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(57) Abstract: According to one embodiment of the present invention, a fly height of a read/write head in a disc drive is actively
<. controlled as the read/write head is positioned over a rotating disc with a patterned media. The patterned media includes ridges and
- grooves in servo wedges in the patterned media. According to another embodiment of the present invention, an estimated fly height
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difference across a piezoelectric layer joining the read/write head to a slider to move the read/write head relative to the slider and
B adjust the fly height of the read/write head. According to another embodiment of the present invention, a map of ridges and grooves
in the patierned media is generated and the fly height of the read/write head is actively controlled based on information in the map.



5 Field of the Invention The present invention relates to the field)diAY 2004
disc drive data storage devices. Mre particularly, this invention

rel ates towbloy4hizad ght control for a read/wite head oveoT/ysebAaessned nedi a.
10 Background of the Invention An inportant device in any conputer system
is a data storage device. Conputer systens have nmany different places
where data can be stored. One place for storing massive anounts of data
and instructions is a disc drive. The disc drive has one or nore discs,
each with two surfaces on which data is stored. 15 The surfaces are coated
with a ferro-magnetic nediumw th regions that are nagnetized in
alternate directions to store the data and instructions. The coated
surfaces are conputer-readabl e nmedi a hol di ng conput er-readabl e data and
conput er -r eadabl e aldl YCREHCHECONEROLAVER PASITTERNED MEDIEhe di scs are
mounted onga hub of a spindle notor for rotation at an approximately
constant high speed 20 during the operation of the disc drive. An actuator
assenbly in the disc drive novd&ieldeigthelnventiolmansducers, al so called

read/ wite heads, ' - 1] f:ve he discs while the

di scs are rot ati'ng?& n%re}éﬁqg%tn {rléilgrg&{egfbﬁ%ﬁqé ghli’és? dﬁlgvgggt? gtora\%?i te data to and
read data frodevi¢es. Mo perticulagyghis irventiop acldtes to tfly height®ntréddforss and
instructions ' ediyg of one or both of the surfaces of
each 25 di sc. §J€[Iaﬁ/é’@ %egﬁla{rl‘?\%&g?eso |f%bl udes circuitry for encodi ng data and
instructiodls witten to the gpunddf nveptionli ng data and instructions

read fromthe nedi g, . ] ' t. operations of the
di sc drive, such a‘gnW@ﬁ%ﬁ&%&?%@%ﬁf%ﬁﬂ&u&gﬁ%ﬁlIﬁﬁc ‘E‘aﬁ%%"f‘%vé‘i"'ructi ons or
data read froffempetenyystems have knanp differcetpiess whxge doapantbe stosedd Qnecei vi ng dat a

or 1 nf or Mt i 0Bi{d AL FEAYEShONE of dfla SATRUAEEd 82 Y JBOghe the medi a.

I nformation representative o Iastructions 1s sto in tracks in
the nedia. | disadnine hds ens aimiopediscs) eaftowittatwosnrfaces e whickl datmisatonadl t i plicity

of concentyd C i I i h . disg..ln other disc
drives, in 5or rrrrgﬁug%&%sg{ez&%t%@h 5%8&%%%’%f%$g&ﬁg8§ Y3%05 2 stored in
a singl e trackagietizedfinpitgnate dirsations trosiere gpidataland instrdveiomse dihacaatedeach di sc.

surfaces are computer-readable media holding computer-readable data and

computer-readable and computer-executable instructions. The discs are mounted
on a hub of a spindle motor for rotation at an approximately constant high speed

20  during the operation of the disc drive. An actuator assembly in the disc drive
moves magnetic transducers, also called read/write heads, to various locations
relative to the discs while the discs are rotating, and electrical circuitry is used to
write data to and read data from the media through the read/write heads. Data
and instructions are stored in the media of one or both of the surfaces of each

25 disc. The disc drive also includes circuitry for encoding data and instructions
written to the media and for decoding data and instructions read from the media.
A microprocessor controls most operations of the disc drive, such as transmitting
information including instructions or data read from the media back to a
requesting computer and receiving data or information from the requesting

30 computer for writing to the media.

Information representative of data or instructions is stored in tracks in the

media. In some disc drives, information is stored in a multiplicity of concentric

circular tracks in the media on each disc. In other disc drives, information is



Aread/wite head is positioned over a track to wite information,to or
read information fromthe track. Once the operation is conplete, ZtﬂneMAY 20[]4

read/ writ ewgaadiizsay be controlled to nove to a new, tasg@bsebkRgK. tO
wite information to or read 5 information fromthe target track. The

novenent takes place in the following nodes. The read/wite head is noved
along an arc across the media of a disé in a seek node to position it
near the targe ack, The r e head is then positioned over the
target track d“h’l’?‘{fa azingle ragk @ﬁ%%ﬁp&}@%ﬁfépl@lpl@@eggpqa@a egch discacki ng node,

to read or wiA eaf/heitd REOIsPBificnad 5Pk @k 1B whiGinfodh @Rk t6 baede Servo 10
and a

i nformati on is ead. fromthe target. track by the read/wite head,

f eedback cont'F8 Fnaévgfrgﬁt{}%?aéf"n{)ﬂ@sth%opﬁ@gﬂ Y(?ﬂm@reﬁeo epd/iwafe bepdm t he servo
i nformati on. Inflay Hehentroelanmo\mdvfe@o Nea tdrget ftﬁdk tofwrite hfdrfratdn Bestdadion, it is
noved to a $ESI § over et trac onse to the

t ta
position ertor™8 g%ta‘igétéfffﬁ Hﬁ% nf takesp E&‘Itf“‘y" B¥REed on a

slider that i Sncmuppnretresd/me heb 15Irh@ved@bﬂ@irp£rc 268 Rl ivedialdta detivat or
assenbly is contro d totg)gsmlo wite, h ad over the medi a of

one of the di &K 110 Best r‘t’icg” tta%‘ﬁéaﬂkagéea’ea Eaﬁrlﬂli’ﬁ“supported by
an arm The ampostiéredohe tieatrgetiatk (&ﬁ‘ﬁl@ﬁ%@k a&fd&ondvoinaaeabisvcmalat ed to an

act uat or shaft t hr ou bear re rotated about the actuator shaft
by a voice coi'*® W‘Bgyef ﬁiﬁif’é%ﬁ%tg?g’gmﬁ‘%%m Hetrach eSS a. 20 The
bearings aml tifernaion itresd fﬁ)lﬂaﬁhé tabgeetratk 9 mabdd%tahwdvmdafmeac\koi ce coil

notor includes a vo ce nmounted to the ator a senblryégpposi te to

the arns. Thé&° ’?}501(%” ‘?el eni“ﬁ"’? HRRSHIOB L ena °d?1 SEVY eyrHpatie array of

per manent magmieisad/pritaed lﬁﬁhtaﬁzeﬁﬁ'reét@oilﬁ@l aa$ matedito @a&abPpsitiohhe feedback
control system ap IFI ies . current to toz% voice cqil in a first direction to

generate an eP¥TtICAEETELK 1 rpiPapsy (owe PosIonieHPEYERl s with t he magnet i ¢

field of the magneEsh raamvrlmh@amypleamymécatehenaemﬂeltaﬂ i€ sippeht&ivyappl i es a
torque to He VOoi ce cOi ot ate the tuat or .a sen‘olé/lqj about the pivot,

and the ac alﬂl?rac%tgé?‘?ﬁ?"@}’thf' hrié‘ﬁt@?t«g’iaéfe ¥ 1§ coriteled ReosilionGrite head to a

new posi ti on. rekbivritelead acd tiemnddiaadf ofy/ itk distay Eidaeider pdttdchedig £nt to the
voice coil in a dlrectloné)1 osite.to the first dlreg_&)’on to apply an

opposi te 30 t &P GRNGURROSed DY anAmg, The i the aepalorgsEBRINES t or que may be

used to decel estabigy niob.eecmataua&morasaemugh aadnmutateqatafebabdueaﬁ/ write head
over a target track

the actuator ASWHYBPER %]y ‘élo’g ;"'é’?%ﬁé)‘["g%g‘}‘?{%q{wny% Srgbm?g goeeierate

20 The bearings and the actuator shaft are also called a pivot. The voice coil motor
includes a voice coil mounted to the actuator assembly opposite to the arms.
The voice coil is immersed in a magnetic field of an array of permanent magnets
placed adjacent to the actuator assembly. The feedback control system applies
current to the voice coil in a first direction to generate an electromagnetic field

25 that interacts with the magnetic field of the magnets. The interaction of the
magnetic fields applies a torque to the voice coil to rotate the actuator assembly
about the pivot, and the actuator assembly is accelerated to move the read/write
head to a new position. The feedback control system may then apply current to
the voice coil in a direction opposite to the first direction to apply an opposite

30 torque on the actuator assembly. The opposite torque may be used to decelerate
the actuator assembly and position the read/write head over a target track. The
opposite torque may also be used to accelerate the actuator assembly to a

different position.



WO 01/41132 PCTI USOQ 42505 3 Each slider is a small ceramac %&50@41
flies over the nedia of one of the discs. Wen the disc q r flow
is induce the slider and the nedia, causing re which
lifts thed‘gl i %{er away fromthe nedia. The slider has ?rf{éll%&%g%ri ng
surface that is aerodynamcally shaped to give the slider 5 1ift when air
flows between the slider and the nedial The |oad spring, described above,
produces a force on the slider directed toward the nedia. The forces on
the slider equili bFasha&liderisie sl ceramic bigck ghat lips oves thevmediarofenaefdi a at a

nom nal fly bRidgbs.. wﬁéhethéhiﬁcJmtéafumﬂc&}ﬁ%dﬁ@éd'beaveeﬁﬁe%ﬁ&b?%d&é a distance
between the slider and .the nedia, and is a neasure of an anpunt of air

avail abl e to M9Piarcausingqis presspre which lifig thsshider Avarsizom fheancgia. (The sl i der as it

i's aerodynam gialet Has%idﬁii’@édri% SEYRE thhh@aé?@c@hﬁmcalmaﬂehl(o %i@é 91'3511&(‘ the slider
affectstheflﬁ hei g e read/ wite ad carri ed i der,

which is aZdi %E%a‘bg?%@rﬁ‘”?eﬁéh%é?r&n‘bﬁﬂnleﬁ’é Wd‘éﬂd\ﬁpil*!&adma@?d The fly

hei ght of t hea®waGroubdse HRaEN ﬁle@wedalbe%teawwthmaiayTuafofres8?1SO that the
read/ wite head js capable of readin ata from and witing data to, the

medi a. 15 Sevéﬁeallde&awﬂalsﬁteéucaﬁhaéeﬂﬁ S]ﬂ‘%éﬂ’FF gver e grrdiact a goginglfBr . For

exanpl e, fly hajmhirhe ﬂﬁhélﬁﬂ@%%@lléﬂ%leﬁraﬁw KaldisiRcOberReed tRCslia' R at | ons of
t he di sc caused by. the spi ndl e notor, and ro&ghness and defects in the

medi a. Fly hefh§mediagandjigpmegspreof é‘&iawnh“a\‘féf"i“ ledmintasact pith therasdy nani s of

the sli derlOdUBeahﬁ%ﬁh‘ﬁBQ@f&hé dlidert =3 1tQ§ &%&%ﬂl%ﬂyﬁﬁﬁbong@&‘eﬁ' emadtar i ng flight.
20 The nedi a nmay also affects the fly height of a

ed
slider and théh§ ﬂ&h%@t ghipe 5fdeéaffeé’é§7wyslﬁlﬁhh§dw rei“’rﬁWEGrﬁ’?@rﬁaﬁtﬁﬁ&b’ di scs

servo i nfor nakisider,ivhiod ik b iRRANRDeBlARN Ak Sre@fa alihe tadmRitS RN OTHEdgeS acr oss
t he nedi a. The bursts are used to determ ne a position of a read/wite

head rel ati vefly Beightof thegeagiyritg bgad shoyldbe appreximatelt unifgee spifatdhe ubst ant i al

amount of t heregaritiaRadfs chiaBlel¥e flading dita BH, dh@q}x'itlhgdﬁa Ul al amount of
time and egw pment to be witten info the  media. The bursts are being

repl aced pat t erSf¥erphyaripflesafgetaha fyeighpofiaslidert Fosexample; iy baighit i on. The

patterns are ghapaRa b?@@ufvhﬁl&eo? aldRE, rW(Qfatlo'ﬁs Bﬂﬁe &@Jéﬁ%ed‘b?@l%%m@fe the media
of a disc. The grooves and ges are formed during manuf act ur e of

the disc, andme@b&mrqu%@swéée%ﬁs ke media- Fly h@&httlwés%ﬁc@?%bid@) 30 As a

result, a greafiorfin@fe RfodyhlehiRSHR sT8F dREIoWARIed A ifS bAERatdAkAd O
i nstructl ons. Disc drives are being produced Wi th increasing track
densities angposition during flight.

