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OPTIM ZED SEEK I NI TIATION Field of the Invention 5 This application rel ates
to hard dyweooedoves and nore particularly to an apparat RSTAISW/W8EShod f or
rotationally optim zing seek initiation. Background of the Invention In a
disc drive data is recorded on a disc in concentric, circular paths known
10 15 as tracks. Servo bursts are witten in each track on the disc and
contain position i nf ROPATIONALLY OPTIMIDEDSEERKINITIASIONNned al ong radi al
slightly wedged shaped quasi-lines that cross the circular tracks and
divide the disc into zones. The burst wedge's width increases slightly from
the inner portion of the disc tqgrilhl%eraid@vedifmt | On. Each zone contains a
nunber of sectors, and the nunbér—of 3sectors vary fromone zone to the
next. Duri ng operEiis application dilaes todnrd diseadrivgs angtragre paminefady toetid/ wri t e head a

given radius_fromthe center aof.th 1.SC. Ld.r or wite data in a
gi ven track.ap,RFiraQEPﬁ(g?%&m%f%r@%’oﬁégy ??fzrﬁ%ﬁl%ge%ﬂng%&%%c across the disc

surface to allow the head to read or wite data in different tracks. The
read/ wite head is nmounted upon the distal _end of the actuator arm and 20
25 30 the armis noved by a sBagkgreund ofthe luxention Accordingly, the track
posi tion of the headidaricORts Rlrb&ticdonlascIf bR efis [EEhat e Knbon head needs
to access a different track, the actuator armsw ngs the head to the

desi red 19 acas ttagksatSeoiw. buTdtearemrrittemingfach tiecklvodhk disoandenetainipgsikion o anot her

i ncl udes an acgcel eratiaon_and a decel eratjon phase,. and the period during
whi ch head noV2 tﬁ?n'ollg‘c?ﬁl?rgol WSS TR S'glgn cinalcefon %%aﬁhﬁgt}yvﬁyggd |ag?:&)dri ve, data
i-s read fromusi-lives tHaBerodsQhd difculb &Gcks And Gis{de figeadiscin® zoRad/The bist conmand.
This command contains information which tells the control system where the
target data ngﬂeéd‘é‘fi@dnﬁfﬁsﬁsrﬁé‘gmhé@mpr\herléF‘fétPPB’r‘?“tOS“’_Fﬁléscé‘éWGU‘Bhr sts, zones,
and sect ors. ,othgh NERALNNE dofitald€ 3 dumBEieR setdrl SnB AR Huh®8r &SedtbrsRAFSES over a
servo burst %y readi ng the position infornmation the servo bursf contains.
The cont il &gwioperdricdnthgsest. Theing epeaticadhedisd ¢continually rofatesarmtae t he proper

signal to apply. i.n .positioni t-he actuat or..arm 00/.63907

5T Usoor 107 5advts R8T 8 BvER s i B8 perf L R wouldret ot RO Y 1 ¢ o
disc drive, agihuffrsk. iAh Rttlod¥@dswifgsSthOhdd@bart Berbssi the @ikEfuefacded.
Prefetching data_ is the process of reading data that is |ocated
rotational | yalf"t)"é‘lheé??é‘éﬂr%fi"]'wgfed&@HPﬁchfﬁ‘?ﬁé"cks-data on a track and storing

the data in the bpﬁefreard-/wﬁdaqalealmri@Bﬁhﬁt@@époﬁ%@%i%ﬁenagtftﬂ%%eﬂa&ﬁgi_dp £d by the

host, but often the host w request this data at sone nearby future time.

The buff2@ ctheapn punekedbhie sprvetetohexstetat Accowlinghe thedsck positpmtofthemuch f ast er

than the dat d the dise. Th f in i
ol zed whele P ReoBePy e e 9Ret, e iHehe BidaHRSLBIIRORET Onal o sc

drive, prefetradk thg abegbNemeNGigstiitcheh@iodht dadatdtritkIodagsen) THe m&rd oand
continues until a new command is received. Fromthe head' s perspective,
data that wi e hged frem gng track to pnpther eludes anqseqleratipping gageslssationphasgat a

currently behﬁlﬂhé\’ﬁgg:dﬁﬁgﬁﬁﬁﬁicﬁB@ad{ﬂa@erde%cnﬁ@?s%o@ﬂaH?lE sQRaghes current

position to see i read next. Prefetching the data that is

ead w |
rotationdfly posihiachedirapeaiats infead fremtogmgwten thathadisain respenssdo by t he head,
and arrives !W f t. d i.s referr 0. 15 as a read

| ook ahead ( ).?%%g%g?ﬁéﬁéﬁsg’%ﬁ#g%%ﬁ%s I?Eé%g?tboél , 1‘?1}]%1?%8% orn(Jgr I01 system

i medi at el y bgldnswhitrdtherageatdataiinpcasdbmseisc inteladad toakesernarbitstspd head t o
the target data's track. Zero Iat_enc%ﬁgef etching (ZLP) then comrences on
data that isZ5e4nf seraT yIisaId YBR BeRdsietreiicls PRYELIQMASIRESHRPYEr 248V eved by
the head, andudfdy é&findhe bORGARMPRIAR RS bl S5haitld e cShtcf Lhe target
data arrives, prefetching ends and 20 the target data is read. This process
i ncr eased0 pepystanmihan bses thgtdetepted Positiande gerterpie the propersignakie@pply iom t he new -
target data §. %3¢ t target data arrives is not as useful in the
buffer as théoﬁ%%ﬁ%@gg‘gﬁcg%ﬁﬁ\ data is nore useful in the buffer because
the host frequently requests RLA data, which is witten sequentially after

and rotationally ahead of target data. The host |ess frw y requests
e 1

ZLP data, 25 | ' ' \en sequentially before mm\\“\ ally behind
target data. ﬂh\gﬂ“\“ﬂ“\“‘m\\m efetching the RLA data | at ency peri od
once a comand r*e‘?%%j;,ved, the seek nust be del ayed r#f%®f than initiating
i edi atel y. Conventional disc drives are only capabl e of seeking

i medi ately once a command is received. Thus, conventional disc drives are
i ncapabl e of prefetching useful RLA 30 data instead of |ess useful ZLP data

once a command i s received.



2 WO 001 63907 PCTNSOOI 10725 Sunmmary of the Invention By utilizing an
optim zed seek initiation, the nethod and apparatus in accordance wth the
present iweensison sol ves the aforenentioned probl em and PETMEIVISFASh| ens of
producing a disc drive that prefetches RLA data once a command i s received.
The seek operati of, jHELAR the ¥ QL WERh BRE S 8uRvaLRIRAdisB e vE, Aansreel ayi ng
the seek while prefetching fromthe old target's track rather than seeking
i mredi at el y iasuiploiehtostime dataithatis prefgiehele Prafetehingdathis theawoeesy ¢fet ' s track.

The net hod invgol v al.cul ati.n e r ot.at i.an ich is the

amount of rot ‘ﬁ?%?ef&? ﬁ’%&‘gyﬁcgﬁed (r:)(gaclzt}tflrB %11)%%%16?1 aedog ‘?strt ‘é‘%{ﬁ po% Féaéar]Xﬁ;% t he

actuat or of {de afld Storicl the dath ¢n thO bfia. The gretetchad dats hpawit beanrrequlstsd ek

rotation anbunt is also cal cul ated, and.the seek rot tifgn am)urLI. is the
ﬁaﬁﬁ r

anount of 5 r 0P Best: bk efter the hest will regusst thy dakieat somen BrHPSr T m nmoves
from the ol dyfmfy gat 'révigé fhe re{t("&cﬂeh%at'a@(‘{"thtef%&g‘%&nﬁutwrﬁﬁé& fadder BArARE Yarper i Od 'S

found by subtracting the seek anmpbunt fromthe access anount. The | atency
period can beanbepeadSeom tbd disy. Bhdseforst a perfpmanceigainiisirestizedovhen thediosthe nunber
of bursts that 1['3F V\é”f{cgtff%?? by the head during the remai nder of the
latency peri Sa°SSH{ae RPIRCBSG 9% 5™ pr ef et ched during this |atency period and
t he seek can be dalaayedntidil diseddia] prafeychiigbegitls biceehaarendnta Ibgibséns ar e
passi ng by the head and are being reagh Each tinme a %urst is read, the
burst cottht FaHFELIORLRYTE IRHE NeYOREIT & TBRATEnErTR e MtePTRREN St he bur st
count is deciBRB{w veQeMaher inRicieGRpdsbnbd reh@bLRE Hark Shrk Rty Baiag €Xxpi red, the
20 actuator armseeks to the new track just in tinme to begin réading the
new t ar get deeadibechuseonemastdeak ahgéd afitke haad's gwirent posatianetp lsesowlhias thedysad ni zi ng
seek initiat] L hvQol ves | cuyl at i K i r ESt. I  than a
| at ency peri ot prreéd;rrleé‘g elﬁrte feegﬁglftgée attjaptg?ta}?:gogaﬁltopsl{yrf%gﬁgﬂe%;ah%%dt ?@ROF T]&Egﬁte conmmand
IS received adig at hewedbynthehedd, aid Shvesat the heddufierht tangdt dath ddrafefrediy t he
actuator _arm duri t he k tqQ . the new track js 25 cal cul ated. Subtracting
the nunblt ofs asr@?‘{)‘gols%reei? éﬁrf})o_r%%h“s’é%@%?@tls Fraetsh PP from t he
command, Whi gl infifediafddy RASIRL AOpreRiching@nt S¥k{ BE &hator @Rl Reddo@ tTi gger
burst that once read by the head indicates that the seek nust initiate. The
pref et ch RLAthg farget defe sttaek. rZaradarenppprefetoiing(4LBY therheonmohencesanglata tha t hen r ead
until the trj d I st .rot S he. act uat or and is read by the
nead. At hat Sont) Bhl ST haind fe b B Ak SO e M ed SRt "F
time to begi theheaibefige tha@arpe \data a0 ed thel &irget dath &sied, prefoiedinpoalds amly al so be
adapt ed 5& di.sc drives where several] commands are geued and scheduled to

h

mi ni i ze2Y he'ls ket dptdsread. nThis pracess wgreases perigmmanse b te ZbEHatadhes is 0725

ei ther the | alRREYd BEKIThV tafebfdatdd GLRbelW B bR WRLR-LeAdhaGseach command
is calculated for all the commands, |In another aspect of the invention, the

appar at us i nesefid éxsthg bpffes ee e &L Aviate hThedtled Hate isgnarppsefid iethe pufferr i od count or
the trigger T t gggﬁgg | nory to
make t hese cgﬁéﬁggﬁ ﬁéﬁ%ﬁ?&qﬁ\&@%ﬁ@eﬁéﬁéé%} ?gjg%s the %%‘g{cﬁ?acl)fxqfigfor mat i on
cont ai ned i nardretatienally ahead of ;rgendatpr The lbetdesstiretpaent! eeqpestscZishsdata, A host

cont rol gi ¢, decodes conmman and provides themfo th rocessor, A servo
contr ol bgce?"’!}’é lsc‘?ﬂﬂ'ﬁ‘?“osleq‘?flﬁﬁg’!@ﬁ?‘?_ rf’ﬁ8°r5}15gé‘%%‘£)‘f“g§'rl‘§mﬁol ds the actuator
arm over a currento édndfile fri@iching ﬂﬁ%%dit&ﬁﬂirfg&ﬁ’éﬁ‘a&ﬁcyﬁﬁ%&oﬁ&% actuator arm
to a new track. 10 A buffer manager receives a buffer control signal from
t he processofommeand is peseiveds the seekamitbe delayed raleps thap énitiasing dwmediatet ch dat a
shoul d be re 0| f ' - o fetched
data fromt hgg%‘ﬁep ?%I?ay%génage? mﬁﬁg&ﬁrg%’ll%(g‘égﬁﬁtﬁ rgﬁ?&gékﬁi@?g%ﬂ:@%ﬁf' ogi ¢ upon
request . TheispeoedsBhusconpertiosal slisc dagessge incipalble ofprafewhing uk«iil Ribve t ar get
data to tate to the head eek rotation amount for the 15 actuator
to nove ﬁe h%%ﬂlsﬁe g?ﬂ@“r‘l‘éﬁ%‘f@?ﬁ9&“’?5?%’8@“@5%@"‘? found by subtracting
the seek anmbunt fromthe access anmount. The processor then instructs the
servo control to hold the actuator on the current track and the buffer

manager to prefetch during the |atency period. At the end of the |atency

period, the servo control is instructed to seek to the new track.
2




20 I'n anot her aspect of the invention, the processor calculates a trigger
value. The trigger burst or value is calculated by receiving the target's
servo burwoooessorer position and finding the nunber of scdGEFNYIEES t hat
will rotate by the actuator as it seeks to the new track. Subtracting the
nunber of servo bursts for the seffnhi fttﬁl@]n'sv@ﬁagh bur st nunber
representing the position of the im the trigger. The 25
servo control is Bmulmmgmm:mlmsaelqm@amdwdnethwbm@wppmmstnr ack until the

[ [ dpb d d
:); 1319 gte (r:hI En{ %aco’idﬁ%cet 1& ggsref%rt]}né'tgg?qﬁl Sg{vﬁg{hﬁeadgg% oh?ﬁé{gﬁéﬁéﬁ% tget ect or

receives thepxtobleggefpﬂoeaangoydishenmm préfétehes RDAOd 4o bideal command &t r uct ed t o
seek the head to the new track. Rotationally optim zing the seek initiation
by del ayi hg txevakelhederk aperatign metod Myohishiskeiving aicqmmang andiber at or  ar m may
arrive at thgqtap ﬁE séeﬁ(%hl tchiflg fbfBhd Qd REG tfa@ﬁ‘fytw&{aﬂ‘geécﬁxr get data
enabl es the disc rlvetop etch and store nore useful datalnthe buf fer
and ef fi ci entrhiediatelyiadé theh eontdwminglto daf@pltﬁpm H’@mwstargdmtmt:keiﬁh@st 4 WO

