TRANSDUCER- LEVEL M CROACTUATOR FOR A DI SC DRI VE SYSTEM AND | MPROVED METHOD
OF FABRI CATI ON THEREFOR BACKGROUND OF THE | NVENTI ON 5 The present invention
relates to a disc drive mcroactuator, and nore - particularly to a high
resol ution positioning nmechanismfor selectively noving a transducer
portion of the slider radially with respect to circunferential data tracks
of a rotatable disc. The density of concentric data tracks on magnetic
discs continues 10 to increase (that is, the size of data tracks and
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25 One prom sing approach resolution positioni ng 1 nvol ves
enpl oyi ng a ldiegreadiGHP therétn reuirir@a edovd tpdécisen raaitdi positfonirg bhehe drdént i onal
| ow resol ution actuator notor, thereby effecting head positioning through
dual - st age Conventionally, head positioning is accomphshed by operating an actuator arm with
a large-scale actuator motor, such as a voice coil motor, to position a head on a
flexure at the end of the actuator arm. The large-scale motor lacks sufficient
15 resolution and bandwidth to effectively accommodate high track-density discs.
Thus, a high resolution head positioning mechanism is necessary to accommodate
the more densely spaced tracks. Another challenge is that the track density of
magnetic discs increases as the flying height of the transducer head above the
surface of the disc must decrease for effective data writing and reading, without
20  compromising the reliability of the head-to-disc interface due to wear. As the fly-
height becomes lower, it becomes more critical to maintain the fly-height precisely
at a desired value. A slight decrease may cause contact between the head and the
disc, which could cause a catastrophic failure, and a slight increase during writing
or reading could cause errors in transducing data with the disc.
25 One promising approach for high resolution head positioning
involves employing a high resolution microactuator in addition to the conventional
low resolution actuator motor, thereby effecting head positioning through dual-stage
actuation. Various microactuator designs have been considered to accomplish high
resolution head positioning. Various locations for the microactuator have been

30 suggested, including, for example, on the slider, on the gimbal, at the interface



actuation. Various m croactuator designs have been considered to acconplish
hi gh resolution head positioning. Various |ocations for the m croactuator
have been 30 suggested, including, for exanple, on the slider, on the
ginbal, at the interface 2 between the ginbal and the slider, and on the
actuator arm However, the previous designs have had shortcom ngs that
limted the effectiveness of the mcroactuator, such as substanti al
performance limtations or manufacturing conplexities, which nade the

m croact uat or -designs inpractical. An_effective microactuator design 5 nust
provide high acceleration in positlon%ng t he head whil e al so generating
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such as el ect®¥tt g? Pecr@flvete%%géé@%ﬁﬂ@ ST ﬁ{ﬁ%ﬁa@ gypreactuater design t o
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hi gh aspect ratio (%§E|Q%Bflﬁ§qies between the rotor and the slider body.

In general, tR¥Tqaiia %% %%nprised of silicon and the sprlng
flexures are etched OUtTr%sdE&ﬁ 180t firodifitort AP Rl ratio
silicon spring flexures. However, use of a silicon strate |s n(ﬁ i deal
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if the hard drive is dropped. There is a need in the art
actuation method, such as electrostatic electrodes or electromagnetic coils, is used

to provide off track and/or fly-height actuation (or rotor preload forces). Previously
disclosed fabrication methods for transducer-level microactuators depend heavily
15 on deep reécti_ve ion etched (DRIE) and high aspect ratio spring flexures between
the rotor and the slider body. In general, the slider body is comprised of silicon and
the spring flexures are etched out of the slider body to form the high aspect ratio
silicon spring flexures. However, use of a silicon substrate is not ideal because it
is not a standard material, is less understood and is not as robust than the standard
20  alumina titanium carbide (Al,0,TiC) slider. In addition, silicon slider bodies have
an increased likelihood of chipping, cracking, breakage, and/or other damage when
the slider body is in use or if the hard drive is dropped. There is a need in the art
for a transducer-level microactuator that can be made from standard ALO,TiC or
other carbon based substrate material, is more robust, less likely to break during

25 use, and easy to fabricate.



for a transducer-|evel mcroactuator that can be nmade from standard
A12Q3Ti C or other carbon based substrate material, is nore robust, |ess
likely to break during 25 use, and easy to fabricate. 3 BRI EF SUMVARY OF
THE | NVENTI ON The present invention relates to a slider. The slider

i ncludes a slider body having a | eading edge and a trailing edge, a
transducer body spaced fromthe trailing edge of the slider body and

i ncluding at | east one transducer elenment, and 5 a fl exure body extending
fromthe trailing edge of the slider body. The flexure body includes a
first anchor point connected to the sPi der body and a second anchor point

connected to the transducer bOdi' basecoat Ia%;er is deposited on the

trailing edge of the sli dBRUBRE AR ¥R PAONybst anti al |y
surroundi ng the flexur f.f: 0, by a
first gap. A .first acfﬁggﬁgﬁnﬁggﬁggﬁg&?%E@gfkgglgﬁg?k%?ﬁggﬁg%% %%%d a
second act uatbody haviapa léaglifgaadge dndatriilieg edgepnaahsdecer body spadédfentithd o t he
slider body. 4 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a perspective
view of a pritealing edegiof theglidgebodyrand inchuling afleast onedransduser elemerfgand s| i der
over tracks Q | 21 ' Vi portion
of a di scé(dr |%g&‘g{§§§%1§l} |dr11€;g g[% ﬁ{ﬂﬁéﬂ%@ﬁ@%%i@ﬁ%@%@kﬁa 'aﬁl\r% fgé;xggect uat or
accordi ng t o Bddg ifuhedee atfirst kmbenpoiatconhtdted t3 theslidediwdy and ¥ seevhddnchbe sl i der
assenbly according to the present invention. FIG 4A.is an expl oded

per specti ve Ro& mmegied {a g1 Fangdegnaopor ¢4 barecord layer inderositefern s enbl y
according to t}eﬁﬁnéj&fg%e&tthé EW(f'eplbb@ﬁ 'the basecoat layer substantially surrounding the

flexure body and separated from the flexure body by a first gap. A first actuation
10 means is formed on the basecoat and a second actuation means is formed on the

transducer body adjacent to the slider body.



FI GS. 4B and 4C are expl oded perspective views of a trailing edge portion
of an alternate enbodi nent of the slider assenbly. FIG 5 is a perspective
view of a portion of the trailing edge portion of the slider assenbly

according to the present invention. 15 FIGS. 6-17 are diagrans illustrating
a process for fabricating the slider assenbly according to the enbodi nent
showmn in FIGS. 4A and 5. FIG 18 is a diagramillustrating an alternate

process for fabricating the slider assenbly according to the enbodinent  of
the present invention shown in FIGS. 4A and 5. 20 FIGS, 19-21 are di agrans
illustrating a process for fabricati nﬂ] spring flexures of the slider
assenbly according to the enbodi nents of the present invention shown in
FIGS. 4A and 5. FIG 22 B OFpHEE RRAWINGSof a trailing edge
portion of a slider a j £ 3 i.en f the
present invention. 25 ) %pl%gsgg&g)gpge&%@ygyﬁék\%g%r%%}%gfg%?c?'r?%gfthe
trailing edgefoppodificiing flidenoveltiadies ofxndiyc.of the slider assenbly of FILG

22. FIGS. 24-36 are di ar%ram_s illustrating a process for fabricating the
slider assembly accor diff§- & arapriadsd BetRastve HswPliaporiaf axiscityep3. 5
FIG 37 is a eq: j I : Jo L1 rtl of a
slider asge‘anf“?ﬁgﬂg %r%%dggatggﬁg&éﬁlﬁ%lrﬁgv g?rilblg |a¥:r{1iel%ﬂt°¥ I(%[f&trﬁgg g? g%e‘%r% &?F\venti on.
FI GS. 38-43 anecmtioagrans illustrating a process for fabricating the slider
assenbly according to the enbodi nent of the present invention shown in 5
FIG 37. 6 DETAILED DESERBPYRAQttom view of the slider assembly according to the

present invention.

FIG. 4A is an exploded perspective view of the trailing edge portion
10 of the slider assembly according to the present invention.
FIGS. 4B and 4C are exploded perspective views of a trailing edge
portion of an alternate embodiment of the slider assembly.
FIG. 5 is a perspective view of a portion of the trailing edge portion
of the slider assembly according to the present invention.
15 FIGS. 6-17 are diagrams illustrating a process for fabricating the
Vslider assembly according to the embodiment shown in FIGS. 4A and 5.
FIG. 18 is a diagram illustrating an altefnate process for fabricating
the slider assembly according to the embodiment of the present invention shown in
' FIGS. 4A and 5. |
20 ' F 1GS. 19-21 are diagrams illustrating a process for fabricating sf)ﬁng
flexures of the slider assembly according to the embodiments of the present
invention shown in FIGS. 4A and 5.
FIG. 22 is a exploded perspective view of a trailing edge portion of
a élider assembly according to a further embodiment of the present invention.
25 FIG. 23 is aperspective view of a portion of the trailing edge portion
of the slider body of the slider assembly of FIG. 22.
FIGS. 24-36 are diagrams illustrating a process for fabricating the

slider assembly according to the embodiment shown in FIGS. 22 and 23.



FIG 1 is a perspective viewof a prior art disc drive actuation system

10. Actuation system 10 i ncl udes voice coil notor (VCM 12 arranged to
rotate an actuator arm 14 on a spindle around an axis 16. A head
suspension 18 is connected 5 to actuator arm 16 at a head nounting bl ock
20. A flexure 22 is connected to an end of head suspension 18, and carries
a slider 24. Slider 24 carries a transducing head (shown in FIG 2) for
reading and/or witing data on a disc 26, which rotates around an axis 28
and includes concentric tracks 30 on which the data is witten. As disc 26
rotates, windage is encountered by slPder 24 to keep it aloft a small 10
dlstance above the surface of disc 26. VCM 12 is selectlvely operated to
nmove actuator arm 14 arBlﬁ(WaS(ﬁIsCXPl@dedtm@Pé@Wemw nfa shilogredgipdrdomeen
tracks. 30 of dis ver, Jfor d dri th.hi track
densi Ly, vow S figeRassnh T arpiie S SR BROSHEEH CaleRES L BEttbe 1o
position a transducing W3QM3SJré 8@5radsd iMisBGtiAEh PrR¥Q foRfabAk AR t I ack

15 of disc 26. Therefore, a higher resolution actuation device is

necessar y FI tidepagssmbly ae:xqmdumeto the empeditienof/the wrestntanpention showh imli sc
drive %uath@? 2ysten110 including a slider assenbly 32 according to the
pr esent nve 3 Fl exure 22 is attached to head suspension 18, and
slider ‘assenbly 32 is attached to flexure 22 so that slider 32 is carried
above a surface of disc 26 (FIG 20 1). Slider assenbly 32 includes a
slider body (or stator portion) 34 and a transducer body (or rotor
portion) 36 novably attached to slider body 34. Slider body 34 has a

| eading edge 3 8 and a trailing edge 40, wth transducer body 36 novably
attached to slider body 34 at trailing edge 40. Transducing head 42 is
carried by transducer body 36 of slider assenbly 32 to transduce data with
disc 26. 25 During operation of the disc drive, head suspension 18 and
flexure 22 carrying slider assenbly 32 are all noved together as coarse
positioning is -perfornmed by VCM 12 (FIG 1) to nove actuator arm 14 (FI G
1). To achieve fine



positioning of transducing head 42, am croactuator (not shown in FIG 2)
enployed 7 by slider assenbly 32 operates to displace transducer body 36,
or arotor portion of slider assenbly 32, with respect to slider body 34,
or a stator portion of slider assenbly 32. Asa result, transducing head 42
is displaced with high resolution for precise positioning over a selected
track of disc 26. 5 FIG 3 is a bottom perspective view of slider assenbly
32, including an air bearing surface 44, rotor portion 36 (for clarity,
‘transduci ng head 42 is not shown), and stator portion 34. Flexure bodies
46 connect stator portion 34 to rot or © portion 36 of slider assenbly 32. A
m croactuator (including electrostatic electrodes shown in FIGS. 4A and 5)
is actuated to nove rotor port DETAIEERDESCRETION assenbly 32 with respect

t t at ti 34. . i . . | [, . di. 2 h
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body 34 finely positions transducing head 38 with respect to disc 26, as
wel | as cont rastuateraypm 14engipingle areund a8 asis 6. Adigad suspenspndBds coprested an

expl oded_ per SRSEHLNS o 94201 n3d A8 ARIAGN 0 2 05T Bl 8l BE P esen!

i nvention” and erspe I'ew of tral portion 40 of

slider body 3¢hd oPhestduspadion34, aditdandies slidepad. Slided2esardés aghsbasidg pads 52
built upon trailing edge 40. Slider body 34 .is_ a standard slider wafer
conpri sed of hgadkshewndn Fia; 2)dpiigading and/on witking ¢gta opp disg@6, whigh rqtafes he

enbodi nent 20 dias i 06 S 4 ﬁRFi ng
fl exures 54a,ar§‘%gi,l\g]‘5éi{:f§ E%%éi ﬁgﬂlggsteﬁgl% &hngee a g@goedr‘gﬂcyq%y(}artér?érl cal " shape
and form fl exAbdic @6lromns, windaghéy enconitedd byrilidem2dy/ td kebplitialoftes@nalor nor e

spring flexures. Spring flexures 54a-54d and bond pads 52 are formed on
trailingl@dgediatancsrabeys the suHa asC 200r exanpl e, by plating. Spring

flexures.54a-54d and bopghpaAs s IR ofBdRd 8 méveRhitorhBal 4 hdufPhkis
16, thereby moving slider 24 between tracks 30 of disc 26. However, for disc drive

systems with high track density, VCM 12 lacks sufficient resolution and frequency
response to position a transducing head on slider 24 precisely over a selected track
15 of disc 26. Therefore, a higher resolution actuation device is necessary.

