; €3e74700142: 3TZ464T4W 8 -1 DI SC DRI VE SLI DER W TH PROTRUDI NG

" ELECTROSTATI C ACTUATOR ELECTRODE 10 FI ELD OF THE | NVENTI ON The present
_invention relates generally to disc drives, and nore particularly but not
by limtation to sliders for disc drives. 15 BACKGROUND OF THE | NVENTI ON
| ncreasing disc drive areal densit'y has resulted in a drastic decrease in

head nedi a sp SpaC| ng | oss due to variation in fly height has
becorre a si gnmm\mﬁ“‘\wm “ i butor to the overall HMS | osses. This HVS | oss
can lead to 20 Intgrmttent head/ media contact, especially with current sub
25 nanoneter fly helghts Intermttent,contact may induce vibrations
detrinental to the recording system qu%tl'l ty and robustness. El ectrodes can

be deposited in etched cavities on a slider and can be used to control fly
hei ght el ectrostati cal hy CTIBR'IVE?S PIN@riations in 25 the

etched depth of the c in the spacing
bet ween the electrodeﬁghdbfﬁgkgﬁég e%sens éﬁ?5ﬁ?§§?%&e) of these

el ectrostatic actuators is unpredictable and productlon yields are low. An
el ectrostatic actuator for controlling fly height in a disc drive is needed

that wll avoid bl e actuator sensitivity, avoid | ow production
yields 30 and a w ﬁw@ m @ blens wwth variations in etched cavity depths.
-2 Enbodi nents o i nvention provide solutions to these and
ot her probl ens, and®@fter other advant ages over the prior art. SUMVARY OF
THE INVENTION 5 A slider for accessing data stored on a disc and a net hod
for manufacturing such a slider are disclosed. The slider includes a slider
substrate that has a trailing side, a bottomside facing the disc, and an
air bearing surface that protrudes fromthe bottom side. The slider also
includes a read/wite head on the trailing side. The read/wite head
accesses the data stored on the disc. The slider includes an insulation
| ayer di sposed on top of the RIELDU®RTHE INMENTEONAN el ectrostatic actuator
el ectrode is disposed on top of the insulation
The present invention relates generally to disc drives, and more
particularly but not by limitation to sliders for disc drives.
15
BACKGROUND OF THE INVENTION
Increasing disc drive areal density has resulted in a drastic decrease in
head media spacing (HMS). Spacing loss due to variation in fly height has become
a significant contributor to the overall HMS losses. This HMS loss can lead to
20 intermittent head/media contact, especially with current sub 15 nanometer fly
heights. Intermittent contact may induce vibrations detrimental to the recording
system quality and robustness.
Electrodes can be deposited in etched cavities on a slider and can be used
to control fly height electrostatically. There are problems with high variations in
25  theetched depth of the cavities that lead to high variations in the spacing between
the electrode and the disc. The sensitivity (stroke) of these electrostatic actuators is
unpredictable and production yields are low.
An electrostatic actuator for controlling fly height in a disc drive is needed
that will avoid unpredictable actuator sensitivity, avoid low production yields

30 and avoid the problems with variations in etched cavity depths.



,layer. The electrostatic actuator electrode faces the disc across an

el ectrostatically charged portion of an air bearing |ayer. The

el ectrostatic actuator el ectrode protrudes above the air bearing surface
into the electrostatically charged portion 15 of the air bearing |ayer.

O her features and benefits that characterize enbodi nents of the present
invention wll be apparent upon reading the follow ng detail ed description
and review of the associated drawi ngs. 20 BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG 1 is an oblique view of a disc gtive. FIC. 2 illustrates a PRI OR ART
slider wwth an el ectrode deposited below an air bearing surface in an
etched Cavity. FIG 3 illustrates a slider with an electrostatic actuator
el ectrode di $pweiments ghtheqpsessnt inyention prayidewpluinns s thesepiw othet | | ust r at es

an enl arpfl—ﬁgle}ﬁs?éﬁﬁ&%ff Q%g!agg%gtggésa&ief,fh%«r:#g@tagtr_ el ectrode shown in FIG 3.

FIG 5 illustrates electrica nnec roma controller to an

el ectrostatic actuator electrode, a disc and a slider substrate. -3 FIG
6 illustrates an i nverse are law relationship between el ectrostatic
force and actuator spaci%@ﬁl YGFH{EJWQQI\E bottom view of a first

enbodi ment ofy gl 08f - adch& i t t vie cond
enmbodi nent of a 1sI I der. a5c Efnég dgtéi ILJ}lSt{’JI;etar g)t%eg g?%otg{{%mhv?{g\%{oo fglet hird
enbodi menanuféctarisg sddr a sE@, aré Gliscldsedt That elglea intiladasredslidek subsrabon | ayer on

an el ect tati ctuaf or .el ectr.qde. . Fl 1 illustrates. pole tip fly

nei ght B8, Er G 451 vRURR B Fisinedie diprre dPi hEEER et "and an

el ect r oghat protradedAbAT thel RelohDsige. TH: NFEALIsERNDERCR RRHDN{F hbdd USTRATI VE
EMBODI MENTS Di sclosed is a slider for a disc drive that includes a

dedi cat &2 tbe Haflingside: The mradywrite headeaseesserthe Hata stased pathedisdl from a sl i der
substrate. T L ect. I C. I i i s : top of an
air bearing gﬁ? é%eg 1{;{@1&? a%rgllr'?‘ﬁ%?%%?%’{e?u sorslgcgt% 0 t%%ﬁ?kée&1?%§%g?é1 cally

char ged spdrted. dm electasstatio advestor Blgctradeets dispasedtdrotopf dfytheanglistiorSt at i sti cal

manuf act ur i variation problens assqciated with placing the electrode in
an etch %Vee-gﬁﬁ%ﬁe%%taék%ﬁa@@r&}ecmoﬁe? s theedisg arp &a%{fq%@smﬁ& or

el ect r 0dfalghd AforBRI e F LURT 18P TRL LUORALE et elebiradl ot ched or

mlled cavity.” 20 The el ectrosta actuator electrode 1s positioned
f or war d pretowdes abeuel thar air bedringisurface igoshe ielentrodiatically kbarged postitequat e
cl earange,for. l].;:eg?in rlo};errusi on of the electrostatic actuator electrode. In
preférred arrange n?s,' mul tiple protruding el ectrostatic actuator

el ectrodes aOtheprfeatifkshridobapefitéi thiet addadtérgrradmbaliinests difthé @iréseptr pitch of
the slider. 25 FIG 2 illustrates a PRIOR ART slider 20 with an el ectrode
22 depoditeationarif\heaapparent swon ieading the éellowing dletailed [dep@iptionedh or cavity
26 in a,shi g : e electrode 22 is insulated fromthe slider
substratriJléZVg%&/}%&E%%%%fgt%%ﬂg{ayer 30. A Layer of dianond-Iike carbon 32
is deposited over the electrode 22. The electrode 22 is placed in close

proyymty to a read/ yeitenpeairiioN OF THE DRAWINGS
FIG. 1 is an oblique view of a disc drive.

