
;e3e]XXY\[L[,]6b]T]`l@a a N ov 2oa~ MrLLIAC'~LJAT(aR WITH IN'fEGRA'J<ED
SENSOR ANp DRIVERS AND L~THOD OF MANUFAOTURING THE sAt~ pACKGROL~'NL OF THE
TNVENTION 1. Field of the Invention This invention relates in general to
integra,1 recording head milXiactuatoxs, and more particularJ.y, to a
milliactuator with integrated sensor and driver electronics and a process
for making the same. 2. Description of Related Art Movi~xg magnetxC storage
devices, especiaJ.J.y magnetic disk drives, are the memory device of
choice. This is due to the~.r expanded nonvQlatile memor~r storage
Gapahilit~r together with a relati~rely low cost. AcCUxate retrieval of the
stored ' information from these devices becomes critical, requiring the
magnetic transducer to be positioned as close to the storage media as
possible. rtx some storage d~?vioes, the transducer may actually contact
the media. Magnet~.c disk drives are in:Coxmation storage devices whi.ck~
utilize at least one rotatable magnetic media disk having concentric data
tracks defined for storing data. a ~read/wxite transdu~x for reading data
from and/or writing data to the i~nnun~m i~u~~oswo~ 



.ii 2 various data tracks, a s~.idex for supporting the transducer.
adjacent the data tracks typically in a flying made above the stoz:age
media, a. suspension assembly for rc~silietttly suppor.ti,z~g the slider
and the transducer aver the data tracks, at~d a positioning actuator
coupled to the tra~nsducer/slide~c/suspensiort _ combination fax moving the
transducer across the media to the desired data track arid maintaining the
tr.ansducpr over the data track center line during a read ar a write
operation. The transducer is attached to ox is formed integrally W.th the
sl~.der which supports the transducer above the dsCa surface of the storage
disk by a cushion of air, referred to as an air Y~earir~g, ger~erated by
the rotating disk. Alternative~.y, the transducer may aperat~e in, contact
with the surface of the d~.sk. Thus the suspension provides desired slider
Xoading arid dimensianaJ. stability between the slider and an actuator arm
which couples the txansducer/slider/suspensi.on assembly to the actuator.
The suspension i~ required to maintain the transducer and the s)_ider
adjacent the data suxfac.e of the disk with as low a loading force as
possible. The actuator positions the transducer over the correct track
according to the data desired on a read operation ox to the Correct track
for placement of the data during a write operation. The actuator is
Controlled by a 8er'~o to position the trlnsduCer over the'desired data
rra~k by shifting the combination assembly across the surface of the disk
in a direction generally trans~rerse to the   3 data tracks. A, disk drive
servo control system controls movement of the actuator arm across the
surface of the disk to move the magnetic recording head from data track t,o
data track, once ovFr a selected track, to maintain the head i.n a path
over ~Che centerline of the selected track_ Maintaining the head centered
over a track facilitates accurate reading and recording of data the track.
. i "`', A trend xn magnetic disk drives is that the magnetic bit size
which may be reXiably written and read by the magnetic recording head
continues to decrease at a rate around 50`i> per year. As a consequence,
the width of the track wh~,ch contains the set~uential bits must also
diz~nin7~sh at rough~.y half this rate. Thus, an advanced storage device
having 9000 to 6000 tracks per inch (tpi) today xs likely to have 20 to 25
ktp~. within a few years. This projected increase xn data density planes
extreme xec~.tirements on the precision with which fihe actuator system 



bxings,the recording head to the data track and maintains the head over the
track. The offset bef,ween the actual head.position ,and the_ track center,
ca~.7.ed the track mis--registxation (TMR) scales as the width of the track
(approximately 12~, of the track to--track pitch) . A$ the track dextsit~r
increases and the al~,ow:,ble TMR decreases, the speed ar sex~ro bandwidth
with which the head pasit~o~.ing sexv'o system can respar~d must also
increase to allow effective track following. One method of increasing this
`, ~ 8 I~ OV 200 4 bandwidth is the use of a second actuator (a
tn~,lliactuator~ ro pravidC~ xapirl, small-motion, position correcti4n of
the recording head. Irt l.his concept, the usual actuator provides coarse
posi,tzon control, and the Fni~lliactuatr located at the ind,ividua~ head
provides fine Control of head position aver the selected txaCk. In order to
achieve high track density. thes4 milliaCtuatox~s must have a range of
motion on the order of.a few track pitches and a foKCe output that cart
impart 30 to 30 G acceleration to the recording head. for the zntegxated
m~.lliactuatox/head designs the mass involved is the mass c~ Che slider
plus the mass of the movak~le part pf the mi~,lia.ctuator, totaling a few
taiiligrams. A p~,ggyback electrostatic milliactuator posit~.oz~ed between
a suspension f~.exure dnd a recording head cdn achieve the pas~.tional
accuracy and high speed performance required in future high track density
applic~.tions. Such, an electrostatic mill,~.aCtuator needs high drive
voltages and ' c:apacitive position sensing signals fc~z good servo
Control. A prab~em with pa5~.tioning the miiliactuator between the
~suspansion flexure and the recording slider is that the drive signal arid
the capaCitive sense s~.gnal need to travel tlaxough wix~.ng on the
suspensiotl. The readback signal, and tlxe write current signal also travel
tk~rough wires placed on the suspension in close proximity to the
mi,ll~.aetuator w~.res. 'the wiring between ~ he milliactuator and the
drive/sense integrated czrcuit   a ~ N ov ~oaz chip adds parasi~i.c load
and introduces lnterferences to the readback signal. 



