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Technical Field The present invention relates to a mcroactuator for a
slider in a disc 5 drive head positioning system The invention al so
relates to a microactuator and slider dssenbly. In particular the

m croactuator is an g | /e Backgr ound
10 The radial positi M%bﬁﬁ%géHg@KR%I%Q@Ecﬁglgggyél@%ont I nual l'y
bei ng decreased so as to increase the data storage capacity of such discs.
This has led_to the devel opnent of mcroactuators which allow precision
posi ti oni ng bechnical Fieldwrite transducer head of a slider over a track
after the head .h‘f‘ﬂe 806 SOMVERtidn RERisd 5 F niérodcfliats %W%Ieslid%r AYYisEP! ce
coil notor 15 whic perates an actuator suspension arm. The slider is
commonl y 5moughivesl head positicning systens.o Ties irmndiopi albal relates &b lay microabtuatord  of

such a suspension . arm A mcroactuatqr nust be c | e of i ckl n
accurately paRd tsliggr rﬁfsempq}-he?r} é’é@'%ﬁ?"t &he, Jnigr Qﬁéﬁg%r i '§efD qq"iﬁgtllgogtaﬁcgly

m cr oact uat o&&]&m%ﬂ“&b?&ugﬁ)rl ight weight to mninmse detrinmental effects
on the resonance characteristics of the_suspension arm and relatively

thin to enable close disc-to-disc spacing. To be commercially viable the

m cr oact uat oE QiSt al zo be reliable and capable of being efficiently
manuf act ur ed22 bility generally requires mass 25 production

fabri cayigon t echniRal§adiaMpdsitionit dPedttCiladies bR RBGHERC Idiscs 1§ BBABhEAIR/
accuracy of the mcroactuators neasured in mcrons. It is also necessary

that the nmi dveingtdecreased spaas to Hacreasentbesdaiaastosage capachy @h suchsdisgs. on

posi tioni ng |ccugacy, possiply | r age, .

necessary i nﬁf'ﬁr F'@§a|ﬁ§I ﬁo éﬁﬁa?j%\yeg{’g'gem %ehﬁ%f@érgew(gb %ﬁw&lsgﬁ

el ectrost at i gogHisHiAg O thé GeadAwite thardutaP hbadicit ligen overya ittckadtter the
head has been coarsely positioned by, for example, a known voice coil motor

15  which operates an actuator suspension arm. The slider is commonly mounted
on a flexure (also termed a gimbal) usually at the end of such a suspension

arm.

A microactuator must be capable of quickly and accurately positioning
20 the read/write head of a slider. The microactuator should also be light weight to
minimise detrimental effects on the resonance characteristics of the suspension
arm, and relatively thin to enable close disc-to-disc spacing. To be
commercially viable the microactuator must also be reliable and capable of
being efficiently manufactured. @ Such viability generally requires mass
25 production fabrication techniques, which must be such as to ensure the
dimensional accuracy of the microactuators measured in microns. It is also
necessary that the microactuators retain their dimensional and thus high
resolution positioning accuracy possibly over a wide temperature range, as may
| be necessary in for example a hard disc drive (HDD) system.
30
Known electrostatic microactuators have been fabricated from polysilicon
or nickel based metals. However micro structures fabricated using these
materials have problems in large scale (mass) manufacturing. These problems
include dimensional non-uniformity, residual stresses in the materials, thermal



or nickel based netals. However mcro structures fabricated using these

mat eri al s have problens in |arge scale (mass) manufacturing. These probl ens
i ncl ude di mensional non-uniformty, residual stresses in the materials,
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sol uti on whi 0 replacenen conventional wiring to
a mcroatuator with 10 mcrofabricated wiring, which is forned using

lith hi [ d. i | ' . Thi d I
1 thoaraphi 1 ech) e o SLSToLL LA e T B SHL OB Pl
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of Z-E Bout aghou’ et relates to a Z15 mCroactuator fabricated at the
waf er | evel predudiioreis aonatter whichf thisrprioc patenicaddressas, the selitioacwhich ishe

t ransduci n ad_ . on, the . slider. Hoyever tnhi ) cLoactuator 1S .