FIG. 2 illustrates a PRIOR ART slider with an electrode deposited below an

air bearing surface in an etched cavity.
FIG. 3 illustrates a slider with an electrostatic actuator electrode disposed
25  on top of an air bearing surface.
FIG. 4 illustrates an enlarged view of the electrostatic actuator electrode
shown in FIG. 3.
FIG. 5 illustrates electrical connections from a controller to an electrostatic

actuator electrode, a disc and a slider substrate.
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to provide high sensitivity. In this "etch and deposition" nethod of FIG
2, the electrode 22 is positioned close to the read/ wite head 33 to get
adequate fly height stroke. The cavity 26 is formed by an etch step and
then the layers 30, 22 and 32 5 are, deposited in the cavity 26. A
difference in height H between the air bearing surface 24 and the top of
the di anond-1i ke carbon | ayer 32 depends on the deposition thicknesses of

| ayers 30, 22, 32 and also on the etched depth of the cavity 26. There is a
desire to have H=0 so that the electyode 22 is close to the disc or storage
medi um 35 to provide high sensitivity. The deposition thickness can be
carefully controlled to have small statistical variance in production (low
si gmas), howeRler 6tilestridest an oiversesquare lny Ehtivashipdietiweereelectorstatial | vy

controll qeaghdd Cheart§ 4 S | arge statistical variance in production (high
sigm) . S IS GRS §h variance in the depth of cavity 26, there is a
hi gh vari ancerIGn iiietrars gibbttdin View @ng Erddentbodinf¥éritiof adNadced air bearing
sliders, the sensitivity %stroke_) of the electrode 22 to the thickness of
the air bearili§g- § dlpstrates apottomadey &f abscopd eaibodimhens of pshderne unit to the
next unit in 0, i [ t Y are | ow,.ne could try to
desi g% for trfgéh?gﬁgg?%ﬁgggggﬁﬂgé{gr?%gg}ﬁ/ﬁ{dagljglg%hﬁnneg'fP@a?hecf:gr;'ssi ng the trench
26 by a cert &IG. Muilhisprhes afdiddendliké caidph Nayer @hran dedtradtitiogctiats results in
a |l oss i?rl 20 (Eerfor mance due to the increased spaci ng between the el ectrode
22 and tHE" c or storage nedium 35. The drawback of the arrangenent shown
in FIG 2 arguayel s pOERNS Y | IRAGIAMLYS ABRds Hegakbbede! o in
connection with exanpl es |? ustrated Tn FIGS. 1, 3-11. 25 FIG is an

obl i que apmisddktweediasdisdand/an dlé@rdstatishicchterlottpdent s of the present

: inverll(gi on are useful. Disc drive 100 includes a housing with a base 102 and
a top cover (not shown). Disc drive 100 further includes a disc pack 106,
whi ch i s mountBET AMED DRSORIPTIONLOF 1IN TRATIWE ENMBODIMENTS:| anp 108. Di sc
pack 106 includes a plurality of individual discs, which are nounted for

co-rotation ilisdosed isa glidechor erfisadicethetiinsindes poledierdeledtostasist r al  axi s
109. Eac | a | d _¢disc I lider 110

whi ch i sﬁrtr%iutﬁltcg%{ré&%?}s‘% %r ?{\%‘é %%‘8%] %E eac%lgn#%nsll{l:jg ?t\(%?l T\t}"\ngtﬂg?%es agfsc sur f ace,
whi ch compudteesleatrdd¢ ds giositioged nmditepnof | an talrebexagpberfadeoye that £l G 1,

sliders 11 re.supported by suspensions 112 ich s axe in turn attached
Co { PhokPROUgE g S Al asitad RS PBFIORL 6 ST e GYeEHBun | n FIG 1
is of thenk¥peg km%m 8tatiStidaP i i FALRYY vﬁﬁétﬁqr@gfdlb?érﬁs’ afBateacivites a voice
coil notor (VCK/), hown generally at 118. Voice coil notor 118 rotates

act uat orpladiag whe éleqttaslegintamcdtelbdr @xity ane aveidbd by pldcifl thecalectmwsfaitivot shaft
120 to position read/wite heads 110.pover a desjred data track along an
ar cuat o A ES o B kB RRET B damiRY Hosonzalrier B Ans i, ot or

di anet ermilR@.caMey.ce coil notor 118 is driven by servo el ectronics 130 based
on signals generated by read/wite heads 110 and a host conputer (not

showt). The di€c eké*éﬂ?t%“i tastyader %‘F‘i“@fl’éﬁ ileP?SFqulﬁéeéoréfﬁrgl & 08t atic
act uat Orre_gééétffifqu‘ﬁd (gxﬁlg%gflhw %Jf}{eg% tl@lgré i9 aEéCEatéL%leérQﬁ‘ée f@fji:ﬂé?rétrtléixn hei ght (FH)

of the sli 110. es o ers wth electrostatic actuator ~ 5
el ect r odds ther eledesgatid edtuagdrowlectrodonhegirtferredi thrangangitesnahidyla i n Fl GS.
3-11. protruding electrostatic actuator electrodes are provided to provide additional

control of roll or pitch of the slider.

25 FIG. 2 illustrates a PRIOR ART slider 20 with an electrode 22 deposited

below an air bearing surface 24 in an etched trench or cavity 26 in a slider

substrate 28. The electrode 22 is insulated from the slider substrate 28 by an

insulation layer 30. A layer of diamond-like carbon 32 is deposited over the

electrode 22. The electrode 22 is placed in close proximity to a read/write head 33



FIG 3 illustrates a slider 140 with an el ectrostatic actuator el ectrode
142 di sposed on top of an air bearing surface 144. An enlarged view of the
el ectrostatic actuator electrode 142 is shown in FIG 4. Reference nunbers
used in FIG 3 that are the sape as reference nunbers used in FIG 4
identify the same 20 features. The electrostatic actuator el ectrode 142 is
electrically insulated froma slider substrate 146 by an insulation | ayer
148. The electrostatic actuator electrode 142 is referred to as a dedi cated
el ectrode and is electrically chargad to control fly height w thout
charging the slider substrate 146. The slider 140 includes a read/ wite
head (also called a transducer) 150 z5 that is disposed gn a trailing side

152 of tAPreYidadrsh sarstiviye I s “ai5k andalpprpiticn” methed 8HFieedles data t hat
is stor 348 218 HoRtiont ", b 43 dRbrite T j t@, 146 has a
bottom gi?eocle 256 tlh tO ftlgc&é(g Ctpdfglg tgﬁg!re ggae rredtieuﬁntﬁg?g glel’ﬁ%ts*s%agétr% ig)trjbst rate 146
i ncl udesheight sabke.beari ng surface 144 that protrudes fromthe bottom -6

side 156. The, slider, substrate preferably goppri,ses Al TiC whi i s not

ol ot 1 cal Iy ThASHIG 76 1omher PrGaieish AP eas ohen iy Fecta Rt 8h Lop of ¢ he
ai r bearkddesskikasR tHetéavithms, IANgitleddrc in haBt Hl B&wedn RhEhi® kg conpri sed

of alumna or silicon nitfide. The s electrostatic actuator el ectrode 142

i s di spesdacors g Gk topeof Hwudimmiand-liley earbondayard3% dependshen dhesc 154

acr oss - I i I hang ortion 8., af aj ring | ayer

To0. " TatgPulfh RELRNS TS 3002 Ro%d B B8 o ARaNpR B ILD | OV

fil m corpvitylé Jhererigaidesire ®Ilici 0 U that tierelateiode 92 isldiesead eltd diest at i ¢

actuator el ectrode 142 protrudes above the unnilled ajr. bearing surface 144

into t h@r &loERgeBetinm B Rrovs highisesitvignT hesgepositioRdhigknesp et} Porg | ayer

160. ;oA Rk &21104 i il : L§s the first

i nsulloati orﬁ3 I gl);ce‘% 148 itéshg‘{@ésrﬁ%lg'?gﬁﬁlgll l@é&ﬁérﬁg“r’%ﬁ%&fﬁg%ﬁlﬁﬂggéﬂg ﬁ'orti on of

t he ai r howavemniye slapthanf ¢hel @ity 126 tcan sothe eonbmicallp ngsialledtand théredss i nsul ati on

| ayer 148I The ?.I ecair ostati ¢ actuyator I.eﬁt rrode 142 is 8’,0 i ti or]}e)d in an

el ect r ode'3pesiSHAUEHC 6 PRER T PHegYe ighs signek HRecayss; rsﬁfbe(!i'llg ack edge

