; z{e3ef Lc| 46TLBJ- HEAD POSI TI ONI NG APPARATUS AND MANUFACTURI NG METHOD FI ELD
OF THE I NVENTION s The present invention relates to a head positionin

g
apparatus and its manufacturing nmethod. In particular, it rﬁ“ﬂmmmﬁwmﬂmmm
i ntegrated electrostatic mcroactuator and a slider for pos
read/ wite heads in a data storage systefm- ~0 BACKGROUND OF THE+1kdWgENTI ON
In a data storage system such as a hard disc drive, magnetic heads are used
to read and wite data in the formof digital signals to and fromthe data
storage di scs HERDROSITIONING APRPARATHSSAND=MANYFACTURING METHO®ar ched

and devel oped to achi eve higher density and thus higher storage capacity
within a particular disc, it is always a challenge to achi eve fast and

preci se popigi®OPTHE INVERRION 1 t € heads on the discs. Typically, a

t wo-stage actuator 1s used to position the read/wite head. The z o
actuator uses a first stage to coarsely adjust the position of the head and

a second stage finely adjust th osjtion of the.head over the dis¢c. A
Voi o8 Coi | Nbt of ng RigFeHb sItane et & Heap; Basiiognd ApRarat o andars
posi ti oni Nghandfddigrind 'Méthedadan PaticOrRe! iatahfess U hriinthRREA O8ReNEStafic

pi ezoel ectric or electrostatic types may be used to precisely position
read/ wri t emigfagetuatarnaed arslidesford ositioping seadiwrite fivadgSnpPat date 5taage 808
to Fan et %di scl oses a shielded electrostatic mcroactuator for magnetic
head posit ?Wg such devices, in which a slider is connected to a gi nbal

structure of a suspension through an electrostatic rotary 3 o

m croactuator. Because the slider noves together with the read/wite head

whedoj t i SBAEMGCROUND OEdHEBINVENSIQN additi onal | oad that nust be driven
by the m croactuator. The additional |oad therefore increases the risk of

data read/wite 2 _errors. In addition, the distant |ocation of the

actuator from timea rczmd/swﬁage_éysmléudrt as tehharkdise dvivedwhdgietif héads are
?tDrR:J% “;ﬁdﬁé‘g‘]}{e% 5é$ %ggwﬁ?qglg%f@g Pr{ ﬂ'gq]?%%]/r@?%gita?esﬁgngg atgtellr\llde frlo(r)r? tt% C(Jyte? J

storage discs. Because data storage discs are constantly being researched and

15 developed to achieve higher density and thus higher storage capacity within a

particular disc, it is always a challenge to achieve fast and precise positioning of a

read/write heads on the discs.

Typically, a two-stage actuator is used to position the read/write head. The

20 actuator uses a first stage to coarsely adjust the position of the head and a
second stage to finely adjust the position of the head over the disc. A Voice Coll

Motor (VCM) may be used to move a slider to achieve coarse positioning in the

first stage, microactuators such as electromagnetic, piezoelectric or electrostatic

types may be used to precisely position read/write heads mounted on a slider over

25 the disc.

US Patent 5,959,808 to Fan et al discloses a shielded electrostatic
microactuator for magnetic head positioning such devices, in which a slider is
connected to a gimbal structure of a suspension through an electrostatic rotary

30 microactuator. Because the slider moves together with the read/write head when
it is used, the slider becomes an additional load that must be driven by the

microactuator. The additional load therefore increases the risk of data read/write
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s are the conventional methods for manufacturing an electrostatic

m croactuator of the above type. In these nethods, the gaps between the

el ectrically conductive plates of the electrostatic m croactuator are
formed by the photoresist process. It is desirable to reduce the w dth of
the gap to increase the driving force. lp_the neantine, it is also
desirable to increase the height of the gap to obtain high resonance
frequency. As such, a high aspect ratio (height of gap/width of gap) is
desired toemest trhadditione theedistamnieotion of Bye astuaiot frent thev esdd/wnitd head hods
such as Ugtra Violet ( exposi or Utraviolet Lithografie

Gal vanof i r RGN emvRhaIdnisE quéﬂ? StruRRIrerRRARN FeuC B@%tlom'agia&cugacabout 25
(i.e. 100:4) and therefore) the corresponding track density is about 40

t housand to 50 thousand track per inch (kTPI). An aspect ratio higher than
this limt my Deep®Reaxiied 160 EtehingiDRIEpgn&K-Creemiealbdspog Pepositon (EWdver ,
the cost of this X-ray exposing process or the like is high, therefore. it

i s nét appfiGpieagnues wﬁa's@emcgm neANYACURBI AT E@&Hpa-ﬁlgr@!crwtwmv OF
THE | 'WEmfhg\bﬂ_&\&, %}%?em tHe@éﬁﬂEtlﬂ&s?ﬂ%‘%ab? pRtR¥EA &hé eTBdtiCslly @nductive
manuf acturing a he positioning apparatds for a data storage systemand a
head posi t platésof thepaiectrostatio figwoactuatenarecformed by theéephdtorasidigirocess. It
novabl e part ., in the second stage,.pf .the head positioni ng .operation.