FIG. 2 is an exploded perspective view of a portion of disc drive
actuation system 10, including a slider assembly 32 according to the present
invention. Flexure 22 is attached to head suspension 18, and slider assembly 32 is

~ attached to flexure 22 so that slider 32 is carried above a surface of disc 26 (FIG.
20 1). Slider assembly 32 includes a slider body (or stator portion) 34 and a transducer
body (or rotor portion) 36 movably attached to slider body 34. Shider body 34 has
a leading edge 38 and a trailing edge 40, with transducer body 36 movably attached
to slider body 34 at trailing edge 40. Transducing head 42 is carried by transducer

body 36 of slider assembly 32 to transduce data with disc 26.
25 During operation of the disc drive, head suspension 18 and flexure
22 carrying slider assembly 32 are all moved together as coarse positioning is
performed by VCM 12 (FIG. 1) to move actuator arm 14 (FIG. 1). To achieve fine

positioning of transducing head 42, amicroactuator (not shown in FIG. 2) employed



25 corrosive, and nechanically robust and strong. Spring flexures 54a-54d
and bond pads 52 may be nade of the sane netal or different nmetals. During
fabrication of slider assenbly 32 spring flexures 54a-54d are surrounded
by a sacrificial side wall 56, which is |later etched away after formation 8
of ‘transducer body 36. Slider assenbly 32 also includes an insulating
basecoat 58 deposited on trailing edge 40 of slider body 34 to surround
sacrificial sidewall 56 of spring flexures 54a-54d and bond pads 52.
Basecoat | ayer 58 includes openings 60 to provide a contact path to spring
fl exures 54a-54d. A first end 62, or first 5 anchor point, of each spring
flexure is connected to slider body 34. A second end 64, or second anchor
poi nt, of eachy dider asgernbly g opetates toprlacedernsdicer basydcerra totod port®@ of Af t er
fabrication of,. transducer, hody 36 acl.Lfi.ci.al, side |I_56 is.repoved to
forma gap be?lwgléﬂssglﬁ‘g fyn%?"fvrlgiﬁersggagﬁgﬁéﬂd) OdX 4 Bs IS T RYTHAR 8%%15{%? 58,

whi ch t her ebys@nBlyizdeas AR&R N Gadudinaedeap {$Hispived Rt ghedsasticifRr 54d to
move and 10 displace transducer body 36. Stator el ectrodes. 66 are forned

upon basecoat PreeiyeposESnirg ener & sclgetpdinek divligerdfcess. Rotor portion 36 is
connected.to stator portj0RQ.3 spring. flexu 54a-54d.,., Rot or. portion
36 of sli gler assenbl y g@ﬁ&ﬁaabc?g%n}p%fs&e&évleé’éeﬂ%%@?er%gmqa%?%ﬁnci?‘éng or nmed
usi ng a deposird diPPeapi@8Ffce 449 FotErEUMdE36 LBECIhREY ir@@skih@iﬂ% 8ad®S Rt

di scl osed inU.S. Patent Application Serial No. 10/286,652, entitled "Slider
for a Data Stdougd andsietospprionddi Rlgxmedadign @ ponnsdistaton rortierPiktordtoni ng and

Method of Fabrgation Thgreol oang 2ssi gnd 4.0, 57808l ufeealogyLLC, and

her eby incorp%o by refeéerence, "nay be ‘use @nd rotor

el ectrodes f oglg6tided HRwiiif FIOS 1AM S) iRhdited1o iidve RotdBpdrtibh BE bf éljet udes an
20 insulating layer 70 deposited upon rotor electrodes 68. Rotor el ectrodes
68 i nt el@i giassemeblyBEAvittrgsnset to|staternogtion B Rajprpstion peamoveyeaaldd taind r ot or

el ectrodes 68Vdisc 26, as shown by arrow 48, and perpendicular to disc 26, as shown by arrow 50.
| Displacing transducer body 36 of slider assembly 32 with respect to slider body 34
ﬁnely positions transducing head 38 with respect to disc 26, as well as controls fly-

height of transducing head 42.

15 FIG. 4A is an exploded perspective view of slider assembly 32
according to the present invention and FIG. 5 is a perspective view of trailing edge
portion 40 of slider body 34. Shder body 34 includes flexure bodies 46 and bond
pads 52 built upon trailing edge 40. Slider body 34 is a standard slider wafer
comprised of alumina titanium carbide (A1,O,TiC), or the like. In the embodiment

20 shown in FIG. 4, flexure bodies 46 includes four spring flexures 54a, 54b, 54c, and
54d that have a generally cylindrical shape and form flexible columns. Further
embodiments may include fewer or more spring flexures. Spring flexures 54a-54d
and bond pads 52 are formed on trailing edge 40 of slider body 34, for example, by
plating. Spring flexures 54a-54d and bond pads 52 are made of a metal that is non-

25 COITOSiVE, and mechanically robust and strong. Spring flexures 54a-54d and bond
pads 52 may be made of the same metal or different metals.

During fabrication of slider assembly 32 spring flexures 54a-54d are

surrounded by a sacrificial side wall 56, which is later etched away after formation



forman electrostatic mcroactuator. Actuation of the m croactuator noves
rotor portion 36 with respect to stator portion 34 to position transducing
head 42 (FIG 2) with respect to disc 26 (FIG 1) and control fly-height
of transducing head 42. 25 Al though not shown in FIGS. 4A and 5, electrical
connections are made from bond pads 52 to transducing head 42. Electrical
connections frombond pads 52 are nade through vias conductively connected
to stator electrodes 66. Flying leads fornmed in rotor el ectrodes 68

el ectrically connect stator electrodes 66 9 to the rotor el ectrodes.
Compliant netal beans that are nechan?cally separated from stator 34 and
rotor 36, except at anchor points, provide electrical connections to rotor

el ectrodes 68ofdrrsdycanbestyon §liderassably BP dso inpindgs an ingnlaties basptast &8

C dor - aseantdpoay <l ke 087 ofdks ooalps Alaihd BRLRGFTRARNETFE

i croact uat orof splifeg fldBiredBRass 4dAne bered A8 NBhdeCodtlay OB ihtlatiey opedingh a
deposited coil structure 67 on stator portion 34 and a pernmanent nagnet

film 69 on r&f rpiprideiagantast pattogpang flexures wda-afd.c | A& Sirst srd §Reer Arst

m croact uat or_ w .de ' . C.Q4 t-ry 7 perti o and
per rranent?rragar?\gb&{‘hq"%ﬁ %@e%%l?]?ﬂ-ﬁ-%cﬁse%( a 01% H%%’té% t:%ggo sblﬁférﬁ’c%46&’ Jciéfog‘?ee (gi agr ans
i Il ustrating 64, ef 82668 aidhorpding of cuoh sgririg Mekureis coiafecrd 3¢ Hsdudet boayd i n
particul ar a transducer-Ilevel mcroactuator, of an exeggl ary enbodi nent of

the slider as¥enbftsr fabrisation af frnsdicen hodyi, sacrficigbsidg wail podprmoyed fo ar e

illustrative SS- ' f< 4Rl 4 i -A.: 115 whil e
FIGS. 12 and &ngar %{p Wﬁgﬁ%}#g?eg eg\rlggg-ss-4 E ea(?gil%%ﬁﬁg ?%‘#cggteéﬁevﬁgﬁ%der
assenbly of théfeby $foviddsanechhniog fréedemBroB spritieflatuaey sdmwsahnmnovdaid GS. 6- 17

are sinplified so that the general process flow for form ng slider
assenbl y182 jdisplpcedrangdycet prdyi3%t ed, therefore, sone features of slider

assenbly 32 are not shoy.t QeBRb&s YRk f¥rmed upon basecoat layer 58 using a

deposition process. Rotor portion 36 is connected to stator portion 34 by spring

flexures 54a-54d. Rotor portion 36 of slider assembly 32 includes rotor electrodes
68, which are formed using a deposition process. For example, the fabrication
15 method disclosed in U.S. Patent Application Serial No. 10/286,652, entitled “Slider
for a Data Storage Device including Transducer Level Micro-Positioning and
‘Method of Fabrication Thereof”’ and assigned to Seagate Technology LLC, and
‘hereby incorporated by reference, may be used to build the stator and rotor
electrodes fomhg the microactuator. Rotor portion 36 further includes an
20  insulating layer 70 deposited upon rotor electrodes 68. Rotor electrodes 68
interdigitate with stator electrodes 66. Stator electrodes 66 and rotor electrodes 68
form an electrostatic microactuator. Actuation of the microactuator moves rotor
portion 36 with respect to stator portio_n 34 to position transducing head 42 (FIG.
~ 2) with respect to disc 26 (FIG. 1) and control fly-height of transducing head 42.
25 Although not shown in FIGS. 4A and 5, electrical connections are
made from bond pads 52 to transducing head 42. Electrical connections from bond
pads 52 are made through vias conductively connected to stator electrodes 66.

Flying leads formed in rotor electrodes 68 electrically connect stator electrodes 66



illustrate the present invention. As the process flow is described,
differences from 20 the enbodi nent shown in FIGS. 4 Aand 5 are specifically
expl ai ned. Although the diagranms of FIGS. 6-17 illustrate the formation of
a single slider assenbly, it will be understood by those skilled in the
art that fabrication will preferably occur at the wafer-level, before
singul ation of individual slider assenblies, for inproved efficiency. 25
As shown in FIG 6, a slider wafer 80 forns abase of slider body 34. A
seedl ayer 82 is deposited on a top surface 84 of slider wafer 80. Slider
wafer 80 is conposed of a standard waf er material; such as A1208Ti C or the
l'i ke, however, in further -enbodinents the wafer may be conposed:of other

materials, wHodhe 1gor glestrades. prmallwg I@@talrbe@mrtbat@wyleql@lwailm seppratedi ti ve
| ati ‘nmet h 2
ptating-ne gtg? s{akcﬁzféﬂgd Fotor R E)lccjgt%t %clg?ﬁéhﬁaﬁ%vld?gﬁg ecéllﬁ)ﬁs strong.

generally a 'S  Nnon-¢orrosi ve

In further enBqgiofeRrtBodek 68ARd Famsacihg head4.i on, addl ti onal adheS| on
materials or steps are used to pronote adhesi on between slider 5 body 34

and spring flexures 5436844 pog 4G agepplededprrongpiiys vaews efjmilingeddeddsi t ed
upon t°p §“”%ﬁaﬁé‘m%{%%rrfo%&%e@{{ 8fs1§1%r As'ﬁerﬂﬁ&%é' bﬁ&'?rgagscfe o%?% mgi‘ fe§ hes' on

| ayer. anot exa erla

sur f ace 84 arkdeoaromtgﬁétmhlcr@aehﬁfarj FBG efRCéhoins ad@lbetrbmagrreﬁamcmaémmh por ous
adhesive interface between slider body 34 and spring flexures 54a-54d. 10

In FIG 7, a¥ @fiwsm @ilgguetyre @mmswgormogm%sanéaacwen@nﬁm@ﬂn on

seedl ayer 82 st.
Plating nol 06%%% nes ca%qqgsnggqhg‘g? %J?elgﬂmﬁ?%gpe C Cgr ac e(?llrvgﬁ? CS
of spring fl exdepesited4ail shdctureRi7adn 1agpripottibn®d andypearh sienb enagaéttfiiinnéorf or bond

pads 52 if the spring flexures and the bond pads are to be plated fromthe
sane net 81 i étﬁé‘éﬁﬂrﬁ%? However, in 15 the fabrication process shown in

FIGS. 6-17, bond pads R g-lﬁla?é (ﬁgg:faﬂmg H&trating a process flow for fabricating
slider assembly 32, and in particular a transducer-level microactuator, of an
exemplary embodiment of the slider assembly shown in FIGS. 4A and 5. FIGS. 6-
11 and 14-17 are ilhistrative_of a cross-sectional view of FIG 4A albng line A-A,

15  whileFIGS.12and 13 'aré illustrative of cross-sectional view of the slider assembly
of FIG. 4A takenalong line B-B. The diagrams shown in FIGS. 6-17 are simplified
so that the general process flow for forming slider assembly 32 is clearly illustrated,
therefore, some features of slider assembly 32 are not shown to more clearly
illustrate the present invention. As the process flow is described, differences from

20 the embodiment shown in FIGS. 4 Aand 5 are specifically explained. Although the
diagrams of FIGS. 6—17 illustrafe the formation of a single slider assembly, it will
be understood by those skilled in the art that fabrication will preferably occur at the
wafer-level, before singulation of individual slider assemblies, for improved
efficiency.