152°by @atigf@tin the Safth b bRy 160 tHik € high 9Rtiasde iR EheRAPhH diffedehésSt ,

el ectrostatic actuator el ectfrode 142 ang the disc 154. "The slider 140 flies

at a slihht pitch angle (flying attitude) to the disc 154, leaving a

w deni ng gap | e th L

incrlgases. Sﬁﬁ%@?%@g%ﬁ%&? ?ll}(ge?fgﬁgfs %&%éﬁbﬁ&gé%éhﬁﬁ? %ggg g‘\i}agti on of the

el ect r 022 &b the thivkneds@f theaie begringoligerli$ 2108 hdeqmiatdhe paddictitsla fiongosair f ace 144

can be carefully controlled. A length L can be selected that reliably

provi dedN{tHe ti?fe'ﬁxf Bt @} ROdsliemand PradugHeR yiedsags oW, (ng cRpt to danger of

the el egbiigs et ihe haH atah Qbp@! ARor RS EeBnd HeOrd s MibsG 154. The
1%5 (}j@% BEp&® s@%rgﬁiggead@l r%egt %}Ee&@ng G

use of etching an gh vari an etch is avoided. In"a preferred
ar r angenrentain ultipje of ¢he gtcdndepthl sigmac Buboleing thie pesiltseir 250%viay t he

el egfrostatic act of, electraode 142.to preclyd ont,act, W th the disc 154
eveﬁztovmﬁ&%lgan&fegglgé? fh\?eln‘frgasﬁg-sgﬁcé?@??évcf%n%‘/e %f%é)t%g% éﬁfiltg}e %1 A% ng one or
mor e desloesgeatediliecdst ost ati ¢ actuator el ectrodes 142 on the slider

substrate 146, hi gher or. lower fly height can _be selected. Electrical
connecti ons 'Flbe gﬁ"é"‘éﬂc@c‘?fr tha arppgementathon & HMfect F’@d@"?ﬂ‘?‘“%fhﬁm in FIGS.

3.0 can-BediRle AlACHIhARA RS BeBANNMACLoRRA AR SXRIENL

illustrated in FIG” 5. FIG 5 1| ustrates electrical connections froma
cont r ol lbstra®d in §1GH 1e3-éttrostati ¢ actuator el ectrode 182, a disc 184 and a
186.. The s, el ectrostati u | e trodefﬁgez has an

slider subst ] [ ctuat or

el edfrode polglg;;? iR R0 QRUAUE ey &stlisgdrive 100" Which embodiments o
present invention are useful. Disc drive 100 includes a housing with a base 102 and a
top cover (not shown). Disc drive 100 further includes a disc pack 106, which is
mounted on a spindle motor (not shown) by a disc clamp 108. Disc pack 106

includes a plurality of individual discs, which are mounted for co-rotation in a



substrate has a slider substrate potential VS that is different than the

el ectrode potential VE. An insulation |ayer 188 (hidden fromviewin FIG
5) electrically insulates the electrostatic actuator electrode 282 fromthe
slider substrate 186. The insulation |ayer 188 is preferably alum na or
silicon nitride. The disc 184 has a disc 1o potential VD that differs from
the el ectrode potential VE by a control voltage VC. The slider substrate
186 is electrically connected to the disc 184 and the slider substrate
potential VS is substantially equalgto the disc potential VD. A sidewall
insulating layer 190 is disposed on a sidewall 192 of the slider substrate
186 and preferably extends over a side of the insulating |ayer 188. The 15
si dewal Idiregiorcindidgtedahyy amee 167 abpet esntrak axis é6iBagh dise ahtfageghasiaeft , ri ght)

of the i S I .186. A..pondi.ng, bad 194 | i .Spose he sidewal |
i nsul at ?’#&g%ﬂeérg%a&} ‘%ﬁéealbegﬁdslhaﬁr pact)d‘9 %?@fse?ngﬁf]%aégnpﬁi%é’g lgptﬁgr’ﬁ num The
bondi ng cop@ehukichtionwigcthe di sarfad)viactotorhprses hatutd sdeigpaferiidrmaln VE such as
controller 180. An electrode |ead 196 electrically connects the bondi ng pad

194 to thieedrmple shpnmin EGd didesy 119) ase svpristedpyrappenpigas dl e vthidhde | ead 196

i's prefgra (flap=To geﬁg.gg;.ggi j p 4. Fly

hei gﬁt ?g g'!eﬁgé% by gqgl‘%lﬁea?g t enso}%Sg.ﬁnkgﬁgﬁggg{ﬂ%}gzﬁﬁ%{% the fly

hei ght skmsoin B6uplsss thetypbknownts otdtaty méfing ddikachiayortaridghdludasasor 200 can
be the read head jtsgl ap optical sensor, a nmagnetic sensor, an

el ectr oé’f"&f’i@ﬁs@ﬂ%r&gﬁmﬁﬂ%‘meﬁenﬁﬁgﬁﬁtt%eVg’fces"g’ soptor 18 wotatesc ases, the
el ect r ogéahios 126 twitl 95 Rlaitddr A8/ W 8% R8N 190.LD8F Uepidst SanelRCiy ostatic fly
hei ght sensor. The controller 180 generates the control voltage VC between

an out peesitendeady vrritobardsid0 avexa desined atolenketlong 2oarcuata@atiohd2 ol vol t age

VC n > O j t . bl.e. i e. The
oot it Bdin A disClnt AE Y51 AR il dle BRI A0 VG TBY bl Th-
el ect r od8 is8ariven WRYerob eldi@ohiof UB0Baged Conl Signas detidigted IbyCleadti@riteead 196. The
DC common conductor 206 connects to the slider substrate 186 and to the

di sc 18A2eadsotl anden best sempytsp dpotahewnperhendise rraddwveite hepd siider B0 { he sane
electro i i J : [ ic force
Gener at S Bt e ok e pie EHHMicRoUE (R IR IR T RE RSG50 1

el ect r obeight dBH) wf cthardiddr 1&0.aExanepleo of lideisswithSdecrdtatje restuwters an

el ectrostatic attract,V orce between.the disc 184 a | ectrode 182
s "ot Bemeeres R aahel W o r s a But R SR B RS wh Fr G 6. FlG
6 illustratesican ilQyestesa SHES £10 AVh ] SlebtetdticPaciflobabsPRie 1420 _

el ectrostatic force on vertical axis 212 and actuator spacing on horizontal
axi s 214ispPasl war e #f ath dith beasieg tsarfase dids Am eplaggeds vigwe afnther bitrary
(unseal I b i t8~t Lver GyBL qﬁ hip 210. The
illust rgg%%ﬁﬁééfsﬁg%ﬂélgcﬁl&%eﬁ%%a é)'(‘jﬂnwL WﬁtFEéU%i te r(‘)éreargﬁx%%rr ?lh%:u ar

appl i caFl@rg thEheret@nmaie as leftnicet atnbars faséd iIGFIG 4ideatifyl thedsaoent r ol
voltage, 15 It_wll be u,nderstooclﬁql:g%}&hf)se, skilledg in the art that the
cont?P ol [SRBHES gERAFIPITRSAtY agtHateTge | 14358 elgchisallp Angilpted 8l ler 180 in

order t gidRhbftaté 146 BLADHsulaWBR TayRr 8481 tThEleléRbitAGCa WiathbSeldRtldeed bet ween
the electrostatic actuator electrdode 182 and the disc 184 in FIG 5, an

el ect r o3¢hisirefefrgd e as & dgdineted eledtrodiaand isrplerticallscharged to penteal dlyt r ost at i ¢
actuato e.,182 t di 534&84. This force is 20 approxi mated

eighg v?itfx&.l arging, Vé’gsggeréggl% ate 146.° . :
by Equation 17 F=ERe _ _ ere’"F is an electrostatic force;
Equation 1 Efhd Slider ned ahdlivéestt edaRiginrite Head Shlamicaltdd 4 henaduceb)erBli ng | ayer;
25  that is disposed on a trailing side 152 of the slider substrate 146. The read/write
head 150 accesses data that is stored on a disc or storage medium 154. The slider
substrate 146 has a bottom side 156 that faces the storage medium 154. The slider

substrate 146 includes the air bearing surface 144 that protrudes from the bottom



