23581 -14
is returned, the nunbg\PogFrPée\;%?%ﬁ%er%%”?lﬂén tﬁﬁoéﬁ)nﬁﬁgagéga?zgqﬁnne is

repeated. After gdeloetdAdaivith thannerndgrutdizes 8 idcuhdONSaks MG ikdeg f ast est
seek profile, a slowest of nultiple seek profiles (SLONEST SEEK) which s
can be used to nB\AekPResesandehdad headheQ once pgr Farmiutiongeikhe disenddést i nat i on

ok L ek sk SUBAEERARE, skl LS plog oHHIE
deternine the sl aweishs foeklustrative pugmseesnlyiseetortny170He170-2, 170-3, 170-4,
170-5,170-6, 170-7 and 170-8 are shown). An index mark 176 can be
positioned along a first end of radial wedge shaped section 170-1. Other
positions for index mark 176 are also possible. A method of determining
20  the first rotational position (step 410 of FIG. 2) of data head 160 using
aisc surface 175 with wedge-shaped sections is described below.

FIG. 5 is a block diagram 500 of a method of determining the first
rotational position for the seek when a disc surface divided into multiple
radial sections is employed. Each of the multiple radial sections

25  constitutes a “phase” of the disc. As illustrated at block 510, the method

includes recording a first time at which index mark 176 on disc surface

175 most recently passes under data head 160. At block 520, the method



followi ng code. to Check if a slower seek will conplete in tine, 1|Hf FEB03
needs to occur once per slow seek node: if (check

di fference(phase_difference, seek _distance, SLONEST SEEK, is revol utions)

= PASS) then use SLONEST SEEK else if (check _difference(phase_difference,

seek_di stance, SLOMER SEEK, revol utions) _= PASS) 20 use SEMER/SERK el se
e

if (check di¥ (phase_di fference, seek _distanCe, SLOW SEEK,

revol utions) = PASS) use SLOW SEEK 25 el se use FAST SEEK ~ ~ F E B 2003
WO 001 22614 -15 PCTNS99123581 Successive yal ues of seek profile can be used
above until an appropriate seek profile IS determ ned. Slow seek profiles

may be approximated with a |inear approximation fir the entire cylinder
range. Tabl es orinfiRE rdfRF@ing G GHERHAIMBINRAAAIRYVAG 2 REtRBGEASA,Y for the 5
sl ow seek profiles since it may not be inperative to know the seek tines .
preci sely for sloweaspending.to the aorse tebbiveplemantsd, is hereivieddaomabphosti mat i ons
shoul d be conservative; in other r.d he hopl d sl.ightly overestimate
the typi cal naxi%%ﬁ“é’eyﬁe %}Fﬂﬁgc?w Tﬁf@ﬂﬁﬁbl ‘ﬁ‘é@eérftét‘?rﬁgm@%rﬁ?%ﬁefeé}cef rom
sel ecting a sl ovbg@eekn RO st Rk ak khe REnTGB! Ak BlckR84E R midthdd me. Ei t her
the linear approximations or the current phase of the actuator should be
adj ust ed to atcooaudesdividiagshedifferancaby adknarvadimg requirpd fabidealataut i ne and
the tine to | oad_t eseek*ogrma . it he _serv stem nay not
service the seeghec?grﬁ*?atﬁ%ivefrger ntfpg}gée é{r}le‘gggf:%%%v:%cftég%n nghr%é%?(}né‘gponds to one
phase. The abovesp¥ed hoerdek td GeldarhivieRichirest stinse périréBpohsegkochafibg referred
to as the '"Just In Time' nmethod as it conpletes just in tine to transfer
data. Wil e the W&fianabpesidPyorithmis particularly useful in deternining

t he sl owest accept abl I € f [ I . ar )|
understand that it ca{%chgﬁﬁ%g{(ﬁ%t tgné gliq:(?th% Sgeéngl t%)?%?fcl%g&\ﬂ%itéﬁw%ssl ower
than the fastests5i9eald 320@an irtvoldelthe dee gt sehvitesroudiat eat tdlas attirge S| owest
accept abl e seek profile. Once an agproc@ri ate seek profile is determ ned by
seek control | er St2Op v&larespinsionpathapidshof dkmiceserats: o3oldHandsit to servo

control l er 130. JH&%E a%ﬁ%}iéfﬁﬂ%&%re@‘értdhgg&vég%’oc‘{‘él&"?Oziﬁmgzﬁé!&scfﬁ@ta%ﬁ!éz@r 130

uses the optinmm seek pr e to provi elocity and accel eration
i nstructi ons zs vBdsetdiffarhoaiseherraitadefedinvdd ashindinated imbloghttBl $he he

novement of actuator 150.  Generally, servo controller 130, provi this
o Tl accor st Moy ponEr Rl ki do ey ae A prird sat BRMSED | o of
these 15 A rotational position calculation is shown below in Equation 1.

Equation 1

current_phase = (current_time - index_time)/ phase_time

where,

20 current_phase = -the phase of the first rotational position;

H

current_time a second time which occurs at an instant when
the next command, corresponding to the

access; is received from the host system;

index_time the first time which is the time at which the
25 index mark most recently passes under the data

head; and



~ ~ FEg 2003 WD 001 22614 PCTNS99I 23581 -16 vel ocity demand profiles]ifs FEB 2003
shown in the graphical representations of FIG 6. Shown in FIG 6 are

velocity demand trajectory profile 610, actual actuator velocity profile

620 and a sinplified voice coil nmotor (VCM s current profile 630. These

three profiles are illustrated between the start of a seek j ed by
reference nu%’e"f’l’z%ﬁﬂ) and the time of arrival at the desti F}g‘?lﬁ%‘rﬁﬂgg?gck
(desi gnated by reference nunber 612). Peak velocity 621 of the actual
actuator velocity profile 620, as well as _accel eration phase 631 and
decel erati on phase 632 of the sinplified YCM to current profile 630, are
di scussed below with greater detail. Servo controller 130 conputes a
distance-to-go' frOMphae Gl el 4 kibkn biond G HaPL:N1AL QA Hebagh. Based
upon the distance conputed, servo controller 130 wll determ ne which

vel ocity demand profile to sel ect. rivmsmomd@rasef vel ocity demand profiles

can range froma sing t trajectory.up to .as. nan s gdeened necessary to
achi eve desired perfok\/ﬁ%[ﬁ(t,éa.n Wégﬁerféfxé’éiu??todm%e%tr%?iag%e can be in the

form of hard COd%Qlchla%Kolﬂp'cur}@ml;ﬂ%s@i Q&@Qxa‘n&blé BAEWOReY B YatioROM) |
random access nenory (RAM or flash nenory associated with controllers 120
and 230. In the aftepnhiardry€ antd6mehese timer d8 preamhilhsefonHgsnerahat ake t he 20
form of mathemati cal, equati ons that can 0 ted r tinme r _every
Seek e At angORRTaY G SrRscbe toher BReEaTRI et TP hat p ool e <1 he
servo control | er o1 360 Marddsed QK aH® cOInts QBRH] RradpPen £ 4 @3 BHETH. demand

vel ocity profile. This velocity demand profilé, nodified as a function of
2s the sel ected sl owelherotatione positien deterbingnsagirihmofising thesedwocr i bed
below, is fed into the rva nirol .1 00 uch that.,an output ,current from
e bower ampl 1 11 ei ol SRk SRRy a4 SR B R o (a

