-1- HEAD POSI TI ONI NG APPARATUS AND MANUFACTURI NG METHOD FI ELD OF THE

| NVENTI ON s The present invention relates to a head positioning apparatus
and its manufacturing nethod. In particular, it relates to an integrated
el ectrostatic mcroactuator and a slider for positioning read/wite heads
in a data storage system 10 BACKGROUN® OF THE INVENTION In a data storage
system such as a hard disc drive, nmagnetic heads are wused to read and
wite data in the formof digital signals to and fromthe data storage
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devel oped to achi eve higher density and thus higher storage capacity within
a particular disc, it is always a challenge to achieve fast and precise

posi ti On'ﬁEL@O?:THEaIW\VENTR)I{PeadS on the discs. Typically, a two-stage
actuator is used to position the read/wite 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 ogver the disc. A Voice Cojl
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di scl 0Ses, A hi el ded el ectrostatic mcroactuator for magnetic head

posi tioni Hg ch devices, in which a slider is connected to a gi nbal
structure of a suspension through an electrostatic rotary 30 m croactuator.
Because the slider noves together with the read/wite head when it is

useéd, t hBACKEGRONND Qs THE BMENTHAN | oad that nust be driven by the

m croactuator. The additional |load therefore increases the risk of data

read/ wite -2-
In a data storage system such as a hard disc drive, magnetic heads are

used to read and write data in the form of digital signals to and from the data
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 Coil

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



errors. In addition, the distant |ocation of the actuator fromthe

read/ wite head |limts the servo bandwi dth of the structure and/or reduced
positioning accuracy. Deep Reactive lon Etching (DRI E) and Chem cal Vapour

Deposition (CVD) s are the conventional methods for manufacturing an

el ectrostatic mcroactuator of the above type. In these nethods, the gaps

between the electrically conductive pl&es of the electrostatic

m croactuator are formed by the photoresist process. It is desirable to
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gap/width of gap) is desired to neet the above requirenments. By using the
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m croactuator between the slider and the read/wite heads, an aspect ratio
hi gher t Hgfiredgomeat thgahaved@auiremeits.usi ng t he hi gh cost process such as
the X-ray exposing process. In addition, the weight of the second stage
novabl e parts are reduced therefore 30 the servo control bandw dth may be

i ncreased and By usingktheeosmtegntivingherethbas slioR askTRta VaslebeUdy bixpysidg or

Ultraviolet Lithografie Galvanofirmung Abformung (UV LIGA), the maximum

15 aspect ratio is about 25 (i.e. 100:4} and therefore, the corresponding track density
is about 40 thousand to 50 thousand track per inch (KTPI). An aspect ratio higher
than this [limit may be achieved for example, by X-ray exposing process.
However, the cost of this X-ray exposing process or the like is high, therefore it is
not appropriate for mass production of the microactuators.

20
SUMMARY OF THE INVENTION

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

kTPl can be achieved.



-3- In accordance with one aspect of the present invention, there is
provided a nethod for form ng a head positioning apparatus for a data
storage system The nethod conprises formng a first group of electrically
conductive plates onto a slider, coating the first group of electrically
conductive plates with a sacrificial layer s and form ng a second group of
electrically conductive plates each at "¢ne side of the respective one of
the first group of electrically conductive plates and on the sacrificial
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electrically conductive plates, which carries the read/write head movable relative

to the slider to achieve precise positioning of the read/write.

15

Preterably, the head plate has openings and the sacrificial layer is removed
by applying etchant thereon through the openings.

Preferably, the method further comprises forming a head film with

20 corresponding openings onto the head plate.

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

25

Preferably, the sacrificial layer 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



positioning apparatus conprises a slider which is novable together with a
Voice Coil Mtor for coarsely positioning a read/wite head above a data
storage -4- nedium an electrostatic mcroactuator integrately formed on
the slider and a read/wite head integrately formed on the electrostatic
m croactuator. The read/wite head is povable relative to the slider
through the electrostatic mcroactuator to achieve precise positioning. 5
Preferably, the electrostatic mcroactuator further conprises a first group
of el ectgj oBRIEHEMSEICP I Lder . S p of
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conprises a first electrode forned onto the slider and electrically

confected to the first group of is electrically conductive plates, and a
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pl at es; ﬁ?d’\éﬁdﬁmf'?nﬁ’ ?I? 1Sy condurtive Pﬁag‘%’r-l--y conductive plates formed
interdigitally with the third group of electrically conductive plates and

the fourth group of electrically conductive plates is fixed together with
t he second gr dugferBbM, ethe i etgctrpsainduniciaactuator  further comprises a first

electrode formed onto the slider and electrically connected to the first group of
15 electrically conductive plates, and a second electrode fixed onto the slider and
electrically connected to the second group of electrically conductive plates;
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 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

piates.

