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‘OPTIM ZED SEEK I NI TIATION Field of the Invention 5 This applica™

to hard di sewolod/seesy and nore particularly to an apparatus and®GE$8d0725r
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 as tracks. Servo bursts are witten in each track on the disc and
contain position infor "EOPATIONAEEY\OP PUVEZEDESEERDENITINEION! ong radi al
slightly wedged shaped quasi-Tines 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 to the_quter rtign. Each zone contains a
nunber of sectors, and the nunber oFl&aﬂfmgloﬂyﬁﬂgl‘HS fromone zone to the
next. During operati-Qp i SC j P ; Lt e head a
gi ven radi ug fromt r@%@ﬁ 5%103?6{%}2‘%&%?%? %cuwe?tgggr@;gﬁ%n% gﬁgg\t‘gh}n a

given track. Anpgsbthdafd nREHHITH FoefidnBRy Bftafliziny seek Mifiatisi. 0SS the disc
surface to allogvﬁﬁe head to read or vvrml{te data in different tracks. The

read/ wite head is nmounted upon the distal end of the actuator arm and ZO
the armis noved by a servo control system Acciordi? |y, the track position
of the head is controlled by the Mﬂ&&m&ue head needs to
access a different trac t. rm, s i.red
track location. The ﬂr‘r%tdlfsgn&ri&s ‘%%elyﬁéecggie? © g]r‘?llCﬂoénée]ﬁtsc i ggﬁ“ﬁ‘g%g‘ﬁ%@ﬁégﬁ? ncl udes
an accel er qpi onsAks? SEeEFbRER ateORriftéiPmRaciRitack bethe/lidcuhdBohiaftbpositicth head

noverrent occurs is known as the seek time. 25 In a (;Ii sc drive, data is read
from or writt ennfoomatien. dllscservo burstp areqesitioned along radialtsbightdywadged shaped
command contains i.nformation which tells the control,..system where .t he
target data is 9Ugdzines that crospthgicaeulaptry QP‘;GW‘ é‘?ﬁéscé%@ﬁ“?ﬁu?é’tesb,m%tones,

rget datais h . 204 Birdce discd
Cervo bursi by TR N AR AT e e e B e e e

€ posl
The control 30 pytidienEdchennss@taihdienaiabaafedetpisarid the numbgeokyeetoes vang
proper signal to apply in positioning the actuator arm ~ ~r SEp 2002 WO

001 63907 Pdf/ ustan poe zonctty tharexs Buring eparation the diggicentinnally retatespad pet ri eved

froma disc driyve, a buffer.is eaployed, to store data th [ ref et ched.
Pr ef et chi ng daseRiciban e idhs fbEnh Sedrdtof e plolf read ofAl 4TS
rotationally | usgivafieadk. %n hihofh Sinf @ ftadialad Rlladtods tE Hise BetraleQp | N
the data in the buffer. The prefetched data has not been requested 5 by the
host, but oft erallowethhhedd teirkdd oreepite siatatihidiffaleritarasks.sone nearby future tine.
The buffer can provi much faster

e the prefetched data to_the host conputer
than the data can beﬂF"e'& WB%#@H@HP!’&‘?‘S‘FH@*@F@F%Q %dﬁgmetﬁcﬂﬁmé‘“&a is

realized whgn t @émﬁs e ; J di sc
drive, prefet cht?ﬁaggzég?és 0 c%%%%g%ﬁteg&dt gxcﬂcggﬁﬁlajéﬁxe%&?@éﬁﬂgggﬁﬁie
continues unti | head iegontolied by tHeservoagitemd Wherntire hbsd heeds i aqeessandiffetene,

data that will be read later in tine iseggositior]ed ahead of the data
currently bei ngT¥kathegemiates emm swings the head ko thrdgsiresitrackdogation: Themotienwof

iti he head w || d . P hi dat. i
PoSLEL o0 2l S ST e el m Sl uR Al i,
and arrives at iﬂﬁh@ﬂéﬂo@&ﬁrﬁfeg&ﬁl@hh@ard%éveﬁ%@oéc%:sgﬁfktﬁg@ﬁ%m g, & read

| ook ahead (RLA). When the new conmand 1S recelved, e control system

i edi at el y2hal t s RLI pdis¢ dtivd)idaty isredd frorker wititteratotthadise irerespaseitdead t o
the target data' s,track. Zero |atency prefetching (ZLP) then_conmences on
data that is ro{fé@A'GH. g repmand, This semmsad copfaing informafion which tells the gonliel py

data arrives. pPEIEF e he e Bita ROIoRHEs b el AR hpiiBhiTto (RSl Bl O
process i ncr easgsnelSind¥eEBIC The ReHd/ iR hébdddladtaité PaditidPadit BAssésdiRFla ket t he

new target data s track before the target data arrives is not as useful in
the buffer as thersFbyredding thelpositinAnfdamationsthesereo barst contains.t The domtriobr
because the;&'%t frequently requests RLA data, which is witten

sequent i al | ¥ af S¥stem enusesthe detseted pesiantogenergicbe propensizngl &0 ppply i ess
frequently request:§ad: fuatdr 2 ¥1ich is witten sequentially before and
rotationally beﬁ?%goéggé%?gcgfg{%. 0 continue prefetching the
during the latency period once a command is received, the seel mm’ﬂ“"\”“l
del ayed rather than initiating i nmedi ately.
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.Conventional disc drives are only capabl e of seeking i medi at zlby SECR 2;80?.
conmand i s received. Thus, conventional disc drives are incap e of

pref et chi ngwkhSRfcide7sRLA 30 data instead of |ess useful ZLP datecromsve/1ev2s
command is received. 2 2 ~S E P 2002 WO 001 63907 pcT/ ~rsaonons Sumrary

of the Invention By utilizing an optimnm zed seﬁk initiation, 'thcﬁi met hod and
appar at us in accor dafdecragseihe rate giywhich data,cpe be rope a Ve, a bufter

e re AU L A Ot ot

pref et ches RLASEAT receive e seek operation method
i nvol ves recei ¥dalfhgdatiiaridociiél fobtidnaley pist lgball bejiseBthinhiakget datafoatachi ng
fromthe old target's track rather than seeking imediately and then
continuing to traek andstorimgthetdata indhe bulifere (The prefatched date hasndtdgen requesiess

cal cul ating the access _rotatiqgn _anoup whi ¢

, h i th t of tati
that will otcuby st. fpuat efien mh%bmliicsﬂe%ﬂvf H%aaﬁfeﬂg%&mrs?ma%' nri ve

cal cul af ed. - anRuHVeB plaRAs e iBdhed At 1b Bhds EorBAi npdiFrabled than the daga
will occur duriapbé Rad Howete s ClntaéBre, A pEHoRYARe BhRTS Fdafzdd Whérpthe @ibsts

track to the new target's track. A latency period I's found by subtracting
t he seek anpuntequestsitheprefetcheddatanount. The | atency period can be

represented by a burst count. The burst cqunt, i s the nunper of bursts that
15 will rotate by tmaﬁ%wn&enﬂlrﬁgsqwer@%tﬁa@ﬁe&mﬁ ﬂ’écelr{g?‘é%dﬁtérl%g?eﬁhe
RLA data i r t ' 4 hi s, . ' a

del ayed. L0 £ eRab Sytiles Ml #odu oBiEnY 1P Fck36e "Bront BE HEREK pbecie

and are being gg@dhatHAAMbetreaElater i fifide i ?oiiﬁ@ﬁbd dhB£1 HFths Haté URnthyeRi@sent i ng
the latency is decrenented. Then, when the burst count is decrenented to

zer o i ndi cat i ngeadibecaust ene ynyst laokchbakofahe heastls curtent posithart tossce what the heak s
to the new track just in Li t.0 hegjn readi ng.the new target data. |In one
aspect of the MAYEFAGNSXL eg?‘ﬁﬁ& &edia%‘%ﬁ 'lﬁ’irﬂ'%ﬂﬁ“ai]é’é%?s“’ﬁp?c?&qag H}ﬁ’ﬁ\ri’ﬂgﬁes
calculating a Kod sl r ] i . ed
by & burst _count PERaE by B ad: Ak ghvée il aREF e BEEL Wl ERERET

nunber of $&rvas busaltisok Aedad(RILA)I Wiénath® Yiewhomatinddsé faceigednthidiéontdl t he seek
to the new track is 25 cal cul ated. Subtracting the nunmber of servo bursts

from t he servosSyiemimmediately helts Rb prefotehingandseaksibre agipatonamn grdshead do
iti f th t lts, ] i t that
Phe head | ndi c Srieh B Eimcke 2ére Bsndy ArarisBRE (an) Bin polfon g o gifiinat”
| ocated rotati Wdtwnatgfsesi%nédr&hmmé %E&Hata?&ﬂﬁﬁe%ﬁ?ﬂw‘ﬂ%traﬂ dRerivdsiapoer

I
burst rotates to the actuator armand Is read by the head. At that point,
the 30 act uat othabeaddefirs thetatgdee datewOncathe thxgst datmarrives; prefetoking endseadi ng
the new ta heseetqéo t hods may al soerge adapted to disc drives
u

d :
wher o severdl S iR SRGr SHTACest erAsePEroTANGenP R dhe AP da@ithatines
II n such a case prefet‘@@ecpﬁ'hmg fie tErg?.t %tf s &QQEb&Q%Z ty§&9ée]t ngiw&ggﬁottag €
atency period”or the trigger bur et ween readi ng each conmmand 1S

cal cul ated for wéful ilhthe baffepaykhe RIUA aatet The RAFPERE isthofeigefulninahé boffer t he
apparatus includes a processor which calculates the |atency period count or

the trigger valbgeausghize hoshEequantlyaequests &A datapwhigh aswiitten sequentiallyBer t o
make t hese cal cul.atjons... A.serve detector.reads the posjtion ] tion
contai ned in tr?gldgéﬁagg‘%}}? gﬂwﬁgyﬁd@eﬁp&ﬁ@s{ﬁ%‘}ﬁ@g&%{sm ?E%@t
control |ogikc dgkiel&Swh gﬁrgaﬁ ﬁ).‘ﬂg, [ HGR ; sor. A servo
control receives controﬁ sl g g?s r%&yhggg?%éess}%?e%ggtﬁgﬁggéf he act uat or
armover a current tTacéntinuatpréfetchingiiye REANdHta duringy the tardtey pbdodieiasat or arm
to a new track. 10 A buffer manager receives a _buffer control signal from

the processor tepmmandisreceived; the ssek must begdelaysd ratkerthamipitiafing immediateli. o
shoul d be read lligd., A buffer receiv nd St or t he prefetched
data fromthe b@&%@ﬁaﬁ’gﬂﬁ%"r&gﬁﬁ aﬁ?rod\rl/’( ‘E?é"?g etoeffsge m%gcﬁgtglg r?tnf:‘g? c?‘Bﬁ'iaBgupon
request. The PrigzeRpRd, AR FerRdnCHEESErivedladd ine (e j t
data to rotate to the hea ’aUér?glg sgek rotation a l?ﬁt f ?e%tﬁ%m%%g%%%g%or
to nove t he3theadata instdad ofidess usefokZLAdhtaonoey cormmand issededvadd by subtracting
the seek anbunt fromtine access anbunt. 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 cal cul atezllaSEPgaggz
.value. The trigger burst or value is calculated by receiving the target's
servo bur st wauetaseoposi ti on and fording the number of servo b‘fﬁwg’o’t‘ﬁ@ﬁ
will rotate by the actuator as it seeks to the new track. Subtracting the
nunber of servo bursts for the seek f§“qgﬁ,a?;u1gﬁgrmpe,gmnst nunber
representing the position of the tar ' rigger. The 25
servo control is inBy wilizink &0 optitniketseckimitihtion, themethodramdtapparatik iunt i | t he

trigger is read by the head and the buffer nanager is instrucied t
prefetch until acepsdanceyyth the pressatinyontianesolyes the W@Wﬁpﬂ%ﬂ@é}r(?@e@éﬂa@m