14 F E B 20030 WObRQUletzmlidePislndpR261486%hip showrPiarEduadibar2. t ype of actuator
not or 140) causing notion of actuator 150 to take place. Disclosed are two
met hods whi ch can be inplenmented by servo controller 130 to nodify the

det erm ned vel oci AR L unction of the sel ected seek
profile. s In a ?ﬁte’%%g(ﬁet gokgt,rko% h!é‘%a’gﬁééﬁ%r{ ation and decel eration curves of
the velocity demand preddtivdectimee= ((tirhe aISt-andek_timeasmyg) "WaG00) FI G 7 illustrates
vel ocity demand trajectory profile 710 ctual actuator velocity profile
720 and sinpli fi EPARMIEGEEENT iFeefd)| ééoﬁZbOOQet ween the tine at which the
seek starts (;desiggpated by reference nunber 711) and the tine of arrival at
the destination track (designated by reference nunber 712). As nentioned
earlier, for any giverelaivet amee: (tomgdSt-hindex_timeamspt t@¥pondi ng vel ocity
demand profile with a. peak demand, [ val ue. Typically, there will be
a m ni num peak 3"@?‘8&%@'8}‘1%?’6%@45‘[@@& ‘ated with the velocity denand
profile. To obtain a | ower peak actuator velocity, a ~5 | ower peak demand
velocity is required. The new | ower peak demand vel ocity value is
deternined as a function of the selected seek profile. The &8Ha@om3ntroll er
forces the peak d Qcity. ta.thj alue if the peak demand

vel ocity at ggesgﬁ tr t{%ﬁce-e!%l-vﬁglqlg}%}agﬁgﬂet han t he m ni mrum peak demand
velocity. 20 FIG 7 is a graphical representation of the above nethod
show ng

where, the index mark is passed by the data head at the region of the
disc surface referred to as phase 0, and where:
time_T5 = the second time indicated by timer TS, which
25 is recorded at an instant when a next

command, corresponding to the access, is

received from the host system;



eak dem FER 20U3

a reduced peak demand vel ocity value 721 as conpared with an origi r‘!a‘r pea
demand vel ocity val ue 621 shown FIG 6. The Velocity Demand Trajectory 710
shown in FIG 7 is clipped version of the Velocity Denand Trajectory 610
of FIG 6. A graph of Actual Actuator Velocity 25 720 shown in FIG 7

i ndi cates t hgopgwsioner peak demand vel ocity value 721 corpefpendissg to the
clipped Velocity Demand Trajectory 710. The peak acceleration currents
shown in the Sinplified VCM Current profiles ~ ~ Fgg 2003 WO 00J22614
PCT/ US99J23581 -1s630 and 730 of FIGS. 6 gpd 7 are the sanme for the first
met hod of nodifying the demand velocity profile, but the currents are
nodified in FIG 7 to allow "cruising" at the new peak velocity. As can be
seen in FIGS. 6 and 7,in¥GMtiena ment =ptheffirsteintSecorieldugatmacteviidhtis on phase
631 s and decel eration phase 632, while VCM current profile 730 illustrated
in FIG 7 includes accel eration phasté‘ef‘?le,atdY}MFgg‘eﬂHg%m?B'?mé’ﬁH

decel erati on-phase 733. |In accordan 1 j .he peak

vel ocity may be reduced by, for exacn%féémgg%%s&%yﬂg%ﬂehgi%%ﬂ%% tinmes the
original peak demand wehaditty val ue.thkfedohd tinooinduptddaly @met hié miticipeak
velocity at a particular distance-to-go i reater th 0.5 tinmes the peak
demand vel oci t¥y val ue, then the peak‘sg‘(’fﬁﬁ%digﬂfé’lndﬁ?t?r\}”\"/ U Hn be linited
to 0 5 times the peak demand vel oci tmniiihé DRV RaRK ade5RRd vel ocity
value is maintained until it is less than 0.5 tines tgne peak demand ~ s
wvelocity value at the present 'di st arceivedbirgn the fhitsystagures that the
current profiles are not altered. FlI 8 shows qgr s of a.podifjed
approach to the first ’ﬂ%eixl“rhﬁlei-ﬁf ust_rtg?gffti%ﬂ"quﬁgr%p‘ﬁq)i et Fgf“éfa“hf FIG 8
are a velocity demand trajectory prahkkigheStWhidntRGhaad mast gadkor velocity
profile 820 and a sinplified VCM 20 current profile 830. The profiles are
plotted betweth the time of the starrecestlytpassesaiakiex the ddéshepdat ed by

ref erence nunber 811) and the time_qf arrival at the destination, track
(desi gnated by refer eﬁ%@g\ﬁ%'r%ré? 81—2;1@%1%6%?% S”n%eﬁcfg? r%éﬁtenélt‘eo?ri/d t%\gofi l e
810 and actual actuator velocity prabédei 1526 calt@atedaningatobingtiohl ar to
profiles 710 and 720 illustrated in 2s FIG 7. However, in the nodified
approach to the first method, sinpligireadingmicizreedp apadicile 830 differs

fromsinplified VCM cuj : ofile 7 i [ i ike VCM
current profile 730, \lggeﬂ%mrll%r FEB 20510%%0@ %‘3‘?35@1%&;8‘?’}@8%?%%%5&( 19
current profilse 830 includes an accetarakione pbhssend31, a crui se phase 832
and a decel eration phase 833 In cont a?_t to VCM current profile 730
illustrated in FIG 7 UFRR-DERSCur? éﬁ? Ifs¢ TP HQNARRCE PR t ed during t he
initial acceleration phase 831. The VCM current is stewed to sl ow down 5
the rate of change of current thereby nodifying the initial acceleration
phase which in turn rédusdsatediaboee ingeadsoeliroeasufinggugestignawstchod, t he
demand vel ocity pr | es essive accel eration

file is.nmodified.to ro(g ce S r

and decel eration il e sydly _fnd%rf)?é;c? €8 %%qrb%ﬁrfeﬁ‘?gg’_"n%ﬁaét raj ectory
profile 910, actuadedtinahessureneststye Padé by BoBYMilAsdond ardi fied VCM
current profile 930 for an exaqple