-9 enis the permttivity of free space; Ais a surface area of the

el ectrostatic actuator electrode; Vis the control voltage; and d is the
spaci ng between the el ectrostatic actuator el ectrode and the disc. 5 The
el ectrostatic actuator electrode 182 is spaced apart fromthe disc 184 by
the actuator spacing d in the electrostatically charged portion of the air
bearing layer. The control voltage VC generates the electrostatic actuator
force F that varies the actuator spacing d over a selected control range.
As illustrated in FIG 6, selected 6qual control range [err]dl or [err]d2
along the 1o spacing axis 214 will generate electrostatic forces al ong

vertical . axj 12 that vary unequally as, a tiqn of the spacing. If the
spaci ng Sf% ir{’grﬁb"\/\ﬂﬁ‘reééu}?slq%fsﬂe TRty épwmeiéﬁﬂgm% lstr}?éﬁﬁFHEF will be a
conpar atjjMgiimedr eater variation in the electrostatic force over the control
range as illustrated at 218. If the spacing is wider as illustrated at 220
(for [err]d2Yheidsghtiondayeri4Blis Bispaseclormptopadt thelajr saaringesnrfage 1dri ation in

t he el egtrostatic .for over .t control . r e.as illustrated. at 222. \Wen
the magarFamRiot pEdiad Fissratly SoRrBe OEMEuplale HBE TR, Control
range, felerobtatic aetaktopkled@bdMNG dspsad baltbplof HidinkilatioR l4¢r dss st abl e
control becones nore difficult. Wth the arrangenents described in FIGS.

3- 4 and apdafacesgdhe eliscclHoawrassi an alestmentasically ebprgsd aporien dP& of @Bdds, can be

pl aced i LfLgr [ [ r el trained to a

posi ti orll)g%e sz}#e 1fr6g’a?zlsﬁ({!/vre%tQ g%ﬁé@%g 95}%%%%?‘%03&% %{?lpgog%gggﬁgltg’%te bet ween
cl ear ancmstals §hs i dompirising stngked) chnsmiinglr| othyr tnfetdde Thelirbbctrpste@ce h

particul ar design qof sl ider. ratio of _changes of the electrostatic
Dot uat oPC it e ditpge 122 Fuiles aheve tie o e AL ng surias LB by
posi ! Ort‘héléleétf’t%ta%ﬂc@l@} Elﬁégéﬁ p&ﬁ%ﬁtly@Bpﬂhe%h%EfiH?f‘ag'ef‘l@ﬂ el ectrode position
that is 25 forward fromthe trailing or back sid The el ectrostatic

act uat or el eét podioni $6DlcActhd divrhearidg epurfage Ar uthat winderlies thejfirst ed for the
parti cul ar i cation, anpl e f variou itions for electrostatic
P Uit o R SRR G818 PATBLERAR OLatH heit? b 4 BoreiR of E e %51 5
FIG 7 ibehtind sdiffe 1w4bhht BrdivécQy Dbngdidd fhet fikrhedlag®ntlagdr 1a8sTheler 230
whi ch includes first and second el ectrostatic actuator el ectrodes 232, 234

deposi t 8lcBpstatifpacsratgnelgrrodpai? in gositipned i1 ar3electrpde positiany e thet ¢ act uat or

| 4 . i i i bst r at
e SRR ool lanllo 1) S0 1SR, L Lgepp sl o
3- 4. Theorthadietwadrathie dirstodl etmtostatie hettih oo @kstrade 14234 thiealisteldid cEieed

el ectrode re electricall h ed to ntrol fly hejght wthout

char gi nahﬁff{?l&fﬁase?t%aﬁ%%mf e (s afitads) ' ei‘{’l%ljt?geLegﬁmgeaadlwite
head (akg@erfifg o8P batWéeRNHE UGAED 140%hd HRIdiES15IeR0ME 1R, RMcteadds! | ng or back
side 244 of the slider substrate 240. The air bearing surface 236 protrudes
from a Bice thareisde vation ferriclsfientbr ths eleyatien ef thaelectrpgtatic aptehtercond

el ectro | ead 2 t the electrostati tor, el ectrodes 232,
234 Do besarag iz abovntt F7 MGt e ETHESHRARY PR K] 0200,
The el etdngds Latahbealatddothae keiablyopasidd 2he 2Bdirat elegr@eatit apeack of t he

trailing side 244 in positions that are adjusted dependi ng on the needs of
the _app?‘?rt?gf"iniﬁn".‘”ﬂﬁo%t_d%ﬁgereq’fééﬁ elsgestatiactudiar %!F%cﬁ l3ésrasrBigsntther e the air
beari ngyglifeLa, ﬁ@uge%fgahﬁmgﬁwaﬁée%&h@eﬁﬁl isRPbidky! ustrated) to

provi de cl earance for the el‘ectrodes 232, 234
In a preferred arrangement, a layer of diamond-like carbon is deposited

-10

25 over the electrostatic actuator electrode 142 to preclude contact with the disc 154
even when the disc drive is de-energized. By strategically placing one or more
dedicated electrostatic actuator electrodes 142 on the slider substrate 146, a higher

or lower fly height can be selected. Electrical connections to the electrostatic



- ]

~F-G 8 illustrates a bottomview of a second enbodi-ment--of—& slider 280. A
‘read/ wite head 282 is positioned on trailing or back side 283 at the end
~of a side 20 rail 284. The slider 280 is not symmetrical about a roll axis
286. The side rail 284 has a different shape than a side rail 288, naking
the slider asymmetrical about the roll axis 286. The slider 280 does not
fly level relative to a disc, but is rotated slightly about the roll axis
2%$6. The slight rotation about the roll axis provides clearance for an
el ectrostatic actuator electrode or _pad 290. The el ectrostatic 25 actuator
el ectrode 290 is deposited on an insulation |layer on an air bearing surface
292 and connects by an electrode |l ead 294 to a bondi ng pad (not
i |1 ustr acthtonelectnede 148 shaven $n FEG283B4 ciheedmdie at edsaibedthebsy ani ¢ act uat or

el ectrode 290.i s gositionﬁq, uch %rat t is not the closest feature to the
di sc, arf@ Erdioranithan example ilisiated Td4C- Fhe area or size of the

el ectrost ati gr@CtualRira®lseelerds]l 28GhdcBoselRmh e LALBNAVHEE to adl adequate
fly height stroke. In other respects, the slider 280 is generally arranged

as descralesénpstisis\astyatorcelaeteedd B2, i disc ABEsnd3a slider| subsyate| 18sThait es a

bott om vj : j %99 i t. _of a,slider . Gl d ond

el ectsinosétlgcﬁogiaggt%&agog e ect(gl r gggsh aélaﬁ,d%c?z?gg g?%glgll ?Fb%%%ﬁ%e%?ﬁg | eading 5
si de 31Gubbtrate Has deslided Babstaite pdldhtiaFvechatoitditferenttanathereletedé r odes 312,
314 can be individually charged to different control otentiagﬁyin order to

cont rol RECRiRANGe Aoinsuation gyer Hifgfhiddgolipmaviey) in Bla- o) s6AW the f1y
hei ght QficBalROhR dibdrdRfatid aEt}?xﬁ%‘Mécfr@d@ ?@ijréﬁ%'l&g ?l?rier'sﬁb 0884 §fle ON a

trailing or back side 324 of the slider 318. st electrode potential is
appl i ed ingnlathen lajersi88d¢ prefaralsly aluninact sditon nigtide fThedésc 164 Bdva disd a second