00/ 63907 PCTI U /10 vari ous oth as ve

advant ages WHI® E’ﬁg Eﬁ%fal?‘ﬁ%tglgﬁﬁ a°5?35§ fonlaﬁl\?gﬂtt' g‘lc Wi aﬂgu%\ﬁ%arent froma
readi ng of t hRatfonlth#d willgcdke frainl teglcudeacydsitioh 0Nthe Actustor efthedisodriviehe

associ ated drawi ngs. 5 Brief Descrlg;t“on of the Drawings FIG 1 is a

schemati d0r eBPégégftdaialsd’r?s’é*PnaAdF%kcm ipRy amoynt yAltorralguistedy addhettlodi nent s of
the inventio lafHo { ected to
a host for t tﬂ ?‘sc ?t|15£h§ap%lghdéf‘i'§tﬁt‘il%t§§taﬂ ll@bl %gléér/tg%g)sﬁ%a |c§1§{agepar at ed
into zones bmmpvesﬂnmﬂmsldtarmt ettaqkacltl'alnley taégztésdmok Arlatemyperiedisc circul ar
tracks. FIG dkﬁ tes aepgrt on t;H tracks {jnﬂ"g near form where ol d
target data SHRYRYASE ﬁtgefé’ Evaton Jrr?nb & AFRA AN WPPKY B8 %Yat a i s

| ocat ed on aBﬁiH’e&EprES’eﬁtéK by h%ufst ésunb TiE barst 6R@E atth&mﬁﬂeﬁhﬂfﬁir@g!haﬂn of an
enbodi ment of .t he present jnvention operatl ngatl n the disc drive system of

FIG 2) dnd MK @th the hieag quping the reppindegiof the %‘W@FWM JGheRLAfatpisg j s an
operation fl gwriiR@uam sqaeﬁéy%nsma%meﬁ czﬁ’ifbet Ry B, SRORE Jak gt I on
operating in the disc drive systemof FIG 2, particularly the 20
control syst genadfis FlhﬁmﬁbuIFﬂS@cP'Assmg'aﬁhgt)@dandmbbinwcadl &gehetimod  anot her
enbodi nent o

e ) and RS piRg Birs YN SRpRh )y lsetspmeied gich) wifen®Y ' M ©f

the burst count is decremented to zero indicating the latency period has expired, the

20  actuator arm seeks to the new track just in time to begin reading the new target data.
In one aspect of the invention, a method for optimizing seek initiation
involves calculating a seek trigger burst rather than a latency period represented by a
burst count. In such a method, the command is received and then a number of servo
bursts that will rotate by the actuator arm during the seek to the new track is
25  calculated. Subtracting the number of servo bursts from the servo burst number
derived from the command, which gives the position of the new target, resultsin a
trigger burst that once read by the head indicates that the seek must initiate. The
prefetch RLA data located rotationally ahead of the old target is then read until the
trigger burst rotates to the actuator arm and is read by the head. At that point, the
30  actuator arm seeks to the new track just in time to begin reading the new target data.
These two methods may also be adapted to disc drives where several

commands are geued and scheduled to minimize the seek times. In such a case,
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FIG 8 illustrates a control systemin accordance with the present 25

i nvention. 5 WO 001 63907 Det ai |l ed Descri pti on PCTNSO0/ 10725 A disc driveé
cont ai ns warpg/eadoenent s that cooperate to provi de data t PEEHIYI2on
request) Anong these elenments, a control system noves an actuator which

cont ai ns t hegifigp@e Midnk§ phfiithr tHeAREER buky St RS aRAE sl ESmMbnd 3€ present

invention rotationally optim ze the seek initiation of the actuator arm by
del ayi ng t hecadmiates for alhtbe commandsnti | the | ast nonent so that the actuator

arrives at the new track just.jn.tIi t Lo r. ' dat a.
Seek optim zati o(re\mrfaxé t gci’égg’eﬁg?fad&e ’tn%eermgg’ttgggﬁpr% ag‘éselgaﬁ%élgg ipg{kl%%sgﬁ%’%%ﬁi rst
cal cul ati ng eilcuddiEuhd latthcy geriat icount of the itigpet ealuke| Ehe prdvesseeetecatas 4 i at i on or

by finding a seek initjation trigger. The rotational seek optimzation can
10 be ap ieﬂ°m%°‘£‘é’§éemﬁ%mglg&the586 tonss Ae%?é"&fi’&ﬁ‘%é&h?@ethe next is
received or }&ifAIROmMMIBLoRENE] Al th&RIPRESs MdproBiadt BNkt sebshy] ed before
bei ng executed. A disc drive 100 constructed in accordance with a preferred

enbodi ment  of hokfecopiraldegie decadesirpmanandssandtpooitides them © the proqaseordidsc drive 100
| ncl udes @ bass, A8l Rl S HEMS S SRS Sl bR e85 gl) o 100 a1 o

mounted. A tOp cover par away, cooperates wth the
base 102 to 6wt carient Back thatlis behgpdeadifrem \or kezkee acthator dratodinew talek.ve in a
conventi opal ,rLBn er. The conpogg&lts i ncl ude a Sﬁli ndl e mot or. 106 whi ch

u

rotates Ghe BrovfErEaRETIEceltssa qpiler conFRl sienel Fimy e reatior PATBIREE on i s
witten to ajdbh&&dnddagePat IHdsSprfiichStadhand bd R3d it Qpsifkdt Peviife of an

actuator assenbly 110, "which rotates during a seek operation about a
bearing 20 steafivesznd etotss yhemprefetghes datadimm t}ag]uﬁfg@rn@nagﬁ@ndpgxyylegggq The

actuat or assghly AA0 105! HRSedeR! $habiokteRlooRELNAL Olec S Miarhd Whi ch

extend towar C one or nore exures extending from
each of the aadumfarthetargst daiado rdthrd s thel hedd danHa sekabatioeadowt fealeh of t he

flexures 116 is a head 11 ich includes an air bearing slider enabling
t he head!2182q%pqrtomoxe %\eg‘ﬁg}ﬁ tRsaeH gk apdetenayyalug #s {‘,’B‘i‘ POHRRIAG surf ace

of the associnglsast atiohfit HR theRekdUinGhnd CPHle RORERE R instrilds fhk 3k POSI ti on of
the heads 118 is controlled through the use of a voice coil nmotor (VCM

174, whi ch t gqsitiehiolhpld the heiupsey oa thepjurrentigack endhibip bufffer gnanhger seprafetcbr assenbl y
110, as well re.p 12 ich establish a
magnetic fi eﬁi‘%ﬁ}gﬁg@ﬁl%ﬁwgdbgﬁg%%g&itgglgﬁi%é’?gcggé’ tﬁgs oecog%ﬂ Foll ed

appl i cati on mbtnatedrtentekitothiemewaaek. 126 causes nmagnetic interacti on between

t he per ent magnets,k 128 an he coil 126 so that the cpil 126 nobves in
b cor dandh wi - CRETEF KLU B Ee BerateaeReHshe Siay B | 126 moves,

the 6 WO OPh&R30ek tfsl bivaRRAé ddohbRedisil tdddiRhg S S5 ¥ertd Buii Mi@iber about the
beari ng shaft assenbly 112 and the heads 118 are caused to nove across the
surfaces of Pofatianand &éindiggthe number of servo bursts that will rotate by the actuator as it

seeks to the new track. Subtracting the number of servo bursts for the seek from the

servo burst number representing the position of the target results in the trigger. The
25  servo control is instructed to hold the head on the current track until the trigger is

read by the head and the buffer manager is instructed to prefetch until the trigger is

read by the head. When the servo detector receives the trigger read by the head, the

servo control is instructed to seek the head to the new track.

Rotationally optimizing the seek initiation by delaying the seek until the last

30  moment so that the actuator arm may arrive at the target track just in time to begin

reading the target data enables the disc drive to prefetch and store more useful data

in the buffer and efficiently provide the useful data to the host upon request.
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The spindle notor 116 is typically de-energized when the disc drive 100 is
not" in use for extended periods of tinme. The heads 118 are noved over park
5 zones 1RBowewo7 t he i nner dianeter of the discs 108 wh&ATURY/E@T%ve not or
is de energized. The heads 118 are secured over the park zones 120 through
the use of an actyatomqhahGh Mé&&ﬁéﬁ%%n%h@&hﬁg@sv\mﬁcuméﬁ% fnent
rotation of the actuator asse 110 when the heads are parked. A flex
assenbl y 13(prpsrenwmclmsmn bl beapmawnt&omlaeﬁadmgcﬁlthecfomglddmlqﬂat hs for 10 the
act uat or asdf 110 mhlleeé?g (gt%§¥ota novenent of the actuator
assenbly 1107t ‘ﬁﬁaB‘b%Feé{ﬁw DRI EN A b v i ncl udes a printed circuit
board 132 to which head wires (not shown) are connected; the head wres
bei ng routed al ong the actuator arnms 114 and the flexures 116 to the heads
118. The Printed circuit boar dBricEDeseription ofithe Drawings circuitry for
controlling the L ng a wite
operation and fo\rlﬁgr‘rgl ﬂ‘l Jh%ﬂ)tat?%agreglag%tg g)fééﬁﬁstg:ngtv@?}?%ﬁmfx %’?ef%g%fds 118 during
a read oper a¢issdimeieoff theiavamipardpknate er m nates at a flex bracket 134 for
conmuni cati on throu h.the base deck 102 to a d| c driv ted circuit
board (not shown)F ﬁm&ﬁ{l‘éﬁaieéatdﬁé dB‘BFP’b‘Fﬁ“%F‘H’é‘e‘B? forfehast E’E%Hr‘ﬁféhfl’ﬁo 20
Referring nowto FIG 2, shown therein is a functional block diagramof the
di sc drive 190FIGF1.FIG 1, generally showing the main functional circuits
whi ch are resident on the disc drive printed circuit board and used to
control the oper aflGod ibhistiatve a diss semiritecdintoO®nesThpesedvosoursts located 00 i s shown in
FIG 2 to be operably connected to a host conputer 140 in which the disc
drive 100 i sradfallpiadjdcenbin donéenaridirntar aaeds. manner. Control communi cation
paths are provided between the host conputer 140 and a disc drive

ni croprocessor 142G, YhBusat QRORLASIOWo trdcks Gie ifdad kdrih WhQY biitigetd op | evel
communi cation and control for the disc drive 100 in conjunction with

pr ogr i g KK add 1 RldifadPIRRES SR bncl Ak ShE HEW lrfer BBIORCAELST 0! | MEMDT Y
(MEM 143. The MEM L43 can i nclude random acces menory (RAM ) read
only rrermry IB%E%&;; ot her sources of resident nenory for the

m cr opr ocessor MD 00I63907 PCT/ LJS00/ 10725 The di scs 108 are

rot at ed a con n as dl e troI circuit 148, which
typical |y’ el ectrisltgg t53} 3?“%/?‘? r%%‘“ﬁdﬁ‘ém RPNt S AN BEFSENT 1) ¢ hr ough
t he use of back el ectrormtlve force (BEMF) sensin During a seek
operation, tH¥eRtiogOper3tag injthidiss dmveesypiens Fiq g2, 2pd aanye P@ﬂ‘lF‘éEFIX Weough t he
application 5 of current to the coil 126 of the actuator assenbly 110. A
servo cont r ofongtot system afFIGpBovi des such control. As will be shown in
greater detail in FIG 7, during a seek operation the m croprocessor 142
recei ves i nf or mat Fiéh 6rie gmoptratipntflosv diegramidf ynaherteldotimeedt dfitBe presedt uses t hat
information in conjunction with a velocity profile stored in nmenory 143 to
conmuni cat e Wivehtionfupeatiiy/ in tBOBE Olivecdysen df FIG02, aMiintdie phttivdlhdy appl y a
controll ed anount of current to the voice coil notor 126, thereby causing
the act uad or careitem G 8. be pivoted. Data is transferred between the
host conputer 140 and the disc drive 100 by way of a disc drive interface

L2 T i ke g
t t { ta.t to t
dri ve 100 Sfin@f%t‘f?gsosgé EpOhR: RS oehising 2 e bk Bt ec 1 aa ana ™

then to a read/wite c el 146, which encodes and serlallzes t he data and
provi des theCWE ?&$¥%°€F£%§ current signals to the heads 118. To retrieve
data that has been reviously stored by the disc drive 100, read signals
are generated by ﬂfg Srillpgizates @ contgol ayyerp imdcardance avitihe peselit wr i t e channel
146, which perforns decoding and error detection and correction operations
and out pdés inventiasmt ri eved data to the interface 144 for subsequent transfer
to the host conputer 140. Such operations of the disc drive 100 are well
known in the art and are discussed) for exanple, in U S Pat. No. 5,276,662
i ssued Jan. 4) 1994 to Shaver et al. 25 FIG 3 shows a disc 160 froma disc
drive. The disc is broken up into nmany Slices or zones by servo burst

quasi -lines 162. The nunber of servo burst lines varies and the nunber
shown in FIG 3 are for exanple only. These servo burst |lines 162 extend
radially fromthe center of the disc 160 to the outer edge. Though these
bursts 162 appear as lines, their widths increase slightly fromthe 30

i nner portion of the disc to the outer portion so that the burst
information contained within themis read at a constant rate regardl ess of
their distance fromthe center of the disc. Each burst within the burst
line 162 contains vital position 8




