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of the present invention, a fly height of a read/wite head in a disc
drive is actively controlled as the read/wite head is positioned over a
rotating disc wwth a patterned nedia. The patterned nedia includes ridges
and grooves in servo wedges in thelpatterned nmedia. According to another
enbodi nent of the present invention, an estimated fly height of the

read/ wite head is conpared with a desired fly height to generate a
control signal. The control signal is used to apply a voltage difference
across a piezoelectric layer joining the read/wite head to a slider to
move the read/ wit e FhaGdEFGHRGONTROLIOVER PATIERNED MEPIsst the fly hei ght
of the read{wite head. According to another enbodi nent of the present

I nvention, a map of ridges and grooves in the patterned nedia is
generated and the fly hei ght of Heldofithaliventistne head i s actively controlled
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devices. More particularly, this invention relates to fly height control for a

read/write head over patterned media.

10 Background of the Invention

An important device in any computer system is a data storage device.

Computer systems have many different places where data can be stored. One
place for storing massive amounts of data and instructions is a disc drive. The
disc drive has one or more discs, each with two surfaces on which data is stored.

15  The surfaces are coated with a ferro-magnetic medium with regions that are
magnetized in alternate directions to store the data and instructions. The coated
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



The present invention relates to the field of disc drive data stoi?n%e
devices. Moire particularly, this invention relates to fly height MAYI Zm]l,

for a reagoMilsisg; head over patterned nedia. 10 Backgr opgydusdbiadstse
I nvention An inportant device in any conputer systemis a data storage

device. Conputer systens have many different places where data can be
stored. One place for stori ng massi veZamounts of data and instructions is
a disc drive. The s one or nore discs, each with two

surfaces on wifCH i éts’é'gkéra%li @?‘3&“”%5’%‘?*’@%\‘%‘6%@" Hediaog sechiflisgi th a
ferro- magnet i cA readiiwtica hehd 13 pbE@indd Sver B &hckab SritdBdRaitioatslor agl t er nat e

directions to.s nd i nstruct.ions. The coated surfaces are

conput er-r eaddﬁ‘fo %’Bﬂgﬁmﬂgﬁ tﬁcﬁggﬁ%? SRPEFRLiPILLS Sampiste il tpad gite head

conput er -r ead aii}iyé)eaﬁxﬁirdﬂed'rnuﬁ@l’e 1CX RS tagdt GadkNBtwrite f@hstiono@r fagCs are
for rotatjon at, a proxi mately

mounted on,a b of spj ndl e not o [

constant high! gé%agmﬁg‘%‘m’? tArgek gk B@?‘Qf’\’e&?"b ﬁsmécainég gﬁ?\"/’ég An act uat or
assenbly in t heodds. SThedeadwrite hdad @SmovRA ARLE &n 4rE 80166 teah&lia GHadsc 6@l | ed

read/ wite heads, to. various Iocaﬁlons rel_gﬁlve to he discs while the

di scs are rot A&FHknodEAyPeTHOB iterde Rieetrack eirgadé‘g’étﬂ fistFRt e data to and

read data fr orpbﬁxh@meﬂﬁdetrahettﬁrl’getugbk (ﬂdﬁﬁg &Q@&H Wdlfbnbvhﬁxaﬂiéi als&8dIRd aand
instructions are .stor d inth one of the surfaces of

g of
each 25 disc. THEGPLE E?rrﬁ?ie"réﬂ”é% F AR Sé‘?r?dc'ﬂlﬂier‘fr'gPtd’fa"]én%%\ﬁﬂ ng data and

instructi on® infimidtienistreadtfifom tire chrget Ratll bl tHe retRivatte Rghdpalda fédddadknst ruct i ons
read fromthe i

[ocessor control s _nost opperatio of the
di sc drive, gﬁrog@y sfefrh‘?fé‘?ﬁ"fnfﬁ'@os‘ RFBPRRAFe™ e seree H’g""fnﬁg?’}’ Hgti ons or
data read fromhetrbz&i/\mtdmeadbaﬁﬂt it DcotrettQsias, itigm6waRsh edsiradpbsitRaei vi ng dat a
or information fromthe regldestlng %‘30 conput er, fgr witing to the nedia.

Information r&8b¥eRetARE AT MIPsPause Lo hE POSHOMERRT 1815 is stored in tracks in
the nmedia. |In sonBacire/vitit Mg is typiEaly N@haied Bn b Slidet GaEid sippordedByl tiplicity
of concent cuI ar tracks in the 0 h disc. .In other disc
drives, in¥ or Hﬁtalc Arof assegnbly. Kﬁ\?aﬁtﬁﬁﬁr r‘%’%ﬁfi@‘ﬁ?‘%ﬂp@@@ﬂ@%% 2 stored in
a singl e trackeatihaite licad ber theGmadia TOALISE thqXisoa) Eadh slifie iveddited @a each di sc.
Aread/wite head is ﬁE(R)SIt €ned ovc—éﬁa tra k to wite nformation to or

read i nfor mat90APTed %rmtst‘fbt B pEHALT MY &onpl et e, the

read/ write headatabnotngtedonh hﬂhdt@dhifﬂthfﬂhgﬁbéaﬁngs dﬁ@‘éte rbfafed @bout fRCK, toO
ead 5. informatio arget track. The

}Arﬁoi/éﬁeln? f ? ;Ezéétgqq%{ég ff) #y 3 Y.%Cef08]1 |n'6>\1iarrt| move tge rea wnte ac}s over the media.

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.



nodes. The read/wite head is noved al ong an arc across tI2e m? @
disc in a seek node to position it near the target track: q’ g wite
head is t ti oned over the target track during dfoIIow
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between the slider and the nmedia, causing air pressure which lifts the

slider away fPUHiopduingEdiel. The sl der has an air bearing surface that is
aer odynamizgal |y shaRetbdfaGndyivéPakdifedSdndHGE 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
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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.



The di sturbance increases the possibility of an error rztgeﬂ i ntg ir om or
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7(:1? g [?J%%iew 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 Figure10isa 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 Embodiment
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
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to the base 112. The actuator assembly 118 includes a comb-like structure of a
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
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[
baased | over - OMed DRt LB HT G ePREert e e P Y R RNVt wo
surfaces, and applicaslemtstideds 125 Haviag drefiarihe readfwrhohdad 8.t surfaces. The

surfaces are coated with a ma y4 bIe t.hat ized in
al ternate dir &R i%g'ag%etosfeélf“é‘%tqﬁ%‘l Wgﬁea Hl?vgﬂ’?efsk%fggg g? Tar e
conput er - r eadadabiiag ﬁadlframhmddrth and afshﬁndl l‘iEfaOlfdm\trlth dataed thelimagiac MR Ut er -
readabl e d

_ a,and ¢ ut er - r.eadab omput er - exegut abl e i.nstructions.
The i nf or Pt PO PG B4 GLaieTR epde REE of PR PuRlose Ao Bos 194, The
di scs 134 armediaunt ed on a hub 136 of a spi ndl e notor (not shown) for
rotation at an r oxi ¥, cons tan ch sl.i er 126 is
noved over the rre 3018?% r\%mB‘fn?dﬁg tﬁ@”l%%"&?’ﬁ%°3ﬁ“ﬁ ®or assenbly
118 as the di &ﬁ&sﬁ’ﬁ@slﬂﬁﬁ%eﬁﬁd&hm6 mxbeombeaﬂVMfousImntmduiL% may read
information from or

o o0 ORGSR O e USRSl 1 1 50 104 The
appl i cabl e2¢ 0 asli $secshidipemtanedtingigndia¥Lattclddus tkicdbwer 04, A @smehera WO 01/ 41132
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.