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



pl ates. 30 Preferably, the electrostatic mcroactuator further conprises 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 -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 thir@‘group of electrically conductive
pl at es by biasing agai nst the support nenber, and wherein the second
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conductive comb nenbers is | ocat Jacent to one side of e respective
first grougiref gevuictafi elgrtrigaliy arantitctive camb mmvbleers, defidinghanplaralidy tafge i s
applied qggéséé.éetheré@ém%%gl. The head assembly has a second group of electrically
conductive comb members and a read/write head formed thereon; the second
group of electrically conductive comb members extend into the respective plurality
15 of recesses, and the support member connects the slider and the head assembly.
The first and the second group of comb members are electrically isolated from
each other. The second group of comb members is movable relative to the first
group of comb members in a direction substantially perpendicular to the first group
and second group of comb members.
20
Preferably, each of the second group of electrically conductive comb
members is located adjacent to one side of the respective first group of electrically
conductive comb members, and when a voltage is applied over the first and
second groups of electrically conductive comb members, the second group of
25 comb 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.

Preferably, one of the first 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



second groups of electrically conductive conb nenbers, the second group of
25 conb nenbers noves relative to the first group of electrically
conductive conb nenbers in a direction substantially perpendicular to the
first and second groups of electrically conductive conb nenbers.
Preferably, one of the first group andngecond group of conmb nenbers 30
further conprises two sub-groups of conb nenbers, one sub-group of conb
menbers is | ocated adjacent to one side of the respective ot her group of
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adj acent to the opposite side o respecti e ot group-o

fingers. GRIEHDHSCRI HTE QORI TEBIHRRANNGD confl ngeksi s a parti al
perspective view showi ng a head positioning apparatus according to one
enbodi nent of the present invention; Fig. 2 is a partial perspective view

of Fig. IBRIEFDESCRIRTIONDGF THE DRAWANGS 1.0 parts when di sassenbl ed;
Fig. 3 is a partial cross sectional viewof Fig. 1 along A-Aline; Fig. 4

is a partial cross sectional view of Fig. 1 along B-Bline; 15 Figs. 5A -
SH are parti al S | views show t he thod of. formn head
posi ti oni ng app@f gt %5833 5!5 J??{Sp?g“f%g'eﬁ\‘ §5§W{“q ﬁ{}%ﬁqoBﬂs’ ipping %pﬁ’fgfaﬁjsf | ow
chart shaydcogdinfaoneichadbodinidie dIties pRésdritvemrtieR: 20 DETAI LED DESCRI PTI ON
OF THE PREFERED EMBODI MENTS According to one enbodi ment of the present

i nvention as shown in Figs. 1 and 2, a head positioning apparatus
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first parpartsowhed Chﬁussemmedznd of t he slider 10, and a
Fig. 3 is a partial cross sectional view of Fig. 1 along A-A line;

Fig. 4 is a partial cross sectional view of Fig. 1 along B-B line;
15
Figs. 5A ~ 5H are partial cross sectional views showing the method of

forming a head positioning apparatus according to the present invention;

Fig. 6 is a flow chart showing the method of the present invention.

20
DETAILED DESCRIPTION OF THE PREFERED EMBODIMENTS

According to one embodiment of the present invention as shown in Figs. 1

and 2, a head positioning apparatus comprises a slider 10, an electrostatic

25 microactuator 20, a dust cover 25 and a head assembly 30. The electrostatic
microactuator 20 comprises a first part formed onto one end of the slider 10, and a

second part, which is movable relative to the first part. The head assembly 30
comprises a head plate 32 and a read/write head 34 formed integrately thereon.