WO 001 63907 PCT/ USO0I 10725 i nformation used to guide the actuator. Tracks
164 formconcentric circles centered about the center of the disc 160. The
nunber of wig@ekes7 al so varies and the nunber shown in Fl GCTASAVHTZ so for
exanpl e only. Commands received by the disc drive fromthe host conputer .
contain track information which ingj ition for the target data
on the disc. A disc drive may cont %eﬁﬁfeﬂﬁ)e& tﬂi?Iscked di scs and each disc
may contai n dat a Atiseaive Gnthins nfdngy eleorenGribat vagperts©® prondedate toafhostnat | on

i ndi cating the proper disc and side as well as the proper sector within the
zone. FIG 4"ROPTeAUEst,ATOng hase gle B’P'W/é'rff’f‘?iﬂép'&?gé’?vﬁgﬂ‘ Eoél?’%fcg‘ accor dance
with 10 the gmesnhe lchVHntd 1ead.SOMD] Byitdm BRBFdiERS kSthé Presdnt iptitioht y.  TO
further explain the convention for data that is rotationally ahead of the
head and at wtationallyi cptimigeshq seakainigationof thg aptuator m by dedayimgithg 38191 r ect i on

is indicated i i f gﬁ{" 1 S - d, and then
RLA data 1772 ?\Zec%n?‘glgﬂgﬁﬁecal%?é}&%ﬁleﬁé %}L@a%éllg?or 'da 59%%5 Iﬂ%f %%cgéﬁsg;ﬁ/l t he head
and i s pref etinbetbeginreadingihv eangdt dmal Sekeaiptibhieatibremethodsdetaydse ahmtonot geued,
once the new command i s rec;eli ved the RLA ceases at. t hat goi nt 174, and the

seek 176 i ni IFAIRBIRBYEFENE B‘flf‘wnm&mt@r tﬁ‘é‘?nrfg\f\?"fertﬁéﬁ] W{l&s"ee pref et chi ng
occurs for ZiRiadad & vh/hdifl £dek middi6atBef. OtiRlrbtafigtal el BhtithidatidiRaimew t ar get
data 180. Once the néw target data rotates around to the actuator,

pref et chithg ba applicdindbg dase Whate gachgomgond & executed befprathemaxids regpieedhal f of 20
arotation w/. { ' time the
command i s \rl\%ljcl éicgsggwﬁﬂggévgfﬁf[ ?‘nﬂﬁ\g{:ec%gl%g%ng %gﬁwe%tu %ﬁgh%geﬁﬁ%{ %r%érlllgh %bf t he

pr esenéI inventi onAié1§sc dﬁbﬁ!ﬂﬂcdﬂ%ﬁdtedih&cdo&ﬁdnc@@&ﬁiat;ilrefeﬁmmmirﬂmm t he
command is received) RLA 184 continues during.the |atency period necessary
for the di sctfBTHERAREnEeTe!s SRy By itk lzghﬁ%%dw lcq_‘?é_n%%a? o$3fell~ at the
l'ast possi bl g WREEMricds chiftpdibntd 8Bihe it dPiREH00L 82 ridtnichaleRpPBYE TP Of the
head to the new track just as the beginning position of t Ple new t arget data
180 appr dachsgwwnipartiahy cuicahy hegapenates withahe base 102t fopra fap inserndlesaalgdget dat a

Rat hor + nan FVGPERERIR - oft oA Ao Phhafishal Subfl? e BhRetehu bl Cormanas

may be geueda spindle thof¢ 106 imhéch rbiates dad1oBmoRSIiscs 108 atd conSrpritdighsspedd. i n t he
di sc drive s!cl‘gedul,es_ t he execution of the commands to . mnjm ze the seek

times. For elBigRRaHOoN is writieaito apsiead frometiackeon thedisg 10Bheough therset er track,
a second 9 RHORFEIRABIFTY, Q%gﬂ%géﬁ%@&ﬂ%ﬁqpmon%oﬁ& BeRAgk data on an

inner track, and a third coman y be to read a command on a mddle
track. TB@seshaBeawmbly H2oositiorad adfacens thyt disns 108.s The acrpayeriassembli Bllexecut i ng.
When it is tj I . QITRIeRs I hehencyoaM bl result if
they are i rrp{ngﬁr;g%?a e%ﬂl}aiﬁ@ﬁg&gétggéﬁsg@ei ve %‘(ta%gﬁgévgﬁg{]igg gSF s0¥0a8|, wédéek

di stance wi | bnebar rhdre fldtgestiGexianding tfiven cach of the metaktot armisl1d4i Moeidted r ack pl us
the distance fromthe .inner track bac 0 the crﬁgdle track. To elimnate

K :
such an i nef i ‘?%‘ﬁ_ ,“_dt gaqk of W?é%& 'Sn’ava_g &’EHCQ“E_ CE@h#hnds so that
the first copemng skider eRligFRRIHREN 1188 NyliA 10k prodimif bold M@l | y the second.
In such a case, the total Seek distancé is the distance fromthe outer
track to2% hecoffesprnding|susfacernd theprsgiiciptedriise ¥08om t he niddle to the inner
track. Schedulin c .re .10 I SG}EQ y the
di st ance fromtth'?n earé% ra Et{o%, ﬁ%gle‘l?lfh %égnt&rfglil:%&eg@riuﬁllég ,ﬁfcﬁe ol d
target dat a thréughahe wk9ba vepe esibmbton (¢EM) 124, eldtietypically mcldaractoithen t he
di sc drive i he conmmands Ilg“conv ntional disc drive, the seek

176 then. i ni [ReRHEEHe 0 i agRART astebly 1RcAS ¥l as 008 OF WGHE REHAEE | han ar 15

poi nt 174 or magheRi 128%hi@SesRBhish LRAFRAE fikIA ifi #ARh\RALAINREIS Atngade. No RLA
data is grefetched, and ZLP data 178 is | oaded into the buffer until the

next sché@ul &he eqnirgBed applicatign of curzent tHAe peill 3602836 MAGUEticderaetiont s t he next

schedul ed ne '{@ﬂ&{ﬁ : I I Utilize a
del ayed seek‘%@#ﬁ%?%%ﬁqg{yg@% pol rﬁ?gcfgga\?\ﬁéﬁﬁgg%ﬁb@g%m%hs) iug recei ved
from t he geueaccordatdeawitit theweR Gnswr kbregtziraasahiskip e |As thparil 26mdvesitheg t he read
of the previous y schedul ed target. Delaying the seek permts useful RLA

data to be prefetched a until the | ast épossi ble nonent.




FIG 5 illustrates the operational flow of the control systemaccording to
one enbodi nent of the present invention when the commands a not being
geued. 25wiamvsmommand operation 202 obtains the new i nstRAFSOHHIY 0 t he
host conputer. Cache hit query operation 204 tests whether the target data

for the read | 5 R Q!Z&e& ArbRerBYafife hebdis it 1S in
the buffer, aecrﬁIB ro\%g@ﬁéﬁl@ixﬁ%%?%o??gln b%o seﬁgggt apﬁc}ata freon% tshe buf fer
to the host riSmpetaused lofmove aceosndfe surfadehof thafdises 108.hen Tar get position

operation 208 obtgains, the track and.servo burst . 30 nynber or tor that

i ndi cates the Iocﬁl‘*iSBWdEfm?tH%ffGa‘rsé’@’t‘caﬁ%{tdﬁfe“efﬁ?e%W?‘F’éﬁ‘? d&ﬁg?l[vffjﬁ&gf t he head
can then be gHFPAEEr Witbdied PEUREs of tilneC atte PRadsA 18 Ak CMbRldeVeNpARCESS Totati on
anount. The access anount is the nunber of bursts or 10 WO 00l 63907

PCTI US00/ 5.0 723 Bk rpas thehiener diapmeter of thealigsa 498 when the diive a0 ds ddie t ar get
data wll arg] Thy r i me val ue
by multiplyi %dgei{%q%edbcf% l%%‘%\/\vlﬁsgggr %e%ufggr'ag% ﬂs‘%ﬁ%}(gg%eg??gg%%%gg&u&sﬂ ng the
access anopunin iomacallach artrangeinentpwbich prderts ifddrertpnerogation@f eheacivator 210 t est s

whet her RLA was Qc ring before the new command was received. If not, then
Track query %?ﬁ@?‘ﬁi’ﬁmwﬁg’gmfgﬁcé %’&Iﬁ the target data is |ocated on the
track upon which £ bRy a&kmBlya303Eides tRORphibit @ébtridal cotketiongaths gier ati on 238
noves the actuator armto position the head over the new track. This step

may i nvol%e WewFmeor freethily 119 3dile plowing pivatalinpy emens of the getRateh t he sane 10
si de of the [ ' ' i ] set up for
t he ot her si eg%?lgtlzgdgrl@e&gfagfégt rgﬁ%%éorh\négérn% ?}F gig%dg&?a ﬁ@@%&]n‘gkéﬂﬁ)ggrg an

anot her di sc132ooariiéthisaad wires knot Sivevnarsskconpexedt therhe2B&@iromyeind matednvol ve a

head switch. A head switch aqccur n th ct uag or ssenbl.y carrying
the heads fofl°% eﬁﬁ@“&i%‘@%@%@ﬂﬁéﬂ%ﬁ@%ﬁ% q}-d%i%éﬁnetpgngpi gn a head
on anot her diis&itQoaldB2apiedly Shh@ied tirdiry RS coRPBILIAY B wrfle urkémdCk of the
sanme radius as the radius of the track for the head | ast used. |If the

act uat or 1ar nmirpiisd tethg hogds 418 duringca Writeaperatior andsfop amplifyigstresd signalsd not

require any i t p’gpy t 4y i he
actuator ar n?%égag&nmyythgggxﬁ%? i8pctlar catlfg?/ |Jgtﬁ)gd¥géng8&%ge)ér§%gg§§\%a¥e%h requires
act uat or novatreefidx Hricket 13ddes cammunitatior tirbwgh theibdse ldeckchd2gb ddlisediriv20 Once t he

seek or head swi tch has occurred, the Read operation 240 reads the target
data once itp'r“HFé?‘é‘%“t?’Ga‘idl‘fﬁo i}%’.’) ’P‘P““Lt‘?lﬁetogl&r e Githe ¢igc &Nee track, on

t he sane sidggg and on the sane disc, then no seek or head switch is needed
and flow noves directly fromquery operation 236 to Read operation 240.
Once t heZfew t ar qRafersiag npwdn FlG o2 )shorpthernimisadfungiionsl bigskdiagrammof42 test s
whet her a ne 3 e LVe. f : Beal A
operation 24&“%&3?’%@%@8?@&?hg%cﬁaegsiéggﬂ% (t)dgkm%%téuélgﬁ%%?g. &ﬁ% Q’z]all%?{ew conmand
is received are regideny owthe rdistidoive fdfted tinenit boper antliveed thlcomtrslahair ns t 0 New

command operation 202. After s been ipitiated by Begin RLA operation
244, query oﬁ%ﬁr%ﬂoind‘g%ﬁfgsct@svfgb@hggﬁgﬁscﬁ‘_ﬂ}ée ﬂk’f‘? OWW&JELQ“?'PB so, then

Erase operatp al%ﬂgorﬁx@cté‘d R KosOHmpaRAA80 inwhibie e Wi Qkive 200 IshfouRted data. |f
not, then while RLA continues operation flow returns to query operation 242

to test %het Het caaventipnelamaraerd Geasolisemmunicaion raghs aTnprovidedpetwerm thiues unt i |
a new Comnﬂoﬁ éorﬁﬁﬁﬁj 1%%d :Hiisc dm %Ar@;ﬁ'gpeZsor 142, the microprocessor 142

generally providing top level communication and control for the disc drive 100 in

conjunction with programming for the microprocessor 142 stored in
microprocessor memory (MEM) 143. The MEM 143 can include random access
30 memory (RAM), read only memory (ROM) and other sources of resident memory

for the microprocessor 142.



PCT/ USO0/ 10725 Back at RLA query operation 210, if RLA is occurring then
Track di stance operation 212 finds the current track position and conpares
it to thewmaessmget track position to find the distanceGI0N2%ar get dat a
fromthe current actuator position. Target seek operation 214 then chooses
a proper seek ti r P@,Rﬁ Qo) Step and is
only possible on Fés{i:}'éc rﬁagggﬁ%t?@?h%h%@u%%ﬁ W oclty profl | e may be
vari ed. For dirat 148, mn:hwymcaﬂyteﬂmmcally)cmmlquatesthel spmﬁtcrmtatoglﬁﬁe(li’l@eek is

al ways the s , _operatio 4 i j there is no chojce of seek
F ey e er TR ah e Bl ppcicetishatmhye fores M stk Owh S3%k 0ot ne
seek 10 anDugheratidh, ehe tratk (oGO HIAE h&ds DS istdofirslledithroSEH the aPplicatién Or
sectors) that will rotate gast the actuator armas it seeks to the new

track. Thé baof eurrentimde cothy2thel @@W@reaasq@hahwacf\asqVOtcpwlwp% by

mul tiplying i % o] er is
conput ed, fl (%\g/\? P%gﬁie%%’@ﬁ”sloﬁtg&l %ésﬂtylir”fsﬁf/ gt ore é&%ﬁi%ﬁhﬁg v'g‘g‘r{hgrggne
enbodi ment , kcbkrdpeﬁaﬁbrﬁﬂmmc@pmcessommm&wademformdtxaa regatdihg;@ervebd&j tion.
Thistrigger gﬁ’ﬁ ﬂfij or i ndi cates. when t| (ﬁek sholdinitiate
so that the & EieF Fﬂwaﬂ?n Heonppngton, wi BEROTHHONH tine to
begi n readi ngtotréaqnm@em&mwio Qatninichidi Witho@s isérive Boritfdl eB&it 159, WHent i fied by
subtracting the seek anount fromthe servo burst numnber or Sector val ue

t hat i ndil@at &4l apply psentrqlisd ampumt®f chraent 4 thetvoicaceil motpr 136 there®s where t he
seek amount i, on, only the fractional part of
t he seek am)u%!ts |g§ﬁi§{bn’t‘atrt£rga?sé fijf 3Eﬁ1ewtdr| gger. Using sectors to track
the trigger requi Pes 1euansécrmd¢cB@nﬁghom:tonmnmvilﬂbmdftbc disc fiigghH)0 r esol uti on.