7 2 0 MAY 2004 PCTI USQQO 42505 single disc attached to a spindle notor, and
to disc drives with spindle notors which are either und@r) MAYUR0BF Wi thin

t he hub. Wgo4ipprdi ments of the present invention are pegugéddgsoappl i cabl e
to disc drives in which information is stored in a multiplicity of

concentric circular tracks in the nedia of each disc, or in disc 5 drives
in which information is stored in a sisngle track arranged as a continuous

spiral in the nedi f each, di.sc.. Each slider 126 is.held over the nmedia
of one of the di sc@e%fssﬁgﬂ‘fmgﬁ?fg e%‘@flefo()}nt‘?’éeéntiegrﬁtr‘?‘??‘ﬁ%“tf g%ﬂfoélblfe ng 124
forcing the stititeactubdd adsembly d18 thebupiea flexiblatablesioR. Theihtdgrabedon an air
bearing surface of the slider 126 caused hy the, rotatjon, 10 of the discs
134 |1 T1ing | HEE | QEEasO R Pl SRtk dedoicr o LHITA 88 be  not ed
that the enbosibveeiehs ofthetabieatprr Rsably 118y ahk imsgraabdrcuiscboedvalss are equal |y
applicable_.to slide 26 havjn e than o ead/.\wite head 128. For
exanpl e, n'aggléetcc?}‘g]g‘ifbst ?Véﬁﬁg{i&g?@%érbﬁiﬁglﬂeégze Wgﬂgd’é’,gaﬁ% ®ne head used
for readi ng tateadfvrionheas 2 owisendnfarmmmacnR deing adittéoto thie medingn that a to t he
media. MR 15 hea have .an addi ti onal ads .used for .qQt her purposes
such as er asi%ﬁcsgg‘ég’%ﬁﬁe&e}w% V’gip&?eséglglar?ﬁ%"ﬁ%“ﬁ’iﬁiﬁ?“@ﬁ“@&”ﬁ e act uat or
assenbl y 118 wepfwedicthead 198 wHen adorsptionnig Beid@rbadificin theanalid dethsdidsd6. The voi ce
coil 140 is i rsed.in a netic field aof.a.first pernmanent nagnet. 142
attached wi t hi-H rEebadecord s7o5n infhe itegaiedsitiin  REmab TR star 144
attached t10 tibfornaaioaredilfdom thheegie trauphic readhgmeheadd 428. The4, and t he voi ce
coil 140 areulco({ggq{]en%sl of a vtoi ce coi I.t. not or . \Mg%ch }ils controlled to
apply a t or quE4o8K SRR SY TP §7CTRUREE ARPSHOPLEFOF YD IAREG ¥ V0 hout t he

act uat or shafinfohR&ionClff therehd/wetedpglsil 2flare actiih @ cottdcCposition) thdyde i n a first

di rection tolﬂgn ratgﬁsan el ﬁ.ctroma interacts with the

_ " 4 gne%'hc field thfslth
magnetic 25 T4 'Of 95 POSHIOR QUH A “Her) HaTkd™ 1o4Bensq W4he RISHIOR SFQ, act i on of
t he magneti c digmal. dShe dfepitd B9 nanythelgid @ niicroprbeesson) ackigitabsignal 40 to rotate the
act uat or :ﬁserrbleg 118 about tt}e a tuaior Eh‘aft ‘120, @ng.t e _act uat or
assenbly 118 HTECCHRLSF QP LIPTs Y2 RBOIRH I CopRa PPGrRfiens of K §ist 98YS o a new
position. A cl0Or &h¢ intggpatédaitciis 160 may alsemcinde merhdy devicesauch asect i on opposite
to the first di tio L.ts in.an opposite t e on the 30 actuator
hosenbly 116, EEHREV RO DRAM st e RBST aerbl BB RIS The”actuat or
assenbly 118 and posp viearvfioheofitiedidca 34 sdhleeadtubfdBawerably 418 aff get track on

one of the diggs 134, 0% APRYS LAY JHSulBiRL R Or B ptisgd 1o accel erate

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



actuator assenbly 118 to a different position. WO 01/ 4%&% Z@ MAY 2004
PCT/ USOQ' 42505 The di sc drive 100 includes one or nore*i r Q dcircuits
160 coupl edo mmihe actuator assenbly 118 through a fl excsposmtd e 162.
The integrated circuits 160 may be coupled to control current in the

voi ce coil 140 and resulting rmverrentg of the actuator assenbly 118. The
integrated circuits 160 may also 5 be Coupled to the read/wite head 128

in the slider r idj [ : read/ write ad 128 when
information i sr&%gllzﬁl)g a/fr?%ét%%l‘}é)n étagest 3@%& |%‘£ garo]haE ﬂ%ved |eg§ess ef%’ﬁd(geﬁd for

recei vi ng and iptheowdii2Ag that are paiveraed tosstare samad infpemasioatimdding ttdee read/ wite
head 128 when i I LS. bei : J e ngﬂi on_the discs 134.
A feedback corrllltLl @%%E’E%%rgﬁﬁb%s’tﬁga?crﬁn%ggfg&%%%?op%elff S y%g?)re?m‘ﬁ/mtreecei ve servo
10 i nf or mat i omeadelRd. Thotwack memhers il settoomgtbers hdentifyakl vack pad seetads 128. The

f eedback cogqtr t ] I i | f.romthe servo
i nformati onif1 Iogértvﬁ%&rtgg}gg ﬁvﬁe{aﬂ eﬂcggzggs ﬁoggfogérdg%rﬁpé t?%k%gg%'}?%a% nlp?osi tion,
they are noveaskedthy afeqfibankcentrq) oystent inrthevegrated ciaguite § 6@ tozxoktrdl ther esponse t o
the position . i : Ik CAH } i Cr opr ocessor,
a digital si g?g{l%ﬂsdgl#%g%dé\g%t}-!ﬂg%ﬁ2g'n§h%§%m@%gg§%é§? gﬁkggﬁ?)ﬁ%o? to control
oper at i ons of ocdweatdioyedagieq kegween 0@, secfore. Theremaybearore ior koes than sb8&nnmay al so

i ncl ude nenor ' H8ROM and DRAM devi ces and nodul ation and
anplificati on¥%r?§¥'5?§§?ﬁgﬁ{a15§§% ew8'of one of the discs 134 and the

actuat or akkenbly Arsspfectiiafvice 390 pithediontB4iand fHegnedia 208 scsbowuliong t o an
enbodi nent of i L Ok T I 4 in a

di rection ZOGFLér}% %gérgﬁ (t)%%sél?ﬁ\ég@%hfﬁé%c ‘?gselqéoafl %‘%‘ v&rhtg tkslﬁéae?rizaéglﬁeti zabl e
medi um t o f or pisashoompassing-aversaialof de vt wedzes230. ThosmemdedgoR3@sncentri c

circular trac r i i | milon is stored
in each trackl.ﬁag?rg?gg?{ htaﬁé&ggtggcr[gééshﬁggﬁ ﬁ |%‘§9§2no @%%éerdé]gcgéﬁ%%hﬁ)o, four
i nt er medi at e rhangkef thd Ppo2dphy ofthg media@0® 1'Bhe mpadeticrpronsttiss of thack 220, are 25

shown spac t i The L] y be noved
fromthe oﬁ?e?aﬁe ga%lﬁﬂiez‘gﬂ}tg? E‘hé‘ ti%gﬁgp § Sgcﬁ:ga@gl\grsb\%c? ﬁggﬁgﬁ ?tgﬁ of the
actuat or asserptryy dfB8ombfauridge BE0 ia diffesnbthars tha irtagrie?io propenty @vhedi ng curr ent
to the voice i 40 | f4 [,k i /M | ad 128 may
be noved fromgé)twén n ?Natg'?%ctﬁ%&%ﬂ{'%gﬁ %nggﬁ{n-egp SP?@&% t%%{cd\%i @ﬁ a rotation
of the act uat om thgsferrstad thd gattesn F0idgasGVP alidgyoavas 320rws ittfbestdver thoi ce coil 140

in a second diLGelLOR 290RAE hightloP ik MAgds's18 Wwhich 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



direction. The tracks are divided into sectors. The tr S e SO
divided by a nunber of servo wedges 230, sixteen of wfﬁh"@?d@k.
spaced apawooaimishe 2 0 MAY 2004 WO 01/41132 PCT/ USO0/ 425606s0b43mdi a 208.
The servo wedges 230 are narrow radi al curved wedges enbedded in the
medi a 208 that are patterned to store $ervo information including track
nunbers, sector nunbers, and tracki ng y nformatl on to be read by the

read/ wite hefl?@re&d?‘@ntem 12’8% aﬁ(ﬁa ef??r@ ESS‘?‘entl fy the

track and sector over |ch e rea ti oned, and
the tracking |r¢ﬁd6*/rﬁab¢adr128 may euffeda logs of sétsﬁdbm@kthmmptelcmbccmymtmsl n the

i ntegrated ci rf&qie%%ﬁtéx@gg%%eﬁg%ﬁ.m the position of the read/wite head
es may or

128. The servo ' may not occur at boundaries between the
sectors. There rrayAbErSnmtleeviPWM@(ssfthMiderslizmae@med'seanmshmdges 230 in the

T2 a08, FO LIS AESH MO0 mfflle PARe0h g, BhRtydd oARE | De, Ted! & 208

is shown in gure accor an enp §ent invention.
The slider 12@rdsent lra/bst@nsﬂ"be\mdpla@@hngamlmg ezdgesunfacct% apéisvo wedges 230.