The head plate 32 is connected to the second part of the electrostatic

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



second part, which is novable relative to the first part. The head assenbly
30 conprises a head plate 32 and a read/wite head 34 fornmed integrately
thereon. The head plate 32 is connected to the second part of the

el ectrostatic 30 microactuator 20. The head plate 32 has a plurality of
openings 132 for renoving excess materials formed during the manufacturing
process of the head positioning apparatus. The openings 132 al so reduce
the wei ght of the head plate 32, which -7- also contributes to the increase
of the se 1,6 t £AS1 tdrOfpan CcGur f e, he "
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15 group of plates 122 and 124 are electrically isolated.

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. Afirst 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 perpendicuiar 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



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

bet ween the respective plates when a first voltage V1 is applied over the
first electrode 302a and the third el ectrode 304, the second nmain group of
pl ates 124 noves left towards the thi rql8e_l ectrode 304 along 30 a direction
402 substantially perpendicular to the I"ateral direction 404 of the plates
or conb nenbers 124. \Wen a second voltage V2 is applied over the second
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the procesrafe §ia681 Nng a head positioning apparatus according to one
enbodi nent of 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
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Thereafter a photoresist layer 53 is fornmed onto the first sacrificial
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material, such as The phot resist layer 53 is renoved after tfze

f or mat i or?'b‘?’prrﬁé’r’?Fer@PﬁH?do&HCBfa 5 9814NYpl ates 55 onto the slider 50, as
shown in Fig. 5B. At left and right sides of the slider 50, support
menbers 56 are forned in 20 conjunction with the first group of parallel
pl at es 55. Detligareaissr, eeghafamsdsttiayer 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 paralle! 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 paraltel 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 parailel plates 55. Details of the support
members 56 will be described beiow.

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

95 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.



menbers 56 will be described bel ow. A second sacrificial layer 57 is

el ectroplated onto the first group of plates 55 and support nenbers 56, as
shown in Fig. 5C. The thickness of the second 25 sacrificial |ayer may be
controlled in the electroplating process to preferably be about 4

m cronmeter (m. In a subsequent photore_s\%' st 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
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ni ckel , i RYST ORds Sdedrmplatedup asinnect drchesp@dMmeansbars ) the seicgnd GEoup 8f A

ayer 52 PEtGY Sabr SRR R can ERE Solia Pharaes Do theiiackelafis”

group of 3plmitesnddRitht A@lsrantyi & @ﬁbéﬁirr}]d}ém% i$ AR Rith aglcrifibial glzatérﬁét,e“ al

157. The head plate 32 patterned with a plurality of openings 1 I's al so

filFed w PYERaRAING inarapf the sprdliciablayeeb7appd e pactificnl tiatesalct5r.i cThe

| ayer 57 | fel 40 ' 7 e solid area 2 of..the head

pl ate 32 %ggje% t Szggéec%ntgbgﬁ%%%ﬁjg%tbgéza#ggerl% sg\éor@eg&oqg Ioinp%éﬁs i@io d

onto the head firhat20 18Zorraed antprtbtdedad pldtayes2, 4hd & pfaeoRe RiVep 40hes head

~film 130._ Bot m11§’q(3 ggd the protective |layer 40 have the sane
e

t head fi] :
bat e ns SEMEAOTISAE BRaP Iy TtheBBiuie hegihiiiy 140 g i rgtastive s B0 at
oh . : ; . . . d
ity oG, B earmd (s b Methodt plold BRIl 1RNAYH pbfalg of %
subsequerdt thet openiggpr b2 sas skivvah in §igl BEst The eprohsdtive. lafer dOciafdrmies!

applied crificial [layer 57 and, the sacrificial nmaterial 15 157
FhPough SHEMMY (FrRRE Pk ot SO ctibo b nead fim fabedira os suboagupnts7
and the etakingfiroteds, waier iglludfitdd wambivhe head plate 32 and the trenches
between the first group of plates 55, and form gaps 190 between the

respective first group and second group of parallel plates 56 and 156, as
shown in Fig. AGeidank % 8BRI&FLAIERe sacrificial layer 57 and the sacrificial material