nanosecond timers. The readings of both these timers are converted into

microseconds. The lack of resolution of the millisecond timer will result

in this timer not recording microseconds that have elapsed between

successive milliseconds. These missing microseconds can be picked up

25 with the help of the reading of the nanosecond timer. The readings of
the nanosecond timer are converted ta microseconds and the missing

microseconds are added to the microsecond equivalent of the



utilizing the second nethod. Profiles 910, 920 and 930 are illustrtefEB 2003
between the tinme at which the seek starts (designated by reference nunber
911) and the time of arrival at the destination track (designated by
reference nunber 912). As with the first nmethod there is a mninum~ 5 peak
velocity or threshold associated with the velocity demand I;HT?USBJ/Z%SSIA new

| oner peak EMFANel ocity 921 can first be determined as a function of the
sel ected seek profile as long as the new | ower peak demand velocity val ue
does not fall below the m ni rum peak demand velocity. In addition, the
second nmet hod al so invol ves nmaki ng the 20llaccel eration and decel eration of
actuator 150 during phases 931 and 933 nore gradual. The Actual

Act uat or Vel oci t yQ@0.c8Ad tishdMehdi g&'.' eMifteh&Berdsth He2BhenOlinfelay 9

i ndi cate nore gradual accel eration and decel erati on phases 931 and 933 as
conpared wi t h comdesonelcargthgrefptesbaodbthingl withtthatise ef twactimertsevifii r st et hod.
This in turn-can _ﬂhorten rui se 2s phase 932. The second nethod may al so

i nvol ve just makdh §retnlt|éeszﬁ’§lfé?rl§r ation and decel eration of actuator 150 nore
gradual without redugidag, RREK FAE BB MBIk tNion oflorie df tie 02003 WO

00/ 22614 PCT/ US99/ 23581 - 20An addi ti onal enhancenent can be nmade to the
first nmethod of mktherds nfdetelmiiing adasenothtiana prsd@ingnatdcodange efith es
illustrated in El.G I n the abqve, net hod si.ngl e Dl ST val
(representing th%o‘f%‘ai]iorﬁfﬁf %?ECBEQEOWéIPBiiﬁoﬁ%PHéT g‘fﬁ?é%ﬁ”&] l?ng%#f)ai n) may
be inadequate 5 Heided theh&Rsdad dForthaS6elor HeREh HohOF PG} anabove Z00
tracks). The assunption for this exanple has been that each ]I T seek
profile will attesng thedagestiodmulsipteserk phofilestinreeprdsrretwiyh blogk 430 second
nore than the " hbg(hlﬁsr fIocgeqeerr " JATthseeaeCkéssA feiarrsg |1§-V%h b‘]llo-lv:/ seek shoul d take
exactly 1 mlli second. ongé?nﬂgan & CHor il LeEKPAI0RE "E9Y over cone t he

probl em of needi ng nmihe pWpKickl @Tfeveact @sr thy agsbaatednindBeanadn tBxtifsa tabl es of
MAX DI ST val ues that are Searched usi ng: seek |l ength as the search term

Al t hough this i srorsiopplipositien (rlgckydllaidide od) and thosesped eofatienmbk ti me

di fferences that 1,41 gy eshr D ST

val ues were rou ?\égﬁ}wﬁ‘ (};D?o(r%ggrﬂ 6? &%L(?.{Qg%ozﬁt{t%%%gggg% C}%;%%F ge'ijheﬁg‘agéﬁxéxt ra
paranmeter for eadiffeldice Phfdlates alideetdy MPacceddltitle. IE OBk caaroh®leed @ahed.

MAX DI ST SLOPE is nultjplied by the seek length to create a MAX DI ST

modi fi er and { heHmBBERAF 6T ROt SrrQHie ShaPIEe QifisRRr P DER SRR A6 41 zo
Equat | on 4 MAX bl §Tns oS aitBIeREe L Aiplid by theMstanChil requSLGRE * ( SEEK _

LENGTH) Where SEEK LENGTH i s defined as'the “di fference between the actual

2s seek | ength dmaetdeeoneipliasent s kpkwhepetd If te seélecgrawot c@oplate widige of seek

| h i i . TIhi j t. Y. ith h
of detorm ni g NCAERT Ot HEARRR (Bret emet afgionant SFRing 0 o
001 22614 ~ PC T/ 4590H:a@bhth orloMAS-DASRAOR Bk rasolabls eeabdibr Hidl Seek

tuni ng procedure. The follow ng equations will give these two val ues
assum ng that tweehwocopnrtey Sbenesally, shageekfimelran bgichpragiesdesty thee desired

seek tine at,t ifferent.seek lengths within the seek | ength range being

consi dered. B \'?ﬁgg%w%gﬁag‘sl&val ues and their correspondi ng seek | engths

are denoted MAX DI ST~ & SEEK _LENGTH-~ and. MAX DI STz & SEEK_LENGHda 3 n

Equations 5 and 6. Equation 5 MAX DI ST SLOPE = M4'Y DI ST~ - MAX DI ST,
Access time = (phase difference * phase time) +

(number of revolutions * revolution time)

25 Determination of an access time by using a fastest of multiple seek
profiles in accordance with block 430, and further determination a

slowest (or of a slower) of the multiple seek profiles for the determined



>
. - SEEK _ LENGTH, - SEEh' - LENGTH, ~o Equation 6 MAX _ DisT"o m't & FEB2003
_ DI ST, * SEEK' - LENGIH, Although this |linear function provides nore
accuracy with regard to desired seek tinme, further nodifications can be
i npl enented. In the 15 mddle of a particular seek range, the seek tines
tend to bul ggopeds in tine, neaning that |arger val ues pefr/udkoesBliST t han
are given by the above procedure are necessary. A second order nodifier my
be used to add a snall adjustnent that is a function of the square of a
val ue that represents how far away the sg,lezlg length is fromthe center of
the 20 particular seek I ength range under "consi deration. Such an adjustnent
is described in Equation 7. Eguation 7 MAX _ DI ST - ADJ = MAXIMUM _ MAX _
DIST _ ADJ ( ~ _accesSEHi¢ ih GNGFtthnce Mith blo8IEHS, canRANCEorhplisHYH B ySERte RANG | E
25 14 F E B 2003 WO 00! 2261 4 PCTI US99/ 23581 -22 A useful feature evident
fromthis equati Gritibsroutag imaplemenRiedmithipsprzoliar 420, srakedifierisgely t he seek
range and seek | b ab _ DI ST ADJ.
However, this pa??ﬁtgk%)r%gv rtftg eefgpgv%éﬁarbzeﬁehgi%ggk orﬁ%/ﬁl(at i s conveni ent
to tune the adj ussemntistamc®d/PXsdok JroGld’ hatd 1revalesonsd. At the pl aces where
SEEK LENGTH i s cl ose {gg ei ther of th_gf edges of the seek Ien%th range under
consi deration’ the eqt8t 'y herbrmesdiferse sihe differnce Peiyren the Briti on as