The servo wedgg t | t,ernating ri.dges and grooves
320 that are g ﬂﬁ%%gh??vﬁ%uréﬂ n%g W’etﬂl gtltﬁg gldgs ra{11 lrhbe of® Stuglfgcerredl a 208.
The magnetic PPdpeenternad 440, a1 SﬂﬁaqydrﬂE,QrSheamtratrsgeceMMhandvendrtémgdsﬁ of the

ri dges 310. Mgh&y I?aﬁ?%éc 'ﬁ)@lair%earﬁg %ﬁ?@iﬂﬁf a&s@gﬁhw%ly&%ﬂg‘?ﬁ% § ft Of a ridge

310 is different gr oove
320. The rEhdpimfloveaksed by awt@nofthshw%hfn thdsidgl I2Aeuch12B it fian t heref ore

dth h
\S\ggget Zgopafrhg{ﬂgfﬂ%%ﬂt g?(?ﬁ%sel&e gﬂggliaggéj%%% a%%ﬁrltgﬁead 124 kr%oﬁssnogl\é {sht 01? i ﬁgr \2/8

grooves 320, aﬁtme‘hmrtm shear dfansgueer dl‘t‘h Thé band@adsi44ges tt@lﬂulmg edgani dt h of the
grooves 320, sitface 2 8\‘1?9 nha(?eagﬂxeﬁe%ﬂgmgleg&%g%& llt%fg lxéer 1{2%1 % read/wite

head 128. The engt eren ern may al so
be staggered sithelediznic sighals to passcfiqapsl tpﬁletrtﬁd/wntdgw 13&0 of the pattern.

The pattergy repr eSPfear ?rﬁ?/sﬁucef M4Qa'ilg§£ q)ﬁ pea*imlltﬁﬁjéaﬁ' g%§ 'i%gtté% nélarI:rP]e rs, sector

nunbers, and tracking infornmation er gh Fder 126 is
measur ed f r onireiling edediserfeg3s, madmﬁad]gﬁbatabnmpployely)fnélpwsﬂm servo wedges

betveen e ¢ biariq FRASUOR s AR bMRrenblf Sonfien bl WHER it 261 € 1o
i nteract wi t h44hda siverabwadictiye sufades cecausdone\sbear ami qaudegbevestiing t he ri dges
310 and in t h@dgg 8?3695363%9 tﬁesreMrltg\ﬁgﬂd 1@9 Ito mI)\S)e reltap\?e tg [helb peo?"trlénrs]g surface,
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



30 and therefore there is a loss of fly height of the S&%SMZEW*

approxi mately equal to the height of the ridges 310. T e abruptly
changes the air flow boundary condition of the air bearing surface of the
slider 126WOMd % uses a discontinuous fly hei ght vari%ﬁ"i’&‘l“’?zéqs t he
slider 126 which can cause unwanted contact between -2 0 MAY 2004 WO
01/41132 PCT/ USQQ 42505 10 the read/ wiite head 128 carried by the slider
126 and the nedia 208. Also, the read/wite head 128 may suffer a | oss of
sensitivity wditkaion opthe sheaeoftbnpicokledfic laye 580.1 & vbitigg diffecenes oftahe nmedi a 208.
A perspective yij Of th ider 12 the disc.. hown in 5
Figures 1, 2, fgﬁg%é&&lg%&mﬁﬁ}e%#@nﬁ? %eaglgégcg%sf f:ltl%r%}ée T%dla;%)%esﬁﬁ%ﬂi%nt of the
present i nventHignme 4, Bhéa séliagediffeR6eelds seond @ildritngppesitpao sherffretodll 436 and i s
posi tioned ab i he_ sljder 126 |nclid n_air bearing
surface 438,Q%O%Stéﬁr%ﬁeegrgﬁgljggh%%,zsgmﬁ%rpawgg?rf”g(j:%ﬂﬂ%%ida%' 3?.‘85 % r ansducer 444,
and a nunbe¥ dfansdocamd4pmaentrbiied tokinantain i desirad finfeightiof the @cadB8ite S

aer odynam cal | i . ai.r f.low caused.by a rotation of the
disc 134 |ift%’X?‘ﬂieigég'{i‘ﬁgart§‘§E%I}§%’éfk8{’%%’t°“ fipcnd Roteinto atop o i ght 450
above the nedinedR(®®8 witheut setmthhtialietrersh EbaflyllRigh( nfithe shd/wrije lead 128arried i n
the shear tra er.. . 6_on the trailing edge surface
436 provide ar%gt%f d'}ugéé% t-é;%?l }é(%g% fﬁ%goggr f}%pabtgmg{lfng% gbag rteggfeﬂgegsl i der 126
to allow el edytlEseryowedgead3d shovmpiaFigufebm and to the read/ wite head 128.
15 The she trans [ : /ML d 1 | ocat ed near
the trail ?q]g edgeﬂélcﬁlr%fdgggfﬁéh% 81\[“% %g?sa%ﬁﬁegto\gghé% %Qﬁgier? %gbr%%r e closely
follows the ptdriel sed aseldnamuB0Banivin vabimagesiliionf @ sBicerecartsonatpepl i ed acr oss
the shear tra 44 i (Y faces .0 use it to
shear and caugz]glkEl ﬁsgﬁn}drsg?cﬁfiXrgsﬁlagog}égérghzr(fg{bg&%%@gn gdn agur'\rgg?%ngd si}\’/?a?ete head 128
to nove r el at ipoiohsofehdsbiderd@6 fiomrtbe Rtage appliel tg thedendut@G. meFilis, t he

read/ wite he 7 r y f.romthe nedia
208 based on t 8&\%%?’55389‘9’3??? gnﬁglﬁ%}eﬁi%gﬁé &89%1&%58}%5 Hﬁ heé® \gﬁ‘éﬁﬁhet ransducer
444, A cr obs- dedyt 302ndhe sacend ibOMatarflayeh®40girevehats clia?ss framkmterfetiongitia | i ne
452-452 in Fi,qur i n%ng) I i [SH_Y C i .ng, nbodi nent of
the present 2 :%R\g/reaﬁﬂ %frgﬁ e Ils“}gggdrdgﬂté ré'a’rrllgedﬂgteag& éﬁfﬂ-lgdaé]?ueléﬁrel o a body 502.
The shear tr ak&dde also grévenconglragsdischargt betwteni thsait xhong duafper43820, a second
i nsul ator |ay 4Q. I [ ngd. secopnd. can Y o ic layers 560,
562, and a pi gé%tgfglé }jldés og”yelrlglg@%(ﬁt.’ Qﬁlgggjtaggg%léﬁet ee%sggél(t)'nd i nsul ator | ayer
540 i s the read/ wrThefirkteind seb@@l indutator 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



pi ezoel ectric layer 580 is polarized such that when a voltage difference
is applied 30 across it between the conductive netalli czltpmszmo, 562,

t he pi ezoeweeiksisz | ayer 580 shears, or distorts in shag@yusteakdie
pi ezoel ectric |ayer 580 shears, the read/wite head 128 is noved in the

direction of the shear. A polarity of the voltage difference across the
conductive netallic |layers 560, 562 determines a ,Z 0 MAY 2004 WO 01/41132

PCT/ US00/ 4250 1.dir ion aof. the. shear.of t {ezoel ectric layer 580. A
vol t age di ffe$4e‘)ﬁ’c?%m8¥§d§}°wf‘?”ﬁf§t‘“B‘Sﬁg?‘i“??/%ﬂrﬁqw R ThERaT BRI 1 o oag 128
cl oser to thel2gpehizh 20@rrieh dvthe satondRhsyiater 1ayer $90dis diksvokd mogeeddn fhker ence of a
second pol ari ﬁiiy

s

ite tothe first wl move the read/wite head 128
farther away egﬁ?rfﬁﬁer%{?iwas%éwar&rﬁgmseﬁ%ébg gjof’vpéﬂtléﬁr(?e“r ﬁ\éﬁaf’ge control | ed
to mai ntai n aingestioredf thd shedratagddiicen #44 ik derfoed dviy e diensivmad@4. 18 such that it
may read inRfor i from.and ite.informatjion to the ..nmedia 208 w thout
subst ant i a? e‘Fog'%éesaH‘?ﬁréce Ifjg/l Hel g‘??@angf °@ﬁ%@%§‘8?\ﬁ? e ﬁqglé%%i'fﬁs nust be
adj ust ed as tthepistaetbetric 186r 580 the read/orite Heed 28t waddiedmowrediima 208 r epr esent ed
by the servo dge 230.sho in BEigure 3. .10 The ho 2 of the slider
126 is for rred‘n%fgosnlqplpg%%t%wgg?%‘%gézgﬁ?‘faw«go%?@F?‘ﬁﬁefg'gﬁ\? Yas al umi num
titani um car bigeight ef the read/emeire, head 128ichn thereby be lnodifiedcand Tine tined asthand second
i nsul ator |ayers 0, 540 are romed of . al 4ym na. and..i . at e. portions of
the st der 1oaer 28 Bresd Qs oL0: Fith Bost MBS e ARSI ¢ “Tayers
560, 562. 1VheFigures? andfsul at or | ayer 520 prevents charge from reaching the
15 body 502. The sggcond ipsul.ator, | r 540 .prevent s charge from