o ezoel ect ridieand RIS, 16 seblcerhl ol ConvanBanel WriR 1A Bligiopfiater witp
Inventi @0 2Qnigfofabli€stedoifiil WhRSENE fofmert using fthograpidy | #ehalues and

el ectrostatic mcroactuator having good di nensional "accuracy and stability

and which cateng pleting. nehisatentrdepsanot ralatacioed mietpactuatecwhiais gblettae
drive, tha MecraiePIRNEEARTE AESEth et £ Ferie hermiE et o

fl exure of a head positioning systemin a disc drive, a second part to

which a slider is attachable, the first and second parts bei ng coupl ed
toget her such t ha{S Fatgnthie. 5v§§8r5411df'it06IW%?BET%BE’H@W@F?W foidi ng

por ti ongswhi Gl f40at6F RIBHCAHSS at Be wafer level by conventional thin film techniques
used to manufacture the transducing head on the slider. However this
microactuator is a piezoelectric and not an electrostatic microactuator.

Disclosure of the Invention

20 An object of the present invention is to provide an electrostatic
microactuator having good dimensional accuracy and stability and which can be

mass manufactured at the wafer level.

Accordingly, the present invention provides a microactuator for a slider in
25 adisc drive, the microactuator comprising
a first part for attachment to a flexure of a head positioning system in a
disc drive,
a second part to which a slider is attachable,
the first and second parts being coupled together such that they are
30 relatively movable and each part including portions which form electrodes for
providing electrostatic forces for moving the second part relative to the first part,
wherein the first and second parts are formed from a single crystal silicon

wafer.



providing el ectrostatic forces for noving the second part relative to the
first part, wherein the first and second parts are fornmed froma single
crystal silicon wafer. 3 The first part may be terned the stationary part
because in use it remmins stationary reBative to the flexure, and the

second part may t t he vabl tt b [ se. it e .
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m smat ch pr dhe snevable pait hacauseis uge dimpves relative tntheystalienamseail. e parts of
a mcroactuator when those parts are separately fabricated. At the sane
time, it allows for efficient nmass production 10 by form ng nany such

m croact gat or s f riantifaetusinggltiee cmjcroattuatdri from venfabgle Torystal heilicon wafer
el ectrostati.c nicroactuator may be for into,the rface
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flexure for pose A bondi ng techni que such as flip chip or
fusion bonding can be used to fix the m croactuator onto the flexure of the

suspensi on via such p ds ferably.the seco abl art .of, the
m croact uat or i nclie |3§F8§ Br'ﬂ'gﬁoalcﬁ °5m<'1‘ya§8 ffg%\g&é ﬁgﬁ'ge%%h

i ts bottom e iseRbe b ﬁhsmgle eRRed | difcon Wéracﬁ)év‘éﬁfpéaf epi-RiicrBRITRifing its
top surface) in which the frrst ™ stationary part of the mcroactuator Is
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waf er st age Thus the invention al so provides an assenbly
Preferably the first (i.e. stationary) part of the microactuator includes
several small pads formed on a surface thereof via which the microactuator can
be bonded to the flexure of the head positioning system. Such pads may be
20 formed by epi-micromachining. Alternatively, several pads may be formed on
the flexure for the same purpose. A bonding technique such as flip chip or
fusion bonding can be used to fix the microactuator onto the flexure of the
suspension via such pads.

25 Preferably the second or movable part of the microactuator includes a
slot formed in a surface thereof (for example, its bottom surface) which is
opposite a surface thereof (for example, its top surface) in which the first
stationary part of the microactuator is formed. This slot provides for a slider to
be attached to the second or movable part of the microactuator, for example, by

30 bonding the slider into the slot. The slot may be formed by etching during
manufacture at the wafer stage. Thus the invention also provides an assembly

of a microactuator and a slider.



-of a mcroactuator and a slider. 4 Preferably the portions of the first
and second parts which formthe electrodes for providing electrostatic
forces, are interdigitated el ongate portions or strips of, alternately,
the first and second parts. Adjacent onds of these elongate portions nay

include | ateral extension rovi.di C e 5 er I ging a
capacitative conb'gfﬁ%?(?@%éﬁggtQ%ﬁgngﬁfaﬁggﬂ%ké&#%ggénd e?%#ggﬁﬁglﬁ(%%oﬁlse or
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non-limting exXanp erence to acconpanyi ng draw ngs.
Bri ef Descrigan be fabricatedifraye 2 5ingleycrystal rsihaonawatertusing etchisp éechnigues.m
over a disc.Fi .i.s . an _undernea el sSpective.vi. f end of the
actuator  sURRLy TR ISY BPRES I ETBRt Gl cperdve aRetedBsoact uat or - and
slider assenbly according to an enbodi nent of the invention. Fig. 3 is a

top perspective view of the mcroactuator and slider assenbly 30 of Fig.-
2. Fig. 4 is an Tetermbita meanspicthe form efa sapt orea dust cavelis provideshfarhe

assenbl ¥50f pﬁ)%ctii?ig a microactuator of the invention from particulate contamination. Such

a cap or dust cover is separately fabricated and will contain several holes
through which the hereinbefore described bonding pads may extend.

