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M CROACTUATOR SERVO SYSTEM I N A DI SC DRI'VE FI ELD OF THE | NVENTI ON The
present | WRPMMBI2 rel ates generally to a servo systemin a BFYUSESPRAAS \pre
particularly, the 5 present invention relates to dével opi ng and

i mpl ementing a servo systemfor controlling microactuators in a disc drive
to acconplish sinmultaneous data transfer fAom nultiple heads on miltiple
discs relative to the discs, or to acconplish s E&gentl al data transfers or

short: 10 - tracRIZEROAGTHATOR SERVG SYSTEMc INad DAKCRORIVE THE
| NVENTI ON A typical disc drive i es., QRe., OL S-apgnetic di scs nounted '
for rotation on a hub or ‘spi ndl M&@dﬁ% al so includes one or -
more 15 . transducers sup[he qurdgernt himnveniyihomi rehatebegensgatilicitd laes
above each magnetl e;Lran erg-33d t i ng
are col |l ecti-vel %terr&foersyscf-%c: Jélé g gqu J%% Qﬁd{g%gggggmgiﬁy %
conventionabBl y @pedendr ioyentdoni nglehesmcs@lemlwpmy an@smpﬂ:\emr@m
commands -1 ecei ved sbb iy ayaeen Fb3t esht%m%@/ﬁumfarc%a%fé)&tﬂ d uide

disc drive to retrieve ifnformation fromthe magneti ¢ discs and to store

i nf or mati on on CFdVitaghet iaCeARRLLsh safudtaseaus nfRbR FHARRERT opfdrM es
within 25 a negatditad erddmclon aultdgplleodisses velativ@Mo tﬂeeaa.caw;or

noves the data head_radially.aver the urface for_track seek
Oporat i ons. and B dso; ASGampISiHTt cpoinPhELe] | chili Praskesh ToE ahert
surface fo@ot racﬂrafckt |seeks) witskaut aircuffing servo ovetrhéadmation is
typically stored on the ma F ﬁg’_@c Vel '&&( wite signal to
the data head to encode fl ux ﬂﬂ&k 80 o & C'e—dgq‘ t he magnetic disc
representing the data to e typieal disc drive includes one or more
magnetic discs mounted for rotation on a hub or spindle.

A typical disc drive also includes ‘one or wmore

15 transducers supported by a hydrodyi_'xamic air bearing

 which flies above each magnetic disc. The transducers

and the hydrodynamic air bearing are collectively

referred to as a data head. A drive controller is

conventionally used for controlling' the disc drive

20 system based on commands received from a host system.

The drive controller controls the disc drive to retrieve

information from the magnetic discs and to store.

information on the magnetic discs.

_ An electromechanical actuator operates within

25 a negative feedback, closed-loop servo system. The

actuator moves the data head radially over the disc

surface for track seek operations and holds the

transducer directly over a track on the disc surface for
track following operations. |

30 Information is typically stored on ‘the

' magnetic discs by providing a write signal to the data

head to encode flux reversals on the surface of the

magnetic disc representing the data to be stored. 1In
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retrieving data fromthe disc, the drive controller controls the

el ect r oneqf\@od/4malz act uator so that the data head flies abovectiosesmsgsset i c
di sc, sensing the flux reversals on the nmagnetic disc, and generating a
read 5 signal based on those flux reversals. The read signal is then
decoded by the drive controller to.recovergthe data represented by fl ux
reversal s stored on a nagnetic disc, and consequently represented in the

read .signal provégheteving haadal afR6Rdtht0 disc, the JAAEGHN BdhPHSLLkEeN NY

of. the data head over.a track on the disc is of great inportance in witing
Gt to the di SOTNEPIE S e eats Peshateth Sotiatts ooy chafotbrdatan vo
operations werleeadcibpeis adbveastite omagndedicc atistt sesgnsihgadthe fhuz. 15

dedi cat ed serv syst’ rva..nfo i 00 kS I i.tL t e
.dedi cat ed surfgg%y%?%ég%iéé ?ggt% qg%&?%ﬂé%gg"Qﬁ?lg%%Frgﬁgsﬁigﬁsgegﬁ t he
disc. drives arsignzhdpased| gncbbpsedfivx: neversed sheadhshingrd ssigedlto
access the servi,idygh n@éb&&ed-gﬂgsthgl ax%ﬁt Renkeadad t%preéc;\?efleé?ﬁat ed
servo disc drive are positione ased on the servo information read from
the servo surffata represspeed by Ehemrgvergalestpred fr @ magnetic

. conveniently exgrade pAlakbelset@RAaNd Pt Resdt 1ANEhe! redids1i §ARTS,
with appropriate ;&réuéir% |5 t hg ,grjve 25 controller, read and
wite operati oRFTHHEH ctheedakd BSAAri el using a plurality of the data
heads nmourd@d on the act umatceuratéepdaitibnitdyg b€ ndesidadd drendisdbyer a
posi tioned bas on the rviQ i nfornat| e L.he, LC o]
surface. 30 e&a& &n ‘:%evved\?hesrcf1 E? rggkégeaﬁéi%éég%%g%gmlg#égsaﬁéée
been i ncreasi ngcd dtherndysgeand. readingsddtar fremdabhsi disse.on t he magnetic

disc require nore accuratfﬁaqgrfégheg Eeambut | gRyROST g% ord'® wer _
mechani cal of fset between heads In a ﬁedlcaﬁed SSrVo system can exceed one
accomplished based on a dedicated servo- head. In a

15 dedicated servo type of system, servo information is all
written to one dedicated surface of a disc in the disc
drive. All of the heads in the disc drive are
mechanically coupled to the servo head which is used to

" access the servo information. Thus, all of the heads in

20 the dedicated servo.disc.drive are positioned based on

' the servo information read from the servo surface. This

‘type of system allows the disc drive to conveniently

execute parallel read and write operations. In other

.words, with appropriate circuitry in the drive

25 controller, read and write operations can be executed in
parallel using a plurality of the data heads mounted on
the actuator, the data heads being simultaneously
positioned based on the servo information read from the
dedicated servo surface.

30 ' However, track densities on magnetic discs
have been increasing for many years. Increased track _
densities on the magnetic disc require more accurate and
higher resolution positioning. The mechanical offset
between heads in a dedicated servo system can exceed one
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width. Thus, the industry has seen a shift to enbedded servo information

i N Certai''wappHs4dti ons. In an enbedded servo system servoPCERESOHEISN | s
enbedded on each track on each surface of every disc. 5 Thus, each data
head returns a position signal independently of the other data heads.
Therefore, the servo actuator is used to pasition each individual data head
whil e that particular data head is accessing information on the disc
surface.- . The ptzackowidths 1Thusacdhepl isfedtuyi bas reeembadedd Servo

data for the t r@%egﬁ%rd WS, U b 16791 4 SEEQEQ:LB" WP 3 MY { Spd i s
resul'ts-in increased positioni ng accuracy and hrgher resolution in the
positioning process (bedduga enheddggd:ServieRYStem, feHve difpumation.

i ndependently 9f eAB¥ddeHNEh edéhacrBERUSH cafRId@fade 5@@‘@&%:@99&1%?
ercount er ed_because of-in rea‘i%gatr-ac. ensity and nechani,cs. One of the

k d

di sadvant ages i $PPRat SR pi enBefed &R WPy sR enBOBitiom b $1g92L o
execut e paral | e nfepéndeht Wy Iof ailes abtlees datagheade. Mherdfidye pftheads
is lost. That is_because the servo ;y%tem i sgpositioq}i ﬁg}#@;ﬁ% O:E. £

i nf ormati on recEBPFER BY ORECFN ISV PEER “RaPRSHEAPR St VAt fata

t ol erances are headeqwhiidet othaturparticpdart i datahcheaderislatacdessiingn

hi gh track densi , e act o ' ablLe of
I ndependent |y p%é%t"%%‘%ﬁ'@ h%ngg?’g t?‘(ei;gcfgs.Qﬁﬁgéfeémeﬁdbégg\%gog{}%ng% to
dat e, havelBeenagrapipd iisheskvsing pheapmbpddeddsanyondata Bprritkeorsackuch

as si mul t aneouspbyehkeiitth YhaVddddhéad Uit gnghnggayih?.a disc drive. 30
Conventional servo actuatogrs in copnventional servo Sysfeng al so, present

other di sadvantages. FoWhhi&pFRiSJErsNGtS SRy UEREFERSREaBIR koM 1Ti ng
operation, the geeihers aandci hietet t kedcirition in the positioning

process (because the data head is positioned
15 ihdependently of any other data heads), certain
disadvantages are encountered because of increased track
density and mechanics. One of the disadvantages is that
in typical embedded ‘servo systems, the ability to
execute parallel read and write operations using a
20 plurality of heads is lost. That is because the servo
system is positioning based on information received by
one individual data head, and the mechanical tolerances
are inadequate to accurately position.the other data
heads in high track density systems. Also, current
25 actuators are incapable of independently positioning the
data heads. Thus, embedded sexrvo systems, to date, have
been unable to execute parallel read and write
operations, such as simultaneously reading or writing a
full cylinder in a disc drive.
30 Conventional servo actuators in conventional
- servo systems also present other disadvantages. For
example, dliring a sequential reading or writing
operation, the overhead associated with a servo
operation is a significant cause for reduced throughput.



operation is a significant cause for reduced throughput WO 98/ 48412
PCT/ US98/ 08035 -4- The present sequence for each sequential data transfer
is to powans4e head over a data track, allow the disc drecmuspgngesl'ler to
transfer all of the data to that track (WhICh t akes one revolution of the
disc). 5 Then the disc drive controller commands the servo processor to
swtch to the next head and position the_gervo actuator based on *servo

i nformation retrieved fromthat head. The servo processor then

el ectronically noves theTﬁ@ry@eggﬁuagQ@éﬁceo%yégbﬁ tge?ggylmg &yes 10

‘the new data track head is | ositio Servo processor
i ndi cates to e %%R??ot?e‘?otrh y\{Fto’Ea“ﬁ l?ﬁﬁl# YRT i attraar’t's’ﬁaﬁ"lﬁ rﬁbﬁ*)%t‘t’a The

servo over headcher driomiehtied crerzasli s tics triansifiereal @GUE T €He f @t & heo.ser vo .

actuator to p o] t I,ch wi | iting or
readi ng mfor%%‘%ne Egghé@:hel{ﬁ ?hgnga?%qto\ﬁ] ocﬂle?%v\,ﬁ?‘?h\g’ts?s to
read or w3 te Thenij rthe matiissn, dﬁ:‘llm t fenpyoliewn @tbmmamdseriﬂm cerrhe track
over which theRseyseys gat %w'i %g, Was Eﬁ‘%ﬁ?ﬁ?toﬁe%' £hBY ol o n '%

Generally this is appr.oxi mat 5to 5 seconds.
the sequent i a|8%m5¢¢étu%ﬁoraéaa@q% %Féwgpt%@omtéob\mﬂw@sﬁrm event s

the provision ﬁliatt’;l Gead. nUO%eur%é‘i'%“p&‘tﬁ!és‘&ixa ehéga@\Wa-drsading, f rom
25 and witi n can be-a gnl fi cant . di sadvant age when

{
r eadi ng and Wr‘tl %ﬂ |%e5'ﬁ‘a 9Fgﬁﬁtpﬁf BPWRP?&H ReW sath RH oD
ROM f r omidat a tﬂt@rmo@aaahardcm scwﬂenveheThewpheaanh.si Iihe@id'sirt:‘wm,Vi des a
solution t0 3G e (GG, PUbLLLEE: PLOR] EFes AW Hd UcsheU A PIAN A9PS OVer

the prior art.
can now continue transferring data.