The. oodmibBiet o Bab RsPERpREeieelils BHSRBH ATT DL o EONFAe AFREYCol oot r ode

pot ent i athet HidePBlbSHatd 186 hiPblectMREILE cortlet@UNB! thy &lise, 182l AEt frRSdIRlet C act uat or
el ectrodes can be positioned along a roll axis 326 and individually charged

to diff subsirate gatenspl Yo issubstantéallyequableghe disc poendd¥Pol pitch angl e of the
slider 310 a . £l i ‘ trode. | 3 onnect the
eIectrostati2&%@%ﬁ%?gF&gﬁ@§H¥8%§§ﬂgiQFEQ%ﬁ(%bgggﬁﬁggﬁggﬁgggﬁﬁﬁ%g pads on

t he | eadubgrate d86 3dd préforablyhexteridsspattassidd bthel inatlatirgy ayerc188c That or

el ectrod scribed above in. connect] FI GS. 3-4.

es are arranged as d . C n. , n wth
FI G 15108 Gf%?éﬂ@fég bg aavéwsﬁg-th@ sides(eading. rajling. leborig 8&5\% Q’éﬁ ostatic 20
act uat orsuBitesb 188l gd’r@iin%_ B&d 294 _@.r&g%&m oh ki AlIPRshlatifg (ayedibol s sim | ar

to the arrangenent illustrated in FIG 4 and reference nunérals used in
FI G 10 Thedonding paseprefarably sompriseselvmimunethd kondéngipachl1¥ @nnects denti fy t he

Sa. O Tl L TRk S (2R oo Pt L BRI 0 T
154. 196 electrically connects the bonding pad 194 to the electrostatic actuator electrode
20 182. The electrode lead 196 is preferably formed of the same material as the
bonding pad 1%4.
Fly height is sensed by a fly height sensor 200. An output 202 from the fly
height sensor couples to the controller 180. The fly height sensor 200 can be the
read head itself, an optical sensor, a magnetic sensor, an electrostatic sensor or
25 other known type of sensor. In some cases, the electrostatic actuator electrode 182
can also serve as an electrostatic fly height sensor. The controller 180 generates the
control voltage VC between an output conductor 204 and a DC common

conductor 206. The control voltage VC can be AC, DC or other waveforms with an

adjustable amplitude. The output conductor 204 is connected to the electrostatic



25 FIG 11 illustrates pole tip fly height (PTFH) 408 as a function of a
‘control voltage applied between a disc and an el ectrostatic actuator

el ectrode on an exenplary slider in a disc drive. A vertical axis 410
represents the pole tip fly height in nanoneters and a horizontal axis 412
represents the control voltage. The pole tip fly height 408 results froze a
bal ance of electrostatic force fromthe -12 el ectrostatic actuator

el ectrode, a lift force generated by the air bearing | ayer and a spring
bias force applied at a ginbal poing.on the slider by a track accessing
arm The curve shown in FIG 11 includes the effects of the electrostatic
actuator stroke chan% ng as the actuator spacing changes, as expl ai ned

above i Actgatenstecirode W2 by wapiobthebomting: pad B arcethe;eleckiode lerd 19%he pol e tip
fly hei ﬁ{ﬂ% D cindiBA 2 J‘dc?orfibp%r'\ﬁeﬁsq\é?{ﬁ ﬁicfe?@@o%gg%tl%g ThA Qb s ﬁages fromQ0

to 9 volts or nore. The nonotonic tunction IS adaptable to stable control
of fly h&d.duth tHheiddr\suharaghtl8d andcthe eiscalB4tdre at dlnd sadhe ¢lekfreagaid ncr eases

until the read/wite head contacts the disc at 414. The ar[angenents of
el ect r oPOUTIA 211k H1S 7 N FEbSAT b e eERRNR AT SBRTAIH beRgRERdET Mo wi t h

exanpl es iyt faliRsed ;Eh@ﬁor dactlodeViB G8 bl SieatREf ich‘érgéci 415w th the many
e d be apy e

vari ations of known slider geonetries and can pl generally in a
wi de vaio ttei disc ¥ agidsgendrateseardeladtopstatic labtratineforge between dler disslddh as 140)

Subst 1 o608 (B ER E e S SRRl BRentted bele o { el | 2 0ot om

side (swathEE&.8456) facing the disc, and an air bearing surface (such as
144) that protrudes fromthe bottomside. The slider includes a read/wite
head (such aElGi50)illystratge e ainversg squiee lpme relatignshipt elhdwtivesicesses t he

dat g, st 9.1;«:‘8@ A8l BfceHrSCertiél bldsSh2 L\Hi‘é%t?x&!o?'a %cﬁ%’gfén hSHE htASuds ), 1S di sposed
on top O the air beari ng sUrtace. TSt Bl e@rostatic actuator el ectrode
(such aghaA4Rytidab and dhpcigentabscale3pndfIG26 drhen farbistary (eskaed)ouniksateer and f aces

the disg, across an electrostatically c d .portion, h as ,158) of an
air bea?lfur?gaf BANVESIRCHIEE liB’O‘)efan?H 1p igié‘?ﬁﬁllﬂ‘&%mf‘dé‘%g&a%ﬁﬁ’aqeor ) el ectrode
protr Ud@c%fl&p%’tﬁ i€ £& & F%ﬁPla?QpﬁH{a{tﬁﬁ?Th@éﬁrﬁﬂ)@ ilﬁJsﬁ%Eerdgﬁth@! 6d |y charged

portion of the alr bear aye I's to be 'understood that even though
nuner oust zfizedaingol veltage. and zs advant ages of various enbodi nents of the

i nvention haye .been set farth.in the foregoi scriptio together with
ot a1 s o el BE foditeodthy Y e 1510 S R SRRl vl SH L ne

i nvent i ofry ditirg Bérored] @pefatiohof ithd tiitfolllet 180 Pdrder &ébréfbaAgdeighy be nade in
detail, especially in matters of structure and arrangenent of parts within

the pri M\SI?G@I Gaepngo Yﬂ‘éaaﬁr% inaprnlisddistwenn the elegostatiq actuatppelectrode

182 and the disc 184 in FIG. 5, an electrostatic force is generated that tends to
attract the electrostatic actuator electrode 182 toward the disc 184. This force is

20  approximated by Equation 1:

F=ge AV
2d? Equation 1

25
where:
F is an electrostatic force;

er is a relative dielectric constant of the air bearing layer;



extent indicated by the broad general neaning of the terns in which the
"appended cl ai ns are expressed. For exanple, the particular elenments nmay
vary depending on the particular application for the slider while

mai nt ai ni ng substantially the sanme functionality w thout departing fromthe
scope and spirit 5 of the present invention. In addition, although the
preferred enbodi nent described herein is directed to a nagnetic drive, it
wi |l be appreciated by those skilled in the art that the teachings of the
present invention can be applied tagoptical and magneto-optical drives,

wi t hout departing fromthe scope of the present invention. -14 WHAT IS
CLAIMED 1S: 1. A slider for accessing data stored on a disc, conprising: a
sl i der gubﬂterlaﬁr@lﬂﬁav}’ﬁgfrae $pegel i ng side, a bottom side facing the disc, and
an air i.n I h the bottomside; a read/wite
head on%t %gsygg. Lgr‘t'aagfeth I%tdtrﬁ tgmca% asto:f{lg oélgd accessing the data; a first
i nsul at Noatﬂeaty)ﬁfrodwﬁfageﬂdmon top of the air bearing surface; and a first

el ectrostatic actuator el ectrode djsposed on top the first insulation
| ayer afds T@épﬁ@ngﬁﬁw(??%éhea‘é?%@é“&ﬁaé‘l“étﬁrreg'éFa ‘F%‘é;{‘h)? di%ar ged portion of an

air bearing 'h?é’&éctro%ﬁﬁcB&&E%r%ie%ﬁ%&@?éz%' g%ct% EQ&‘?{on’?h%%é@Qﬁ bgr otruding

above the air bearing surface into the el tatically chargéd portion of
t he ai r theeanthatgr $peging. d 2n thdhelegtkdstasically cmmp@rwmeofethe aerbwmgon of the

air bearin urface,t hat rlies, th flr i nsul at i s at
substan[aiyc‘flfJ etﬁ%ﬁ'%oér?@?tﬁ BERETAY o taﬁﬁéchi}; bfgéﬁ"yﬁgthgturface t hat
i direghliss (Bl aREShE acnegaboéxagemwd%h&auaa er. 3. The slider of daim1
wherein the first el ectrostatlc actuator el ectrode has an el ectrode

potential, ahdilluseatetliindlCstisstertatieequakcantesl ratge Milstad doppthent i al t hat
ff t t L |, t I
s qt) saal%i]n& si%'lrla\:?ﬁl Sgetrﬁgatr gggttrgs?%t‘ie@ttorc% alog ggre;n 1 Lx1£ 51> #hg§ Uji ion |ayer

el ec rost at ac uat or ectrode fromthe
slider stbpiatlgtaea fdnctiomcofshe dpdcingyd. I0heispadng\ivetiatowdrhe illissatdthat a di sc

T S O TR O T
Cl oot r ook ST A Bhn P e MR TREANI M PRI {he control
vol t agewidarersaitiegraied et 8201 (fos tidR), thercthent will bemcentpraativedy smellethe act uat or
SpaCI ngvaor\ll%onamcﬁlrét erlgcltrors%rt]igeforce over the control range as illustrated at 222.
When the magnitude of the electrostatic force varies greatly over the control
range, then the task of designing a controller 180 that provides stable control
becomes more difficult. With the arrangements described in FIGS. 3-4 and 7-11, an
electrostatic actuator electrode, or electrodes, can be placed in many different
20 locations rather than being constrained to a position near the read/write head.
This allows for a good balance between clearance, sensitivity (stroke) and stability
to be found in each particular design of a slider. A ratio of changes of the
electrostatic actuator force F to ranges in the control voltage is stabilized by
positioning the electrostatic actuator electrode in an electrode position that is
25 forward from the trailing or back side. The electrostatic actuator electrode is
placed forward by an amount that is adjusted for the particular application.

Examples of various positions for electrostatic actuator electrodes are described

below in connection with FIGS. 7-9.



-15 6. The slider of Aaim4 wherein a ratio of changes of the

el ectrostatic actuator force to changes in the control voltage is
stabilized by positioning the first electrostatic actuator electrode in an
el ectrode position that is forward fromthe trailing side. 7. The slider of
Claim4 wherein the slider substrate is electrically connected to the disc
and the slider substrate potential is substantially equal to the disc
potential. 8. The slider of Claim3, further conprising: a sidewall
insulating |ayer on a sidewall of tfge slider substrate; a bonding pad

di sposed on the sidewall insulating |ayer; the bonding pad connecting to a
source of the el ectrode potential; and an el ectrode | ead connecting the
bondi ng pad F& 7HBugrases 2 bettem vievaof a/firss embpdisnans @ba slider PAQ whidhder of O ai m

1 wher egﬂclﬁg'& fisf Sha %lec%%th?&x%E{aﬁa%?Eruﬁ?éro{]ec‘%ﬂ[oﬁgé Fé&d%zig g&g eEl' ned in an

el ectro posi tion that orwar rai ength
suf fi ci eop of an pit deatig siofica2B6. Tk whetrobthtic Adtustbr ab&ﬁide@%?mﬁ@ a&Ct uat or
el ectrode and_t he is 10. The slider of Claim1, further caonprising: a

second ieHstifeatly dﬂs fod riromsthg slidep subsifpte 24 asd gangralyr amsangedn?f sur f ace: a
second %&smr{ea%a&é fn &%ya%oa with ﬁfasr gdeTHl SBARGhR Qcttugfbr(%iec{-rgﬁess econd

i nsul ati on | ayer and facing the disc across a second electrostatically
char ged 2321284 ere ddicatted electrasleanndgrd elgericallyhchargeddndortreldiy heghit i ¢ act uat or

el ectrode trudln e th egand air bearing surface into the

el ectros“flgféugﬁlilqr?n@hg?%é B‘él?s?'i g%f‘@f the air bearing layer. -16 11. The
slider of C ahémslidervideriaélides 4 iresd/ vt Hea@dBlsh Qb h AankGuapPrdzed to the

first electrostatic actuator electrode and a second el ectrode potential is

appl i ed tha) it Herasited 98 adzailing oF begkeside dHeof thaglidersubtrasnddQ Themirode
pot et i %leaﬂlégd&ﬁfacs%é gké\&ﬁd’e“s‘. f£o‘?? %%JoH g;he oh& 6t f1RARIR0 &%@&5@'240 12. The
of Im1l wh

slider rern th Irst second el ectr potentials
cont r ol Faspiahdhseaomyd eclatrodibelesdds @48,. 25(13 corfiteet g¢hé dedactroftafit aictnatdr wherein the

first an trod pot ential _ contr rell angle_of t sl i der.
14. The® g‘-r‘- iﬁsn?f}n? é%afprh% éP%‘HH’EfF?tE‘? Hbs‘%% Z‘ae Bpil I&Eéh%nd li ke
carbon digsneeei-absthhe a&HEtfofl@fectQI)dés%Zfiiﬁsatre Ela@@d E.He?:xﬁaéf'tﬁe aaligt or

el ectrode, preventing a short circuit between the first electrostatic

act uat opidel|24¢ in pastiemthaheredidistedidependingtdnoiie needsmfrihé applicating a sli der
for 3CC8e%E 'e&gtrggés%ﬁt %43 Qreolrr]\ }%sﬁ{osn(s: w}?ercmgfle gn‘ riy%armg surface 236 is far

enough away from a disc (not illustrated) to provide clearance for the electrodes

232, 234.
FIG. 8 illustrates a bottom view of a second embodiment of a slider 280. A
read/write head 282 is positioned on trailing or back side 283 at the end of a side
20  rail 284. The slider 280 is not symmetrical about a roll axis 286. The side rail 284
has a different shape than a side rail 288, making the slider asymmetrical about
the roll axis 286. The slider 280 does not fly level relative to a disc, but is rotated
slightly about the roll axis 286. The slight rotation about the roll axis provides
clearance for an electrostatic actuator electrode or pad 290. The electrostatic
25  actuator electrode 290 is deposited on an insulation layer on an air bearing surface
292 and connects by an electrode lead 294 to a bonding pad (not illustrated) on the
trailing side 283. The dedicated electrostatic actuator electrode 290 is positioned
such that it is not the closest feature to the disc, and clearance is not compromised.