I t therefore can be seen that 4hexo zs a need ;Car a tnethad for reducing
or elim~.txatxng the it~teractlon and interference be tureen milliactuato>;
dx'ive and cantxal r~.gnals and the reGOrdir,a head readback signal.   a a
~ o~ ~ooz a~ 6 SUMMARY O~' THE INVENTION To overcome t;he shortcomings of
t;he prior ar,t described above, it is the object of the present invention
to disclose a.n integrated milll.actuator arid a method to integr2~te the
milliarLuator driver circuit with the milliactuator, thus eliminating
znterferences to the magnetic readback signal caused by interconnections on
the suspension. It is anothex object of the present invention to discl.ase
a method of integrating a relative positia=ing error sensor circuit ot~ the
t~illiactuator using common nilliac~uator electrodes. It is yet another
object of the pxesent invention to dis close 2~ :nethdd to integxate the
milliactuator driver, the position error sensor circuit and the other
signal conditioning circuits on the same silicon substrate the
milliaGtuator is built on. It is still. anothex object of the present
invention to disclose a method for fabricating the milliactuator with.
.milliac;tuatpr driver, position, error sensing circuits and other signal
conditionx~ng circuits on a sxttc~le Sxlicall substrate. 



It is a still further object of the present J.nventiori to disclose a
method to further integrate other signal conditionznc~ Garcuits on the
mi~a.iactuatox including, but not restricted to,   o a ~av Zo~~ 7 the servo
feedbacl~ controller, the write head driver, the react head preat~plifier,
arid electrostatic discharge (ESD) diodes. gr.ietly stated, the pxesent
invention achieves the above circuit and a relative position error. (RfE)
s~,gnal sensing circuit are integrated into the same silicon substrate the
mil3.~.actuator is built on. Other Signal conditiar~ing circuits can also
be built with the dxi~rer circuits, The milliaGLuator Gary further be
dixcctly built on top of these circuits to reduce the total chip area by
using steps of the follow~.ng method. After the circuits are built,
paasivated and vias for Contact pads opened, a planarization layer, an
isolation layer, xnd conducting layer (such as a ground plane) are
deposited and patterned on top of the C7~rcuit to isolate the circuit from
possible milliactuator interference. The milliactuator is then integrated
on top of the circuzts and finally released in a s2cxx~icial layer etch
process, 'rhe above as well as additional objects, features, dnd described
objects by xr~tegrating Che milliactuator dxxver and RPE sensitag circuit$
with the m~.lliactuator thus elimi.~ating the parasitic load to the
m111iactUator driver/sensar integrated circuit (IC) and intexferences to
the magnetic xeadk~ack signal caused by the interconnecting leads to the
milliactuataz-. z~n accaxdance with the px'esent invention, a milliaGtuatox
driver advantages of the present invention will become apparent in the
following detailed written descript~.dl~. ,   



x~ , , 0 8 N 0 V ~00~ s HRIEfi DESCRIPTIOriI OF THE DRAWINGS For a fuller
understandxrlg of tY~e nature and advantages of the present invention, as
well as the preferred mode of use, refarenee shouJ.d be made Co the
followx.ng detailed description read in Conjunction with the accompanying
drawings. Fig. 1 il.l.ustrates a magnetzc storage system according to the
present ~.I1VG~1'It~OTl; Fig. 2 is a perspective m ew of a milliaGtuator
with ir~tegxated driver and sensor circuits positioned between a suspension
flexure and a sJ.ldex~transducex assembly; Fig. 3 is a block diagram
illustrating the positioning of the mill,ia,Gtuator driver and sensor
circuits of the present ~.riverition relative to the suspension; Fig. 4a is
a plan view of a simplified eJ.ectrostatic rotary milliaCtuatox; Fig. 4b is
a plan view of the groundplanc: with via locat~.ons for electx~.Ga~,
connections to the notary milliactuator of the integrated electronics
module of this invention; Figs. 5a-a illustrates one embodiment of the
fabrication 