"ot eor at ot 5 desrablR, 1 eds e Bfufof R0 B eI BoiRE Bris d e ng
the read/ wWiidafitifRadsis alkoc8@sidblé abiiAcidiagbethet height 0P the igapatdobYAA Mgh hout
using the high cost process such as the X-ray pros;ng Erocess. I n i
addilpi on) resenaace frequeneheAsdatiehdadiighy@spedtaistie (paight ohgapivadilicefigap) is

density. i SRt o Y e R reRIRERIT ey "% 57 R accor dance wi th one

aspect of the present invention, there is provided a nethod for formng a

head positi oni ng apparatus for a data storage system The nethod conprises
forming a firstByusing Bie epryantional metbeds sbeh @s Witra YioletntlV Jaexpqsirg or

coating Fhﬁlt{d ot g_rit%greﬁfe BAGhRSA %&QHﬁ&ﬁq e(elf’\P "J‘I‘E@A)""i fﬁé naxjimum
sacrificial layer and tornming a secofrd group o ecfricall'y conductive
pl ahes eacaspdct oatio B atsoudf25 (e. 16833 @nidvibereferey the berrespanding dnagck afensity

el ectrical]y conductive p|at and on the sacrificial |ayer. A supporting
rerber 1o Itk ADnovat {5 viouseBd draiced iheh (EHEN ARATshaRto higber
second gr okniel ri I fhiey a t Iy Bfé&er'
The sacri ?%H(%Parthlsa@gﬁrt rﬂ haeén%mvedYﬁo%xgﬁe'aq%asaﬁagmggm g)erlc pai r
of the residevever the cost aftiissXeoay@xgosing prbcessoetheckkd isahipl, thenefors itue 15
plates. A read/wit ead can b‘g f.or n%ghont.o thg agead pl ate. The second
group of e L ARRERIF TRETRTE RO uca\ogt P NEIRACEIBPE: movabl e rel ative to
the,first group of electrically conductive plates, which carries the

read/ wite head novable relative to the slider to achieve precise
posi ti oni NAUMMARY OEatHENVENTON er abl y, the head plate has openings and
the sacrificial layer is renoved

The present invention seeks to provide a method for manufacturing a head

positioning apparatus for a data storage system and a head positioning apparatus,

25 which removes the slider from being a movable part in the second stage of the
head positioning operation. By‘integrately forming an electrostatic microactuator
between the slider and the read/write heads, an aspect ratio higher than 100:4 is
achieved without using the high cost process such as the X-ray exposing process.

In addition, the weight of the second stage movable parts are reduced therefore

30 the servo control bandwidth may be increased and a track density higher than 100

kTPI can be achieved.



by appl ying etchant thereon through the openings. Preferably, the nmethod
further conprises formng a head filmw th 20 correspondi ng openi nhgs onto
the head plate. Preferably, the nethod further conprises formng a
protective layer with correspondi ng openings onto the head filmto protect
the head filmduring renoval of the sacrgficial layer. 25 Preferably, the
sacrificial layer is fornmed on the first group of electrically conductive
pl ates by electroplating. In accordance with another aspect of the present
i nvention, therg ascaidanges anthded aspet @f tites ptasent iyentipa) thievs i provideths a

storage system .the head sitioning,apparatus conprises a slider which is
movabl e t ot %%' fpﬁnnggi%@adcaﬂalt'q%mggapp@@t%ﬁ}rg%t%@r@%ﬁvﬂsma The
read/ wite ; : r 3 i n ; jC

i eroact ualao £aHises Blrdintt 4GS opoud! o SR AT Btas onto o

i nt egr at el sliderr ceatingntheHfirstegreaprad @ledtricallyi condactiveaplates With a sactificial iaydnead

is novable relative to the,slider_throu t he el ectrostatic m croactuator
Lo Hh: ov oAl deTG % SEE0Th BFRP B HecTsRIl ICpnAlRD P GLeS Gathtone Side of

m cr oact ua ' i prorian i thye
pl at es cougﬁﬁ#%b?ﬁéeoglgmfp ?egrsggf:%dr%bgrgz)up o@peﬁéﬁb Trcifdé%ﬁlz%/tégon ugﬁit\bé
pl at es f or sactificial daykrgi Aasupponiind meérabéi issformpedupn tie slider r Achead plate is
conductive_plates and a s ort nber cgnnecting the fifst group_ an
cecond gr olEme T, eBnngel ML Bptot hidle [ o Pbicaly 'RRehelvé «ERtat e,
head is cogpbhsstihg niéAbeECPRE saEAfitlaldhy&l i8Gheh ¢ainbYed D MRl ¥ §ap!EitREen -
Preferably, the electrostatic m croactuator further conprises _a first

el eaor o]ge_ eachmpairoof et respertivie firsrancesecend geoury o&@nmmcéﬂcalw_cwuqﬁvg&
onto.the sPefes “AERsle Rl Fon K8 Byt Ao 08RG, 3pEing drbds

el ectri cal biyeleetibally icondptiicepiated &y tenefore mavable sdlativd tadee fisstapolp e
between the first electrode and the second el ectrode, the second grou