The servo_overhéédiin.sequential operations is
the time required for the servo actuator to position the
15 next data head which will be writing or reading
information to the center of the data track over which
it is to read or write the information, f£rom the
position of the center of the track over which the
previous data head was reading or writing information.
20 Generally this is approximately 0.5 to 5 milliseconds.
- ' During'this time, the sequential transfer of data is
1nterrupted
This overhead also prevents the provision of
a continuous uninterrupted data stream when reading from
25 and writing to the disc. This can be a significant
- disadvantage when reading and writing audio and video
information, or when- writing to a CD ROM from data
stored on a hard disc drive.
. The present invention provides a.solutibn to
30 these and other probléms, and offers other advantages
over the prior art. |
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OF THE I NVENTI ON The present invention relates to a systqug@b .

di r ect edMAI848f i ng one or nore of the above- mentioned pr 8

I n accordance with one enbodi nent of the invention, a nethod is pr ovi ded
for transferring information relative to a pl urality of surfaces of at

| east one disc in a disc drive. The sur¥aces have enmbedded ser?o ,

i nformati on thereon. A p'urE”$§ﬁ¥§é&§§%ﬁ$ﬁﬁf§mgﬁﬁgipﬁre provi ded, and each
dat a head corresponds to one . aces. The data heads’
are simultaneously positThaegriesent vinvent henc arelesanditiag aursf}esman usi ng
the enbedded sgryg,|nf 08IBLLODA"LQMENG1 YT EACCRy mobll QRO Sye-

si mul t aneousl y sterre relatrve e correspon&ru; surfaces.
using the pl mentigned poblémsds. The present invention may al so be

i mpl ementgd as a net hod $0r &@Hg‘&&ﬂdé‘gv}ﬂ% pesakt |%&§uﬁeﬁkur@fr t%/hé)f data

heads relative to the correspon di sc sur.faces. he
i ncl udes cont Vet endntmethedcnisf PReViAgRal £O¥ oFr&é‘t%fW based

on rmvtemsnt oflﬂf&r@é@fénoi»elaelwéuw (l?t )pleradlﬂtiﬁr @ﬁgéurfaatelaebf dthe
present inventi can enented as, a_nethod, of acc i S

sequenti al daﬁzf‘%t ORfar Eut?stéﬁ??a%ﬁ?"{ﬁ t ho&lheanﬁlu"ggge &é’r‘g%ad

Al so, the pr es&nﬁbeddyderﬁem dmfdm\atrirdretthetreebnas mrphppmliatysoi @'iata
acconpl i ng ,se ls in |G driy, q des a -
mul ti pl eamnputh ﬁ?t%?% {35§? @ d, 3?‘dd csaon 4 "-feaér Eggr?%};% &% Al i ty 30
of mi croact uatens.of Thbenp&uua&nuart ofs samfamml edI'hQ) dabadateadlseause to

posi ti on eachﬁf&ﬁr:%y e bat €] G el dilve W het BbiERANMNALLg Ui SO

surfaces i ndepende In anot her e di ment
surfaces using the embedded servo information from the

surfaces. Information is simultaneously transferred
i5 relative to the corresponding surfaces using the
plurality of data heads.

The present invention may also be implemented
as a method for controlling the position of a plurality
of data heads relative to the corre_s?dnding disc

20 surfaces. The method includes controlling movement of
each of the plurality of data heads based on movement of
the other of the plurality of data heads.

’ Further, the present invention c¢an be:
implemented as a method of accomplishing sequential data
25 transfers substantially without any servo overhead.

Also, the present invention can be implemented

as an apparatus for accomplishing servo positioning in

-a disc drive. The apparatus includes a multiple input,
multiple putput', servo controller éoupled to a plurality

30 of microactuators. The microactuators are coupled to
the data heads to position each of the data heads
relative to the corresponding disc surfaces’
independently of one another. In another embodiment,

the present invention includes a system which positions



the present invention includes a system which positions WO 98/ 48412
PCT/ US98/ 08035 -6- each of the data heads, wusing the m croactuators, _
rel ati vew®osmsarar se servo actuator which is used to positpeafusdsiosess 't he -
data heads relative to the disc surfaces. 5 The present
invention further includes a nodel-based servo controller for
controlling the coarse actuator and the _g.croactuator. These and Vari ous
other features as well as advantages which characterize the present
'ijnvention wi | I%aiéh et '&]lplea'raata l!@é&ds{jegﬂéiﬁﬁg tdlékf'aﬂllce\aa%%Rumi@tée%:
escri-ption an Vi ew t he associate ra _ BRI.EE DESCRI PT. THE
DRAW NES PG SETTEY  BPo8 PORE F0E0 | AEREEEP AL h (R ORE BN o0l rent
of the preséntpositeivnonlll®f the data Hes@ds 2relhtdiveattss fheadim¢or
assenbly in ac%pzc% wi th one enbodi nent ~of the present invention. FIG 3
dllustrates a nbal assenbly in accordance W th one feature of the
present irfention. FI GS. Thel pyreent invention tHwridrr atingludego a a

m croact uat or d\éﬂé‘P%é'é&Cé‘eﬂré heita- MR i g8 o it M8 SHE IHE ddlhead | on.
- FIG 5 is a block dth%gramo a portion of the disc drive1n accordance with

one enbodi nent2FURERE RRdchhe | KL eRpREHuaLAL . FIG 6 is a block
di agram of a portion of Bhégevan@owaiibuei otlidr i feftapesanse wallh Hae
_enbodi nent of t‘?‘{ﬁ resent ortion

of a servo corft ?ﬁ’%ﬁl“fm{n e%&%%%&&%%gzﬁ??hgﬁ@g%%% dild I a%i@%n%gf J‘g]fzpt he
present iXWwentben. app&refti supohl owegdiddigpgamtine usfodlowgnghe detailed -
' description and review of the associated drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 illustrates a disc drive’'in accordance
with one embodiment of. the pfesent invention.

15 ' .~ FIG. 2 illustrates an actuator assembly in
accordance with one embodiment of the present invention.

FIG. 3 illustrates a head gimbal assembly in
accordance with one feature of the present invention.
_ FIGS. 4-1 and 4-4 illustrate the operation of

20 a microactuator in accordance with one embodiment of the

' present invention. |
_ FIG. 5 is a block diagram of a portion of the
disc drive in accordance with one embodiment of the
present invention. '

25 FIG. 6 is a block diagram of a portion of a
sexvo control circuit in accordance with one embodiment
of the present invention. _ |

FIG. 7 is a block diagram of a portion of a
servo control circuit in accordance with one embodiment

30 of the present invention.

' - FPIG. 8 is a flow diagram illustrating the
construction of a servo control algorithm in accordance

. with one aspect of the present invention.



construction of a servo control algorithmin accordance with one aspect of
the present invention. WO 98/ 48412

PCT/ USOSWSB®A84127- FIGS. 9-1 and 9-2 illustrate a flow di a’{ﬁmm%g t he
operation of a.disc drive in accordance with one aspect of the present
I nvention executing a. sequential data transfer. 5 FIG 10 is
a flow diagramillustrating a track fol F@wi ng operation and a si fful t aneous
parallel data transfer in accordance w th one aspect of the present
“invention. DETAI LED: DESERESTI G\ lorandiES pREFERRSS talisork VEAPY hiagram

FIG 1is a psaBwihg"RE @péwtsah SESE alide Arkikd i SedbidenddOrier! udes
* a di.sc pack 112, which is unt?}ﬁ]on a spindl e notor (not _shown, by a di sc

clanp 114. ©P€c pEPRCE12° % e BREBELABNt SXSRY
plurality of saguenhdial diazes uaifarrdfa‘.e 15 .rmounted for. co-rot atlon about

Ascotl med ned g mhal - E3GHaP, T S o Rth e (RIS S 2R
assenbly 118 £oldbwingr iagerdtioThandctaasdmudseneions spavalielridata is of -
the type knomgﬁgﬁsgeéﬂ in R&¥a é‘i?é!é”%ﬁﬁ' onf i 258 kRE Yoless@n i ce

coil notor own genera at 12 Voi ce not or 120 rotat es
‘actuat or assedBVenEI®Myi th its attached HGAs 116 about a pivot axis .121 te

position HGAs 1&mﬁgﬂe§rseﬂrﬂ@&ent b@cm@mmmmmmamssurfaces
25 under the control of ectronic Ggircultr oused wt I sc.drive 110.

More spedPfically;. act uftlg ds I PLapg iy P QbGXPla’)ﬁ @ﬁct%r?'g?ate
head gi nbal agsenbl DQSclaEr:Lgene.tml iycahdes andisec phtkviiich odusel ach

head 30 gi nhal 33%PT ¥ L3 AR P58 {288 9:RYGh) 2098 'RL L E1amp

114. Disc pack 112, in one preferred embodiment,

includes a plurality of individual discs which are

15 mounted for co-rotation about a central axis 115. Each

disc surface on which data is stored has an associated

head gimbal assembly (HGA) 116 which is mounted to an

actuator assembly 118 in disc drive 110. The actuator

assembly shown in FIG. 1 is of the type known as a

20 rotary moving coil actuator and includes a voice coil

motoxr (VCM) shown generally at 120. Voice coil motor

120 rotates actuator assembly 118 with its attached HGAs

116 about a pivot axis 121 to position HGAs 116 over

desired data tracks on the associated disc surfaces,

- 25 under the control of electronic circuitry housed within
disc drive 110.

More specifically, actuator assembly 118

pivots about axis 121 to rotate head gimbal assemblies

116 generally along an arc 119 which causes each head

30 gimbal assembly 116 to be positioned over a desired one

of the tracks on the surfaces of discs in disc pack 112.

HGAs 116 can be moved from tracks lying on the innermost’

radius, to tracks lying on the outermost radius_of the

discs. Each head gimbal assembly 116 has a gimbal which



of the tracks on the surfaces of discs in disc pack 112. HGAs 116 can be
noved fromtracks |ying on the innernost radius, to tracks lying on the
out er nostwoddi484i20f t he di scs. Each head gi nbal assenbly 1PETIusoseseysbal
whi ch WD 98/ 48412 ' _ : PCT/.US98/ 08035
-8- resiliently supports a slider relative to a |oad beamso that the '
slider can follow the topography of the digsc. The slider, in turn} includes
~a transducer which is utilized for encoding flux reversals on, and reading
5 flux reversebilieanlyt bepportacea slitler delatibvertata doad besar 96 ng.
‘FIG 2 is a peLgpective wmi. f.act . 118 Aet uat or,.assenbl
118 incl udes _bggggpg?‘t\éi 8?111%%'3,"33‘ p#%‘#gév{taé;ﬁ é(;]':@ %%?%%%%Pya %BE 6,dl%ci'0 Y
plurality of |Bhe dden28inartthenpl-dngliudesofa hbadngdmcer avkiabl ilss 116.
Base portion 1224} i i ] eferr i ,
_8@1&?%&"%@t Qggsamgf({rsl%l#avéésamg orl, %gg%%%xdtiﬂe gffd. from
WH&h one

coupl ed for pivotal novenen out Act uat or _arns
base porti®n 1f2ugnyeyexsadenfaom e supfacesof thesdisgdoyerei
or two | oad beagsii2§1yikeAad beans 128 each have a second end which is

coupled to a head ginbal _assenbly, 116. . FIG 3 illustrates. a greatl
enlarged view of a head §i alngas’s%nﬁl_ yPEYBPECRANE Y HEX %séﬁ%l 20
i ncl udes gi nhahsidmplyhi Thehas actmator abseinbl{321nd inbludesl dagiarbal
bond tongue 136. gighal ass 0 |k slider . i.ch
has an upper sgf’f’gggg‘mbgghd % Ié%%glét}? géégr i%ﬁ%ﬁ%cé%. tansducers
144 are al8o ppéfwedilty |afaleddobeaniscakRég andeaofplaBrality def hegd The
particul ar att t hder L 01 2030 e RGO Poieed in
any desired m%%glgsa aErg%\eﬁ???feg Fggonﬁ?g;’%}'gﬁed _elrﬁ%dﬁc}nt, argjconpl I ant
sheer |ayer iswpisherdsy idbuphed peefesrefhembodiment, coupled for

' pivotal movement about axis 121. Actuator arms 126

_ extend from base pdrtion 122 and are each coupled to the
15 first end of either one or two load beams 128. Load
beams 128 each have a second end which is coupled to a

head gimbal assembly 116.
| FIG. 3 illustrates a gre_é.’tly enlarged view of
a head gimbal assembly 116. Head gimbal assembly 116
20 includes gimbal 130,' which has a pai-fr of struts 132 and
' 134, and a gimbal bond tongue 136. Head gimbal assembly
116 also includes slider 138 which has an upper surface
140 and a lower, air beafing surface 142. Transducers
144 are also preferably located on a leading edge of
25 slidexr 138. - The particular attachment between slider
' 138 and gimbal 130 is accomplished in any desired
manner. Briefly, in one preferred embodiment, a
compliant sheer layer is preferably coupled between the
upper surface 140 of slider 138 and a lower surface of
30 gimbal bond tongue 136, with an adhesive. The compliant
sheer layer permits relative lateral motion between
slider 138 and gimbal bond tongue 136. The compliant
sheer 1layer is preferably a mylar £ilm having a
thickness of approximately 150 microns. Also, gimbal



upper surface 140 of slider 138 and a | ower surface of 30 gi nbal bond
tongue 136, with an adhesive. The conpliant sheer |ayer pernmts relative

| ateral rioWOdA84BH2ween slider 138 and gi nbal bond tongue 13ECHHEIBASMS i ant
sheer layer is preferably a nylar filmhaving a thickness of approximtely
150 microns. Also, ginbal WO 98/ 48412 '