Seek the head PEIFBS RERLHDE » tick iy hal S Einhls KPR et B A BRSO
by del ayi ngSt oAk, Whelsbeil Herk@ mBholafiRdH cstekclVia a EbifnGl 4ad ina! m 1oy

arrive at the target track | In time to begin reading the target data

enabl es the di slelagirignhe seekowhileprefetetiilg Sfoar the ol targes's tratk rhthiex than se¢kangduf f er
and efficiently provide the useful data to the host upon request. 2 ~s

4
E P 2002 WO 00lisgvdrately enddray contingingite peefetal fromy the new sargelrs racks Jhes as
|l dvant a i h erize th t £ i
neonr ont from Bo6iBadiyales R REHEE HiCackess sBEART ot iioh M ¥ atmoRer, oy i e
of the assomatr@ﬂti@ﬁ%tmﬁ?ca dift khd R fent Pésitith Gfthé AfudtbPYf thOisElifve th 1S @

schematic representation o Isc drive in which preferred enbodi nents of

the inventilon dhetaaget dafal CposRian. | Aiséekarotation adioant id also ealcykatediambthasaked t o
a host for the disc drive of FIG 1. 10 FIG 3 illustrates a disc separated
into zones by Jetatign pmoyntis the-amewnt of setatien thabyikeaeur duringdhe Bmetheactuatery ar

t ks. FIG 4 ill ust tion of 0L f d | d
targer data and ROt 0 A e Rhol 1Tl A akeek ™ g R BRI ©
l'ocat ed on anotffeid by stitractingtife seek 2ambintork BRI Rbés9 AmbliRt THedMeAd) Retiodn
enbodi ment of the present Invention operating in the disc drive system of

FIG 2, and norcanpamrepresentad by 4 burstoamnt. oThsusteountfis EHe@unther Bf tarsts thas an
operation flow diagram of another enbodi nent of the present ,nvention,
operating iln tﬁ’@lﬂcfg?ée M@l@?é&l@m rﬂ“@“%@éh‘ﬂgﬁﬂépﬁﬁ‘?‘{-i @r‘f&ﬁaﬁaﬁﬁ 20
control system . : i i ' a her
enbodi ment of t}ﬁéefeg:rhg%gﬁ?ng {nh\%lﬁ‘g‘?%ipg‘g%‘?gﬁﬁ‘% s%r% {ahg\é’g?fg &%rlg%/glfesl@é&%gm of

FIG 2, and norperipdiis elapding, lowrdté &re passinipby thedieadraf are bbitg réhd. Math tifhe a
illustrates a control systemin accordance with the present 25 invention. 5
2 ~r S E P 2002bustts re3dohe buost count aenrewgting thetletrnayds peeremensed.okhen, when

dri i | h . i de_dat. h
equest . Among TN s decreten g RS nficelind ThR Yy iRy bk Gtghicns” "
contains t120 rerelater drm daeiadto thOndw Blacko st RIS BEcERAdENg theld® tRfgeSEsM.

i nvention

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, results in 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 qeued and scheduled to minimize the seek times. In such a case,

3



S5 rotationally optimze the seek initiation of the actuator ar py$ﬁqb?00£g
t he actuator novenment until the | ast nonent so that the actuat arrives

the new trawlogomgboi n time to begin reading the target data. FSE&EWS00/10725
optim zation nethods delay the actuator seek initiation by first

cal cul ati ng an_ano f tatio I initiati on or

by finding a sglglﬁeriléﬁ% l[a?eggf'ﬁﬁn?ct ?’gQBg?“ééF qg“éﬁ?%??%%%%@é%ﬁ%%?@%@z@ﬁ on can
10 be applied taictilad¥essl] Maeofngdds. conmmand is executed before the next is
received or in cases where several commands are geued and schedul ed before

bei ng executed. A dilseanathénespadof therinvantion,dhe appasaueinglndee a predesser whadher r ed
enbodi nent of the present inventipon is shown in FIG _ 1. The disc drive 100
i ncl udes a bas EBFB@CF @%ﬁFeéﬁy DQQ&WE%BBWE"%}P% Wée BYOCESSAF PXREUHBE ar e
nounted. A 4op %5{1 4. . QQW? i -l?gva}x i t he
base 102 togfoP?n n isglot%e‘ﬁ\n;‘ﬁ?as a éﬁﬁgtrg\]/él}l?g%lrcrglgﬁo or tsﬁgB&Q%%ﬂag?iéa\g‘é‘ﬂ}J‘n a

conventional npasibn infbenARMRIAQMHEE ih Bl SeflD burstd bidipR vites &' to thEpobessdr.
rotates one or nore discs 108 at a constant high speed. Information is

witten to andA best controhlogie dedencermantissand ptoddesthemdo theproaessonfA an

actuator assenbly 110, which rotates durjing a seek operation, about a
bearing 20 shaF?‘x'Sé’QEtﬁ%‘Ir?ceﬂeE cgpiek si ‘ggjt%&igﬁfesﬁ ﬁ’é’ the gctugigp arm

C Lt ; . . .
et ond ¢ over ds OY s R ptiE R 8 i rBid ot 8 <K WS B bbbl Bl
each of thgoactA/Bafér ﬁiﬂi?er]{%éeivm\ifﬁﬁi caitrdl Bignéll Hbmlthepdcedsoetatiingtrudte

flexures 11b is a head 1I8 which includes an air bearing slider enabling
t he head 118 t thd byffarmanageraasio bow prefotch date shouid be Seasdand sypplied. Ay bufferf ace

of the associated,.di sc_ 108. ri a seek operation, the track si.tjon of
the heads 118 FECEiYSARRS FIOS %Pﬁsgfgweﬂﬁéta&%g tre buigs mapagesand PBQ‘E&SGV@M
124, which typi i I 2 .assenbl y
170" 86 vol | nibEhost sl e ufor lohest PhobloBRG ol endEbelR rHani B
magnetic fi el daimounhiosithd fafzet Gith toledfate o theteddsad a stek FdtaticroahomitIfeckhe

application of current to the coil 126 causes nmagnetic interaction between
the per mandht @aEator o mpge thechead to theinew gk s 4 leteney value isdpund by syhitagting n

d i | | L i hi p. h i.| 126 ,
Thee 5° "' Nk Wl B ok i dBh o ckelen i sl 10 °°
pi vots about t lignkerihaf hBakiaid? 58 HY chrbddrRdnd B AARM ahdfords prdiaged o

nove across the surfaces of the discs 108. The spindle notor

typi cal |y de- enarigpgtisiateney perival. dAtsthe end ofdthd Rfericy peribd,ithe seseo tamtrodis ended
periods of timg. The heads 118 are mpved over park 5 zones 120 near the

i nner di amet er 1B§TUCcHd tgsedsto thpnepriack ne drive notor is de energized. The
heads 118 age secur . .

actuator latch arr aﬁggﬁéﬁlt%f L%E?t%%%&régéehﬁt%g’ltﬁ%g%é% '? gﬁ%‘&pgttegﬁ ?%gé%? 51%1 fie

actuat or asseni¥he trigBeruest ok halub adicubiteal tharekeiving Ahd tadget’s sEvotbuyst hdfber

provides the requjsite electrical connection paths for 10 the actuator
assenbly 110 whhoskion andfindingshe semberafserve burstsithatwillrotatebytheachwtasayit1 10

during operatio o 'I'thei;hflex a se%iﬂ)l '.nctllhudes a inted cipcut bﬁ rd 132 to
whi ch-hend e Y 0 bt e Ao St aei Bt e segE ot 03
e Ao wi S 5 e A T
printed circuit board 132 typrcally ncpuées Ci rcw%ry Por contr eﬁ ng the

wite curr@hts stbvemitiobi ihstnicted tb @ekisthd Réaddurthe qurfenttraticustilahatrigger snd f or
amplifying read signals generated by the heads 118 during a read operation.
The flex assenifiegd D tha headand the bufler managepisupstructd to prefetehintil the trigesr is

t hrough the ba tQna gisc drive printed.ciycuit beard (,ng hown)
mount od to-t ho 1538 BE hehad: Syt el deffe iz GG ek eeRE RY et e G
2, shown ther eigrvé céntiol IinsARMd tB/seqkthe hedrts tetiew figcxdi Sc drive 100 of
FIG 1, generally showing the main functional circuits which are resident
on the disc drive prRotatidnally aptinizing diekseeloihitistiod byaletayirtg the s¢dkauntip éredaston
of the disg drive 100. The disc drive 100 js shown in FIG 2 to be operably
connect ed t¥ a FoBentinihat the agtyesor armypay Arriveat tiedersel tragk jushan timedp beging 25
in a convention ntrol,.co i i pon S _gr rovide ween
t he host conput géra dﬁgﬂgﬁﬁgegﬂaﬁag §ab&§§ @gﬂﬁf @ﬁ%%ﬁ)é)ég§gchran?3§rgmée uscgul%%{a

i croprocessor ikfhe Gaffer ald offifieMN profde tiRMLsERY Bhta ¢Q ¥ HALCHnGBqRd cont r ol
for the disc drive 100 in conjunction with programm ng for the

m croprocessor 142 stored in mcroprocessornenory (MEM 143. The MEM 143
can include random access 30 nenory (RAM, read only nenory (ROVM and ot her
sources of resident nmenory for the mcroprocessor 142. 7 ~ ~s E ~ zooz
WD 00/ 63907 PCTI US00110725 The discs 108 are rotated at a constant high
speed by a spindle control circuit 148, which typically electrically