25 ' As shown inFIG. 6, a slider wafer 80 forms a base of slider body 34.
A seedlayer 82 is deposited on a top surface 84 of slider wafer 80. Slider wafer 80
is composed of a standard wafer material, such as Al,0,TiC or the like, however,

in further embodiments the wafer may be composed of other materials, which



different material than spring flexures 54a-54d and at a different part of
the process .(as shown in FIGS. 12 and 13). At this point in the ,
fabrication, if the bond pads and the spring flexures are to be conposed
of the same material, plating nold 86 .includes cavities defining the shape
characteristics of bond pads 52. 20 In FIG 8, seedlayer 82 is

el ectroplated up within cavities 88 of plating nold 86 to formthe high
aspect ratio spring flexures 54a and 54b. Spring flexures 54a and 54b, as
shown in FIGS. 4A and 5 and described in this fabrication process, have a
cylindrical shape to forma flexible ¥olum. In FIG 9, plating nold 86 is
renoved fromslider wafer 80 and 25 seedl ayer 82 and seedl ayer 82 is

renoved from RespwitshiiidingeofBliexyme bpdyide Wiy ar adstive plpting methed Wilgeng &

chem cally stripped off j d mgf he r gaF? thin netal
seedl ayer 82 Slaggﬁ%l%l %ﬂ }a&%{. g%as ggrg%s ?,g%ge?aﬁe‘f%%éé 0 { o%ons"ﬁ? VLS 84 of
slider waf erm8hanidhllgfobugad sieng! Mtfufler @hibddidEenad tixaneicay@vetdn, t he

di aneter of spring 11 flexures 54a and 54b maybe optionally reduced, for
exanpl e by eiadditionakagdbesigrmptsralsor stEpsAFe pRA L) progmets askiesipn between gidget et ch.
Spring flgxure - . hegent: ' I I Ck: |}
verti cal éc?ol ubﬁgéﬂ%@é&%ﬂﬂ@%@%g?é?? ?@ﬁ%{%&ﬂh@ﬂﬁ@g@gx} g“h’gljégflg Slet?dto t he

di sc surf ace uponadyisurface 84l itiesediagerBripddpdiiced dirtop of theadbiéstan 1aydf &ce to
provi de novenent of transducer body 36 to position the transduci ng head 42
and adj ust t rBothey expEmine typ srain makHalds deposdetiomtop suface$4 and amatesidl 54a- 54d

are stiff al gl ecd Rt B iohgh Bhrchl SRR Ther il d i KM 02 O _each

~spring flexure 1s connecte er a sacrificial
materi al 90 iwd¢cgesd springfexural Jddesddwaf er 10 80 to conpletely surround
and conformto spring flexures 54a-54d. One nethod of deEositing

sacrificl@l material 90nFsOoyaglstipeao %@p@ﬁ?mﬂ@ﬁlﬁx‘é‘iﬁéﬁ“%é Pigpeitsrmed
Sacrificial rpfQLhRler39. BRRerAlY, Bt Rd 8 is2BRAPbsed oFh phoRRsisEDRIRES of

sacrificial
mold 84 defines cavities 88 having the shape characteristics of spring flexures S4a-
54d. Plating mold 86 may also be patterned for bond pads 52 if the spring flexures
and the bond pads are to be plated from the same metallic seedlayer. However, in

15 the fabrication process shown in FIGS. 6-17, bond pads 52 are plated from a
different material than spring flexures 54a-54d and at a different part of the process
(as shown in FIGS. 12 and 13). At this point in the fabrication, if the bond pads
and the spring flexures are to be composed of the same material, plating mold 86
includes cavities defining the shape characteristics of bond pads 52.

20 In FIG. 8, seedlayer 82 is electroplated up within cavities 88 of
plating mold 86 to form the high aspect ratio spring flexures 54a and 54b. Spring
flexures 54a and 54b, as shown in FIGS. 4A and 5 and described in this fabrication
process, have a cylindrical shape to form a flexible column.

In FIG. 9, plating mold 86 is removed from slider wafer 80 and

25 seedlayer 82 and seedlayer 82 is removed from top surface 84 of slider wafer 80.
Plating mold 86 is chemically stripped off slider wafer 80 and the remaining thin
metal seedlayer 82 is ion milled, blasted off, or etched off top surface 84 of slider
wafer 80. After removing plating mold 86 and seedlayer 82, the diameter of spring



material 90 include silicon, silicon dioxide, germanium (or a germani um
rich silicon germanium, or the like. As can be seen in FIG
10,,sac-rificial material 90 15 is deposited at an angle around second end
64 of each spring flexure. Later in the fabrication process, sacrificial
material 90 is renoved to forma spacing, or gap, between spring flexures
54a-54d and the adjacent basecoat 58. Such a spacing allows novenent of
spring flexures 54a-54d to position rotor portion 36 of slider assenbly
32. 20 In FIG 11, sacrificial materigl 90 deposited on the horizontal
surfaces.-of slider wafer -80 and spri fl exures 54a and 54b (i.e., the top
surface 84 and second ends 64) are renoved, for exanple by a directional
ion mill periawasscde and o4 may bs ontiopplirieduced, faf pxarrploby githerreastitedor he

di recti onal of,, ; 410 LdilsonThe ion m |l does not renove the
sacrificial §g¥g$§9$ﬂ??%5$?ﬁ%hﬁ§1€%%53§él surfaces of the spring flexures.
Thus, the only remai ni n§prémcfiaxitresisdh-54draf theipatseMlemlsodimertttaesithivk, salijes 94,
or vertical surfaces, of spring flexures 54a_and 54b. Sacrificial material

90 conforms t¥readedumns.ckhegoiimns arq fiexiplemn aglirectonpasalis! tofheidispurgce
sacrificial sjde_walik t cLiti-eisal I round
the 12 s%r i n"ig“gé‘“vs%glgﬁ% é‘ngérpg[h, Hﬁ(;% tlat %%) &g%’r %%?gg ,tacyfggggrﬁh(g%?%gtgo | exure
i s exposed t aransdwnet bladyed 6ctoposition the tnah¢ducingthead 4ibartd adjusBthe dify-tsdigid ef
assenbly 32. 12 and'lgaare di agr ans iIIu;%ﬁgﬁin t he fabrication of

Fl v
bond pad 52&1{&%&%1133% Tiag eRBeRPATHE 0T acne Be lepgiaion) ans
di fferent thagrhhgsRhi Bst eﬁd%b%fbﬁcﬁ?\gﬁﬂ@ﬁ&lﬁé‘g%o%c&%@ & WarQRot he sane
4d uld be e

material as spring exures 54a 5 pl at at the same tine as the
spring flexures. For exarfiGe]O,tasacrifdigtmateriahPOds petositedudonrslitierewsfer i ng

fl exures uld al so define a Id for the bond ads., In FIG 12
Loonl oot 008 S0 sampleitiSnRind coatyrhile s A s4aisdd’ One mathod
of depositing sacrificial material 90 is by sputter deposition, such as PECVD.

Sacrificial material 90 has a thickness of about 2 microns. Examples of sacrificial

‘material 90 include silicon, silicon dioxide, germanium (or a germanium rich

Siiicon germanium), or the like. As can be seen in FIG. 10, sacrificial material 90

15 is deposited at an angle around second end 64 of each spring flexure. Later in the

fabrication process, sacrificial material 90 is removed to form a spacing, or gap,

between spring flexures 54a-54d and the adjacent basecoat 58. Such a spacing

allows movement of spring flexures 54a-54d to position rotor portion 36 of slider
assembly 32.

- 20 In FIG. 11, sacrificial material 90 deposited on the horizontal

surfaces of slider wafer 80 and spring flexures 54a and 54b (i.e., the top surface 84

and second ends 64) are removed, for example by a directional ion mill

perpendicular to wafer surface 84. Arrows 92 illustrate the directional movement

of the ion mill. The ion mill does not remove the sacrificial material from the

25 vertical surfaces of the spring flexures. Thus, the only remaining sacrificial

material 90 is located on sides 94, or vertical surfaces, of spring flexures 54a and

54b. Sacrificial ﬁateﬁd 90 conforms to sides 94 of spring flexures 54a and 54b

and forms sacrificial side wall 56, or a sheath of sacrificial material 90, around the



10 plating nold 98 is deposited thereon. Plating nold 98 includes cavity
100 that defines the shape characteristics of bond pad 52a. Seedl ayer 96
is conposed of a netal and plating nold 98 is conposed of a photoresist.
Seedl ayer 96 is electroplated up within cavity 100 of plating nold 98 to
formbond pads 52. In FIG 13, bond pad plating nold 98 is renoved from
waf er surface 84, for exanple, 15 by stripping off the plating nold, and

t he renmai ning seedl ayer material 96 is renoved away from wafer surface 84,
for exanple, by mlling or etching the seedlayer off slider wafer 80. In
an al ternate enbodi nent of the preser® invention, a sacrificial layer is
deposited around bond pails 52 to protect the bond pads during singulation,
20 or di ci ng,spohgs| Serond\eafle p4.80r top siufagesi ofd¢agh gpang Elexereris axpasablto es 32.

During dicin a.cut is de.around t.he,sacrificial protective |ayer, which
s et ohed” andyoTdE xpbRe R Bl HRERokDt 38 RAE RS ReBnaRi o aTi C varer 80
and netal bond pads 52 EGS. WPind 184te ddgridiSiliaswRingitheFabridati6l HfHohd Bhy, t he
sacrificial protective iI?Sl}/er for the bond pads 52 is partially etched to

expose the boRd, ¥uds pattigulandiond padsdompesesl ¢feapatend difierentthan the spiieg ecoat

material 102 is depgsited. on wafer rface 84 _ingludin Qugh parts, to
surround 5’sLac 'rtjilef_(l els‘a%ogiﬁ B%dsvéa}I e Hgéed(s) onsl?)?el Sr?bn efql%t%aﬁélg g@f% ﬁ%‘i'ges B~ and bond
pads 52 (not suaowbuld bBIREDaL the B2me Vigid Ad ths shiiey Nekahd. Bér S@miphy) tHe

fl exures 54a and . 54b to fill in slider wafer 80. Basecoat 102 is conposed

of al uni na, Matingtiedldipréernifer the eprinpflexyees svowld alspdefing agneld der thebond form a
snoot h surfac% 04 for building mcroactuator el ectrodes and transducer
body 36 on td)p of basecoat 5 102. Planarized surface 104 results in a
snoot h waf er topogr aphymtRIGbLL, |akesdlajed 966t degosieteon Gafeararfides8isdideer body
36. Basecoat 36_is planarized down to top. surfaces 64 of sgfing fl exures.

54a- 54d Hhd B#iegaeld %pis depesited dhpsean. + Riating okt 88 includes cavity 100" that

defines the shape characteristics of bond pad 52a. Seedlayer 96 is composed of a
metal and plating mold 98 is composed of a photoresist. Seedlayer 96 is
_ electroplated up within cavity 100 of plating mold 98 to form bond pads 52. In
FIG. 13, bond pad plating mold 98 is removed from wafer surface 84, for example,
15 by stripping off the plating mold, and the remaining seedlayer material 96 is
removed away from wafer surface 84, for example, by milling or etching the
seedlayer off slider wafer 80.
In an alternate embodiment of the present invention, a sacrificial
layer is deposited around bond pads 52 to protect the bond pads during singulation,
20 or dicing, of slider wafer 80 to form individual slider assemblies 32. During dicing,
acutis made around the sacrificial protective layer, which is etched away to expose
bond pads 52. Thus, the hard AL,O,TiC wafer 80 and metal bond pads 52 are not
cut at the same time. Alternatively, the sacrificial protective layer for the bond pads
52 is partially etched to expose the bond pads, but not the flexure body.
25 InFIG. 14, abasecoat material 102 is deposited on wafer surface 84,
including rough parts, to surround sacrificial side walls 56 of spring flexures 54a

and 54b and bond pads 52 (not shown). Basecoat 102 overfills the height of spring