S o Ol Ry vy B gisE See ucerG 18 iy RBly hORE ap it folatiBge "

conput at i on ffghispedd dabieraetet BétReerrthE st Coniffterald0tang teafi@adriveriagk earlier
t han jUSt intinme to begin reading the target. Using a conservative

conput at ilén Eﬁ@\ﬁ@ﬁ?élséﬁiﬂ toatpre theprefetshaddata. f?%%%ﬁlﬂ@ tptile diggr get to be

m ssed, which, bring the
target back to t#(ﬂﬁég‘g}g p%%cﬁﬁg&nr{lﬂésg&s?d@‘\q&% l’}gtgf;fa%e@g*@ﬁlg%goncy of the
read. 30 | n ameddiveriteeiriomell mmwhxchabemdesf gdd&enalaememamlanmpmmesaiecul ates and

stores a |latency.count in burs he count indicates the
instant a se&¥" ggﬁ&‘ﬂr’de ﬁgrqnﬁflﬁa;s[@dﬁ%ﬁeé‘ﬁ ﬁso QJEW&CJA Qatohf’ﬁ% i tial count
val ue is equptevicuslyRtorddby th¥\@is0atioS DBV réddkidodSQRY deddrdfed By iREKeadf Servo
bursts or _sectors that will rotate past the actuator arm during the seek

subt ract &8 fllb#ﬁﬂméoyéefb@sth%ﬁﬁae(mrﬂmawl 146+ which parfarmp deagdingsnd servo bur st s
or sectors tRag} target data
to the new tar gléétﬂété mﬁ%%(grﬁgﬁﬁ?%f% ount ¢ “Itscai'hg}étﬁ&%ghiﬁgt?grg}ent ed using
actual tinme imerfase 184 Tdrsubsequentiransfentd the Absieomputer 144% Suuhwpemlnuns dfhat the
system may u ze, to efet t he .RLA dat del gying the seek until the
count is dec&‘gr#ésf‘i’tdéﬁ' tl g5 el parngp Rie art %aée P%W?? #?ég af"l??’tﬁe dur ati on
of the | at en@yS.. PAAJNb.5,276)662 isdupd RinO® £1993ab Shavenetkl8 nmay be conservati ve,
i ) azgum&s a greater seek anpunt than_necessary, when cal culating the

Iaten_cy unt to PleveievaRdEr 180 from & disqdrives nkhediss s brokep vrslp®t uti on 10 of
the disc. Thiggnf S1idee6LSGHRE ¥y RRFAHIES c#uQﬁ-lﬁ@@i%za”Tﬂé’Hun{bér GefRivufRte. In the
enbodi nent where a trigger 1s identified in ldentify/ Store eration 218,
Moni t or / Decr éinesrarigpandathé pwmix2 GhoveninsFIGad laresfor vxaniple ertly.oThesestroo as it

rot at es past | ooki e tri r burst or. sector val ue.
In the enbodPﬁ%F{meﬁﬂg%5Xt8nc{({?§ﬁly?rgms of e r%ﬁ% d*i H}é?y(? %Fé}]-“é’ T e488r ati on 218,
15 Moni t or / DabbsdreRése GRREsai62 APped? B ﬁ&@rtﬁﬂiﬁﬂﬁ(ﬂhilh&e%léﬁﬁht@&?&nmene a servo
burst rotates by the head. Ready to seek query eration 226 tests in one

enbodi men? i fmeb@?raw ghtho disc ffb'éagmfheorfm @cg@ﬁt % Yret igformationnot her

enbodi ment i LofdRREPH AR t&%plsqgﬁr£%9ﬁ3§n¥%ﬁ8%ﬁksg SAMiOMGahdd ffonf O- 1T the
trigger or zero count has not occurred, Buffer query 222 tests whether the
buffer is fulhe cgpigr of the disci anidzurstdp@rraﬁhﬁ burst lingyl 62@ontaing vitad pesiti@per at i on
220. If the buffer is full, then Erase operation 224 clears out space in
the buffer and the flow noves back to Goeration 220. If the trigger or zero
count has occurred, flow noves to New target query operation 2Z8 which
tests whether the new target is on the track containing the old target. If
so, prefetch is initiated by Prefetch operation 232. If not, Start seek
operation 230



25 noves the actuator to the proper position and then Prefetch operation
232 begins. If Seek query operation 226 finds that the trigger burst was
not yet s@8@ye0ot he count was not zero, then Buffer quePgTAHp®I1AT2Fon 222
detects whether the buffer is full. If it is, then Erase operation 224

clears out part of the buffer to free and flow r ns to

Qper at i on 22Bformpstion Hspd, O gNIde tpe Acudsss, ?@f‘%ﬁ@%%?ﬂcﬁ%nﬁﬁ %lggr 30 is not
full, then qpekAliBhutdRdcdnter oK iR 1800 The @umbet dftaskilsoevdrley aid> Oper at i on
220. 13 WO 00163907 PCT/USO00/ 10725 It is possible for the nunber of
bursts, ti methe pambesshewsinskle: Scre alsefs exampla oplyg GIBENds §5c5iVEd Y he tri gger

identified i ' éﬂ@h , kid¥SrrkdtioR wHich ifdiegeput ed. I n
such cases, [Ef)gargg?ﬁ%énﬁ% w‘fsf)“?’?#}{é i%g'?lg'ﬁly etect that tche1 tlrigger has been
read or tshatthé pesitburfot theoargét dat oretho disblo ARLige rivefraaycdentaip sevétal occur as t he
seek to the ne rget .track will initiate i djately if on a different
track or thétﬁcgf‘g@f&\ﬁ“ﬁea%éﬁ?céﬁy ?%P%‘?gfﬁmldgnﬁﬁéo Ef‘%ck. Once
Prefetch Opefigf donnirdidforRetdmdichtify thé pfopbLdibdehdsaidtas wWellsas Wi prbperhe t ar get
data arrives if the target data has not yet rotated to the actuator arm A
conser vat i veseetof gifhin the zapgunt from operation 218 may cause the actuator to
arrive 10 slightly~bef. r t:l 1 zes the
ﬁG’gg tllﬂ{iggtrepﬁot{l 3 cgﬁxr'enggﬁaﬁl sxf%g?.g% Fﬁ% 1&8%:0?&%&’&%

time before the tar a arrives to pre dat a. ad target
oper at i o1y 23#e present iantiont shewh an dimtardeicks for eimplibiey . dTe Curtiee expldire thear get dat a

arrives at the head. ce this data has be ead, .flo ves to New
conmmand quer‘i?“&?i’é‘f’&tf‘?rg%t%?:‘s ﬁtﬁlongn)f %ﬁ@?f@? éga%aﬁ?gtdﬂté‘\r%agu%odi nment where
RLA pref et chiohgiondly bkhing o) tierdi® rogyiondirédion livindicited & wiedng aigik on t he
current track. The enbodi nent of the operation flow showmn in FIG 5 can be

confi gured tlefts&d tanget data 4@ is 1ead; and theniRdeA datey 1 phlocatedyghead of he oldat a on t he

current RLA i t t tyl.t | o at the end
position if %Fﬁﬁiz/\%mﬂk?}? et%%ﬂ%g%ﬁ% qrgﬁegm%%?rlennatco%] ?%llgﬁﬁfﬁegl t he seek
initiateks awherekbdnmanda arenitgbudds ohaeahd eelv commandan adckiveddie®RIA t he 20
target, is prefetched. . her than endjng.the RLA an refetching the ZLP
data before ‘Ecﬁ‘?é’sla‘a&@teﬂ"“)%ﬁeang G Seek E)ﬂ& t"}ﬁé’?"r?‘Ff“°’F§L°g‘1F°ohcé tPfiue on
sequenti al dghwark wheREPYelRlohifpURburd YHZI0Md4th #78<wRich REiBchtedNoitiofldlya 1 s bei ng
witten, as the head reaches the end of a track, it nust seek to the new
track bef or ebehisdithemgwiprgebdatp 18@ Onee hanew targes da@aptates gipupdto he e and t he
di sc rotates f LLLVes ~at k and
begi ns wri tiaﬁg&éﬁgﬁﬁa‘}‘ﬁ’gﬁ%ﬁé@&éﬁgaﬁ%‘gﬁggr&r }ee\s‘{%on iar‘llgljag?fgﬁ)élv%] 51?) rotation,
i s the szihe arationh wiliatcur befoexihe mew taspetriatalaerives £rbm the tiathercpnithahddat a,
reaches the end, . and then nust seek to the RLA continuation track.
Therefore, tH&EWEY triggered by the end position of the RLA track results

in the head arri VA ggkaB2 ihgcebhderiat irtémtddinent aﬁthie%:tb‘éént@@eﬁtﬁ‘tﬁi i80 begi nni ng
portion of data on that track arrives at the head. [n such a case where the

RLA i s to cofflaysdantdheolast nopsible mement. ¢ Whetha compand isyrpesivegeRbAIISA f | ow of
FIG 6 may bg substif J i | 4 63907
PTG 167 St Uatith 6 bl #%@ﬁ%gé?§§8%ef?§m%8§¥”é‘%’f°éﬁe s P g0

i nstead 2 odeta tp thepbeadt iThan,2t thedhst pbGiblEmorgemtray poipel86; thersed3IB2t est s whet her

1ZLA is occurring once the new . o .
mgtlate movement o? the%ead to the new track just as the beginning position of

mp)
-

the new target data 180 approaches. If the head happens to arrive just before the
target data arrives, the small amount of data behind the target data is prefetched.
Rather than implementing one command before receiving the next,
30 commands may be geued in a disc drive. In such a case, the microprocessor in the
disc drive schedules the execution of the commands to minimize the seek times.

For example, a first command may be to read data on an outer track, a second

9



command is received. If RLA has not begun) flow noves to Begin 1ZL, A
operation 5 352 and prefetching starts. Once prefetching begins, the
trigger onyeG@iMlbo7nust be cal cul ated for the target seek.PpPcEUsMOLERE track

di stance operation 354 finds the current track position and conpares it to.

the new target track sition. The new t et _posi.tion r y been
f ound before c&ﬂ’é‘?ﬁ%‘ﬁiﬁ%h rgﬁé]gaé‘ﬁ?n ge 1St %%)‘%I’ é??%%’@&%mﬁ?‘alnég bg.%ilo Tar get
seek operati edISHERAASA2 Midgleanek. Thek commandsre Haed twhilgathes disk .

Bur st s/ sectors ogperation 358 cal culates or | ooks u% t he seek anpunt.

| dent i fy/ St oPiVERS 28 PSFIIBO WA 15t forimplement thessomMmMandsdf i n one
embodi ment Oﬁnﬁléi&{c]:g %}ql ?&Hﬁtif thély 8 inPRientEd AYhE BRI FRENED BechieqhET Y
operation 330 ich wll then detect that RLA is occurring. Flow is then
directed o Rit# sseledistomervitlibetheldista®2 fudm the optsnracket thhmmentrackplusposi ti on

to the trigger or count to.detect whether th Ll L..reach the | ast data
recorded on ?'ffe‘ﬁWFgrrW“ @F LT B'é‘l"koli’aéE %%@eﬂl?@@??é%\r%% 81918m8t&§ﬁéh Becurs
i ndi cating aiseffidiGley! @e aﬁ&b?@eeswraﬁky dcEedubetie dothMandanb ithug eheRirét before the
target seek nmust initiate. 1tLA seek query operation 334 then decides

whet her to bégmmapbisiimplemsptedothemnihe thied. aad feallyithe ggend- o YehidtaBased upon
whet her the %o&ﬁ@ek?#%&@ﬂ thEARAR R Frtn G- Blter tracieAnE AR IES ingn does not
require a seek, then ow noves to Monitor/Decrenent operation 344 which
begi ns | d6ki rgstanos fromehe muidgdst totthd ipgentragk. [Selridnkingithe cemmandstgducksethe

Dur o010 B S s B ol et ' B gl 2oLt

c{f%gacfs remai ni ng
operations of FI G BIG: @)tticrtl@target dithd76RkAy aRO répietdht ArtafiRg whe@fled Seek,

then query operation 334 directs flow to Track di stance operation 355.

Oper ati on” 3550BB3M, VBN thp disgdEive asuging Hie cABMants: IR 3 onvaptipnal disct rack to
the target tack. qmdhe inigREKiniRat A 3 seek tine
for the target Qs’eﬂelir. %&?@P}gﬁggiﬂors opea?%* ?‘!(E)brﬁ %%%F%g ga c%fhg{glgﬁ%tr | ooks up
t he seek lanopaint 134 on peintd86 ks €ach eomimand isiredeined fioonthRigéuet. r e RLAodathe t ar get

track. ldenti.f re o t] 61,1 tjfie ne arget .trigger in one
enbodi nent ¢ %%\jeéhcgefﬁgﬁ%pdggﬁﬁdﬁlogﬁegﬂfl{?eth%@\l/ﬁé &8¢ t&ﬁﬂ%ﬁfcqep'i}%? 15 WO
001 63907 PCThdog@@athQifiddes! The Bbw targett180 vepréseiits teatks schéduisdaietvatrgesrtbodi nent )
Operation 361 stores a new target count, obtained froma new access anpunt

and the new $a@k Emhogdimentsof dheprgsentiaxention tilizera delayed piskl84 4Rt om t he
target's positilifss i ik b d wapat i on
track. Last datla o‘{ggrq :3[11} :ﬂ?nV%%%{Géafﬁg‘ﬁﬁg%ﬁéecgﬂg@&hogﬁﬁ g%l%nfa'?ll} g'tﬂgﬂ t he RLA
cont i nuat20on seckésig iymetdiatsky wrpnfeompleting thageadyif dseproviowidyt schedsdesirtargetl. on t he

current trac t.hen Ki. t data e refetched. End
query oper at ilboe?]ar}gigég t %es???g%%{egt séﬁfgﬁé%gtﬁdo §'f Brgge%%?g) 'ltﬂafg? @‘f‘ l¥’F1‘°’hﬁﬁurrent
track has beewnteaad. If it has not) flow noves back to operation 336 which

conti nues to | ook fE?r the | ast &i)ec_e of data, If the|last piece has been
read, then Seek ofH-at {lBsraies theeperasipnal flomeofine cORtrg} sy 3¢60rANG t@ ont i nuat i on

track. Conti RHEAPEIREL QR tiPeseRNhleAHES whittin&bdinfhnds A% £ @%&gg@\kﬁon track,

and operation flow continues to Mnitor/Decrenent operati 5 whi ch
det ect s WAen Netecomumand ppefatiom?Qoebtainfaibe pey inseurction fronethg bpsigpmputer: m or t he

new target c ounte | ot rement ed
until the he%@l}eglﬂ%@xse:}f&ge?@%noéﬁﬁ Yegts}ﬂgthéﬁ&gg%ﬁ%dé@g I %’ﬁ Q?ard é:cﬁ'.%afggr ation
345 per f or s hasalogady béendoad2® tht@the blffer. 3f it is in the buffer, then Provide data

operation 206 sends that data from the buffer to the host computer. If it is not in

O

the buffer, then Target position operation 208 obtains the track and servo burst
30  number or sector that indicates the location of the target data. |The current
position of the head can then be compared with target's locatioln to calculate an

access rotation amount. The access amount is the number of servo bursts or

10




and the remaining operations of FIG 5 continue. FIG 7 illustrates the
operational flow of the control system according to another enbodi nent of

t he i nverwo ome39dFhi s enbodi nent corresponds to operati onBCHHEN18BPrands ar e
geued and then schedul ed by the disc drive's m croprocessor. 20 New
commands op L J t s Sl O ost

conput er angécg&é%]g{sat t&ﬁgﬁ)\qgg%ﬁg}eh@?d gﬁé\fre?ﬁ%tpagécétﬁ ?gga Qggl‘%é?gﬁ%ﬁvﬁet her the
t ar get dat abit mithiser sei botonvedd oarmmnvEuhismaltiplyangyit be e kndwaskewo i nt o t he
buffer. If it is in the buffer, then Provide data operation 254 sends that
data from t BEFSHIAMPLG PEPd he host conputer. Target query 256 detects whet her
any targets wer epgfordigting the bélRsCafduat tol dalchlhle t8é pidper RBAQRLACGREs Was in the
cache, then operation flow returns to Receive operation 250. If sone of the
tar get dat aoperetieno?10tesinwhetheri RLA tag opquanipgerfers theonese eemand ¥ser at i on 258.