I > p of
el ect ri cal gigctisallv conductieplatesvhishicarries thesfeag/weita head mapyahle delagve he
first grou J Fépégfj LMe L,a8 Ng ao agai nst the
support m%@%ﬁhﬁ?%%&gé %BI rrén §6§|ﬁ§nlgb§gﬁ%§’aﬂﬁﬁm croactuator further
compsises a third group of electrically conductive plates formed on the

lider and fixed ontq, hut electrically isolateqd fromthe first gro f
ol corrionl 1y soRlotabie The ket Palets Sasiogs pR ioaabuiRlaiEhis Sampyed

conducti vey, fh RBAt thekSS b idh hebddhihde third group of electrically
conductive %Fg?gs da%g tﬁte ?our‘ﬂh gr%{up étl)\dt)ééenle%teri cally conductive plates is
fixed together with the second group of electrically conductive plates. so
Preferably, thegel.ectrostatic mcro tor furth rises hi rd.

el ectrode 1 xedr BHEGIRe 15t Gefhad, JRBhEE, Sormnttss Somhy e §ed M iy
grodp of et@edsgording opemays bhiethel Idfbplavdier ei n when a second voltage is
added bet ween

Preferably, the method further comprises forming a protective layer with
corresponding openings onto the head film to protect the head film during removal
of the sacrificial layer.

25
Preferably, the sacrificial Igﬁr is formed on the first group of electrically

conductive plates by electroplating.

In accordance with another aspect of the present invention, there is
30 provided a head positioning apparatus for a data storage system, the head
positioning apparatus comprises a slider which is movable together with a Voice

Coil Motor for coarsely positioning a read/write head above a data storage



-5 the first electrode and the third el ectrode, the second group and forth
group of electrically conductive plates nove in a second direction relative
to the third group of electrically conductive plates by biasing against the
support nenber, and wherein the second direction is opposite to the first
direction. 5 In accordance with a furthef.aspect of the present invention,
there is provided a head positioning apparatus for a data storage system

t he head positioning apparatus conprises a slider which is novabl e together
w th a Voimedion, abbélectréstatic onicesdctugtosiihiegrately forrealdonr iHee shiderdanddave a
data storage ~o _nedium  a head assenbly and a support nepber. The slider
has for medCBA&YEenhaad; indegrgtalypfosmed] og: the flegtresiatic dnicieactyaternenthis s

defi ni i fi : ol
S e B N e S e L

head f or madicrdacteator td hehieee pnecige popitiohingl ectri cal |y conductive conb
menbers extend into the respective plurality 15 of recesses, and the
support nmenber connects the slider and the head assenbly. The first and the

second group ofp@%b%%bﬁcﬁb&aﬁbgﬁ{c@é@&%r Ferteticerh r¥éé'§‘ St g‘?&ﬂ??f The

second group of conb nbers I's nmov elative to th Irst group of conb
menber s i relecticallyc conductivesplatesi coupjed to trendiidart arsecondngrotipraft elgetvisplhand

d f.. . 20 P .y, .each of th d f
ol oot ri oo ddBiv PSRRI infrabiey WAR e 68 Shafih ot AN e BHGER ¢ ne
respecti veylhliesShnd 2P $Qpport thefiber INhEcER AHE tirse gFRIPP afB "d&iohd gfayw/aﬁn a

voltage is applied over the first and second groups of electrica
contluct i veelednipalhe eoaductivenlates owhajeivuthe fread/sdebheadiier eoupled stor theat i ve

to the first ar f Lical d ive conb nenbers in a direction
substanti eﬁsﬁcﬁﬂﬂyg%ﬁéﬁ g[ﬁ%ﬁﬁca{%%?héuw&s@gééﬁd second groups of electrically
conductive conb nenbers. Preferably, one of the first group and second

group of conb menmbers 3o further conprises two sub-groups of comb nembers,
one sub-group dtreéIablynethser electosigiat spickpchiaiat Usthene cempsisgs endirst

respect i Veel&t,trt?dﬁ ) Bhacﬂ{@slidéﬁaﬁe@%éggcalﬁy@oﬁﬁé@% ?8[tﬂé Lfnéﬂgg)g{fxl Qfe

conb fingers 1s located adjacent to osrte s eres
ot hes gr owgledtficaltyrbohdungmesplaiiil, EndDaSeRioAdl ERclobdd HikeDRAWDNGS Sidercandl i s

a partial perspective vie howi ng a head posifionin par gt us accor di ng
Lo one emSUGHAEAD GPTDREISS, I SRE BRORH (GRUPFPY clecticall) sanabeive, BialBsc i ve
view of Fiherdinshfish 2rdelatdde RladpiRd uiR¥aRthS Arst¥idctrodiPing hrassastd ed:
Fig. 3is a partial cross sectional viewof Fig. 1 along A-A line;
electrode, the second group of electrically conductive plates moves in a first
direction relative to the first group of electrically conductive plates by biasing

20 against the support member.