T T " . A NS ™1 o~



.Datd is transferred between the host conputer 140 and the di sthri gEng
way of a disc drive interface 144, which typically includes a f"f 0 O
facilitate Woboieoered data transfer between the host conput ePCEABOHHYN2E he
disc drive 100. 15 This buffer is used to store the prefetched data. Data

e LTt s Vsl g0y e

to the interface 14 nto a rea anne whi ch encodes
and seri al i zes grésenciabéntdacvillrbe\y Eaemtmnlaeqaﬂixsg' bfthefollceviag detiled si gnal s to
the heads 118. To retrieve data that has been previously stored by the disc
drive 100, readles¢riptighand asevjevwiof theagsapjateddrawitgds 20 118 and provided to
the read/wite channel 146, which perforns decoding and error detection and
correction operations and outputs the retrieved data to the interface 144

for subsequgnt transfer to the hogi.a9Rutish iaperations of the

di sc drive ?00 are well known in St!ih%—arre-g tort 8Fthe Difdif §, for exanple, in
U.S. Pat. No. 5,276,621 i§§%@ﬁhlﬂﬂ&-l‘&¢ﬂ€$éﬁﬁﬁ)ﬂt(ﬁ adisy @fivein whichdrefetred 3
shows a disc 160 froma disc drive. The disc is broken up into many slices
or zones by serembodimertts gf thsiinventien opérate. The nunber of servo burst |ines
varies and the nunb shown in Flg; 3 .are for exanPI e o&l Y. Thes&. ser.vo
burst lines 162 ext - ilipstrates & diseArine systqrm gonnseted o ahostfof dbe disc grixe
outer edge. Though these bursts 162 appear as lines, their w dths increase

slightly from tdfIGA.i nner portion of the disc to the outer portion so that
the burst information contained within themis read at a constant rate

regardl essygf their st g %?ﬂé . t wthin
t he burst Iligne 162 clﬁtﬁasﬁrillémﬁtéﬁm%gm t on@{é]t&i%ﬂegggqlgﬁflé %‘gg%hovf\%wggl 63907

PCT/ US00/ 10725 information,used to, gyuide the actuator. Tracks 164 form
concentric ci rJP@'Q‘ﬂ%é EETL dn GORSERITICHArCHIBR frackso { he di sc 160. The nunber of
tracks al so varies and the nunber shown in FIG 3 are also for exanple
only. Commands r eceiRléd 4ajlustiatestd partidn iof ¢wd trackstihdinkarsformowhere eid taogetai n
track information which indicates 5 the position for the target data on the
di sc. A disc drdayCandBI AUatAds No@RMESPOnet RE A ndwtafzcpBsla 38 dRad on MY
contain data on each side. The command may al so contain information

i ndi cating the q%&[ggé gésc and side as well as the proper sector within the
zone. FIG 4 il1TUStraf8% both a conventional seek and a seek in accordance
with 10 the _present invention shown on |inear tracks for sinplicity. To
further expPain t he H6hPcsenopemgon fawdiggram of anembodiment|af fhesprssgnt of t he
head and data that is rotationally behind it, the disc rotation direction

i s indicated asinvemion®petagifif in theldidc drivel systeay FFRIGI 2| and hidré pm&ﬁﬁﬁﬂ%’&tﬂé t hen
RLA data 172 | ocated ahead of the old target data 170 rotates by the head
and is prefetc tg onal seek 15 where conmands are not geued,
once the new C(E&m%rgg&sgcngggm.e% the RLA ceases at that point 174, and the
seek 176 initiates nt of the head,to the new track where_prefetching
occurs for ZLP dat ar@ﬁﬁﬁiaEWPF?“PBE‘QWe@aWMefiaé‘ﬂﬁ‘ﬁ smbediment pfthe prsentyr get
data 180. Once the new target data rotates around to the actuator,

pref et chi ng st oipyention aperatingin thet discidrive systepraf. FIGh 2aand axpre partieulaslyfthef 20
a rotation wll occur before the new target data arrives fromthe tinme the
command i s 20ece¢dn@el sydtene8KFk328. n accordance with an embodi ment of the
present invention is delayed until the |ast possible nmonent. Wen the

command i s received) 184 cont.i nyes durin he .| at ency. peri necessary
for the disc to rot a@ﬁﬂg aﬂe%c{a&oagﬁ)wz%a S‘F’go tagoﬁqgewggweﬂgﬂ&w&res[eﬁg

| ast possible npment at point 186) the seek 182 initiates novenent of the
head to the newnvention gpesating<n thedisedivesyagmpefFIG. 2s aod mare pagiculazlygbe dat a
180 approaches. |If the head happens to arrive just before the target data
arrives, the snedotroR§Pskth opFIGaga behind the target data is prefetched.

Rat her than inpl ementing one command before receiving the next, 30 commands
may be qeued in a di Lve In such.a case, the.m croprocessor, in the

di sc drive schedul esﬁfﬁ'cejé gi/i‘é@ﬁtﬁ 6ﬁ°‘btr°1tsﬁ CIp I AHORAnCE Wi G PTG o seek
times. For exanple, a first command may be to read data on an outer track,
a second 9 25 WOIYEMEEH07 2 4 S E P 2002 PCT/ US00/ 10725 command nay be to
read data on an inner track, and a third command may be to read a command
on a mddle track. These conmands are geued while other disc activities are
executing. Wien it is tinme to inplenent these commands, an inefficiency
wll result if they are inplemented in the grder received because the 5
total seek distance will be the distance fromthe outer track to the inner
track plus the distance fromthe inner track back to the mddle track. To
elimnate such an inefficiency, the m croprocessor nmay schedul e the
commands so that the first command is inplenented, then the third, and
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_Cache hit query operation 204 tests whether the target data f t
.command has already been | oaded into the buffer. If it is in gé SEsz

then Provi deyg@hsegper ati on 206 sends that data from the buff ectamsediveshost
conmputer. If 1t 1s not in the buffer) then Target position operation 208

obtains the track and servo burst 30 nunber or se¢tor that indicates the
| ocation of the target data. The currerﬁﬂﬂﬂﬁeﬁﬁﬂw he head can then be
conpared with targety s:. i C ' The
rccoss amount |5 Ches RTvAGPe phelsd sy uiedibts iy BG6RER. L EHRIERaG B Uy

2002 PCT/ USQQ Z\?Eﬂ&@eﬁt Arfioi g Biesd\blements] Déntiod systétandes dn bethatoe whith
target data will arrive. This servo burst nunber can be converted to a tine

val ue by nul ti soplaing the reag/veritehoadh CSontval systemernghadiments of thepressutf igventioni ng
tests et har - RORIGEAGGRRERES s ek DGk LTR% Actonb e b delpBoe Maspthafir

t, th T a i S, .
ocat ed on 't he ook BRA'AL LaPmorfbol PR MO GbARIor By o BE ek ikt jn

Seek operati on t#gStoBRgRFrehiing Id thrge? datd! Seblooptahization xﬁdﬂﬂ)dbﬁél_d¥ thetdetdale new
track. This step may involve noving the |ast used head to a different track

on the sane 10 ss¢kiimitiationfby firahemlclilating afiinsowsyt eProtatyori ontirhe to dedayi thg seekot her
head set up for, the other _side of the sane .disc,to anot heir H(r ack .or. novi ng
a head on anot Hetiatipner by finding gseek mitigtionfrigeese dhesptatignsl e onycag

i nvol ve a hgad 1Swit.ehs ; ' Iy
carrying tEg hel%\cljygbg%hr m}?gﬁg(ﬁlﬁé ggshhgc%ﬁyﬁ%%g?%@e%%ﬁ%r%ﬁ%ﬁ@%@?i gn
a head on anot luglin 8iss€ whérels8eeral Esthmandiir®feukd dntdechédiitedictsre being ekécutdd. Of
the sanme radius as the radius of the track for the head | ast used. |If the

act uat or ar m assenbl4 diserdeivedi0fconbtyucied pnasdordantewithsaprefenredembodiment of
requi re any novenent. However, due to uf act ur.i ng .tolerances, the

actuat or ar m ad@RIFSSAtiiRvention isshown W@lllg?ﬁﬁ ‘{ifﬁjg’flﬁ%lﬁéa’&ﬁ’éﬁﬁ %gﬁser]@&ui res
act uat or nove : ' t ] . der t he
seek or head g\?\nB‘t’vf: aﬂg&g&@g ?é:rnj@g?m% hgﬂﬁedai% %@?Q(?@ﬁﬂgﬁﬁhﬁaﬁg@ ﬁgvetgalrﬁgbt

data once i16 r chewapaitiallyat BRag, cdopefab Wit GRibase 10210 fdth &iNErhdlasdaledon
the sane side, and on the sane disc, then no seek or head switch is needed

and flow noves eavirermest for the disedsiveine eanventiorgd manngs aTho punpanents indjude
Once the new tar as.b read, w conmmand quer eration 242 tests
whether a mew JSTRHh APl WEEH oS cpE B e R15E5 0R R Boasfabe Righ speed.
operation 244 Iufrination B WAL idadd feall $A%h trask @dﬂ&%ﬁmtms cﬂxfouga p:ge\%ﬁlggvmnd

is received at query operation 242, then operation flow return

comand oper at ianrRcAQRr ad$ambly R0, haichtretatesi duringat sedk lopefacign abdiit A bepringit | on
244, query .gperatjon 2 ts whether the buffer is full. |If so, .then
Erase oper &t orfﬁﬁét?ss\?@%gf igfgoﬁﬂ?n%dpaﬂ@@hm? ﬂ&%&f’%ﬂhﬂ@ﬁ@% asgemblipl ) | ¢
not) then whil gufl | ' té*%qﬁ : { 242
to test whether ahﬁ’:esvcxz}p @g}ﬁﬁgﬁgfﬁ%{gﬁﬁgﬁ ie%:‘g%\/\t}fé:g [ s&?’gﬁ)&éq%%%l?&%@ékﬁ@ti I

a new command icnerarandrédibxudel 116WRtdHAIEIDOM eaclfofSthe RtuatirArmsET114/9080ded 25

Back at RLA query operation 210, if RLA is occurring then Track di stance

operation 212 fatibesdistabendiof each ofithe flepuey 116is adadddSpuhids includesan die new
target track pgsjtion.to find the di ce.to the target data fromthe
current act uat ggeablggis{x %ﬁm%%&e@é‘ii?gﬁéﬂéﬂﬁ S?HP’&W% ag‘hY?dL%s a proper
seek tine fgr t&ﬁre%ﬁ@d&in%%%fitﬂé‘asgaé}a&&d%@qoﬁptiOnal step and is only

possi bl e on disc drives ere the actuator armvelocity profile nmay be

vari ed. For disc driDerdngaseek bjreraticn, abie tryckopositioneoff the headsiN81is sqtiolled
al ways the sane] opgration 214 1s renoved since there is no choice of seek

time. Nunber of 1the use-oict voige spilmater QM A24.uwhichdypicallydarudes ¢aik
k - 10 ' i s.th nb it ' b t

sectors, that w7 shS s BBnatel BeiemBly BV 35 s one SRR stbsTh o

track. The bur siaphbidEI8 WREHRE2BAGY & nid eti@féélﬁ K?Wh':@:{ ﬁ%'cﬁﬁ 1!?5 X rsed.