For a better understanding of the invention and to show how the same
20 may be carried into effect, preferred embodiments thereof will now be
described, by way of non-limiting example only, with reference to the

accompanying drawings.

Brief Description of Drawings

25 Fig. 1 shows an actuator suspension arm over a disc.

Fig. 2 is an underneath perspective view of the end of the actuator
suspension arm of Fig. 1 on which is mounted a microactuator and slider
assembly according to an embodiment of the invention.

Fig. 3 is a top perspective view of the microactuator and slider assembly

30 ofFig. 2.

Fig. 4 is an underneath perspective view of the microactuator from the
assembly of Fig. 3.

Fig. 5 is a similar view to that of Fig. 2 but with the microactuator and

slider assembly omitted.



Fig. 5is asimlar viewto that of Fig. 2 but with the m croactuator and
slider assenbly omtted. 5 Fig. 6 is a top perspective view of another
enbodi ment of a m croactuator and slider assenbly according to an

enbodi ment of the invention and which bncludes a dust cover. Figs. 7, 8

and 9 are top pl Vi o] [ I gns; ) C . cc@rdi ng
to enbodi nents o?‘glpheg},vi%e%t ?@E] Béﬁ%ggng‘gsﬁ'g% (g? s%q%?ﬁ%ﬁa%{ﬁbéwn%fﬁv@?c% an
array of m chRRcadtabdrandaslider BeSembiy adsbrdingttaidreembedméntidfdhe divention
Preferred Enbodi nents 10 Wth reference to Figs.1l and 2, a dual stage
actuati on syakwhidrincligesta distiegvar-nead over a disc 10 of a hard disc
drive includes a pengi r ' S I | {4 t he
di sc 10 by a not o'%a?‘ngtgsaﬁ@m% r%%ﬁmysﬁgw?o?@%q@gﬂglaen% bf %éggu%g(ﬁél on

arm 12 sgppaidcardinglte eniisodirhents ofthedhverttiont t ached an el ectrostatic

m croactuator 16 and slider 18 assenbly. 15 ,Tge slider 18, i ncludes
read/write head drigndRishoys arfiliqonewalier inaukich 3 afrgy;of migreactyators have
finally nov eder 18 such that the read/wite head el ements 20 can
be |l ocated with precision over a magnetic track on the disc 10. Thus the_
first stage of the dual stage actuation system conprises the notor driven

suspensi on a rises _the fine adjustnment 20
I};j. r¥eQ Sa g&ﬁﬁ@?—ﬂ@or 16 (see Figs. 3 and 4)

achi eved vi £%% Description of Pre
conprisgg a firstyg féeféfén%@afd’ Fi ﬂ;ﬁgghtpra %}aﬁcéia@@taéteaﬁm dysari’ forl4

and a second or novab part 24 t the slider 18 is attachable. The
first and seositibning eshea] over ardiscoltppta heyd: digetdive iacluslesca suspgnsiensuch

Stati onary. APt 123vigh s, cfaNEBe g0 Rt oBr e B 1Q KRR shova),
from whi ch eychAngs a8l v teil PRdtbl.0 The3Sudpensidicaiat1® supports adkbHare Wi 6R are
formed to provide conb el ectrodes. Myvable part 24 is also forned to have

el ongat e pomhigids Httaghiedhar x@lectiostatieunaictpacteFted Jfoand sslidghcld aasembheof
and 30 whi CH’(S@ Qi3 ihQfudBe bRy hGdEI8thefit56 Hlafe nitfoddtQBRYS is

portions~30
- actuable to finally move the slider 18 such that the read/write head elements 20
can be located with precision over a magnetic track on the disc 10. Thus the
first stage of the dual stage actuation system comprises the motor driven

suspension arm 12 and the second stage comprises the fine adjustment

20 achieved via the microactuator 16.