I f query o ion - in cache,
t heg fl gw \Rg%ﬁ%yeﬁ'a\l/fé%éo@g%%%}cg gé%?&pé}gg@cﬁ’gcfh%lgw%%éggﬁ %ﬁéeggék'@%&: hedul e
oper ati on 23&atedondi sadkhmpon eitivhrthksacheatdrizam i8Positomed.s Ifawb 8etls ar e
mnimzed. As a.pa of the Schedul e operatipn 255%%{ tttﬂe osition for each
new target CBCTRUQMEP8IROYES the aéglaf%é“aé%g%%“"é*ﬁﬁﬁhﬁa N, 88@‘?’11“@"1&6 WO

001 63907 PCHRLSAY i/ A90IRe miRR Rl widihdad t@L HiffbAdn tradiéh MEGARS anount can
be expressed in servo bursts, or tinme. Distance operation 260 conputes the

di st ancd0t heidgef thersame diss rhitsestepaaay invelvemoring apether head seb mprberdhe The
actuator mu . ﬁﬁ[g i i ; eanl i ed target
data to the%%r}eggﬁgggf)ﬁgg}m%?ﬁgq e nggﬁhgéc ergulugal ’?a?é}gﬁg(&%{g;ﬁ%ce t he seek
di st ance f omnethaltrick. Thk Satladpethtion 288 may aiso dpeivata lead ™6ichobA heads t he proper

time for each.seek. erafion 262 is one.optional st and js.inpl enent ed
onl'y i1 di S GV GRLr YR the AR A A, BT e BFOE At diihs A5G Van ‘seek.
Oper ati on 2641yl feedib Ueﬁﬁdvéd@ﬁbdgﬂ t@h]_iiglh aidall 8f aMéthd discor M ®héraede ofi e for
each 10 seek. Bursts/sectors operation 264 cal culates or | ooks up the seek

anount, hhi dbe samerdiss tpgitaek obthe syng radivs gs the radipsef theitragksfor thgthedd | | rotate
past the he it . k So58ek anount may
be expr essegﬂlt ﬁ&g érlf/;ﬁ)lggigt?‘gt%gg%f%tg %}nrreg %%?@ﬁ%mr%\%sa 1%'&%&1 ?‘3‘3‘%‘[ ify/ Store
Qper at i on 26éuldinds réquireney embeadene fowebele did doymdfaufacmriap eslerhnees tR66

identifies a trigger for, each schedul ed target data command. This trigger
ol dent 11 dgugY s TERY Ry e ILP g G 7o B RSB So0s 1 on

i ndi cat ors tab@hto¥rloVerh& alaftal¥s doRfR kel tHALRst B¢ Bordidetedd t he seek fromthe
servo burst nunber or position value that indicates the position of the

next scHédul ed t Sngethedegksor hppbswitchdgepcaurrad.cthe Read gpsration @4&eeats shoul d
initiate so i ack just in
tinme to begit%é)tra %a%ggaﬁégt egpﬁ)g%sqé%%*ﬁengar %F Wﬁ%‘t”%&fﬁ’ég?%kggér may be
cal cul at ed ghasamzrside, amd orethasarnd disg dhanrme seek drelread witchbis meddsd addn anot her

enbodi ment, Jdentify/Store Operation. .26 onput es and ores count

Fepr esent at (158 Bpvasiserty ENEyGS OPURLOmAS B opaRAAs CRe Menot ant a
seek 25 shouiet thied Has beeH Red, WN cdnimdrAafBs Soperkion 240 @sts Mhbthéd a feINt 1S
equal to the nunber of servo bursts or sectors that will rotate by the

act uat or2%ar rfoERanh has bren seeived u HinohdhaaBagimoRi- £ inperatien2d siafunt which is the
total nunber r&gtcﬁliﬁé\ﬂ% 118%% %EF gf(ij’é'ad A5G O Sndw Bmdthddis E&Eﬁgfatgé)%&qe act uat or

armfromt hep ear r sc target data to the new or schedul ed
t ar get dat a.opftadon 242,ithdn aperatibn flow retans te Newsnoinod ppsgiond®d2t o t he 30

| atency peri od tfigt S Yk lEiea S Hek i R oBbESS £, hlkgy LA data The

operation 246 tests whether the buffer is full. If so, then Erase operation 248
30  clears out space in the buffer for the RLA data. If not, then while RLA continues
operation flow returns to query operation 242 to test whether a new command has

been received. This loop continues until a new command is received.
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val ue can be expressed in servo bursts or tinme as well as sectors since the
nunber of 17 WO 00l 63907 PCTI USO0/ 10725 sectors per track is constant
wher e t he whdyeabgsl occur. Delaying the seek until the coectussquers zero
permts RLA data to be prefetched for the duration of the latency. In the

enbodi nent where ri r is identified .l erati.on 26 .
Moni t or / Decr ementgﬁ%& gﬁ?&ﬁ*ﬁ%@%ﬂ}%@fﬁ& S?&WB‘%HF&&‘%* A, as it
rotates by tBgeraidnba FndShElcutr& a0l pbdifiord 4R dofrip@@e it-to kiie deheragebodi ment

where a count is stored in Qperation 266, Monitor/Decrenent Qperation 268
decrenent s t wackepnsition sxfind thee gistance wr the tasgat satadrony BS(CYFTERGERIEE by t he

Gperat i on 20 TEEE TREfeipeatiny e da LRAS 4 Mod S R R el o 268

decrenents t Dperatiomn214 o oneomionhlf staphendtis oxjg @pssible aedisc dfivesovhete thas not

occurred, Buffer query 272 detects whether_the buffer. i full, and if it
is not flow ATVAY %ﬁ‘c‘%loﬁgy sz?%itl‘i BAY Pﬁ@%ﬁerﬁor&?&%&vf’%ﬁh‘%?e VICLOCi(%e buffer is
full, then Epagfe f?)l?%_rg%h@ébkafﬂmﬁé%%'é%ax_ﬁé',top‘éﬁﬁﬁﬁ!2141istrbxﬂo¢iédfsirﬁé el the flow
nmoves back to Qperation 268. If the trigger or zero count has occurred,

fl ow noves t & nqeshoicaofjegekdimery 276 which detects whet her the next schedul ed
target data is on S r I I rget data.

I f so, prefetch ilgh?lﬁ?rtoﬁa esél%‘g/tgﬁgogf e ‘8%E§%§a?‘é¢4t§ﬁ°’§§‘g‘sq‘?ftﬁﬁ%%‘? Start seek
oper at i on0 27 8momntewhich é the hurabed of positidne, infservorbmpses ofpestots, drat wild t hen

Prefetch operation &80 begi ns. Pref ?(tch conti nulgs targgt data has

ntil th
reached the SUREERYMEAHARY atpy ALl Sqakyle BeRgw tf e?H%%‘érFta‘{ r Begi ns
readi ng the pawertaranbcral d¢ eie Blomali %@ncf% bk kadwn bdifo bakgREogat a has
been read, Cache m ss query operation 2§ etects whether all the schedul ed
target data WaSr hesauntaymbern is compuied; flopt then meyespe ideatifg/Storgfnezationn 286
starts pref eifd‘ui ng RLA data and fl ow noves back to Operation 268 which
continues to ook for the next trigger or decrenent the count. If all

schedul ed5t ar get bhaine ehbedibest) [deatfy/StofeddpeBeipn 21Ridenofisratiggn 288 starts 25
prefetching RLA.dat.ga.and New cqnmmand quer.y..290 detects et her. a new
Bormand set POGTecl o HERP S5O, utH: 06 oL RSN decteek DS B RLA
operation 288 ganthe AttBof dHh WillGIrAVE At thelproPer! tRRR jGOM tirid!®bebitreddidy New
command set is received. Once a new command set is received, flow returns

to New conmaHt$deyjaiest dagy Dpposgipnprigger ds identified by subtragtinpe sepk syst em 320
in an enbodi i L i hcl host
control | ogi gﬁ%%?lfoéﬁ %?8%2?%@?5%@2; %%r‘@nggﬁv&g&?ﬁ *Lgrpuﬂg‘?lnagfer 306, a
buf fer 328, thesagedato ninrimstan8dsGyheathe acekBamout(s @atk3 @i oREdis€)SO0/ 10725

servo detector 306. An instruction,.i.s received fromthe ho co ter b
thevhost conf?gion 8@@61“‘[3%6’,“0%8&]&%#‘38 arr%ﬂ\‘/mﬁ 15 hturastsd to E‘@&‘Eat gguv»ithi%

the interfaceightd ©b@pRectdrs fol thack the tﬁ%@erh@éﬁﬁre@@ﬂhfﬂbcésﬁﬂ%%ﬁ%vﬂ@ﬁ()des t he

command fromthe instruction received by the host. The host control |ogic

300 al so acc&¥adugher seselubipr fpek Wiighamayr resmit irore RLAatae be profeicheds er 314
i - th
receives pr efﬁﬁ&ﬁgﬁf&i tﬁ@#?, {a@ﬂ;ﬂélglt}gg tbgg{ag§n mﬁﬂefua&%co%@vzﬁ res the

pref et ched data Uunt S ost control logic 300. The
buf fer 324 i somipwatianizedhatthezacator ami artrives atrthetafgrtracksdrlist tah@st . The

menory 304 st.ores.the progranmmin ode that the processor 10 inplenments
when cal cul a%‘ﬁ’ﬁ& QR r{% mgﬁ}i‘ettf’r&fﬂg Iﬁﬂlég g8(31§°r§6t“‘_[cﬁ:§f'lp}‘?t‘%ﬂ?rlc\'fél§s ﬁrﬁgst intim
to read the tarigetie stem. frohheausBpTHeMazbso be aissed NGhitloRbuld Reduables for the
seek di stances and correspandi ng seek anounts either in servo bursts,

sectors, or tPRpleleTRelHomof (healiss to bringBgrargel beehviothsheafd Sieh ampart of the
M Cr Opr 0CeSS gfeahf fedibesfthdffidency of the read.

30 In another embodiment, Identify/Store Operation 218 calculates and stores

a latency count in bursts, sectors or time. The count indicates the instant a seek

should be initiated when it reaches zero. The initial count value is equal to the
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15 The servo control 316 is operably connected to the processor. The servo
control 316 responds to a control signal fromthe processor and drives the
servo to WOIIKEI%h t he actuator arm appropriately. The bRHASHANRZger 306
receives prefetched data fromthe read/wite head |ocated on the actuator
arm The buf L GintBRRIES bt 98 ofk&Sors BREWIERtAe Pt fRrackidtos afth B@tingingnal from
the processor that instructs the buffer _mar]ager as to how the prefetched
data is to bseeksubitagied from the acdses regung Which Thide peiglinumben pbgsevo BUESs may be
included in th h 1 L I i of the
buffer managérr S%gtgé\%n%yﬂgggétatgjpg‘g&tg%? gdéag%rt%’rn fg%}gi ?dc%érl\gaqgﬁ dta %ggﬁes%uand

provi de the meget ddta pTRE fnitkd count ichld atso be smplemeted Asisgacnl deteamitor 308

recei ves gosi tion. i nforngti on t hat i? (r)tgad bg;’ t he heaci.on thg aﬁ%uator arm
as it passesTBR/BHHALEOURL VHHE Biaslatenty s qtithey SR BB PIRETIEREE ¢ he
current posi Ri &Miay I?fé‘elﬂ%g@%%ekq{nﬁl theRo@H1 §s GFRAENMERND zerbNeFalA/0 det ector
reads and supplies the si'gnal to the processor which is analyzed for the
trigger bur sdata isrprefeshéefor therduraion\of thedatentyorAgaim ddentifid StoopPpérationt he si gnal
to the 30 pr ssor _which is used decrenen he rst _count. .The
position sig gifmﬂ%g}e f%&?rﬁﬁgeséﬁ't%?&rﬁeﬁfa&re ?risgghk o] g#l\?%n it s'safn’;’i“ﬁhfe Or mat i on.
The servo detfailfingIRSBlatehyy edufiotol pievedtimitsing tHehtergddnd/veidinge kevdiiGonf FI G 2.
19 WO 001 63907 PCT/ USQ0/ 10725 The processor 302, shown as m croprocessor
142 in FI&  of the i e FBISS nosPEamaicig Mo sorledoqunt 15178 SWRBFy 304. In _
operation, the prﬂctﬁ§§rﬁﬁod_%9&nrvﬁﬁl%e§irfggé’ﬂg idcﬁﬁﬂédWﬁﬁdén‘fi%r/S@%ﬁ&aﬂidhf ormation
fromthe host control logic 300. The ‘actuator arm s burst or sector

posi tion i nf 3t&ddeniter/Decrgment Qparationsd20lygads kachFeryodwess opsecfar@mitt he servo