multiplying it by a known servo burst perio ter t coun er Is
conmput ed) f3bw Theconuwlled applidatientaf fourrataoahé il #26 ofus@s fhagnetic interaction

between the permanent magnets 128 and the coil 126 so that the coil 126 moves in

accordance with the well known Lorentz relationship. As the coil 126 moves, the

6



.15 I'n one enbodi nent, Identify/Store Operation 218 identifi eQ& &EBQEBOZ
position. This trigger servo burst or sector indicates when the seek shoul d
initiate sowdedsiobe actuator armw ||l arrive at the proper tPGERSI0(8T25] n
time to begin reading the new target data. This position trigger is

identified by subtracting.,t seek t L [ f or
sector val ue tﬁs‘PaPﬁafSS&ﬁ’é% tl]fqlglv&ssﬁqﬂgﬂleoéea%k %ﬁ@‘ ?‘%F }élgppic?az? %d’\}iﬁﬂ@a{ds

| nstances Wherm?f‘e 4 &RIBVE abrosPiR3bffcdshith@aRcgl168: rotation, only the
fractional part of the seek amount is subtracted to find the trigger. Using
sectors to track thd&herspiygite moesrulilGes typically de-ereesizedighebthe discodindel)isor a
hi gher resol uti on  seek which nmay permt, m)rﬁpp A dii to be prefetched. In
fording the tringgiyusefaeeaxtendedpesiods of Hmg; | %"E@S gaFFa”RQV QBRI at i ve

25 conput atLon that the a . ri. t earlier
20 (COTPUC L4 on Al bl S Bl By B S\ wh P ok R e
conput ati on pr y&piRdarhel RAds 118 B serere@ OvEF (i pask!Zomd 1tzomgmaie ise obe

m ssed, which would require a conplete revolution of the disc to bring the

target back t o antsetuatadatcibardangement swhich préventsinadwestentirotationi ofitheagtuaiér t he
read. 30 In another enbodinment, ldentify/Sfore Operation 218 cal cul ates and
stores a | at en@§sembhlnd1Q whenthe heads agg pirkedsr tine. The count indicates the

i nstant a seek shoul initi.a i : The J: 0l L ount
value is equal tot ﬂ?%ass%%é?@g%tﬁe @?@g%ﬁé}c “Jb‘/‘%@ fr?_t?mber
of servo bypst shOactef6t Nsembli2i10Mvhile ANdwing pPAstil héveniéat R acRatdrdur i ng
the seek subtracted fromthe access anount which is the total nunber of
servo bursts omsseahlyd$0 dhring wpetatiomt Bieeflgxaassembly iacludes apristedcircuitbodrd ol d

target data to the new target daja. The initial cqunt could also be
i mpl enent ed usilﬁg tg Mhich he; rf‘?élf%{n%?h‘%"“mée Fopnee ?@’GLH?F&IVEFE@CWS rguiedt ency

val ue that the Gl { Layi ng the
seek until the aﬁé@}tﬁg}as ggr e%%%?“eg&% gi’e%%%@gtﬂg%&wgi}ssﬁﬁw%$eg for
the duration ofcifchi boaiderB/typi@By inclidés Birbilivry Jop bentkSIRni@iheGiritd irrehs be

conservative, i.e. assunmes a greater seek ampunt than necessary, when

cal cul at i ng5t happlediocthe boadst 118udysing\ewritenoperation andcfor amplifyirghteadsignilag a
revol ution 10 of th isc. . This Jdc.s. necessa becau t he seek unt is an
ot mateo 1 n ¢ REREIABIR R hoH o i A OpRftinTihe AEASFER IR S, Or o
Operation 218, aVQ'ﬂeinré@%Piﬁi‘?&tco tiodl t&%ﬂgﬁ%@ﬁas@ﬁ@&k £02 26% B¢ &ive"
sector as it rotates past the head, |looking for the trigger servo burst or
sector val ue. Iprintédeciruiitdsband (dot\shews) mountedhto the bettomeside of theldistidiiyé St or e

Qperation 218, Ji’g Moni t or/ Decrenent Operation 2Z0 decrenments the count each
time a servo b t rotates by the head. Ready to seek query operation 226

| B ot at . to seek !
anot hor engd: mont TTIREEANDI bifh %, 80un TtEn 1 AboiRRR oG, Mg df

I'f the trigger the disedeive 100tof 'AS. D9ferRedly shoWingdihe midin Fuiti¥na 2irchi@sSwhich
whet her the buffer is full and, if It is not, operation flow 20 returns to

Operation 220. are residenpon ke dise drive printed sircwit heardpapdrused torcopial teear s out
space in the buffer.an he. fl.ow es.back to ratjon 2 ILf, t.he
trigger or zer o°Pc?5‘ﬁ’r‘?P°%§t§° g@ﬁ&ﬂyggﬁuf mﬁﬁﬁ\ptékvef@%l%ﬁ#‘?‘yﬁéﬁ%jewe
operation 228 ' Esinec @M rs i1 ; el ROk %gg jni ng
the old target \.,ch?%sl%, pre e?é%ﬁ{ogf% |at1e lgyhléér:lg e{hé ob‘;grg{bilﬁ% %ﬂ | f
not, Start 2Seekinapeometntivhalfandér. Coneel ¢commmwitatiingpathiscart peovidedtetwernshé i on

and then Prefetch operation 232 begins. |If Seek querx operation 226 finds
that the triggehtoshbepmputontdtand § disc dsiva mieropracessendd2. ke migroppasessor 1ddn

Chen Erase. oper ORISR EHERE Thik UhimiElsabolfa croklar G bd st obve 1D o

flow returns t ocdapaicibh WitPm® dn‘imﬁlg%b’tﬁéﬁﬁ"c?d irGtbss0r 143%idR6d f that the
buffer 30 is not full, then ogfarati n 224 is gki pped and flow returns
directly to Opemiropnoc@&26r mémory PMEM) H3P The MMEM 4B ¢a3i8lMddfand binGioces® 725
It is possizﬂae for th&gunber of bursts, time, or sectors stored in

Oper ati on t Bemery, RaMyy readonty megory (RAM) iapd other sowsses ofi resident memory pe
reached at the §f [ . In such cases, Operation 226 w ||

i mredi ately detgdéﬁﬁ?h]g‘frloiﬂoéggwgggr has been read or that the burst count
is zero. No RLA prefetching will 5 occur as the seek to the new target
track will initiate imediately if on a different track or the target wll
be read imediately if on the sanme track. Opce Prefetch Operation 232
begins, the prefetching continues until the target data arrives if the
target data has not yet rotated to the actuator arm A conservative trigger
or count from operation 218 may cause the actuator to arrive | Oslightly
before the target data and Operation 232 utilizes the tine before the

T o o a Y - e T -~ 1 o, . - NN A




target data fromthe disc when the target data arrives at th e
this data has been read, flow noves to New conmmand query opeazi gtBﬁﬁﬁZ

FIG 6 illushdabgsmennot her enbodi nent where RLA prefetching megr/Socionds nue
beyond the | ast recorded data on the current track. The enbodi nent of the

operation flow shown in FIG 5 can be configured to set the tri gger equal
to the end position Bhe dises 408 aregatatedeat agongint mehspeed by appingdle ContEel ¢ he

count so that it r s.zero at.th sition i | nd
beyond the curr %tafggwm%hgwl‘?ﬂ%egcgg%qpﬁgf "z'af."é"s",aJ %ﬁé@ﬂ@‘ﬁ%@e‘%mm is

| ocated rotati Ol)armdﬁlgh%e uSe bfBack Qidcofidtive fdrcd mémsz BétﬁingRaDhﬁhﬁfafséék

endi ng the RLA and prefetching the ZLP data before the target, the
operation nay popenationRitie trackcpositionusf the hexty idB8tis edntrbilied through tevapplication
continuation track or head. Wen data is being witten, as the head reaches

the end of & t refcurrent to,thercoildk6 of he amtuatanassembly & o servgcontal ¢ikcuil
ite the data. Kk ' t, d.the .di f
before the. head SIPravides suctipoRil Al Bstolf oGl e p F1G. ZyMMhe 5,

seek, and the | : ' ' ?énggr S
requi red when ﬁ% gk ﬁ’gg% ﬁlgisl %ﬁ%&%&oég{%@cgg E%ir?z%ﬁ.iﬁ‘éﬁ end) &ggdlm{ Y\éelﬁa% st
seek to the RLAfabhehead 218, cmdtusecthat ififernestiondn codjenctienlwithr a gelecityl piofile he

end position of the RLA track results in the head arriving at the |
conti nuati on RLStoreddnmemeny W3 toicempmnicaty With the ss6va controbFireit 45 whigh t
track arriwves .1 he.head. | uch ase r h .S t.Q,.C l,hue
beyond t he 10 Wit 1Y AdRniepled il of Bl 15 s s il mbir Rer fBhary
substituted i ntQukipg tﬁ@gétﬁgtiopgssyngg Pl th‘be pivoted.S E P 2002 WO 001 63907
PCTI US00110725 FIG S and flow novés to query operation 330 of FIG 6

i nstead of query opeData isnrandférred bétw@en the Kase compyter M0 and th8discakive IMet her
RLA is occurring once the new command_ i s received. RLA has_not _begun,

| f
fl ow noves to BByWAY REA dissedriye ipieriace 144, awbich fypically ingludes adulter teyfacalitate