20 The media may be patterned, and this also affects the fly height of a
slider and the fly height of aread/write head. In conventional discs servo
information is written as signals or bursts in servo wedges across the media. The
bursts are used to determine a position of a read/write head relative to a track in
the media. The bursts occupy a substantial amount of the surface of the media,

25 and require a substantial amount of time and equipment to be written into the
media. The bursts are being replaced by patterns in the media that represent
servo information. The patterns are grooves and ridges formed in the servo
wedges of the media of a disc. The grooves and ridges are formed during the
manufacture of the disc, and occupy less area on the media than the bursts do.

30 As aresult, a greater area of the media may be used to store data or instructions.

Disc drives are being produced with increasing track densities and
decreasing access times. A read/write head must fly over the media of a disc as

closely as possible to read data and instructions from or write data and



decreasing access tines. Aread/wite head nust fly ovezrutstﬂﬁynma of a
disc as closely as possible to read data and instructi r-wite
data and 1wo oMi32004 WO 01/41132 PCT/ USOQ 42505 4 i nstramtsonasost o t racks
that are closely spaced in the nedia. The patterns in the nedia abruptly
change the fly height of a slider as it flies over one of the servo
wedges, and therefore disturb the fly height of the read/wite head in the

slider. The qhs?ﬁ&f&ﬁ@% ckg"tﬁﬁ c%elryg acP(Pﬁl%%;prh%dl& TRLa@dn SRy 1 reading

fromor witing to ever a S hav 2en nede to inprove
the control t Heediy a,bmv@yghmgwﬂw ﬂy hﬂelatdvf aslidepasitflids ovEhend af éiet sspypi ng whi ch

forces the sI 'Mgﬁt%ﬁgefm%qu‘?@ §h ggﬁ %%Mgggdtn?the@h&e ence fly

hei ght, and the the s inan attenpt to
improve its aéﬁ’ﬂedvm@nﬂe@ncrmmh@posmhwneof@ﬁ exrpran efafliog fromhrawaititi@to esul t ed i n
a suitable solgyi,Qp,to the problenms nentioned above. There renmains a need
for a systemto control the fly height of a read/wite head to allow it to
read data from or Seyeral effetsthave hyew madecth ymprpecctbelcantrabthe fly heightpéia t er ned

medi a. Summar %fTag vr]x'{tpﬁ ahn’fﬁtpl%iacp%riﬁ‘g ﬂ'fcﬂgestﬂ% sﬂﬁ SR 'E?e'afaéx% the present

i nventi on, er ght inadiscdrive is
actively cont |’09¢I1 degigngs te H@UF@atﬂb'\}wghteaﬂdémhﬁl@ Of[ﬂwssildﬁrr(bn%btemvhﬁreda rotating

disc with a pafLpi tmﬁhl%vﬁ RILAREDSRWITL] fone bRE PAGR Hl¢l9es and

grooves in servo wedges | er ned ccordi ng o0 anot her
enbodi nent 1&f YQSH}éC(bﬂ%@f?blelsﬁkV@m fpéhv pr@memesrmmn@ohbww Thetegémainga t he

read/wite head.d s, %_ﬁ}mﬂlrtggon\f‘l’oi Jﬂeﬁ ‘ﬂﬁﬁlﬁt o?grga%rllgﬂeg@f alllgwghetp ﬂt € a

control 20 signal. control I's use

di fference acdagdrom Orp‘fréizdﬁéaTe@tQS¢IESnaa@etraC](ajnmpn@ermddenqdead/vvr| te head to a

slider to nove the read/wite g v Rl V&:foﬂ the slider and adjust the

fly height of the read/wite hea anot her enbodi nent of the
present invention, Agcordipg iofone ﬁrﬂ‘gldsn%mdfthgprswblmffnﬁom,hé]mghmfmed media is

generated and, gi%vrfté Neall & SA1Lc d?fveEJ‘a%u e‘i’}a&yn%hekgvﬁé rBAAttk Fea@‘f{ ' ‘ée' y

controll ed based on information in ant ageous
enbodi nent s opowmlefbﬂ&emtatmg\ﬂmwﬂmppﬂ@mddaedﬁaarThamtthWIacont rol of the

f1y heionht of idi/oBaiasl hiuGrdlBlin QUG6 wealt B REHTREL Aeli@ Abdoiihe 't 10 T ead

data fromor wite osel'y spaced y hei ght
to another embodiment of the present invention, an estimated fly height of the

read/write head is compared with a desired fly height to generate a control
20 signal. The control signal is used to apply a voltage difference across a
piezoelectric layer joining the read/write head to a slider to move the read/write
head relative to the slider and adjust the fly height of the read/write head.
According to another embodiment of the present invention, a map of ridges and
grooves in the patterned media is generated and the fly height of the read/write
25 head is actively controlled based on information in the map.

Advantageously, the embodiments of the present invention provide for an
active control of the fly height of a read/write head over patterned media to allow
it to read data from or write data to closely spaced tracks. The active fly height
control provides improved response to abrupt changes in the air flow boundary

30 condition of an air bearing surface of a slider carrying the read/write head by
moving the read/write head relative to the slider. The read/write head has a low
mass relative to the slider and therefore a high resonant frequency which allows

for a quick compensation of its fly height in response to the patterned media.



control provides inproved response to abrupt changes inzéﬁemai T iow
boundary 30 condition of an air bearing surface of a sl i«der éhrﬁ’_jg_‘ng t he
read/ witewbeagiikyy noving the read/wite head rel ati vepdrausobesesl | der. The
read/ wite head has a low mass relative to the slider and therefore a

hi gh resonant frequency which all ows or a quick conpensation of its fly
hei ght in response to the patterned ia. WO 01/41132 5 20 MAY 2004.

PCT/ USOQ 42505, The flv..capabi l.ity of the slider i. i ntai ned by all ow ng
its fly hei gh?h? Qy %%?S%b‘@“? eis’l%er?(?df}?%m?%be‘/ PieKineiB P awbla et 3¢ to t he
slider to nmi whé¢ moving theagelyirite bead rdlmivg ertbe dider ta musredin fits capabllityr i t € si gnal .
The enbodi nents _of the esent .invention .help to_.preseryve the sensitivity
of the read/ vv%ol%eé’er téagdl,s lenr %évﬂ%tgflé%atl'i Jgfel "P@Hﬁ&‘é&f@‘eaﬁvﬂﬁf%‘%&}nt act

bet ween t he r beptopredeeschisasdnsitivity tofithe paat weitatedd, redl substantBilly @édubgscr i pt i on of
the Draw n Figure | is.an exploded view of disc driye according to an
enbodi nent %Zf it aé]te%ﬁro Ié%%r}?te t“ieﬁvgﬁfelag/ﬁfnyeﬁe&%?ng tg} I?aételge‘?lgf) i ew of a disc and
an actuator assenbly accor dBnigf Desceiptio pDooingsnt of t he present
invention. Figure 3 is a. cross-sectional view of a disc accarding to an -
enbodi et of F{EHE ip PRl RRRRTF BB glioitheto el s SindRE e Vi ew of a
slider and a di sc mesntridventiort. 0 an enbodi nent of the present invention. 15
Figure 5 is agcr -sect j.on i ew | ider,.according to an enbodi nment
of the presoRE e AEROIEV R agtic @8] g b SRR OSSR BB b o of "o ol | der
accordi ng 0o an endmdebdiment ofalie présent ipreaS@nt i nvention. Figure 7 is a top
view of a sli ccording to od] . the pr t .20 invention.
Figure 8 is aggprocé(]ggfré’asf%ﬁ?ogf la‘gevggzﬁ ﬁ%@%&%ﬁ%%ap(?@g&?\% 0; théaont rol a fly
hei ght of a read/mesettanveatich.accordi ng to an enbodi nent of the present
invention. Frgure .9 is a flow chart.. of pet hod .for activel ontrol ling
2THy hergne RS piuites b d iod s % §0GRie BERmRRmel 1 e

present inventi on.ofthe present invention.

15 Figure 5 is a cross-sectional view of a slider according to an embodiment of the
present invention.
Figure 6 is a cross-sectional view of a slider according to an embodiment of the
present invention.
Figure 7 is a top view of a slider according to an embodiment of the present
20 invention.
Figure 8 is a block diagram of a control system to actively control a fly height of
a read/write head according to an embodiment of the present invention.
Figure 9 is a flow chart of a method for actively controlling a fly height of a
read/write head according to an embodiment of the present invention.
25 Figure 10 is a block diagram of a disc drive according to an embodiment of the
present invention.
Figure 11 is a block diagram of an information handling system according to an
embodiment of the present invention.
Description of the Preferred Fmbodiment
30 In the following detailed description of exemplary embodiments of the
present invention, reference is made to the accompanying drawings which form a
part hereof, and in which are shown by way of illustration specific exemplary

embodiments in which the present invention may be practiced. These



25 Figure 10 is a block diagramof a disc drive according to an enbodi nent
of the present invention. Figure I | is a block di agrqmﬂ)fm;anw[}'lf ormation
handl i ng sysbmnaaccording to an enbodi ment of the prepenusionysest i on.
Description of the Preferred Enbodiment 30 In the follow ng detailed
description of exenplary enbodi ments of the present invention, reference
Is made to the acconpanyi ng draw ngs ich forma part hereof, and in

whi ch are sho S cifli od| ments in
whi ch the pr eéﬁehﬁ |¥1}@%?1 E%Sﬁllldr?g &%&‘ﬁm&g ?ﬁ)ﬁo %tggsgnage({)%/t%l% 6 2 0 ki
2004 ' PCT/ Usmmzmrmm::nmm mdatletqjlaamdtrhtemﬂ that oshcf émlmdanctntsdet ail to
enabl e t hose r ti,c JHe I nvention, and it
is to be unde?lis%' %ﬂéﬁg?&ﬂﬁt% fogh, d‘Pnﬁgglt%leC?map °t {f aP%'aéglaé{rl?ﬁ t hat

| ogi cal , nmechmadcwaithouedepeatting Erain tba’nﬂlrmbhabpa:dfahagnsemtmyvebmn. Mbele wi t hout
departing fro 0 nt . tion. The 5

fol |l ow ng et g&“fjaglgd%sa g%&de? Jngﬁgn geth?rﬁ%);eé %?Oebe e "E oy%&mtgzi?(ngﬁ in a

i mting sensad thaswdpe (bfehdspr@qsm infentidnas pcfesénmlybylﬂemtalm Inghedef i ned only by
the clains. | si | ments.retain the
sane referencicgoutﬁ&t}ﬁl deﬁ:n%:?é’x‘{ gg’ﬂg’g&%geé‘g r%t? g’ﬂfe Samf V' erﬁi‘f‘?egum 6 |f°r¥ents of the
present i nvenpurpssesiefdarithed i n th| s application 10 are usef ul with all
types of disc dri I . medi a
storage drives, t\;@%e rbg(\ﬁl\/lengl(&E Q%pﬁe%ﬁglwegﬁng{ h%gr%uedﬂtﬂﬁ%gé%gﬁoded view of a
di sc dri ve1010®reMseflslrvathrallltyper@rhsoelriizeambldhi'gmgdtd@cdnvamdmvm,nt of the

present inve nel u se 112 and
a cover 114. %g%r%pgll‘%éﬁ%ngm é(;svaengdq%fhy ?(g)crér%?'gs d"@%‘@ﬁ% ‘(’)lg‘ﬁ'ro gg

act uat or assedibd §rive 180 isshdn indtigurabhogomingrie ademtmdamenteft thapresens haf t 120,

and the actua h S . i ctuat or
assenbly 118 tn%qu% althe d%s%gn Hq@%&ﬂd‘?g%g@gnp glag?algg%ﬁp%ér%zg?\?? $1€f arns 123. A
| oad spring 17Phe hase hmaadh@(strtm femcindiss enclb28e. Ahectiadardissesply lgss 124 are
al so ref erlSGdroEa?a m l&jn%%ﬁn ’torsllla?txll‘i'be tl?eacl gt%gs Rq i m'%u yder .126 'S
attached t'0 an en c? 12 Rd e o? gcarrlesa
20 read/ wi tetohmlmhsel_BR TEmctuatpk asdembljtzﬁ nnsluxssrmmb llkestemrttme d#flaock which is
passed

plurality of arms 123. A load spring 124 is attached to each arm 123. The load
springs 124 are also referred to as suspensions, flexures, or load beams. A slider
126 is attached to an end of each load spring 124, and each slider 126 carries a

20 read/wi'it_e head 128. Each slider 126 is a small ceramic block which is passed
over one of several discs 134.