Setector. S08 ot REAENRA PO i UG G55 a0

cal cul at es asmBedime® whEbLNéouvahR storékKdéniify/Blore Op&ativn02ZIsSor may obtain a
seek anpunt % craoss referencing in the table stored jn nenory the current

track pod?ti Mengpr/Decrergent @%Woaﬂm fiFcremepts the,gount gack tims<a T ¥NOYTHdi cat ed by
the command. rJihes B @6 RERIOTRETBY td ek Gady %B&E@Jn@%h%ltsci‘ﬂ_rdh@ BinbSdifhehiaf |96t track

positions to find the distance and thenh scan a table in menory to | ook up a
seek amount ©peratiep3Mhiieads thotrigger valusgordh sncihas embddimenoif HperatiomA seek
amounts can ke in. Se S S 00 tine. Fro he access, anmobunt
and the seeka‘g’rrr%,ﬂ't“, tﬁl%‘(g%&vgrt%én%nfﬁgg%gbg%%ﬂﬁ%rgﬁ?e"i W%}I}‘%r?g?%cﬁ% 'ment, the
| at ency peri Bdffersqubni2d tddys waeiter grtbuffer it Rl maGKit Wt Upefationfiéde access
anount . %ce the | atency iis faoun t he processor instructs the buffer

d, ! .
manager 306 FOUEHIRPRFASORE2D. plf Sedtufisy 15 full, then Erasp aperafion ¢ clears@ber and
provides a c i I . I actuator on
the current '? ;?Hg% tP ?)P&?%gn %:I{li}re :fil![a ?’oﬁlgg%é%ta ﬂgtra}da?t% %Hgéﬁzqﬁg&%rtg%%eggf)r 302
det ect s whenztibeodfl hhsdennyd,i flowomeveshy Newasiget queryt dperatios 228 ahicii gnal from

t he servo detectar 308 and | ooking for trigger burst or sector. In one
embodi ment, {8 Vﬁlﬁﬂ’éé SEVSrEet3 QF ther EE%WEMHI%‘@@%B'Pd?Igﬁb#F‘?’on si gnal from
the buffer nprRa&en is3Rfiattd by PrefdibiPbpettRn 282 V & o€ IRET ek 3P&aticdBOPT OCESSOr
302 calcul ates the trigger by subtracting the nunber of bursts or sectors
requi r ed 2P or moNes We agugteroit thenproperrpositiany tsethenmPrefataht aperagign @3hbeginsed i n t he
command. We ' 1 6‘??% Vi des the
control si gngﬁée{ggqﬁ{ggg%t\%ﬁ%%n rgpﬁg%mmgﬁegh&gﬁ%g@tgﬁéeg{éﬁu% or armto be
reposi t i oned count twae nowenerd, alrepcRuffda tjgery bperhtion 222 dptects ehisther RO Buffdrdo i nstructs
the buffer ger, 306 tg stop djregti data to the buffer 314 once the
target dat anﬁ‘gg &ﬁ‘r’isvgﬁ“ gfas‘f P&rﬁ%%%@ﬁ{}g“é’ﬁt a5t ofithe DEfer & ieuvminite ¢ he
processor 302nd A6®irMGs iOOpaatidPiN DY) opQ8tidni 220 delettd flar fk Patthe servo
detector 308 or a sector position signal” fromeither the buffer manager 306
or the séPvo iveatdell.ghenyperaginng 22his|slipped anddlosq ighums dirsetly fpeOpeyation\D 001 63907
PCT/ USO0/ 107235yt ri gger or position, In one enbodinent, the trigger is

cal cul ated by the processor 302 by subtracting the nunber of bursts or
sectors needed for a seek fromthe burst nunber or sector of the target
data's position. The nunber of servo bursts or sectors that will rotate by
the actuator armduring the seek fromtlRe current 5 track to the target
track is either calculated by the processor 308 or is retrieved from nenory
304, This nunber of bursts or sectors is then subtracted fromthe burst
nunber or sector contained in the command and the result is the trigger
posi tion.




Once the servo detector 308 reads the trigger servo burst nunber and 10
signals the processor 302 or the buffer nmanager 306 or servo detector 308
reads t heMOrQ0438f sector and signals the processor 302, Pﬁ&@&@&# 302 sends
t he proper control signal to the servo control 316 to initiate the seek to
the new target daf @ posdibl@Fbr thd REBmB&!IBLAEs, @fE) Y dectodd Stbré@ ij Opdratich time to
begi n readi ng the new target data. 15 To summarize exenpl ary enbodi ments of
the present #Hterbeizene, orgheriggenidersified imOpprgtion B1f tode rgached efAhetiPead from a
di SC. drive CRfs &%éfu?eﬁl 'lﬁ%ﬁﬂﬁéﬁs %H&li&gﬁmilfﬂhﬁéﬁ‘ﬂté}gdét&q%ﬂé conmand is
received as In operation and en an access anount, 1 n servo bursts,
sectors or ttripgger has beal read at gt the dborst évent arzget ' No Bbi preferchig Wil oper ati on
208. A seek amount .in servo bursts, sectqrs.. or ti i.5..20 found as in
oper at i on> 218SCuirpthe seek ta the AR argst E@’?‘o"ﬂﬁé?m@ta Wﬂ?’i"?‘%ﬁ it pp ﬁd‘féﬂeée‘{the

di stance to {h& &aKeé faf@e wildSe tda ARMedhieRif 84 the sk udet.ves with variable
seek times, the appropriate seek tinme may be found first as in operation
214. A | atency, i@nesdirofstobIpsraiion2d2 begins, theprefetehing eagtinuaepnthhgheconput ed
fromthe see ; AN ke JBY¥mbe cal cul ated
by subtracti ﬁé%é%gg"%%ﬁgﬁﬁﬁ%gﬁ%m t ﬁ%t r&%@s@%ﬁ%ﬁ#, as’ ?\n operation
218. The dat eodsevativedriggerad codnt tfiom operagieh 218 nay caust iteuaetuatoo tharivead) as in
operation_ 220 fqr a_ duration equal, to the tency, The he ,seek is

Pt Fat 0007 r S SEtolR e are S hant Poprton AL vaeY fus B Retohe U ESh | on 230,
Anot her net hagts hRivel RASHeREANOAT P@Btal ReRd M?%t egr@mﬁﬂmtﬁmeidaluheow ng 30
steps. Receive a command as in operation 202. Then cal cul ate a nunber of
servo bur st stasget data fromsthe dise whien thertanget datarativescht the heed.uQpes thigrdatadur i ng a

seek) as in ' j i | Saaldd of varying the

vel ocity pr o?ipﬁe[fae,gﬁ %%ghgiéff%s W%ﬂ%@@gﬁ{? aé%?’l@!S%%%S proper velocity
profile is chosenFik 6iitlusuassahother cdbbddmmett Wwhere Rldoprefetdhingemayo bur st s or
sectors at rotate b uring the seek is cal cul ated based. upon the chosen
orof i1 . A s giin Braah fisiak Fecortea 3R op e STeDt iffor W RTEOUHER s ¢ hen
found as in eRepetationfléd3howif FIG. 3eh béBohfiBEreli 6B aRMrigiddteq@ttd Ng t he
nunber of bursts or sectors that will rotate beyond the actuator during the

seek from t héersnd pesitiomefcthe data gpghesprrerRLA Hackoen widl seride gyt 89 $at of t he
target data hS ) i he. . QF% the old
target data ?sr} chésnicgbg%aﬁg (ﬁ%ﬁ I{bs{tlﬁg ‘@?ggg‘ﬂ”‘ﬁgg{"?%tl" g{’t&’ggﬁgo hgtqgg uator arm
as i n oper at Then B2 Geek\Mitimes, nad Z1iPyiper, which is meattd chtatmnallycbedat tiet or arm t he

seek initjates and the acgtuyator arm moves fromthe current track to the
desired fPac ‘%%"aneg?%‘}eéti Hies Sy © fhe a‘f‘iﬁ“?&ﬁﬁ‘ﬁﬁ‘b“?ﬁgdﬁﬁffer wi th
data may al s@efofe BRIt thé BpdrtfdnaifSferm RIA ior&nﬁm%@?wﬂﬁaﬂ daielegd and

schedul ed. The nethod nmay be realized by executing the foll ow ng steps. A

set of conmaAdsViRdA exnsipjatignaack ar kgsds AYhepdatagpbeinguritiennes edeatt e schedul ed
tomnimze hendfend!dfBIradl i HufeARSTR Al kR betol\cARGRAS PRI T OF
each command is conputed in operation 258 as the commands afe bel ng

schedul ed. Athealata. dhhousatk teguifesuingt dndtheedisdrotatastan achoast tieforothehead on 264.
Where nulti ple.seek.tinmes for seek are avai le, a seek time may be
chosen, &é i AT O ?8‘?1‘"%89‘, “‘é‘g’&?‘?ﬁ@’ﬁ‘t‘f‘%@g%etﬁagﬁ%n?“qs‘gcfound based upon
the chosen seeifesportiing Andudt 6M©YatioR, i€ BleGama hMburt Mat @requife@ Wi theas in 20
operation 266 and data | ocated ahead of an earlier scheduled command is

read, as in Opadriafsadine Rdeh daty reaches the endy gnd dgn musiseelp® theyRbAcy. Then, for
each command coﬂtﬂﬁatﬁﬁyeﬂ‘acﬁf ThBRfRE Al eiltflgdeh lﬁrtﬁg gnxﬂ%]osgﬂﬁ of'&ﬁét schedul ed
er method for

command is initiated as i n operation 2/8. Anot oadi ng data
into the buf R&A irkekiresudtsrimihe deamiragrivieg aigthe continuation RLA track just as the

30  beginning portion of data on that track arrives at the head.

In such a case where the RLA is to continue beyond the end of the RLA

track, the operation flow of FIG. 6 may be substituted into the operation flow of

14



25 qeued may be realized by executing the follow ng steps. A set of
commands is received as in operation 250. The commands are scheduled to
mni mi ze Wod0sWEKk times as in operation 258. For each t RCTAISOHYHTZ
corresponding to a command, a nunber of servo bursts or sectors that wll
rotate beyon§gas ,Afhodnfivefto Gudty bpesarRn3866r FIG f6 Mlchd 6t @REy | er schedul ed
target data's track 1s found as in operation 264. 30 For each target data
cor r espondi regenatiom2toofifdGds. a servo burst nunber or sector that triggers

the seek is found, as in i f ; sts or sectors
that will rotate ryﬂffaﬁgﬁéﬁﬁekcgtg(a‘é’%glﬁﬁk?‘?o%nlaﬁ%l(g}iﬁgéﬁce?&g%I ed target 22
WO 00/ 63907 dofaidabib@Oreddivedd TERIA las MOShdgunflaw oved teBelin RILA @peratidiir st
nunber or sector. The data | ocated ahead of the earlier schedul ed target
data is thersS2andpesfichingyiasts. | Gnqerpsclpighing begipg, ithe FiggersTARURETIYHBE ot at es
to the actUahRl,anTh @9 drfl:QRR! BalcaRARRK (RRGR bBEwRAS4 it i@l es and t he

actuator armnoves to the tr containing the next schedul ed target data,
as i n oper atquoent278k pbsitiemandomnipatss itdg shearemstarget tiack3wBition. Jhooewsor 302

i I trol 31 [ h i I i f
ot of ot oh dacEREPHROS PR B glfaat Bechiing fork 45T REBRGLI B BopPin Commmnas
as i n operatiosf®da. §romthe host control 1ogic 300. The host control |ogic

300 receives instructions fromthe host 10 conputer and decodes them for
the prockssor 30Xargeppeck gperatifhdndfropsse 2 Prapcbicsk timecfor thedapetssek. a | at ency

i's conputed ] 1 lhded by the servo
mp Gélggtwg%cpgse r &Hﬂn@ss%gf(%gl?{eg Eglopﬁéﬁﬁ @Reekninfed by

detector 31 manager e starting position of the target
dat a i ndi catldehtify/StoneeOperatiam3ni thereidemtifen e yargetyiripger ¢mbmadnatiodimény ot he

processor 302 by cal culatin n cess amunt as in o ation.15 208 and a
Dok anount HErEHBPLRAPYR. SH8Y h CoFpoprY perbet gl M MY o The
seek anount tayddaet fHRUROALQY o6dufiSse. rEbRiShehn BiFedidtietoRILA etk opexatiéd on and

target's position in the menory to find the seek anobunt. Then the seek
amount i ¥ sulerticieepmpaghthe Irsatpasition 1 tEriggsT or epunt fondetqchwhether as in
operation 21g. rIRE i REGSEO astI febHlEdiGE de biiFe ?x,raglpbéfﬁﬂ Ot géll%rt o the
hol d the actuator armon the 20 current track during the até cy. The
processor 302ra¢mot ¢aestsrindicasing laswitali fooamothensigpkris 386led ® @mohwiRbAt he dat a
and send it fe t@%tbuftfer 31§ .d‘rrti ng this latency. At the end of the

| at ency) the g‘?’S JASPL S MUJBINA: 5 ( he servo control 316 to reposition
the actuator on tRIA bdeRQliers@pLation a4 thbeddtalss WhtBat todREia ndhitbAngoper at i on
230. The (ﬁrocessor 302 executes a program contained in the nmenory 300 to 25

per f or m ¥thestor therivertdrgser of cauns based upehvhesher YesRleMcomtinyagian rsgujresa processor
302 signals @esefftd £ BftinArion Hoed for ROk aQBeit BfnolabAS 1flUr i ng the | oading
of prefetch data into the buffer. The processor 302 receives readlwite
comands f r oMonites/Pessemenboperaion|3dd iwhichdepins tpokingtfomthe ROget trigger bost cont r ol

| ogi ¢ 300 receives instructions,from 30 the.host c uter and decodes them
for the pr og%egéné e%rﬁrﬂ?ntﬁgﬁﬁee%‘g%/ SEERhENg "taﬁﬁtwgé’é‘?g% {07 rat@tf% ¥Yes ) a seek
trigger is ofatattifor. (Operaibh 844 pdrfting bs Specation @0 oPPRE.15, @Ad ther ovi ded by the

servo detector 316 or buffer_nmanager 306, and the 23
2 remaining operations of FIG. § continue.