Deek: Cal cal at B spledodd bBer By 601 Bk ngM opltin Tf Ind it Ol fgd 2 0
posi tion ang conpigibastet is isedtd StoRCille ippéfeRhed 8aeK DARSlotbeaRrittd B the\didcar get

position has already been found before query operation 330, as in operation
208 of FIG 5. drivertidyane thushassgsbfromithe hagcompotss tasthe iptexface 14scanid themto f or

the t t kK. Burst.s/ t ti 358 . qul |.00Kks, th
Seck amount . | PN YAit e 1P ik cagoes hur Seriplizes e datapnd prguites thegg e,
. unt. i |

in one_enbodi Mejuu e @il gpls o EREIRY1S, Th ENATE Bl BASHLA quCrY

operation 330 whic t hen 'S Ooccurring. OW I'S

directed to RL/Apreeivhslymtoretibyrthd 8isSdrivevii0€.read sigaile aret generated igntheheads | on
to the tri eref count to detect whether the RLA will reach the |ast data
h

recorded o andeprovided R thetead/avritp shannel 146, whichyparfprms decoding and
S

arger seek mustrronie el AdEorteb Ry bpiE S5 ohibuf h b QR Be” '
whet her to begi intdeite!194i fof setidequeht irf®férab RS hdst cadpiteV140C Buch opaagens ¢on
whet her the RLA continuation requires a seek. If RLA continuation does not

require a seek, therlse diiive ¢fharsswelloknuwr indhe B @né aradisensseda foroexasule, imi ch
begi | ooki I, ' ti th

bur'st/ sector cobt- BEChor SrEe. S REE 3R 40887 o SEREESHy 1 he act uator
Operation 3 perfor g§Gag shBwE a}d;sepggﬁng\a didc@rive: FRUidcNS beoken iy N9

operations of FIG 5 continue. continuation requires seek)

then query oper atanp8liCédordiones by sdrve buiso quasidikies1 62t aTtenuitsr dF isérvo Pabst
Operation 355 cgonputes the distance fromthe continuation RLA track to the

target track. THaes varieseandsherumbesshownin EHG. 3 arecfor example oply: Thesk setvoe f or
the target seek, Bur.sts ctor ration 359 30.cal cul ates or | ooks up the
seek amount for b\“"r?g i@%@f?’&ﬁﬁﬁ@@& %f% {I}éﬁ Gegter ﬁﬁﬁ?et‘ﬁ 9 ‘ﬁ‘h gute,

track. ldentify ' | dold 1 : L) A | one
erbod ment {1 oy paCy RBE bt k2 ¥ipeds ks, Bc PG inefaBeighbl Hh o,
001 63907 2 30 S knder pofiton of the disc to the outer portion so that the burst information

contained within them is read at a constant rate regardless of their distance from

the center of the disc. Each burst within the burst line 162 contains vital position

8



.PCTI'US00110725 the RLA continuation track. In another enbodi rre?gﬁ)m?m
‘361 stores a new target count obtained froma new access anoun

seek amount wolfifsb@wW access anount is conputed fromthe tar geCTAISPUEI72S ON
and the start data position of the RLA continuation track. Last data

operation 336 then conputes 5 when to initiate the RLA conti_nuatf' on seek by
| ooki ng for thinfpemation esed to guida the aceaiord cBragks 16ffoEm GopeRNEIF SHKIES N t hen

wnether the enfoFieaabnt te deuier ot gl 189, i ibigF it QRIS et Sph R, ©
has not, flow pRV@ImkgGhowR i PRGAS ia%ﬂ&?&r\@ihﬁblef«gxg}i.i Cuimdnds resivelidy t he

| ast piece of data. If the last piece has been read, then Seek operation 10
340 noves the #wtdist drive frotmhthe Rost computerwantaimtrackaioformaion which indisates i on

342 continues the RLA af the continuatjon, track, agnd operation flo
continues td I\/EhﬁEQS‘I“/‘%&OFéli‘f‘e‘iar{geéﬁétlaé’tni@ﬁHQQSMF%ﬁrlﬁ%P@XFQDWFé?F"F new

reagned zero. - TR P A8 e bioE o cAaleR ol S i The bOREEpaT "o
posi tioned on %ﬁo%ﬁtaﬁh‘hf&?&&ibﬂliﬁ’di&ﬁﬁlgtth@ ¥opef BRE hd Side 8¢ welQisitRe Propes
operation 220 of FIG 5, and the remaini ng Speratl ons of FIG 5 continue.

FIG 7 illustrstser withintherzedd.onal fl ow of the control system according to
anot her enbodi ment of the invention. This enbodi nent corresponds to

oper ati ons when condBfed4 iHussragas hoth asenventional seekAndassesk in pecogdance githy o' s

m Cr opr ocegsor .2 .conmands [ at | | t :
comrands ff@m Fﬁcegrﬁ%}\ell@é’ ot ov&gtﬁgn gé%fgg"’f%ﬁsgﬁﬂ%@@ﬁ‘yh% gﬁ%ﬁre?/%%%g{rna f on
252 detects whebhintibhFor ddt&iftat aobatioRAlly. ARad Of tHefhehd asll aaaMRARds has

al ready been | oaded into the buffer. If it is in the buffer) then Provide

dat a oper at i onr@8tionadlychehindsit, thetiscirotation diredsionfis indicatedras towing cighptat er .
Target query 256 d cts ether, any, targets were 2 ot in th che. If
all of the tarddt @ﬁgﬁﬁggﬂiﬁw‘érﬁ%’eﬁﬁd ﬂpﬁéﬂ“‘%ﬂ@?eﬁ?ﬁ%‘f@%@&@@ﬁﬁsﬁ?o
Recei ve operat i t it) the
fl ow noves to E%E%'ﬁ%%erz)%reorﬁa{?%? %’ﬂ%ﬁ@@%ﬁé‘?&@%&ﬁ’??gﬁﬁ@?@%&gﬁ?s t hat
none of thegst amgrie CothMali®@Sart RoC§eifRe, ondadhe hév vommidhd isrereive®tRRUAr ect | y

to Schedul e operation 258. Schedul e operation 258 reorders the commands so
that 30 access ceasetat hatpainid 74, and the sepls 176 putiatesomovemensef treuheaddp dheat i on

258, the positi fo ch new target ig f a l,I. as .t h ccess anount
Chat ocours 16085t ReEE prkiifonify debust S 2t B flad IaGymcsds JbCHef iRl
new target dat @emﬁb%@ﬁ&ﬁ%ﬁﬁétrmwﬁismaon&%%ew (gt roiftey Srduli§6 the OF
time. Distance operation 260 conputes the distance the actuator arm nust

seek for each sctetwn) préfetchingstdps ditbtha mewatatr 180uis reade e@n Aivenage henethatfodf
cont ai ni ng an ear]ier.scheduled target data to the_track contai ning the
next schedaaed argation williaccu @rettiq%n Ve kare el dataarrives @Pmégﬁﬁn?%&éép’@m%éged,
then Time oper 3! Lpive§2 obtains the proper tinme for each seek. Operation

262 is one optional step and is inplenmented only in disc drives that have a

vari abl e vel ocity prAkedkel§20nh adearidnie vittdn eftblimentoTf tBSpreséntrinventios lisided
in disc drives with a single seek tine for each 10 seek. Bursts/sectors

operation 264 &slayed yndkthe dast pogsible momeat. sWalen shmeommandhis apcaived, KA dlber

f iti i t t owill t at .he h it f
cach schedut ed O AUieR e bikdky Bhron hethiyu B Be AiC olatnin Wi Mk o1 o
or time. Fhew tdagnohy fsad. OThaE k 2 porkt8el thd $beR182

3t {HeMasPpgs
enbodi nent, ldentify/Store Operat F%né%%’g s?%]entl Ies ‘a trigger ftor each

schedul ed t ar gehitidtes anevemeatof thé hiesd torthg gew tiask fjube as theibeginningspdsitionasfi ng
t he nunber of servo bursts or Qoosition indicators that wll rotate by the

actuat or ar m dibe Bewtargesdaik 180 approaches; cHithe beadshappensite arriye pssbefpwstheal ue

t hat i ndicat it f I T t L

i cat es. vhen ‘Pieet SR AT s SR ARt B3 botife R A Boprefiionety 7"
arrive at the_properRithaCthah #fipleintilg Ghel@niMidbefdia deddiihd the it Schedul ed
target data. The trigger may be calculated simlarly Iin tefns of sectors

rat her t hadOburcommands mayobdhgsued ibadiscenive. Inlsuth £ pas&t the eniCroprodessom iR 66
conput es and st(ﬁre .a count. representative of the |atency period. . The count
i ndi cates the iH8¢ Aiye schedulgs the expRiiion obhe GoMmands fo PEAITG the sgehimeser o

108, ML couple Sl e BRRBRT b ) TN B Ehggpedi il P

S
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fromthe access anount which is the total nunber of servo burs r Ea h@ts
that will rotate by the actuator armfromthe earlier schedul éiﬁ%ﬁ § a
to the new qgr next scheduled target data. The initial count ferrRR6dH0T2s
conmand cor rESPYY 10 the 30 latency period that the system may utilize to
prefetch the RLA data. The | atency val ue can be expressed in servo bursts
or tine as wel lcoafnandahdy be ® read datacomamineer ekl and awhir6 Goffeid ry-beto- P
zoo2 PCT/ US00%40725 sectors per_ track is_constant where the RLA wil !l occur.
Del ayi ng t he sd&edd apemmandenaoniddleayack. sThesesopunands aregoucd quV}hﬁfedlsc
prefetched for the .duration of t | at l. ) I e e a
trigger is ider?FlYlFlgﬁarierfx&e%i eg&a??ﬁ%%ot%}pﬁuu%tﬁgﬁésgtwuuéarn\gtq,‘ oh 268
nonitors each i

"o0ki ng-f or o haseifriehty WAl RsyRaFiey o rhblofh@U 1A oo reeived vetarst te
Operation 266, tbfahsdekrdishare avitirie tbp distdrice frotd hedmnerctrsckt to thé énneo tratk phus h
time a servo burst or sector rotates by the actuator arm Seek quer

operation 270 tthedistange from theiinrarrack bapkihthe middledrackn Degliminate sych an
trigger or in another enpodi.nent if erat i 8 decrengnt nt to
ver 9% 1 %t ne "t ARepEEbe. e RiFDB odstaer miyschifbig B, ARERAE Hotnbe e Sy "
det ect s whet her, b Sunfald| 4 Iabhd 0
Moni t or / Decr errecr?t elr{gsrlﬁglﬁh% BQH ’ chﬁﬁeelﬂ%fﬁ"fag? ﬁfﬁgn ?Ell]élc %&%ﬂﬁlﬁ%&sﬂ?&sé,
operation 274 chewts seck dispaceis the distardoa fffom thenahitérteadkl tovthemiddie iphsithe o