PCT/ US98/ 08035 -9- bond tongue 136 preferaBry terminates at a trailing edge
of slider 138 with a nounti ngﬁt ab 146 }\E’Aﬂ}iﬁCh rovides a surface .at i ch

slider 138 is aPPBREhEENgHeqt #DHY ipates at a trailing ggge 4

ang 4-2 i1l ustrafesglideden3sl3d ununtmountiaiy Ikt el whichaprostides 248

and 150 which nmopunt._slider 138.to.mounti ta 46, cL Qoa r 48 and

150 are -.preferaﬁ}‘?tf]agﬁri at% cg’h saht‘g i% sjtﬁbf%%%a%k?%d%cg %#‘Hg%ﬁd%ro}@8 -

using traditionabngen13B0 filmprocesses that are used to fabricate

recording hgads. M croactuyslys 148 ands15Q_3re;1hztihRe cgg_g_ld(g% t gy i der
' at a ti

nmounti-ng tab 146. Preferably, m croactuat or -%4'8 I'S secured irst side
of the [eadi ng moyotdngs takel4is anthdifroaridaien? 149 ardsdbQr waigh 4 15

second, opposit goginge NAfiddie 1PadtaImedae 108G Halfarael38. milenesetuatoyisdl e
m croactuator | ocated on one side of the |eadi ggﬁe%gﬁ can al so Rg sed. A
flexible cable &48endng 160 8¥er ﬂ%/éﬁ*‘fﬂ}?]e’fj ERORCRhEd R Fearnaodng
supporting slideurk3d®e odhedgd off kaidelre 1G@0Iasians attddit hehalleshin-

conduct or 5, b0" BHALY! 89, SREZRT LA 490\l Loiadusen i at e
150. El ectri cal heagizal sMappbaetutborsgh4 8 hand il etrer,s imotipred toupled o
7 SnctuBLor s A8 TGRS pot AR 0 R BN O C o Rt 1 e
148 is secured at a first side of the leading edge of
slider 138, and microactuator 150 is secured at a
15 .second, opposite side of the leadihg' edge of slider 138.
However, a single microactuator located on one side of
the leading edge can also be used.
" A flexible cable assembly is preferably routed
along the load beam 128 supporting slider 138. The
20 flexible cable assembly includes conductors for applying
appropriate signals to transducer 144, and also
conductors for applying appropriate signals to
microactuators 148 and 150. Electrical.signals applied
‘through the conductors coupled to microactuators 148 and
25 150 selectively exparid and contract a relative distance
between each side of the leading edge of slider 138 and
mounting tab 146 to actuate slider 138 relative to a yaw
axis 152 which extends in and out of thé page of FIGS.
4-1 and 4-2. Actuating slider 138 relative to yaw axis
30 152 moves transducers 144 laterally relative to a
longitudinal axis of suspension 156 which allows
micropositioning of transducers 144, during read and’
write operations, relative to the surface of the disc.



mounting tab 146 to actuate slider 138 relative to a yaw axis 152 which

.extends in and out of the page of FIGS. 4-1 and 4-2. Actuating slider 138

..M croact uat or conponen

rel ati vewOoosgeda2 axi s 30 152 noves transducers 144 | at er pbirpspgbsabs ve t o0 a
| ongi tudinal axis of suspension 156 which allows mcropositioning of
transducers 144, during read and wite operations, relative to the surface
of the disc. WO 98/ 48412 -10- y

- PCT/ US98/ 08035 -10- In FIG:- 4-1, mcroactuator 150 is contracted and
mcroactuator 148 i s exfan®#&d.sdeh,t hdtrobhicteatblt 159 det wrirtd-aboed yaw

' 152 i 0
panded | anqaoREsagHLRESE) s 18, skbihack Buch BRSNS 1480 10
act uat ed abouisyagtuated 1@muty wvcamselsalmka\ncsl@akwmﬁ iddredtion 4- 3
|11 ustrates apgt hgpgconfd gur at.ﬁf&éﬁtua(t%loa%s@t Oism&g‘a@.)he%f 14 ggsducer s

or .

144 relative tp .10 the mai n act uat o or volce corl and atlve
to the 'di23c sHFFEPRCLHAtPrCE448-5s eontractied suck phak dddem 138 pbmisi on

139 whi ch inchggeatadpabod AW idevsr agbeafs d4Lounbd AliddiGi{Edi at e
t ongue 143. T&lgue 143 and beans 141 have opposi ng m croactuator conponents

145 15 = and 9CtyPnosed thereon,- respectively. In one preferred
enbodi nent, mi croacuat oFEG146-3 tidﬂ.udemle@; ahOEHSr%ﬁﬁg‘tdﬁtﬂdnrmﬂﬂet ic

coi |'s, wherei g, EPEaGOLLEOR! GoSRRARE! St 1M RIEL SUPPLY LR LG e g drive,

rise Qces.
Theref or®0 vikhe make actuater fmcr\mmaja:tcurl mextizer)s amiineiaa:amattm (by

passing a CUTERETQLH6 WUPFAEE. Cd PIAPRRS AMAad dROLE BiBtirceq

el ect rorragnet Ic force enerate i'ch causes atfract
t hat ni cr oactUb@ ﬁumoq S whichsipgludgssa daie @f saatideverednber

147. This caveatstD£1, and an intermediate tongue 143. Tongue 143

and beams 141 have opposing microactuator com.ponent's 145

15 and 147 disposed thereon, respectively. In one

preferred embodiment, microacuators 145 include pole

pieces surrounded by magnetic coils, wherein the coils

are connected to a power supply in the disc drive.

Microactuator compbnents 147 'compri_se interactive

20 magnetic pieces. Therefore, when  one of the

microactuator members 145 is actuated (by passing a

current through the coil wrapped about the pole piece)

electromagnetlc force - is ' generated. which causes

attraction between that microactuator member 145 and its

25 associated interactive member 147. - This causes the

cantilevered beams to deflect such that those two pieces

are closer together. By contrast, when the other

microactuator member 145 is actuated, this causes the

cantilevered beams to deflect in the other direction.

30 This actuation causes the cantilevéred beams to

-selectively deflect in the directions indicated by
arrows 149. _ _

FIG. 4-4 illustrates yet another configuration

for microactuation. FIG. 4-4 is similar to FIG. 4-3,



cantil evered beans to deflect such that those two pieces are closer

t oget her. By contrast, when the other m croactuator nenber 145 is =
act uat ed,” Wt98/M48483ses the cantilevered beans to deflect in tHfe/E$I$08035
direction. 30 This actuation causes the cantilevered beans to
selectively deflect in the directions indicated by arrows 149. FIG 4-4
illustrates yet another configuration for-¥<troactuation. FIG 4-4'is
simlar to FIG 4-3, . WD 98/48412 -
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However, only Onéwle:%&r a@hﬂ.yzoﬁbciﬁgéiﬁ&tﬁgeehﬁ&Ebb.cl:ﬁ&tld?r lai@inerﬁﬂdu'he _
tWO'mcroactuator el enent s are_di spased o medi at e 't ongue
143. Thus, -as 5% rﬁ%? 'acf“ﬁé‘tg"lh hwer énlf@aaq%uasrqucpﬁ.\gg‘ etfc gﬁgeda % he
attracti on bet wel&mptdsedebarrantspléﬁ andei-méduatasemmedaﬂlae.ct Thes, as
cantil evered be e r rr

149. O cougse ﬁtl;{'rh%'h tI%%tbe noﬁ%ﬁﬂlhg ag#hgg}gggl eg‘g:escrl P |oér?é@vmth
respect to FI &satzn:xacttam betmeenritdreo gkanants n?e%r!beﬂsdcééﬁdlﬁel-\‘aﬁdré'epof

PZT material, % hlett 3t:tHe.C SNl 1 SbePEd 2BAEAS! (14<19fé@£éc@£~9819' A9 Yehe .
capacitive, f|UI or thermally activated. FI G I's a bl ock dlagramof a

portion of a 15 1r(ﬁcsté-°d‘r |W1PP€F3WFPIT4"PVE%H%?6$ a servo position
control circuit in accord®fecohtde pndtassiechl af Hehen@u:@ﬁerﬁhamvﬁﬁt e The

pOTL1 00 o 1 oG uie b0 MRk hUBELRLES {0 EHG. 5 LU dESy 2oigl
gi nmbal assenbhﬂ.cro(anﬂdamdn weEnbers aauldde formeésom Ezm'aniataim;asl ,158) ,
prea s aeBpgth il MRk G Skl U A oBE EBASIIAD,
" capacitive, fluJ.dJ.c, or thermally activated.
FIG. 5 is a block diagram of a portion of a
15 disc drive 110, which illustrates a servo position
control circuit in accordance with one aspect of the
present invention. The portion of disc drive 110 which

is illustrated in FIG. 5 includes actuator assembly 118,

disc -pack 112, microactuators associated with each head

20 gimbal assembly (collectively referred to as
microactuators 158), preamplifier 160, data and clock
recovery circuit 162, error detection circuit 164, drive
controller 166, data conditioning circuit 168, servo
control processor 170, power amplifier 172, and optional
25 microactuator controller(s) 174.

Drive controller 166 is preferably a
microprocessor or digital computer, or other suitable
microcontroller, and is coupled by bus 111 to a host
system or another drive controller which controls the

30 plurality of drives. | |

Disc. pack 112 includes spindle 176 which
supports a plurality of coaxially arranged discs 178.
Each disc 178 is mounted for rotation with spindle 176
about axis of rotation 115. Each disk 178 has a first



control processor 170, power anmplifier 172, and optional 25 m croactuator
controller(s) 174. Drive controller 166 is preferably a

m cropr omasesMedr di gital conputer, or other suitable m crecryobssasess’, and
i's coupled by bus 111 to a host systemor another drive controller which
controls the 30 plurality of drives. D sc pack 112 includes spindle 176
whi ch supports a plurality of coaxiallyiaranged discs 178. Each disc 178
is nounted for rotation with spindle 176 about axis of rotation 115. Each
di sk 178 has suffsasé 180 V¥hA8 484d@nd surface 182. ' Surfaces 180 and

PCT/ US98/ 080 fa 1S 180._.an S n s_urf ce 182 aces 180 and
182 incl ude i%%%]’rﬂ f@é? %e’f%:f’-lee%é?gll%%gg%ﬁdri %}V}@gdg{é PHOERES or m of
flux reversaldawmcdaedthe tMrmsflﬁx' reversals /mamdedi wed wheh

‘respect” to FlLGS @gand 3, actuator assenbly 118 includes base portion

122 supporting t%e plurality of actuator_arms 126. Each of the actuator
arms 126 %s coupl ed to Af Pegsribed Witherespeckesfs FISS . (Daandedns 128,

in turn, eachsstipest 19.sse9|B§.y0 e herdlqagbal raseenpdesidab @label ed
in FIG 3) above correspondl n surfaces 180 or 182 for accessi dat a

within the tr3¥RROPHIRGL iéEX OERACYPRBE axBSedBfy aFas | udes
at | east one m@rmhwbﬁraﬂnﬁﬁ 126 ﬂssccubmédabovat -1easposhnki offi ktel5S

- the t d - -t h [ t f
2 ol ural by olout R, 26 .0\ 883 BRAEE A M Lk, 446K pfipp®ie e ©
control 1% 1ione ypf chheyheadegimbal - eesemid isisy il 6 Hlﬁbalehdsn.ns?iﬁem whi ch
20 indicates) t Dal,3 C@éffé%g&ﬂéﬁhgnéﬁf sPNSuPEaBREE 1Yo db?:CS.Lélisf%rre to be

accessed. I'n" response _t
accessing data within the tracks on the disc surface.