[=N

If the RLA continuation requires a seek, then query operation 334 directs
flow to Track distance operation 355. Operation 355 computes the distance from
the continuation RLA track to the target track. Then Target seek operation 357
chooses a proper seek time for the target seek. Bursts/sectors operation 359
30  calculates or looks up the seek amount for the seek from the continuation RLA
track to the target track. Identify/Store operation 361 identifies a new target

trigger in one embodiment from the target position and the new seek amount from

15



WO 00/ 63907 PCTI USO0/ 10725 starting position of the target data indicated
by the command. The seek trigger may be cal cul ated by the processor 302 by
findi ng awowilaso of servo bursts or sectors on the di sc rdratsosioris r ot at e by
the actuator armduring a seek of the actuator armfromthe current track
to the desired track as in operation 216. This nunber be found by
cross-refer Eipﬂ&ré\ FHRUREANR ra 4?"[?{’8[}\‘9{1WB?H1"1F9%@R“6§%'??qlgﬁgr\?\f?Hcv{he desired
track positi@fePtounhBothintdfbmbated actés Amblift AnY fktLiewOdee Byt DIThet S Or
sectors that wll rotate by the actuator armduring the seek is subtracted
from the serRaY #EEsStamMOURLS copputed ey the et s PPHidon W thestaidata position to
yield the trj ontthuR § O i 4 i nstructs

t he servo co%‘%gg)ﬁog%gesl%%ﬁ%o ho t%ka%aﬁéar%%%ﬂgggf eﬂgar e?lgt track
until theS sewher toiigigiate thesREAomtimiatioiheeek by dwkingrfo3he lat piecd ofsiatauct s t he

buffer manager 306 tq prefetch the data,and send it to.the b er 314 until
The 11 gger ieEomEben B SoRBak and e sektRenre e dae B ReT Bl 30,
instructs thendierP o RidnCi383dsEs Wikthie? RRSndipite o €atd €dribe Qirreafitrddke track
containing the new target data as in operation 230. The processor 302 15
executes a phasdeemreadnifit hascot.flawmoysshaek) toguperatign gae wichconndles ounct i ons.
It wll be c t Ntre & i l tain the
ends and advgﬁ?g%e@g%%wgcgﬁggags &%P}’a@ﬁé&ﬁl}xgg geéﬁﬁjﬁgedr’g%?lp%eﬁg?%e?%ﬁﬁvw le a
present | ¥0 pr 3lanoed tiendvodtorenthe[RIA beginuatmacracked for purposes of this

di scl osure, numergqQus. changes be. mad ich wl!ll readily suggest

t hensel ves to tho(g‘g‘t’élﬂ? PP ?}“’lnﬁa)f‘ﬁ%m%c%&{e\f{gﬁ‘da%? %Or?nﬁ‘r‘aé’ogﬁ%‘blﬁrﬂg sed in the

spirit of thmamm&“p&nqhwh@mmmm@&n&%gémbd ysthiaciadeendesknc! ai ns. 24
WO 001 63907 T 1S CLAIMED I S: PCT/US00/ 10725 1. A nethod for | oading a

buf fer with @amawtaget triggambas Toraed Qrths actypfor apmor thsriem HIESHEIuR BaSng seek
initiation, i,S1.N t " r Wi al, 1 1e. d for new
targer dats SoaPadiish TR A Fhol GERIhERuAEER I SRR T hew
target d&ia the Rig eantinfatiomtmack uOpemtiom3dy pesfioret asdaperatipn 320 ofIG. §, a head; c¢)
obtaining a s etE amount for tranfglgitg ng.the head positioned on a current
track on the T IYRAILnE QRArUOYS P SIS di sc cont ai ning the new t ar get

data; d) conputi rlﬂ(iaﬂiﬂﬁsﬁlafehlfeﬁ?eﬂaﬁ&ﬁl sieRlof aiEentrolystetRBcrgiggess amount; 10
e) reading data | ocated ahead of a previous target data on the current

track for a ¥other ewhodigentof thy ipyatipsyt EThis ymbadiment) costsgiendytopperationsat or

assenmbly cong,ainiag, f . . ; ired track at

the end of tﬁgér{]éat en%??a%?%%d E{F}qerﬁl %L}?%éggregﬁ’ 5}tcglileta(lilgné: I%eégﬁﬁg%ggesggccess

anmount, 2he Newkcammands opdratin 250 @hmins txrmevt $ee oficonabands framahabastint s of ti ne,

and wherein the amount of tinme.i ual to the tency i.s decrenmented while
: Ge 18 G

the data | ocHFFEYERAS geuss them, 9Py JBErateR FEAPettPPhe end of the

| at ency occutasgenhif fdrfiRe éck BEred@LstBmads AhsSal7eadPbeed Qoaded ibbethewhifi@d of claim 1
wherein the agccess anount, the seek anount, the | atency, and the duration

are numbers Biit §d7 (s byifess then Paoidegats eneration 25t sende thabdata Bpmdheur st s equal
to the | alengitrer o R HHETBHRL:. k& dubl HBldteb® GAkE: MR et PT VI OUS

target data is rea end of the“latency occurs wh t he nunber of
servo buB%t snatduitiescagher df all of the target data was in the cache, then operation flow

returns to Receive operation 250. If some of the target data was not a cache hit,

the flow moves to Schedule operation 258. If query operation 252 detects that

none of the target data was in cache, then flow would have moved directly to

Schedule operation 258. Schedule operation 258 reorders the commands so that
30  access amounts are minimized. As a part of the Schedule operation 258, the

position for each new target is found as well as the access amount that occurs
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25 4. The nethod of claim1l wherein the |atency and the duration are
nunbers of sectors, and wherein the nunber of sectors equal to the |atency
are decr ewenbemonhi |l e the data | ocated ahead of a previ PEI/USAWHEIS data i s
read and the end of the |atency occurs when the nunber of sectors equals

zero. 30 5. ' L0 Eﬁ (o h K€ ubtracting the
seek anount 8 &geﬁ%]ng CE’%g‘é’f:gé’ gJ %%uﬁ?mgéﬁ tg%? g%@?%g%@r@s%&?‘ﬁ 0725 6. The
nmet hod of clbairs,e, brviberein a seek refers to noving the head | ocated on the
actuat or assenbl éifrom one track to angggfr. 7.. The nethod of claim1l

130

wherein a seek r HEICe OBEraiqroeql; GFDYLes CE e AP AHR IISLEE | v that i s
different t SHARUSTRE S81aR% R seBk HHRAERaRObinigg ai M 1,
wherein thengﬂ?%g?c%gﬁlgg?g{ency is i der?t i fi eqs.by a trigger posuiutél on and

wher ei n tShe anreagjige schpdidéd fargst data toothp trackicdnjaiting thermgxtaschedwirdrtanget positi ons
that will rofate. beyond a.head [ e t . a current 10
track cont aic%}%ngo%ﬁegﬁi S§Fl§g‘t§taﬁ%ett§pf %)ctﬁgs ééuﬁagdd?lﬁern ai@e%@%@g%%?@g the new
target dat a;obﬁdiliitﬁ@bmﬁér&idmﬂ)rfeﬁkﬂl deek.gOperafiars262 ioond omivnalweeppmdiis i on of the
new target data and the nupber, of g(ositionswi hat will rotate beyond the
head during 'PREMSaieR only in ¢ise driuesiBer have & vamabioavaifedy erefle Mr ¥ ng the
trigger pOS'sEél@noﬁﬁQﬁR{ 955 fot indiidedan bisPArivQGyit TBRg1e QekRRRd for @4th that will
rotate beyond the head during the seek fromthe position included in the
command. 1010 setle net hod of claim 8 wherein the position, nunber of
positions, and try r_position gr envo burst values. 20 11 .The nethod
of claim8 wher eiﬁr‘llgﬁQ Séecf)’(r)ss?f{elraglr?f&rqgﬁ%‘élflat(%% °‘g%°§‘|st“ %’ﬁss,%aca%ﬂao?lg.’ivﬁhé%r position
are sector uatié@ambdrdf pdéifior¥eh Bado Biirste kiat Willlrotatdekthe héddes desakafst recei ved
is one of a 25 plurality of commands in a set, wherein step a) further
conpri ses a)$@fY schedulsd sopanage n Ris SeFkAIINYRE INRY RefEpesied ihierys BEHS ew t ar get

data; and a)grhd )F15& MR Whdvadiol it 3R Gp@Ribnlee, Ot her conmands in the set
to
15 In one embodiment, Identify/Store Operation 266 identifies a trigger for each

scheduled target data command. This trigger is identified by subtracting the number
of servo bursts or position indicators that will rotate by the actuator arm during the
seek from the servo burst number or position value that indicates the position of the
next scheduled target data. The trigger indicates when the seek should initiate so

20  that the actuator arm will arrive at the proper track just in time to begin reading the
next scheduled target data. The trigger may be calculated similarly in terms of
sectors rather than bursts.

In another embodiment, Identify/Store Operation 266 computes and stores a

count representative of the latency period. The count indicates the instant a seek

25  should be initiated when it reaches zero. The initial count is equal to the number of
servo bursts or sectors that will rotate by the actuator arm during the seek subtracted
from the access amount which is the total number of servo bursts or sectors that will
rotate by the actuator arm from the earlier scheduled target data to the new or next
scheduled target data. The initial count for each command corresponds to the

30 latency period that the system may utilize to prefetch the RLA data. The latency

value can be expressed in servo bursts or time as well as sectors since the number of

17



mnimze the seek tines; wherein step b) further conprises calculating, for
each schedul ed command, 30 an access anobunt for a next new target data to
rotate frowoamwsmarlier schedul ed new target data positi RCEESWME2head;
wherein step c) further conprises obtaining, for each schedul ed conmand, a

seek amunt Lo foPRRRL bdlint D OBBRITA A ok %ﬁ@%@%ﬁk%m@ earl i er

schedul ed new target data to a S track contal'nin e next schedul ed
new t ar get danat eqBfls zerv\PedifsRIFOatPOHepBdciaiR6thederatomotthe aten¥y. f ur t her

conprises conputing, fqr .each schedul ed. ¢ ng. | at e for each new

target data fromIPﬂ?cgg’gQ‘ %‘dﬁ?rc(% %ern‘éég%ag’écﬁpcﬁ%\%n?é%get data and the
access anpunifokitdr@ecrhfRat d)%rratmms ARithid eBiiiseAldharst BHRESH ik itofflese) further
conprises readi ng, for each schedul ed command, data 5 | ocated ahead of the

earlier sthebtihedctuier oy lgeking frahatoees uthaembediwgiarheren ¢q¥at Sat ency
comput ed T O {08 \Gaa e NRE MG DB AEA L bR 2 R B ARG G oaheEP )
further conprises s ki ng, for each sche e conmand,

an actuator assenbly
cont ai ni ng tdaeh imad sénvo bu@t drrsactér rotates i thergtuatoe amar $dck quey lopetationd new

target data t he desired.trac onjai nin he xt. schedul ed new t ar get
ot 5 at 10" tingne prEcied iy e R e AR ieB T I Solr o1 n st ep
C) CONPri SeSerfktARSSMN I GpeshiRk 268 hQedntantsRhdEduhfro2d. abhatligelortzé® seek anmount
fromthe velocity profile. 15 14. The nethod of claim1, wherein the data

on the clft r espunthegent csowradnButerguery 232 getasts whetherdha busfer tifully adifilt nuati on
s e B e B SRs g0g of 1e
h) cal cul at i thgn Braseopesation 234 elemsxpmt sbaze it the bnffer and tipeftovdmbesstbackitot ate to t he-
Che cont i nuaP PRI AR e HebreF ATRRoRY PeTEeHEa0oY Frog B a 2R mew Seek.
amount for tHRASPRIVMIIEIddE Wikitr tHe@Bxtisbidtled targyd dith b th@Sdmelttick he desired
Lrack, 15 O L LS . O TSk AR nd® "o
access
280. If not, Start seek operation 278 moves the actuator arm to the proper position
and then Prefetch operation 280 begins. Prefetch continues until the target data has
reached the actuator arm at which time Read target operation 282 begins reading the
next scheduled target data.
20 After all the target data has been read, Cache miss query operation 284
detects whether all the scheduled target data has been read. If it has not, then Begin
RLA operation 286 starts prefetching RLA data and flow moves back to Operation
268 which continues to look for the next trigger or decrement the count. If all
scheduled target data has been read, then Begin RLA operation 288 starts
25  prefetching RLA data and New command query 290 detects whether a new
command set is received. If a new set has not been received, then RLA operation
288 continues the prefetch. This loop continues until a new command set is
received. Once a new command set is received, flow returns to New commands
operation 250.
30 FIG. 8 illustrates a control system 320 in an embodiment of the present
invention. The system includes a host control logic 300, a processor 302, a

memory 304, a buffer manager 306, a buffer 314, a servo control 316, and a
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25 anmount; k) reading data | ocated ahead of a previous target data on the
current track until an end of the current track is reached; 1) seeking the
act uat or weeMIMY to the begi nning of the continuation tREASV/H25cont i nui ng
to read data | ocated on the continuation track for a duration 30 equal to

the new | at epgy, de@&%raba.sa%kimaﬁhb& igpéc]gﬁé@ﬁo@stﬁ@m Yorhprép ﬂyftﬁe &0t i nuat i on

track to the desired track at the end of the new | atency. 2 WO 00J63907

PCT/ US00/ 1072mtrdblogit 390 ntTihe lhoss\eonteoh16gic 30 isi logatadrvithim thedntgufaceikddon of read
| ook ahead data b tational | L m. zi th eek initiation for a head
in a disc drﬁi\‘?éfﬂi'%%‘i‘gfgciﬁ" &?Sfﬁorg‘%n%fc d&%}fﬁ?‘@ﬁ ecc8flﬁ5‘?31“éiﬁf?ﬁ]. 8’5 processor
Ire;:ei vi n}g reﬁ?ﬁd&iﬁﬁ@z&ﬂ%@?ﬂ& h@_ﬁldle&&iﬂ)tspébﬂirbi lg@iciBI)l’)Qré?&EdefHés cal cugati ng a
atency fromthe head position information and a read/ wite conmand, -
provi di ng® arPrafetched data fiem e pullirgHdl to hol d the head on a track containing
old target data "‘ﬂ1e|b°nﬂre{3§ JeQéilfes??@l@ﬁh&ﬁ&a‘H forl4hd Biltek lﬁﬁn&%} 80§ ¥nd Provi ding
k the

an actuator control signal to se ead to a new track corresponding to
t he read/ wr i fteres twerpaefeitchdiedata ril fitds esgogstaiizysthe hosd contol lagindf0a Thef f er

control signal,.: host control |ogjc.receiving.ipstyuctions fromthe host
conput er, dg‘%‘-}fﬁﬁég“ﬁés‘f@gﬁﬁwP?réog%lﬁﬂgﬁfggce}i%gfl:@ I'nstructions, providing
the read/write corngfiéifiory 304 borddtREMBEAIMIAR GodRGRA I procedscef et ched data
upon request by the host conputer; a servo control receiving the actuator

control & gniplergngs e calcylatipg) WherktoHaisigtedhe toeki s that i aKThygs st diesr cont r ol
signal; 1 S ,ViTd g, [ : 1 provi di ng

t he pref etchtg’cfpﬁiaélgliatr%&?ﬁ%' th’gt corﬁ?%%?Ic%%@%ﬁ%g%ﬁ%ﬁ%&éi@?%&gbuffer
manager r ecedistamgs pniefetospredingatek dmamtst dithethinacrvo berses, weags,tdraineuf f er
control signal fromthe .processqr | gadi ng data t.o the buffer

Secor i ngl . The MERG DB EHRNG 8 Sl and ASs B oBE siSiobmErdiid

cal cul at e t hgf ¥rgt ency; 20 and a servo detector receiving position
information read by the head fromthe disc and providing the position

i nfor mat tdn to t hEepetesentsel 3166 operrbly enppecied yhe prReessore | Tieser¥s wher ei n
the processog . i unt from
a ourrent  posTEPLIHY Bt O bR BRF Fphiins B B AR S AT

cont ai ned i npashi®nrtkaattvatartaemappnoprigielsnd by obt ai ni ng a seek amount from a

current track posll‘f;[el b%?fc{ r%ggaggy 3&61 r%ceQVee%C}j)re thhe% dr;tezxv¥rom the read/write head

located on the actuator arm. The buffer manager 306 also receives a buffer

20 control signal from the processor that instructs the buffer manager as to how the
prefetched data is to be provided to the buffer 314. The buffer manager 306 may
be included in the R/W channel 146 of FIG. 2. An additional function of the
buffer manager 306 may be to detect sector positions on the disc and provide the
sector position to the processor.