Operation 268. |f the trigger or zero count has_ occurred, flow noves to New
target quedf 2nlstensedrom theomiddlefathednnerieacke Schedling the gommagds redueas the on

t he same track ,15,as,the earlier .schedul ed target data..lf . fetch is
initiated by Prtgg'bfec?ﬁ ‘ﬁ%ﬁ%ﬂ%yo o8 _CF#I%FF lgﬁ%{rtfac e@l?%ﬂ@@fi %E'278 noves
the actuator armto IhrHGPQPBﬁrolPQ?ﬁHG’diaimn{abeﬁl‘sd%gf-e%éﬁtWﬁéﬁdcﬁéuu?&O

begi ns. Prefetch continues unti e target data has reached the actuator
arm at whi ch ticomoReddwvhear the discpdrivet is qeuddsg theapimmuands a dn ragconventiosal disc
schedul ed target ,data. 20 _After al| the tcggq%%ﬁ ata has been read, Cache

mss query operdiveoHicagak §2¢ thendnitjatasjgym e thedangebls read gatherdhanatnas

b Vopert . ! > .
RA data and £ ISIAT4R noid: 198 EALH oPhilaRERBLOR 8 BEUehe. NoREAHATD
the next trigges peefetdhay, Qi8 ZLE Ofta 1781 loadéd imdolthe Uty uadl thengef sciaduledras

been read, then Begin RLA operation 288 starts 25 prefetching RLA data and
New command quepsgepdaa amives: sThemevhtarget 188 wepre e gkt sobeduled nere dargetf a

new set has not,bee ecei ved hen RLA operation 288 continue he
brefetch. This 48 o EEBAAFIRNES L e PResE iat Pt Ae St ed st cnce o
new conmand setinitﬁters%gbme@ss W eh &l imipaddis VBV CQITBRA(Re QRS FhthePthdar0- 30
FIG 8 illustrates a control system 320 in an enbodi nent of the present

i nvention. 2bhe segkingimmediataly spon barapleting thealead ofjihe pFedipusly scliedeleddargé2, a
menory 304, a blgffe,r manager 306, a buffer 314, a servo control 316, .and a
18 z ~ s E P 2¢jayingdhoisek pspmitpeseitldteh dataty beqretstehed dapih thedes possible

I nstruction is 1?1@ ved fromthe host conputer by the host control |ogic
300. The host control logic 300 is located within the interface 144 shown

in FIG 2. The host EIGS Diustr@s thediferalipasidfcw oh eheCiiiD Sy stém Addr€ing to
I nstruction received b% the host. The host control |ogic 300 al so accesses

S prefetched da®re ¢m et af the presemtdnvention whiendhe cummandscargawt peing geusded
data fromt buf f er manager 306 d.st.ores the prefetched auntil it is
o aest od 2t e SomTRidbnsratiog AU ol 8 sy inbErconrora bl Phishuist ' o

part of the | Chlats diy Speralih 284 b BRE the BAfer bl 67 1 Feall BRI "9

code that the processo enent s when cal cu ornrtrate the

seek so that ithavdlied@p bedisloaded intothetbaffecalf it eintthé betferd aheh ProvRledRBOT Y
al so contains |ook-up tables for the seek distances and correspondi ng seek

amounts either Pperation206hsends that datatfromns thedhuffer i thethast eemputgr.3t4t isgot irown
as MEM 143 and gs .,a.part of, the m.croprocess 42 of FIG, 2., 1 S The servo
control 316 15 BEdRETyedTatest ot ior Pranin A Aeifid ek 419 Lo PER 316
responds to3@ CaBhbEY orSdeBidR khdt iR P'i&%ﬁgﬁgﬁgg%g@f qaaS r'l‘ﬁggcgﬁ%ﬁﬁ’ 0 to

position the actuator arm appropriately. er “manage receives

prefetched dat apbsition bhtherhead caw thea beeemphredarvidritapget tsecaivnuaicalculateran The
buf f er manager 306 al so receives a buffer 20 control signal fromthe
processor that RFESETIRtAtion aeounts flde agenss ampurtds the munpearied servo bursts or
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prefietched data is to be provided to the buffer 314. The buff 6
may be included in the RIRWchannel 146 of FIG 2. An additi on?"mﬁ%ﬁzf

the buffer WwanRgedsor 306 may be to detect sector positions on poeuddem7znd
provi de the sector position to the processor. 2S A servo detector 308

receives position information that is read by the head on the t.uator arm
as it passes d¢elprsstaaswilbratate pastiihe hepdbetoratheitargst data wakh arrive. (HUS SeTRR

Feads and supdupibe? eREhEROHerfi o dne URaf By RARGIng  B7 a3EGNR SRLTC!

trigger burst.purt saipldiriod he servo detector reads and supplies the signal
to the 30 processor which is used to decrenent the burst count. The

posi tion signal nayBéfore usikg thecicoessianicuntitot ¢abenlase theepropeREAt RLA guemat i on.
The servo detector, 308 may al sq included in the R/Wchannel FIG 2.

. 146 of
19 2 - S5 Ppstiopal8drsisviethor Rijswas eecursing befoge 8&%%90%2900 ¥Bbwn as

' 42 1 Ny Fl i : '
304, ' oper atieafed i ko JofPk GIFFY shyRlpR 23 ROt Oa it sl T
i nformation friggadién ReStrackAffonOyvhich thackifior drtPisqsusitivned. ¥ wotSSdekr St or

sector position information i's also received by the 5 processor fromthe
servo det ect oropéfsioni238anevesithe détnator arh 46 pdsition thedead onvemttie newdtagkd from

the host contrgl, logic 300 and the positton, |nformat,ion, th rQqcessor

cal cul ates an ﬁh‘%é@ﬁ %&M?lvﬁrﬁp‘ﬁn%ﬁ&laﬁﬂiﬁ%b‘?adﬁﬂé‘ ‘E)‘ﬁgﬁfé’é%& ﬁ%&‘%"ﬂ{nﬁi n a
seek anou by.. renci I ; i rrent
track posirlioi O%S“(% t g@%@?ﬁlgst@br'ﬂg? hq&gnt[{ﬁﬁ @ggklvﬁéﬁc{@ggndp%g[@?&;%% |{:g*téed by

the command. TdiRerdide G sariie idcd agothef @EEROEmbing GLlidad tin anbthet Aisges track
positions to end the distance and then scan a table in nmenory to | ook up a

seek anount conoteptiack.ndhe Seek operativn 338 maycdso imvelve athead switelh dAdhead
anounts can be i.n.servo hursts, sectors, or .tinme. Fro h%hﬂ(a ?cchg](s)@ ﬁglﬁunt
and the seek aﬁ?ﬂ‘fﬂtof’c\“ﬁé"’ B '0R AGTUELOR 3D 28 Y@ﬁry%% & 1¢ PR, the
| atency peri Od%dlf P&é?fdriﬂ' b@)fn&&éﬁterngﬁéﬁ Egaﬁpéﬁ% RER I dﬁschi?‘L%@ BCGES 8

t he , the uffer

amount. Once atency is foun ocessor Instructs the

manager 306 t ahesmhe dise tdvlk Araek &ff elie Sunfgradiusials thdadist efitbey track foy eie lsead
provi des a control si ?nal to the servo control 316 to hold the actuator on
the current trlastsed, If the agwatoriapm assemtly weze perésctlyaligned. colead switgn 2

detects when t ' y Vi he posi t. ' | from
the servo det e‘?@%‘ﬁ%b?@%@ﬁﬁﬁ%@gr }fg%ﬂzrgélgg té) UrsSt ﬁgﬁ}&égg?lgllrag%asht%ne
enbodi nent ) t hetnt@ICRASHEembIY iS Pt ferf@ilgiatignédends@e head DR te@liréd gnal from
t he buffer manager 306 rather than the servo detector 308. The processor

302 cal cul at esactuptontmoyemaent ghat 3akes sameitinee thaemusthecgonsidetedr st s or sectors
required f the segk fromthe burst |, er or_sect 5 contained in the
Commnd. iten t he tORUE SPEK PR artnRg opRisele s Rebong aoion 80 Tesds
control signal thhQarbBEiats i t répto be
repositioned to the new ?géégig?%{gggofh:cgéeé@ m@%@gxggﬁng%zsﬁgEg%ciﬁniﬂ”ucts
t he buffer mantigsam8@ide! and bo phesanecdise)ghelehasdek or head switelr ishkédedrumd t he

target data hag arrived at the | Z/Whead., 30 _In another enbodi nent, the
processor 302 Hewdnenss dinsetly frognavary opetation 836 to Beadsppasations 240 Onee ther vo

or the servo qarLuR 1B kdas el dithard QT obdgion i Ry WileRRAT 200
2002 WO 002539€0imiiand hix®eentédivid. | HIRE, (Rén Begih NI opbration 244 5aAgli ment, the

trigger is calcul ated by the processor 302 by subtracting the number of
bursts or sect prefetehinglthe fead leoksahed flatamIf & aetwwontmandnis eeceived sbquaryy of t he

target data's positio The number Qf servo bursts or sectors that wll
rotate by the 53?’6%9%242&#&7189?9‘%01% ﬁgwggtgknsrtp Wﬁ%mwpqleaerav%g 'to the

target track is eit I Dy. r . i rieved from
menory 304. This nu%{g@T&g%s?ée[eeg@%ageggvgé%ﬁmgﬁé}%ﬁ@{%ﬂé%&fromthe
burst number obpé&eGsP246 RBIsAVIARer tHe biifferGe FAMN I ) hedn Brak&§peritidn248he
trigger position. Once the servo detector 308 reads the trigger servo burst
number and3@0 ¢learsaiug spave ip thebufferrfosde RIcA wdata. Hfi inbt rtherawhije RLAO®ntinueser vo
detector 308 reads..t hﬁ trigger sector and s'g??al S the%tﬁr ocessor 302%
processor 302 SBHAUOR AW e L @RFTY gperation 482 fostestuhethen anew pmmpandhas ¢

initiate the s ; : ; mg'{%g armw | |
arrive just i n%te{’%rr{see%lg 'eg?# lﬁgggﬁﬁtéﬂl?&gnﬁle%vﬁ%%et g?%eld%g%{'m sumari ze
exenpl ary enbodi mrents of the present invenh'ion, a nmethod for |loading a
buffer with data read froma disc drive can be realized by executing the
following steps . A command is received as in operation 202 and then an
access anount, in servo bursts, sectors or tinme, is calculated fromthe
target's position as in operation 208. A seek anmobunt in servo bursts,
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WD 00163907 PCT/ US00710725 proper velocity profile is chosen [
.operation 214 and the nunber of servo bursts or sectors that ﬂasgﬁ);mm
during the S&%‘%ok? @l cul ated based upon the chosen profile. Acseiky@icy st
nunber or sector Shat triggers the seek is then found as in operation 218.
The trigger may be found by subtracting the nunber of bursts or S sectors
that will rotate beyRavk atRLAquant eperation 219, ifHRLAde kcqurting thea Trackdistineder
or sector that indi cateié h osition of the target data.%ng}éis i ncluded in
the command. DAP§TaHORA § cyFrentfrack pgsitigp 4nd comparep 1 10 the,NeW, [agaet, i |
the trigger ha t t kR 1t5 fORE i 12%9" en the
trigger has rots?a{cgﬁisgﬁpﬁg %gﬁl}g?gr ar%ﬁ{e%ggtz%i I ni tlfhgic'ggl@gn ta}g(}aéh
actuator arm &idn! OPargbeseekoperition Q14 taakchbeses agropaiseeldtime Foktha Sedl)
operation 230. The nethod for l|oading the buffer with data nmay al so be