The area or size of the electrostatic actuator electrode 290 is selected to provide




providing a slider substrate having a trailing side, a bottom side facing
the disc, and an air bearing surface that protrudes fromthe bottom side;
depositing a read/wite head on the trailing side; depositing an insul ation
| ayer on top of the air bearing surface; and depositing a first

el ectrostatic actuator electrode on top of the first insulation layer to
protrude above the air bearing surface. 16. The nmethod of C aim 15, further
conprising: insulating an electrode potential on the first electrostatic
actuator electrode froma slider supstrate potential on the slider
substrate with the first insulation |ayer. -17 17. The nethod of O aim

16, further conpri sing: ErOV|d|ng a disc potential on the disc that differs
f r om t hadeqeate flydeighdsaake-dh osleraesnsstsr Ble shidier 33fbis gegeraliyiarmengetbd of C ai m

17, furtaE@l wgb&mcgmglgﬁw&ﬁgse%gctrostatl c actuator force that

vari es the actuator s paci ng over a cohtrol range by spacing the first
el ect r ost at i Fl@&tillastaitesed bmdxﬁdﬁevapﬁa thifd eibbdlieneait 6€a bljdea31@EFirgat or spaci ng
in the el ectrostatl cally charged ortl on of the air bearin Iayer 19. The

met hod GRAGRERTH slestropighit Aeiatos piseiredenp 1 2deldaue Prsiorednefeddeadiigisul at i ng
| ayers 0@1(& ﬁ%%%’hhepguﬂsggtesdmdﬁl'éct?é!sl?é‘\ﬁcr ﬂ:h?atoﬂé@&ﬁi(feb By, @1@95}511)@9 pad on

the sidewal |l insulating layer; connecting the bonding pad to a source of
el ect rodledlmdveﬁylcmrgedrld ddéﬁrﬂmml anteghalstin odder| te adniwel gredangche bondi ng

pad and c act ator ectrode. 20Q.. The nmet had qf C ai m 15,
Por ther Pol Eihasehabet Ariellehalt AReURe FucRreky o p PR FRALGH el ect r ode
in an e|r@£d/rv91(il@ HeR8 302 ekt idaép ds&ecﬁ%hV@erth?QmHaﬂesﬁ:lé@Q& bheheedliger by a | ength
sufficient to prevent contact between the Tirst electrostatic actuator

eI ect r odé8-ahfirst Rlectgpdecpotential s appligd to ffmflrat:@e@sqsﬁgic aa@atostebﬁ%d%n_ a di sc,
ooPl Stand <l oBUESAY BV Wy 15U Do iy bR ¥ 0 01 0

the disc an -air om t ot t om si de;
-18 a r 8h4)/anul theesehemdl etvntrbdie potaitial hagvaudiereliﬁime foe&dz/ fizst ieleetrbdsnd accessi ng
the dat %otenhal to control the roll angle.
Alternatively, electrostatic actuator electrodes can be positioned along a
roll axis 326 and individually charged to different control potentials to change or
15 control pitch angle of the slider 310 as well as the fly height. Electrode leads 330,
332 connect the electrostatic actuator electrodes 312, 314 to contact or bonding
pads on the leading side 316. In other respects, the electrostatic actuator electrodes
are arranged as described above in connection with FIGS. 3-4.
FIG. 10 illustrates a diamond-like carbon layer 400 on an electrostatic
20  actuator electrode 142. The arrangement illustrated in FIG. 10 is similar to the
arrangement illustrated in FIG. 4 and reference numerals used in FIG. 10 that are
the same as reference numerals used in FIG. 4 identify the same or similar
features. The layer 400 of diamond like carbon prevents a short circuit between
the electrostatic actuator electrode 142 and the disc 154.
25 FIG. 11 illustrates pole tip fly height (PTFH) 408 as a function of a control
voltage applied between a disc and an electrostatic actuator electrode on an
exemplary slider in a disc drive. A vertical axis 410 represents the pole tip fly
height in nanometers and a horizontal axis 412 represents the control voltage. The

pole tip fly height 408 results from a balance of electrostatic force from the



a first insulation |ayer disposed on top of the air bearing surfdce; and a
first electrostatic actuator el ectrode disposed on top of the first

i nsulation layer and facing the disc; and neans for protruding the first

el ectrostatic actuator el ectrode above the air bearing surface into an

el ectrostatically charged portion of the air bearing |layer. 22. The slider
of Claim21 wherein a portion of the air bearing surface that underlies the
first insulation layer is at substantially the same height as a portion of
the air bearing surface that is dirgstly alongside the first insulation

| ayer. 23. The slider of Clain121 wher ein the first electrostatic actuator

el ectrode has an el ectr ot ent and t sub trate, has a slider
subst r at Cﬁré)f'@ﬁf REatOR S CV% ﬁ?tegf’é%tgef‘fzféﬁ ?\gag Ros ) aﬂﬁ%%‘?ﬂ? al, and the
first i rg@%gtulmok@ W@A g€l g{ B leﬂt%%@@ﬁ&er Zﬁj& frhis i écc&kﬁgt i tatic

actuator el ectrode fromthe substrate. sl 1 de "Claim 23
wher ei n TheaudyeshowasindIGi tblqghtdesnthaadffactsaif thk élearastdticantuatve sebket r ode

1 1 t 1 i 24. wh th
PO ot L Ratdind o B D rot T s PR el RS RS al s by an

act uat OIFISPACANEar Be bdea iRIFRG! 1Rshapblealy Hy toghg@da Rnbtddi finclibie ai r
bearing |l ayer, and the control vol taa generat es _an el ectrostatic actuator
force tr%'ﬁr@a%rigésoff%ﬂac,vpﬁamrfr%aép goby er mere: dhe manotaigncd A devi ce

for aCCgﬁ&%ﬁ Blatdsabe" 81”0 ﬁﬂgﬁ‘rg Weﬁl{ﬁ%ere@s H?ﬁ’ier cﬁ%f‘r ofiaving a

back si ottom SI aC| n a surface t protrudes
from t hevoltegé aressadaintil the rea&/\anterkmaddumattsmhe dhlaeatblaék side, the transducer

accessing thg, data,; first insulation |ayer disposed on.t of the
surf ace; and%ge@F‘iagge’@f’%tétqfcféﬁfc&’to?@“%@%‘éf 91%‘1 (Siﬁﬁcr’%fegﬁgg‘é"d“bn top of

the fo r %bnhéb%h%%ﬂpé‘xaln?{@i i1RB¢ata ¢h PGS Re11 ldel @6'r{o® Mtérfere with

el ectrostatically charged portion of an air ; the first electrostatic
act uat orthetr@oyW(ademp;rsoifrmawmvgshdbog@mdtsesmd eeceba appbied lgenehlfcirst ati cal | y
char ged vp?r Quon ftcﬂsccfrv &ES er. 27. The device of Claim26 wherein a
portion o e SUr Yace That rﬁﬁ‘@rlles the first insulation |ayer is at
subst anti al | }n sdremagyma shidefsictoss ROpLIrlakalsing dabesterad oacedish@lch s directly
al ongside the first insulation |layer. 28  The device of O aim26 wherein
the fir@f letledidiedesa slidessubsiraie (wcb@r%bhmgg@nﬁwhng side (such as

15 152), a bottom side (such as 156) facing the disc, and an air bearing surface (such
as 144) that protrudes from the bottom side. The slider includes a read / write head
(such as 150) on the trailing side. The read/write head accesses the data stored on
the disc. A first insulation layer (such as 148) is disposed on top of the air bearing
surface. A first electrostatic actuator electrode (such as 142) is disposed on top of

20  the first insulation layer and faces the disc across an electrostatically charged
portion (such as 158) of an air bearing layer (such as 160). The first electrostatic
actuator electrode protrudes above the air bearing surface into the electrostatically
charged portion of the air bearing layer.