7E 8 MRt B Siger PSS i RV Rt

interfering with Vf%ver &0 % The first and

second i nsul aéntrodinzepesf3he p2ent ibvk@tiad. SThepoe viewt70aillustritesgewdi schar ge bet ween

e oo RS 4 v B R a5 RO TAOS "

may danage the
al so provi de the didef Hvds the bo®502jthe first dnd secondl instlateelapes 520, 540, thayer s 560,

562 can be_.bonded.. Each .of th ductive tallic ers 560, 562 is a
Chin T ayenSof REClr RERNEIvER Son SPRan b MR Bie e Y HvartaR; o anc
second i nsul atfdire reaiperite h&(1,28 Thlso sheoveh. iAsfiratt doadived 772 18 codnectpd wzoel ectri c

| ayer 580 wi ttne% gn%n((j)u 1;tc'l.‘\//ee ah Xﬂa’. r‘lk'%? th?nd ct. v. 4metdal lic, layers 560,
562 conprise BHIEONCATCHYHPEIC By eno8f at aond P i n a8 Pher eof . 25 The
pi ezoel ect ri ccohducer 73BB commreped ®ake firstadndicticomethléic taytraittacs bdadr i um

Z 'r oor et B F1E TR 5 G SR 6% BhalBRIY P! e M SR bunfy €Z0€! ectricC

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.



A cross-sectional view 600 of the slider 126 taken along the |ine 452-452
in Figure 4 is shown in Figure 6 according to an enbodi @mﬂ 1 pr esent
30 i nventi wooydg2 vi ew 600 shows the shear transducer ddo/seshear ed
position. The slider 126 is shown after a voltage difference with a first
polarity has been applied across the g)_i ezoelectric | ayer 580 between the
conductive netallic layers 560, 562. 1dhe pi ezoel ectric | ayer 580 has

sheared and the s i t | r 01/ 411 2 0 MAY 2004

T Us00; 49508 5a0r eagn S 8o AR ¢ WSS RA ifee o o Sty ar 892, The
read/ wri t e hepidzoek2®ic dvikeraivdels81¢.dafheipedodlaatrichisivaranaiet8 lidisal at or | ayer 540,
is |ikew se I he. . direct.ion of the arrow, 592 tao d the nedia 208
shown in Fi glrl}f% \eéﬁgmgt%ﬁfem%q%rﬁ reesenﬁ?ﬁ ?)‘Sg‘(eﬂe%o@e rf#éwrétﬁgﬁardvﬁ%%é‘aucer 444 is
denot ed by t hpiegtieleetnis layar B04heatsfin eesponvtottieg@ltagel i fisraire @crods the Second

pol arity opposi t he. f.irst : |.i ed across,,  the piezoelectric

| ayer 580, I%t hgdntrdgcélg \W/re{gl e IhER 6%2’1@5?8’%&%@83 A ghe ‘g’?‘?écti on opposite
to the arrow $8em #\dlsawajudes omodeh&l 6nef dicac@Br asddnebl§ | M8 anlieheght of t he
read/ wite he t her,eby be nmodi.fied and fing tuned the slider
126 passes nggie%ﬁzg. gﬁ@ %gégér)gé/g mwaéhﬁalggca%ffareﬁefngtuﬂ'éoﬁgﬁpﬁg%%%g%ovvn in 10
Fi gures 2 andslBier R6tting includvs cldEntfrefrésentsigivibeation Z6the sctedhavassenidly-i gure 7

according to ioent.. of. 1 h resent, i nyenti The top view 700
ot 2ot O Eih pETRRR TRy hRTRSSHED 124 "8 Haodhis [tk Be

pi ezoel ectlOi ceffeayafich&@es inVhesshidr Grasducet #at el thechaotich2/ tHesslitldrd 260dy 502, t he
first and second i lator. |l a s, 520, ,540.,.,the,1 onductive netallic

| ayers 560, 562, afr]i%%? qré)?f}fs%'z’%@ é‘lcs? %rf(:]cudfsarf/aedr/wr tﬁa?a%ﬁﬁm%lﬁ PPRE of the
read/ wite hedld, 498eiesinmts @26 hodunfeedbatk comtrolian 8212 CTHarstate/édtiingtoconnect ed t o

t he second co tive metal.lic.layer .56 t bond .poi 774, and a second
conduct or 776%3’9 oéfésnlﬁé:% %ncfh?%wfﬂﬁg’zﬁapéfn%%%ﬁ%a%r{ap\llcé "%é‘f gfqtloc | ayer 560 at a
bond point 7&8matEhie fiyi height afitble watrwrie hewhl®d bhwed on 4 hidgneldttsigive | nsul at ed

v om o erys2 e S5, 3Ll BiB AP RR P10, 1o LTS,
t he di spl acengrborhdrat whereby stempératoretol nepeadyoee beti 128 variey elmosB80 shears, and
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of a control Iegdi128ahdhHes witkils flpheiglit) andlalong ovith thelterheeatiire yhange
comes a change in the resistive properties of the read/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



hei ght of the read/wite head 128 is shown in Figure B%agqgmizoﬁto an
enbodi nent of the present invention. The control syste 00 1s a closed

| oop contwobysay®t em whi ch adjusts a position of the sheavsoassducer 444
based on a sensed position of the read/wite head 128. The control system
800 provides 30 active fly height control for the read/wite head 128 over
patterned nedia such as the servo vvec}de 230 in the nedia 208 shown in

Figure 3. The j of .{.h read/wite head.128.i.s.controlled
substanti al | ye%dr%é%?ﬁg%t!"%@tt{) Ereeatfe Py° \éqagi%ﬁreg?mg {hR Rositiqning of sy VO
01/41132 13 2 r@d/viive lﬁ@@ﬂ@@de}ﬂ%@y&t@@ﬁ&nhwmmm& iy tieeont®00 i ncl udes a
D 206l ot 11 o e 00 A PR Bosion e B PR Sl b I i g
movenent of t bempaseido6 wheidesired dlydheigRiB28 as pdmeof thpi fewibadkaobtral 822.aper 580 shears

in response t Liference r 5 cond ive netallic

| ayers 560,% 5§@$%%%2L%%§raﬂ% %egﬁ{g lr}ﬁc%tra ﬂﬁﬁgag%dggé%oﬁ‘tv?rgﬁr%ds{?st em 800 al so
i ncl udes a nodaitroBthé volfagt Hifferentamtoss thasawndilvy nitbBicdaykrsd 360, S&lin der 126. The
nodel 816 is i representation of the notion of the slider
126 that incl ?Jh ggéagﬁé%é‘?\ct%@%épr esenting vibration in the actuator assenbly
118, particul arly Thelontral eysténn8atran bobacdpr nungsout 2dntrol ftentagizdel 816

i ncl udes the ; fi. i sh t rangducer 444 on the
noti on of thei]n%ulg%%‘re&}Qé.lm%tll‘ﬁgoggglﬁéa? '}alagaf/lgf%%{a@fldﬁaﬁ’sSrcipﬁrcg’Pﬁ es read/wite
head dynanilcs integpakideri@ligs (PAD) feat doreartl] avd adapti8@ihprampieks ¢haf ek control | er

822. The stat gon%f{);sr%&l 096084 : eﬁﬂg‘@ﬁi%{‘%ﬁ%‘}“&ﬁ 1\%.th the read/wite

head dynam cs 1 npu estimate t"of the read/ wite head
128 based on a nagiib¢ madwritthent] 28%as hiomrnass cddtivetp thé §lilet 126Tind

magnet or esi st | - | | ffect,is neno ereby a
t enperat ure 0P1¥§ﬁ°gpgé§§f ‘g%ﬁg)l?aplegﬂgg%g’l%héfgfl%é’sf p'gﬁni_gzs’fvgwﬁ f‘l\r‘]\g(;“ésrf?ry wthits
fly hei ght. Muwick epgpendaticradflits flydeighitie rasponsovl theypttems tritbe medial208.i t e head