appl i ed to BnstQperatiom2b4 és onecoptivmabsieisangd is oplyupassibinion dise drivesgwherpdheret hod
may be realized by executing the follow ng.steps. ,A set of. co ngs .i s
received as in %&qr%vazlggi_ty F?Wé{l?:mgﬁdgnﬁé'e Qf:ﬂ'éﬁﬁrlgﬁs Yher %ﬂ&?‘é‘t}i he
seek times as i rAat,d CEAR 3 : SHE flef
conputed in op rg?ilﬁeoﬁpgﬁ{’gg%g?%lg@%%s ar é%%ng%g u EEQPA see‘k’kS
anount is foundsfprcherelvfeeskdne. as i n operation 264. Wiere nul tiple seek

times for a seek are available, a seek tine may be chosen, as in operation
262, and then the seNimbhepofibuists/sectonsdopesation 216malculatescardeeks upcthi seekne. A

latency is calculated for .each command as i n.20 operation 266 and data

| ocated ahe@d oﬁm%‘Pte‘XL}"iléF %éfcﬂgﬂlﬁﬁrég Pe¥HARH &N F%‘VBSHBG}S %FsseFWrﬁgﬁarté‘(’ﬁon 268,
for a duration : : o]

t he act uat or toﬁgﬁgbﬁ‘g%‘igg}ﬂt%tgﬂﬁéif&g‘%ﬁéafﬁ%ﬁgﬁ?%ngﬂ?%sﬁ%%e Jl‘yagéi n
operation 278. dsmehed toai hAadalftihe valaelby snudidglging it by & kaown séred butse period.
commands are being 25 geued may be realized by executing the follow ng
steps. A set of Alighthafeunt Bumberds pemputed, flow ienaneves to kentify{StogeQperation ar e
schedul ed to mgjdn ze the seek tinmes as in operation 258. For each target
data correspon g to a coomand, a nunber of servo bursts or sectors that

wi |l rotatesbeyond ap @ﬂ‘éétﬁ&&&ix,n@ﬁﬁ‘l@éﬁéihﬂ&o?e @g&&ﬁbﬂsz }Bntifies £igge
schedul ed target data's track is found as in oOperation 264. 30 For each
target data corpaesitpondThig trigger seovonburst, orasestor indidates sthenuhdssekshodd dnitiatet hat
triggers the seek is found as in gperation 26b from the_ nynber_ of bursts or

sectors that wi’q thrbthgastuorarm Wil arpye ablbr PEORET tragkJushin tipg fo begin
t t 22 2 48 ewht S i L
i ﬁgliggat ed by a g%r VO %{#gtaa ér‘li\lfj) eé ggﬁgénegggéﬁﬁée&glg iyggéﬁélgggﬁéeggng t he

earlier schedul sdotmifgsh thakervo duish fiimberast saftor 9ilo¢ ekt indidates thepdsitionlstt i |
the seek trigger rotates to the actuator arm as in operation 268. Then the
seek initi ks Hedangpedata: Jadestangeswhere dbe segk amount ig greatesithan enetlisa he next

schedul ed 5 tar .data, as Jn..operati 278, In one contral tem such as
320, a pr ocessoﬁ’ ’Mn@\esﬁ%{mggﬁwyég q,mekg&wgupgsag@tﬁc}eglrfom "E‘Et uat or
during the | oadiriipep§ UNiRY Qlckdts Btrack b ridgde rtiulres bxtrd PRCRIRES BRProlRIEET VeS
read/ wite conmands as ihﬁgoperati on 202 fégoémrﬁ?e ho’ét glg)nt rso%?I 0 irg 300.
The host cont r ofor| achjgher3@Solntior seekswhicts tnay permin more RibA data toobe prefetchedplit er
and decodes them for fhe processqr 302. For each command the prqcessor 302

recei \éeg, ba I ﬁt ding;the « ldenwtySorerQpesationA18may myake a enssp@tive on,
! _ 2 .
oot on of24 hecHEpUauOEAE Biad iyl b arfies T WA el ek Plfler Bln RisPl "0

f

y th .
cal cul ated by t fiteto®egisadingdhdarget! Usidtd Sths@NatieeC QbSputdiion Prevatsi di
operation 15 208 and a seek anobunt as in operation 216, in servo bursts,
sectors, or timag initbe systemdfnom causingthd targesuo be missed pwhich s¥omld requirg at he
current position an ionin the nempry to find the seek

amount. Then t hEO@Bth %&gﬁh{o%l&ﬁéj i5¢ tochring the targethack ¢o. ths headrpopah 3 WIS ¢ ¢

the | atency as | i - sor 302 instructs the servo
control 316 to Fﬁ?ﬂﬁgfegﬁéeggh%%ﬁiﬁgg%ﬁg@%g%ﬁ'the 20 current track during the
| at ency. ThB0 pr ocessadh adbthepbmbBodififehf, Idcntifi/BRrdOpéation IS eAtula@Saidstores
prefetch the data and send it to the buffer 314 during this |latency. At the

end of the | at e@d@§tency eeuntin butstsose@as of figter UBescounkindisates thednstansla 8¢k t o
reposition the agt or. gn the track containing. the new target data.as in
oper ation 230. fﬁ%‘“ﬁﬁ’&é&@?&&b@ @i@f SFETY Jﬁﬂ‘gﬂﬁ‘%cemtvéﬁ’l’?gﬁ e‘ﬂ‘ﬁ?f%@errermry
300 to 25 performthese functions. In another control system such as 320, a
processor 302 signals a servo control 316 t&2position the actuator during

the | oading of prefetch data into the buffer. The processor 302 receives
read/ wite commands fromthe host control




logirc as in operation 202. The host control |ogic 300 receiv [ APNS
.from 30 the host conputer and decodes them for the processoreiézﬁgriggg

comand the“maﬂﬁsmr 302 receives ) a seek trigger is obtai RETYSOBAI B
actuator's current position, provided by the servo detector 316 or buffer

manager 306, and the A 0 .
starting posit |n6'ﬂltb8f ofﬁ%rvPi) 5%% ordszg’%?gél ca p%hg}%@r%ggg(’ni@ %Qééﬁéet%?
trigger may be sgal GibAtRd fBomitheadRERoR@scuRt whith iDYhe Biatlnber oflyebes bafstsser vo
bursts or sectors on the disc that will rotate by the actuator armduring a

seek of the acton;secmrsahngu w:lbmtatbpgsm?c mtuatonam(fmm thenfelddaeget dataitpdh&new i n
216. T 5 -

304 the-cur  enaiEPRaRtap deRiGA aunoRvld oiso b iEpiemeaied ere”q%'rt&? lmelemmy

e act uat oF ar e L BOH s B Heby ac‘?%tﬁ‘h? St iy i o blotBh e

or sector indi qatA Rt "By el 9%tﬁemuinupﬂletcrauumhecraﬁemmam mernLAas i

operation 218. The processor 2 instructs the servo control 316 to 10 hold
t he actuat or ardatais préfetohed femthe dueation ofitliel Iatehey .s Agking Kegtify/Siose Oparstiod.
The processor SO%t al so instructs the buffer managegr 306 t refetch t

l&'

data and send 418182y P CORRErvative jie. AssUmnesa-greatey [g,ampgntr ReRESSasic Pl?lhe

Feposi 11 on 1 he AttpRERAEES Whu it orbitat Slnd boGrRE i 1A froviithior
operation 380. offiBe BisOC THIOTs neBcksHY &éﬁﬁémcakamaﬁiﬁmeﬂhﬁateed in the
‘memory 304 to performthese functions. It will be clear that the present —

invention is well adagheémbodmentivheteeetriggesisddentifidd anldegtify/Store Operdions
wel | as those inherent therein. Wile, a presentl referred enbodi nent has
been descri bed 412‘ B&w%@%@rwemmrﬂmcﬁ@sr% eag?hEFéY‘bh‘érsE%Wﬁ&r %S/ be
made which w || s art
and which are encon%éggm%li%&‘t gm}é%ﬁgéﬂﬁgé&ﬁ\?&%ﬁg#gg ose é.l%d as

defined in the aundidest Whﬁbli&:ouﬁt‘hs stofed-in Identifl/Si618 Dpéfationd| 218907 WHAT | S
CLAIMED | S: PCT/LJSOQ 10725 1. A method for loading a buffer with data read

froma di sd3dr |M@nwlpgtr@meahapmu@pzmqqrwger§%m countteiach 1ig¢ a se5VRH PUESE ng
steps of a) rece r.ea e nd for ne et, dat a red o
i s6: by oal oo AR fhel1ERd, Neadt o oR hery Bl 226 S8 n B8 BB " °
froma current Ofafied 929 r&ﬁ%ﬁle%ggéﬂ%é&xﬁa%ﬁgr eflodbiba INORGraticR R0
anmount for transporting the head sitioned on a current track on the disc

to a desired trdeckements the cbuatfrommuneitozerg. Ifithe tripget arzget coniat kas ribd odgurred,

conputing a | at from t he seek amunt and the access anount r eadi ng
data | ocat ed ahé‘éﬁ N@"*%hﬁ?ng’étb“gﬁlfléf@ha‘t‘qwéf lbﬁr“PbﬁPe’taF‘aBdWor a

23:1?;: ﬁpng the {?grgy@réﬁ%l?ﬁ@%ﬂfﬁgﬁ{ trac{%f?g’tﬁﬁmeﬁﬁgem re rackrpi)‘l'(f%(s ?‘Il"lte end

of the |atency.sphbe i thé baffePidiatle AbwChdved bheREOBrRid 202 F BizSrigBBusY , t he
seek amount, the latency, and the duration are anounts of tine, and wherein

the amount of t Zere cosntelgs aiccuroed, flow mbessay N@vﬂegntqmtopdraubnlmwlﬁcldata
| ocated ahead of a previous target data is read and the end of the |atency
occurs when theteﬁﬁsrvéhe\%ﬂraecea\wrsetzlépathez@agkcq%mstthro@l darget- alff01 wherei n

h :
number s of sorvaretPl PSRRI SferanCROY 160K shifserk bBefBa 236
the | atency2d s dmemrﬂcaﬁtmbk& rb?eﬂﬁﬁﬂloh(iﬁdm BERAY opbratioR 232iRns.

target data is read and the end of the | atency occurs when the nunber of
servo bursts eqlfSesk query opxgation 226cfinds tthas dheotriggemburstiwasinot getrseeher ithet ency

and the duration are nunbers of sectors, and wher t he nunpber. of ectors
equal to the | af@HEVagmet &exo, theg ﬁ‘ﬂH?’V@PFW@OBﬁH?t%&W@B&ghQ’&P

previous target gdat i ﬁé W@Eﬁ@oﬁ&&o@l%@lea@gutlp%}te&we Biftfat S A Jp'ﬁ?e

nunber of sectors equa
and flow returns to Operation 220. If query operation 222 detects that the buffer