In one embodiment, the electrostatic microactuator further comprises a

third group of electrically conductive plates formed on the slider and fixed onto,

but electrically isolated from the first group of electrically conductive plates; and a

25 fourth group of electrically conductive plates formed interdigitally with the third
group of electrically conductive plates and the fourth group of electrically
conductive plates is fixed together with the second group of electrically conductive

plates.

30 Preferably, the electrostatic microactuator further comprises a third
electrode fixed onto the slider and electrically connected to the third group of

electrically conductive plates; wherein when a second voltage is added between



Fig. 4 is a partial cross sectional viewof Fig. 1 along B-B tine; 15 Figs.
5A - 5H are partial cross sectional views showi ng the nethod of formng a
head positioning apparatus according to the present invention; Fig. 6 is a
flow chart show ng the method of the present invention. 20 DETAI LED

DESCRI PTI ON OF THE PREFERED EMBODI MENTS-Accordi ng to one enbodi nent of the
present invention as shown in Figs. 1 and 2, a head positioning apparatus
conprises a slider 10, an electrostatic 25 m croactuator 20, a dust cover
25 and a héwd fiestselobirgd8@ndTihe thirdceleosode, thensecarat gratm and fodbngnoupesf a
first part forneq onto ope e of the slider 10, and a, secqn r.t) which
s hovan! e claatdalyErguihie Fltes medin Bricandliedon BIave 0 tub Hid ol
head pl ate i Pala i g =) Thaqhead
Pl ate 32 S CARARCR, BORHENE pRRES A NS ddMROIE SLppDr o ERfbor T ohd

m cr oact uawdhergid.th@secbed dirpttinreis3gppusitedo phe fiest idirgctidn.openi ngs 132 f or
renovi ng excess materials formed during the manufacturing process of the
head ®posi ti oni ng apparatus. The openings 132 al so reduce the weight of the
head plate 32, yhigdordance?With GORIHHEPUASSoct Coft B IghEE&RS BvBhtiGE tHAEVR
bandw dt h and the positioning accuracy of the head positioning apparatus.
As shown i pravided = heedl positineing apparatus fof aldatarsferags systetn.otha hwadr 20

s conprises a. first _main aroup of parallel. . cLri |y c ive tes
or “conb nenpation;aRBay Y faRpfe L didef i i MavERls fooedelfih 6 BlE

illustrati Quil MuteEdopHoardehe (sdsititaiind Ca  réae/watte ohdad aditioven P idiated stéragecond
mai n group of parallel, electrically conductive plates or co menbers 124

nb
forrmed i nt &¥edigm; alhepdpssemily andra; suppertiesmben. athe slider hagfermed thereon
vinterdiatablv” . . .
i or oup 2afipt HEBCLE HGfical bBRuddes obfi MdBotst dBSHBCR pifally et
t hat each pécdssesthersbetgedn. Mhe hbead razspattly has spseeord ignewm of ledecttidedly

group of the respective plates, as,shown in Fig. 3. A pajr of supporting
menbers 56CPBA¥GIMAEOME MESMAIEEN] ¢ ERawete head dormed theepamdhEesasondnai n
group of p : ' i i :

ol at os. 125 OB gbgtecritafly EbhductVR) cords MnBEIS Gitend RRG e Fisbcve tudly
Fi gsis 3 andf fecesisesf amd thensiippart member grirmeets the2slider Bodtthe heaidvdssembiint o a

first sub- 22 d d . 1220, The first,.sub- f
bl t e’ 1524 Blshaa die-scats gttt ohednbr ebitits A8 alebitont el dth
Mai N groupegth RtREESTAESecBRd drbEp RIf RoRtb hbribérsSs tRGAIE eltios Ro 1R irstr e

positioned adjacent to the right sides 124b of the second main group of
pl at es 124group of eambireembeeinzndisestionesuhstantiadly Ipereendiedaetp the firakgmoupst

sub-group of .pl ectrode 302b is electrically connected
to the sec%ﬂg sg%ﬁépiﬁ,ﬁg;g%rﬁgﬁﬁgﬂ@% and a third electrode 304 is

el ectorically connected to the second as nmain group of plates 124. Driven by
the electrostatic force between the respective plates when a first voltage