15 157 through the plurality of vias, which etches-off the sacrificial layer 57 and the
sacrificial material 157 from the head plate 32 and the trenches between the first
group of plates 55, and form gaps 190 between the respective first group and
second group of parallel plates 56 and 156, as shown in Fig. 5G. It is appreciated
that the width of the gaps 190 is substantially the same as the thickness of the

20 second sacrificial layer 57, i.e. about 4 um. Upon completion of the removal of the
sacrificial layer 57 and the sacrificial material 157, the protective layer 40 is
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.



that the wdth of the gaps 190 is substantially the sane as the thickness

of the 20 second sacrificial |layer 57, i.e. about 4 m Upon conpletion of
the renoval of the sacrificial layer 57 and the sacrificial material 157,
the protective layer 40 is renoved to expose the head film 130, as
illustrated in Fig. 5H A read/wite he may be formed onto the head film
130 in a conventional nmanner. 25 A net’hod 60 of form ng a head positioning
apparatus according to the present invention may be illustrated in Fig. 6.
In a firs ' i . f I | C Ccld I are
f or med on%‘BBg)ggﬁ%érh%Jr\b{aﬁée'sglfgx#&bdﬁg&dﬁé%?{ {aﬂe géaéc&rhldfcglré?' I&JI ﬁggtgr% El?ioe®c?at ed
on the fisgppat onpmbkr.el Batei thel bycomnhduchp i @leatrieslly AcoraRetng [gaispisof
electrica%i%ﬁfo ductivekglates are thereafter_forned on the 30 sacrificial

|l ayer at 9BEE: 5% segiicialiaya(ds samenad ft HiRskdio e Gans hetaey Befgsresive
plates is ' [ ; [ [ fe bndivi,dual
Gl ectri ol OomanandsoEBad Bustol s HESPREN Kinddlie BBEall ehELNNT]

f orsred onthelrenshiatief the- sarifidial lHyeck 65, a head plate is fornmed to connect
the second group of plates and the support nenber. Once the second group
of electrically conductive plates is forned, the sacrificial layer is
renoved at bl ogkh&tGmbBdimdes WeaR: ifRntiss RAE beVabpdiBht & Hosk éﬁ:Leoaﬁﬁth%econd
groups of the electrically conductive plates are forned by s the renoval

of the sawtifrpal atonsigasationy akrthenspgictieatien oind heradticentaforthen invebtion.

appar ent ski i rt. fromconsideration of t _

aheet 11 cdituietRgen fatieicis Byt Ry Mebeaetonsed iof B nbReses, bf fgprrintive

t ergn nol agaritypanderst s it e bRsepuimestionof THeSSMbBEINVENts. Shelpréfetned and
not to lim¢t the present invention. The enbodi mnents and preferred features
descri bedeahiboe dgsstibad prbensharldefeesiisitaled, exgmnlarie withy tha iivventiesi ng

defi ned Weiﬁgﬂeﬁﬁgfgg?@%%péﬁﬁedf(:pajrms.C:LAl M5 1 A nethod for naking a head

posi ti oni ng ‘appara I'SI ng:



formng a first group of electrically conductive plates onto a slider;
coating a sacrificial layer on the first group of electrically conductive
plates; forming a second group of eledflr<ically conductive plates on the
sacrificial |ayer, wherein each of the second group of electric conductive
plates is adjacent to one side of the respective one of the first group of
i ndi vi dfebAM1&ct ri c conductive plate; form ng a support nenber on the
slider; formng a head plate to connect the second group of plates and the
support nenber; and renoving the sacrificial |ayer by applying an etchant

t hrough fa plmnﬁthmdf@‘fmablagienlgeaqbpoyilidﬂﬁgmpﬁdﬂatuheﬁdnmilm@ to |l eave a gap
bet ween each of the fjrst_ and seco roups of electricall nducti ve
plates. 2. The net'RBRINgGA fiesdiorip Pﬂeégﬁ Iy copgiygt W@rplﬁtﬁ?ﬁ?'%l@lang'dle&m ng a

head film with ac%%gmgtahea@rrncrmayémq Hﬁﬁ%@%@é %?%iec?mca-ﬂk}ecid?ﬁ%h@% as

recited in claim?2 er conprising formn rotective ayer wth a
set of openings ont platee; head film 4. The nethod as recited in claim3,
i Si | ayer a acr|f|C|aI