descri bed above w fRLER j ; -' i scl osed
of controlling a\rﬁb%gtoﬁgtp%rgﬁ%%n?ﬁhég%og& gn?léﬂé&%g P@sﬁ%k’)ﬂ?&sﬁ%&fgﬁlﬁdat a head
160 from a curr emtle tumbkr dfoeeoldesns betitveanthe two lposidonsjpTeawatiable access. As
shown at bl ock 410 .of, FIG . 2 tEe rretcgf?d i n%I udes getet%i ng. a first
rotational posi t?ﬁ%—éﬁ*’r”égﬁothaia_ﬁ’hﬂtﬁ FERCs e hean the SYindsh POFiticR& dat a head
when the access hd firsbithdionafBoditibNghd HetS1iRderYoBtion A Ine @csigONd

rotational positiont 5 corresponding to rotational position of the data
head at a desfi nattabnanafposiionadbeysridlde shek epofileadpreAentbmdidh 430, t he access

time required to ve, the da head fromthe first t at.i onal ition on
oo el ack B Pl s R ieeAet heink it Boiioh Y & meelitien T ack
using a fastest edelallringXhe a6k Mr@&&&nﬁ&, inSand@h i dineRebhavisg BJigwn at bl ock

440, the method 20 includes determ ni ngf_@a sl ower of the multiple seek
profiles which céiffesentpnsgiblesesipprofiiesethdseck peafde valuns { ASTISEEK r ot at i onal

position on the iL&j I ac 0 0, ,i.%@q,l i1 t he
destination trackgﬂﬂmémsﬁkgh'elg&gﬁgﬁl%ggag‘?:t]eﬁssélfa(? nme. r%@@%rr;eépgﬁ%eggi ment s,
determ ni ng tihe Soawestesgeklqwat, ithefduncédidrsfiidat RhpinRintgr bheekl owest seek
profile 25 which can nove the data _head within the access tine. The net hod
al so i ncl udes coRE}BFd aRdertted akinally.dhe vasiahy reneludoneFeprAwatsiéwer or
slovest -~ ~ F Fuaiepgfo¥0.00/22814.RAY HSR91AREGkex 23 of the mil tiple
seek profiles to 1 nplenent the access,” as shown at bl ock 450. In sone
enbodi nents of the netlwodhedsf_differeneeemutinacompates wihetheg ot het thiersstk,
rotational position includes determnin n.ending s rotational position
for a first commbRA"BAFPEIHE FimBar e ey FABAUE 5o h i aieas®™ when a

second comapgl CeshPRROMALE HrleQokREpAHERSS ‘PhEse Affdrbhet ap@MMand are part
of multiple queued conmands I n these enbodi nents, the ending rotational

position of the fievelutionsmam&Alk valve t¢ thesubrontdnd dhegk_diffetentedhis | n sone
enbodi nents of the neth f .fhe_ ipvention, .determ ni.ng the first
rotational posi tfegﬁrr}eﬁéf)%‘ﬁggel?%at Pg‘\/olmrpglateﬁ%ﬂ}eislpgflw?%tna i oé]noaetpo)osi tion from
a register. |n odéefmeiEhhehiimbesofdevélagon®s BRslvobelohe present invention, in
whi ch the disc surface 175 is divided into multiple radial sections (for
exanpl e 170-1 through 170-8) and wherein ~ s each of the radial sections
constitutes ph . 0| ir I I it i udes
Focording a £1 1 or e eRt BBl 8 Bfors i ook e B e R Ll st
recently passes usifgthd folowaigaddReg: 160 as illustrated at' bl ock 510 of FIG
5; recording a second tinme at an instant when a next conmmand, corresponding

to the access, is received fromthe 20 host system 110 as illustrated at
bl ock 520; determining a difference between the first time and the second
time as illustrated at bl ock 530; and dividing the difference by a known

time required for the data head to traverse one phase in order to determ ne
a current phase corresponding to the first rotational position as
illustrated at block 540. 2s In sone enbodi nents of the nethod of the
present invention, determning the second rotational position (block 420)

i ncl udes
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rotational position froma register,.for exanple in the nenory of seek
controller 120. In sone enbodi nents of the present invention in which the
di sc surface is divided into nultiple radial sections (for exanple 170-1 s
t hrough 170- 82) and in which each of the multiple radial seg, 11/\?:&5/2 581
constitutes WOINHSE deternining the access time (bl ock 430<5L ur t her

i ncl udes determ ning a phase difference between the first rotational
position and the second rotational positign, determ ning a nunber of

revol uti ons between the first rotational ’ﬂ%‘sition on the initial track and
to the second rotational position on the destination track using the
fastest seek profjlgnRad=determ ning the access tine as a function of the
phase difference and of the nunber of revolutions. In sonme of these

enbodi ments, detedar ni ng access tine further includes converting the phase
difference into a yunit of ti by multiplying the phase difference ~ s by a
constant time to ‘ékj(été‘éuseﬁﬁlf‘?cgﬁ%‘ Sretnﬁe(Bb?ﬁ%ﬁ‘?%rech?'ﬁgﬁdh%?m@onverti ng the
nunmber of revol utiQas JErio dRfuttis)) RfFAlLe by mul tiplying the nunber of
revol utions by a constant tinme per’revolution to obtain a second tine, and
adding the first and the seewhatidgrnsimes to obtain the access tine. 20 A disc.
drive data storage system100 of the invention includes a data storage disc
170 providing a dish surface 175, a data head 160, an actuator 150 which
supports the data,hgagiahsre g di sc surface such that nmovement of the
actuat or causes novenent of the data head, and a controller 120,130 that
controls the actuator to nove the data head to zs inplenent an access. The
controller 120,130 isUelgalpt.ed tt dgt er m'opreva taccess.ti e tq’ei nEJVgnent t he
access using a fast esto DF G (BF SUTREK OIS PINHODS Fdtieg GBBERNETH 51 over
or slowest of |¢ hehBwkdtirBtaRioB&Bkositich orf thE clrrBn2&ARitMOrREN 2%6& second