The discs 134 each have two surfaces, and information is stored on one
or both of the surfaces. The surfaces are coated with a magnetizable medium
that is magnetized in alternate directions to store the information. The surfaces

25  are computer-readable media holding the information including computer-
readable data and computer-readable and computer-executable instructions. The
information is arranged in tracks in the media of the discs 134, The discs 134
are mounted on a hub 136 of a spindle motor (not shown) for rotation at an
approximately constant high speed. Each slider 126 is moved over the media of

30 one of the discs 134 by the actuator assembly 118 as the discs 134 rotate so that
the read/write head 128 may read information from or write information to the
surface of the disc 134. The embodiments of the present invention described

herein are equally applicable to disc drives which have a plurality of discs or a



over one of several discs 134. The discs 134 each have two surfaces, and
information is stored on one or both of the surfaces. Thg MAY f2gpes are
coated W t{oaypmeneti zabl e medium that is magnetized iprTadsh@s296t €
directions to store the information. The surfaces 25 are conputer-readable
medi a hol ding the information including conputer- readable data and
conput er - r eadabl e and corrputer-executa |l e instructions. The information
is arranged i

n. t he ne scs 134. The discs 134 are
nmounted on a ﬁﬂﬁfe%?é a%‘?cg?;l& KR 8 Q((?‘h(gfc @WBW)& ’Ppél?‘ﬁ‘? BPRES on at an
appr oxi nat el y whivhsitegithethingér atpb etlwitiiaate hsbl da¢ ekBiméenterecpresesy t he nedi a
of 30 one of the discs 1 a tor, a nb 118 .as t e discs 134
rotate so that®™ PR afee%%%\lr}ir"}p%;]éca %I&i"z‘%‘ "a\écg’d *ﬁ?ﬁ’r"ﬁéﬂt‘ﬂ Pomor wite
i nformation t(ﬁuﬂthﬂlmtﬁbﬂcbﬂ&ﬁtrﬁfcnéd]ﬁ teElsGn ﬂ43ﬁledf£f6€ea‘bmdﬁd,ldﬂ‘ﬁﬂdl§c of the

herein are l.icable to disc drives

pr esent |nv t| on. deg f*a& ggual

whi ch have a fivedr Mhigh grorgationdts sfored iRsgipgle dy ?53 €9 apa fARLNURYH 4

PCTI USOQO 42505p1&|1nghemdd156f@t:mdx€daed to a spindle notor, and to disc drives
wi th spindle notor i ch,ar i ther under. a in the hub. The
enbodi nent s of thegﬁpmﬁ%ﬁﬁﬁzgﬁsﬁ?/‘gﬁﬁ%w*ﬁ?déa‘éfd’f}%\?ﬁs g‘ﬁ)ﬁ%’égbl e to disc
drives in whi @bpdsmgcﬂsrmtfromnhe B)ad;‘s;ﬁrrngdu fording tlwkltdepizmbi/atd(ﬂfe mékentric
circular tracks,i.n the ned ﬁ eac rives in which

o omal i on oy SRttt TR gh B RS Sitnts Slins Sigude SaRts Rfe ritiRas " oni v ol
in the medit ofthedisbs B4 gidtingRedlided 120 @vayl 26m i nidiad Wuuld 4 beedi a of one

o e oo LSS BBRRARy, P SRS AR B G Sty ci 1 (e
the slider 12@pglisisied stifers 5 Havihg ot thddonetreaiv@itelheaa 328.3Forl i fting the
crbodi ment s 0PI BREEHT PR AR aLE S SRyt et BRA & y
appl i cabl e t orabingdats frd@Gnditasnd g secondhdal for vﬁhmg ﬂaacb( the hieélahﬁm:l 128 For
For " road ) HCAPRF B ARG APt SBRLRACHERIEST S MG BATn (o Che
media. MR 15 keads nmay have an additional heads used for other purposes
such as erasing t hE voigggcgila‘mo is mounted to the actuator assembly 118 opposite the
load springs 124 and the sliders 126. The voice coil 140 is immersed in a
magnetic field of a first permanent magnet 142 attached within the base 112,
20 and a second permanent magnet 144 attached to the cover 114. The permanent
magnets 142, 144, and the voice coil 140 are components of a voice coil motor
which is controlled to apply a torque to the actuator assembly 118 to rotate it
about the actuator shaft 120. Current is applied to the voice coil 140 in a first
direction to generate an electromagnetic field that interacts with the magnetic
25  field of the permanent magnets 142, 144. The interaction of the magnetic fields
applies a torque to the voice coil 140 to rotate the éctuator assembly 118 about
the actuator shaft 120, and the actuator assembly 118 is accelerated to move the
read/write head 128 to a new position. A current applied to the voice coil 140 in
a direction opposite to the first direction results in an opposite torque on the -
30 actuator assembly 118. The opposite torque may be used to decelerate the
actuator assembly 118 and position the read/write head 128 over a target track on
one of the discs 134. The opposite torque may also be used to accelerate the

actuator assembly 118 to a different position.



A voice coil 140 is nmounted to the actuator assenbly 118 opposite the

| oad springs 124 and the sliders 126. The voice coil 1402i% MAY20B4d in a
magneti c fWebdhiph a first permanent magnet. 142 attachegdrikéduabddst he base
112, 20 and a second pernanent nagnet 144 attached to the cover 114. The
per mmnent magnets 142, 144, and the voice coil 140 are conponents of a
voice coil notor which is controlled$o apply a torque to the actuator

assenbly 118 to raqtate it out the actuat.or shaft 12 Current is

applied to the voﬁé’@ dbs8flfwelﬁ)§ "?Cﬁlu“dgs ‘f‘ier"éFloredPtF%rétfafjlﬁcuftB?%‘i?éPlﬁ‘?e an

el ect r omagnet fochd dcalathr hdserhbly N1 &theakisa Aeditle tdbée 1620 TRE inCegriitedl | €l d of t he
ic fields

per manent nmagnet 2 44, e interactian of the. ne

applies a torﬂffgﬁi #%trﬂag’lt(?(ff"éple%&ﬁF?mrfLﬁ“.rteBt ip e ypice f%gﬁ@@f’ééﬁswm%ssenbl y 118

about t he acihuednehtslfidietacth@6), asgndlyt 8. At itAdgatedR el 69 malGlsos

accel erated to nove r ead i head 128 t0. a ne osjition. A current

appl i ed togt hes "\?85’18%&’2@? ’I’ea‘ﬁﬂﬂ(ewﬁadt @86‘? Eélfq%ﬁﬁ%fﬁrp‘ﬂg\"&{ggﬁﬁlgf’ﬂé" first

di recti on r estht tead/wnitelead p2ROshenenfoxmiatjoieis dBing heittatoahd medioon dssenbl y 118.
used to decelerate.the —actu assenbly 118

The opposite t.or be . t.or
and position lﬁcéqyggﬁﬁﬁefe VIR A PIOSESSEG 37 oag/ Wrily §jgnal geng dg’Pf % ne of the
di scs 134. Theadppedieid] 280vhegh forati@il is beiberetd o the maitdthadiecst he
act uat or assega[ry fléq% to a 8i ffer enth gosi idon. MO 1/41132 8 2 0 MAY 2004
PCT/ USOO 42505 *THeCE02tk @RI/ &Ys1dp M e ilrgried SHevits &rB’?%rei"ﬂi"‘e?jFVa?t ed circuits
160 coupl 4d informinénaeddfainothe asdie tvdugh HeGeddwite géada 128. eRiebl e cabl e 162.
The integrate ci,rcujts 160 .be coupled to copntrol current in the
vorce corl - 1abedatt PRl <R e At e de i Foffts SHesenbl y 118 The
i ntegrated ciinfoungtionl 6Ghemyd/ atiehehish28 aouplied coreect pitioaatéyaré t € head 128
in the slider_ 12 tf Oﬁvﬁrf\/i i ng a Zi %gl t.o the {eﬁd/ vvrtj te head 128 when
i nfoormati on i BOYSEI A IGRFPY ROSHIOF BV ALTBRS HPSK 1B FPSPITES odRERSPBETH N £ or
recei vi ng andsigiabcEhsdiregitsl 60adg/ivilude @ nicropratesgernatigitabslghyy the read/ wite
head 128 en i réf or m?t ieon i S, q%l prﬁg I. eea?o for g(r)?ot hre . rredif%gglns t h\? di scs 134.
A f eedback> c FHPFEOSY SREIhTHNRe TR MRHERES FoxrBEC PRl §40YS ecei ve servo
10 i nf or mat i ord0r Gaelintageatedtdirevityd dd may hisoingladd memoryaldyivesistch dseads 128. The
f eedback contI?QE[ st M rmnes, a itiaon _error. signal fromthe servo
i nformat i on. FHPRQN BEBRA fiolen g qlodizRonsnd plificaion T ect posi ti on.
they are - A top view of one of the discs 134 and the actuator assembly 118 of
Figure 1 is shown in Figure 2 according to an embodiment of the present
20 invention. The disc 134 rotates in a direction 206 and has a top surface that is
coated with a ‘magnetizable medium to form a computer-readable media 208.
Thousands of concentric circular tracks are arranged in the media 208, and
information is stored in each track. Six of the tracks, including an inner track
210, four intermediate tracks 212, 214, 216, and 218, and an outer track 220, are
25 shown spaced apart on the media 208. The read/write head 128 may be moved
from the outer track 220 to the inner track 210 with a rotation of the actuator
assembly 118 about the actuator shaft 120 by providing current to the voice coil
140 in a first direction. The read/write head 128 may be moved from the inner
track 210 to the outer track 220 with a rotation of the actuator assembly 118 by
30 providing current to the voice coil 140 in a second direction opposite to the first
direction,
The tracks are divided into sectors. The tracks are also divided by a

number of servo wedges 230, sixteen of which are shown spaced apart in the



noved to a desired position over a target track in res?fwmttz he
position error signal. The circuits 160 may include a p essor, a
digital sigoa/alt32 processor, or one or nore state nmachi pesudon4sent r ol
operations of the disc drive 100. The integrated circuits 160 may al so

i nclude nenory devices such as EEP and DRAM devi ces and nodul ati on and
anplification circuits. A top view of 0ne of the discs 134 and the
actuat or asse 8 i i %/p i i gure 2 acc ing to an
enbodi ment of rﬁgﬁ}é 23# 'egggrﬁer‘go‘&lldg‘%’e%? ?%r?.ﬁg edlc?lpgs‘gr{'e%é”f%g%steg%%g‘g&lgn a

di rection 206 imthd nedis 248 thepare patferned tot share sdre infoomstied inludmgaraciagnet i zabl e
mediumto for = edi T angds_of concentric
circular trac %gfﬁgér}g%#ér%gé%&%ﬁgkrﬁ%ﬁ%é@ggagggto %er?ga |yrr;{€e()rre?ra P%‘n is stored
i n each trackhe® i8oTh¢ ik npmbrs and sectburdimbgrs adeniifyriler track anksec®d.0, f our
intermedi atg t, : 2r. track. 220, are 25
shown spaced gpgﬁhﬁ%hﬁﬂ%ﬁ%&%égi }é&ggg}%é%ﬁe&a%ﬁ%ﬁgﬁggxgori’?gg%sy be noved
from t he out emsedrweide@perkicontrdi gystanmiarthe intggdate@ ¢idcuits 1 60 ta coattadtlicon of t he
actuator ass A zloreltin t i,di ng current
to the voice ?gﬂl oﬁ% In a tfithg@tﬁg'i ?@%:s?fvgﬁga S(g}?gg)gg}g%%%fémhead 128 may
be noved fromotdueathenedaries hetwden 2ieGedterst Heeromayehe mora oklegABanpittéena r ot at i on
of the actuat . . providing current to the voice coil 140
in a second d?%%@??%p%%opléil%tlgéﬁtl%btshe first direction. The tracks are

di vi ded i nt®d sect oAsrosFbastionahwikw 380 ef the diec hidhandithd nipdia208 mshbyen inof ser vo

wedges 230, si i s . o ) . MAY 2004 WO
01/ 91130 P CANE T sRyatig h AR RRArE GAAGER AR gnésﬂfég&észe&ﬁar f ow

radi al cur ved alseshpea passiredenbneofithe bervareelizgas 2208 Thhsarvaawedgedsd srned to
store servo i pfornmti L i . rs, and
tracking inf o?%!atl otr\#@% ltgxggtwgglé@%yﬁg) ﬁlgd(%%%??wﬁlhtﬁg a§fag(29 0&%& he track
nunbers and selkange ofithertopegsanhy efithe ingdial28.t Theohagaetit psepsttiss ofthover whi ch t he
read/ write e ' b1 t i LA Qr i,on is used
by a feedbggk %Beﬁélg £ s‘@gftg%nhé}ﬂﬁ tg ﬁ%lgpg%etgg?%tIggﬁléb%%‘hcla{%%f%h%tg control the
posi tion of t peperaci/awep ofe rivigad102diffeTenethsmthe magmetigwpB0atitiey or may not
occur at bounggtj s Aggﬁggxfg%?%t eergaﬁc\i%&/déﬂéﬁ?ggegfn%t R¥nPS hPGGef26! €SS than