further conprising renDV|n t he rote er. t he

ayer 1 ronoved. Te/mMigsangesali a0 Mot elrcicalapdidictng Bl o oi ng
connecting the fi rsrsac@mazpiaaferekn%trémceébw cﬁon@%bwﬁd RirdLBSof @idttrid r st
el ectrode and electrically connecting the second group of conductive

plates to a second €Peduelbgeplates Bhrdjaeemida ene sidei afdbeiraspective ane aher ei n
conducti ve pl ates by elBEERp ot Y fudaeche SBiaNE B oni ng appa at us
for a data storagdosyayensupget hmﬁberpgstﬁgs]meng appar atus conpri si ng:
forming a head plate to connect the second group of plates and the
support member; and
removing the sacrificial layer by applying an etchant through a
plurality of openings provided on the head plate to leave a gap
between each of the first 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.

3. The method as recited in claim 2, further comprising forming a protective

layer with a set of openings onto the head film.

4, The method as recited in claim 3, further comprising removing the
protective layer after the sacrificial layer is removed.

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

6. The method as recited in claim 1, wherein the sacrificial layer is coated

onto the first group of electrically conductive plates by electroplating.



a slider; an electrostatic mcroactuator coupled to the slider a head plate
having a plurality of openings, wherein the head plate is coupled to the
el ectrostatic mcroactuator; and a red@d/wite head coupled to the head

pl ate, wherein the electrostatic mcroactuator is to nove the read/wite

head relative to the slider. 8 The head positioning apparatus as recited
in claim7, whePepd pagitiopingcEpeataius clofi ar data (HoEI0e FysieR. dBapheads: a

first group %(%ﬂ'eﬁ% ?P@éﬁf“%aﬂﬂ’ﬁ%h _epl ates coupled to the slider; a

second group o C y CO plates fornmed interdigitally wth
the first group ofaeldmtrically conductive plates; and a support nenber to

connect the first group,and second group of lectrically conductive
pl ates, wherein t f%&ypﬁg\t‘?én'ﬁ&ﬁf%i‘%tog%wt@a t?i’_“? ﬁ_@g%recond group of
el ectrical ly condughbye ppAtatRsinga pﬂ?sf_itpgﬁgp@%gts', UeRBin3AB Aodl FardSs

in
recited in claim@8, further conprising: irst "electrode electrically
connected to the firosuptadiophefeledteastaticaidrpacitatatueniive pl ates; a second

el ectrode electrically,,capnected tq the,secaon roup of electrically

conduct i ve pl at es;? q%i/wgerﬁ?%fﬁﬂ ed 19 the e@&lp?aiﬁe i s applied between the
first el ectrode amgerelit thecslBerestatd rMdfoadtiigtod 66 odd niveUthedfregdi/aeia i cal |y
conductive plates noves in a first direction. -13- 10. The head positioning

apparatus as recited€¢ef reladivinto the gliderer conprising: a third group of
electrically conductive plates forned on the slider, wherein the third
group of electrically conductive plates is

8. The head positioning apparatus as recited in claim 7, wherein the

electrostatic microactuator further comprises:
a first group of electrically conductive plates coupled to the slider;
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

electrically conductive plates.

9. The head positioning apparatus as recited in claim 8, further comprising:
a first electrode electrically connected to the first group of electrically
conductive plates;
a second electrode electrically connected to the second group of
electrically conductive plates; and
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.



electrically isolated fromthe first group of electrically conductive
plates; and a fourth group of electrically conductive plates forned
interdigitally wth the third group-df3electrically conductive plates. 11.
The head positioning apparatus as recited in claim10, further conprising:
athird electrode coupled to the slider and electrically connected to the
third grtfip of N@head Poskionneapraratus/es prateddn C\l/ﬁi@r%ifﬁrf%{ﬁ@%fa%@ﬂ@hd
voltage is applie { i r t i : de,