64 of spring flexures 54a-54d and bond pads 52 provide a connection point
to transducer body 36 or electrical interconnects. In further enbodi nents
of the 10 present invention, additional adhesion naterials or processes are
used to pronote adhesion between spring flexures 54a-54d with rotor
portion 36. Spring flexures b54a-54d have a di aneter of about 5 m crons and
a height in the range of about 5 mcrons to about 55 mcrons, in the
present enbodi nent nost preferably about 50 mcrons. 15 FIG 16
illustrates stator electrodes 66, rotor electrodes 68, and transducer body
36 of slider assenbly 32 built upon ﬂﬁanarized waf er surface 104. A
standard slider build process, including rotor air bearing and top bond pad
exposure is udedgresrita aaiid @ il inslidesavafer BabMasepoph 02 Kecampasedof uat or
(i.e., stator ﬂp ég%gpkglectrodes 66 aid 68) and rotor portion 36 is

di sclosed in U ) atent Application Serial No. 10/286, 652, although
other fabrication nethdgdFIGE VRbasRtoa 182 B3\Winarizdd1e faxhi a oot surbedo4 St at or

el ectrodes 66 are patterned upon planarized surface 104. A sacrificial

| ayer 106, offof h@ﬂcgagrﬁu@ra@@waq eleairodgy png (ransgpcer Hpdie 3quan|tors ef basgeoat
preferably sijq,C [ ] . St [ hbasecoat
102. Rot o%‘l el 1edc2f ?g%agl%%(gs‘g%éé gg%{)es'??% au%%o(r%’ﬁég)gfe?%quggaih?g%/%ﬁﬁﬁg? "Vias 25
108a and 108kclevtded 6h@dd ifanaugdr salyrid. i Basdcodtadteis plabrized dopnvtbpces 64
~of spring flexures.54a and 54b to ggovide an interconnect between the

spring f I exurssfages@s of sprimedlexiies birty4dymd bapd nerlsgh- Rbe exprssdHop purfaces 16,
elect i cal Staiise o AR 2 sdy AN dond g 52N 1AL, %%’ecggne BBipfysot M cal

connection to tra cing second basecoat is
deposi t ed uparanséwet body ab or ajeztrichD ntemoniieotsorin fatthat smblekim6efs tod ther m
transducer body 36, Baseco t,laier 110 is planarized. Transducin% head 42

is fabrit&t ecPrPiFnt AT At ?@@S@H%ﬂﬁﬂ%ﬁsﬁr‘é‘ﬁ&?&ﬁéﬂ%ﬁ?@@ PSRN process
and addi ti onalqyabehieed SprifEHRRhicE 342844 RitirbloPPSiHdG36. BpFMe Abxures

54a-54d have a diameter of about 5 microns and a height in the range of about 5

microns to about 55 microns,» in the present embodiment most preferably about 50
microns.

15 FIG. 16 illustrates stator electrodes 66, rotor electrodes 68, and
transducer body 36 of slider assembly 32 built upon planarized wafer surface 104.
A standard slider build process, including rotor air bearing and top bond pad
exposure is used. For example, a method of fabricating the microactuator (i.e.,
stator and rotor electrodes 66 ahd 68) and rotor portion 36 is disclosed in U.S.

20 Patent Application Serial Nb. 10/286,652, although other fabrication methods
typically known in the art may be used. Stator electrodes 66 are patterned upon
planarized surface 104. A sacrificial layer 106, of the same material as sacrificial
side wall 56 and, preferably silicon, is deposited upon stator electrodes 66 and
basecoat 102. Rotor electrodes 68 are deposited upon sacrificial layer 106. Vias

25 108a and 108b are etched through sacrificial layer 106 to top surfaces 64 of spring
flexures 54a and 54b to provide an interconnect between the spring flexures and
transducer body 36. Although not shown in FIG. 16, electrical studs are deposited

from flying leads to provide an electrical connection to transducing head 42. A



51n FIG 17, sacrificial material 90 and sacrificial |ayer 106 are
renmoved from slider assenbly 32, for exanple by etching. The type of etch
used depends oh the sacrificial material. Silicon as the sacrificial
material uses a XeF2 gas etch, silicon dioxide uses a HF vapor or liquid
etch, and germanium (or Ge-rich SiCGe) uses an H2ZQ2 etch. Renovi ng
sacrificial material 90 and sacrificial layer 106 10 forns spacings within
slider assenbly 32 and exposes bond pads 52. Gap 112 between basecoat 58
and spring flexures 54a and 54b provi de nmechani cal freedom for novenent of
the spring flexures. Gap 114, resultiHb fromrenoval of sacrificial |ayer
106, creates the interdigitation_ of stator and rotor electrodes 66 and 68.
Slider wafersegond baseseat lysrgll ik denasited jupen vadifigialslayere 0k gad fplor es 32.
15 FIG 18 is i il t.ratl er I i s s flow
For bui 1 di ng SRS PPub, " Eeds: BBerke Rk B 93 s ARAERES '
and 5. A seeThayukicink2@ad 42 Bdtaivateddn rnsdoger body 3C@rAghof standadewatafl er 80

and an insulating film122 is deposited on top of seedlayer 120.
| nsul ati ng fibuidirocess andhaddetionelimatsriakis depasied &A’ommramfi@@rémdaﬁér 120" and

provi de acplating nold {2 I ' f : 4. . i.fiakal | ayer
128 i s de%osi ted upon i%sﬁdaﬁi’]hgg{dg;ga% rﬁ%ﬂﬁ%}z?‘édsf)%{@gfazg@&tlgbcﬁ?i ne
cavity 124 t oefeed dyarsliiglassemmbliy 32) foe exdnoplabpkehingg T ltybelof@tchAispdiot o-

i mgabl e epoxy 130, such as SU-8, is deposited on _sacrificjal |ayer 128,
for exanple %Pe%‘iﬁ Qe secrifisipl etenal Aplieonasshs saegficinkmateriekissea Xe8: f ur t her
define cavit . . Vgé[g )| At JC ddi tion,
etch vias 13 aféég?géﬂcﬁ)zﬁ? (geyrlﬁéel]%%? alnﬁgpo y o%g@ﬁ%i gdc?’odrn%%g%?open?%é} ql[-ﬁcl?

i nsul ati ng | a8i€¥k) ds22 an HpOyetchl Wemavingsacrifitia iaterial 90 sl saatifidalnegr 1& | der
wafer 80 is el ectroplated such, that edlayer 120 is plated and_ grows

wi thin chVi t yloms spagings Prhim, skideg apse 2 gid WR%P%b‘B}da&‘ﬁgsz- ilide. Epoxy
130 is renov ia Vg 24 d fidGb@lsal gy, idd is

2ppl i 60 Lo sarr Vs iBtdsiad R fornhdlsas BES oA g bR E B, ° ol
126 is for movement of the spring flexures. Gap 114, resulting from removal of sacrificial

layer 106, creates the interdigitation of stator and rotor electrodes 66 and 68. Slider
wafer 80 is then singulated into individual slider assemblies 32.

15 FIG. 18 is adiagram illustrating an alternate fabrication process flow
for building spring flexures 54a-54d of the embodiment shown in FIGS. 4A and 5.
A seedlayer 120 is deposited on top surface 84 of slider wafer 80 and an insulating
film 122 is deposited on top of seedlayer 120. Insulating film 122 is patterned to
form cavity 124 to seedlayer 120 and provide a plating mold 126 for spring flexure

20 54. A sacrificial layer 128 is deposited upon insulating layer 122 and is patterned
to define cavity 124 to seedlayer 120 and further form plating mold 126. A photo-
imagable epoxy 130, such as SU-8, is deposited on sacrificial layer 128, for
example by spinning.v Photo-imagable epoxy 130 is patternéd to further define
cavity 124 to seedlayer 120 and form plating mold 126. In addition, etch vias 132

25 are patterned in epoxy 130 to form an opening to insulating layer 122. Epoxy 130
is cured after it is patterned. Slider wafer 80 is electroplated such that seedlayer
120 is plated and grows within cavity 124 to form spring flexure 54 within plating
mold 126. Epoxy 130 is removed by dissolving sacrificial layer 128. Dissolvent



removed, insulating |ayer 122 and seedl ayer 120 are etched away, wth
slider wafer 80 and spring flexure 54 remaining. The nethod described with
respect to FIG 18 is used for fabricating 5 high aspect ratio spring
flexures, preferably having a height in the range of about 35 microns to
about 55 mcrons. The nethod permts use and renoval of the epoxy plating
nold 126 without harmng netallic seedl ayer 120, and epoxy 130 provides a
| ow cost process for obtaining a high aspect ratio nold 126. SU-8 i's a spin
on epoxy material- that can be photo-patterned with very high aspect

rati os, however, 10 SU-8 cannot be r éroved usi ng conventional neans. Thus,
insul ating layer 122 and _ sacrificial layer 128 are used to renmove the SU-8

wi t hout har nilh@PRUsE torgacaificial layen L2Bdhropglyetsh vias il 3 r Opeg Ratingymoldil2liat i ng

| ayer 122 all : L . L1 I gi ng
cton vias 137500y RE Brdlani R o2 G sOBRbb IR RS A I BLES. e
fast renoval 8ifanglapring flexwat S8 agmainibg8 that lifts off epoxy 130. 15 FIG 19
is a diagramof an alternative enbqodinment of a flexure bod 133.. Fl exure

: ur y
body 133 is a cylindri ceereghedaeserbedonthrespertie Flfsilgds usep frdatsisatingn 134
and a bo 1 ' ' - lin WARL to
provi de % i‘ﬁlgg%g%e%grgﬁégﬁrg% %%%%ﬁﬁ?g%{mggg{%@méggg%ﬁghor p ‘?ﬁ%/a g? better
adhesi on t 0 3lmidesnsvedbent BlmickonsaThemethibe penditaiserant rsmokalfolf theepexpody 133
having a w de 20 anchor point, flexure gg%%éEBB has di fferent shapes or are

| at ﬁr 3| (e. g.Platmedpeidd 2a Wihentdwrmingmsta ayer 120 gad epoxy B30 prowidesi 1 f er ent
_ oY e . ! . f 19
et hods may tﬁe]ﬁgztdwgfn%r%gesg ?OIQ}Htehﬂing Qqu%g%%g%rgl 1126 W A ¢ 111§bn a

t wo-resi st net an c-beam clire The two-resi st t hod uses
two types of epesy siaterial thattiahfbe photo-mhttssel whthorry lapk sspeot fatosyhawptat i ng 25

T e LA
plating mol d,eLohciQr G178 &kidsed 9tEmbve 1RBG WitBaR! tihfy #8 Abhow for an
undercut that results’in a T- _
seedlayer 120 on slider wafer 80. Insulating layer 122 allows use of conductive
sacrificial layers without plugging etch vias 132 with the plated seedlayer. Finally,
‘etch vias 132 provide fast rerrioval of sacrificial layer 128 that lifts off epoxy 130.
15 FIG. 191is a diagram of an alternative embodiment of a flexure body
133. Flexure body 133 is a cylindrical column structure, including a base portion
134 .and a body 136. Bése portion 134 has a wider diameter than body 136 to
provide an increased area of attachment and a wide anchor point for better adhesion
to slider wafer 80. In alternate embodiments of flexure body 133 having a wide
20 anchor point, flexure body 133 has different shapes or are lateral (e.g., discussed
below with respect to FIGS. 22-43).
Two different incthods may be utilized to build the spring flexure
shown in FIG. 19, a two-resist method and an e-beam cure method. The two-resist
method uses two types of resist with different dissolution rates to form a plating
25 mold for flexure body 133. The e-beam cure method uses controlled e-beam curing
to cure a top part of a plating mold, but not a bottom part of the plating mold, to
create a difference in resist dissolution to allow for an undercut that results in a T-

shaped mold.



shaped nold. 16 In FIG 20, a spring flexure plating nold 138 is forned on
slider wafer 80. A seedlayer 140 is deposited on top surface 84 of slider
wafer 80. In the two-resist nmethod, a first resist layer 142 is deposited
upon seedl ayer 138 and is patterned to forma cavity 135 of plating nold
138 defining base portion 134 of 5 flexure body 133. A second resist 144 is
deposited upon first resist layer 142 and is patterned to forma cavity
137 of plating nold 138 defining body 136 of flexure body 133.1 First
resist 142 has a faster dissolution ragte than second resist 144. In the
e-beam curing nethod, a single resist ayer is deposi ted on the slider

wafer. Controlled a-bea uring cure er 44 of eS| St Iayer,
but does not cure 10 boP Izgy‘ngri% qp %§1° 13&45 rm? &k glie

resuling 1N Baflk b CARBRR:eP1 A SfositE 350 U SHBIRRA WA shaYphe 144 and

bottom |l ayer 142 of the resist layer wherefn botto er 142 S a faster
di ssol uti on rtwceresishmettod, & fystresist dayet Mbstdepositet agen sd:ddlayele]sa&andl 1ayer s are

etched and cheni caII di ssol.ved tg ttern plating. nopld 138. Bec
bott om | ayer Ha&tfme{}r o 7 oRdy gés‘?fsoﬁahnglrﬁ"}rﬁla]é%éiﬁ% S%IP%%‘BPL}S r ate
than top 5ayeﬂe>&ﬁlé1bo®r13t3h% %S%sts?ﬂﬁ% dzﬁ&h&@ d@ﬂ@{ma&&aﬁrm'aﬂ S away

faster than top layer 144. Bottom | ayer sso ved away ormthe
wi der base ca1\$payem&Btodhnmhaamtygﬁr’x'wlfdlahﬁgnmfctll3&xirﬂna;gfhod3!436loﬁﬂexhrssol ved