) f
si xteen servo wedge
can therefore read the pattern of ridges 310 and grooves 320 as it flies over the

servo wedge 230. The height of the ridges 310, which is also the depth of the

20 grooves 320, and a ratio of a width of the ridges 310 to a width of the grooves
320, are selected to present a magnetic pattern to the read/write head 128, The
lengths of the different ridges 310 in the pattern may also be staggered such that
there are gaps in the ridges 310 of the pattern. The pattern represents servo
information including track numbers, sector numbers, and tracking information.

25 The fly height of the slider 126 is measured from the media 208, and
changes abruptly over the servo wedges 230 where they are measured from the
tops of the ridges 310. The air between the tops of the ridges 310 and the slider
126 is available to interact with the air bearing surface. However, air between
the ridges 310 and in the grooves 320 is not available for the air bearing surface,

30 and therefore there is a loss of fly height of the slider 126 approximately equal to
the height of the ridges 310. The pattern abruptly changes the air flow boundary
condition of the air bearing surface of the slider 126, and causes a discontinuous

fly height variation for the slider 126 which can cause unwanted contact between



10 A cross-sectional view 300 of the disc 134 and the I‘Tﬂl MO&&S shown
in Figure 3 according to an enbodi nent of the present & 8v | Yt The
slider 126wioa1/4AB50 shown passing over one of the servopowekyerssis30. The
servo wedge 230 is patterned with alternating ridges 310 and grooves 320
that are a discontinuous change of th@ t opography of the nmedia 208. The
magnetic properties of the 15 pattern change with the height of the ridges

310. More speghd jesddbid i t.0 f ridge 310 is
di ff erent thanhé;ljﬁe_rrat)gér}fg?dl lc% %%g%de?%tf/lpg&g fLZteéyangE)l}e?%eﬁl%agztogaAgﬁpb%ge 320. The
read/ write hedepdhe8e hepdtl 28 mewsiffer aloshes seilsitivily witBéut peeaise tdnaobéfase read t he

pattern of ri : s 320 as it flies over the servo wedge
230. The hei gh q%%gﬁg‘ﬁ’g r?g%[el@%g%o, which is also the depth of the 20

grooves 320, and aArpatspestivé vigw viD@ofithodlidei@ 6 mndithe 8is3 184 showaimi dt h of t he
grooves 329, e neLic ttern the read/wite
head 128. ‘Zrﬁe P?%uger?;lf %?ﬁgs qsts&u‘gwglrnfqﬁgjr}ée?\ cc?lpdgl Zéa%i'gquﬁn?%(g}%ﬁttern may al so
be staggered Prrsentinyantiont Hbe didar 26 gagmstrailing dige nirfige4363bdisof t he pattern.
The pattern repg R0 i Mol | hg.track n ers, sector
nunbers, and 9%@‘?‘?%@”%?%?‘%&%%%&: &g%th?ﬁrg 2? Irl]nychr%gsl ag'%lrbgf‘mfghséﬁgb‘i%i der 126 is
measured fromABhe cautell pad 2603 2 teprrrfacsHdR gebean brnsdudey 44 end 4 mnteesfyo wedges
230 where the : ’ - Lidages 310.. The air

bet ween t he t%ﬁ@%}‘d ETtEﬂSSé"i;h?gxgrEeaéa%gg%ﬂgﬁ%ﬁ?sﬁgaeg{)th%gm&kf X gé%aseél?alIabl e to

i nteract wi@ harriflewaavsepbue ratagios of thadiec 134diftsvierslideri 126 nahwlee it flidshe ri dges

30 and t her of vy Pt 45zt PulBkaR IR, At bhahiie hIG38 [yoP g™ 2
appr oxi mat el y cartjedin thepshearlansdodeg 4. The bdnd prdsdigé on BiOrailifigedgrat t ern abrupt |y
ol dor 126, andcan aIaRER des GORELEAOAR o b RuBhi SRS A “The” |
slider 126 whpldw elasirogimsignals nviasn feain ergirio dhotreddérvieend-1280 MAY 2004 WO
126 and tFD modia D08 A GsU N oM e el HAd SR E ntl 1 s of
sensitivity wireiliogiedggsedics 436 triteradjusted sd tha it horg cloeslgfllowwthe t he medi a 208.
A e spect e iobe! Rkt M Bl RSk B L 5 e
present i nven#44ovia scvhmel eonfubtive supfbcels &scaasetit @ishéangndosige thamrdiige 436 and i s
edge surface 436 and the read/write head 128 to move relative to other portions
20 ofthe slider 126. Thus, the read/write head 128 can be moved closer to or
further away from the media 208 based on the voltage difference applied across
the shear transducer 444.
A cross-sectional view 500 of the slider 126 taken along a line 452-452
in Figure 4 is shown in Figure 5 according to an embodiment of the present
25 invention. The shear transducer 444 attached to a body 502. The shear
transducer 444 comprises a first insulator layer 520, a second insulator layer 540,
first and second conductive metallic layers 560, 562, and a piezoelectric layer
580. Located in the second insulator layer 540 is the read/write head 128. The
piezoelectric layer 580 is polarized such that when a voltage difference is applied
30 across it between the conductive metallic layers 560, 562, the piezoelectric layer
580 shears, or distorts in shape. As the piezoelectric layer 580 shears, the
read/write head 128 is moved in the direction of the shear. A polarity of the

voltage difference across the conductive metallic layers 560, 562 determines a



posi ti oned above the nedia 208. The slider 126 incl udesﬁgh m @Tl ng
surface 438, a center pad 440, a top surface 442, a sh cer 444,
and a nunber bond pads 446. The air bearing surface 438 is

aer odynam 8’&‘%"9 ¥esi gned so that 10 air flow caused by ECT/O0%2Gn of the
disc 134 lifts the slider 126 such that it flies at a fly height 450
above the nedia 208. The read/wite head 128 (not shown) is <carried in

t he shear transducer 444. The bond pads 446 on the trailing edge surface
436 provi de anlirecta of the suaeﬁthnpibzoelleaadhyerdw)eAabltaeIdfffibretn@e ofve slider 126

to allow el ecf}rgtgngéﬁtgyﬂ%)@ th'e Qea}afav?r?%ﬁeag n&@rfosexttg thehmedéa ?@’8%” \iv%ﬁla,?ggd nég?

15 The shear tra
the trailing Fegiged,sud & aclegddifferenee die secdpdistiaiy sppositead thetfirstovikk cl osel y

fol lows the é'uﬁ{quﬁ/\%gh&d%ggfmﬁ‘er a%a%?rgmt CIII‘lé(E Cg‘gggh fugpl | ed across

t he shear transducer ia sever al Ve ST cause it to
shear and c&uslensdheerﬂ#ansIcomtgulleénbgmlmunfadeﬂedﬂﬁhagm oit‘the réadiditowr i t € head 128

i e heinkt b8 SRS iR L8N R0 AR Bh phRSnE WS Aion I0HS. 1 °

read/ wite he oser 0 or Fromthe nedi a
208 based on trtlrﬁéla\B@BMathutduHsfaendrwtrersamnd ﬂﬁhbi@tpﬁh@read/hﬂteﬁfewtzst ransducer

452.a52" i ki et e ARl Pls Ak bRk P nb R I BB, ot o

t he present 2?@y|tht\senvbmdgeZBBehQMHarFlgureamsducer 444 attached to a body 502.
_The shear 6ran5dugﬁgb0?i§%0%8ﬂméh%gr 12gdsri‘om§(§loffl§iyc!nao %EheTTLthbIFSZO’ a_second

i nsul at or ayer second con i've e ayers 560,
562, and a pi emtaiaksichias alumyrem tit&BOn carbmateesilxqon,drhmc&ecmbuﬂauensul ator |ayer

540 i the 3L HEA L DEAGikdor R0 o8 SA0GL BERLLS BT ard8Rleh, PO o zed

such that when a vo eren gcr 058t ween t he
conducti ve rretpamlonx:oﬂtha/@dsr IBS(fromBEQvoltagﬁenpphcelzto&ieeomdunmdragtﬂhc 580 shears,

or distorts i shape.seAmtiac RIGERPLEGSH el MNShaRERoRIERES

read/wite heat i's"nove I réc e shear g}lt\’epol arity of
the voltatfe dpdy ¥2elbesamendissuldtérdayenfvdprevente chmegedtdm intdrizsing witlh60, 562

determ nes a l% g) HC%Q ere%er/%éigﬁ\%%ér%{ggg égﬁ)%s&glmql rectl on of the

shear of the pie erence of a first
polarity will 5%\5&0 alhepreeatd vwliagedibchage b&®eanl thear baaong suefaceeddi8a 208 shown

In F! gure 4, fi%‘ﬂe sy ?M, ﬁ%%mqfu Hgglregl?&'ﬁicmna? d%l?acggﬂl% d?s%llgrl.i ty opposite to

the first wl
The first and second insulator layers 520, 540 also provide a surface to

20  which the conductive metallic layers 560, 562 can be bonded. Each of the
conductive metallic layers 560, 562 is a thin layer of metal deposited on the
alumina of one of the first and second insulator layers 520, 540, and is attached
to the piezoelectric layer 580 with a conductive epoxy. The conductive metallic
layers 560, 562 comprise gold, platinum, or nickel, or a combination thereof.

25 The piezoelectric layer 580 comprises lead zirconate titanate, barium zirconate
titanate, or ceramics or polymers which exhibit pieioclectric properties, or a
combination thereof.