V1 is applied oVEeferalysieash ef dberrronsogsoum Pt lectically eprauctiyaecanh,
t he second i r: I i . i ode
304 al ong 30 aﬂei r'g?:%ag%d %g%tc %ﬁhﬁéﬁ%ﬁgﬁw tgé&%%ggﬁg%t@ghp ﬁ{égllégtt@é\éelllp
di recti on é6ddudtiveheombamemimersc @amd wheheasvaltage Mhepplied eyendhe dirshagadV2
is applied over,the secon l.ectrode,3Q2b and,the third,el ectrode 304, the
bocort ol BSETL TS oa lediisaly S5RaTCIRe S0 b MEnitREs i SREOE Gsidp of

el ectsr ode 20D membirs! mBfePRABRGS B e tﬁh@t"gr@_ﬁ?}’cﬁ éTetirieaky EBMdbEvecssms! | ed
by varying the voltage to achieve precise positioning of the read/wite.

heads f or nowerobers inredisectinndsypsiaptially peraeediculas to the fissttands sepangegiupss. 5
Figs. 5A - illustrat h r formng a head positioning
appar at us gggl—lgphlc%gyP§n§H§'V%rfgodﬁ$ﬁi‘%P8%?s'the present invention. As shown in

Figs. 5A and 5B, a seed |ayer 51 nade of Chromium (Cr), for exanple, is

firstly formed on to a substrate, such as a slider 50. Afjirst sacrificial
| ayer 52, nmade Brefesper opewf, theofirst group and second group of comb members

30 further comprises two sub-groups of comb members, one sub-group of comb

members is located adjacent to one side of the respective other group of comb



exanple, with a predetermned pattern is then fornmed onto the seed | ayer 51
by an appropriate nethod, such as |ithography. Thereafter, a photoresi st

| ayer 53 is forned onto-the first sacrificial |ayer 52 with the sane
pattern as the first sacrificial |layer 52, while reserving a plurality of
15 first group of recesses 54 into which6a first group of parallel plates
55 is filled thereafter. The first group of parallel plates 55 is
preferably a type of electrically conductive material, such as nickel. The
phot or esi smeralens, s&di ther etharesulagraup oheomir fingersnisofocated fadjanenytoupeof
paral l el plates, 55 ont.q the sli.der 50 as shown,inr Fig. 5B. At left and
rant s deoPhFSie SuB i fas Respealis b ordiin BT EO8 e or red 1 a0
conjunction with the first group of parallel plates 55. Details of the
support nenbers 56 will be described bel ow. A second sacrificial |ayer 57
i s el ect r oBRAEEPBRCRIPHION; QE THE BRAWINGISat es 55 and support nenbers 56,
as shown in Fig. 5C. The thickness of the second as sacrificial |ayer may
be controlled in the electroplating process to preferably be about 4

m cromet er -(p. MFig. | Niaspdrtigipersbedtv 0lews sRdWIPIHOs ¢rid pb@itiémiﬁ?@mﬁrﬁe&men
the first group of plates 55 are partially filled with a sacrificial

mat eri al 189cOrding to ena-emboginent ofithe present nvemtign; acent to the respective
first group of pates 57 are formed, as shown in Fig. 5D. A second group of
parallel plates 155 3 o is fornmed by filling a conductive material, such as
ni ckel, into thEig&risnal pgrialpecdpdctieacies obFig.ak sktvwing detalfs of thecrelevard_ A
head pl ate 3é wi.th the %!_Ra]ttgarn corresponding to that of the sacrificial

| ayéf 52 B2 ?MF%? bPl§dzonnect the support members 56, the second
group of plates 155, the sacrificial layer 57 and the sacrificial material
157. The head plate 32 patterned with a plurality of openings 132 is al so
filled with sacFld.i3dsa pantiabeross sestionalMewpf Rig. JaatongA-Atisesacri fi ci al

| ayer 57 and the sacrificial material 157. The solid areas 232 of the head
pl ate 32 cover the second group of plates 155. A head film 130 is forned
onto the head pkpf @ i$IpardiBfcrdsyseceialiev a¥ Flg. 4lbsg BoBRd; onto the head
film130. Both the head film 130 and the protective |ayer 40 have the sane
pattliérns as the head plate 32 therefore formng a plurality of vias io at

t he openi ngs 132, _a ho Lp. Ei 5 eGli ve [ i d
mainly for the %@rsp§5£ owp?ge[ g@??aAg&P ﬁ%@%gﬁéﬁ%li ?'%W%SBrl'(gxuﬁpng%t hietfw&ﬁ o
subsequent foiriiy amawwmnim?bpbamus bttwrtingf tecth presentAmveritioaant i s
applied onto the sacrificial layer an e sacrificial materia

pplied onto th f I y 57 dth f I t | 157
through the plurality of vias, which etches-off the sacrificial |ayer 57
and the sacrifigj ; ' EMHANS anek trenches
bet ween the firgl'g#gggﬁ%*eb?éﬁég&@gflande ornﬂghggﬁ?%%ﬂbetdggﬁ'the
respective first group and second group of parallel plates 56 and 156, as