Each gimbal assembly also includes at 1least one
microactuator 158, as described above, for positioning
15 the transducers on the head gimbal assemblies within a -
‘track, or on one of a plurality of different tracks, on
disc 178.
 In operation, drive controller 112 typically
receives a command signal from a host systém which
20 indicates that a certain portion of one or more of discs
' 178 are to be accessed. In response to the command
signal, " drive controller 166 provides servo control
p;:'ocessor 170 with a position (or reference) signal 165
which indicates a particular cylinder over . which
25 actuator assembly 118 is to position head gimbal
assemblies 116. Servo control processor 170 converts
the position signal into an analog signal which is
amplified by power amplifier 172 and is provided to the
voice coil motor in actuator assembly 118. . In response
30 to the analog position signal, actuator assembly 118
positions load beams 128 and their associated head
gimbal assemblies 116 over a desired cylinder.
The head gimbal assemblies 116 generate a read
signal containing data from embedded servo position data



signal, drive controller 166 provides servo control processor 170 with a
position (or reference) signal 165 which indicates a particul ar cylinder
“oveer wHiWP9B@8412act uat or assenbly 118 is to position BEES8EENHal
assenblies 116, Servo control processor 170 converts the position signal
into an anal og signal which is anplified by power anplifier 172 and is
provi-ded to the voice coil motor in actddtor assenbly 118. In reS8ponse 30
to the anal og position signal, actuator assenbly 118 positions |oad_beans
128 and t hei whistibciatBeoreddoni ab&RlastefPoss iors ofy @agh desidlkedot

cylinder. Theead;gcnbad %&Sef@éaes als16we§meraag enarﬁaad &degaleocopéai ni ng
data from enbedded servo position

PCT/ US98/ 080 RS eesgedhfram; £hy oﬁ’%%e%\'—.e% EEF&&P&d %fxl;r?}i'%nd&ﬁ Codh PRack of
the disc to Besad £adrThe aBes8! blgﬁamoﬁ.ﬁabzﬁ&hdefd)ﬂﬁemzﬂuﬁHEiénnlﬁbe

sel ected portion .of t ]sc to be read. Th \Y;

preanpl i 1510 er %CF}S Eg;ﬁ’rg nﬁ?ﬁ%%&t%%g?%g (?g?é‘#‘%a%%s pi% clig?g

data and cl ocnd edmak rexaveanryt chﬁ&uzmaﬂ&hndDatactnde@hvekwmwer 162
recovers data,f I n d e i suLface
when t he datgclfsmvvréptesein%tae% %’r%ldsc sur édcgh%r %an Sga}{grﬂmnmé?shéécourse
data 10 ancnteddd rer dike [dise csnrface whenthe dgta 1 amntEtenrtanot her

sui table type ol §gad shigpaek @}peatlaeomtﬂahﬁefecow ¥burde ) sa&eavn ded
to error detection circuit 164 wh whj ch det ects whet her an% errors_have

occurred n (3NE GkFk LREVRRY GigrRute Ifix Cambe g, cRapReY 0% an
out put 167. .aﬁiéaﬁéraéeleabnactygebmfemaﬁ deiseridlan circuit 164 or drive

GO o8 O 2 OBk aah DO oLl koM TEOE o DAL e
control procesmswor detection circuit 164 which detects whether any
errors have occurred in the data read back from the disc
15 and which provides an output 167. Errors are corrected
by error detection circuit 164 or drive controller 166,
or a combination of both, in a known manner.
During head p_ositioning, drive controller 166
' provides a position signal to servo control processor
20 170 causing actuator assembly 118 to position head
gimbal assemblies 116 over a selected cylinder. 1In a
sector servo positioning drive (or an embedded servo
positioning drive), a portion of each sector on the disc
surfaces has position information which is encoded
25 thereon and which is read by the data head and provided,
through the read channel, to servo control processor .
170. The positioning information not only gives coarse
position information indicating the particular track '
over which the data head is flying, it also provides
30 tuning f_eédback to the servo control processor for
- better positioning. Servo control processor 170 reacts
to the position information read from the disc and -
positions the head gimbal assemblies 116 accordingly.



20 170 causing actuator assenbly 118 to position head gi nbal assenblies
116 over a selected cylinder. In a sector servo positioning drive (or an
enbedded s\pygMsamsitioning drive), a portion of each sectorpEETUSIsmssssc
surfaces has position.information which is encoded 25 thereon and which
I's read by the data head and provi ded, through the read channel, to.servo
control processor 170. The positioning infgarmtion not only gives *coarse
- position information indicating the particular track over which the data

head is flying, it also prpvbfes p¥ferred nembsgihent, t@etﬂ% sebMexreant r ol
processor for better osﬁzgn . Ng. ervo contro pr.oc 70 reacts to

SS
the position i W(ﬂprﬁﬂ diFr Bfefhd it o B ¥o§°1nl fﬂ? hER&* §Fnbal
" assenblies 116a:m:amt(bmgl(y01ce \¥0i98/ ¥i8ddP) but it is also used to.
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170 is used to coarse”acfuator
it is al sosljse@mhpdmnnw ﬁheSﬂP%t%'@%t micxcac@tan grotired Lexef épred 5

embodi ment, %Qg&i&ﬁ‘é Qﬁlcﬁﬂﬁéﬁ.{a{@ér c%?ftr@l‘iréilé )t i?‘&f aggparate

m cr oact uat OI’ I’ltI’O are provided f.or control

mi croact uat or SPPSB’J- Qﬂr onSentsolhingofihe oﬁ‘ltcéfﬁ’li‘é‘:’,ctuaé’lcﬁ?ﬁal 115reorri'-&r| ve

control l er 166 z@squﬂiéé) i r@ﬁ@%‘émmohhere@@eseecbﬁg&al PEF Ofrive
i nformati on read

er_to wite in tion
d'sos dr ve cOTHEISE 646 o nd calidy LnkPHRRRa kS| Cheby Sphgaasd
I nformati Ao t o gosiridn emfnrmhtsnmrpa:ﬂad]ﬂommhalctxszrecel ves the actual
data to be witten. -The %? er.EIeOE &?\Qtlﬁnprt%v'ﬂ?éj &? égrvo
| ona r

control processor 170 (an mcroac or “control 4) as a
reference si gnairive cmfs}@ i 46§ dfﬁfiﬁfé’%tfw%éwa r@#%tl@@atbophéf

cqrrespondl Ng Qe 1%31%%‘1011 t&B8. written on disc pack 112, but also
~ receives the actual data to be written. The location

15 information is provided to servo control processor 170
(and optionally microactuator controller(s) 174) as a
reference signal to coarsely position the data heads
relative to the corresponding disc surfaces. -Thén-,
drive controller 166 provides the data to be written to

20 data conditioning circuitry 168, which in turn provides

' that information at an output 169 to the particular
transducers on the head gimbal assemblies 116 so that
the data can be written to the disc surfaces, in a known
manner. _

25 . In the preferred embodiment, microactuators
158 have a range of motion which is in excess of the
worst case mechanical misalignment between any two of
the head assemblies 116 supported by actuator assembly
118, In an even more preferred embodiment, each

30 microactuator 158 has a range of motion which is in
excess of one track width, and even more 'preferably in
excess of a plurality of track widths. Also, in the '
preferred embodiment, the read channel provided in disc
drive 110 (which in the embodiment shown in FIG. 5



drive controller 166 provides the data to be witten to 20 data _
conditioning circuitry 168, which in turn provides that information at an
out’put 10WOM8/M48412 particul ar transducers on the head gi mhaPCI&E9808038s 116
so that the data can be witten to the disc surfaces, in a known manner. 25
In the preferred enbodi nent, mcroactuators 158 have a range of notion
which is in excess of the worst case neeh@ani cal msalignnent betwken any
two of the head assenblies 116 supported by actuator assenbly 118. In an
even nore prefimclaviembreamenil 60, cdabhand ghaglorsaenesy HBagukt d§2inge of
motion which izhd Br¥eCastebt9Ba &iRetivi fhd) ANERL VPR IR RFARY in

excess - of a plurality of track,widths. Also, in thé fpref_erred enbodi Trent , -
the read chan®elPIHRAHa0 P Bivnliargeus) @rduRanftiet nd2EAp&dighatS shown
in FIG 5 WRD8p48éédsing those data signals in parallel, and .
PCT/ US98/ Q8035 - 15-.. ncl Lcii es preanp 1_}60, dat a and_cl ock rgzovery circuit

162 and error PFVEEIHh SRR 1+ 64505 s RAPabI BY BFSPeceRPRART Uity of
si mul t aneous awhtpaldldr|latktin paprelbehind Puvckes) nint hhee pdeifersiegmhal s in
parallel, and r ovi,di n he : e _h Xﬁéﬁ a or ive
controller 16§§?br?%'é‘r?e§}€'el aa_téurﬁ%él?t:l’é\ i) %?Ltgfcéiﬁre gh'n‘ggdingrréentafl at a
conditioni-ng @nefenably 6euitable pier erpbpyidingt adl eplogeligyviafng a
plurality of Simldaneaus and RAA1R) WeirtBeSi dnalsl 4 Orbherhat Akl
heads to -execute a sinul taneous "and par EI l'el wite gperation._ Further, in
the pref &0 ed &R FenteXeY® EonBiBH EF‘nSPHc?es%'b‘g PR¥ bpiGts

m croact uat or disnltamildrer ( Furthérgr dnsgheaplrefbeted amblbaae@uﬁﬂ ,ly geexs di ng
positioning signals {0 ._m croactuator 58 t 5. 8i t aneous osition
BT or a1 estmtrod (i PrCsr B cInfo it RResebal, PREFCASRAAREY 1y o

heads can be controller(s) 174 are suitable for simultaneously

providing positioning signals to microactuators 158 to
15 simultaneously position all, or at least a plurality of,
 the microactuators so ‘that a plurality of heads can be
simultaneously aligned with tracks on a plurality of
disc surfaces in disc pack 112.
With this arrangement, a number of advantages
20 are achieved by the present invention. For example,
precise position control can be accomplished on each of
a plurality of the data heads. This allows precise and
simultaneous track following on the plurality of data
heads to allow parallel read and write operations.
25 Further, because the bandwidth of the microactuator
operation is much higher than that of the voice coil
motor, the present invention prévides the ability to
significantly increase the track density on any given
disc surface because it accommodates bearing non-
30 linearity,. and other problems which limit the track
density of the current art, in a far superior fashion to
~simply using the voice coil motor.
Further, since in the preferred embodiment,
each microactuator has a range of motion which is in



~

simul taneously aligned with tracks on a plurality of disc surfaces in disc
pack 112. Wth this arrangenent, a nunber of advantages 20 are achi eved
by the pmasesMsainventi on. For exanpl e, precise position morusssiosessn be
acconpl i shed on each of a plurality of the data heads. This allows precise
and sinultaneous track following on the plurality of data heads to allow
parallel read and wite operations. 25 _qdurther, because the bartdw dth of
the m croactuator operation is nmuch higher than that of the voice coil
notor, the pregesksi Nvefti oa prgyheasithe aBel i tyaty si gphbhkeant | kHdcrease
the track density on_an I ven. di sc_surtace hecause_it acconmnodates bearing
non- 30 i n@&F%P ctyg °g'tsh'thﬁF‘8SF'é'ﬁ§'V\ﬁ?B ¢ i4ed tn ereut &Ry of
the current asteki operhaionspdsesk foasratidis ity seekgtbha tpsk coi

motor . Fur t e RURCEL N LAGePLE! GLE Pe CRBOPhIRRE ¢-BARR.TLELGAC! YAl has @

range of noti oM : o
PCT/ US98/ 8803Bipiméges bhe excipatiahiof styfuctutsalh modescks the wdisc

"m croact uat Or Sz 15k \, Q n?t%ﬁ atlons
(seek oper ati%gyﬁrﬁasﬁbﬁﬁgﬁgﬁh&ﬁﬁt ggfgﬁggﬁq not iqgﬁrlgiéthe

m cr oact uat or Fhe BRPFL5Se@KSi-ni zes ‘the excitation of structural nodes in

the disc drives and enajesdaichidiandwisdbhnsIes oRORET DEatLA | Aigy Ide short
seeks. M croactuators 158 can be controlled_in an a ngnber of ways in