A cross-sectional view 600 of the slider 126 taken along the line 452-452
in Figure 4 is shown in Figure 6 according to an embodiment of the present

30 invention. The view 600 shows the shear transducer 444 in é sheared position.
The slider 126 is shown after a voltage difference with a first polarity has been
applied across the piezoelectric layer 580 between the conductive metallic léyers

560, 562. The piezoelectric layer 580 has sheared and the second insulator layer



nove the read/wite head 128 farther away fromthe nedia 208. The shear 5
transducer 444 is controlled to maintain a desired fly l?eugm{ 2004t he
read/ writ ewolgads2128 such that it nmay read information pdrae@dasosw it e
information to the nedia 208 wi thout substantial errors. The fly hei ght
of the read/wite head 128 nust be adjusted as the slider 126 flies over
the patterned nedia 208 represented the servo wedge 230 shown in

Figure 3. 10 bod 2 of th lider 126 is.farmed,of. siljcon or other
suitabl e mat %‘{bﬁ‘gf Po}s;??gq%wggargllﬁﬁﬁeﬁﬁ?ﬁ???? W%’rﬁsgga%%ﬁé‘y@’,me;e? con, or
silicon car bol# ehicH iseafried &t thesedogidamiutbrilaystis 49t B likévaiyemeved2Wthe 540 ar e
formed of alumina a i hsul tions t he.sli der 6 fromthe

vol t age appl iée?rcfcﬁ%n ?r}ﬁlée aé@r‘?o%é?‘?“\'fgg{l?ﬁfngfhlaiz@g shoypdg E1sB%4- %%El?an%e first
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second insyl at or r revents..charge frominterfering w e
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surface nd.t he di. spaywn 1 n Fl.qur . anmage the

di sc 134. The&ﬁc?(’sr{ol’g?l%t%g%%‘gﬁﬁo‘?'ﬁ ’f“é‘*ac‘)'\"aylf%?’etggmg‘f\é\,?b%%%so provi de a
surface to Zighdtthe tehd/weitrigad128wen theteby bé modifigeand finé Qunedb&Ahean be
bonded. Each si]:irtlg as%onoq,lérc('g v thmaétrgl \IN&P é er te569i 6382 is a thin | ayer
of nmetal deposited SR the  ardnina ot "eis RS Pedia FOShaVR B ond

i nsul at or 10aylEpweH2@d 540, and is attached to the piezoelectric |ayer 580
gol d. ol atinum " of RPS T005f B RIS RPed SR R Zoel ectri o
| ayer 580 congmbiogimsent efetbl presecinehtort i Tizenap eiewlya0 illmratshoeat e titanate,
or ceram cs of

al rs which exhibit piezoelectric rties, or a
conbi nati on t‘f‘?grg%eof*{ggrﬂmg ﬂ?gg’? g%ni’f:ﬁli ghar ipéwﬁff@'xcol]ayelrﬁé&y lflhkronl% t aken
al ong the | i nie dkigr 6s the hodyi XA the Arsi d sévonth inswiater Gyere5H), 840z tiedi Ng to an
enbodi ment, .of _t he..present .30 i i 0 The vi ew.600 ows the shear
tr ansduceﬁ544°1?n‘|iur?“ge ’?ﬁ%{gff éaderﬁgg%% ?%r?‘.l&h"rﬁ’gz% cggrlayfﬁ r MEHYRS after a
vol t age di f f esfehreceadiwviite headf 128 $¢ aloah@wn. tAyfirtacondieein 77248 pbnnectedior 0ss t he
pi ezoel ectric,| nduct i.ve 560, 562.

The pi ezoel ech Ta%‘?‘}r“ég’ g%)ucgg%mmﬁtglﬁc La&%a# g g 29584 P ﬂig@g%’qulcfcﬁe‘lf@ Ie;l{'S or |ayer WO
01/ 41132 12 ZofdudlaY 72®134onnected to the first conductive metallic layer 560 at a bond
point 778. The first and second conductors 772, 776 are insulated from other

20 parts of the slider 126 by an insulating pad 780. The first and second conductors
772, 776 are flexible enough to function throughout the displacement that occurs
when the piezoelectric layer 580 shears, and are large enough to form a
connection witﬁ electrical circuitry that controls the voltage difference applied
between them. _

25 A block diagram of a control system 800 used to actively control the fly
height of the read/write head 128 is shown in Figure 8 according to an
embodiment of the present invention. The control system 800 is a closed loop
control system which adjusts a position of the shear transducer 444 based on a
sensed position of the read/write head 128. The control system 800 provides

30 active fly height control for the read/write head 128 over patterned media such as
the servo wedge 230 in the media 208 shown in Figure 3. The fly height of the
read/write head 128 is controlled substantially independent of the fly height of
the slider 126.



PCT/ US00/ 42505 540 has noved downward in the direction of arrow 592. The
read/ wite head 128, which is carried in the second i nsql ymn 108%er 540,
is likew swowmMag:in the direction of the arrow 592 t Gkob/iResedi a 208
shown in Figure 4. The change in position of the shear transducer 444 is
denoted by the dinension 594. If a 5 vgltage difference of a second
polarity opposite to the first were applied across the piezoelectric

| ayer 580, the re ' do k28 uld be nov. [ direction opposite
to the arrow 592, a%g%g\%\cgﬁy@?e%ogmojotl Cé‘%r?%%lf’ > 6lé1?°d$ﬂselzgli’@°°’ﬂ%qs§m of the
read/ wri t e hepidzabR8tric drivérimexdelBl 4 khe pizdoddceit daimet hadeesungd as the slider

126 passes ovegr . t servo wedges 230 .of the.nedi 08 ,shown in 10
Fi gures 2 and%ﬁt.hglﬁgtf%{)m(\)/%g{/\eptfﬁﬁgﬁa?’ e ogél?er "’ijwﬁltgﬁgaﬁl Bheri gure 7
accordi ng to piazoekntpiodhiyaei80 shdarstih esspumestentie voltwgerdiff@ence Iosstt vi ew 700
illustrates h .yol di fference be appl i cross the
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| ayers 560, 5 d i electric.layer 580, out|.i ne. . of the
read/wite hegglbrl%' iﬁs?pg"f’gec])%gﬁlcs)\?ﬂ@at{hﬁn?flcraggépﬁeﬁeﬂgagg? gﬁhe/’?'fll?'édél&%nect ed to

t he second cosidiect26uvint metudtd dandnyerestiBihgaibratiobdmtite pauadr agseblyand a second
conductor 776, ted to.the,first ¢ tiv allic lLayer 560 at a
bond poi nt 75@%%@%& rep et i @8&°§%8P%“§%§%€?@F§“°§?‘§%‘f‘f@d&%‘éei nsul at ed

f r om ot herl020effrat ¢fshmiged inghesheal eunsi&r 44 aanthd mstidnadf iteglipad2d.80. The first

and second conduct.gr 772, (76 are.flexible engugh to function throughout
t he di spl acenent tlﬁlgt%orgrgzstyrs?m& é‘ﬁof%leu%%slrga ovérlltggf%idém?rﬁlﬁ%ﬁnpg%o shears, and
are | arge enolidgha state eommta 82¢ ande eedtark euntrbllee 822t THeGaite estimator t ry t hat

control . L 1e yol) AReu bl BLGTETh BRPLUEHe RSITEP IR piet L ek o egram
read/ wite heatma@ghd fly Iehghvwi thewekd/gritethed 128 basediong ntagnaresigivbodi nent  of
syst om whiidh ardsedle s, TRE ke T R R340 Dased on &
sensed posi tighenahenbheherelaydd tampératutead the @@/ wriltikead A 28 vayles siyssiem 800
provi des 30 31%}eiar\{ew{%}|1 ¥ Hye{l%%]tt lglg{r}%sg%lé%g gr’ t gof]cea /w?{]é%?er Q adt6128 over
patterned nedia Such a5 s §er 23H° PhPoPhee F2298%hown in
Fi gure 3. Thehehd y2&ehagdes with it e heigle i whong @ith @éederdiBatins chamgé r ol | ed
substant i al | ycoimrégggl?aggee irﬁttheorfesi:Etlf\]/(ea pltolpgrtigseoif%trea%f/write head 128. These
20 resistive changes can be detected by evaluating a bias voltage across the
read/write head 128. Accordingly, the fly height of the read/write head 128 is
estimated from the read/write signal that it generates. Other methods may be
used to estimate the fly height of the read/write head 128. For example, a
capacitance plate on the slider 126 can detect changes in the fly height of the
25 slider 126 via a tuned circuit. A tunneling electron probe tip may be placed near
the read/write head 128 to measure a tunnel current from the probe tip to the disc
134 when a bias voltage is applied across the probe tip.
The estimated fly height is input from the read/write head dynamics input
818, and is then used by the state estimator 820 to predict the fly height of the
30 read/write head 128. The state estimator 820 receives as an input a sampled
position p(t) and a sampled voltage v,,(t), and determines an estimated voltage
Vpz(t) and an estimated position p(t). The state estimator 820 also compensates

for error or noise. The feedback control 822 uses the estimated position p(t) and
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magnet or esi stive rmo-cool i ng effect. The nagnetoresistive
t her no- cool i ng eff”ﬁwtcontsolaystth&()mh@basmmhgermsbmnmestmegree of the

read/ wite he . i N ithits fLly height. Mre
Cpaci 11 car 1y, Ratudd BERb A 0 peat pARALE teallod 1. 8, biobodi@helh - MOT2
its fly heioghtntegaairdela\raong(l’\l&li)x lﬁeeﬂ ferwtrd rand raddptiv eapphmoige thacdlivesthe. change in

the resistive cglrggf)sg{sﬁe ?%BQJ ag] tl{e%gét%é{)) h@&gcd rfvg%o These 20 resistive

changes can be datin I'as Vo ge ‘across the
read/ wite head 128he v&edwntélhegi 128 hahelofwl nyash esllagiive tocthe $lider I26aahdwr i t e head

128 15 O TBLRL L RLLAGLERLL YL 5 5l HR8lor bRl IndRRRLASRy O

nmet hods may beé ™ use ei ght o &' Fead; E}te head
128. For exanmiek compensaparcoftimilydeightdn eequmsd; foghespattehms inltBGmedia 208t ect

changes | nlSt he fl YA 'ﬁ%@ﬁhto? ]; rr}opef/geﬁg'al étﬁio% C?OGJ %or actl\%gfl coth{’%crﬁgﬁj I peui t. A

tunneling él ectron probe pé head 128
to neasure a hajghtefthemad/emtelliaadamallaehqmnbélgureﬁ)atcoorthhgtajarsc 134 when a
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input fromthe rea Sead dynan ¢
head 128 is estimated accordmg to one of the methods described above. In 932,

the estimated fly height is compared to a desired fly height. Based on the

20 comparison, the method 900 determines in 934 whether the estimated fly height
of the read/write head 128 is equal to the desired fly height. If so, the method
900 returns to 930. If the estimated fly height is not equal to the desired fly
height, a voltage difference is applied to the shear transducer 444 to change the
fly height of the read/write head 128 in 936 before returning to 930. The |

25 method 900 is repeated during the operation of the disc drive 100 to ensure a
proper fly height of the read/write head 128.

A block diagram of the actuator assembly 118, the discs 134, and the
circuits 160 of the disc drive 100 is shown in Figure 10 according to an
embodiment of the present invention. The media 208 shown in Figures 2 and 3 is

30 also shown in Figure 10 without the tracks 210-220 or the servo wedges 230 for
purposes of clarity. The position of one of the read/write heads 128 over the
media 208 is controlled by a feedback control system in the circuits 160. Those

skilled in the art with the benefit of the present description will understand that



818, and is then used by the state estimator 820 to prei t bﬁgz h)gy hei ght
of the 30 read/wite head 128. The state estimator 820 r eM 0 an

i nput a sagpbpfzzposition p(t) and a sanpl ed vol t age vRRéETfdshoazsyad
determ nes an estimated voltage yPZT(t) and an estimated position p(t).