25 A servo detector 308 receives position information that is read by the head
on the actuator arm as it passes over servo bursts. This position information
includes the current position of the actuator arm. In one embodiment, the servo
detector reads and supplies the signal to the processor which is analyzed for the
trigger burst. In another, the servo detector reads and supplies the signal to the

30 processor which is used to decrement the burst count. The position signal may
include sector information or servo burst information. The servo detector 308
may also included in the R/W channel 146 of FIG. 2.
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target data track position contained in the read/ wite command. 30 17. The
control systemof claim 16 wherein the processor calculates the | atency by
subt ract i NP 0#8%3eek anmount fromthe access anount. 28 FOEYHIBEY07

PCT/ US00/ 10725 18. A control systemfor optimzing the acquisition of read
| ook ahead data bphelRb@bdoPB02, MoRRhEE MikbpacdsitR 192 SK FIG\ 3, iimbled@n Or a head
in a disc drive interfaced wwth a host conputer, conprising: a

ser vonmechani phegtamming sigredde khettnemory 344. &hw%&ﬁsﬂﬁmmc@&ﬂ%a& reqgests cont r ol

signal that |pit] t fir . t k to a
desired trac Jacrtg%%;aelg%en% f%gé?fgﬁg%tgﬁsf%%?ﬁlgthog?ggnﬁlgéé‘gg %’agﬁ%onti nues on
the current #dnheatds amntsitura ok astoripositieu inforiamtion & asosreedivedibytthoccur to

posi tion éhe head at the desired tg&\sck just before the target data arnves.
59 A . AL> A processor from the servo detector 308.

AL A AL. A" As. AlIg.oft &mBodimbit; Bised\on e Dintnan@ Yecbed\troM théthostoritel 7. A9. AIN. A
. Asé& A9. A%eYQT W@t wza ;

GB3yo| wr mhc ivisa300 and tiepaditiod ovugronfion) thaproagsser] cateplatss @apecsts adusRa] ca] cal ca
]28?1P3 ?LS ﬂ %Z%@S%\%@% %%”I‘I%lg_é%f Bga]cgsgfrc a%)f: aq%:jgl]%csg kc%tr]’%uélf B%f%’%ﬁ {:egelﬁn(? 315] ca] cal ca]

EJ] aj ca} ca] ca] mahsagmalat?d( i(na??ﬂdrp alecaeal &k position of the actuator arm wiéh 47U cau
cfaljcalUcalcal"d" "' K(((( FLAEFRAEA+44+2 0, 9-S-V---. . ~ytnid Yid ZU] ca
ca] ca] caﬂ aU}hE él]aelsq’%&1°ed!|“§%at%%‘1yc'§f ERANE af%qrea%fczfafaadr%aﬁ&amvm

U c”a] ca] ca] gelehcard GAd GRdet ath@epdsfiondldfnd the distance and then scan a table in

NV a.d. om0 *111112] 222223r 3v333334! 4W444zt oi d_ZTi d_ZU] ca] ca] ca] cal] ca] c

al] ca] cal] cainemofycajlenk] upa feela oot cofrespprdips@Uhe sek dist@pe aTkea] cal ca

X o 5 . 666667T777: ‘
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15 To summarize exemplary embodiments of the present invention, a method
for loading a buffer with data read from a disc drive can be realized by executing
the following steps. A command is received as in operation 202 and then an
access amount, in servo bursts, sectors or time, is calculated from the target’s
position as in operation 208. A seek amount in servo bursts, sectors, or time is
20  found as in operation 214. The seek amount can be obtained by first finding the
distance to the new track as in operation 212. For drives with variable seek times,
the appropriate seek time may be found first as in operation 214. A latency, in
servo bursts, sectors, or time, may then be computed from the seek amount and
the access amount. The latency may be calculated by subtracting the seek amount
25  from the access amount, as in operation 218. The data located ahead of the target
data continues to be read, as in operation 220 for a duration equal to the latency.
Then the seek is initiated from the current track to the desired track as in operation
230.
Another method for loading a buffer involves executing the following
30  steps. Receive a command as in operation 202, Then calculate a number of servo
bursts or sectors that will rotate beyond an actuator arm during a seek, as in

operation 216. If the disc drive is capable of varying the velocity profile, then a
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to the actuator arm, the seek initiates and the actuator arm moves from the current
10  track to the desired track as in operation 230.

The method for loading the buffer with data may also be applied to
instances where the commands are qeued and scheduled. The method may be
realized by executing the following steps. A set of commands is received as in
operation 250. The commands are scheduled to minimize the seek times as in

15  operation 258. An access amount for each command is computed in operation 258
as the commands are being scheduled. A seek amount is found for each commmand
as in operation 264. Where multiple seek times for a seek are available, a seek
time may be chosen, as in operation 262, and then the seek amount is found based
upon the chosen seek time. A latency is calculated for each command as in

20  operation 266 and data located ahead of an earlier scheduled command is read, as
in operation 268, for a duration equal to the latency. Then, for each command,
the seek of the actuator to the track of the next scheduled command is initiated as
in operation 278.

Another method for loading data into the buffer when commands are being

25  qeued may be realized by executing the following steps. A set of commands is
received as in operation 250. The commands are scheduled to minimize the seek
times as in operation 258. For each target data corresponding to a command, a
number of servo bursts or sectors that will rotate beyond an actuator arm during a
seek to from the earlier scheduled target data’s track is found as in operation 264.

30  For each target data corresponding to a command, a servo burst number or sector
that triggers the seek is found as in operation 266 from the number of bursts or

sectors that will rotate by during the seek and from the next scheduled target
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'+ DS@ 0% () -c0¥19i /i&gi{;):'oog 1%‘%%891 control logic 300 receives instructions from the host
10 computer and decodes them for the processor 302. For each command the
processor 302 receives, a latency is computed from the actuator’s current position,
provided by the servo detector 316 or buffer manager 306, and the starting
position of the target data indicated by the command. The latency may be
calculated by the processor 302 by calculating an access amount as in operation
15 208 and a seek amount as in operation 216, in servo bursts, sectors, or time. The
seek amount may be found by cross-referencing the current position and target’s
position in the memory to find the seek amount. Then the seek amount is
subtracted from the access amount to yield the latency as in operation 218. The
processor 302 instructs the servo control 316 to the hold the actuator arm on the
20 current track during the latency. The processor 302 also instructs the buffer
manager 306 to prefetch the data and send it to the buffer 314 during this latency.
At the end of the latency, the processor 302 instructs the servo control 316 to
reposition the actuator on the track containing the new target data as in operation
230. The processor 302 executes a program contained in the memory 300 to
25  perform these functions.

In another control system such as 320, a processor 302 signals a servo
control 316 to position the actuator during the loading of prefetch data into the
buffer. The processor 302 receives read/write commands from the host control
logic as in operation 202. The host control logic 300 receives instructions from

30  the host computer and decodes them for the processor 302. For each command
the processor 302 receives, a seek trigger is obtained from the actuator’s current

position, provided by the servo detector 316 or buffer manager 306, and the
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sectors that will rotate by the actuator arm during the seek is subtracted from the
servo burst number or sector indicating the target’s position to yield the trigger
burst as in operation 218. The processor 302 instructs the servo control 316 to
hold the actuator arm on the current track until the seek trigger is reached. The
processor 302 also instructs the buffer manager 306 to prefetch the data and send
it to the buffer 314 until the trigger is reached. Once the trigger is reached, the
processor 302 instructs the servo control 316 to reposition the actuator on the
track containing the new target data as in operation 230. The processor 302
executes a program contained in the memory 304 to perform these functions.

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

in the appended claims.
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4109%&' ()-, 9 10%&'c} )obtdifitga cgck\ambiMiof fransporting the head positioned on a
current track on the disc to a desired track on the disc containing the new target data;
d) computing a latency from the seek amount and the access amount;
10 e) reading data located ahead of a previous target data on the current track
for a duration equal to the latency; and
f) seeking an actuator assembly containing the head from the current track

to the desired track at the end of the latency.

15 2. The method of claim 1 wherein the access amount, the seek amount, the
latency, and the duration are amounts of time, and wherein the amount of time is
equal to the latency is decremented while the data located ahead of a previous target

data is read and the end of the latency occurs when the time value equals zero.

20 3. The method of claim 1 wherein the access amount, the seeck amount, the
latency, and the duration are numbers of servo bursts, and wherein the number of
servo bursts equal to the latency is decremented while the data located ahead of a
previous target data is read and the end of the latency occurs when the number of

servo bursts equals zero.

» 4. The method of claim 1 wherein the latency and the duration are numbers
of sectors, and wherein the number of sectors equal to the latency are decremented
while the data located ahead of a previous target data is read and the end of the
latency occurs when the number of sectors equals zero.

30

5. The method of claim 1 wherein step d) comprises subtracting the seek

amount from the access amount.
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trigger position and wherein the trigger position is computed by finding a number of
positions that will rotate beyond a head during a seek of the head from a current
track containing old target data to a desired track containing the new target data; and
calculating the trigger position from the position of the new target data and the

number of positions that will rotate beyond the head during the seek.

9. The method of claim 8 wherein calculating the trigger position comprises
subtracting the number of positions that will rotate beyond the head during the seek

from the position included in the command.

10 The method of claim 8 wherein the position, number of positions, and

trigger position are servo burst values.

11. The method of claim 8 wherein the position, number of positions, and

trigger position are sector values.

12. The method of claim 1, wherein the command received is one of a
plurality of commands in a set, wherein step a) further comprises

a)(i) receiving other commands in the set for other new target data; and

a)(ii) scheduling the command and the other commands in the set to
minimize the seek times;

wherein step b) further comprises calculating, for each scheduled command,
an access amount for a next new target data to rotate from an earlier scheduled new
target data position to the head;

wherein step ¢) further comprises obtaining, for each scheduled command, a
seek amount for transporting the head from a track containing the earlier scheduled

new target data to a desired track containing the next scheduled new target data;
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5  located ahead of the earlier scheduled new target data for a duration equal to the
latency computed for the next scheduled new target data; and
wherein step f) further comprises seeking, for each scheduled command, an
actuator assembly containing the head from a track containing the earlier scheduled
new target data to the desired track containing the next scheduled new target data at

10 the end of the latency.

13. The method of claim 1 wherein step c) comprises choosing a seek

velocity profile and obtaining the seek amount from the velocity profile.

15 14. The method of claim 1, wherein the data on the current track continues at
a beginning position of a continuation track, the method further comprising
g) detecting whether an end of the current track will rotate to the head
before the end of the latency occurs;
h) calculating a new access amount for the new target data to rotate to the
20  head from the new target data’s position when the beginmng position of the
continuation track is positioned at the head;
1) obtaining a new seck amount for transporting the head from the
continuation track to the desired track;
j) computing a new latency from the new seck amount and the new access
25  amount;
k) reading data located ahead of a previous target data on the current track
until an end of the current track is reached;
) seeking the actuator assembly to the beginning of the continuation track;
m) continuing to read data located on the continuation track for a duration
30  equal to the new latency; and
n) seeking the actuator assembly from the continuation track to the desired

track at the end of the new latency.
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calculating a latency from the head position information and a read/write command,
providing an actuator control signal to hold the head on a track containing old target

data while read look ahead occurs during the latency, providing an actuator control

signal to seek the head to a new track corresponding to the read/write command

when the latency ends, and providing a buffer control signal;

10 host control logic receiving instructions from the host computer, decoding

the read/write commands from the instructions, providing the read/write commands

to the processor, and accessing prefetched data upon request by the host computer;

a servo control receiving the actuator control signal, and positioning the head

according to the actuator control signal,

15 a buffer receiving and storing prefetched data and providing the prefetched

data to the host control logic upon request;

a buffer manager receiving prefetched data from the head, receiving the

buffer control signal from the processor, and loading data to the buffer accordingly;

a memory storing code that the processor references to calculate the latency;

20 and

a servo detector receiving position information read by the head from the

disc and providing the position information to the processor.

16. The control system of claim 15 wherein the processor calculates the

25 latency by computing an access amount from a current position read by the head

with a new target data position contained in the read/write command and by

obtaining a seek amount from a current track position read by the head and a new

target data track position contained in the read/write command.

30 17. The control system of claim 16 wherein the processor calculates the

latency by subtracting the seck amount from the access amount.
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means for scheduling a control signal that initiates the seek of the head from
a current track to a desired track containing target data so that read look ahead
continues on the current track until a last instance before a seek must occur to

position the head at the desired track just before the target data arrives.
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