- y. of
accordance wi #h PHBPBFesBht YWBYS | AenFERrdangs, Wikhpl Eher nPLFAS coi
not or inie coiwneehtadal. di Fordréexsmpbe conthedl veflcby dgbider moteant fal ler

bosi 11 on moas P BVERELAIR, LR t REL2Soed0nd OREERLAE B Y hESPut 16
typically drieontrhdlesi vbich lisn@ eingleugiputésingeroutput (SISO)
‘system. The input is the head position measurement
_ taken from the embedded servo data, and the output
15 typically drives the voice coil motor through the power
amplifier 172. However, in controlling microactuators
158, the servo control system of the present invention
must have multiple inputs and multiple outputs. The
inputs include the head positions read from the embedded
20 servo information over which the heads are flying, and
' may also optionally, include the relative positions of
| one or more of the micr’oactuat’ofs, relative to the voice
coil motor (or coarse actuator). The multiple outputs
include the outputs Which drive the single coarse
25 positioner (VCM) and a number N of the microactuators.
Transitioning, in accordance with the present
invention, from the SISO servo control system to a
‘multiple input multiple dutput (MIMO) sexrvo control
‘system can, in one preferred embodiment, be based on a
30 generalization of standard proportional-integral-
derivative (PID) control. In decentralizing the PID
control, a separate PID control loop is provided for
each microactuator channel, and one is also provided for



anplifier 172. However, in controlling mcroactuators 158, the servo
control system of the present invention nust have nultiple i nputs and

mul t'i pl e 3Y@P8M8412Z  The inputs include the head positions rB&EUSP#P80He
enbedded 20 servo information over which the heads are flying, and may
al so optionally, include the relative positions of one or nore of the

m croactuators, relative to the voice cof}7motor (or coarse actuat'or). The
mul tiple outputs include the outputs which drive the single coarse 25

- posi ti-oner (VCHpeaKEMalrAoREee ACBRAERE) mi CFeak taidttem feddikysiraledin
accordance w tﬂnt Pecnresent. invention, fromthe SISO servo control system
to a nmul'tiple input nmulti ﬁ! e ou%put (M I\/D)g%servo ont roI s stem can, in one
preferred -embodi ment;, be ePal © StGRRFAL-
proportional -i preg:eslsoxdaﬁiwals mn;ﬁféxﬁl)ntedtasl a PIDnccbﬁd:maﬂr]aéir arlnfichhe

7D cont oL S geRaihe o Pponbilel ORR hand QULETohS" 53kl 1575k 101 o
PCT/ US98/ 08035the7-hedtds . m(ﬂc@arsehaadual)or) Tsaclmé;mw;tem ithe PID

illustrated i ”cghgrogle@ g’s d§reblt|e'&SEBaEﬁ§ v15 Vrﬁ’ot&?“i‘??'whlch .

processor 170 is_ inplemenied as a con r ol receives as its’
i nputs t he heaBrpyest PSl’ié‘ai'-PF P@rseéﬂhfllbf qu?‘#@d-?%k)( Hé'eﬁj 0 FIGek adse The

output of the Eb.@uﬁ@.afarz:%ld @hdts rﬁéf&é@ﬂu&@ofh@oﬁeréue@d ljr Oirncl]?@dé\hl ch
drives actuyator, E‘b Q%r E- bl o ‘(E:J%')e (1)1§ rE![so |IIust at }.hat
ni croact udPor &B “@ﬁs FF T RECH IDlﬁﬁPEFﬂE PR & or
controllers 175a¢:ﬂ-bl£ the wbmivatttatorscl0aN) MWBedQ:éJ)tmeJladtmhtOrt he
cotuator asseTRbkehidly, 118 "G 450800 LS h0E BECLARC BB
wel | as the reP3Di gonpooililiess 175 includes the head position 171 from
the relevant head, as well as the relative. position 179
15 of that head with respect to the voice coil motor. FIG.
6 also illustrates microactuators 158 (designated as
microactuator 0 - microactuator N). Each of the
microactuators is shown coupled to a head 181 (head 0 -
head N).. Also, each of the microactuators has an
20 associated relative position sensor 183 which senses the
relative position of the microactuator, relative to the
voice coil motor (or actuator assembly 118). The
relative position sensor 183 can include any suitable
sen_sofr, such as a _capacitive sensor or any other
25 suitable type of position sensor.

A potential problem which presents itself to
the present architecture in which a plurality of data
heads are simultaneously positioned is that the
pésitioning of one data head can be affected by' the

30 simultaneous positioning of adjacent or proximate other
data heads. High bandwidth positioning can excite the
structural modes of the drive and caﬁse vibration or
other interference which can interfere with the
positioning of adjacent data heads. Thus, in a



15 of that head wth respect to the voice coil nmotor. FIG 6 also
Illustrates m croactuators 158 (designated as m croactuator O - -

m croact ust@esidsstz  Each of the microactuators is shown couptEtgsdspsassiead
181 (head O - head N).. Also, each of the microactuators has an 20
associ ated rel ative position sensor 183 which senses the relative position
of the mcroactuator, relative to the voigg coil notor (or actuat*or
assenbly 118). The rel ative position sensor 183 can include any suitable

- sensor, " such aeeFcaaRal iebdisRItOBE0Ehe Preditt  iZ¥entSdd,akhe E¥RYoOf
position sensor. Argﬁt enti al probj7§,m whi.ch presents itself ﬁfo th% Rresent
architecture i PO RTFEEERCT: v7 Brop AL Hraaiiahar SPREreAteT /sl 174
“positioned i s thatourte fipastheomongmeht cof attier izak theadscoafl settadolty t he
30 sinultane 3si } i« ng of adj acent ar. proxi mate other data heads.

Hi gh bandwi dt h%%c%sel%?jlaa}nilglru'can excite the structural nodes of the drive and
cause vibr&tion or other The decentmed imedcRIDfredhnisrie id lustiratiesd in
positioning o 1djgapadt , i 2

DoY) Usos) 08038 FIE" sgggge??ggeganggggsn% tr%éré!tiﬁeed ifionly d ﬁ%ntg?éﬁ,gi%ﬁe
servo control @ ofBatd; nybex efcrHtRrRAsHIateR? r sreergiulbanaeusdst for

t he movenent Qbeqtﬂgegdﬁltﬁdiﬁﬁtﬂsl flowdsieddt A taesAtRbErlis. téo large,

The decentralized t ech ue_.illustrated in FI.%G%%#MI% be
preferred i f oft3f %‘Fe%gé?rﬂp*q%?dasgﬁgﬁw RE¥o & VRGN & sS§r&°

si mul t aneaos!| y posiing qmivig iaondk dnayHbve ieighly ¢dmphenbend i difHbchdtgep t he
decentralized $ teem may provide suboptinmal servo 10 positioning and may

be highly conpl and difficult to tune. Further, if each of the heads can
be Further, if each of the heads can be

mechanically isolated from one another so that cross
coupling does not rise to a sufficient magnitude to
15 cause det;rimental positioning, such a decentralized PID
architecture may be preferred. For example, the E-block
may be redesigned with stiffness and damping properties
such that adjacent or proximate heads do not interact
when being individually positioned. -
20 However, | without such isolai:ion, the
individual PID controller arrangement described with
respect to FIG. 6 may provide suboptimal perfbrmance.
N A better arrangefnent may preferably include a single
. servo controller including a MIMO servo | controller
25 implemented as a digital signal* processor (DSP). The
DSP has inputs indicating the head position of each
head, the relative position of each microactuator and
the reference signal from either the host controllexr, or
from the disc drive controller 166. '
30 FIG. 7 illustrates an embodiment in which
servo control processor 170 and microactuator controller
174 are combined into such a single sexrvo controller, °
implemented as a DSP 190. Similar iteme are similarly
numbered to those shown in FIG. 6. DSP 190 receives as



mechani cal ly isolated from one another so that cross coupling does not rise
to a sufficient magni tude to 15 cause detrinmental positioning, such a
decéntral iwodsdsd2ar chitecture nay be preferred. For exanpl @CTURISESBSock
may be redesigned with stiffness and danpi ng properties such that adjacent
or proxi mate heads do not interact when being individually positioned. 20
However, Wi t hout such i solation, -fbe individual PID contrdller
arrangenent described with respect to FIG 6 may provi de subopti nal

per f ormance. A best inpatsavlge meferencersignabl &rd:tmdtheieh@stsisngiieememro

controller incl g | 1 gital |
si gnal pr ocesso‘#’g%g gl%%ﬁﬁéﬁ@%%{s}ﬁﬁghtg?ﬁl%a‘%WQ t he {éﬁs oSl t | on-of
each head, the ferategehpobeadon amdesehe ningltivatr @osHalome <P£f cklace

signal fro”‘e'tﬂf&rbﬁétﬂﬁ%brﬁoEb%%hhﬁ&edphiEho@d%®?H@éﬁ3‘ﬁTﬁéféﬁEEﬁ@é|er
166. 30 11Ju tes I n.which servo Cfntl‘0|

processor 150 aR¥omi Prggaétqpat%ﬂc ‘3%?1 ﬂfaF‘écEBFEFHé&qrnt‘(’P% YR

singl e servo Coﬁigﬁhh.erassﬁﬁhﬁﬂed’[ﬁﬂthse&clﬁ)sdﬁdﬁ@acﬁhﬂtéﬁrlsﬂﬁrﬁsaﬁell
simlarly nurrbere to those shown in FIG 6 90, recei ve gs V\O

08/ 48412 . “a coarseé positioning signal w wﬁge 12 !F}Etg

i nputs the refeveice suogﬂalmcbtmn for ipost tsiystieny ot:heii ntdreveaa:mmtorl er
166, al ong vvi th Eggmgig frtgm tion for each head, and the relative
position BE€ M Crdactuators associated with each head. The out uts 5
f rom DSP 1790 i ncI ude i ndi ¥rdbhe prefentedgwpodbment; RFPNLIC %%démgy

w th each m Croe§ku§t 0{nd58, actsont | teh% ahegal SoRPELLAOTAARE S+ 3 W ch
is provided to t the entire actyuator

e.vqice coil osj'tion
assenbly 118. 1position ass°°F~ﬁtF§ewaFéf€ %"H‘%o%’%rﬁ lspdmked HREConl y
‘ account movement of- adjacent or proximate heads (i.e.,
it takes into account cross-coupling of the heads) when
15 providing the microactuator output for each
microactuator associated with each head. In this way,
DSP 190 accounts for structural mode excitation when
p081t10n1ng each of the individual heads.
The DSP 190 illustrated in FIG. 7 preferably
20 embodies a model-based algorithm. FIG. 8 (e.g., blocks
191-199) is a flow diagram illustrating one method in
accordance with the present invention of developing the
servo control system in. which DSP 190 .is implemented.
A model is first constructed which is primarily a set of
25 differential equations that describe the structural
dynamics of the disc drive. This is indicated by block
192 in FIG. 8.
In constructing the model, it is preferable
that precise knowledge is known about the drive
30 dynamics. This knowledge is preferably obtained using
empirical/measured data. This type of information is
used to define parameters in the system model, and all’
of this information is preferably used to construct a
model from the first principles (or differential equations) .



takes into account the head position and relative position associated with
each head, but also takes into account novenent of adjacent or proxinate
heads (i .wo098M8412 akes i nto account cross-coupling of the hpesajsosissss 15
provi di ng the  m croactuator output . for each m croact uat or

associ at ed W|th each head. In this way, DSP 190 accounts for structural
nmode excitation when positioning each of_ pbe individual heads. Thé DSP 190
illustrated in FIG 7 preferably 20 odi es a nodel -based al gorithm
FIG 8 (e.g., blocks 191xdR9) isad- ”%d@x@ﬁiﬁfﬂy Ll U&éééiiﬂﬁl%ﬁe mefdod in
accordance with the res&s} | nyentjon of devel g g.the_servo contr.ol
systemin whi c‘FPIEﬂF’“g Tt S8 QMR del :‘ss 5 4 lustaratRE o whi ch

is pri rrar: I é dEstk 01925in ®Idergnti &meﬁquﬁiemﬂﬂzﬂtddgeﬁ :uadrhelgs2
~structura ynam i sc drive. . This | J ca ock 1 in
LG8 I contertngy desitnd v Baptind tie diard rahati ks
know edge 5i s wktimmamlamﬁonst,heaséocmatad wilyina c]sargéhusutkhem antge i.s
preferably obt usin ir / S data. |