128 changegs with i [ I ith the t ratur.e change
cones a cﬁ%nge in %ﬁg&%%ag{bgf ?“\%e %rg%gle'??tﬁogg)ognff grtaﬁttéveﬁ'ecgggg\/?ﬁ?% eﬁéad 128.
These 20 r esi bdightef thh acadegitcizad b28 id sliowatie Higose deacedrdiag kap a bi as vol t age

eadiarite nediiiuit §r BEBheRuabRok bR bl blbe BEUIHe 01t T
gener ates. O head 12®iskestisaterbaccdyding tosand of the asthodedescribed aidvy. Ied3ght of t he
read/write hef%g es’]li%?atedFﬂy he?g)ﬁ?g%t%pargd 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



capaci tance plate on the slider 126 can detect changes i£ t&@ﬁfiﬂﬁ hei ght
of the 25 slider 126 via a tuned circuit. A tunneling el ﬂt 'bbe tip
may be pl aggdusgnr the read/wite head 128 to neasure ppriusiikoscur r ent
fromthe probe tip to the disc 134 when a bias voltage is applied across
the probe tip. The estimated fly height is input fromthe read/ wite head
dynam cs input 818, and is then usedlf)y the state estinmator 820 to

est i mat or

predict the f hei. of . t 30.reag/ ite head 128, The, stat

820 recei ves cgcrlulﬁgﬁé%ﬁmgo@g%qsg’am ?}ﬁ\{i&? Fead{ W% °a%nl&séeq%tﬁ’ﬁﬁ‘? @ﬁ vol t age
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position p(t). The,stat sti,mat of 82 | so ¢ e tes for error or

noi se. The feedbaggle %erqﬁ?c ICO%%syﬁé&lnaﬁ%s8%?’?’%&8&@6%%’?%& Wf(t) and 2 0
MAY 2004 WO Ofcadi¥viiBXigaallgehisaed By he tead/dvrieshicadre2 e iniotdadige v_pZl(t) to
create a fqQrnul.a for refjning. ositioning qf t read/ wite head 128.
A desired Pl y fEPgH" %ﬁ%ihf?egﬂaéggaﬁ??éaadf‘?‘fftss‘gﬂﬁ a@gﬂﬁ?ﬁd&yt %yst em 800, and

t he esti nmat edampalifiet i @9 ipddnodalaed b e dasdduinedr@dlvakipegytded tdd) are conpared
to the desired.fl heilg 28 a Part of t.he feedback c trT%I 822. A5
command vol t ag Cr%%%‘:ﬁ%sf’ 0 fonfr?)sgoaﬁo |rta§ nstotgﬁ'ﬁ é‘f‘f’gﬂve(&bA) Eonverter 830
to control tineroppddessgel (R0 breranaeonted] sighal tde@naoldtietemént ofeieal | 1 ¢ | ayers
560, 562 in tcheaoshsesar N rlz s.jélkgcert A[4.4. lThe C]O?Er0| .systlﬁm 888300an be based
on numerous cHAFBRSERPY; gi S COTRE PET AGCOUBE oot iR FRE Y S a | i near
guadr at i ¢ l0egwhiab generakds a dritv? Ligpal oo istcomveatbd byl Ddigindl eguallogd®rAvat i ve (Pl D),

feed forward, and adapt.i approaches.t hat |l ow the.contral system 800 to
e p53 Rl ey

“learn' the vEITEtT RS apanglog driver signah thatig ap VS VYE head 128 has

a | ow mass r etdadlt140e Thomichgrakdsoelr02d 2dimasend flythkightadf dieereaai/vritg heade sonant

frequency, on e arder of 7.6 which.allows for a ui ck conpensati on
of ety helBasei e gundienyhieaialiydt nd¥he St sSus e a

fl owchart of themmor@oligyuffeat desteibbbabo9é) Mtharfealbidk\sersyr methdbdskinbwing t he fly
hei ght of .t.he read/ wit.e head is..shown . in Figure 9 according to an
enbodi rrentltsoftotﬂﬁoeﬁ}%%déﬂfheiaﬁ\fg'ﬁ%g%?ﬁphf%a PRt he fly height of the
read/ wite head IIA8miGomsdcssvnl @) praessedi segyotintedie eavh tinkethéret hods

descri bed above,, I.n.932 .. the estimated f| hei IS, Cco dto a

oo rea 11 o MERutf nditCras rites 8 B sty wbRe i oS RBRTHB0 Gt or i nes
i n 934 whet heThetrkml/vestt headt1@8l rdallsthé edrghinformdtion e the e@rdd wedde@30emtd 128 i s
equal to the desire the nmethod .900 returns to 930. If
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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



hei ght, a voltage difference is applied to the shear tr dﬁgfr up 4 to
change the fly height of the read/wite head 128 in 93 e2 t ur ni ng
to 930. Thwodd4mmet hod 900 is repeated during the operatpcmusod4zsése di sc
drive 100 to ensure a proper fly height of the read/wite head 128. A

bl ock di agram of the actuator assenbly 118, the discs 134, and the
circuits 160 of the disc drive 100 is 'shown in Figure 10 according to an

enmbodi nent of ures 2 and

3 is 30 also g&@ﬁﬁ&f%@ﬁﬂb&érlgé{ﬁ@ﬁdn% O%a?%“th t%ck}gadggllg%‘l@ﬂgrﬁ © he servo

wedges 230 f orfxecpigblgdisaryctions wrlydg aciive ﬂ}hleelgbosqn@rpbmstwfcuwdw intthee read/write

heads 128 ovelfodf\f asdthlly2odOR 1ﬁ1ﬁleﬁ§ﬁ.rt}{e%bllht?oqsﬁYeHPSJOesﬁgﬁx?&?igﬂggrOl system
led int W th e be

in the circuits 160. Those ski It of the
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read/ wite heads relative t"he i scs one at a
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128 as it is reading 5 information ) read/wite
si gnal anpl i f FEereby bup&052a e PRAM mepary dP‘§CQjH}§BMWtebWaéab@nodul at or
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of the di sc drive 100. E? m Cr opr ocessor 0 generates a control signal
to controllla pidAent of the actuator assenbly 118. The control signal is

coupled o a vol conealy i ke 1090 A9cNp A 0SNG ELERAAYEE o1 90

that is converted by a digital -to-analo converter circuit 1032
into an anal og‘dd’fﬂmép °§'ihgﬁ7&ﬂlat2ﬂ$ahavmda‘pg?qlé@rm@ométh@@m@nsmmel 140. The

M Cr Opr 0CeSSOkediQ36s %ﬁéciﬂ%%ﬁﬁ&e ﬁexéﬂté’%fgﬁé% ﬂfo dnll the'deilé 3\{{1156 head 128

based in part on the read/write i cates
magnet or esi st EipavesBRephibe s vedgesss G&Welbéﬂsﬁ@f‘i\cbe@th&m?@%&ﬁ@ f eedback

sensor _net fRodsaf RAWRedliR tleOnddlORR a8 K hnap ?6%0' FhatiDRBadlin MY SR LG appl i ed as

wel | . The m croprocessor 1020 processes servo Interrupt each tine the
read/ write heB@mengicpise §&9 aggaap dHE w&lfentth@éi@einwl%dgmatmo in the nmedia

208.  The reagiafish 1“@1%:%21%75 ﬁqgﬁe\teh By BRYiCro} 1‘%&5(%?82(9@ dsfindif'® Servo

wedge 230 and transmts It to the mcrop roces he tracki ng
i nformation i ﬂiletl%ors@fwtlzq)ﬂw\l@e@éoiiﬂ;@slidnroﬁ%atzress théwwegia2ds. s of t he

readiwrit remgre&%n%a@onngh%]hgygqsﬁr@ggg@gé}zorﬁ&g) 10 bEAGHR W/ndgRGkmounber and

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



generates a position error signal fromthe tracking infor %oqu ndi cati ng
an error in the position of the read/wite head 128 reddi 'fthe
track. Thewgeg4iiizon error signal is used to correct theThgeif208n of the
read/ wite head 128 in the track 25 and-foll ow node, and the control

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

m cr oprocessor 1020 is al so coupled through the flexible cable 162 to the

first and secgn onduct ar.s 772 . 776 in.the slider 126.t0 provide a
control si gﬁtéellgq‘tt%’ c@aﬁew IR moging s dradoymite geﬁdéﬁ)gt}veé%éeglb&egﬁgar and control
t he fly hei ghhaiofain iBQapabdity @aehanste b esclié aadd/b2Be sighab THeembpdioemssor 1020 i s
coupled to ex n informpation with a EEPRé]\/I ash, nemory. devi ce 1040
t hrough a bus&%%d%gseﬁrewefl l%nslhe?pnté) i §/rve {(glg\sl?ncszléw )O%fdkei lgade{wg{é‘r?ﬁ%q' er -readabl e
medi um t hat sdndselstanbajyutdrces wacatod eongaatbedwddn MikYeaddadte WAdOhd k132