P12t i mg oo oy 1350 Tt e o o G R g i e e o ar e
el ectropl at edpubQ-hep élﬁlm@ rhétBod! raesukgreiyesié%yef ismeaoﬁieatdnn:ﬁe BRA& wWatsh. Resi st
142 and 144 are stripped  away and Tenai ni ng seedl ayer 140 is etched away,
resulting in @b@mﬂﬁé ewdp C]JBBg ceieotap layer F#450f the resist @Ser, bt doed npBewe e
perspect llg € VI ayer II&J eer resnpﬁlyern%hereby resulting in a difference in resist
dissolutlon between top layer 144 and bottom layer 142 of the resist layer wherein
bottom layer 142 has a faster dissolution rate than top layer 144.
. In both methods, the resist layers are etched and chemically
dissolved to pattern plating mold 138. Because bottom layer 142, or the first resist,
15 has a faster dissolution rét’e than top layer 144, or the second resist, bottom layer
142 dissolves away faster than top layer 144. Bottom 'layer 142 is dissolved aWay
to form the wider base cavity 135 of plating mold 138 and top layer 144 is
| dissolved-away at a slower rate than bottom layer 142 to form body cavity 137 of
plating mold 138. |
20 In FIG. 21, slider wafer 80 and seedlayer 140 are electroplated to
build up flexure body 133 within plating mold 138. Resist 142 and 144 are stripped
away and remaining seedlayer 140 is etched away, resulting in flexure body 133
shown in FIG. 19.
FIGS. 22 and 23 are perspective views of a further embodiment of
25 slider assembly 32 according to the present invention. FIG. 22 is an exploded
perspective view of slider assembly 32 and FIG. 23 is a perspective view of trailing

edge 40 of slider body 34. Transducing head 42 is not shown in FIG. 22 for clarity.
Slider body 34 a standard slider wafer composed of Al,O;TiC or the like. A first



25 slider assenbly 32 according to the present invention. FIG 22 is an
expl oded perspective view of slider assenbly 32 and FIG 23 is a
perspective view of trailing edge 40 of slider body 34. Transduci ng head
42 is not shown in FIG 22 for clarity. Slider body 34 a standard slider
waf er conposed of Al 2Q3TiC or the like. Afirst 17 sacrificial layer 150,
fl exure bodies 152 and 154, bond pads 52, sacrificial sidewall 156 and-
basecoat 158 are forned upon trailing edge 40 of slider body 34. In the
enbodi nent shown in FIG 22, flexure bodies 152 and 154 are | ateral beam
springs, or cantilever beans, each hﬁbing a first anchor point 160
connected to slider body 5 34 and a second anchor point 162 for connection

t o t r ansducer Sasgfigiablgyerfp@yflgxare hodifis d 32 ambl Snbondmads pdsaerificial sidewal of
cantil ever be [ ' rt {oen fit fl exure
bodi es may ha€%§ﬁ?$¥%$%ﬁgﬁ¥%ggg%?ﬂgﬁﬁﬁgﬁggﬂgfhgéégnggﬁgﬁPéiég é%%s.
However, all efbatinerishewnin EliGe21,|fexuedodios] 52sandilbh afddateral tadam speifigs, one

first anchor point 160 connected to slider body 34 and at |east one 10

second anchor Ofssniilevargrams,fiael haang »iirst apcdareipt Koppnnetedtp sliderdodidi es
152, 154 d ; i1 Ld bod
30 tor esanpt o PaSne mdbEpoltt [BXtoPl Mlcddio falfunchrBinh. Mafig 0T 0o

made of a metieddiésidl andl 150 incbhateraaimter ofcshtitevenbealedlav ingvablissd shapek. st rong.
Fl exure bodies 152, 154 and hond_ pads 52 mayhe made of the sanme netal 15 or

di fferent metButher prbedimentsof theflaxyer hadis anayrhaye ditfsring shapes. ov &7t 9T 6R, sl i der
bond pads 52 farme ' 1 of
o s, Sl RS Vi Sk MO A TOED B TR

opposite air bearing surface 4 | exure

sacrificial |atyledst b6 firsthanchor pasntdépashhetedpaiider bodyi 3vgarelgdedsd oné sl i der
body 34. Flexure bodjes 152 and 154 20 are syrrounded by sacrificial

si deval | 1956. separdancherppiat %géym?teé‘ﬁegé%%ﬁuﬁ?f%&bfﬁgfi cial sidewall 156,

whi ch substantially surguRdsodikd 159 86FaAfbohBads! s BriR€FNong trailing

edge 40 of slider body 34, for example by plating. Flexure bodies 152,154 and

bond pads 52 are made of a metal that is not corrosive, and mechanically robust and

strong. Flexure bodies 152, 154 and bond pads 52 may be made of the same metal

15 or different metals. In alternate embodiments of the present invention, slider bond

pads 52 form connections to larger bond pads formed on a face opposite air bearing
surface 44.

Flexure bodies 152, 154 are built upon sacrificial layer 150, which

is deposited upon trailing edge 40 of slider body 34. Flexure bodies 152 and 154

20  are surrounded by sacrificial sidewall 156. Each flexure body is encased by

sacrificial sidewall 156, which substantially surrounds all sides of the flexure body

except for first anchor point 160 connecting the flexure body to slider body 34 and

second anchor point 162 for connecting the flexure body transducer body 36. After

fabrication of transducer body 36, sacrificial sidewall 156 and sacrificial layer 150

25 are removed to form a gap between flexure bodies 152, 154 and basecoat 158, and

flexure bodies 152, 154 and slider body 34, respectively. The gaps provide

mechanical freedom of the flexure bodies to move and displace transducer body 36.

Insulating basecoat 158 is deposited on trailing edge 40 of slider body 34 and



except for first anchor point 160 connecting the flexure body to slider
body 34 and second anchor point 162 for connecting the flexure body
transducer body 36. After fabrication of transducer body 36, sacrificial
sidewal | 156 and sacrificial layer 150 25 are renoved to forma gap between
fl exure bodies 152, 154 and basecoat 158, and flexure bodies 152, 154 and
slider body 34, respectively. The gaps provide nechanical freedom ofthe

fl exure bodies to nove and di spl ace transducer body 36. |Insulating
basecoat 158 is deposited on tralllnq_edge 40 of slider body 34 and 18
surrounds sacr|f|0|al si dewal | 156 of of | exure bodies 152 and 154 and bond

pads 52. Basecoat 58, i ncl.u royi d nt act
path to fl exmﬁugouﬁ%ﬂa “Iéflde 1?%5;%;[@8& nl? glg‘?srlﬁgégéi 88 “upon
basecoat | ayegast&st llh%’ef‘%@m&ud&@%@hh%&%épf@ﬁx%%ﬁie @éoxﬁa&%ﬁ%dﬂaaﬂye with
respect to FIGS. 4A and 5. Rotor "portion 36 is built using the sane

fabricati on prodosds2di®licussed above with respect to FIGS. 4A and 5. Rotor

ortion 36 of slider a I ude or electr 70, which are
Euilt using a depositldﬁa 8%@§¥hsgg%8F’ PEE PR RaS5oA3 ﬁﬁ?é iGit%te wth
stator el ect rQdestidiPBrocisahPlisaided BRE valLLL 615&@@& FIG8. #0dnd 50 QM an 10

el ectrostatic mcroactuator. Rotor portion 36 further includes an
i nsul ating | ayestion 3678 buidipsyigtthels bm@@onpmcesstdﬂwd&%dﬂbweﬁﬂtﬁsp@ﬂ 36 are

di agranms illys i g process f| [ fabr| nbly 32 of
t he embodi rre#?ﬂ‘g%\l\%?‘“ﬁS X oo, 5‘%’? of sfider % lu‘? o 8’{?13“3

Cross-sect i ong, Whﬁw&eadiﬂnuﬁhgageﬂdsmngr&e@f RBk&ele%%odaéherodﬁteﬂmglfme 15 shown
in FIGS. 24-36 are sinplified such that the general process flow for

formng sl i dwith statasrdh¢oprodes |1§8 clSéater gnd roterseleetradgs LOR eandf Bileformormne
Tt ratG o iasePhalh SRty RO Ao M utf il m BBl P
di fferences f1mmepmeaﬂp@dfdwﬁle@qlmwnon FI GS. 22 and
_ FIGS. 24-36 are diagrams illustrating a process flow for fabricating
slider assembly 32 of the embodiment shown in FIGS. 22 and 23. FIGS. 24-36
_ illustrate a cross-sectional view taken along line C-C of FIG. 23. The diagrams
15 shown in FIGS. 24-36 are simplified such that the general procéss flow for forming
slider assembly 32 is clearly illustrated, therefore, some features of slider assembly
32 are not shown in order to more clearly illustrate the present invention. As the
process flow is described, differences from the embodiment shown in FIGS. 22 and
23 are specifically explained. Although the diagrams of FIGS. 24-36 illustrate the
20 .formation of a single .slider assembly, it will be understood by those skilled in the
art that fabrication will preferably occur at the wafer-level, before singulation of
indiﬁdual slider assemblies, for improved efficiency.
As shown in FIG. 24, aslider wafer 174 forms a base of slider body
34 A first sacrificial layer 176 1s deposited on a top surface 178 of slider wafer
25 174. Stider wafer 174 is composed of a standard wafer material, such as AL,O,TiC,
or the like, however, further embodiments of the wafer may be composed of other
materials, which permit building of flexure bodies 152 and 154 with an additive

plating method utilizing a sacrificial gap layer. Sacrificial layer 176 is composed



23 are specifically explained. Al though the diagranms of FIGS. 24-36
illustrate the 20 formation of a single slider assenbly, it wll be
understood by those skilled in the art that fabrication will preferably
occur at the wafer-|evel, before singulation of individual slider
assenblies, for inproved efficiency. As shown in FIG 24, a slider wafer
174 fornms a base of slider body 34. Afirst sacrificial layer 176 is
deposited on a top surface 178 of slider wafer 25 174. Slider wafer 174 is
conposed of a standard wafer material, such as A12Q3Ti C, or the like,
however, further enbodinents of the Wit er may be conposed of ot her
materials, which perm ui 1.di ng of, flexure bodies 152 and 154 with an
additive pl &fiSHFORe?H 8?1 £ *}%ﬁ%ﬁfg frthez embpdligregts Gahe 215@& pssemblympy cj g
layer 176 is iﬁﬂﬁ'ﬁ9§ ﬁfg_t drificfal Bdric6RBosed’of kiliBor i Ride BPYERMERiun (?55 haRr

e sli nbly d icial layer

enbodi nents of t der asse y i1nclude a first sacr

conposed of gidh $iGie).dBaotifobeal dayegé 7 orepatieriedrto dorGea suifade 180Gpon vadach i fi ci al

| ayer 176 is patterned to form a surface 180 upon which flexure bodies 152
and 154 are ‘W%?bqgﬁﬁ45§ﬁeg15%?“@“%%edlayer 182 is deposited upon top

surface 148 of slider wyafher 24 TfsecBBy¥el 92 i8UeSEEHEA fuPIG% %ng hReE 13968 I N

further enbodiments of the present invention, addi adhesi on
mat eri al s or Sitlepwafar ¢74ssvellasprorfotid lapd 1861 dm fibttenemhoditriedsrofloely 34 and

fl exure bodies 152.and.154., .For ex | e, an. .adhesion |ayer is deposited
Upon top. sur AESHE HeRS addionglrdhehion rasteialo of SIeHs GFE WP (GoPIONG o

adhesi on | ayefghedith BREQRIAEXEHER 38 and fib¥Re B6dESN P0G b4 F&xschﬁB%?!}ﬁ ed on
top surface 178 and a material Selective etch is done to create a

rough- por ous adhetiersiaye i$ dipesitealapob tipmueiace] T8diod strdthyeBlB2andepsited drexur e
000, 1B ool ARl PP BRIt 1
iﬁaggot or esi sbp sifadel 178 &l 4 mb8dial BALMPR &AM ddn8 o bEatd habugdepébes t he
adhesive interface between slider body 34 and the flexure bodies.
In FIG. 26, a plating mold 184 for flexure bodies 152, 154 is
patterned on seedlayer 182. ' Generally, plating mold 184 is composed of a
15 photorésist. Plating mold 184 includes cavities 186 that define the shape
characteristics of beam structures 152a and 152b of flexure body 152. Plating mold
184 may also be patterned to define a mold for bond pads 52 if flexure bodies 152,
154 and bond pads 52 are to be plated from the same material. If flexure bodies
- 152, 154 and bond pads 52 are to be formed from a different material, bond pads
20 52 are formed at a different part of the fabrication process with a different material,
as discussed above with respect to FIGS. 12 and 13.
Seedlayer 182 is electroplated up within cavity 186 of plating mold
184 to form flexure bodies 152, 154. Flexure bodies 152 and 154 include lateral
beam structures, basically cantilever beam, including beam structures 152a and
25  152b in FIGS. 26-36. A first porﬁon 188 of each beam structure including first
anchor point 160, extends from slider wafer 174. A second portion 190 of each
beam structure is built up from sacrificial layer 176 and extends from first portion