écjis l?irg) d MEAS U % g gltoyi dﬁiﬁ'ae 1 an aﬂ'

i nformation |s used to d I'ne paranmeters 1 n the system I
this informtieenstrpecesdrimlhlockdl®3. construct a nodel fromthe first

~principles (or differentjahe eREMENMMAnce obi@RIAARSE the system are
PCT/ US98/ 08035 - 20- _Next, an uncertal nt y descri gt I on I's consﬁéuct ed

for the disc ?pseifieds | Thip ds; AnddFated, ke bkark  10¢ & §
uncertai nty d@@éhlﬁbﬁbﬁﬁvé& el @hbmaw goeensare afthar etltél&néﬁe]le.:.s -

behaviof -l ong. oy 1610 VAL AN noSE St lablandn bey of
192. Next, perttmhsnndm olopedmives ahdt hEisglizen adesrelopment of the
' control algorithm which can be 1mplemented in a variety
of ways directly on the disc drive.
15 Finally, the model is optimized using
commercially available optimization software. This is
indicated by block 198 in FIG. 8. .
It will be recognizéd that the specific
implementation of such a control system will be
20 different and dependent upon the specific application,
' drive parameters, as well as phy51ca1 information which
deflnes the drive.
It will be mnoted that the model-based
controller does present certain advantages over a de-
25 centralized PID controller architecture, in addition to
those mentioned above. For example, in a decentralized
PID controller architecture, empirical data must be used
to tune the contrxoller, after it is manufactured. With
the model-based controller, empirical data is used to
30 design the model éndidirectly synthesize the controller
from the model. Therefore, the empirical data is
considered at the design stage, rather than after the
manufacturing stage. However, a PID controller



specified. This is indicated by block 196 in FIG 8. 10 Such obj ecti ves
are provided to ensure that the nodel is conpatible with existing and
comrerci alWQ 984812 abl e, tools to optimize and finalize devePSFEHBORM3St he.
control al gorithm which can be inplenented in a variety of ways directly on
the disc drive. 15 . Finally, the nodel 1is optimzed using
comercially available optim zation softw®X: This is indicated by bl ock
198 in FIG 8. It will be recognized that the specific inplenmentation of
such, a control ayehékeaEnrebeopdd bg fimplementird depepetfiormpbie mexrvo

speci fic appli Cé‘éh@f‘oldél%’gér%h?a@efo@ %hé‘%ﬂ’@één@suﬁ’@é(ﬁtiéh i nformation

whi ch defines the drive be noted 't hat the nodel-based controller

does present certain advahba§@@uderaisqeberpotede fhall ithe Plgazdhhes er.

architecture, i@esggibe@n ambwoagerregs&imﬂlyquedior eXtdpeeer| N the
decentrali Zﬁd PI D contraller ta.rchlt cture %]3 iﬁ‘f‘ ta nust be used to
tune the cont r PTEFEREs Aventien (BA§P TOREHP St FP o l&EE. L3S efor-

control | er, enplineatr dagerishmsed to 30 design the nodel and directly

synt hesi ze the controller & m tghci ;@r?rﬁl %hy_ﬁ.‘h ft(}ra‘?: éhglgggglarcqq} t&iata

i s considered at the design stage an-a ter heé manu
st age. Howevée.g. a blpgks &ﬂﬂ-r%ﬁ:ﬁbrWhlcm\Gﬁﬂm@ﬂia sequential data

PCT/ US98/ 08035 %génsféﬁhhhe%&éé}%é] ‘bfthnahen%@tp%e GPether Prldie Vo

control algorit present invention. It should also be not ed t

the al goritns HeEERFLER abotR HtESprifedi PRA 92 . 2 sgARRRFial; iqata
present invent l@ﬁaﬁéﬁércﬁﬂtﬁﬁﬁéabﬁsattlehéla& ariten-beyghffing 94tH Mead

FIGS. 9-1 and 9 2 InI lc% a.lofdo zgc;llag{:gg]ping on head 0 of cylinder

"101 is illustrated. In a preferred embodiment, drive

controller 166 {(or the host syétem) first provides servo

15 DSP 190 with the reference or command signal which

‘causes DSP 190 to move actuator assembly 118 to a

position where head 3 is over cylinder 100. This is

indicated by block 201 in FIG. 9-1. Using the coarse

actuator and the microactuator on head 3, sexvo DSP 190

20 finely positions head 3 to the center of the data track

on its cylinder 100. Sexrvo DSP 190 then indicates to

drive controller 166 that data transfer can begin. This
is indicated by blocks 202 and 204.

During the transfer of data relative to

25 cylinder 100 using head_. 3, drive controller 166 selects

head 4 into the sexrvo channel. Servo DSP 190 has the

time associated with one complete revolution of the disc

to adjust the microactuator associated with head 4 by

reading the embedded servo data with head 4 and finely

30 position head 4 over the center of the data track on its

cylinder 100. This is indicated by block 206. After

head 4 has been finely positioned, and during the

remainder of the data transfer using head 3, servo DSP

190 controls the main actuator to center the main



(e.g., blocks 200-233) which describes a sequential data transfer in
accordance with one aspect of the present 10 I nventi on. In FIGS. 9-1
and 9-2,woosmsmenti al data transfer of data on a 6-head.dpCymsosesdssni ng
wi th head 3 on cylinder 100, and stopping.on head O of cylinder 101 is
illustrated. 1In a preferred enmbodinent, drive controller 166 (or the host
systen) first provides servo 15 DSP 19Q2 th the reference or cbmuand

si gnal which causes DSP 190 to nove actuator assenbly 118 to a position

\Shir eug_ead ?ha&m&%xcmh%dui@yt ﬂ;@@ge;a?\ihltﬂué Scéﬁgéﬁatcﬁd the bLegkk2Qhrd P EISS-
-1. Using e. coar se uat or e m clpagtuatqQr ea servo

100 20 P Pk Beeh e e E AR (e TehPaRet 1 Bhe Ants thes qe R e Y 1 o
cylinder 100. oSertwheDSatD0 titark | oderatwisi¢th tiead @onisolfkyidg6 drbat
.data transfer ol Ni di, 02. 20 ring.

t he transfer c&igg{&%@ ?’é)l ativ ﬁ‘gu.ss 3‘g %%E%glt%d%f%%C% @ﬁffl %ldrl ve
control [ eb .166 sel ects IWhah Adrive CQBtS’Qﬂ-QGI'Cﬁéﬁﬁ‘ldhaS Seomplésedlgmehas t he

‘time associ at gd .y t,ﬁ. {qﬁgﬁﬁg ﬁgggl gt é)fréﬂ%/‘g*nﬁ gﬁﬁh\éﬁ.t e

m cr oact uat or assocl a rea Ing t Servo data

with head 4 aﬁ&tﬂ'\?élﬁﬁajd-y %F‘Fh%‘ﬁ ﬁ§a@ hegde3 i }é%%@ef* oftnghdhfut a
track on its ejhkichderyd 0Gutbhiatiicallngi GiiadHes blhaek 2w idariad 4 has

been finely positione e, remai nder ~th at a_ transf er usi ng
hoad 3. ser voCREBeRed it IE At f&a Res CRREGE S Wik Feath e Vo
98/ 4841210 190 continues to pos:Lt:Lon the m&‘ﬁ'{/ HS@;&(aQﬂiBSanEZ-tlﬁ:t uat or
m dway betweenthec f e dr S n '
cyl i nder 100, MINE OB uca%n Paé%bci%ataeoé( rac %\t}er R |u(ﬁ’]i" ﬁégl 4%% | yi ng
on cyl i nder 1bead #his mmm@mdeatbyhu centex0®faigs28atas track on

‘Wien drive coplhallsh h6fp has conpleted the

While the transfer of data using head 4 over

15 cylinder 100 is being carried out. Servo DSP 190 begins
reading the embedded servo data using head 5, and
adjusts the microactuator associated with head 5 to
finely position head 5 over the center of its data track

on cylinder 100. This is indicated by blocks 212 and

20 214. After head 5 has been finely positioned (or while

. it is being finely positioned) and during the data
transfer with head 4, servo DSP 190 centers the main

_ actuator midway between data heads 4 and 5. This is
indicated by blocks 216 and 218.
25 When drive controller 166 has completed

transferring data with head 4, the read/write channel is

automatically switched from head 4 to head 5, and the

servo channel which was previously connected to head 4

. is then connected to head 0. This is indicated by block
30 220. | |

Servo DSP 190 continues to position the main

actuator and the microactuator associated with head 5 to

keep head 5 at the center of its track over cylinder

100. While the data is being transferred with head 5



data transfer using head 3, the read/wite channel is automatically
switched fromhead 3 to head 4, and the circuitry automaticall vm'tghes
the ser vOVOI8M8MRE connected with head 3 to be connected w £ 08035 1op,
10 190 continues. to position the main actuator and the m croactuator
associated with head 4 in such a way that head 4 is maintained at the
center-of its data track on cylinder 10623#ile the transfer of data using
head 4 over 15 cylinder 100 is being carried out. Servo DSP 190 begi ns
readi ng the endreedecylinger bl hsidrivieesentrolderadfbst serve REErbALt uat or
associated wt s fd |4 V. t gt s
data track on%gﬁﬁge?eégbﬁg%%v?gﬂﬁ%?gﬁgﬁga g|§%?<s§§sfg?g%§é218éaa214.
After head 5 hls P¥eF fFREIIAHsik9bned '§&W\ﬁnii§§9i"tl?g RATESESncEhe .
posi t.ioned) ang;édubhblukierdahasbeaatedr with hhedd4,osetyo gidtid@lgenters

the main actuator m,dway between data heads 4 apd .)5. . Thi,s is indicated by
bl ocke D168 andponibion head §°8hes*(fe S8GFet SE LI oHR dse0dinel

conpl eted trangiehrikeg egldndethilodad ZLhishds dafligated diomiel 223.
automatically switched f hea { _ t ekVvo i ch

i ndi cat e y ) > r e : main -
actuator and tﬂstgkghoaﬁégat% RYRACT 3yednWikn. 1664 dnd Onkadd Beagvérat the

center of its Track over cglinder 100, "Wiile the data is _being transferred

with headl® cptirdsgg bebss Vifhen/ Mpdve . oen eyl thbercampteledri ve
control | er 166grgacrer2®$Rgl8athegion Keadisg ther Yeadaweiteoshannd10iend

positions headpreferably automatically switched (in hardware) £from
head 5 to head 0. Data transfer then begins using head
0. This is indicated by block 228. As soon as the data
15 transfer with head 0 is complete, the sequential
transfer is complete. This is indicated by blocks 230
and 232. | ' , _
_ FIG. 10 illustrates another feature of the
'-present invention. FIG. 10 specifically illustrates (in
20 blocks 234-243) a parallel read or write operation.
| First, DSP 190 receives the reference signal which
indicates the particular cylinder to be accessed, and
moves the main actuator such that all of the data heads
are coarsely positioned over cylinder 100. This is
25 indicated by block 235 in FIG. 10. Then, DSP 190
coﬁtrols all of the microactuators to independently
center all of the heads (or all of the heads for which
a simultaneous parallel data transfer is to be executed)
over the center of the data tracks associated with
30 cylinder 1-00. Once all of the heads are centered, the
| . simultaneous, parallel data transfer is begun. This is
indicated by blocks 236, 238 and 240. When the data
transfer with all of the heads is complete, the parallel
transfer is ended. This is indicated by block 242.