PCT/ US991 23581 -25 profiles that can be used to inplenent the access within
t he determ ned acetatona] pesitigmen therdestnation trgod, usBE the fastest seakaveftnt of t he
actuator using th .M L.ower I . of th ipl e seek
profiles. It is tlgv%g’gsﬁfﬁfféE%gggg1¥ﬁ%T9%v°Zﬁ t ‘?)th%r%e Lﬁ&?o@ég&cﬁ%er acteristics
5 and advant ages efitinathaisdifebade hes rapeatedty péresraied usivethei on have been

set forth in the foregoing description, together with details of the
structure and f urfellPBiesnPys Tihe PEAH{ AR (POpstHE e eeh GRS s

di sclosure isJ|1yshiAt ¥i¥s‘% r%li%nal%@%ﬁ%ﬂ%ﬂ&?ﬁe SRYn B For TG IDRsitBh ) o

especially in nmatters of structur arrangement of parts wthi'n the to
principl es of theepk dseatcei(seekntistance) corrésponding texhentrrémdirg@alptratly t he

broad general neaning of the terng J ich the ended cl.ains are
expressed For exaar?ﬁl! tg“? dFﬁté“aﬁ’é’PttfagEgﬁ?heggéﬁ’?ﬁﬁfénwg&)v&%pﬁ%%%di ng on the
particul ar appli qRAEPNSERK); hh@ 4Fkhe Guetbey 8f S0 8kitIoAH (fedblutisAStHettninghi | €
mai ntai ni ng substantially the same functionality w thout departing from 15
the scope and spiwith thef inttipd zproewadug. Thepembeoaf reAP‘:uhl@[lghretlﬁéreme@é%gt
i nvention has_been described with.reference.to-particul ar idgent s,
wor kers skil | 2e03 ?Dﬁ' (fl}?ea%éerr tea?c/lvl1 Telpe{r}tel?:r(‘)(g)fﬁtlg‘%émfet 1at Tg 5%ugt'en§ rgn%ligggg%a ein form
and detail w t houtordefas furiBerf Jf@ERdltiGons, and the repetition terminates if the

time (a time computed based upon a time equivalent of the phase

difference added to a time equivalent of the number of revolutions for a

particular iteration of the routine) is greater than or equal to a time

25 computed using the fastest seek profile (FAST_SEEK) and a previously

stored value of the seek distance (seek_distance), otherwise a FAIL value



spirit and scope of the invention. ~~r F E B Z003 -26 WHAT IS CiAH IFEE)B 20%«
IS: 1. A nethod of controlling an actuator in a disc drive to nove a data
head froma current track to a destination track to inplenent an access,
the nethod conprising 5 steps of: (a) determining a first rotational
position cowoe@B?Gringli ng to a rotational position of the daparieamhswpen the
access wll start; 10 (b) determning a second rotational position
corresponding to a rotational position of the data head at a destination of
the access; (c) determ ning an access ti nf required to nove the data head
fromthe first rotational position on an"initial track to the second
rotational position on a 15 destination track using a fastest of a
plurality of seel Brrhid, @R nt@be Sty MuRLAYiRIGhOWEY, 2l thhfoindlial ity of
seek profiles which can be used to nove the data head fromthe first
rotational positrapead-the initial track to the second rotational position
on the destination trgagk w.thi.n.t 20 determ n access tipe. and (e)
controlling the act ua’tggt?r %\ést?rrﬁranf%ggag rerﬁ)ﬁlr r?eEFvgf%\l/\%‘rs U(S)]fngttheeggieﬁr?al ity of .
seek profiles tosdeRprefilnd sibwestag eafbpledeeR prdfiles (ROWESDEEEKRIWRh Wherein
a disc surface is divided into a plurality of radial sections and wherein
each of the pfurednkgusse te myvgithe dlats kass! feomdhe cutrent tiadkhade and wherein
step (a) of detegm.ni kSt r j i.f rises step of:
(2 (1) Fecor di ngt i fidy bafc LRl iRt LA RAY, MR ERTIERAS* BP 2ce 30
nmost recently paffgmeliddaerrhined d@hasdir@dheck_differerfdEBowrttte uséd abayd 2)
recording a second tinme at an instant when a next command, corresponding to
the access, is redehamsgdite gptermineribe slowest waek prafilesy dergribedPhithyy a

di fference betwe ] iy.st tinme and the second tine; and 5 (a)(4)

di viding the di f%@?ﬁ[g%%c{/e'a know tinme required for the data head to
traverse oneiphase i rCloxckiéfra dloweedeek milleompdete iretitnepthdsehecloneéeispondi ng to
the first rotational position. 3, The method of claim1l, wherein a disc
surface is divi d%‘i‘f“ifﬁf‘?f%?’ﬁl%%ﬂe;‘t"i}o radi al 10 sections and wherein each
of the plurality of radial sections constitutes a phase, and wherein step
(c) of determning the access tinme to nove the data head fromthe first
rotational positifon on the initial track to the second rotational position

on the destinati r usi the. fastest of the plyrali eek
profiles conpri ségeé}gﬁt‘ff%}}%(} S?—?}ff?f“ﬁef%e?ﬁwﬂﬁ?arﬁg’mgﬁér ence

bet ween the flgrsltevbg{t@,tng)cump,\ggsi tion and the second rotational position;
(c)(2) determ ning a nunber of Trevol utions between the first rotational 20
position on the initithen pselOWRETIHESecond rotational position on the
destination tracéseuy ng the fastest seek profile; and

(check_difference(phase_difference, seek_distance, SLOWER_SEEK,
revolutions) == PASS)

20 use SLOWER_SEEK
else if )
(check_difference(phase_difference, seek_distance, SLOW_SEEK,
revolutions) == PASS)
use SLOW_SEEK

25 else

use FAST_SEEK



(c)(3) determining the access time as a function of the phase di fffr)'echEp 2003
and of the nunber of revolutions. 25 4. The nethod of claim3, whefein Step
(c) of determning the access tinme as a function of the phase difference

and of the nunber of revolutions conprises steps of: 30 (c)( 1 ) converting

t he phase di einto aunit of tinme by nultiplying th

di fference B%/égd’/z?gﬁstant time to cross each phase to 1 ~EC1IQ€:%§/%5§]U~~ -28
obtain a first time; (c)(2) converting the nunber of revolutions into the
unit of time by nultiplying the nunber of_revolutions by a constant tine
per 5 revolution to obtain a second ti rre;‘lsand (c)(3) adding the first and
the second tine to obtain the access tine. 5. The nethod of claima1,
wherein step (d) of meésmvelvamés%@séé@g%r@ta&ﬁ@usgh%{?abéFxm of seek
profiles further conprises determning slovvest of the plurality of seek
profiles which cappivgriaeesdek profie & ddtermiabd Hheadedl profitdsendyi best r ot at i onal

position on the initial track tgo the secqond rotatjonal position on the
destination t rac%pf?/\rnof“ﬁ’i‘aﬁe‘g Wétiih%ﬁ%"ratﬁaﬁé’ao’%’égg’étﬁfri th%?“ti@ C_@.ﬁf‘%rd?%- drive
data storage systgyeOmhéSthBes acRulad FhethQs3HLy Absse ek di g di sc
surface; a data head; 20 an actuator which supports the data head above the

di sc surface suctlowisaek profidesmincedf maljarcd bk imperatizatskewithesseektimet t he dat a

head; a controller t atf ‘(,:\i(i‘ntrol S thIe act uatBr to t;mve the data head to
i npl ement 25 an REEREY POUHRYET teelPie LaHEs SN PRIMetS EHEA t 0 det er i ne an