It is to be understood that even though numerous characteristics and

25 advantages of various embodiments of the invention have been set forth in the
foregoing description, together with details of the structure and function of
various embodiments of the invention, this disclosure is illustrative only, and
changes may be made in detail, especially in matters of structure and

arrangement of parts within the principles of the present invention to the full



el ectrode potential, and the substrate has a substrate potential that is
different than the el ectrode potential, and the first insulation |ayer
electrically insulates the first electrostatic actuator el ectrode fromthe
substrate. 29. The device of Claim26, further conprising: a sidewall
insulating layer on a sidewall of the substrate; a bonding pad di sposed on
the sidewall insulating |layer; the bonding pad connecting to a source of
the el ectrode potential; and an el ectrode | ead connecting the bondi ng pad
to the electrostatic actuator el ectjpode. . A Ur. AYF9. A AS% Af . A@. A AS. A@
AS% Af . A L. Ay' . A@®. AL. AS9. A(S. A . AJKNe, 4@
(9| wr mhc”Y] caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]c
a] ca] ca]em]ltam]mai]a@ byl ¢b¢ dapaRgeveadat aheprizg pif the terms in which the

) SRS S B sy s

B<<<<<Yae@rnﬁ31g<r¢mm atieake aAksnod do} cakcalda] aalle airﬁaitslal:cga] ca] ca] ca] ¢
a] caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! p>w>{ >>>>>>>>?@h @@ AABBCDD+E
substantially the same functionality without departmg from the scope and spirit

al ca?m pLafCapeareaTEaady cB) Sayel: HaLpea) R, PR AR T LA

Xd¥dtribed herem is dlrected to a magnetic drive, it w111 be appreciated by those
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) U _@@o /@h Sﬁr bearing surface that protrudes from the bottom side;

a read/write head on the trailing side, the read/write head accessing the
data;

a first insulation layer disposed on top of the air bearing surface; and

a first electrostatic actuator electrode disposed on top of the first insulation
layer and facing the disc across an electrostatically charged portion
of an air bearing layer; the first electrostatic actuator electrode

protruding above the air bearing surface into the electrostatically

charged portion of the air bearing layer.

2. The slider of Claim 1 wherein a portion of the air bearing surface that underlies
the first insulation layer is at substantially the same height as a portion of the air

bearing surface that is directly alongside the first insulation layer.

3. The slider of Claim 1 wherein the first electrostatic actuator electrode has an
electrode potential, and the slider substrate has a slider substrate potential that is
different than the electrode potential, and the first insulation layer electrically

insulates the first electrostatic actuator electrode from the slider substrate.

4. The slider of Claim 3 wherein the disc has a disc potential that differs from the

electrode potential by a control voltage.

5. The slider of Claim 4 wherein the first electrostatic actuator electrode is spaced
apart from the disc by an actuator spacing in the electrostatically charged portion
of the air bearing layer, and the control voltage generates an electrostatic actuator

force that varies the actuator spacing over a control range.
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electrostatic actuator electrode in an electrode position that is forward from the

trailing side.

7. The slider of Claim 4 wherein the slider substrate is electrically connected to the

disc and the slider substrate potential is substantially equal to the disc potential.

8. The slider of Claim 3, further comprising;
a sidewall insulating layer on a sidewall of the slider substrate;
a bonding pad disposed on the sidewall insulating layer; the bonding pad
connecting to a source of the electrode potential; and
an electrode lead connecting the bonding pad to the electrostatic actuator

electrode.

9. The slider of Claim 1 wherein the first electrostatic actuator electrode is
positioned in an electrode position that is forward from the trailing edge by a
length sufficient to prevent contact between the first electrostatic actuator

electrode and the disc.

10. The slider of Claim 1, further comprising:

a second insulation layer disposed on top of a second air bearing surface;

a second electrostatic actuator electrode disposed on top of the second
insulation layer and facing the disc across a second electrostatically
charged portion of the air bearing layer; the second electrostatic
actuator electrode protruding above the second air bearing surface

into the electrostatically charged portion of the air bearing layer.
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the first electrode potential.

12. The slider of Claim 11 wherein the first and second electrode potentials control

a pitch angle of the slider.

13. The slider of Claim 11 wherein the first and second electrode potential control

a roll angle of the slider.

14. The slider of Claim 1, further comprising;:
a layer of diamond like carbon disposed on the surface of the first
electrostatic actuator electrode, preventing a short circuit between

the first electrostatic actuator electrode and the disc.

15. A method for manufacturing a slider for accessing data stored on a disc,
comprising:
providing a slider substrate having a trailing side, a bottom side facing the
disc, and an air bearing surface that protrudes from the bottom side;
depositing a read/write head on the trailing side;
depositing an insulation layer on top of the air bearing surface; and
depositing a first electrostatic actuator electrode on top of the first

insulation layer to protrude above the air bearing surface.

16. The method of Claim 15, further comprising:
insulating an electrode potential on the first electrostatic actuator electrode
from a slider substrate potential on the slider substrate with the first

insulation layer.
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providing a disc potential on the disc that differs from the electrode

potential by a control voltage.

18. The method of Claim 17, further comprising
generating an electrostatic actuator force that varies the actuator spacing
over a control range by spacing the first electrostatic actuator
electrode apart from the disc by an actuator spacing in the

electrostatically charged portion of the air bearing layer.

19. The method of Claim 15, further comprising:
depositing a sidewall insulating layer on a sidewall of the slider substrate;
depositing a bonding pad on the sidewall insulating layer;
connecting the bonding pad to a source of electrode potential; and
connecting an electrode lead between the bonding pad and the

electrostatic actuator electrode.

20. The method of Claim 15, further comprising:
positioning the first electrostatic actuator electrode in an electrode position
that is forward from the trailing edge by a length sufficient to
prevent contact between the first electrostatic actuator electrode and

the disc.

21. A slider for accessing data stored on a disc, comprising;:
a slider substrate having a trailing side, a bottom side facing the disc, and

an air bearing surface that protrudes from the bottom side;
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means for protruding the first electrostatic actuator electrode above the air

bearing surface into an electrostatically charged portion of the air

bearing layer.

22. The slider of Claim 21 wherein a portion of the air bearing surface that
underlies the first insulation layer is at substantially the same height as a portion

of the air bearing surface that is directly alongside the first insulation layer.

23. The slider of Claim 21 wherein the first electrostatic actuator electrode has an
electrode potential, and the slider substrate has a slider substrate potential that is
different than the electrode potential, and the first insulation layer electrically

insulates the first electrostatic actuator electrode from the slider substrate.

24. The slider of Claim 23 wherein the disc has a disc potential that differs from

the electrode potential by a control voltage.

25. The slider of Claim 24 wherein the first electrostatic actuator electrode is
spaced apart from the disc by an actuator spacing in the electrostatically charged
portion of the air bearing layer, and the control voltage generates an electrostatic

actuator force that varies the actuator spacing over a control range.

26. A device for accessing data stored on a medium, comprising:
a substrate having a back side, a bottom side facing the medium, and a

surface that protrudes from the bottom side;
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portion of an air layer; the first electrostatic actuator electrode
protruding above the surface into the electrostatically charged

portion of the air layer.

27. The device of Claim 26 wherein a portion of the surface that underlies the first
insulation layer is at substantially the same height as a portion of the surface that

is directly alongside the first insulation layer.

28. The device of Claim 26 wherein the first electrostatic actuator electrode has an
electrode potential, and the substrate has a substrate potential that is different
than the electrode potential, and the first insulation layer electrically insulates the

first electrostatic actuator electrode from the substrate.

29. The device of Claim 26, further comprising:
a sidewall insulating layer on a sidewall of the substrate;
a bonding pad disposed on the sidewall insulating layer; the bonding pad
connecting to a source of the electrode potential; and
an electrode lead connecting the bonding pad to the electrostatic actuator

electrode.