The state estimator 820 al so conpensates for error or noise. The feedback
control 822 uses the estinmated positi o p(t) and 2 0 MAY 2004 WO 01/41132
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828 i s progr aofrbeldisestlf4 teitberoanitradime o giniultaneBdly. and the estimated position
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hei ght 828 as par ?ﬁlg]ﬁgetdﬁaé:kfc%’g%%{?“%li}ﬂ?cfeﬁﬁn@n@?f{eﬁ\?@o&%m‘r‘émfol tage si gnal
IS sent to a ctadfivtitd signal generhted)by Bt Aad/eoiniead €28 83(0s teadingont rol t he vol t age
di fference .acraoss the. conduct.i tallic.layers 5 562 in the shear
transducer 447 OTRRICTIN {rhgfnegﬂ?éﬁé‘%ﬁad@ﬁwe B’énﬂég'ggg@r?yﬁﬁ?mr ous control
strategi es i aoplifer h@f0 ibddmodolatel byrh tienodutatora016 amdarovifieads at i ¢ regul at or,
H,,, H21 propottional - i,nt egral -derivat.ive .(PI.D),. .fe forward, and
adapti ve appr E’écé??é%cefsﬁ%tﬂoggltnagw%frﬁfé n}g)gmpprgflonssfﬁh&q}s)ggavet ITgﬁr n' the
vari ati ons of midneprebessor U120 geneiddd3.a cohieol sigaad todontrel neadmeRBofltes a | ow nass
relative to th | ider.. 1 n erefore i gh resonant frequency, on
anea Peg eE e At 1

370? rasser\ll\"x}z'liy edc\Rgttr#] &gneg is Oy 072 VOIC & 1é TSy .
the order of ¥ , 0 ko CortpETEa ey its fly
hei ght i n l0eswhink gerfemtes dripatsigealnisat iscobeatediimyda digiddo-ardadiogADVApwechart of a
nore general nmethod 90 h . activel cont.roih‘iﬁ the. fl hei ght of the
read/wite he&l VT% CITrCSuRS} gim}ﬂ%laﬁa %6%9%"65515%3 Q‘?ﬁ}a’q’tegtoa‘ﬁe V¥Hbodi ment  of
t he present i ¢oileldDi Bhe micropBassort 1020 Edtiynates ia fliytheight dflte: reiadvitehedde head 128
is estimted ﬁ% or iirrxlﬁagf 0 one c@f ri{eh? net h dis d scLi bed bovg. In 932, the
estimated fly Helyfit %Ibtﬁf)%?? Yt eal pu s HRHCHIPS e RAGNFIOTeSBALS d on t he 20
conpari son, tthermvedobtnt 26k ddsfribedaboes OtherdSlibadkatidser méthadskadwirat ed fly
hei ght of .t he reagé. i.te head é§8 i ual, to the desired fly height. If
so, the merhod "%H ‘ﬁ\géitlﬁﬁ’r?fgtce)u] E)?ppif‘?%h‘?ée“est imated fly height is not
equal to the desi rkhd nfitrgprodesdog 020 proceskd agevodntkirgst emhaimeh@ppl i ed to the
shear transduce 44&1‘; hange t he th% hei gh 0%3 h re%]g/ ite head 128
" 036 bef or SPLYiF e B d ST verens o34 st B aso ) 8 Beapets 2. qur i ng ¢ he
operation of Theeedigite Headas s theseevisiufoemation in the servo wedge 230 and
transmits it to the microprocessor 1020. The tracking information in the servo
20 wedge 230 indicates the position of the read/write head 128 relative to one of the
tracks by track number and_ sector number, and the microprocessor 1020
generates a position error signal from the tracking information indicating an
error in the position of the read/write head 128 relative to the track. The position
error signal is used to correct the position of the read/write head 128 in the track-
25  and-follow mode, and the control signal is generated based in part on the
position error signal.
The microprocessor 1020 is also coupled through the flexible cable 162
to the first and second conductors 772, 776 in the slider 126 to provide a control
signal to cause the piezoelectric layer 580 to shear and control the fly height of
30 the read/write head 128.
The microprocessor 1020 is coupled to exchange information with an
EEPROM flash memory device 1040 through a bus 1042. The flash memory

device 1040 is a computer-readable medium that stores computer-readable and
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actuator assenbly 118, the discs 134, and the circuits &80 di sc
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Figure 10 wthout the tracks 210-220 qgr. the servo wedges 230 for purposes
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digital -to-anal og (D converter circult into an analog driver
signal thatl igrdglied to the voice coil 140. The nicroprocessor 1020

estimates a fly hengiy Rignt Qﬁhér%%ﬁ%ihtsn% 1*2@%;; aib6 Be p&l%r%ﬁecjh@itrpﬁgt on the

read/ wite signal which indicates t agnet ofesi stive therno-cooling
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killed i th ; ‘ i 1020
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processes a servo interrupt” each i I 128 passes over
one of the sepiwdveisdgebthesvq wedgpre23fasivell oRfects hthe medid/ 288 Tee head 128

reads the ger gy isifpEdTRiteedidndACa REP YR0VERI 1050 iABthe DRAGSM tS it to
the m croprocessor 1020. The tracking information in the servo 20 wedge

230 i ndi cat esmemenysiseice | Q9 as s map d0H0suhen Hieidiss drizet001igeparetingt i ve to one of
the tracks binhagdn iR R70isERbAL ) HIRREpRR B dlochpkocessor 1020
nal hetraglngln

generates a position error 'sig rom ormati on i ndicating

an the loss or gain of the fly height of the slider 126 across the media 208. This
information is used by the microprocéssor 1020 to adjust the fly height of the

20 read/write head 128 as the slider 126 travels over the media 208. The map 1070
may include control information to modify the control system 800 shown in
Figure 8 in ways known to those skilled in the art. The map 1060 may be
updated during the operating life of the disc drive 100 to accommodate for
changes in the media 208,

25 The embodiments of the present invention described above provide for
an active control of the fly height of a read/write head over patterned media to
allow it to read data from or write data to closely spaced tracks. The active fly
height control provides improved response to abrupt changes in the air flow
boundary condition of the air bearing surface of a slider carrying the read/write

30 head by moving the read/write head relative to the slider. The read/write head
has a low mass relative to the slider and therefore a high resonant frequency
which allows for a quick compensation of its fly height in response to the

patterned media. The fly capability of the slider is maintained by allowing its fly



error in the position of the read/wite head 128 rel ative tE track.
The position error signal is used to correct the positZdh

read/ writ ewgepfi1328 in the track 25 and-foll ow node, arsdthiseo28t r ol

signal is generated based in part on the position error signal. The

m croprocessor 1020 is al so coupled through the flexible cable 162 to the
first and second conductors 772, 776 ih the slider 126 to provide a
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appreciate that the present invention may be practiced with any variety of
system. Such systems may include, for example, a video game, a hand-held

20 calculator, a personal computer, a server, a workstation, a routing switch, or a
multi-processor computer system, or an information appliance such as, for
example, a cellular telephone or any wireless device, a pager, or a daily planner
or organizer, or an information component such as, for example, a
telecommunications modem, or other appliance such as, for example, a hearing

25  aid, washing machine or microwave oven.

Conclusion
In conclusion, a disc drive system 100 is disclosed. The disc drive system

100 includes a disc 134 coupled to rotate, a patterned media 208 on the disc 134,
a read/write head 128 positioned over the disc 134 and separated from the

30 patterned media 208 by a clearance or fly height, and a control circuit 160
configured to actively control the clearance or fly height between the read/write
head 128 and the patterned media 208 as the disc 134 rotates. The disc drive

system 100 may include a slider 126 acrodynamically supported over the disc
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boundary Cond&tﬁfl r acgwn{e headalI 2R r?t]l Sfe Itontg? sluc{e{f g{ﬁﬁ é@g s}?ééis téein]gcee}xgerf Or Ying the

read/ wite 30 hea movi ng € rea ©he slider.
The read/ wri tthe timatmvehweraIOQ)mmslsdqfae;blevtoeleenc byert5380,5d firsker and t herefore a
hi-gh resonant f h.all nsat | nof its fly
hei ght in ?Sgs%)ga‘gcgvgﬂg%ﬁdmn C%P ttaé‘t 181‘('}% i Oeﬁaﬂ’ﬁiag?r 5%8g}§cﬁseB?rFte y of the
slider is naiinrathestddy2@by oﬁxsnlgsulettmgidyyr 20(a deond At tatikglaPdr/540 132

PCT/ U.SOO/ 425 olciL ‘E% Jﬁg re%g}wrllteohe%d § seth c{ cogduc\é%e ﬁﬁr@g? @ec%g{q w1{ e head

relative to t arni €riate a useful
read/ wite sM@mmlezoeIléhmc@ybniﬂOrmmseparamfg thhlaembstenlayexrﬁzérftonahe help to

preserve the i1 e ite d bst a t ally
reduces un\/vansi%g%%é%sﬁ l}cl%/]a ets\s/‘v@eaﬂ(E fﬁgan\rgresacﬁf gws %"d‘%fézzg c‘fnﬁ‘gc *S patterned
medi a. A blOochkspdetaglyaothsffiraiand sef:anwrmndwmvﬂaywﬁ 56@956éy>su;ﬂed 188ives shown in

Figure 11 accpllfab BlRrRodae Al ale 8, AESENLLOKGRL 8., The

|
i nformati on ‘hand ST ®ni ¢ system
or a conput ercausybﬁmmoelumc lamérdﬂﬁraxshealamhddhgq'tgemﬁstoermffhtoo i ncl udes a

cent 2l pr OCe 3Rl e Y4 28R wd ik RURLE G L 8 Rx5haRgSo ik or mat | o

t hrough a bus eral evi ces
1118, 1120, el idd@R.a shite lﬁéaqrpﬂyeamﬂcallycbappwteéomMZ%|thn':I ude the disc

drive 100 BCG2 xqtgh%a% 192?1'3%?1% \c/%;a ed t? fhe t51 ﬁr }jﬂirb esggarltrgr\{%néergﬁh and may al so

i ncl ude a ragneto opti , a nonitor, a
keyboar d, andha@tshers is ussponsetoi aphpplit solta@h éxfﬁt%hlce:lﬂ: @Hanigs thelpssitidibofcoupl ed to

exchange i nf %é’%&d ﬁlnte h@&f) %%l%&\#g E‘% %l‘g&r \Mét hFhe cor%ro(ij MRa%E 7R may be remory (RAM

1132 and a read-on
conﬁgured to generate the voltage difference to modify the clearance or fly

height between the read/write head 128 and the patterned media 208 as the disc
20 134 rotates independent of a clearance or fly height of the slider 126. The
read/write head 128 may have a smaller mass than a mass of the slider 126. The
disc drive system 100 may also include a map 1060, 1070 of the patterned media
208 stored on a computer-readable medium 134, 1040, 1050, the map 1060, 1070
including information of the patterned media 208 and control information. The
25 control circuit 160 may be configured to modify the clearance or fly height
between the read/write head 128 and the patterned media 208 in response to the
information in the map 1060, 1070 as the disc 134 rotates. The patterned media
208 may include a number of tracks and a number of servo wedges, each servo
wedge including a number of ridges 310 and a number of grooves 320 alternating
30 with the ridges 310, each ridge 310 having a width and a height in the patterned
media 208 and the ridges 310 having different lengths to leave gaps in the
patterned media 208. The control circuit 160 may include a control system 800

having a physical model 812. The physical model 812 may include a



Those skilled in the art having the benefit of this desxi pM’A?nz@gn
appreci ate that the present invention nmay be practiced tnh any riety of
system Suebosusszens may i nclude, for exanple, a video pgansoo@s®and- hel d
20 cal cul ator, a personal conputer, a server, a workstation, a routing
switch, or a nulti-processor conputer_ system or an information appliance
such as, for exanple, a cellular t el &hhone or any w rel ess device, a

pager, or a il - AR , ani or_an information, conponent such
as, for ex angﬂéez ?é’lg&hf‘mg g?ﬁ% 'riili)l{c% @%eﬁﬁﬁ%’a%ﬁm% or}étfcﬁgﬁ?d/ s IhFagln ce such as,
for exanpl e, 1&8lremspanse 2% shiad¢f aydedoelagriniaydniss® and a modsl 8v&wfanoven.

Concl usion | ncl usi,0 a . di i ve syste 00 i.s dj,scl.osed. The disc
drive syst ema%%t%f Sri\lsg‘fnﬁ% Elsaan iassg&ig%é Y(?Brﬁfﬁ%@&ﬁ tg]%&m{néﬁsg?{hgs terned nedia
208 on the dilg6, th8slider B26rbemgdsuppotial dveatle dirB13ddwyithd hrtr assanblyhe di sc 134

and separ ate I h Q.. pat ed nedi,a 208 earance or fly

hei ght , ang g“%on%%fe%g/i%vrné%etaai em(f"’é:ﬂ'f‘}?lght?glfsi)’gerj(z,ﬂh\‘}%ﬁgg%ont rol the

cl earance or pidzgelbmiiglayer584.iBervontind syseadf0rmdyealsotrechdie 1 2&dawtite t he patt er ned
medi a 208 as i rotates. . Th S rive system 100 may incl ude
a slider 126 hggcflo%y aﬁ%ﬁl*@ 8€silt%’|oa|os(t:)artE'tceS mg[\c}re@OS?léengfaéec%,eimf}at T NO4 WO