.access time to iipprermiitiohh hadladeTousistive; irstesivoads, thdylsubaldi ty of seek
profiles, and wherein the controller is further adapted t0O determ ne a

sl ower of the pllightlytoyersstimatithgtppicalavaximam seak thpesSids wil prepegent t he
access within t determ ned access tine, the 30 controller controlling
novenent of themggtcgé?glﬁg rgrscfmnﬁglte ﬁtén 2o n%eﬁgglos e&&%trw’ ‘?nqtﬁtg“\g%ﬁ? g'lei ty of
seek profiless seékin fimk. BitR@Ohe1#Rar apploRirisedre®r te &lrpdnpBasediere t he
slower of the plurality of seek profiles is a slowest of the plurality of

seek profiles whctpatenhopid beadjvsieditaprerimsforithe oxrrbead asgpeinted wite

determ ned acce [ : |al ?, wherejn the controller
is further adaptstzlgta%)g@e é)t%g?'%a;rggggéﬁ?{r{t?l?%ﬂ gltei%%%]pa posﬁ‘i 1(§1naci:a}(;t‘r??néspondi ng
to a rotational thesetviospstein rnhAg ndaiavicealk svhle nohensldekupitd bnsdeard , and a

second rotati onal ‘EOSi jon corresponding. to rotational position of the
data head at a d¥€St&NELIC ﬁOH’FSR%g%%é’E‘,e PRA- PYe FRECfCicont rol Ter s

adapted to use dRedibite it hRdecROh bl Aol ed N8 95aNd Tigat | onal

position to determ ne ess tinme and the determ ned sl ower seek

profile. method as it completes just in time to transfer data. While the described
algorithm is particularly useful in determining the slowest acceptable
seek profile, one of skill in the art will understand that it can be used to
select a seek profile which is slower than the fastest seek profile, but
20  which is faster than the slowest acceptable seek profile.
Once an appropriate seek prefile is determined by seek controller
120, seek implementation instructions 121 are sent to servo coqtroller
130. There are several methods by which servo controller 130 uses the
optimum seek profile to provide velocity and acceleration instructions
25 131 to actuator motor 140 which in turn controls the movement of
actuator 150. Generally, servo controller 130 provides this control

according to one or more velocity demand profiles. An example of these



9. The systemof claim8, wherein the disc surface is divided int$ AaFEB 2003
plurality of radial sections and wherein each of the plurality of "radial
sections constitutes a phase, 15 and wherein the controller is further
adapted to determne the first rotational position by: recording a first
time at whi GRoabrisiylex mark on the disc surface nost recemdyuspassas under
the data head; 20 recording a second tinme at an instant when a next

command, corresponding to the access, is received fromthe host system
determning a difference between the firgl tine and the second 25 tine; and
dividing the difference by a known tinme required for the data head to
traverse one phase in order to determne a current phase corresponding to
the first rotativehaitypesiand pmofildDis shown ifrthe gBapRiod reB@sdrifatidizef syst em of
claim 8, wherei ‘r}g %i sc surface is divided into a plurality of radial
sections and wh P gi each of the plurality of radial sections constitutes a
phase, and wherein tBRoKRM FIRt bake | Sobilyf dRInPERPUEH, porH4 18 Mg t he
access time to nove the data head from’the first rotational position to the
second r ot at i onaktuseiveiasity prefde A0 avba siagtlded voicerchid npdtar MGNy of seek

profiles by: determ pin hase difference be e e first rotational
posi tion and’t héugrggolﬁﬁ’%}eg?gt ?gﬁsaeﬂh'begsqr?@(gﬂ?r.efg%qgﬁ H’?rﬁ‘ieﬁﬁ%}.ée $ivber of
revol utions bet wegBed(@efikidtéd bptabieAb@hulBed 411 PihPihediiné bf 4rkighl & ack and
the second rotational position on a destination track using the fastest

seek profile; afte destaphiomirack (datignatedby referepcesumbergld).i Berkof t he phase

Ta@ nsC . Ae. By KPR el iR e R MR S 5 Y
. A ne. A@3. A . A%eddéfatton phdsd B31 and deceleration phase 632 of the simplified VCM

10 current profile 630, are discussed below with greater detail.

Servo controller 130 computes a ‘distance-to-go’ from the current
track to the destination track. Based upon the distance computed, servo
controller 130 will determine which velocity demand profile to select.
The number of velocity demand profiles can range from a single

15 trajectory up to as many as deemed necessary to achieve desired
performance. These velocity demand profiles can be in the form of hard
coded ‘look up’ tables stored in read only memory (ROM), random
access memory (RAM) or flash memory associated with controllers 120
and 130. In the alternative, the velocity demand profiles can take the

20  form of mathematical equations that can be computed real time for every
seek made.

At any given ‘distance-to-go’ from the destination track, the servo
controller 130 will look up or compute the corresponding demand
velocity profile. This velocity demand profile, modified as a function of

25 the selected slower or slowest acceptable seek profile as described below,
is fed into the servo control loop such that an output current from a

power amplifier (not shown) will be driven into a voice coil motor (a
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/LAEbC y10%& () _pealiooo/a%\a(r?d ve?og%&va(lzle 62110%ow§1)F1& 6. The Velocity Demand
Trajectory 710 shown in FIG. 7 is ‘clipped” version of the Velocity
Demand Trajectory 610 of FIG. 6. A graph of Actual Actuator Velocity
25 720 shown in FIG. 7 indicates the new lower peak demand velocity value
721 corresponding to the ‘clipped’ Velocity Demand Trajectory 710. The

peak acceleration currents shown in the Simplified VCM Current profiles
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630 and 730 of FIGS. 6 and 7 are the same for the first method of
modifying the demand velocity profile, but the currents are modified in
FIG. 7 to allow “cruising” at the new peak velocity. As can be seen in
FIGS. 6 and 7, VCM current profile 630 includes acceleration phase 631
and deceleration phase 632, while VCM current profile 730 illustrated in
FIG. 7 includes acceleration phase 731, cruise phase 732 and deceleration
phase 733.