Substant aPETATRECLOESTRPHGN GF Ghe MRereRel EWRGDIMBRIRETT (Cal ) ayer
57, i.e. about 4 pm Upon conpletion of the renoval of the sacrificial

| ayer 57 and the sacrificial material 157, the protective layer 40 is
renoved to expoleceminchisaane emhorbmentef the preseat iBventiorrag.shemn in Figs. 1

read/ wite o n h fil 3Q. i conv i .
ranner 5o e olieas RETEHRG ahdrl e8holisbl & Hhdh o S8R SR |
t he2pr esenmidrodetbtar20py distidoves25aaed d hehd assembiy 30. f iMhet electostatid, a
first group of electrically conductive plates are fornmed ontg a slider. In

the next bMigRagipater 2heemprigesp firgyrart fosmed ande opg andeofithe Slidgr ANt a

|l ectrical ti d f i '
bl ates ar o TR RRBHE WHLPITABTa0 RRARRIDIR fretipgft. PTHE) Fdad BrSapolsso tacn
of the secoordphsesip ldackplate B2cand g readdwitei haadoBétfesned irtdgeatelytthereame

side of t respective frrst group of indiyvidual electrically conducti.ve
ol ate. Fur [ NER0 bpiata 35 1o, Lot tBnine ‘Seond: e o the SRPfEsLE
30 microactuator 20. The head plate 32 has a plurality of openings 132 for removing
excess materials formed during the manufacturing process of the head positioning

apparatus. The openings 132 also reduce the weight of the head plate 32, which



-10 At block 65, a head plate is forned to connect the second group of

pl ates and the support nenber. Once the second group of electrically
conductive plates is fornmed, the sacrificial |ayer is renoved at bl ock 66.
Gaps between the respective pairs of first and second groups of the

el ectrically conductive plates are formed -by s the renoval of the
sacrificial layer. Other enbodinents of the invention will be apparent to
those skilled in the art from consideration of the specification and
practi ce ofispheontibates dén.thEumcheaserof, thee senion bbadwidibl sy thaspbsitioninged

for the purposes of descriptiyve clarit and not to limt the present
i nventi on. @ a@)‘rﬂ})mena?ﬁ‘iBQWﬁ"B'F@f%’rﬂ%ﬂmﬁeat ures descri bed above shoul d be
consi dered exenplary, with the invention being defined by the appended

cl ai ns. -11 CLAIM5 1. A nmethod for making a head positioning apparatus
conprisi ng: forAsmshawr in Figsgrdapdot, tbedost padl ofyelectnostatic waicisiastuatondfo a

slider; s coati.ng a ﬁa rificial |ayer % th% &i r@t CI%rouE.of ﬁ%tectrical y
condactivecgmgf'g S & "'Hamaggoétpoﬁ p&rr Ea& BECEICELY 1 @zglu 9\'%(5’ ﬁ%tqrv‘éorﬁ at es
on the sackidnmiséral1228068ly ond plté is RaPBerdd forpupsEsEbiaNRatieoh) Rirad drito
conductive plates is adjacent to one side of the respective one of the ~o

first groufheosliderdilfi dddie speend ipart somIisesea ptepond mainigrgun efuppeallel,
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a gap bet wiesh gatip aff plated i 122. 15Tl dtesmc dimterdigitally” aferpltestai pasitigning
conducti ve pl ates e nethod as recited, in claiml, further conprising

. 2. Th h
foriPng a FakenshinbaiweenthedirsbmaghgroupndifeseqeadHaail grrHp Of plates 122,

met hod as i i | er el ; StHE : yi ng
etchant t héﬁgo{nﬁfsI ’*r%h’gha"’% hwea?yogl{egr%i é\%%m pﬁlgfﬁg@ﬁgﬁﬁﬁﬁ@ trr{gcfgtg\eb%g:mzé(csl%%%n 3,
further cobpiwesmthef other moap f dhe cespectiveymatesi, bls shovat innFig@niAnpgairadt o
the head film 25 5. The od_as recited in.claim4, further conprising
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to a first electrode and el ectrically connecting the second group of
condact i vegisiug efplatesd 22canth 24 lase elastrically isdlated. The nethod as recited in
claim1l1, wherein the sacrificial layer is coated onto the first group of
electrically conductive plates by el ectropl ating.

In one embodiment as shown in Figs. 3 and 4, the first main group of plates

122 is further divided into a first sub-group 122a and a second sub-group 122b.
The first sub-group of plates 122a is located adjacent to the left sides 124a of the
20 second main group of plates 124, and the plates in the second sub-group 122b
are positioned adjacent to the right sides 124b of the second main group of plates
124. A first electrode 302a is electrically connected to the first sub-group of plates
122a, a second electrode 302b is electrically connected to the second sub-group
of plates 122b, and a third electrode 304 is electrically connected to the second

25 main group of plates 124.