PCT/ USOCO 4%505 16e&%gl‘ﬁ“t er-executabl e instructions or data. The

conput er - r BadiBr 8 R %‘orrput er- executable instructions include active fly

hei ght control i nstblodktdiggan d0avinformatioe haddiingsysfemald o€ isshyweimde t o
ol ement. theq,ggnt gl st e T 800 AN B LWL enblon, 10 iieiS,TE NOY_ 900

shown in Figur M=CT Oprocessor EX€tut es the
i nstructions Hefdithgtsystern il ¢0ohayt e Helcyllddan glettrapic dyktemeaddmputére head 128

according to i f . t. .l ion. The nicroprocessor 1020
o Al so coupbaant oo iRt SRERLODHERbE R Bl bR Co 1050
t hr ough a 1Bus(CPU% 2104Tdoepl BRANKchengeriyfodeation ¢hrdi@h@ bus 1 H Ocdthpeatezal- r eadabl e

medi um t hat cgQ i . - abl C ter-executabl e
i nstructions peﬁ@q%ar%%gg%gm?%ghﬁl’ sﬁ%eﬁglﬁtﬂgﬁ’ ZiPﬁrelrpiri'eglé‘ B %gra ead 128 may

al so be cont rdsviced! 241122 indudegtheldief dreve T aagbrdinigeo erechdim@@Bofhizvi ng det ai | ed

i nformation of .t er in.th di . cifigally. the heights of
the ridges 31p6est§£r}§m%ﬁé$ndggfrﬁé’ %%o l?ﬂ‘édﬁ%r%a negtgggtfép% Ve’t%@)pg éﬁ{?g wedges 230
as wel | as defrizetagnenitot, ladeybedidaand@&er stk perifhenap TheCRUdN @tlisialso t he nedi a
208 as a nmp s .l d i,nto . the M..menory device 1050 as a
map 1070 encjcs?‘glgd tgl%gg‘aggel l\l}fe%%%%fgnithsrgu hé‘?’ at | ng.wnhl anrf%({ror%r]a%cf%sﬁ in the map
1070 i s r et rimanagy RAMNE!I2iand o prad-oelysoemotYDMpl8dt i mate the | oss or gain

nf ormati on 1 s usaloisyRRrE e R A5 bEB BRI G pe T1y nei ght of
t he 20 read/ wppicaatadwmtitht Rsans invbreios Iniag &e pb2ttced with ehysvanieroft he nedi a 208.
The map 1070 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



may include control information to nodify the control e 0] hown in
Figure 8 in ways known to those skilled in the art. Theyfrh WﬁﬁG@“ﬁrﬁy be
updat ed duwongstife operating life of the disc drive 100pdruseaezeosnodat e for
changes in the nedia 208. 25 The enbodi nents of the present invention
descri bed above provide for an activ§ control of.the fly height of a
read/ wite head over patterned nedia 8 allowit to read data from or
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1132 and a r%ﬁg Ee%&)w}{ntcfrﬂ%gﬁo {2% rgl ativ to Eh%%ld'der Tﬂ')o S]Eﬁ[e%iéllgtllhcll {e:i(l:‘l(i Itri6b grt havi ng

the benefit o escriptron preci i nvention
may be pract moeﬁlgumctth gerrcyatc/m weltage drlfferesgcstb ewmfﬁtmhlemymteenrﬁyrray i ncl ude,

for exanple, hengl lgje(ta’weeg?he rbacgwrhtarﬁ drﬁk 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



20 cal cul ator, a personal conputer, a server, a wor ksta%;anmy %{m!ti ng
switch, or a nulti-processor conputer system or an in o ppl i ance

such as, fwooygxanple, a cellular tel ephone or any w r eceasoerasesce, a
pager, or a daily planner or organizer, or an information conmponent such
as, for exanple, a telecomunications nodem or other appliance such as,
for exanple, a hearing 25 aid, washing” machi ne or m crowave oven.

Concl usi on i Ve system osed. The disc
drive syst emﬂ%ﬁgggﬁ}ég%‘ggmg& ?is@%ﬁlggf’m’%a QY eyt oggqca{faéﬁlwge b?ﬁ erned medi a
208 on the dilg8 1m&4ponseatomewtv\ﬁamaodeanlcm%s&@andamnwswwant he disc 134
and separate atterne ia 208 by a cl|earan or fly

hei ght, and dacé%t(r%% ol ?%:éj &% qZérre?P ¢ “?'é%jthf E‘f‘is\ﬁ’gh‘? s@%ﬁt rol the

cl earance or leE)ﬁhhdldghIZGMmmmpotthbovbetaddw13{46by tivechatb? Bssemblyt he patter ned
medi a 208 s i The di ste 100 may i ncl ude
a slider 6 lég‘rg%(g)}/lrglg%&/g\'qt?hea@?b ’Féaupg?i’st tﬁeﬁhg‘al%‘i g1t T NO4 WO

01/ 41132 PCT /P80 tcti2bager 580. 1B% contknésysmdsmayedsbemhdk%emmg coupled to
t he slider 444 t she Al S in response to an
applied vol tﬁ’gé‘%gﬁdﬁg en@@d%lagq§qa o e SHRAL %‘}éﬁ? ?enﬁr eftﬁrgat? ad/wite head
128 rel ative cllezarantﬁeors]yﬂﬁghtcﬂfm&rea'ﬁhmts h@anzs baa&dummagr&tbﬁesmtwe the disc

drive system |ezo C rst 5

conducti ve | e{&eglgoggémlg%%g%q sor’ %’% & kC?SF%l] CEF%S% gF‘?ﬁ/aé?aSBO and

separ at ed 10f rcomtrctl signallto dmtrolla?sﬂiednyafaebnezmectms}ayleaimmgd hapeem&iz0f a second

i nsul ating | 40 ho{ di t.he read/ wi secand conducti ve
| ayer 560 i n‘%ﬁéo a‘%‘:”‘f‘tevl\}f3 "’tdrﬁlgb 5d OI|1 %glgf:efegﬁetl?e’lt[%eepﬁ%gsﬁreééﬁarﬁrhcﬁ °§ %ar ating the
pi ezoel ectri dxeighycﬁ”rtheﬁeﬂi/\fmitomatdhes asbthopeddicted ulleaancagr ﬂﬁyﬂghtm and first

and second CO”SlPo‘i u?t 1%3%%&31%?@%891@&8% c%&s]é?l&%sglé&%}i tKrog %ﬁt f, QF f! rst and

second conductive a ers ore signal to
apply a vol tagxphﬂcrfll)da@ gncaicaoddasr I(Jhétqme&z@al rexliwrite sigaal@enedbB& t 0 cause

the piezogkegtric | sition of the
read/ wri tgkhg’é{éh igﬁwgtle h?%\c}g% asg?ﬂn ‘“f‘?“"amr‘” Bge dlslc}whl%4tj'9%c drive system 100
Tgi alhsognmﬁmﬁroecssinldﬁﬁbeh@ﬁ:om?uoﬂ;ﬁm%m&l thqclsanmoont@)d}:jangmggghg di sch

t he r.ea ei.ng.cou sl.i der y a shear
t ransducer 4&? re?%% lte%ﬁlea:l?g b?sﬁgl sarté)nsﬂée rf%/“érdteglﬁmf]ma&mdwfnte%%e di fference
to change thmagmam‘esmwedfermct bm)lmgaﬁﬂa’anlthﬁeMé\aﬂtehﬁﬁl 128! dh¢ ve to the slider

126. The Contn{19r|c> o] I’CUIIE)201 3y B nt?gured%??%ﬁe erale%ngr&s%nnletg%nroﬁ he vol tage

di fference to fodi ?essotrhe cl ¢ara
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



hei ght between the read/wite head 128 and the patter neﬁmrreﬂi’& f?zgﬁhas t he
disc 20 134 rotates independent of a clearance or fly i'b o] e
slider 126wobie113xr ead/ wite head 128 may have a snal | erpamagspoiB@én a nmass
of the slider 126. The disc drive system 100 may al so i nclude a map 1060,
1070 of the patterned nedia 208 storgﬂ on a conputer-readabl e nedi um 134,
1040, 1050, the map 1060, 1070 including information of the patterned

medi a 208 and_gont: i j . . rol circuit. 160 may be
configured t oes?‘rg{'ﬁé/)tlh? Hg;rgrfcgglr; gﬁgeelghg’tk%?%%m%g%ﬁd V?C)l(t,alg\‘?vg%sﬁd Phe read/wite
head 128 and differepcetbebreqr therstihated20Brance or dlyheigbicantl @ dbdired clembimenat i on i n
the map 1060, A0 P r e he pattern nedi 208 may

i ncl ude a nun%:JefiIBvr%%g%tﬁraé@%ﬂ@?%:hé?@g%@ﬁ&@ ogg}}e\z}rogavl\]é gceérs@qég"bnﬂedgervo wedge
i ncl udi ng a neatwesn thyf read/vigiededl8 andla slideni2 ¢o cane the shewamndROeral t er nat i ng