0 over cylinder 101. Servo DSP 190 adjusts the m croactuator
associated with head O to precisely 5 position head O over the center of
‘the tracwossssegizated with its cylinder 101. This is indi eanaskoBiogosg 222.°
During data transfer with head 5, servo DSP 190 slowy noves the main
actuator to a point m dway between head 5 over cylinder 100 and head O qver
10 cyl i nder 101. When drive controldzr- 166 conpletes transfefring data
with head 5, the read/wite channel is preferably automatically sw tched

(in hardware) from head Thd gphesen®. ibreattibansimtluded Aegigthoesi 6 head
0. Thisis |nd| catfed bg bl ock. 228.. As soon ggit he' dat a .15 Iransfgr W|th

head 0 is mqla?ntrﬁﬁ% VEs @onﬁlé{real

.indicated by laitmﬂeﬁceﬁi%(bfarat AxastFlole Misd |18 rit es Gimxt hdriveallbe -of the

- present i nvenihon o fLG odd ﬁQ@&'éhﬁéthd' SLS Arftoddl il cRLOCKS

234-243) a par rte op eratlon 0 recel ves t he
r ef er enceSsi gife wmetded napéuﬁe§ anV9énpgca|alu§9iiﬁme@ftéa§é headssed,

and noves the ygn %&kmataht%UCheaaatcakkegbohagngataoheaﬂé ape cepesely.
posi ti oned over cylinder E %%%0 bl ock 235 in FIG
10.  Then, l&iht‘-?%l lsg | s‘&' ?‘H%sm c'lrbﬁc ﬁ-geq%s i T pWRAERt | y
center all of 1&&&:&%&&11%:{ Qto atheOéuiﬁachad&df Feadhi i crmEtddh afeoms '
paral o] ot e gtk s 0 Hheigil oo, H15 A0 e Pl e
centeredlot he st itenesbore l agdval kel thet aorraapfbndlng mgflacesThssngs
!tﬂgl ﬁgggg |bg conp:ég‘}b%%%iehdzéég?gﬁﬁﬁgfmé\gg?et hsggg%g]édrg#ﬁiﬂ?fgé{:n | at ed by
bl ock- 242. twpraderzed relative to the corresponding surfaces using
PCT/ US98/ 0803il'fe2‘b'lura11ty of data heads 116. .

‘The disc drive 110 preferably includes a

15 plurality of microactuators (0 - N), at least one
microactuator associated with each one of the plurality
of data heads 116, and wherein simultaneously
positioning includes controlling the microactuators (0 -

N) to move the corresponding data heads 116 based on

20 the servo information on the corresponding surfaces.

" The method further preferably includes controlling the
microactuators (0 - N) to move each of the corresponding
data heads 116' based on movement of at .least one other
data head 116.

25 Also, in the preferred embodiment, the disc
drive 110 includes a coarse actuator (VCM) for coarsely
positioning the plurality of data heads 116 relative to
the corresponding surfaces. Controlling the
microactuators (0 - N) includes moving the corresponding

30 ° data head 116 based on the relative positions of the
coarse actuator (VCM) and each of the plurality of
microactuators (0 - N). The method also preferably -
includes sensing the relative positions of the course



The present invention includes a nethod of transferring information
relative a .plurality of surfaces of at |east one disc 178 in a disc
dri've 11O 98484821 f aces have enbedded servo infornmation t hBEEGRISAR03S The
met hod includes providing a plurality of data heads 116, each data head
corresponding to one of the plurality of disc surfaces. The data heads 116
wite information to the surfaces and rea8-information fromthe Surfaces.
The data heads 116 are sinultaneously 10 * positioned relative to the
correspondi ng arfrdakes udVehl)t heardbe®Reh seofo | Bher mplonalbaya ief

si nul t aneous| yn i &ansdeidesr&el@tivg)to the corresponding surfaces using the
plurality of-data heads 116. The dIS drive 110 preferabl |ncludes a 15
plurality of nicroactuatBre Pyesenty 1n"§{‘tl’-@83? Sﬁelﬁ'l (Btethod

S\lﬁsom ated wi |tdtf ea@&cl ﬂéhiﬁ@ Panr ahniutefruﬁaéa e r::lﬂél asdta

ere| n. mul t aneoys sitjonin contr.olli e, croact.uators
(075N & v iret S e BRI A Tt SR A AER a8 R2ER,

i nfor mat i on oniéavicidre eoEdidionginyef aecondT@atachéad fn6thelapivbetably .
i ncl udes contr C uat fy

correspondi ng %t%gggéggt%&%ggéd o(r?rh'ri%\(/S(e‘grrcﬁmFa ‘?9 ?D}l’%g’gflqc}nsg 0 Ensdata
head 116. 25 data transfprsende, daka pkrpesfey sddui Fhat fimat odatadrive

110 incl udes %é&@rﬁfsa%uéb&bl@é% f QuSaRy Seht/a PeshhsPaiNGrite Ehuaral ity
.of data heads 116 rel gtlve to the corre on |n suy f aces.

Control | i¥y 99reRd cP8aLr uf oFR1¥E dagp | RRAHALPARc or rEBHSNdi ng

30 data headedd¥imaseq (Hirérheal’cﬂ'lo&fsl VEraeRi tb@mdahébe caatsk agheat or
(VCM and each_of .t u(ia,% cro ct.uat g ) The net hod
al so pref er abISFTH %?E’o%s 2rii ﬁa?ﬁ *F et tFS‘é‘PES |5 ons of the course WO

08/ 48412 In yet another embodifREMLUSHE/ 08HBE5 present
invention, a muitiple input, multiple .output servo

15 controller 190 is provided and is coupled to each of the

microactuators (0 - N) and to the coarse actuator (VCM).

_ The data heads 116 are preferably controlled
to accommodate for cross coupling between the data heads
116 which. can affect positioning.

20 In addition, another aspect of the present
invention includes implementing a servo control
algorithm to configure a disc drive with a plurality of
data channels. The servo control algorithm is a model-
based algorithm implemented in a MIMO servo controller
.25 190. '

It is to be understood that even though
numerous characteristics ‘and advantages of various
embodiments of the present invention have been set forth
in the foregoing description, together with details of

30 the strﬁctﬁre and function of various embodiments of the
invention, this disclosure is illustrative only, and
changes may be made in detail, especially in matters of
structure and arrangement of parts within the principles
of the present invention to the full extent indicated by



T

-25- actuator (VCM and each of the plurality of mcroactuators (0 -
N).. The present invention also includes.a nmethod of acconplishing an

“uni nt er yologdssrsequenti al data 5 transfer by begi nni ngpariisesiesoss with a
first data head 116 while positioning a second data head 116 relative to an
associ ated track. The second data head 116 begins data transfer once data
transfer with the first data head 116 iLggconpleted. During data’transfer
with the 10 second head, a third data head is positioned. Thi s

conti nues, SUalL ABE85A | Sk PDURAARI RS, dmtthet hesapgueat hﬁh&@teh@ansfer
is.conpl eted.. ?%ﬁt anot her enbodi men the present Invention,

mul tiple i npAEP ¢ pl abﬂ?pu?r%ew%ﬁpﬁﬂﬁseéontrd??%r %@@mpéeprOFP&ed and
is coupledt aemrcﬁiaf@ém@zﬁwaﬁagam anenNhr@"ldnt enéfpaﬁ@ﬁeﬁea&ct uat or

: he d ds. 116 bl, d d
¢ ot coupl ‘?ép Foptioni ik Redi® ThovRREErEbE pLRRERE e R iAo, 20

| n addi ti%®n, s dvElensmpeed whllaemmmmsaxmlmQVEMbsbantLallydEhe same :
i nplenentilﬂg nt or %Jg% 0 r d ri W th a
plurality of- c}ﬂ?cléfé%%%e 2 ﬁ#hd;‘%t?vg on grllé; rgfoc?#lt %rlrll%l sbggrpr% %ﬁdbased
al gorit hm i npseimit cdfi the RrRBedsr éBvedpsdosler 25 190. It is to be

~understood that even though nunerous characteristics and advantages of
various enbodi ments of the present invention have been set forth in the
foregoi ng description, together with details of 30 the structure and
function of various enbodinents of the invention, this disclosure is
illustrative only, and changes may be nade in detail; especially in matters
of structure and arrangenent of parts within the prlnC|pIes of the present
|nvent|on to the full extent indicated by



g g _ - . :
WD 98/ 48412 : . . agPCT/ US98/ 08035 -26- the
broad general neaning of the ter m u mwﬁl@ﬂ!ﬂppended clains are
expr essedwo 98/48432 exanple, the M ts may va??THEH@HﬂPﬁg on
the particular application or disc drive in which the present invention 5
I's inplemented while maintaining substantially the sane functionality
wi t hout departing fromthe scope and spi-@%- of the present invent’ion. WO
08/ 48412 ' _ _ PCT/ US98/ 08035 - 27-
WHAT | S CLAI MVHBAE I8 CLAIMED ZAS:npthod of controlling a disc drive having
a plurality of; data headg vwpgtgbl @%CkditAdIa ifdiraldise ddrdobanhoad
corresponds to a corresponding one of _a pburatlh% o% sgrfaces of it east
one disc in a diRkBRILEY Phdate heads MherEiBNBRERDE SERG PLHFBLHEYI on
t her GOE, o t_nebf_ ?aac:la_ h‘érai_dfée ;dﬂéhép%ndé nﬁbudi ﬂ@rge&pﬁrﬂ_iﬁ@tcmépbfcaupl ed
to each of -the ural ity ata heads. the nethod conpri sing: .

~ si nul t aneousl| Pﬁ‘@ﬂﬁ?‘ibh’i ﬁ% rﬁﬂf"éfﬁfrﬁs oPtt A& rﬁ%ﬁ’%’ab?ﬁ%gg?'gcbé%édaoﬁltsﬁe
enbedded servadribe; mtheosurfassh haviegpembeddesurdean t infonmatlion
position of the pl lity d ead at i ¥g..t he i ng di sc
surfaces to pﬁgﬁg'égg'plqu it?ag gdatgr%g%hs gﬁf%%%%e f%ﬁ?gﬁﬁgﬁggne%us
dat a transfer mituoagtuasoricoppdesd itoy afch 9f ddhe phurality ofhdakst hod

of claim1l V\heﬁ%&?y fHbt ARl )éoa%ritirégj,{g:ng conprises: controlling

position of each of "the B or 3t abously contiolling ‘Movemdat of the®
microactuators based on the embedded
servo information on each corresponding
surface to control position of the
plurality of data heads relative to the
corresponding disc surfaces to provide a
plurality of data paths suitable for
simultaneous data transfer relative to

the plurality of surfaces.

2. The method of claim 1 wherein simultaneously
controlling comprises:

' controlling position of each of the plurality
of data heads, relative to the
corresponding disc surfaces,'based on
movement of another of the plurality of
data heads.

3. The method of claim 2 wherein controlling

pésition comprises:

- 'controlling position of each of the plurality
of data  heads, relative to the
corresponding disc surfaces, to
accommodate for mechanical cross-
coupling between each of the plurality



-~ anot her of the'pl urality

correspondi ng di sc surfaces

of data heads. 3. met hod of claim 2 wherein controlling position
conpri sesworaai®R! | i ng p05| t [ o l!““‘ uﬁl“““lllluuﬁ!pl ural i ty ofpCTviz898/080364dS,
relative to the correspondi ces, t o accomodat e for
mechani cal cross- coupling between each of the pI urality WO 98/ 48412
PCT/ US98/ 08035 -28- of data heads and 1other of the plurality of data
heads. 4. - The net hod of cI al m 2 wherein controlling position

- conprises: controlling positi dalﬁg%h 19(1‘2 e th;gég%hgg qjaéa Ogags,

relative . to the correspon sur aces on. nmovenent _

plurality of other of the pl um#m(ﬁ&%d@aiﬁ A net hod of

transferriing information relative to a pl urality of surfaces of at |east '

one disc in a disc drive,_the surf ces hg}(alg enbedded, servo information
I

thereon, the néthod conpring ngethe vﬂzﬁ n fr aFRevedr eenE¥ebiingdeach

dat a head corr peppatdiony dompicedf: t he pl urallty of surfaces, for witing
information to the surfacestan r.eadi ng .inforr t|on fr m.t eiurfi\ Es;
si nul taneously posi ti oniSP§-%&; n%P"%“‘ﬁé‘oﬁ'l 9FaPRED OF tht PHEERLIFY ative
to the correspondl ng surfacesf daitiag hehdsenbe:ielbdtiseevo taf or vhei on;

and | corresponding disc surfaces, based on
movement of a plurality of other of the

plurality of data heads.

5. A meéthod of transferring information relative
to a plurality of surfaces of at least one disc in a
disc drive, the surfaces having embedded servo
information thereon, the method comprising: _
providing a plurality of data heads, each
data head corresponding to one of the
plurality of surfaces, for writing
information to the surfaces and reading
information from the surfaces;
simultaneously positioning each of the
plurality of data heads relative to the
corresponding surfaces using the
embedded servo information; and
simultaneously = transferring information
relative to the corresponding surfaces
using the plurality of data heads.