The microactuator 16 (see Figs. 3 and 4) comprises a first or stationary
part 22 for attachment to the flexure 14 and a second or movable part 24 to
which the slider 18 is attachable. The first and second parts 22, 24 are coupled

25 together at a coupling 26 such that the second part 24 is movable relative to the
first part 22. Stationary part 22 has a body 28 of a “Greek cross” shape in plan
view from which extend elongate portions 30 (in the nature of fingers) which are
formed to provide comb electrodes. Movable part 24 is also formed to have
elongate portions 32 which extend inwardly from opposite edges 34 thereof and

30 which are also formed to provide comb electrodes. The elongate portions 30 of
stationary part 22 are interdigitated with the elongate portions 32 of movable
part 24 and the comb electrodes of the elongate portions 30 and 32 are also
interdigitated such that a capacitative comb-drive electrode arrangement is

provided.



stationary part 22 are interdigitated with the el ongate portions 32 of
novabl e part 24 and the conb el ectrodes of the elongate portions 30 and 32
are also interdigitated such that a capacitative conb-drive el ectrode
arrangenent is provided. 6 Two pairs 6f electric connection pads 36, 38

are formed on the.opposit dges 34 of.novabl e.pakt d
with the el ect rog’é’ﬁ&?"’? e??FgU%éEBPBe‘Héﬂ”[ P3 Sgﬁaﬁéﬁyéﬁﬂﬁﬂgﬁ’ @hg'&? gdH&(;%(r\sEt:éons
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22 and one padvealie pag 2hmaraelydhe glengate portiansade(as descrihes-hergin ).
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part 221gndﬂg€|f g?(hrpgfrg%g% ﬁ%&?é? \?\Eleéh ex?endg bet ween tHe post 42 and the
sur r oundi ng nsavabie padi24 indhempposite dirention.] exure beam 44 effectively hol ds

stationary part 22 in suspension relative to novable part 24. The post 42
and flexure beam 44 are formed by deep reactive ion etching (RIE), however

because this coup dfferéRtialbdivers séhsrher cdrl Yeanskd e driver theetezrlwiiteahbsid
interconnects the first (stationary) and 25 second gm)veabl e) parts 22 and

24 of the nielgroaetsud0olo limeanize: the yolisge/farze talationsidp. r bagseh dealyms @re

bl R _ .
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structure ofmicRsetkiter Pevbltade/displaddménttroktienshiptiineas. 32 and t he

The coupling 26 is formed by a post 42 of the movable part 24 extending

into a central aperture in the body 28 of stationary part 22 and a flexure beam

20 44 which extends between the post 42 and the surrounding surface of the
aperture. The flexure beam 44 effectively holds stationary part 22 in
suspension relative to movable part 24. The post 42 and flexure beam 44 are
formed by deep reactive ion etching (RIE), however because this coupling 26

both structurally and therefore electrically interconnects the first (stationary) and

25 second (moveable) parts 22 and 24 of the microactuator 16 (because post 42
upstands from the body of moveable part 24), it is necessary that the elongate
portions 32 of the moveable part 24 be electrically isolated from the remaining

body structure of moveable part 24 such that these portions 32 and the
elongate portions 30 of the stationary part 22 are electrically isolated. This is

30 achieved by an electrically insulating structural interconnection of the elongate
portions 32 of moveable part 24 to the opposite edges 34 of moveable part 24

at anchor locations referenced 33, see Figures 7, 8 and 9. This structural
interconnection, that is the. anchors 33 are formed during fabrication of the

microactuator 16 from a single crystal wafer of silicon material by filling etched



el ongate portions 30 of the stationary part 22 are electrically isol ated.
This is 30 achieved by an electrically insulating structural

i nterconnection of the elongate portions 32 of noveable part 24 to the
opposi te edges 34 of noveable part 24 at anchor |ocations referenced 33,
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bet ween el ongat e égrtlons 32 and edéees 34 (that is, at locations 33) wth
say silicon elppgaigeportionst33 and that @taﬁrc@@nesﬂpn atln b, ddviveh a

e
el ongate por d 0
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noveabl e 5par24 bo Matsthey lapé isorateddrom ithe haiv@ébfd pant 2AE byovatallisationovele by
netal lisation gver the anchars 33. Aslot 46 is formed in the | ower
surface of t#Ehass A e Apstlet 484is fpﬁl@edpngthezi?wgarswfﬁeegf thermoyablg part 24