In accordance with the first method the peak velocity may be
reduced by, for example 50%, by selecting 0.5 times the original peak
demand velocity value. If the look up table minimum peak velocity at a
particular distance-to-go is greater than 0.5 times the peak demand
velocity value, then the peak demand velocity value can be limited to 0 5
times the peak demand velocity. This new lower peak demand velocity
value is maintained until 1t 1s less than 0.5 times the peak demand
velocity value at the present ‘distance-to-go’. This ensures that the
current profiles are not altered.

FIG. 8 shows graphs of a modified approach to the first method
illustrated in FIG. 7. lllustrated in FIG. 8 are a velocity demand trajectory
profile 810, an actual actuator velocity profile 820 and a simplified VCM
current profile 830. The profiles are plotted between the time of the start
of the seek (as designated by reference number 811) and the time of
arrival at the destination track (designated by reference number 812).
Velocity demand trajectory profile 810 and actual actuator velocity
profile 820 are identical or similar to profiles 710 and 720 illustrated in
FIG. 7. However, in the modified approach to the first method,
simplified VCM current profile 830 differs from simplified VCM current
profile 730 illustrated in FIG. 7. Like VCM current profile 730, VCM
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current profile 830 includes an acceleration phase 831, a cruise phase 832

and a deceleration phase 833 In contrast to VCM current profile 730
illustrated in FIG. 7, the VCM current is Slew Rate Limited during the
initial acceleration phase 831. The VCM current is slewed to slow down
5 the rate of change of current thereby modifying the initial acceleration
phase which in turn reduces emitted acoustics.
In a second method, the demand velocity profile is modified to
produce less aggressive acceleration and deceleration curves. FIG. 9
illustrates velocity demand trajectory profile 910, actual actuator velocity
10 profile 920 and simplified VCM current profile 930 for an example
utilizing the second method. Profiles 910, 920 and 930 are illustrated
between the time at which the seek starts (designated by reference
number 911) and the time of arrival at the destination track (designated
by reference number 912). As with the first method there is a minimum
15 peak velocity or threshold associated with the velocity demand profile.
A new lower peak demand velocity 921 can first be determined as a
function of the selected seek profile as long as the new lower peak
demand velocity value does not fall below the minimum peak demand
velocity. In addition, the second method also involves making the
20 acceleration and deceleration of actuator 150 during phases 931 and 933
more gradual. The Actual Actuator, Velocity 920 and Simplified VCM
Current 930 graphs of FIG. 9 indicate more gradual acceleration and
deceleration phases 931 and 933 as compared with corresponding graphs
of FIG. 7 that reflect the first method. This in turn can shorten cruise
25 phase 932. The second method may also involve just making the
acceleration and deceleration of actuator 150 more gradual without

reducing the peak demand velocity.
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An additional enhancement can be made to the first method of
altering velocity demand and acceleration profiles illustrated in FIG. 7
In the above method a single MAX_DIST value (representing the
maximum or peak velocity that the seek will attain) may be inadequate
5 over a large range of seek lengths (for example above 200 tracks). The
assumption for this example has been that each JIT seek profile will
attempt to perform a seek that takes exactly 1 millisecond more than the
"higher order" JIT seek. A firstlevel JIT seek should take exactly 1
millisecond longer than a normal seek. One can overcome the problem
10 of needing more MAX_DIST values by creating several extra tables of
MAX_DIST values that are searched using seek length as the search
term. Although this is helpful, it may be inadequate to prevent seek time
differences that vary too much from 1 millisecond. The desired
MAX_DIST values were roughly a linear function of the seek length so
15 an extra parameter for each MAX_DIST, called MAX_ DIST_SLOPE, can
be created. MAX_DIST_SLOPE is multiplied by the seek length to create
a MAX_DIST modifier and then added to MAX_DIST itself as shown in

Equation 4:

20 Equation 4

MAX _DIST = MAX _ DIST,, ... + MAX _DIST _SLOPE*(SEEK _ LENGTH)

Where SEEK_LENGTH is defined as the difference between the actual
25 seek length and the minimum seek length for the particular range of seek
lengths being considered. This makes it necessary to come up witha

method of determining an appropriate MAX_DIST_SLLOPE and
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equations will give these two values assuming that two MAX_DIST

values are known that will produce the desired seek time at tv-o
different seek lengths within the seek length range being considered.

5 These MAX_DIST values and their corresponding seek lengths are
denoted MAX_\DISTy & SEEK_LENGTH; and MAX_DIST: &
SEEK_LENGTH?: in Equations 5 and 6.

Equation 5
MAX _DIST _SLOPE = —MAX _DIST, - MAX _ DIST,
SEEK _LENGTH, - SEEK_LENGTH,
10
Equation 6

MAX _DIST

vomow = MAX _ DIST, * SEEK _ LENGTH,
Although this linear function provides more accuracy with regard to
desired seek time, further -odifications can be implemented. In the

15 middle of a particular seek range, the seek times tend to bulge upwards
in time, meaning that larger values of MAX_DIST than are given by the
above procedure are necessary. A second order modifier may be used to
add a small adjustment that is a function of the square of a value that
represents how far away the seek length is from the center of the

20  particular seek length range under consideration. Such an adjustment is

described in Equation 7.

Equation 7

(SEEK _LENGTH — MID_SEEK _RANGEY,,
MID_SEEK _RANGE

MAX _ DIST _ADJ = MAXIMUM _ MAX _DIST _ADJ*[1-
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A useful feature evident from this equation is that all the variables are
predetermined by the seek range and seek length except for the variable
MAXIMUM_MAX_DIST_AD]. However, this particular variable is in
the exact form that is convenient to tune the adjustment to MAX_DIST
that is desired. At the places where SEEK_LENGTH is close to either of
the edges of the seek length range under consideration, the equation
becomes zero.