Driven by the electrostatic force between the respective plates when a first
voltage V1 is applied over the first electrode 302a and the third electrode 304, the
second main group of plates 124 moves left towards the third electrode 304 along

30 a direction 402 substantially perpendicular to the lateral direction 404 of the plates
or comb members 124. When a second voltage V2 is applied over the second

electrode 302b and the third electrode 304, the second main group of plates 124



8. A head positioning apparatus for a data storage system the head s
positioning apparatus conprising: a slider; an electrostatic m croactuator
coupled to the slider; and a read/wite head coupled to the electrostatic
m croactuator, wherein the electrostatic mcroactuator is to nove the
read/ wite head ~o relative to the slideg- 9. The head positioning
apparatus as recited in claim8, wherein the electrostatic m croactuator
further conprises: a first group of electrically conductive plates coupl ed
t o t he sl imeves sighttowvaidgitiveseobna etectiodead3d3pb. chb mdll bei appretiateskthbdb abhevde

interdigitally wwth the first group.of,.elecirically.conductive plates; and
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t he second group of ao electrically conductive plates. 10. The head

posi ti oni ngforageadiscsis as recited in claim9, further conprising: a first
el ectrode electrically connected to the first group of electrically
condutcti ve pl ates; z5 a second electrode electrically connected to the

second group of FigkesA Ll Salillustrats thechiocess bhfdfingachedtepditionihg Appafatiist
voltage is applied between the first el ectrode and the second el ectrode,
t he secondaefosdipgde anecembodianent of dhel peesant ipventies. sy sRown ir Figs: $A and

di Con, . i oo ; | ai |
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formed on $uisstsitée,drich adhesider She Al firist sagrificid) |aferadx ehadeof topmrQudtfore

plates is electrically isolated fromthe first group of electrically
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conprising: a third electrode coupled to the slider and electrically
connected to t h]ehereaﬂer, a photoresist layer 53 is formed onto-the first sacrificial layer 52
with the same pattern as the first sacrificial layer 52, while reserving a plurality of
15 first group of recesses 54 into which a first group of parallel plates 55 is filled
thereafter. The first group of parallel plates 55 is preferably a type of electrically
conductive material, such as nickel. The photoresist layer 53 is removed after the
formation of the first group of parallel plates 55 onto the slider 50, as shown in Fig.
5B. At left and right sides of the slider 50, support members 56 are formed in
20 conjunction with the first group of parallel plates 55. Details of the support

members 56 will be described below.

A second sacrificial layer 57 is electroplated onto the first group of plates

55 and support members 56, as shown in Fig. 5C. The thickness of the second

25 sacrificial layer may be controlled in the electroplating process to preferably be
about 4 micrometer (um). In a subsequent photoresist process, the trenches
between the first group of plates 55 are partially filled with a sacrificial material

157, and a second group of recesses 59 adjacent to the respective first group of

pates 57 are formed, as shown in Fig. 5D. A second group of parallel plates 155

30 is formed by filling a conductive material, such as nickel, into the second group of

trenches 59, as shown in Fig. 5E.



third group of electrically conductive plates; wherein when a second
voltage is applied between the first electrode and the third el ectrode, the
second group and fourth group of electrically conductive plates nove in a
second direction. 13. The head positioning apparatus as recited in claimS8,
further conprising a i5 head plate for e€8nnecting the read/wite head to
the mcroactuator. 14. The head positioning apparatus as recited in claim

13, wherein the head plate conprises a plurality of openings. ao 15. The
head positi oni nd beadipiates3Zwithelbiet 2 patterricarresponding ithdhat ohithe saerificial

cover on the electrostati i,croactuator. 16.. A head si,tioni ng, appar gt us
for a dat aleEP2ds SriamRted i8,c00PRGCthS rPgl Mateks B e Secai iRt
el ectri cal hiate9ngdyCthieVshcrifiil ek 87 santbthdeddonifitial bbbl als7t YTIRé head pistes
bet ween the conb nenbers; a head assenbly coupled to the read/wite head,

wher ei n t h82matieraed withl § piusalityi &fapeningsc b34 igalsadilled withe saerificial| material,
omods. ocprRRIRIRRLF o Y paEAR0A. LS 87 e b AR pRRIGE oy 178
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menbers, t cond group of conb rre'nbers noves relative to the first group
of el ectri etdhing pmeesst whishds itlustratdsbbelown a direction substantially
perpendi cular to the first and second groups of electrically conductive
conb nmenbers. "18. The head positioning apparatus of claim 16, wherein the

first group of aprdtchEmISEpplied Ohed tHeOSEYTfiSRS |y el B7dnPIheG SREMDAI Fiddegloups
of conb nenbers, and wherein the first sub-group of conb nenbers is | ocated

adj asent t d56rbrasiohethef pluralitys of wias, yhiehp etaheswifbthe pdrifisial dayer: ie asdtbad

sub- group of o fi i [ Ace i j . t.he
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removed to expose the head film 130, as illustrated in Fig. 5H. A read/write head

may be formed onto the head film 130 in a conventional manner.