188. Second portion 190 includes second anchor portion 162. Later in the



characteristics of beam structures 152a and 152b of flexure body 152.
Plating nold 184 nay also be patterned to define a nold for bond pads 52
if flexure bodies 152, 154 and bond pads 52 are to be plated fromthe sane

material. If flexure bodies 152, 154 and bond pads 52 are to be forned
froma different material, bond pads 20 52 are forned at a different part
of the fabrication process with a different material, as discussed above

with respect to FIGS. 12 and 13. Seedl ayer 182 is electroplated up within
cavity 186 of plating nold 184 to formflexure bodies 152, 154. Flexure

bodi es 152 and 154 include | ateral l_%Qam structures, basically cantilever
beam includi ng beam structures, 152a and 25 152b in FIGS,  26-36. A first

portion 188 ORDEGHRN pEGEsstacTiBeial laysTldp asiremyVed aad a gap imformebbefweaso,

extends from gli Y}@IF ; %&m@ [ f~ 1€ tructure
is built up fsr%lcz)ér)nr%s%ocrl ?%(I) éﬂyéﬁcgég%ﬁ% an%hgfﬁeer{ﬁaq?rﬂgﬁi #rgglt&glg?ﬁgon 188.
Second porti ors2299a kide lviesesf the beaml smntive] inghidingofirstlicttion #8& and secbhi® 20
fabrication process sacrificial layer 176 is renoved and a gap_ is forned

I .
between secditigfild diramotrushure kAR 1pan e iy Of thed caMStypiufe fickitieg 174,
Beam strugt ur |1]dg)% - 1 ! V1 f gt 1 Lagl.uding first
portion 188 as(r??cdO S cgtrlfgﬂ9@6?#2#%%3‘?%@%21851?%2&3&%%’ eﬁ?rselbg%leg# vi ew of
t he beam st r ugidu5e havera heightiy the sage ofl apartts mitrdBQo abbuitcdd micras agnchor ed
to slider wafer 174. Flexure bOdifngS) 152 and 154 haye a height in the range

of about 5 mitTepBREIEELINERthe 8RR RTEPRHLO TIGEPDS Ao 820U LRMUFIABTy in the range
of about 10 microns t0'Iﬂ?‘i’q%‘aﬁglﬁﬁhgﬁﬁﬂf}&ﬂigr&ﬁ@ed%?mgg%ﬂvﬂﬁr'i'%Qnd184 i's

renoved from slider wafe seedl ayer 182. 1In Itiron, seedlayer
182 i s renovededlayaml 82 naddifiengedilf/ent 825k tetierved idomriap eurfaté47&ofklidacr i fi ci al

| ayer 17 Platjng nmold 184 .is chemgically str.i d qf f .slider f 174 and
t he rema?(?'ni ng¥ *ifjﬁ‘i %%ﬂ%ﬁ?%é‘é@lﬁa%ﬁ%ngégi“b‘ﬂd ﬁggllse fr’B‘Faé]Ié’tsé‘jc'Ep\gﬁé’% et ched
of f top surfaggerlsef743nids rehiig thitfmetAf dc8ay@T8Y id\on BliALd, Bthsidg! d 184

' or etched off top surface 178 of slider wafer 174. After removing plating mold 184

and seedlayer 182, the width of flexure bodies 152 and 154 may optionally be
reduced, for example, by either RIE, an ion mi]l; or a wet etch.

15 Flexﬁre bodies 152 and 154 include a plurality of folded beam
structures including beam structures 152a and 152b. Each flexure body has at least
one first anchor poinf. 160 connected to slider wafer 174 and at least one second
anchor point 162 for connection to transducer body 36. Beam structures 152a and
152b are flexible in a directiori parallel to the disc surface and in a direction

20 . perpendicular to the disc surface to provide movement of transducer body 36 to
position transducing head 42 and adjust the fly-height of transducing head 42.

In FIG. 28, a second sacrificial layer 192 is deposited upon slider
wafer 174 to completely surround and conform to beam structures 152a and 152b.
One method to deposit sacrificial layer 192 is sputter deposition, such as PECVD.

25 InFIG. 29, sacrificial layer 192 deposited on the horizontal surfaces
of slider wafer 174 and beam structures 152a, 152b (i.e., top surface 178 and top
surfaces 194) is removed, for example by a directional ion mill perpendicular to

wafer surface 178. The only remaining sacrificial material 192 is located on sides



and seedl ayer 182, the width of flexure bodies 152 and 154 may optionally
be reduced, for exanple, by either RIE, an ion mll, or a wet etch. 15

Fl exure bodi es 152 and 154 include a plurality of folded beam structures

i ncl udi ng beam structures 152a and 152b. Each fl exure bodyhas at |east one
first anchor point. 160 connected to slider wafer 174 and at |east one
second anchor point 162 for connection to transducer body 36. Beam
structures 152a and 152b are flexible in a direction parallel to the disc
surface and in a direction 20 perpendicular to the disc surface to provide
novenent of transducer body 36 to pé@ition transducing head 42 and adj ust
the fly-height of transducing head 42. In FIG econd sacrificial

|l ayer 192 is Hpestheygrtispone F‘?Sd%frbeaWaﬁF’é‘FmIeﬁﬁstzé’ lé@hpﬁé%réﬁ%}aléwer é%hd and
f to b
conformto e@oﬁﬂ‘f&%ffggtsfdéﬁ%léﬁ?e Lpdd: 15268 207%4 %%%&&gsg&%vﬁalh a 20

sacrificial layer utter deposition, such
sacrificial |B6eor alQﬁaﬁl@pﬁeamtﬁeml ﬂlatehlablﬁmmmmlrthaﬂeyamé badies Thefioshiltler waf er
174 and beam structures 1528 152b p.surface 178 and top surfaces

e.,
194) is renoviags NPIGEMERSIAST mwaﬁragz @emV@ﬁaqal JUsH3C 190 of Bearm AEMERRr to
waf er sur aceasééBISiﬂb‘?ff?él'sé{crﬁf‘c”ﬁ'léyep éacrl ficial material 192 is | ocated

on si des or the vertical "surfaces, of beam structures 152a, 152b.
Sacrificial layer 192 Abindughnst thowsi iddlse ﬂaﬁﬁcajfonhnmsd¢sunb¢dm§m}52a 152b

to formsacrificial side wal 156, or aF@gg th of sacrif |?I materi al 192
around the fl%¥kf-cfisptheden mill stepdshayn in poemerestEilickd laver 8941 | ayer

192 fromvertg &ﬂ‘rmétgigf ﬁﬁtl‘%f%&{%@%soéfsﬁ&é}%ﬁéﬂ%t %>adgmja§%§fmﬁéﬁ%n% first

sacrificial laye ough not shown in t e ‘fabrication process
descri bed i n dukrf@te 1782é|fs’£ﬁpr wﬁfereﬂ74 hsing @ fabrichtiorsprogesé sintlun to thefpréges?9) t o

174, Bondl pacieSirraBBoT Y RBEPsBre: R oo b Ptk £ T gogieu b 00 Pat BFIS4 Ui n
a fabricationy Bﬁ?ﬁﬁﬁ@uﬁhﬂﬂe@ﬁbﬁc@h&ﬁﬁo%s@%%%posed of a different material than
the flexure body material. Bond pads formed with the same material as the flexure
bodies are fabricated at the same time as the flexure bodies
InFIG. 30, abasecoat material 198 is deposited on wafer surface 178
15  to backfill the plated region. Basecoat 198 surrounds sacrificial side wall 156 of
beam structures 152a, 152b and fills in slider wafer-l 74. Basecoat 198 is composed
of alumina, or the like. The deposit.ed‘ba_secoat 198 overfills the height of beam
structures 152a, 152b..
InFIG. 31, basecoat 198, beam structures 152a, 152b and sacrificial
20 layer 192 are planarized to form a smooth surface 200 for building a microactuator
and transducer body 36. Planarized surface 200 results in a smooth wafer
topography to build stator electrodes 168 and transducer body 36. In further
embodiments of the present invention, éxdditional adhesion materials or steps are
used to promote adhesion between flexure bodies 152, 154 with transducer body 36.
25 Beam structures 152a, 152bhavea height in the range of about 5 microns to about
25 microns, and most preferably in the range of about 10 microns to about 20
microns. Later in the fabrication process, first and second sacrificial layers 176 and

192 are removed to form a gap 202, between beam structures 152a, 152b and slider



10 descri bed above with respect to FIGS. 12 and 13. In particular, bond
pads formed at this point during the fabrication process are conposed of a
different material than the flexure body material. Bond pads fornmed with
the sanme material as the flexure bodies are fabricated at the same tinme as
the flexure bodies In FIG 30, abasecoat material 198 is deposited on wafer
surface 178 15 to backfill the plated region. Basecoat 198 surrounds
sacrificial side wall 156 of beanrstructUres 152a, 152b and fills in
sliderwaferl174. Basecoat 198 is conp%ﬁ of alum na, or the like. The
deposi ted basecoat 198 overfills the“flei ght of beam structures 152a, 152b.

In FIG 31, basecoat 198, beam structures 152a, 152 sacrificial 20
| ayer 192 ar Va4 andagap20f betiesn ?Pé%?tﬁlcé‘HF%]eﬁ,zé ' grba%?ﬁi)? td(3ps a

m o At At orx3f A0 ARAHEIFTRO Y rAGviaF BRI oS AP SecPOncERA L in a

“snmoot h wafer topogra burfd’stator electrodes 16 ucer body
36. | n further52aer2bdo effadt snofentehearl dgdaiemenyvefittinodyceaticiyt 3oogdlidadhesi on

materials or steps are used to pronote adhesi onbetween fl exure bodi es 152,
154 with trarfSfRlY 3body 36. 25 Beam structures 152a, 152b have a hei ght in

the rangesof about 5 miGEROS)! 9aBirods B LfdARSme AR Rataril Rl &EAL! Y 11
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renoved to forr gap 202, b en heamstru 52a, .152b and slider 22
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structures 152a, 152b to effect novement and spl acenment of "t ransducer
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transducing head 42 formed in rotor portion 36. Vias 208 are etched in sacrificial
layer 206 to second anchor points 162 of beam structures 152a and 152b. Vias 208
to second anchor points 162 provide an.interconneet between beam structures 152a,
152b and rotor portion 36 of slider essembly 32.
15 In FIG. 34, a second basecoat layer 210 is deposited upon rotor
| electrodes 170 and sacrificial layer 22, including with vias 208. Basecoat 210a
forms a part of rotor portion 36. Basecoat 210 is also deposited within vias 208
forms an interconnect between beam structures 152a, 152b and rotor portion 36.
Although not shown in FIG. 34, electrical studs are deposited from flying leads to
20  provide a connection to transducing head 42. Basecoat 210 is planarized to provide
a smooth topography for building transducing head 42 and the rest of rotor portion
36.
In FIG. 35, the transducing head is fabricated upon basecoat 198 by
a standard slider build process and the rest of rotor portion 36 is built. In FIG. 36,
25  sacrificial layers 176, 192 and 206 of slider assembly 32 are removed, for example
by etching, to form gaps 202,204, and 212. Examples of the sacrificial material for
layers 176, 192 and 206 include silicon, silicon dioxide, germanium (or a Ge-rich

SiGe), or the like. The type of etch used depends on the sacrificial material.



and pl anari zed surface 200, including basecoat 198, second sacrifici al

| ayer 192, and beam structures 152a, 152b. In FIG 33, rotor el ectrodes
170 are deposited wupon sacrificial |ayer 206. Al though not shown in FIG
33, at this step, a top gap 10 silicon is deposited over flying leads to
el ectrically connect bond pads 52 to transducing head 42 fornmed in rotor

portion 36. Vias 208 are etched in sacrificial |ayer 206 to second anchor
poi nts 162 of beam structures 152a and 152b. Vias 208 to second anchor
points 162 provide .an . interconnect petween beam structures 152a, 152b

and rotor portion.36 of slider asse 3y 32. 15 In FIG 34, a second
basecoat |ayer 210 is deposited upon rotor_ electrodes 170 and sacrificial

|l ayer 22, incPiligpmegs thesacrificd matenal psesachell, 229 otgh, sthigomedioxide pses@H¥ ot or
portion 36. . i | denasi 1w kb i or. n
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and the rest I st ; 39ucH ¢t | IS
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176, 192 and 206 of slider, assenbly. 32 are renoved, faor .exanple by etching,
to form gaps %@W?@ﬁ?a‘?ﬁépﬁgom&ﬂﬁé?@é’%&f %eﬁ%‘ds%evzf’fl ITIORPCHBESEER]  f or
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mechani cal fr&adPMQfodes 268, Sty 81 MERsted AP Rterdi@ARidOof stator electrodes 168

and rotor electrodes 170 of the microactuator.