6. The method of claim 5 wherein the disc drive
includes a plural ity of microactuaitors . one
microactuator operably coupled to a corresponding one of:
the plurality of data heads, and wherein simultaneously
positioning each of the plurality of data heads
comprises:



" si mul t aneous| y transferring - Hg' l | , | atj ve to the corresponding
surfaces using the plurality of ﬂﬁmiﬂm ﬂwﬂ" ~ The claim5
"wher ei n WQ&8/@4d2Z drive includes, & ¢ pi O ,Qf m gﬁ%@g'g o?s,

one mcroactuator operably coupled to a correspondiing one of the plurality
of data heads, and wherein sinultaneously positioning each of the plurality
of data heads conpri ses: WO 98/ 48412229- controlling the mcroactuators
to nmove the correspondi ng data _heads based on the servo infornmation on the

correspondi ng surfaces. cpatrolling.the FIFroRGUALRES wher dMAVeorti%I | i ng

the m croactuators conprises.co¥ddpundiigy t Aatal dexndd ubheed tonnie t he
correspondi ng data heads based on npvenent of at | t one_other qaf the

- .
data heads. 8. The net RRFYS tHEAPHPRE Iér@f’het[qieé GPEECFPPIE L udes

a coarse actuator coarsely paigfiamresig the plurality of data heads relative
to the correspondi ng surfaces, and wherein controlling the mcroactuators
conprises: controlling the microactuators to nove the correspondin dat a
heads based 7on rel ati e pesihachef cdpim Rewhesgisecaptugidddnshdheach of

the plural ity gf Hm.choatiial Usipses:  The method of claim8 wherein
controlling thé mcroactuators &)ITDI’I ses: sensing the relative gosi tions of
the coarse controlling the microactuators to move the

. corresponding data heads based on
movement of at least ornie other of the
data heads.

8. ‘The method of claim 6 wherein the disc drive

includes a coarse actuator coarsely positioning the

plurality of data heads relative to the corresponding

surfaces, and wherein controlling the microactuators
comprises:

contreolling the microactuators to move the

corres'po_ndi.ng data heads based on

relative positions of the coarse

actuator and each of the plurality of

microactuators.

9. The method of claim 8 wherein controlling the

microactuators comprises:
sensing the relative positions of the coarse
actuator and each of the plurality of

microactuators.

10. .The_ method of claim 6 wherein simultaneously
transferring information comprises:
simultaneously writing information to tracks
on the corresponding surfaces using the
 plurality of data heads. .



act uator and each of the plurality of microactuators. The net hod
of claim6 wherein sinmultaneousl M”“ ﬁl’ ormat | on conprises: '
si mul t aneQupdduasa ting infornati ” muuuﬂrmm\e COT I es PeEfUSeB/03035, aces
using the plurality of data heads.” °© Wb 98/4841%

PCT/ US98/ 08635 -30- 11. The met hod of claim6 wherein sinultaneously

transferring information conprises: similggneously reading information
fromtracks on the corresponding surfaces using the plurality of data

heads_. 12. 11.A nethede abthoBeddedliaan 5 ﬁﬁmi&féirﬂﬁltahébﬁﬁﬁl'}ﬂn
.relative to a Iuralglﬁ#}of di c surf.aces of at |east one disc in a disc

drive, the met hb82€ Son g2 Bﬁg‘iaﬁl&ﬂ P95 ° data head over a first
track on a first disc susiacdtahegusliyng setdingansiafowmalicke fifrwim dat a

head relative to the first- tr% ?ﬁeg tgg f%ﬁgt Q&é? gg{ﬁgﬁ dg{l&_%c%aéa

transfer to the first track .on first drsc sur poSFtioning a second-
data head over a first track wsiangsédenglairsd iy foft cdatbachesdsr
‘positioning the second data head, beginning data transfer with the second
data head relative to the first track on the second_disc surface. 13.

The method of &Raim 12 ahd fuUethed codfri Feguenkialdy posranghepxainse

first data headormByita rehacipkutal alYluphlidyt 8f H€3dSsurfaces of
at least one disc in a disc drive, the method
comprising:
.positioning a first data head over a first
track on a first disc surface;
beginning data transfer with the first data
head relatlve to the first -track on the
first disc surface;
during daté transfer to the first track on
the first disc surface, positioning a
second data head over a first track on a
second disc surface; and _
after positioning the second data head,.
beginning data transfer with the second
data head relative to the first track on
the second disc surface..

13. The method of claim 12 and further comprising:
| - before positioning the £first data head,
moving the plurality of data heads
relative to the disc surfaces with a
main actuator based on a position of the

first track on the first disc surface;

and |

after positioning the second data head,
adjusting positioning of the main
actuator based on a position of the



relative to the disc surfaces with a main actuator based on a position of
the first track on the first disc s II p03|t|on|n t he second
dat a head, WR#8{#84%2ng positi oni ng ofH' mm"mﬁumlmu “based RSI/HS9$H8035; on
of the WD 98/48412 -31- first datd head - arfd & pdsition of the second
data head. 14. The nmet hod of claim 13 wherein beginning data transfer
with the second data head conprises: begi nBlmg data transfer with %he
second data head after data transfer to the first track on ,the first disc
surface is conpleted. 15. = finge fatfocherdcpadna Pagatien Rf the

conprising: during data transfegedbhl Hheas@eadl data head, positioning a
subsequent data head over a desired track on a correspondlng di sc surface;

and after data transfer to the first track on the second disc surface "is
conpl eted, begin@i.ng dat aI‘hé ridched ofvi dhaimhes Sutbenqmrbeghﬁnlhgadata

relative to the desired tr n the corr U ce.

The nethod of - c/&H3R %Tan‘ﬂla‘f roll"\ rSESRBP\ ?13%3 q}eé%&g%osft(?ﬁxfllép)% i’tlonl ng next
subsequent data heads reeginning data tweasifer width dthe esponddndagiasc
surfaces, during data transfer yith %rfq.yézouaaggt G a8 apd kagd N RGedat a

transfer wth the next
track on the first disc surface is

completed.

15, The method of claim 13 and further comprising:
during data transfer with the second data
head, pésitioning a subsequent data head
over a desired track on a corresponding
disc surface; and
after data transfer to the first track on the
second disc surface. is completed,
beginning data transfer with the
subsequent data head relative to the
desired track on the corresponding disc
surface.

16. The method of.claim 15 and further comprising:
repeatedly positioning next subsequent data
heads relative to tracks on
corresponding .disc' surfaces, during data
transfer with previous data heads, and
beginning data transfer with the next
subsequent data heads after data
transfer relative to the tracks on the
corresponding disc surfaces has been
completed by previous data heads.

SUBSTITUTE SHEET (RULE 26)
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subsequent data heads after data transfer ive to the tracks on the

correspondi ng disc surfaces has I"Hm, previ ous data heads.

VD 98/ 4840G sisar2 c@ [Im CT/ US98/ Ref@Besrtss 17
The method of claim 13 wherein the fifrst t¥a the first disc surface is
ina first cylinder, and wherein positioning a second data head conprises:"’
posi tioning the second data head over a_tmack in a second cylinder during

data transfer with the first data head relative to the first track in

the first cylipger. 18. The medh6d Bk Rad f 19! ﬁh@r&@naﬂﬁefﬁifggtrack
conpri sing: providi ng first and second . m ¢roact uat Qr assogl1 lated wth the

first and secd® EBeafhEsls 1|S€spﬁé€t'ﬁavf'e? Y18 atB fh&r&s; IMdBT ng@hEhe

second data Wmdemnjsdssseioﬁeﬁgt aoaewd&aat@m&mﬂmmlem th the
second M croactuator.

ste |nag drlvehwnﬂ
plurality of data heads Bﬂﬂlté"ﬁf"ﬂgaf: ys F°8 s@358r °v350ﬂ gﬁ?ﬁ head
bei.ng associated with a disc dnrface, sebender\ayhmleam cdupm.m ngdaaacoarse
actuator, coupled to the pl ur@%hﬁ&f@f\: dq;iq._lpeagﬁet OfEQ'P'tt | udde R H{ial ity

of data heads relative to the drsc surface m croactuat or assocra
with each data head; and a nuelRpive hputhe ﬁﬂrﬁtpﬁ-ﬁa@lﬁtpﬁtthﬁl\lfwtservo
control l'er providing an outpugy3igagh . to each.of the mcroactuators to

- 18. The method of claim 13 and further comprising: '
providing first and second microactuator
associated with the first and second
data heads, reépectively, and wherein
positioning the second data head
comprises positioning the second data

head with the second microactuator.

19. A servo system in a disc drive having a
plural:.ty of data heads and- a plurality of disc
surfaces, each. data head being associated with a disc
surface, the servo system compr:n.s:Lng
a coarse actuator, coupled to the plurallty
. of data heads to position the plurality
of data ‘heads relative to the disc
surfaces; '
a microactuator associated with each data
head; and
a multiple-input, multiple-output (MIMO.)'
servo controller providing an output
signal to each of the microactuators to
control position of the associated data
heads by actuation of the
microactuators.

SUBST,]TUTE SHEET (RULE 26) .



~ e
control position of the associated data heads y: actuation of

}32% SSSEW%E 20. Yo 98! 4841’"“"”“"'"‘1 muum cl ai m 1PGHEPA80Ie M MO

servo controller conprises: a centrali z&d, " notlel* based servo controller.

21. : The system of claim 19 wherein the MM control ler is coupled. to
t he coarse actuator and provi des an outp@®3-signal to the coarse &ctuator to
cont rol p05|t|on of t he gl urality of data heads based on actuation of the -
coarse actuat #0- heTReryps6¥Atem efarhain WhcvheneinetheMAINGY vo

controller is g@ft%g@éﬁgrbmggnbbﬂprﬁ@gstlon of each of the mcroactuators
based, at |east in part, on npvegent of “@%&0%@&% the m croactuators. 23.
3

The system of claim 19 wheFERRT FIF%EVO | ORBRPL 4B ed t O
si mul t aneously position the plurality of data heads over sel ect ed tracks on
t he corresponding di sc syrfaces., 24. ste cl aj rein
the M MO ser\'/gi:gbnt roll ejlﬁ‘Fs %%ﬁ??@ur%% c(}apz& ?‘?éon E&fﬁl& H?g ﬁ)@l ity
of data heads ¢m’er.oblrpri sinsa coupledoutosetpent ¢eargeat aact'aatbrr andween
the data headsp%g:.&é& E’gﬂg' g H=3C 84" kaee cogése actua @sl% gystem

of claim 19 rein: roactuators provide an output I on

si gnal s i ndi c@PRErel BP%%J-?Ildhf dihe Iﬁ-‘ﬂ@d&l&l@d@&ﬁahﬁééés aged @Rerein

~ the M MO servoa@etsieieh b £BBf cdarded bete@togxdl the microactuators to
position the data heads-based on the output position signals. :

22. The system of claim 19 wherein the MIMO servo
controller is configured to control position of each of
the microactuators based, at least in part, on movement
of another of the microactuators.

23. The system of claim 13 wherein the MIMO servo
controller is configured to simultaneously position the
plurality of data heads over selected tracks on the
corresponding disc surfaces. '

24. The system of claim 19 wherein the MIMO servo
controller is configured to position each of the
plurality of data ‘heads to accomplish a continuous
sequential data transfer between the data heads and the
corresponding disc surfaces.

25. The system of c¢laim 19 wherein the
microactuators provide an output position signals
indicati\'re.of a position of the associated data heads,
and wherein the MIMO servo actuator is configured to
control the microactuators to position the data heads
based on the output position signals. '
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WO 98/ 48412 - .-PCT/ US98/ 08035 -34- 26.
The system of claim?21 and fumipl urality of relative

e cach o the orural ity of oHANMEMIMMENELME S oo cpsmnagarat e

position of the associated m croactuator "refative to the coarse actuator,
the M MO servo controller being confi gur_gq_t o control position of*the
plurality of data heads based on the™relative positions sensed.

26. The system of claim 21 and further comprising:
a plurality of relative position sensors, one
- relative position sensor being
associated with each of the plurality of
microactuators and sensing a relative
position of the associated microactuator
relative to the coarse actuator, the
MIMO sexvo. cdnt_:rollér being éonfigured
to control position of the plurality of
data heads based  on the relative
positions sensed. |
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