30 with the rj I 310 i . dt hei ght in the
patterned esne%%ggglb%}%géﬁ (ﬁ?%gh err%%ggrggé?fgq%{/e?aﬁé tc?%? séggrﬁlt%l 3Hf;t hs to | eave
gaps in the yad/weatersel 1a8ds moP@dy cFipding amoltage differeocd 4crok69d nmay i ncl ude a
control syste . i i cal . ysi.cal del 812
may i ncl ude aﬂéﬁg‘gﬁf&@g%o\?\%ﬁ’%" ﬁ%gxbﬂg%%‘/ ﬂ%’gpeﬂgg&%@@ S?Slge 7 éeTFect ric
driver nodel @Trause#srpiszesiedtnglayer 80/ orshear argfmeveshareaihwrireintal 128ad 128 in
response to A [ieZ i . el, 816 of an
act uat or assgre Pg%f@gsgﬁe gg's?iﬁédrgghﬁ%a}{ag%ﬁé%%%g’? %’g&ﬁ?%a g@grair%%s of the
slider 128 aveeths pittbared 1i2@ial268.ribe didpplds beidg conpled tthe diadvritSiealy t he

act uat or assephl WL i ng.coupled to the
slider 126 thfrggu ﬁ%#&ﬁa%?gcfég é%:s'(t?l ?lgéygtgégggéﬁgf’}%ﬁ%g%ﬁ trhgl syst em 800
may al so i nclngaféwaterhezid/28r dctivcly baadtid@8caiiyrolsngnel bapalain a8iiffsremest at e
estimator 82 i . r I i ght of the
read/ wite hgbthg)efgg&%g@éﬁeﬁeag&%g@ t o}ggg%n?%(%gpeﬁtcﬁgﬁagén%qrglgol ing effect
for a sensor ,heightiofgh¢ rediyrtskheadA8royed the pa8rded wedje RS, andapplyir thont r ol
signal to j e (R I .4 novenent of
t he read/ Wﬁﬁggkﬁgﬁgnﬁl%%}gg’fe& gﬁmgﬂﬁl&? llé‘?‘%ﬁééeﬁ%cg‘?ﬁgéﬁigﬁégglg?gd cl earance
or fly hei gho thefslidérd 26.Bint/ olwaranee drdkycheipRSis estithateld dy sstoutitiog able ¢l ear ance or

fly height. T t . i i Lcropr.ocessor 1020
coupl ed thr ou%%aggg&é{@efg?’ |l éfﬁyél%i%@gtﬁgg %11 lggr%sgg?%? (r)e?dpf‘ﬁg%l%n 6’?r eceive a
read/ wite siggnaktedjbntbe sdadiritSheay 12thatcbangéavhictea megbtcd@Btibased on
information e, . i ], C 0 being.configured to
estimate thquT&ggﬁgﬁzzngcegf}&?? ?%E%fi@{ﬁte IE)e? ﬁ)ﬁﬁgﬁ%g@gﬁo a/r%l1 te%%ﬁé’gzg“%f% based in
part on t % rssactitingiatreapslioghdi7q dfatdgesi0@ad groowes 320 in the patterned

media 208, storing the map 1060, 1070 in a computer-readable medium 134,

o

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.



magnet oresi stive therno-cooling effect in the read/wite heﬂgYéﬁﬁ The
m cr oprocessor 1020 may be configured to generate a contZ BI ’l to
control a wWBorpysrent of the read/wite head 128 t hr ougieTasspisesel ectric

| ayer 580 based on the estimated clearance or fly height. The control
circuit 160 may al so include a nenory device 1040, 1050 coupled to the

m cr oprocessor 1020 to store instruc }ons to be executed by the processor
to control the clearance aor fl i ght f the read/wjte head 128. An

i nformation handl ?ﬁa%%fsu[ng%ﬁﬁ%%gﬁh%%ﬁ%ﬁ %&‘mﬁ)ﬁ%n ’ﬁén%%rid\é\@ochf’i ve system 100
may al so i nclillderative)asd ot lStriofer Many ethyr enthoginesitstwill bbeppastnse dri ve system
100, a centr recessi nit 1104 operatively coupled to e bus 1110,
and sever al Sté?slgﬁﬁé(rlgfn g?ﬁj?:peog ToPer AR %Weg%sﬁ%frt}é’& t%e ¥nee ‘H{E@e 1110. A

met hod for cantentbnh shogldatherefoed, Bidstermined vith hefergiive tothe appeaded/cldims,e head 128
over a patterped ' 08 in.a disc drive system 100 i.s al so discl osed.
The 30 metshoal qg%qﬁ&hgguﬁrsg?pgtolf%qénvgﬁeﬁﬁs gocwglghs"féﬁgﬁm aﬁegcngaﬁcgt terned 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 WD 01/41132
PCT/ US00/ 42505 20 estimating 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 nmay al so include positioning a
slider 126 10 over the patterned nedia 208, the slider 126 being coupl ed
to the read/wite head 128 by a shear transducer 444, estimating the

cl earance or fly height of the read/wite head 128, actively generating a
control signal based on a difference between the estinmated 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 transducer 444 to nove the read/wite head 128 relative to the
slider 126. The clearance or fly height is estinmated by estimating the




cl earance or fly height of the read/wite head 128 based on a read/wite
signal generated by the read/ wite head 128 that changes d t

magnet oresi stive then-no-cooling ef f8t in the read/wite zeﬂ M\ggpokﬁhe
met hod may al so include 20 generating a map 1060, 1070 of ridges 310 and
grooves &&Igtf Q] é ggd%atter ned nedia 208, storing the map 1060, 1070 in a
conput er= di um 134, 1040, 1050, retrieving information about
the patterned nedia 208 fromthe map 1060, 1070 as the disc 134 is
rotating, and actively controlling the clearance or fly height of the
read/ wri t e lheAdiSEAgivE s¥¥EMEAMPHINGHT or mation in the map 1060, 25 1070.
Al 'so disclosed is a3k ssudidd tem 100 including a disc 134 nounted to
rotate about an ax?s 1%6%%2???%% media 208 on the disc 134, a slider
126 including a repattesnéed methioad th28isgnd bei ng supported by an actuat or
assenbly 118 over_th atterned nedia 208 the read/wite head 128 being
separ at ed fromthea’f‘?ﬁgé‘g(f’%eel?%ad’oﬁ’gﬁf‘ PA0::] igc anduseparaded Bemithe hei ght

and a circui tpatRehddahedia By a@ldatdide of EhELRARANCE or fly height of the
read/ wite head 128 over the patterned dia 208. 2 0 MAY 2004 WO

01/ 41132 PCT/ US00/&gontml discuit configuned e activelyreontrobithe kearanheonfiobeight

description is,d.nte j{lustrative, .and.not, restrictive. Many
ot her enbodi nl%ert]\f{v g&wﬁgﬁg%dt& 5%%5‘?%‘:{&“ oepfih%?sdg}egmsltbeﬁﬁcf(ﬁ%te%raf‘dupon
revi ewi ng the aboveslidiesaerogynamicallfnipponstondr thd@isc, ite/RAd J whteHray! d,

t her ef ore, bebdeter ined with reference to the appended clains, 5 al ong

with the ful |PREFRAPL to4e shiderhy & shesr fganedticar bt dearsin regpenserte ppl ed. 22
What is clai r@ﬂ)lﬂe& %folz%aé% YRR Q0% cﬂtangr%etgél: E&sit%ﬂ %ﬁh§ Yah PP ORI @life 2

disc coupled to rotate; a patterned on the disc, a read/witée head
posi tioned owerthe glislegitheshenrtramdaratindudingmpid¢roelepzic layenend aptliralityy a

cl earance or L{fchn&]ﬁaci gl,gt 'dandlaﬁ_ control circuit configured to actively
control the I EIPARELE P HSV ICEGRE™ bet ween the read/write head and the
patterned nedia as the disc rotates; and a slider aerodynamcally

supported over the disc, the read/wite head
2. The disc drive system of claim 1 wherein the shear transducer comprises:

a first conductive layer in contact with the piezoelectric layer and
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



bei ng coupled to the slider by a shear transducer that shears in response
to an applied voltage difference to ghange the position QfﬂtMﬁ;erggp/write
head relative to the slider, the shear transducer including a

pi ezoel ectric layer and a plurality of conductive and insulating |ayers.
2. The disc drive 4 ; i e shear.transducer
conprises: a fi rs‘?ﬂe}%ﬁ ug{:?n\%?Flg%/%trlg?ﬁﬁf?&#?éa&ge\?‘me{age tthﬁé’o f&zo0el ectric

| ayer and sefifferehedtofmatifyt the clehiaties ortfly eightibetwéenghié adat g ritély&d;and Second
insul ating | ayer hol di n% t he tlée d/wite head; a second conductive |layer in
contact w t h PRBATBSGBIdR3sithe disgrqtatghinderasisntefiatlearance or 8 beisbtef i c

| ayer from thge sigfend i nsul ating |ayer; and first and second conductors
connected respectively to the first and second conductive |ayers coupl ed
to receive a control signal to apply a voltage difference across the