01/ 41132 PCT/cli8tdéedt 3 TeibBt df 3k, reddiverite beed/13B bised breachagi@®rdsisting coupl ed to
the slider 1 she sducer 44 that e in response to an
appl i ed vol t3@6&%???‘3‘2&?‘%%%{%@8%%a%d %‘%eed‘%’ﬁ%‘sﬁ"{‘ﬁ“i’ﬁf SR o e HeRa  wr i t o head
128 rel at il¥e couirdlkignallte chetrolldhcar thithe plrewiectricansdifdand 4 Abvahentbhe di sc
drive system 10Q inc a.pie | ect,ric |ayer 0, a fipst 5
conduct | ve. | Ayeredlnid 152 B SERRIRE tehlish B PRy o 1830 and
separ at ed f reight dfeheseadderite hafd 13§ amd the pisdicied sladrarice pgfly hgight. B0, a second
i nsul ating | ayer ,940. | di ng, t.he r.ead/ w it ead .l second conducti ve
| ayer 560 in cé@ﬁqtl g%(fmtv&i%? iiedy gaUdf)l énzl%g‘frg%efsf’ i gﬁ%}?‘é"#“ﬁ%@"éﬁﬂ“ separating the
pi ezoel ect r i amplifigr] 05@ehdfademotiigor K 6 ancdivesirkaiwritg sigagi@enebat@® and first
and second.c ctors.772 nnected.10 respectively to the first and
second coﬁau%??l%/leéteﬁd‘z\irétreée@éé,gg%%gor(l:lc’)luoﬂng%pntoé’tgeeéésécﬁéé’ tﬁ% control signal to
apply a vol t ageopiotdsenr d A2ebeingreosfigutdido pitiemepahedtararce bafjeheidB0f t 0 cause

t he piezoelecgtric,l r to.shear and change. t osition of the
oadiw i te hasrepuaraiEs oty MR o 1B S BERRIAERT o' oy ot em 100
may magnetoresistive thermo-cooling effect in the read/write head 128. The

microprocessor 1020 may be configured to generate a control signal to control a
20 movement of the read/write head 128 through a piezoelectric layer 580 based on
the estimated clearance or fly height. The control circuit 160 may also include a
memory device 1040, 1050 coupled to the microprocessor 1020 to store
instructions to be executed by the processor to control the clearance or fly height
of the read/write head 128. An information handling system 1100 including the
25 disc drive system 100 may also include a bus 1110 operatively coupled to the
disc drive system 100, a central processing unit 1104 operatively coupled to the
bus 1110, and several peripheral devices operatively coupled to the bus 1110.
A method for controlling a clearance or fly height of a read/write head
128 overa patterned media 208 in a disc drive system 100 is also disclosed. The
30 method includes rotating a disc 134 including a patterned media 208, positioning
a read/write head 128 over the patterned media 208, and actively controlling a
clearance or fly height between the read/write head 128 and the patterned media

208 as the disc 134 rotates. The clearance or fly height is actively controlled by



al so include a slider 126 aerodynam cally supported over thw iﬁ 134, the
15 read/wite head 128 being coupled to the slider 126 0

t ransducer wébdianishat shears in response to an applied vpd-ft/mmzdosfference
to change the position of the read/wite head 128 relative to the slider
126. The control circuit 160 may be agnfi gured to generate the voltage
difference to nodify the clearance or “fly hei ght between the read/wite
head 128 and c 1 ot at es

i ndependent o%slﬁglag%e%fg glﬁ%gmg‘ra p}fhﬁlf/g% g’i %ﬁ?ﬁt@% “%R‘?‘% IvglgagF g‘fﬁ%m Fhe

read/ wite he@iéfelm@hweh&mestanmdedldamncmsﬂyhbighirandardasxsdolfeafam slider 126.

The disc dri 070,0f the
patterned md?@ﬁ%%]?%&g&gﬁﬁmg&&%f‘Q)?te#qr eacfga%? 44% ci'fﬁ% 1040, 1050,
the map 1060, bet @D the nead/ wdfegad m@ndmthdmleto tause tpa!slteaxrtrmshumdl a 208 and

O 1o ¢ he ) ERlb far 3SR YU e (24 feih0OTRY 48 FRNTRO T o L

nodi fy the clearance or etween the rea ad 128 and
the patt er nedreadéutrite 2@B128rs mevgdduseuntliog b eltage difforenetdcons an t he map 1060,

1070 as t he e]%gtﬁc fa% oupT%&%eR‘?eEx]i e pgg/vm?edﬁe%d Iljﬁo and Yldevr\g g% ud_e a

nunber of trac a nu servo we , eac e including
a number of riodeuss tiepdezagiebtric lnzmﬁ&(?tooheagam tmeacawmmmnzﬂg 30 with the

ri dges 310, a patterned
medi a 208 an Ev“o?%eshﬁérgfg )ﬁgé\}g%tﬁodyngdgsrogﬁ‘? q%gﬁg %m% dtggf/'zg gaps in the
patterned Wed@var maaattem ntﬁdntzo&lthe:slndmmﬁ bdlﬁg)ccmagcdrtmthbmdé/»\mte:hnaﬁrol system

800 having 2 I y include a 2.0
MAY 2004 WO o*f?%%ﬁﬁ%&%ﬁ@&?‘%%gﬂ%%?@%% o SR B0 B8 0] Va0
repr esent i ng raadiwarigresd 1281 actihaly ganadfing ¢oatrhlesm1hal bhegl dore diffspease to a shear

cf a pi e.206| et%:e%éeﬁ tﬂe%t%at?ggear?nﬁgo@'y% ‘?1 an%]a6de§{] Snirlragge olll?'l Or assenbl y 118

and a slider 126 representin the slider
126 bei ng supfmht efdhoxeed/ writecheal 13?(8013‘4h¢)1gatt5med mcdlm&@&)anchmmtye 5 118 and

h d/ vy h th
Lhe 1 o2/ s sphetindils SPRMEANE) 89 d So LG SLIGEL AEOANLNAS e
read/wite He tht sligg la@n'ﬁhnocteamdsadr fBriﬁxghas sstlataeedé’stesmna:tmg tB20 to generate
an estimated .6l ear é}r}ﬁ%epg:i]n §¢ e xlggd/\glt}tte]hg%{d 15@$a§e§%‘9£¥%fad}wmi‘s‘?§%1 128 based on

a magnet or esi s Ive or a sensor a feedback
control | er antr@ieogbm@paﬂaé/“altellﬁbadd)i‘&thvlchmggwe t¢ amegtaresistive shear of t he

pi ezoel ectri (\thér%xg:roolﬁx%%ﬂ%&% fhe TRURTR Yol f128. The method may also include

20 generating a map 1060, 1070 of ridges 310 and grooves 320 in the patterned

media 208, storing the map 1060, 1070 in a computer-readable medium 134,
1040, 1050, retrieving information about the patterned media 208 from the map
1060, 1070 as the disc 134 is rotating, and actively controlling the clearance or
fly height of the read/write head 128 based on the information in the map 1060,
25 1070.
Also disclosed is a disc drive system 100 including a disc 134 mounted to
rotate about an axis 136, a patterned media 208 on the disc 134, a slider 126
including a read/write head 128 and being supported by an actuator assembly 118
over the patterned media 208, the read/write head 128 being separated from the
30 patterned media 208 by a clearance or fly height, and a circuit 160 for controlling
the clearance or fly height of the read/write head 128 over the patterned media
208.



the read/wite head 128 based on a difference between a dﬁshrgggmgearance
or fly height of the read/ wite head 128 and t he predicﬁ d A\ nce or
fly hei ghtwobhsiizcontrol circuit 160 nmay include a m creefiyuso@esmnr 1020
coupl ed through an anplifier 1010 and a denodul ator 1016 to receive a
read/ wite signal generated 15 by the_ read/wite head 128 based on
information on the disc 134, the m cfoprocessor 1020 being configured to
estimate the clearan or .fl ight .of .the.read/wite head 128 based in
part on the read/ \%ﬁf’%gbes“ung?{%%‘{}ﬁ%{?hﬁ hayedepxpion s miended B b8si st i ve

t her no- cool i niffusfafies; tind mot tdsteictivea ddany other dnstadindeAB. will be appatent opr ocessor 1020
may be configured.t,o.generate a control signal .to control 0 novenent of
the read/ wri ?t Eosﬁggs llightﬂ? ?’lr?'f)‘ﬁ’aﬁevéewﬁ?ge@%tfoé(g?7*’3"“"33/236 ¥8pF %ﬁéeed on the
esti mat ed cl eaventicreshonldf thyrefoed, bddetermined edth referbnceits thebppeiddd chaigs,al so

include a nepory.. i 1040, 1050 coupl.ed t he m cr. ocessor 1020 to
store | nst5r uc ﬁgﬁ’ﬁg‘%% e BX é’é&‘{“é"agﬂgi?‘% ﬁ{élgbfucggélégbsrar? %m@g(;u rol the

cl earance or fly height of the read/wite head 128. An information
handl i ng system 1100 i ncluding the 25 disc drive system 100 may al so

i nclude a bus 1110 operatively coupled to the disc drive system 100, a
central processing unit 1104 operatively coupled to the bus 1110, and
several peripheral devices operatively coupled to the bus 1110. A et hod
for controlling a clearance or fly height of a read/wite head 128 over a
patterned nedia 208 in a disc drive system 100 is al so disclosed. The 30
nmet hod i ncludes rotating a disc 134 including a patterned nedi a 208,
positioning a read/ wite head 128 over the patterned nedia 208, and
actively controlling a clearance or fly height between the read/wite
head 128 and the patterned nedia 208 as the disc 134 rotates. The
clearance or fly height is actively controlled by 10 MAY 200k WO 01/41132
PCT/ US00/ 42505 20 estinmating the clearance or fly height, generating a
control voltage based on a difference between the estinmated cl earance or
fly height and a desired clearance or fly height, and coupling the
control voltage to a shear transducer 444 coupled between the read/wite
head 128 and a slider 126 to cause the shear transducer 5 444 to shear and
nove the read/wite head 128 relative to the slider 126. The read/wite
head 128 is noved by coupling a voltage difference across a piezoelectric
| ayer 580 coupl ed between the read/wite head 128 and a slider 126



to cause the piezoelectric |layer 580 to shear and nove the read/wite head
128 relative to the slider 126. The nethod may al so i ncl udg G)q%ytig ing a
slider 126 10 over the patterned medi 22208, the slider 126 Gel ng ¢ %,ed
to the read/wite head 128 by a shear transducer 444, estimating the

cl ear a”CWhQEisfci% Q&:;ght of the read/wite head 128, actively generating a

control on a difference between the estimted cl earance or

fly height and a desired clearance or fly height of the read/ wite head

128 over the patterned nedia 208, and applying the 15 control signal to a
shear tran%dugé’l‘“mﬂ’etsﬁs*ﬁ%@émﬂ?ﬁ’émﬁéadlwi te head 128 relative to the

slider 126. The clg 9&{31 f eight is estinmated by estimating the
cl earance or fly he?%ﬁt #&{ﬁerl)bréé%d/wi te head 128 based on a read/wite

signal generat ed dpattdmeed madiavonithedisead 128 t hat changes due to a
magnet oresi stive then-no-cooling. effect in the read/ wite head 128. The
met hod may al so in%TeﬂgéwﬁfFﬁbeé‘ﬂé’Pg’f’Pﬂ Qverdhe é%%ﬂd sepaeatest fromdhe 310 and
grooves 320 i tfehﬁédﬂﬁé&iﬁ'b?%@lea%@é@rﬁ?ﬁei Rt Qkdng the map 1060, 1070 in a
conput er -r eadabl e medi um 134 1040, 1056, retrieving information about

the patterned medi&acorg®l Firaynt cohfigvneg to agBely cbaiol the clehrmndé ercflyl Beights
rotating, an LVely. G |, ] e _clearance.or . fly height of the
Foadiwr it o e b Re el thd F ol PR it he s ol end 1070,

Al so disclosed is @slifies gerddjmenisylBi RuppdAE oviezlthsldliBg tite #hd fwiikdhdaaunt ed to
rotate about an axis 136, a patterned nedia 208 on the disc 134, a slider

126 i ncl udi rRfIRS wlEd foitheslidenby a sheas fransscagthat shsavsie sespynserto avt uat or
assenbly 118 ;ied vbiis-eRBELShH j i A .28 being
separated fr oan@ tlhe_v30§tg§gt téeltr%n%g[grﬁg%%aeq}ﬁ%g&é?&g&ctpgg%gnce %Irl&?]arglakgi?ght :
and a ci rcui ttotlsoslider, thesheaptransdycertindudingarpderoelediricldyer hed glpturalityt he

read/ wite he%céi %&8 over thsea.attlerned media 208. 2 0 MAY 2004 WO
01/ 41132 pcT/USH %ﬁgmif‘ f‘l{ 18 P6™ e understood that the above

description is intended to be illustrative, and not restrictive. Mny
ot her enbodinents wi ||l be apparent to those of skill in the art upon
revi ewi ng Ehelhesbiscdriresyptepy ef shimiryghereipthe slfear ansdugeraenipsisesshoul d,
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separated from the slider by a first insulating layer;
a second insulating layer holding the read /write head;
a second conductive layer in contact with the piezoelectric layer and
separating the piezoelectric layer from the second insulating layer; and
first and second conductors connected respectively to the first and second
conductive layers coupled to receive a control signal to apply a voltage difference

across the piezoelectric layer to cause the piezoelectric layer to shear and change

the position of the read /write head relative to the slider.