In review of the invention as described above with reference to
the drawings, a method 400 is disclosed of controlling an actuator 150 in
a disc drive 100 to move a data head 160 from a current track to a
destination track to implement an access. As shown at block 410 of FIG.
2, the method includes determining a first rotational position
corresponding to a rotational position of the data head when the access
will start. As illustrated at block 420, a second rotational position
corresponding to a rotational position of the data head at a destination of
the access is determined. At block 430, the access time required to move
the data head from the first rotational position on an initial track to the
second rotational position on a destination track using a fastest of
multiple seek profiles is determined. As shown at block 440, the method
includes determining a slower of the multiple seek profiles which can be
used to move the data head from the first rotational position on the
initial track to the second rotational position on the destination track
within the determined access time. In some embodiments, determining
the slower seek profile includes determining the slowest seek profile
which can move the data head within the access time. The method also

includes controlling the actuator using the determined slower or slowest
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to the access, when a second command corresponding to the access and
the first command are part of multiple queued commands In these
embodiments, the ending rotational position of the first command is the
first rotational position.
10 In some embodiments of the method of the invention,
determining the first rotational position includes retrieving the first
rotational position from a register. In other embodiments of the method
of the present invention, in which the disc surface 175 is divided into
multiple radial sections (for example 170-1 through 170-8) and wherein
15 each of the radial sections constitutes a phase, determining the first
rotational position includes recording a first time at which an index mark
176 on the disc surface most recently passes under the data head 160 as
illustrated at block 510 of FIG. 5; recording a second time at an instant
when a next command, corresponding to the access, is received from the
20  host system 110 as illustrated at block 520; determining a difference
between the first time and the second time as illustrated at block 530; and
dividing the difference by a known time required for the data head to
traverse one phase in order to determine a current phase corresponding
to the first rotational position as illustrated at block 540.
25 In some embodiments of the method of the present invention,

determining the second rotational position (block 420) includes
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surface is divided into multiple radial sections (for example 170-1 )

5 through170-8) and in which each of the multiple radial sections
constitutes a pﬁase, determining the access time (block 430) further
includes determining a phase difference between the first rotational
position and the second rotational position, determining a number of
revolutions between the first rotational position on the initial track and

10 the second rotational position on the destination track using the fastest
seek profile, and determining the access time as a function of the phase
difference and of the number of revolutions. In some of these
embodiments, determining access time further includes converting the
phase difference into a unit of time by multiplying the phase difference

15 by a constant time to cross each phase to obtain a first time, converting
the number of revolutions into the unit of time by multiplying the
number of revolutions by a constant time per revolution to obtain a
second time, and adding the first and the second times to obtain the
access time.

20 A disc.drive data storage system 100 of the invention includes a '
data storage disc 170 providing a dis¢ surface 175, a data head 160, an
actuator 150 which supports the data head above the disc surface such
that movement of the actuator causes movement of the data head, and a
controller 120,130 that controls the actuator to move'th,e data head to

25  implement an access. The controller 120,130 is adapted to determine an
access time to implement the access using a fastest of multiple seek

profiles and to determine a slower or slowest of the multiple seek
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profiles that can be used to implement the access within the determined

access time. The controller 120,130 controls movement of the actuator

using the determined slower or slowest of the multiple seek profiles.

It is to be understood that even though numerous characteristics

5 and advantages of various embodiments of the present invention have

been set forth in the foregoing description, together with details of the

structure and function of various embodiments of the invention, this

disclosure is illustrative only, and changes may be made in detail,

especially in matters of structure and arrangement of parts within the

10 principles of the present invention to the full extent indicated by the

broad general meaning of the terms in which the appended claims are

expressed For example, the particular elements may vary depending on

the particular application for the disc drive seek control functions, while

maintaining substantially the same functionality without departing from

15 the scope and spirit of the present invention.

Although the present invention has been described with reference

to particular embodiments, workers skilled in the art will recognize that

changes may be made in form and detail without departing from the

spirit and scope of the invention.
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WHAT IS CLAIMED IS:

1. A method of controlling an actuator in a disc drive to move a data head from a
current track to a destination track to implement an access, the method comprising

5 steps of:

(a) determining a first rotational position corresponding to a rotational

position of the data head when the access will start;

10 (b) determining a second rotational position corresponding to a rotational

position of the data head at a destination of the access;

(c) determining an access time required to move the data head from the first
rotational position on an initial track to the second rotational position on a

15 destination track using a fastest of a plurality of seek profiles;

(d) determining a slower of the plurality of seek profiles which can be used to
move the data head from the first rotational position on the initial track to
the second rotational position on the destination track within the

20 determined access time; and

(e) controlling the actuator using the determined slower of the plurality of

seek profiles to implement the access.

25 2. The method of claim 1, wherein a disc surface is divided into a plurality of radial
sections and wherein each of the plurality of radial sections constitutes a phase,

and wherein step (a) of determining the first rotational position comprises step of:

(a)(1) recording a first time at which an index mark on the disc surface

30 most recently passes under the data head,;
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to traverse one phase in order to determine a current phase

corresponding to the first rotational position.

3. The method of claim 1, wherein a disc surface is divided into a plurality of radial
10 sections and wherein each of the plurality of radial sections constitutes a phase,
and wherein step (c) of determining the access time to move the data head from
the first rotational position on the initial track to the second rotational position on
the destination track using the fastest of the plurality of seek profiles comprises
steps of:
15
(c)(1) determining a phase difference between the first rotational position

and the second rotational position;

(c)(2) determining a number of revolutions between the first rotational
20 position on the initial track and the second rotational position on

the destination track using the fastest seek profile; and

(c)(3) determining the access time as a function of the phase difference
and of the number of revolutions.
25
4. The method of claim 3, wherein step (c) of determining the access time as a

function of the phase difference and of the number of revolutions comprises steps
of:

30 (c)(1) converting the phase difference into a unit of time by multiplying

the phase difference by a constant time to cross each phase to
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(c)(3) adding the first and the second time to obtain the access time.

5. The method of claim 1, wherein step (d) of determining the slower of the plurality

10 of seek profiles further comprises determining a slowest of the plurality of seek
profiles which can be used to move the data head from the first rotational position
on the initial track to the second rotational position on the destination track within

the determined access time.
15 6. A disc drive data storage system comprising:
a data storage disc providing a disc surface;

a data head;
20
an actuator which supports the data head above the disc surface such that

movement of the actuator causes movement of the data head;

a controller that controls the actuator to move the data head to implement
25 an access, wherein the controller is adapted to determine an access
time to implement the access using a fastest of a plurality of seek
profiles, and wherein the controller is further adapted to determine
a slower of the plurality of seek profiles that can be used to
implement the access within the determined access time, the
30 controller controlling movement of the actuator using the

determined slower of the plurality of seek profiles.
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position to determine the access time and the determined slower seek profile.

9. The system of claim 8, wherein the disc surface is divided into a plurality of radial
sections and wherein each of the plurality of radial sections constitutes a phase,
15 and wherein the controller is further adapted to determine the first rotational

position by:

recording a first time at which an index mark on the disc surface most

recently passes under the data head;

20
recording a second time at an instant when a next command,
corresponding to the access, is received from the host system;
determining a difference between the first time and the second
25 time; and

dividing the difference by a known time required for the data head to
traverse one phase in order to determine a current phase
corresponding to the first rotational position.
30
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determining a phase difference between the first rotational position and

the second rotational position;

10 determining a number of revolutions between the first rotational position
on an initial track and the second rotational position on a

destination track using the fastest seek profile; and

determining the access time as a function of the phase difference and of

15 the number of revolutions.