[ I [ [ I e h d ch
Phe- post 11 bn TSR P AR E RS ool o Pt SRanBli S 7 00°

drive syst emthhn & haissioflthe Eliddrher conprising: a slider aerodynam cally
supported over the disc, the read/wite head being coupled to the slider
by a shear transducer that shears in response to an applied voltage

di fferencest NAnOE; i¢t o rﬁ.@% dte head relative to the
sl i der; ang' (2)%&2 0 NA‘;\?QS(S)%%%&E?%%&{%‘E?%% réﬁ{\g'ci rcuit is configured to
generate the vol t ageap df the pattemed nedirostoreyl onlaccooipederanadably medipntei ght

bet ween the read/ wite head énd .t he atttgrne(g ngdia as the disc rotates

i ndependent J€ T'2P|CEPERTE B “PPE}Orh‘éﬁ‘EﬁPa ed media angd fontrgl infprmation gy j ve
system of cl aingd 3 wherein the read/ wite head has a snmaller nass than a
mass of the slider. 5. The disc drive systemof claim1, further
conprising: a map Yorereingheeantzol gisenitis gonfigairest tognedifiathe sleptanee or adabl e
medi um the I, Sl I | t . i contr ol
i nformation,; @%t&ﬁ%??m{‘%g&@&ﬁ%eﬁe%&%ﬁg%% éaqggpe?olﬁﬁlgﬁfggﬁ %%rtﬁ%g‘%f y the
cl earance or ififoymatien hthe heipuelie diserotetadd/ Wit e head and the patterned
media in response to the information in the map as the disc rotates. 6.
The disc drive systemof claim1l wherein the patterned nedia conpri se:

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



a plurality of tracks; and a plurality of servo wedges, each servo wedge
conprising a plurality of ridges an plurality of gropV, ernating
with the ridges, each ridge having adz‘ali dth and a hei glﬁﬁlﬂ&(&bb atterned
medi a and the ridges having different Iengths to | eave gaps in the
patterned nedia. 7 i dri tem of clai er.ei n, the control
circuit conprises ags%hlﬁy g%‘?%esrfg /g%méghr?ﬁ i gﬁ“ﬁé?“%lg% %@@Qé&?er%’&?é’lgh
conprising: a pi ezhepizbelearidldyger nmodel representing a novenent of the
read/ wite head in responsg to a shear of a piezoelectric layer; and a
model of an actuator arftfeadéyritediead dypamicodRy t he dynanics of the

slider, the slider bei %.liﬁﬁa t 420
MAY 200 4' assenbly an{ﬁtﬁ%@%ﬁtﬁﬂ}oﬁ%’e&@ﬁg;%\ el néé%%%%&%%%g@ th%{@hgl i der

t hrough the pi ezodlteetend witeimad basedeadd mwaghatortesisidvedthaand-coolingedffecta St at e
estimator to generate_an estimated cl earance or fly height of the
read/ wite head ba%%ls%ﬁoraa%gnetoresi stive therno-cooling effect for a

sensor; and a feedback Lfeadiaek k&itrdlRr eflt€a SorftRINbigRAL 8 c8teb] alsBesoNt 1 O
a shear of the piezoelectric |ayer and a novenent of the read/wite head

based on a dif f eréfbapiserelpstic layerasH aanovsment afibe read/mrite heddybasedf t he
read/wite head a'lﬂxééﬂlfegﬁ%l%gb&%g?]&hgﬂe%%%rﬂc&m &l ADsemS:  The disc
drive systemof claim erern the control cireurt c§npr| ses: a

m croprocessor coupadtvtiterhead bnd thegprpdicfed eleatande ar flgheight. at or to receive
a read/wite signal generated by the read/wite head based on information
on the disc, the mcroprocessor being configured to estimate the
clearance gr fHodifed@lsySent dR1AMAANEbIIhNERRPESERL dopRfaks: ON the
read/ wite signal that indicates a magnetoresistive therno-cooling effect
in the read/ write amizeprogassprichupleil thropgh ee sxplifiersindgn danddujaoetd t o

generate a cqpfr i l..tQ ant r ol ve t .of t read/ wite head
t hrough a pi erzg%)eéfée% T ?Z‘%Fléeysel@ at%g%rée ate%ﬁyﬁeereg‘g{]‘ivﬂget%eag%ﬁ% Ahce or fl y
hei ght; and adnfeeimatiyn oe tietdise BeghiRebprocebdde bing lcopfifesd féstibatsther €

i nstructions Ho be executed bx t he processor to control the clearance or
fl'y hei ght of€ qapance or fly heighpot 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.



head. 9. An information handling systemof the type including the disc
drive systemof <claiml, and further_gconprising: a bus operatively
coupled to the disc drive system a cehtral processing uniZDOPﬁNaHquly
coupled to the bus; and peripheral devices operatively coupled to the

bus. 25 2 4 : hod, for control.l.ing a c]earance or fly height
of a read/ \%P m"%‘%‘g%% Eog\; 8&(515%% gtc ]tegrraﬁg%jorrr'}iyd]i%ég]i‘tr?g A AN MVIYF ?'Wed R Pem the
met hod conpr i pitgnet epdiadh a disa)irive bpdtérigtha nebiissd @RRfiisig fiepstofpat t er ned

medi a; (b) positioni ng( a read/wjte head over the patterned nedia, and
(c) actively control | i AhrfaEreafisne@npiising § padsrged Msdiaveen the read/ write
head and the patterne fdidodse b & o ' ings.Lhe .cl earance
or fly height, generag})ﬂg é con%ro% Q%ﬁ%gg%ﬁggggﬁ%ﬁdeg%gxﬁ%%gﬁge bet ween
the estimated cl earande) astivelyl gpnirellipgta cleadaree defly heightbataranthe or fly

hei ght and coupling the _cgntrol. valt to. a shear,k transducer coupl ed
between the read/wite ﬁeél_g Wéﬁ%hefwgg?p?tbere ’g‘éd{aﬁéaﬂé‘f’n‘g‘é‘?rqt%t%?ﬁ)ﬁucer to
shear and nove the read/ wtinfingaRélclefhald o glytHRigM S enbiafAE a cddtrolThe Mt hod
of claim 10 wherein the coupling step conprises coupling a voltage

di fference across a pi ezbeltagetnsed ang differengpbeiwetre theestimated cleacradé or i t e

head and a slider to cau J i .egt L I 0 shear an ve the
read/ wite head rel ati veﬁfgglgﬁteﬂ{sf%g%lrﬂ.%af%%ga?ﬁggﬁf&%eol%}sl to“‘frl ccngﬁYgl%‘%f urt her
conprising steps of: (d)cqusilvbitagertg aahairivdasdweecoudphe] aiear thed nedi a,
the slider being coupled tg the read/wite head by a shear transducer;
(e) estimating the cl ear%ézwﬁlfeh?aéaiﬁ‘giagﬁliflebtpcﬁﬂ% esheatpngducesds: ()

actively generating a conicipindhBiaindient vl 1eadtdleanss digppecn  the

estimated clearance or fly height and a desired clearance or hei ght

of the read/wite head over the patterned nedia, and applying the control
signal to n e tp move the..read/ wite head..relative to the
sl i der. 13.§1 g%n%t%léfg P"g%l%}:{oa‘fvrﬂﬁrf? g?lg)lhﬁlgég i SYRPTRES ERHNER) conpri ses
estimating the clweAtagadfeddnct hyrobid gibioeldctridigydreatipled bbevdag@k based on a
read/ wite signal
g 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



26 2 0 MAY 2004 generated by the read/wite head that changes due to a
magnet oresi stive therno- cooling eff in the read/ wi tiﬂeﬁ% ZM The
met hod of claim 10, further conpri si steps of: (e) gen t tﬁap of
ridges and grooves in the patterned nedia; (f) storing the map in a

COMPUL o1« SEHANKE RN MR e ST KL HLOTEb B0 GG B | 1o
t he cl ear anmdingreffeétyin Hed ighd / wefitetheadr ead /wite head based on the
information in the map.
14. The method of claim 10, further comprising steps of:

(e) generating a map of ridges and grooves in the patterned media;

03] storing the map in a computer-readable medium;

(g)  retrieving information about the patterned media from the map as

the disc is rotating; and
(h)  actively controlling the clearance or fly height of the read /write

head based on the information in the map.