3. The disc drive system of claim 1, further comprising:

a slider aerodynamically supported over the disc, the read /write head
being coupled to the slider by a shear transducer that shears in response to an
applied voltage difference to change the position of the read/write head relative
to the slider; and



22 Wat is clainmed is: 2 0 MAY 2004 1. A disc drive systemconprising: a
disc coupled to rotate; a patterned ngdia on the disc; a repdMpy i g4 head
positioned over the disc and separ at fromthe patterned nedia by a
cl earance or fly height; and a control circuit configured to actively

control the cl ear apg ‘ﬁ’ Héﬁtﬂﬁ' a{msg @@g@cﬁh%m&e& ed \évrvh{te head and t he
yna

patterned nedia as t sc rota aer o Cal l y

support ed ovediffetencediostodifyhthe hhaﬂhwmﬁﬂ;rmgﬁbebeédﬂghémaﬁyﬁ@té Readh@ds! i der
by a shear transducer thgt shears in response to an_ applied voltage

di fference tdhERaNRFBed Medissiths disc WatFWé‘dPléeéH’FW‘PftaélmePéﬂXmgétOfto t he
slider, the sheskdder ansducer including a piezoelectric |layer and a
plurality of conductive and insulating |ayers. 2. The disc drive system
of claim1l wherein the shear transducer corrpri ses a first conductive

| ayer |nc nt-gact th [ CtalC rated romthe
sl i der 2 lr%r%s g‘\gl&nrisl'ulsggtengo‘%l g?ye w}éerglgé@%%fafl eakﬁaﬁglaf 3?@? HIPYEng t he
read/vvrr te h&hﬁhamasecﬂmdsmmductl ve layer in contact with the

pi ezoel ectric |layer and separating the piezoelectric layer fromthe
second insulating layer; and first and second conductors connected

respectiveky M&l&edﬁdersﬁéte&% %qngé%?myg | ayers coupled to receive

a control signal to apply a voltage across the piezoelectric
| ayer to cause the papehibkgatteined heedér stored haaomguteraadulpde medienposi ti on
of the read/wite head relatjve to drscdrves st em of

claimi1, furt %pagcg%}p[rlgmdm!ogngtp?rhgﬂﬁgg?t&m%megg'z{r‘@ CQHHB]dF EaBREr t he

disc, the reagidgwite head being coupled to the slider by a shear
transducer that shears in response to an applied voltaige difference to
change the posi ti o¥heseinithecondzolcifgyitis configprectognodiéy theslearamce i fier ; and 23

2 0 MAY 2004 phigr; BLflveel hed R84 JRkiteHea dh thepSRAIHERT it RsIGRLTSHR the

vol t age
information in the map as the disc rotates.

6. The disc drive system of claim 1 wherein the patterned media comprise:
a plurality of tracks; and
a plurality of servo wedges, each servo wedge comprising a plurality of
ridges and a plurality of grooves alternating with the ridges, each ridge having a
width and a height in the patterned media and the ridges having different

lengths to leave gaps in the patterned media.

7. The disc drive system of claim 1 wherein the control circuit comprises a control
system comprising:
a physical model comprising:
a piezoelectric driver model representing a movement of the
read/write head in response to a shear of a piezoelectric layer; and
a model of an actuator and a slider representing the dynamics of

the slider, the slider being supported over the disc by the actuator



difference to nodify the clearance or fly height between the read/wite
head and the patterned nedia as the J'sc rot ates inde%@d@ ézﬁb&'.a

cl earance or fly height of the slidet™ 4. The disc dri %kt of claim
3 wherein the read/wite head has a smaller mass than a mass of the

slider. 5. The dis [ temof .cl.aiml, furth onmpLising:,a map of
t he patterned nediaaseg?lgygﬂaﬁe raeg%(l:gvr\?rﬁ%the? %8’5‘5&8}‘@6%‘5%%®rﬁh5&$§p

conpri si ng i nf or mathe piezoéledttielagad;t er ned nedi a and control information; and
wherein the control circuit is configured to nodify the clearance or fly
hei ght between the read)$Rrd{Britdiead dygamicanedalt er ned media in response to
the information in th J i r system
of claim1l wherein theeapsg?ttggst%g%j@ﬁéogéegg?g%ﬁs@at&ad%}%F%Io|§?1 x}q}%@ﬁ? racks;
and a plurality ofofdlaexeadedisdead bastl @er mognetdgsisiantheirso-noplimgeiffectal i ty
of ridges and a pfluralitély o{% grooves alternating wwth the ridges, each

ri dge having a gt foERa A ei ght in the patterned nedia and the ridges
having different |engthfebdbacRavfrdRPeo gdhetddCa BHtiA?ERAM tBRGAFO] alshedne di SC
drive systemof claim21 wherein the control circuit conprises a control
syst em conpri si ng:ofdhgpigzeelestriciayrsiand arpevestend of the seast/werite bead lased i ver
nodel representin . i . | sponse to a
shear of a pi ezoelgoerﬁ%@%%€%?@eg%gagsﬁr$§%g‘{a¥%fggﬁﬁgggl ie’{{]%f;tﬁ%nd a slider
representing the dyadfiidte hehd ahé ehegiredieted cldamnse oty héighthg supported over
the disc by the actuator 24 2 0 MAY 200 4' assenbly and the read/wite
head being coupled to the slider through the piezoelectric |ayer; a

read/ writegheg diyabﬁmevsymﬂfdf;c1a%nqtva1&&eﬁ%é&&&Mcﬁ&i%ﬂﬁfrﬁ&& an estimated
clearance or fly height” of the read/wite head based on a

magnet or esi sti ve tdiarneproesssorrgupled darough en amplifiersand; a dendodulator to

receive a read /write signal generated by the read /write head based on

information on the disc, the microprocessor being configured to estimate the
clearance or fly height of the read /write head based in part on the read/write
signal that indicates a magnetoresistive thermo-cooling effect in the read /write
head, and the microprocessor being configured to generate a control signal to
control a movement of the read /write head through a piezoelectric layer based
on the estimated clearance or fly height; and

a memory device coupled to the microprocessor to store instructions to be
executed by the processor to control the clearance or fly height of the read /write
head.

9. An information handling system of the type including the disc drive system of
claim 1, and further comprising:
a bus operatively coupled to the disc drive system;
a central processing unit operatively coupled to the bus; and

peripheral devices operatively coupled to the bus.



a feedback controller to generate a control signal to control a shear of
the piezoelectric layer and a m)vemené'5 of the read/wite head based on a
di fference between a desired clearance&’ or fly hei ght of tl"Qeu Migdliei te

head and the predicted clearance or fly height. 8. The disctc drive system

of claim1l rel Ol circuit c r.i,ses: a mcroprocessor coupled
t hr ough an 12’?1”%'1}? tjlﬂ%(? pogﬁﬁgfg&éﬁ%a{?ﬁgpﬁ oﬁ%np?%}&teq'%\?ée P"érga}p"ﬁ?cf?‘éerﬁ gnal
generated by pdternebeiediaiin @ diseagive sfRén e meMdd @iprRhgdtepdyt: di sc, the

m croprocessor being configured to estimate the clearance or fly height
of the read/wite head®hidang ydisaremprisingapatseraedmed®; si gnal t hat

i ndi cates a magnet or egp$ béif‘i’oﬂiﬂ?!a?&'d‘?@?ltéﬂébcf&;e?ﬁ{e A2 h&AL/ WGl te
head, and the m croprocessor berng configured to generate a cantrol signal
to control a novenent(cotctiviely conirdllimgiatabeaheme ot fly beight betpearthel ectri c

| ayer based on the estimated clearance or fl eight; and a nmenory device
coupled to the m croprocéeé'lgzwnﬁ%ﬁesafi 4‘%8%“%%?41’6% 1aa8 thediseiotatet B by t he

processor to control theedtRAig/IRecirahdaorTBiaihiGentifink 6N te  head.
9. An information handli n&tsystem of the type including the disc drive
systemof claim1, and Veiagedasedps differegce betiygen theestmated|deatrmgpbed t o
the disc drive system a ] i i aftively coupled to
t he bus; and peripheral ﬂgg\gll%%gésndg{)ggsg%a\?Iezgﬁglaﬂg%%rp@}g@&glg a[nﬁe%%@t}é) 2 0 MW
2004 10. A method for codntail Volagedo alskent anaasduaer édupldibegitternthe a

read/ wite head over a at.t er ned dia in a disc drive system the nethod
conprising steps of: (a) Peraéll‘é(f’it‘?ﬁeageaafisaéhg%rcﬁ‘éﬁeﬁbeﬂ‘eﬁéff?%ﬁqﬁ'éﬁrtﬁedi a; (b)
positioning a read/ wites{iaaghP¥dVe IHeGeRBWSlMes PRI 1o kiqes) actively
controlling a clearance %r fly hei%ht Siet?tween tﬂde reachrl tggﬁead and the
patterned nedia as the disc rotates estimating the clearance or fly

hei ght, generati IO ol t age based on a difference between the
esti mat ed gf'e]g‘rearﬂn%lég%?f)&%%i%vé’}% s aﬁ&‘“&’%&&?e ecamcﬂnégsr%?ﬁlggn%? fly height
aRd coupling the wnage alffevéict agesd Dpidzceietic lhyarsaple@bertiehliad bet ween
the

read/write head and a slider to cause the piezoelectric layer to shear and

move the read/write head relative to the slider.

12. The method of claim 10 further comprising steps of:

(d)  positioning a slider over the patterned media, the slider being
coupled to the read/write head by a shear transducer;

(e) estimating the clearance or fly height of the read /write head;

® actively generating a control signal based on a difference between
the estimated clearance or fly height and a desired clearance or fly
height of the read /write head over the patterned media; and
applying the control signal to a shear transducer to move the

read /write head relative to the slider.

13. The method of claim 12 wherein estimating step (e) comprises estimating the

clearance or fly height of the read /write head based on a read/write signal



read/ wite head and a slider to cause the shear transducer to shear and
nove the read/wite head relative to e slider. 11. The t claim
10 wherein the coupling step conpri seibhcoupl ing a vol ta@enﬁdggfe@@ﬁce
across a piezoelectric |ayer coupled between the read/wite head and a
slider to | tar ve the read/wite
head rel at g%&ﬁ%&tﬁ ﬁéﬂsﬁﬁ(g@ﬁ&ﬁaa %¥ﬁ%§1}gﬁgggﬁ€&a‘%{: gg‘%kﬁf lfsﬁ‘ﬁ S?n%'orrpri si ng
steps of: (alingeffettiinthengad/wilitedeadover the patterned nmedia, the slider
being coupled to the read/wite head by a shear transducer; (e)
estimating the clearance or fly height of the read/wite head; (f)
actively genghabhdiBoRof®iid @ f@{}gp@grgpggﬁgs & difference between the
estimated clearance or fly height and a desired clearance or fly height
of the read/ wite (Read gspetatinga nppgx af gidgeslantbgiiogyesdn the paifeiyddngedine cont r ol
signal to a shear jransducer.to nmoye the read/wite.head relative to the
slider. 13. The rre(bhod sg(}rﬁ\ tz}alfgfﬁlafin\%ﬁg?‘gl‘lwr'égﬁa t"f‘ﬂjd“’%‘r ep (e) conprises
esti mating the cl(gar anegieoingfihforinetighibdat tHeljRattetrad/ médik Srohedd nigsgd on a
read/ wite signal 26 2 0 NMAY 2004 generated by the read/wite head that
changes due to a nagnettBe d8f SPiANgAdno- cooiing effect in the read/wite
head. 14. The net of, &8l : hS1 ks
generating a map gﬁpri éfe;tégg&(f%%%%g%Q%#@E%ﬁ%‘%%icgwne;ﬁ?g{wgﬁ)
storing the map in a cdwpdbasedrondtiabifernmtidnumthe(gap.ret ri evi ng i nf ormati on
about the patterned nedia fromthe map as the disc is rotating; and (h)
actively controlling the clearance or fly height of the read /wite head
based on the information in the map.