FIG. 37 is an exploded perspective view of a further embodiment of

slider assembly 32 according to the present invention. Slider assembly 32 includes

15  slider body 34, sacrificial layer 150, flexure bodies 152 and 154, sacrificial side
| wall 156, basecoat 160, bond pads 52, a sécn'ﬁcial layer 166, an insulating top coat
220, stator electrodes 168, rotor electrodes 170 and rotor msulating layer 172
(although transducing head 42 is not shown for clarity. The embodiment shown in

FIG. 37 is similar to the embodiment shown in FIG. 22, however, sacrificial layer

20 166 is patterned to cover flexure bodies 152, 154 only and insulating top coat 220
is deposited over sacrificial layer 166, basecoat 160 and flexure bodies 152, 154 to
provide a larger surface for building stator electrodes 168. Rather than building

stator electrodes 168 on basecoat 160, stator electrodes 168 are built upon top coat

220 (which is composed of the same material as basecoat 160), which provides a

25 larger surface than basecoat 160 for building stator electrodes 168 (i.e., surface 221
defined by top coat 220 is about the size of wafer surface 174. Flexure bodies 152,

154 are covered by sacrificial layer 166 so that stator electrodes 168 can be built

above the flexure bodies, rather than around the flexure bodies on basecoat 160.



nove and di spl ace transducer body 36. First gap 202 is fornmed between beam
5 structures 152a, 152b and slider wafer 174, such that first anchor point
160 connects the beam structure to slider body 34, but second portion 190
of each beam structure is spaced apart fromslider body 34. Second gap 204
is formed between sides 196 of beam structures 152a, 152b and basecoat 198
by renoving sacrificial side wall 156. Third gap 212 is formed between
beam structures 152a, 152b and 10 basecoat 198 of slider body 34 and
basecoat 210 of rotor portion 36, and between stator electrodes 168. Gap
212 creates an interdigitation of st ad%r el ectrodes 168 and rotor

el ectrodes 170 of the mcroactuator. FIG_ 37 is an exploded perspective
view of a further enmbodFiEndddd ar%dlmémsd@g@#mg;ﬁpsgcea%fl@wé@rrfgbm@tmae

present invengiQp. S _ [} - 15 S| 4
Daor i ficial yEpioif P2 RSRARRI? STISTHE Ebricdford blobls (80Me Siber | 1
156, basecoat ast&fiblykhowin reBlss. 32 foltovesathie bAmestaps desyriiedb6ve @il shosdliat i ng top
coat 220, stator electrodes 168, rotor electrodes 170 and rotor insul ating

layer 172 (aFGrodds Lt thandeerstens areand disoussed ngletaskhelgy -+ BIG- 88 Hiustrgtes The
hodi SO o L FIG 22,

ﬁomgvlta??néazp?l i %|rgqatlgrg&oré%oﬂ%g%ﬁ@s\%ggﬁ% %an(?gp@g{\}%@] ﬁ%@?@ g%i es 152,

154 only and diagtamatshdwgn iIndfIGS038-42 2f2 simplifikelposhdt itk geveral pracess fiowi fak | ayer -

166, basecoat 160 and .flexure_baqdies 152, 154 to provide a |arger surface
for buil di ng Spamgsslider asseBipds 34 48 clepdly pldystiatedn this; somentgatugssa@fosidst ect r odes

168 on baseco%&er&@9gg%%ﬁ& @h&b@&tlﬁ%%ﬁeaﬁgglﬁggg?(‘r)%;%r[:s]?gggﬂ?er\%%ﬂb R3he 220

(which is conpose same nateri al provi des a
25 | ar ger surracess flbanbdesedioal diffétentarfrdmthedimbgdstent strowel ie C1GS.Bxrd 68

f 221 _defined. b t 220 i f f
Surface: Toa- meafsrly sspeet s lESeboll Eanerlaty Sade vERrEr Poyer 166
so that stat of,gh&G §100851d e aRkeRBIYOHIWIT be%ﬁ@é&&ow‘gy tﬁﬁé%ﬁemc{h@s,

rather than around the flexure bodi es on basecoat 160.
art that fabrication will preferably occur at the wafer level, before singulation of

individual slider assemblies, for improved efficiency.
- InFIG. 38, basecoat 198, sacrificial layer 192, and beam structures
15 152a, 152b are pianan'zed to form smooth surface 200 for building the
microactuator and transducer body 36. In FIG. 39, a sacrificial layer 222 is
deposited upon planarized-surface 200. Sacrificial layer 222 is patterned to cover
top surface 194 of beam structures 152a, 152b. Basecoat 198 is exposed and via
208 is patterned to expose beam structure 152a, thereby providing a connection path

20  from transducer body 36 to the flexure bodies.

In FIG. 40, spring contact 224 is plated within vias 208. A
photoresist 226 is deposited upon basecoat 198 and sacrificial layer 222.
Photoresist 226 is patterned to form a mold for plating spring contact 224, which
forms second anchor point 162 of beam structure 152a. Beam structure 152a is
25  electroplated and the metal beam structure grows within via 208 to form spring
contact 224. Photoresist mold 226 is removed from basecoat 198 and sacrificial
layer 222. In further embodiments, beam structure 152a and second anchor point

162 are plated in a single step using a single plating mold photo process.



FIGS. 38-43 are diagrans illustrating a process flow for fabricating slider
assenbly 32 shown in FIG 37. The fabrication process for the slider
assenbly shown in FIG 37 follows the same steps descri bed above and shown
in FIGS. 24-31, thus those steps are not discussed in detail below. FIG
38 illustrates 5 the fabrication process beginning wwth FIG 31 and
continuing therefrom The diagrans shown in FIGS. 38-43 are sinplified so
that the general process flow for formng slider assenbly 32 is clearly
illustrated, thus sone features of sljder assenbly 32 are not shown to
nore clearly illustrate the present iftwvention. As the process flowis

descri bed, differences fraomthe enbodi nent shown in FIGS, 37 are 10

speci fical |y expl ai ned. M hdgrddihenad passroahmpatenal aisdepnsitad upen slider at e t he
formati on of iR d.h?% 'QHQjLeYQ ) {o £ lopk e se
skilled int hga&;?‘tﬂi’tﬂh@% - %Fﬁ@gltl on V\H{O pr etogr-ggﬁegb%@g%’q%{%é&&af er

| evel , bef or e2) is glahatiZedngaif to fond awindothlsufide @2 B tapogaphy foz duildiag statspr oved

efficiency. In FIG 38, basecqat 198, sacrificial layer 192, and beam
structures 19eqtEpsss lﬁ%wmgﬁeéé%gﬁ'%d to form snooth surface 200 for

bui | di ng ghe m croact ugf®ns and; § l;
sacrifici gl | ayer 222 is 'égpom %éé%ﬂug%ﬁg%qggsﬁg)ﬁa?%tgg??,ér?éucgg%qﬁtor
Sacrificial |elyerod2?Ppo6d, sotpatl¢otrodes 70and tramsducdr bpdysif, rathdrahSdhicafg Heedm

structures 152a, 152b. Basecogt 198 is exposed and via, 208 i atterned to

expose beam st4 @H{thEOI’ELB"Pa‘,’OaE%épeb%?ﬁ\?f%&ﬂ@esal@oﬁﬂ@ét‘#??ﬁog%ﬁ iﬂ??@dfrom _

transducer bogly,df.dr ggélﬁ% Efe%bﬁ&te@%b&ﬁing‘t{) thd SRocdl deﬁﬂbk&‘%cﬁx@%iﬁ?t 224 Is
AP I's u a

plated within vias 2 hot or esi st 22 eposite pon secoat 198
and sacri fi ci mkpdcayweFIGER 32-3Photparteslast st@@telecgrodeas 163 aredlepositediomtap nol d f or

plating 30r 0. CO0 ACLBad ui OB (bOTTRGSZCONd ancher BOLNL 82l beam
‘structure gr oy Mabhp ToVdxanpthylaa efchl BkSRpledSr the QiokiAcihl MadrialtBohRsesi st
nmold 226 is renoved from basecoat 198 and sacrificial
176, 192 and 222 include silicon, silicon dioxide, germanium (or a Ge-rich SiGe),
or the like. The type of etch used depends on the sacrificial material, for example,
silicon as the sacrificial material uses a XeF, gas etch, silicon dioxide uses a HF
15 vapor or liquid etch, and germanium (or Ge-rich SiGe) uses an H,0, etch. Gaps
202,204, and 230 space beam structures 152a, 152b away from slider body 34, top
coat 220, and basecoat 198 to provide mechanical freedom of the flexure bodies to
move and displace transducer body 36. First anchor point 160 connects beam
structures to slider body 34 and second anchor point 162 connects beam structures
20 152a, 152b to transducer body 36. Gap 212 creates an interdigitation of the stator
electrodes 168 and rotor elecfrodes 170 of the microactuator.
The present invention is a slider assembly including a transducer-
level microactuator for selective movement of a transducer portion of the slider
assembly with respect to a shider body to radially position a transducing head over
25 circumferential data tracks of a rotatable disc. In addition, an improved process for
fabricating the transducer-level microactuator and the slider assembly is disclosed.
In the present invention, the slider assembly includes a slider body with spring

flexures fabricated upon the trailing edge of the slider body. The transducer body



| ayer 222. In further enbodi nents, beam structure 152a and second anchor
point 162 are plated in a single step using a single plating nold photo
process. 25 In FIG 41, additional basecoat material is deposited upon
slider wafer 174, including sacrificial layer 222 to formtop coat 220. In
FIG 42, top coat 220 is planarized again to forma snooth surface 228

t opography for building stator electrodes 168 and transducer body 36. 5
FIG 43 is a diagramillustrating slider assenbly 32, including stator

el ectrodes 168, rotor electrodes 170 d transducer body 36, with
transduci ng head 42 built upon top t 220. Stator electrodes 168, rotor
el ectrodes 170 and transducer body_ 36 are fabricated according to the
process descriSHOaneRiel o aprasite cadH el ther pripg disxures. khe ynging flaxurasiaie, st at or

el ect odes 168pAL o ERORULER AR LA A0.CEORE ERPuaBRCHILE] ahichalihs 176

192, and 222 are renov orm gaps r exanpl e
by an etch. BExanpl#amdafd tiarsduaar fabticitin amt eldeal fabricatioaywon tht7wafet92 and
222 include silicon, _silicon dioxide, g}?rmani um (or, Ge-rich SiGe), or

a Ge-|
the like. Thesub§tateofn Sirther gaoadimspisfdbopreserd ivsation.jadiigiongleadbesion 1 or
exanpl e, zsiljcal Jifel, Gl DBHRL 85 silicon
di oxi de uges {gﬁ éal?ér%/t o"?@géédltf’gt@d’ tetc%,glbighgﬁégﬁﬂn%ﬁﬁg%?‘?or &Egtﬁi%h Si Ge)
uses an H202 aidcthe sfpsilex@ie, andidet, thaspingAexnpscadiiba tresddoca tbodes Féb2a, 152b
away from slider body 34, . coat 220, d. basecoat 198 to provide

34, .top
mechani cal f r@@HBN: &b afResion laxenat 2gBYPRE SPECUYRoREN Mntregfe gPudsPeiodhs ducer
body 36. Fir S&dﬁn@ﬁ%" RrerPRl Hhay BOuSANE G oot SRS, T AChALE &St Ebs Eg@}; . body 34

and Second anchor point 162 ‘connects beam structures 20 152a, 1 o]
transducer boalyro8fds tieasprivgZlegures thewcear, duning fabrigatiat 4 saorifi¢iaklinger staedr

el ectrod 168 and rotor el ectrodes_. 170 of .the m croactuator. The present
i nvent i oﬁai s 19 form agap btWer i spimg T aﬁdﬁl?ei?‘?é‘c'ﬁ%‘tetf’-pr?‘@ meghagiigh ot uat or

for sel ecti verdR¥RNRR theiprg!ilcdiRd U flove &ie trARa®fer bB&, #Athd6dpect to the
slider body.