25 A method 60 of forming a head positioning apparatus according to the
' present invention may be illustrated in Fig. 6. In a first block 61, a first group of
electrically conductive plates are formed onto a slider. In the next block 62, a
sacrificial layer is coated on the first group of electrically conductive plates. A
second group of electrically conductive plates are thereafter formed on the
30 sacrificial layer at block 63. Each of the second group of electrically conductive
plates is adjacent to one side of the respective first group of individual electrically

conductive plate. Further at block 64, a support member is formed on the slider.
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EnbC forming a second group of electrically conductive plates on the
sacrificial layer, wherein each of the second group of electric
conductive plates is adjacent to one side of the respective one of the
10 first group of individual electric conductive plate;
forming a support member on the slider;
forming a head plate to connect the second group of plates and the
support member; and
removing the sacrificial layer to leave a gap between each of the first

15 and second groups of electrically conductive plates.

2. The method as recited in claim 1, further comprising forming a head film

with a set of openings onto the head plate.

20 3. The method as recited in claim 2, wherein the head plate is removed by

applying etchant thereon through the openings.

4. The method as recited in claim 3, further comprising forming a protective
layer with a set of openings onto the head film.
25
5. The method as recited in claim 4, further—zomprising removing the

protective layer.

6. The method as recited in claim 1, further comprising connecting the first
30 group of electrically conductive plates to a first electrode and electrically

connecting the second group of conductive plates to a second electrode.
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E/ 5 positioning apparatus comprising:
a slider;
an electrostatic microactuator coupled to the slider; and
a read/write head coupled to the electrostatic microactuator,
wherein the electrostatic microactuator is to move the read/write head

10 relative to the slider.

9. The head positioning apparatus as recited in claim 8, wherein the
electrostatic microactuator further comprises:
a first group of electrically conductive plates coupled to the slider;
15 a second group of electrically conductive plates formed interdigitally
with the first group of electrically conductive plates; and
a support member to connect the first group and second group of
electrically conductive plates,
wherein the read/write head is coupled to the second group of

20 electrically conductive plates.

10.  The head positioning apparatus as recited in claim 9, further comprising:
a first electrode electrically connected to the first group of electrically
conductive plates;
25 a second electrode electrically connected to the second group of
_ electrically conductive plates; and o
wherein when a first voltage is applied between the first electrode and
the second electrode, the second group of electrically conductive
plates moves in a first direction.
30

11.  The liead positioning apparatus as recited in claim 10, further comprising:
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12.  The head positioning apparatus as recited in claim 11, further comprising:
a third electrode coupled to the slider and electrically connected to the
third group of electrically conductive plates;
10 wherein when a second voltage is applied between the first electrode
and the third electrode, the second group and fourth group of

electrically conductive plates move in a second direction.

13. The head positioning apparatus as recited in claim 8, further comprising a

15 head plate for connecting the read/write head to the microactuator.

14. The head positioning apparatus as recited in claim 13, wherein the head

plate comprises a plurality of openings.

20 15.  The head positioning apparatus as recited in claim 8, further comprising a

cover on the electrostatic microactuator.

16. A head positioning apparatus for a data storage system comprising:
a slider having a first group of electrically conductive comb members
25 defining a plurality of recesses between the comb members;

a head assembly coupled to the read/write head, wherein the head
assembly comprises a second group of electrically conductive comb
members; the second group of electrically conductive comb
members define a plurality of recesses, wherein the second group of

30 electrically conductive comb members are electrically isolated from
the first group of electrically conductive comb members, and

a support member to connect the slider and the head assembly,
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when a voltage is applied between the first and second groups of

electrically conductive comb members, the second group of comb
10 members moves relative to the first group of electrically conductive comb
members in a direction substantially perpendicular to the first and second

groups of electrically conductive comb members.

18.  The head positioning apparatus of claim 16, wherein the first group of comb

15 members further comprises a first and second sub-groups of comb
members, and wherein the first sub-group of comb members is located

adjacent to one side of the second group of comb members, and the

second sub-group of comb fingers is located adjacent to the opposite side

of the second group of comb fingers.

20
19.  The head positioning apparatus of claim 18, wherein the first group of comb
members comprises the first and second sub-groups of comb members,

and when a first voltage is applied over the first sub-group of comb

members and the second group of comb members, the head assembly

25 moves in a first direction, and when a second voltage is applied over the

second sub-group of comb members and the second group of comb
members, the head assembly moves in a second direction which is

opposite to the first direction.