attached to C I
Bonded o { HESEPcononi ftiorth tope SBactel te herfiibrpctuitch 8, Sud™fo is
thereto. 10 sBatediinrsieic46aarat bbAided toHheasilicon seatetigl ohthe mistoactuator for
stationary pa[t 22 d the second or noving part 24 being formed froma
singl e cryst3fachment 2&9"% er. Thus an array of the nicroactuators 16 are
sinmul tafgously fabricated froma single crystal silicon wafer 50 (see Fig.
10). 15 The starting wafer 50 is highly N-doped for electrical conductivity
and slots 46 forThe mictoactuatof 16| is aharadterised by thet first onestationasyipast B2ck

surface. The croactuators 16 a thep fabgicated into.the to utf ace of
vafer S0 usiang 1 Seceid i merorie 2 Bl frRUcko Sl vBtel ilsRA” A
maski ng oxi Ggafdp |BuRY ahsaﬁwi’@ﬁ*tﬁ@‘i'm@fbahﬂfhtbﬁhﬂé@ré%iﬁruﬂéné@uﬁ? fﬁﬁnéét@dt he
structures 26, 28 and -30 statlonasé( parts 22, and structures 32 of

noveabl e parfr@n%mglee:rvsiahﬁlhconma&rt seeFigui®hce of the wafer 50 by deep
reactlvg |on etching (RIE) and dry plasnma rel ease process to etch away
sel ected (non masked) parts and retain the nmasked parts. The structures 32

are conpl etel y undey etdrting wafer 50t isohighlyd N-doped for electrical conductivity and
slots 46 for attachment of sliders 18 are first etched into its back surface. The
microactuators 16 are then fabricated into the top surface of wafer 50 using a

developed epi-micromachining technique which is known. A masking oxide
20 layer is deposited on the top surface of wafer 50 and the structures 26, 28 and
30 of stationary parts 22, and structures 32 of moveable parts 24, are formed
into the top surface of the wafer 50 by deep reactive ion etching (RIE) and dry
plasma release process to etch away selected (non masked) parts and retain
the masked parts. The structures 32 are completely undercut at the bottom and
25 on three sides leaving one end of each still connected to the wafer substrate.
The resulting trench gaps are thermally oxidised and filled with low pressure
chemical vapour deposition LPCVD silicon dioxide - which provides the anchors
33. The remaining connected ends of structures 30 and unwanted silicon
dioxide are then removed by masking and etching, as is known. Thus,
30 effectively, the first parts 22 of the microactuators 16 are formed within wafer
substrate 50 and are “suspended” therein via the flexure beam 44 connections
to the posts 42 (which posts are connected to the wafer substrate), and the
elongate portions 32 are attached to the wafer substrate 50 at the silicon
dioxide anchors 33. Appropriate oxidation and metallisation layers are then



25 on three sides |eaving one end of each still connected to the wafer
substrate. The resulting trench gaps are thermally oxidised and filled
with | ow pressure chem cal vapour deposition LPCVD silicon dioxide - which
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m croactuator structures 16 which nmay then be individualised, whereby the
resul t ant neashbinicrpactuatot tofforma amicreadiuatonstider assemblyonst i t ut ed by what

was a portion of the wafer substrate. Finally a slider 6 is inserted into
the slot 46 of each mcroactuator to forma mcroactuator-slider assenbly. -

10 Wt hqpef erencepfith fdférenee n’onFy)%,eiﬁb@ﬁé Eibodifent, fotRl $mampadé07er dre
m cr o- machi ned fromthe undersurface 15 of flexure 14 for nounting of the

stationary paicro-pmacghined dram dheawndersyfaas 1ohef dexureTdd fosdnpustingroft the
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stationary pant belZadjdstedhiacbording-i©. thei flyihgdesquilementdust ihevealidést)18.or

t he sane pulr*{)ose. .Since smal| particles Soul d p%(shs!j bly, be trapped in the
gaps bet weerfltaigativaly smalifadsf2 ($re i) SRRE BRicatsd ag tha statiopary part of
the mc actﬂa@ﬂ{- ; ; td, ver 2 )oFt | - t cover"”
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72 (or 70) can go through holes in the "dust cover" 74 for the stationary
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electrodes of the stationary and moving parts 22, 24, of the microactuator and
cause an electrical short circuit, a “dust cover” plate 74 is added over all the

20 electrodes (see Fig. 6). The small pads 72 (or 70) can go through holes in the
“dust cover” 74 for the stationary part 22 to be attached to the flexure 14 of
suspension arm 12. A flexible material 76 can be used to seal the gap between
the small pads 72 (or 70) and the holes in the “dust cover” 74.