The slider assembly of the present invention may be made from a

standard Al,QO,TiC slider wafer, or other suitable material, rather than using a

15 reactive ion etching of a silicon wafer. The spring flexures and bond pads are not

built from etching the slider wafer substrate, but rather, are built upon the trailing

edge of the sﬁder body using a plating process. Thus, the present invention slider
assembly is more robust and less likely to break during the use.

| Although the present invention has been described with reference to

20 preférred embodiments, workers skilled in the art will recognize that changes may

be made in form and detail without departing from the spirit and scope of the

invention.



assenbly with respect to a slider body to radially position a transducing
head over 25 circunferential data tracks of a rotatable disc. In addition,
an i nproved process for fabricating the transducer-1level m croactuator and
the slider assenbly is disclosed. |In the present invention, the slider
assenbly includes a slider body with spring flexures fabricated upon the
trailing edge of the slider body. The transducer body 26 is connected to
opposite ends of the spring f1 exures.27The spring flexures are fabricated
using plated netal on an A12QJTi C slider wafer substrate, which allows
nearly stapda(@.transducer fabrication and slider fabrication upon the

waf er substrate. In further enbodi nents of the present invention,
addi ti onal adhesion 5 materials or steps are used to pronote adhesion

bet ween the sliderdxfh r substrate and the spring flexures and/or the
spring fléxures and*tSHET I Eer body. For exanple, an adhesion |ayer or
a material sel ectivgsale BodPhHifRh Rading QUSROS R4ifing agihesi ve interface may
be used to pronote adhesion. A basecoa substantial%y Surrounds the spring
fl exures, however, atrensdycdrdiody ceaviably aitaghesk arfdi spaedd framehe trsilingedgd 0 t o
forma gap between the spring.flexures and the hasecoat .to provjde

nmechani cal freedom for ?%’%b‘?‘?rn@‘#ﬁ Z%E&Sdflﬁer ¢ 1P Bdlflngﬁs}%ﬁﬁt&le body

w th respect to the sliggisdhetglembie slider assenbly of the present
invention may be made froma standard Al 2Q3Ti C slider wafer, or other

suitable material, %8€HEp bofwexigading fiom ths traling edge af she didenbady. dhe o
silicon wafer. The sprin ] et chi ng
the slider wafer subst ratgee){&gﬁw}?g \ﬁ%a ﬂgér?gngrg)??){)ﬂ%ggﬂ%{cheg% lrﬂ]éﬁ %llfd(r%{;n edge
of the slider body usi ngbalyphmt isegpndr arches poifit unnedied po ghentansducent i on

slider assenbly is nore rpbust and less likely to break during the use.
Al t hough the present i nvEBMPron has been described with reference to 20

EL SL g re g etrim ;nbodi MENj $ascdOAthBfed delibdited ni the tARINA ddg¥iolf khd QRREBLEE thdat
basecoat layer substantially surrounding the flexure body and
separated from the flexure body by a first gap;

a first actuation means formed on the basecoat; and

a second actuation means formed on the transducer body adjacent the

slider body.
2. The slider of claim 1 wherein the flexure body is a flexible column.
3. The slider of claim 2 wherein the first anchor point of the flexible

column has a width greater than the second anchor point of the flexible column.

4. The slider of claim 1 wherein the flexure body is a folded beam
structure.
5. The slider of claim 4, and further comprising a second gap to space the

folded beam structure from the slider body.



be made in formand detail w thout departing fromthe spirit and scope of
the invention. 27 CLAIMS: 1. A slider conprising: a slider body having a
| eadi ng edge and a trailing edge; a transducer body novably attached and
spaced fromthe trailing edge of the slider body, the transducer body
including at |east one transducer elenent; a flexure body extending from
the trailing edge of the slider body, the flexure body having a first
anchor point connected to the slider body and second anchor point
connected to the transducer body; 9 secoat | ayer deposited on the
trailing edge of the slider body, the“®basecoat |ayer substantially

surroundi ng the flexure_bo an sepayra ted fromthe flexure body by a
first gap; a Pirst act uﬁ?gﬁp am by @Cﬂlég%@éﬁnscﬁﬂtﬂ’néessa@cond

actuation nea body. 2.
The slider of @%F{é%g%gmﬁg?ﬂe%}ﬁt% exﬁ{ate&glg a;ﬁ:ég EE%F Eggr‘alelé%gggﬁet 3. The
slider of claifitm2 wherein the first anchor point of the flexible colum
has a width greater than the second anchor point of the flexible colum. 4.
The slider of claim1 wherein the flexure body is a folded beam structure.
5. The sliderjof claim %he@l?&kr%?fl&i*&?![ u@@%&éﬁ%a&uﬁﬁﬁ%é’an%&n{oﬂse%&ace the
‘fol ded beam structure fromthe slider body.
permanent magnet film and the second actuation means comprises an

electromagnetic coil.

8. The slider of claim 1, and further comprising an adhesive interface

between the slider body and the first anchor point of the flexure body.

9. : _ The slider of claim 8 wherein the adhesive interface comprises atwo
grain material deposited and etched on a portion of the trailing edge of the slider
body.

10. The slider of claim 1 wherein the flexure body has a height in the

range of about 5 microns to about 55 microns.

11.  The slider of claim 1 wherein the slider body is composed of

aluminum titanium carbide.

12, The slider of claim 1 wherein the flexure body is composed of metal.
13. The slider of claim 1 wherein the basecoat layer is composed of
alumina.

14. A slider comprising:

a stator portion having a leading edge and a trailing edge;



28 6. The slider of claim1l wherein the first actuation nmeans conprises an
el ectromagnetic coil and the second actuati on neans conprises a pernanent
magnet film 7. The slider of claim1l wherein the first actuation neans
conprises a permanent nmagnet film and the second actuati on neans conprises
an electromagnetic coil. 8. The slider of claim1, and further conprising
an adhesive interface between the slider body and the first anchor point
of the flexure body. 9. The slider of clain18 wherei n the adhesive
interface conprises a two grain nateg% deposited and etched on a portion
of the trailing edge of the slider 10. The slider of claim1l wherein

the flexure body has a hell%{at in t ange.  of. %m crons to about 55
m crons. 11. The sli der 28F Wﬁ & eFﬁ n%? |f SHorPeTtigniissed of

al um num titani um-car bi de. %% HFﬁee e er o {é’dﬂdd avxg&g&g\dé}ldt‘?%egbexure

body is conposed of netal. claim1 wherein asecoat
| ayer is conposed of al um nthe firdt end ishttadbed todhpstater portioa; st at or porti on

having a | eadi ng edge and a trajl.ing,edge;. 2 a. sprji f| exure formed on
the trailing edge of thé%ﬁeﬁf’ﬂr‘i% tgij(?ﬁ%wt 'f'i%‘ﬁ%??gfgorjtﬂgﬁtﬁ?"épﬂ%\ﬂnﬁ&da first
end and a second end wher ei ngythigdfdg rss;&esed}qhég lqﬂgé gg{\ﬁg wiRrdihe Sipisor

portion; a basecoat deposited on the trailing edge of the stator "portion
“and - formed between the basecoat and the spring flexure;

a rotor portion connected to the second end of the spring flexure,
the rotor portion carrying a transducing head; and
an actuation mechanism for moving the rotor portion with respect

to the stator portion.

15. The slider of claim 14 wherein the spring flexure is a flexible
column.
16. - The slider of claim 14 wherein the spring flexure is a cantilever

beam, and further wherein the rotor portion is attached to a portion of the second

end of the cantilever beam.

17. The slider of claimh 16 wherein the cantilever beam is spaced from

the basecoat and the stator portion by the gap.

18. The slider of claim 17 wherein the second end of the cantilever beam

is spaced from the stator portion by the gap.

19. The slider of claim 14 wherein the first end of the spring flexure has
a width greater than a width of the second end of the spring flexure.



surroundi ng sides of the spring flexure wherein a gap is fornmed between

t he basecoat and the spring flexure; a rotor portion connected to the
second end of the spring flexure, the rotor portion carrying a transducing
head; and an actuation nmechanismfor noving the rotor portion with respect
to the stator portion. 15. The slider of claim 14 wherein the spring
flexure is a flexible colum. 16. The slider of claim 14 wherein the
spring flexure is a cantilever beam and further wherein the rotor portion
is attached to a portion of the secong end of the cantilever beam 17. The
slider of claim16 wherein the cantil2Ver beamis spaced from the basecoat
and t he stato portlon p The sI der. of _claim |7 whereinthe
second end of Phe cant i %@éﬂgfﬁe‘g ai 21 4gwhareig t ?Wﬁ@xg{%@ﬂa%?q‘ﬂ@n by the
gap. 19. The.ghkgﬁgﬂg$_clalnll4 wherein the first end of the spring flexure
has a width greater than a width of the second end of the spring flexure.
30 20. The slider of clain114 wherein the spring flexure is plated on the

stator portio 21. The %{ f1 cli\[{r'ri3 erein the E\ct.uati on .nechani sm
conpri ses giurallty 8t Claimy Lt WRYED T2 ALOR JSS YU SORIPHSSS| ur al ity
of rotor el ec%ﬁﬂﬁﬁy Qf‘statBPﬁeétfHd% orPthe bhBodt USPEAEAPSE 10RR BlebBdci ll Or
el ectrodes. he” slider of claim 14, and further conprising a bond pad
ext endi ng frﬂmrbtmepbrt@nlsuwnécﬂjmtwéemthestatoa'cbptrqnmsi| on. 23. The slider of
cl ai m 14 wherein an adhesion material connects the

22. The slider of claim 14, and further comprising a bond pad extending

from the trailing edge of the stator portion.

23.. The slider of claim 14 wherein an adhesion material connects the

rotor portion to the spring flexure.

24. The slider of claim 14 wherein the trailing edge of the stator portion
is roughened to create an adhesive interface between the stator portion and the

spring flexure.
25. The slider of claim 14 wherein the spring flexure is metal.

26. A slider assembly comprising:

a stator portion having a leading edge and a trailing edge;

a spring flexure extending from the trailing edge of the stator
portion wherein the spring flexure is comprised of different
mé.ten'al than the stator portion';

a basecoat deposited on the trailing edge of the stator portion and
substantially surrounding the spring flexure wherein a gap
substantially surrounds the spring flexure to space the

basecoat from the spring flexure;



rotor portion to the spring flexure. 24. The slider of claim 14 wherein the
trailing edge of the stator portion is roughened to create an adhesive
interface between the stator portion and the spring flexure. 25. The
slider of claim 14 wherein the spring flexure is nmetal. 26. A slider
assenbly conprising: a stator portion having a | eading edge and a trailing
edge; a spring.flexure extending fromthe trailing edge of the stator
portion wherein the spring flexure is conprised of different naterial than
the stator portion; a basecoat deposi Fd on the trailing edge of the stator
portion and substantially surroundin% the spring flexure wherein a gap

substantially surrounds t ce the basecoat fromthe
spring flexure; 31 a pPf& ué?lftg)()%gtgtoﬂslgftﬁ?d%é%&%ﬁ%‘?abn t he basecoat; a
rotor portion connect eda&&oiﬁt@n&s@ﬁect&pfotth@aatey Jrhenﬁfme Rpridg fike, the
rotor portion carrying a transducing head; and a plurality of rotor

el ectrodes on the rotor portﬂ@nomlapﬂélndedrrylbgamasducimglsa@taod el ectrodes.

27. The slider assenbly of cl.ai t he s flexure i
flexible col urm having &R ES'Q%HQBBRﬁﬁﬁ?gﬁ ?btW£ t@?&?ﬁP“pﬁPPﬂﬁﬁgand a
second end connected to thepgqle tHRQfkdr@bctrdes. The slider assenmbly of

claim 27 wherein the first end of the spring flexure has a width greater
than a width of the second end of the spring flexure. 29. The slider

asserbly of Cb‘?.' m 26 Wh%flg Islri"detr ngses A ng cfalrg %rv%hgrgf% fHle fsin[lggt flexure is a
flexible column having a first end connected to the stator portion and a second end

connected to the rotor portion.

28. The slider assembly of claim 27 wherein the first end of the spring

flexure has a width greater than a width of the second end of the spring flexure.

29. , The slider assembly of claim 26 wherein the spring flexure has a first
anchor point connected to the stator portion and a second anchor point connected
to the rotor portion, and further wherein the gap spaces the spring flexure from the

‘basecoat and the stator portion.

30. The slider assembly of claim 29 wherein the spring flexure is a
cantilever beam.
31. The slider assembly of claim 30 wherein the basecoat surrounds and

is spaced from sides of the cantilever beam.

32. The slider assembly of claim 30 and further comprising a top coat
deposited upon the basecoat and a portion of a top surface of the cantilever beam

wherein the top coat is spaced apart from the top surface of the cantilever beam.



anchor point connected to the stator portion and a second anchor poi nt
connected to the rotor portion, and further wherein the gap spaces the
spring flexure fromthe basecoat and the stator portion. 30. The slider
assenbly of claim29 wherein the spring flexure is a cantilever beam 31.
The slider assenbly of claim 30 wherein the basecoat surrounds and is
spaced fromsides of the cantilever beam 32. The slider assenbly of claim
30 and further conprising a top coat deposited upon the basecoat and a
‘portion of a top surface of the cantil,gver beam wherein the top coat is
spaced apart fromthe top surface of 9 e cantilever beam 32 33. The

| i dé nbl f cl 26 d bond di
From the trai Fong edge QiesHATSEmilY AR oR: sdchetes coREnBBRaopMIPEE
substanti al | y egtehARBHRH thY thilag %g@%@%e adr ﬁoﬁf&htw&%ﬂfthé 'Bsﬁlcppmilsoad i's

exposed for electrical contact. The slider assenbly of

wherei n a por tsibstandially herreunded by the bashgeataind tatpértanatfdhe mdipadis éxposaiighened
to create an adh eiswe i nterface between the stator portion and the spring
flexure. 35. elegtrigpl confatto bl v of claim 26, and further comprising an
adhesion material connects the rotor portion to the spring flexure.

34, ~ The slider assembly of claim 26 wherein a portion of the trailing
edge of thé stator portion is roughened to create an adhesive interface between the

stator portion and the spring flexure.

35. The slider assembly of claim 26, and further comprising an adhesion

material connects-the rotor portion to the spring flexure.