t he second group g%gﬁ%%\?rw@ %gr%%%ﬁ%?;@#gﬁ ur(?g/gl @BQ/%@O%EW%? i J\Sllie|~J t@%’ ZS? géermve
in a second directioshergih fhee thiehdgmag tofomiagriegiarcindsiciee rglatdsedsi n
claim7, further conprising a .cover on . the electrostati ¢ m croactuator.
13. A head positioni %Ctaﬁﬁlg’r @P@eéémrﬁ t&ﬁt%%ﬂb?%&@@%@%‘?ﬁm@o‘?ﬁﬂq@t'ﬁﬁ: a
slider having a firsja@so4pgof electrically conductive comb menbers
defining a plurality of recesses between the conb nenbers; a head assenbly
coupl ed to a read/avfouréh lgeady oltedeciiicaltyheohduativeasiatasbfoymednintérdegtally head

pl ate having a plural.jty of.qpenin formed thereon, and a second group of
electrically conductvi”tne%ec%ﬁﬁ %%gfg'ercﬁf%ﬁa C8H%Pﬁtév%8§69spl ate; the second
group of electrically conductive conb nenbers define a plurality of

recesses, wherein the second group of electrically conductive conb nenbers
are el ectri calhg/head pasiEaningsrnaietusi asstecied ip cleim ), dethercegrmyrigiogiduct i ve

conb nenbers, and [ |, e
assenbly, wherei naam’éboggzgorﬁg‘ég%g{%éogﬁ@Fé;%ﬁé?régﬁgf;e!%cgﬁéal}&]?%ri ccéér:%??renbers
i s nmovabl e to posi titiea thiftegreepdifmiedtschipacormhatie tdtegdat a storage medi um
-14-
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.

12.  The head positioning apparatus as recited in claim 7, further comprising a

cover on the electrostatic microactuator.

13. A head positioning apparatus for a data storage system comprising:

a slider having a first group of electrically conductive comb members
defining a plurality of recesses between the comb members;

a head assembly coupled to a read/write head, wherein the head
assembly comprises a head plate having a plurality of openings
formed thereon, and a second group of electrically conductive
comb members formed on the head plate; the second group of
electrically conductive comb members define a plurality of
recesses, wherein the second group of 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,

wherein the second group of electrically conductive comb members
is movable to position the read/write head above the data storage
medium.



14. The head positioning apparatus of claim 13, wherein each of the second
group of electrically conductive conb nenbers is | ocated adjacent to one
side of each of the first group of ekddtvically conductive conb nenbers,
and when a voltage is applied between the first and second groups of

el ectrically conductive conb nmenbers, the second group of conb nenbers
nmoves r€ldt i vEhe bearepdsitianing roppratis eifedaim dd whateindeash ok the mscon@nber s

in adirectio bst L.al) i r e fir - d roups
of electri cal4}396@o(ﬁcﬁg%tlh\%lI%Sﬁ@é%%ﬁo&gﬂéﬁﬁg !?e@&gf?g‘;‘?&?gﬁ‘ﬁﬁ@ 3r|c])%ar at us
of claim 13, siebeeact betd first ganeusf dlbcieieaty comidagive conis hemisergpanges a
first and second sub%%roups_ of conb nenbers, and wherein the first

sub- group of Woeh #FeVdtace iis arrliadedetyapactin first @nd §e§@_”6fgfor¥@_ssé)éond
group of co |€&%§|§§i?mc&'g8 gﬁﬁtbﬁ%e%rg,r 3H8 Q c{ir‘?&ggﬁtdl.;}?eéﬁ domh ocat ed

adj acent to the opp e sl e secon roup o ngers. 16. The
head positi omhembeppaiatassretdtivel i thel first Whenrioh ddatritallystondumntive aforclonb

nmenbers conprises the first and second sub-groups. of . menbers, nd
ot o ar et & AatioBb ANy KaPendRuist dp 465 Tert SonsetaRie: s
and the seco@ogﬁg)gpe@h@m’gcgﬁ?@@ﬁ@ cérﬂ@ r{:,\ézﬁ,l ; dopssenbly noves in a first

direction, and when a second voltage Is applied over the second sub-group
of conb nenbers and the second group of conb nenbers, the head assenbly

moves | V52 Sel%%niqeadcil E)Sg&ié)r?iﬂgméhpip%?atiuss of%?aﬁr%SjIé,ewﬁgretlnh%eftjir@ 5roci|1iproefcc§oin%' '
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.

16.  The head positioning apparatus of claim 17, 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
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.