25 Fig. 7 is a plan view of a microactuator 16 and slider 18 similar to that of
Fig. 3. In this structure there are a number of the flexure beams 44 arranged

radially.

Fig. 8 shows an alternative embodiment in plan view which differs mainly

30 in the orientation of the electrode portions 30 and 32 and mainly in the coupling
between the movable and stationary parts (the same reference numerals have

been used for features and components which correspond to those of the
previous figures). In this embodiment four flexure springs 78 extend from a
central post 80 of the moveable part 24 and are attached to the body of



the small pads 72 (or 70) and the holes in the "dust cover"” 74. 25 Fig. 7
is a plan view of a microactuator 16 and slider 18 simlar to that of Fig.
3. In this structure there are a nunber of the flexure beans 44 arranged
radially. Fig. 8 shows an alternative efbodi nent in plan view which differs

mainly 30 i heorle oR, of 0 t Og
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ref erence nupgigibiontdVmotiBACH! e nbdngf pat U4 s and dthuensiidernt 8, wblative to
correspond to those of the previous f| gures). In this enbodi ment four

fl exure spristgtion®yoartdd froma central post 80 of the noveable part 24
and are attached to the body of 9 stationary part 22. The flexure springs
78 are arranged synmetrically for translational notion of the noving part
24, and shus sl i deig. BBshows & furthercembodinmerianyplaanvievdn véhieh ghe elehgate a

furth nbodi t I h.th I ti

of respect | V9HoBS 20tk b aeepesavaNSIRINARY DRt &2 2id diRung PR SREPdand
defi

efine a pargyqi$ gegn@%@%ggapé‘ﬁé}afél @ateogéﬂ@mé QBnfi r\'a%ﬂt(@%bnfrﬁsﬁto a

conb-drive arr. ener te rotati onal notion
of the rmvnmgnbdrNe?eir,ramgm‘nehmasm Fsgs deangsg) teegenerate rotational owodion gfar t

22. 10 Different displac relati.ve, to the
stati onary tbﬁrm ‘ﬂﬂg(ﬂ?ébé%'}?gf d?ﬁ?’?rég l?zwgg?éﬁ qnary, pgit upl i ng 26)
and dynagi performance (that is, resonant frequency response) can be

achi evea with different design configurations of the m croactuator, 16. 15
The invention desRifienent displecementssofibemoveable paitx4 mlatvesto edstatienanyons

o oo A SR LRSRS S RS nEobled $1 A0 2, bho! vide®
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different design configurations of the microactuator 16.
156
The invention described herein is susceptible to variations, modifications
and/or additions other than those specifically described and it is to be
understood that the invention includes all such variations, modifications and/or
additions which fall within the scope of the following claims,

20



CLAIM5 1. A mcroactuator for a slider in a disc drive, the m croactuator

conprising a first part for attachnent to a fTexure of a head positioning
systemin a 5 disc drive, a second part to whi mllmlﬂ“mgmlm t achabl e,

the first and second parts bei ng coupl edOt ogetkl are

rel atively npvabl e and each part including porti‘ons which fdrntel ectrodes

for provi di%@ﬂéctrostatic forces for noving the second part relative to
the first part, 10 wherein the first and second parts are forned from a

single crystal silicon wafer. 2. A mcroactuator according to claim!l
wherei n the f.i r stA prcroastuatorfor @i sliden it a dissr drive; ithel slicroaghuader eomprisipads

f d f h f 1 15 attachi the mi :

flexure of a head BESHErOIr AEepuRit o St or i pPol PTG byelief e,

accor di n? t Qisé giive,] or 2 wherein the second part includes a slot forned
a

in a surface thereof for a slider to be attached to the 20 second part of
t he m croact uat ora secom part tewhichsa slidercis @tigichgbles any one of clains 1 to 3

wherein the first ri .inc havi '

and wherei n sai o ROl ShE SHRER! PaRe, HeilB oy Ipgeher MR 3t Aoy bl
whi ch ext engefitivelyt mmiveble éﬁ@@a’d’l?@t hicladinghsortions whieth domn relédtrodes fars

I ncl ude | ateral extensions providing conmb el ect rgdes. , ?act uat or

] .. A mcr
accordi ng t ®reviding elegirestatic fenges frirmpwing the sesand padelativeto the irFinatt. ar e
f or med ectrode ; ' | i ' leynf rom
opposi tgbouter e g@%@gfﬂ’\%ﬁ@&éﬁ%%%@%@r ? é@%?ﬁ)ﬁ%ﬁ& a‘?‘gﬁ‘ﬁtg QP%P%’:"?%?@%“m
t he out war dlwafekt endi ng el ongate strips of the first part, these strips
al so including |lateral extensions providing conb el ectrodes which are
interdigitated with the conb el ectrodes of the first nmentioned strips.