.’I

30 is not full, then operation 224 is skipped and flow returns directly to Operation
220,
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30 25 2 ~ S E P 2002 WO 001 63907 PCT/US00/ 10725 5. The met hozdgf\SEsPiZDO’Q
wherein step d) conprises subtracting the seek anobunt fromthe C

amount. 6. RogohEdoppd of claim 1l wherein a seek refers to noveogusbheldizad

| ocated on the actuator 5 assenbly fromone track to another. 7. The nethod
of claim1l wherein a seek refers to selecting a_head on the acfuafor

assermbly that is di flf épossiblenfos theypumberpPiiueEsts JimeyoLsectars gigred; iy (@peration

net hod of cl ai , ' he . . . i Sed i fi .
trigger positi ?A§éﬂ?a%§dr gl; %eﬁﬁlggé}rlla %t}efikﬁp%y | %%mil élgc%?r%ﬁe;e’%ﬁ%yﬂ%‘?%é? %g a
nunber of posi tjt fnsnigutdd. Win duch @asts cOperaaing 226 Mafidmenedidiely aletee thadthet he
head froma current track containing old target data to a desired track

cont ai ni ng t he triggenthasdetn deadaor thatdhe hust countrigizeroe No Rigfeprefesshing ovillf r om
151 ot at e by orRPCHRES e AEEk G the @ov i Bsblseek Wi jotie tpefedily 3hoh b Aterd
optim zing the IS4 L ol ook ahead. r lonal ly

optim zing the tg@gt(ﬂrﬁh% F’?g‘%‘%w Q%gﬁgagn e _ éﬂg{l glg%érrne\(;‘tea?%ht erfaced with a
host conputer, conproftdPrefetéh %@ﬁﬁéﬁ%Zb@ﬁﬁkYﬂh@@réféﬁﬁiﬂgfddnﬁnﬁ&rﬁmﬂfe and
head position information, calculating a latency fromthe head position

i nf or mati on andarget datd/anwivesdf trentargetidatp hay ndf yaj raetateddoube actuatonamol Asi gnal
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the data; 10 a buffer nanager receiving prefetched data fromthe head,
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providing the position information to the processor. 10.  The met hod of
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wherei n step b)Teaghesithe endaha traek, it musisegk tothe new track-beforsrrontinuing tomiked,
27 the data. The seek requires time and the disc rotates an amount before the head

25  arrives at the new track and begins writing again. That seek, and the
corresponding amount of rotation, is the same amount that is required when the
head is reading RLA data, reaches the end, and then must seek to the RLA
continuation track. Therefore, the seek triggered by the end position of the
RLA track results in the head arriving at the 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
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25 remaining operations of FIG. 5 continue.

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
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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
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Monitor/Decrement Operation 268 monitors each servo burst or sector as it rotates
5 by the actuator arm, looking for the trigger. In the embodiment where a count is
stored in Operation 266, Monitor/Decrement Operation 268 decrements the count
each time a servo burst or sector rotates by the actuator arm. Seek query operation
270 tests in one embodiment whether Operation 268 sees the trigger or in another
embodiment if Operation 268 decrements the count to zero. If the trigger or zero
10  count has not occurred, Buffer query 272 detects whether the buffer is full, and if it
is not flow moves back to Monitor/Decrement Operation 268. If the buffer is full,
then Erase operation 274 clears out space in the buffer and the flow moves back to
Operation 268. If the trigger or zero count has occurred, flow moves to New target
query 276 which detects whether the next scheduled target data is on the same track
15  as the earlier scheduled target data. If so, prefetch is initiated by Prefetch operation
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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stores the prefetched data until it is requested by the host control logic 300. The
buffer 314 is described as a part of the interface 144 of FIG. 2.
The memory 304 stores the programming code that the processor

10  implements when calculating when to initiate the seek so that it arrives just in time
to read the target data. The memory also contains look-up tables for the seek
distances and corresponding seek amounts either in servo bursts, sectors, or time.
The memory 304 is shown as MEM 143 and as a part of the microprocessor 142
of FIG. 2.

15 The servo control 316 is operably connected to the processor. The servo
control 316 responds to a control signal from the processor and drives the servo to
position the actuator arm appropriately.

The buffer manager 306 receives prefetched data from 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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in the table stored in memory the current track position of the actuator arm with
10 the track position indicated by the command. The processor may instead compare
the current and target track positions to find the distance and then scan a table in
memory to look up a seek amount corresponding to the seek distance. The
rotation and seek amounts can be in servo bursts, sectors, or time.
From the access amount and the seek amount, the latency can be computed.
15 In one embodiment, the latency period is found by subtracting the seck amount
from the access amount. Once the latency is found, the processor instructs the
buffer manager 306 to continue RLA prefetching until the latency is over and
provides a control signal to the servo control 316 to hold the actuator on the
current track for the duration of the latency. The processor 302 detects when the
20  latency is over by receiving the position signal from the servo detector 308 and
looking for a trigger burst or sector. In one embodiment, the processor 308 could
receive the sector position signal from the buffer manager 306 rather than the
servo detector 308. The processor 302 calculates the trigger by subtracting the
number of bursts or sectors required for the seek from the burst number or sector
25  contained in the command. When the trigger is received, the processor 302
provides the contro! signal to the servo control 316 which causes the actuator arm
to be repositioned to the new target data track. The processor 302 also instructs
the buffer manager 306 to stop directing data to the buffer 314 once the target data
has arrived at the R/W head.
30 In another embodiment, the processor 302 receives the actuator burst
position signal from the servo detector 308 or a sector position signal from either

the buffer manager 306 or the servo detector 308 and analyzes the signal for the

20
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or sectors that will rotate by the actuator arm during the seck from the current
5  track to the target track is either calculated by the processor 308 or is retrieved
from memory 304. This number of bursts or sectors is then subtracted from the
burst number or sector contained in the command and the result is the trigger
position.
Once the servo detector 308 reads the trigger servo burst number and

10 signals the processor 302 or the buffer manager 306 or servo detector 308 reads
the trigger sector and signals the processor 302, processor 302 sends the proper
control signal to the servo control 316 to initiate the seek to the new target data’s
track. The actuator arm will arrive just in time to begin reading the new target
data.

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 seeck 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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proper velocity profile is chosen as in operation 214 and the number of servo
bursts or sectors that rotate by during the seek is calculated based upon the chosen
profile. A servo burst number or sector that triggers the seek is then found as in
operation 218. The trigger may be found by subtracting the number of bursts or
5  sectors that will rotate beyond the actuator during the seek from the burst number
or sector that indicates the position of the target data and is included in the
command. Data located ahead of the old target data is then read until the trigger
has rotated to the actuator arm, as in operation 220. When the trigger has rotated
to the actuator arm, the seek initiates and the actuator arm moves from lhe 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 command
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 seck and from the next scheduled target
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ahead of the earlier scheduled target data is then read and stored in the buffer until
the seek trigger rotates to the actuator arm, as in operation 268. Then the seek
initiates and the actuator arm moves to the track containing the next scheduled

5  target data, as in operation 278.

In one 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 receives read/write commands as in operation 202 from the host

. control logic 300. The host 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
seck 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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Y109 ()- 109 (akmlf6 the curkél¥drack to tHeldésiréd &lck as in operation 216. This number

5  may be found by cross-referencing in memory 304 the current track position with
the desired track position of the target data. Then the number of servo bursts or
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

10 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

15  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

20  art and which are encompassed in the spirit of the invention disclosed and as defined

in the appended claims.
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5 b) calculating an access amount for the new target data to rotate from a
current new target data position to a head;
¢) obtaining a seek amount for transporting the head positioned on a
current track on the disc to a desired track on the disc containing the new target
dats;
10 d) computing a latency from the seek amount and the access amount;
¢) 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 seek 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.
25
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
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6. The method of claim 1 wherein a seek refers to moving the head located on the actuator

5 assembly from one track to another.

7. The method of claim 1 wherein a seek refers to selecting a head on the actuator

assembly that is different than the head previously selected.

10 8. The method of claim 1, wherein the end of the latency is identified by a 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

15 rotate beyond the head during the seek.

9. A control system for optimizing the acquisition of read look ahead data by rotationally
optimizing the seek initiation for a head in a disc drive interfaced with a host computer,
comprising:

20 processor receiving read/write commands and head position information,
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

25 to the read/write command when the latency ends, and providing a buffer control

signal;

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

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

26
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a buffer receiving and storing prefetched data and providing data from the buffer

to the host control logic upon request for the data;

—_—

10 a buffer manager receiving prefetched data from the head, receiving the buffer
control signal from the processor, and loading data to the buffer in accordance with

the buffer control signal;

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

15
a servo detector receiving position information read by the head from the disc and
providing the position information to the processor.
10. The method of claim 8 wherein the position, number of positions, and trigger position
20 are servo burst values.

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

are sector values.

25 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;

30 wherein step b) further comprises calculating, for each scheduled command,
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new target data position to the head;

wherein step c) further comprises obtaining, for each scheduled command, a seek
5 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;

wherein step d) further comprises computing, for each scheduled command, a
latency for each new target data from the seek amount obtained for each new target

10 data and the access amount calculated for each new target data;

wherein step e) further comprises reading, for each scheduled command, data
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

15
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
the end of the latency.

20
13. The method of claim 1 wherein step ¢) comprises choosing a seek velocity profile and

obtaining the seek amount from the velocity profile.

14. The method of claim 1, wherein the data on the current track continues at a beginning
25 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
head from the new target data’s position when the beginning position of the

30 continuation track is positioned at the head;
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i) obtaining a new seek amount for transporting the head from the

continuation track to the desired track;
j) computing a new latency from the new seek amount and the new access
amount;

5 k) reading data located ahead of a previous target data on the current track until an

end of the current track is reached;

k) seeking the actuator assembly to the beginning of the continuation track; m)
continuing to read data located on the continuation track for a duration
equal to the new latency; and o
10 n) seeking the actuator assembly from the continuation track to the desired track
at the end of the new latency.
15. A control system for optimizing the acquisition of read look ahead data

by rotationally optimizing the seek initiation for a head in a disc drive interfaced with a
host computer, comprising:

15 a processor receiving read/write commands and head position information,
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

20 to the read/write command when the latency ends, and providing a buffer control

signal;

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

read/write commands from the instructions, providing the read/write commands to
25 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;

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

30 to the host control logic upon request;
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a memory storing code that the processor references to calculate the latency;

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
10 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 anew target data track

position contained in the read/write command.

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

subtracting the seek amount from the access amount.

18. A control system for optimizing the acquisition of read look ahead data by rotationally
optimizing the seek initiation for a head in a disc drive interfaced with a host computer,
20 comprising:
a servomechanism that can seek the head, and
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

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