11111111 115111 W hierddcthatol 1addording- td/ cldin - 4 wherein the first part of the

microactuator includes several small pads formed on a surface thereof for
15 attaching the microactuator to a flexure of a head positioning system in a disc

drive.

3. A microactuator according to claim 1 or 2 wherein the second part
includes a slot formed in a surface thereof for a slider to be attached to the

20 second part of the microactuator.

4. A microactuator according to any one of claims 1 to 3 wherein the first

part includes a body having a cross shape in plan view and wherein said

~ portions which form electrodes are spaced elongate strips which extend
25 outwardly from the arms of the cross, wherein the strips include lateral

extensions providing comb electrodes.

5. A microactuator according to claim 4 wherein the portions of the second
part on which are formed electrodes are spaced elongate strips which extend
30 inwardly from opposite outer edges of the second part and which are
interdigitated with the outwardly extending elongate strips of the first part, these
strips also including lateral extensions providing comb electrodes which are

interdigitated with the comb electrodes of the first mentioned strips.



6. A mcroactuator according to any one of cI in the
coupling together of the first and second par Hmtlmﬁ!'ﬂﬁlﬁe coupling
such that the novenent of the second part relaticveirtonthe ftrst part is a
rotational novenent. 5 7. A microactualbr according to any one of clains |

"to 5 wherer t he f f t a
fl-exure spri ngs \ﬁwiﬁggééﬁqﬂ%ﬁpg%%ﬁ@ g t(?f gﬁ‘Med"iéecc];n g@ﬁp?‘grgﬁf’@eﬁ tt{%

first part icsuplihg BsgathepgeiRirst 4Ad Secdndiparisds taupivot-lilkee couplinggsuceh that one

of claims | to 3 wherein the first part includes a beOd of .circul ar shape

in plan vi eth@n@oveest ofsthel sespadobart faiatve o rthet Hst gpattis og cotational

el ongate str rﬁ(ﬂfe tgh extend radially outwardly. 9. A m croactuator
according to clalm8 wherein the portions of the second 15 part which form
the el ecfrodes are elongate strips which extend radially inwardly such

that they are aligned substantiall rallel with the elon e stri

the first pgart. A Gmcmﬁ?%feaamf%ﬂg c8PYi ORE & SAMS tgaé Her] 6!’@3‘&%' ng
clains incly elfirsd t f
the first asduBigtogeterihe PERmEstuiid barty M NEiile Pl iRisropp ine

el ectrodes. mnyermntam‘ibeisbgzondroladd‘elajrva tmtm et pastis @ lincas mpvegent. any one

of the preceding clains and a slider, wherein the slider is bonded to the
m croactuator. 25 12. An assenbly according to claim1l wherein the second

part inghudgs a AShfiérodtciuditer #6dctling ﬂ\m@% ofscliipslacto 3 Rehetbipt tHeefirsy

formed in a surface of the second art ich is opposite a surface thereof
in whi ch thpattiingludpara bodytofecquuiarrsimmm plan; \aewOavahagem said portions

which form the electrodes are elongate strips which extend radially outwardly.

9. A microactuator according to claim 8 wherein the bortions of the second
15  part which form the electrodes are elongate strips which extend radially inwardly
such that they are aligned substantially parallel with the elongate strips of the

first part.

10. A microactuator according to any one of the preceding claims including a
20 cover located over the interdigitated portions of the first and second parts to

prevent particles entering between the electrodes.

11. An assembly including a microactuator according to any one of the
preceding claims and a slider, wherein the slider is bonded to the microactuator.
25
12.  An assembly according to claim 11 wherein the second part includes a
slot within which the slider is bonded, the slot being formed in a surface of the
second part which is opposite a surface thereof in which the first part of the
microactuator is formed.
30