process for integrating the electronic circuits with, the milliattuator:
and   a rj , 9 Fig. 6 xs a block diagram of a second embodiment of the
pzesent in~rentxon illustrating the positioning of f~he milliactu~tar arid
magnetic transducer eleccron~.cs relative to the suspension. _~..7   r ,) o
a N ov zooZ 1~ DEfiAILEIS DESCRXPTZON OF mHE PREFERRED EM~OLiTL~NT Thx,s
invention is described in s preferred embodiment in the following
description with reference to the ~'iguxes, in which lake riumbez~s
represent the same or, similar e~.ements. While the invention is described
in terms of ttae best made for achieving the invention' fi objectives, it
wx~.J, be appreciated by tMc~se skilled in the art that variations may be
accomplished in view of these teachings without deviating from the spirit
or sCOpe of the a.ravent ion _ Fig. 1 illustrates a magnetic storage system
10 .including a 



housing 7.2 in which is mounted a rotary Gctuatox 14, one o.r more
assoei.ated magnetic storage disks 18 mounted an a spindle 22 and a drive
means (not shown) coupled to spindle 22 for rotating the disk 18. The
rotary actuator' 14 moves a sl~.der/m~,lliactuator assembly 20 in
accoxdax~ce with the present invention in an arCUate path I6 across the
surface of the storage disk 18. The rotary actuator 14 includes a voice
coil motox_` comprising a coil (not shown) movable within the magnetic
field of a fixed permanent magnetic assembly 30. P.n actua=or atm 28 having
the mov~,ng coil formed on one end thereof is pivotally mounted on pivot
post 38. A suspension assembly 24 is attached to the other end of Lhe
actuator arm 28 and projects across the surface of the disk 18. The
Suspension, assembly 24 supports an integrated   ~1 a s N v v 2ooZ
slider/milliaetuator assembly 20 zn cantilever fashion aver the surface of
the disk 1$. Although only one slider/milliacLuator is shown, it will be
recognized that the magnetic storage system 1(~ has one
slider/milliactuator assembly 20 for ear_h side of each disk 18 included in
l:he magnetic storage system J.4. The magnetic storage system 10 furtaer
includes an actuator chip 40 fixed on the rotary actuator 14. As is well
known i,n the art, acLt~ator chip 40 cdopexates with the
slider/milliact~~ator assembly 20 on the suspension assembly 24 to read
data from or write data to the disks 18. L,lectrical leads 60, 6x supported
on actuator arm 28 and suspension assembly 2d carry signals between the
actuator chip 40 and the slide7r/milliaetuator assembly 20. A flexible
printed circuit member or aCtuGvo~' ~7.ex cable 34 carries signals between
the actuator chip 40 and a cdnriector pin assembly (not shown) which
interfaces with the external signal processing e~,ectx~onics . Fig. 2
illustrates an integx'ated slider/milliactuator assembly 20 fixed to the
suspension asse:~bly 24 according to the pre:Cerred embodiment of the
present invention. The s~spenszan assembly 24 supports the
slider/m~lliactuator assembXy 24 over the surface of the disk on a bearing
or cushion of a.ir generated by the xotatx.an of the disk. The
slider/milliactuator assembly 20 comprises an integrated
milliactuator/electroniGS module 50 and an integrated slider/transducer
assembly 56) The integrated   a ~ ~ ov ~~oz 12 mill,xactuator/electronics
module 50 comprises an eZectroni.cs module 52 partian integrally formed
with a milliactuator 54 portion according to the prac:edure set forth
hexein. The slider/transducer' assembly 56 is fixed to the milliactuator 54
portion and the electronics module 52 portion is fixed to the suspensipn
assembly 24. Electrica3, leads 60, 61 connected to contact ~aads 62 and 64
on the e~.ectronics moduXe S2 carry signals to aztd from the actuator chip
40. Fi.g. 3 ~llustxates the placement of the millxactuatar dxiver and
sensor circU~.ts located in electronics module 52 relative to the
suspension assemb~,y 2d attd the actuator Chip 40 for the preferred
embodiment of the pxesent invention. Placement of the milliaGtuatox
dr~.trer and sensor circuits in the integrated m~,lliactuator/electronics
module 50 provides the shortest path for signals needed try milliactuatox
54 from electxoni.cs module 52 to Gontral the fine positioning of the
slider/transducer assembly 56 to the desired data txack on the d~.sk 18.
positioning the 



electronics module 52 in close proximity to the riti~.liaCtuator 54 rathex
than at the actuatox chip GO eliminates unwanted parasitic.: signal lasses
and interferences associated with the long (2 to S om) e~.ectrical lead
lengths otherwise required. The electrostatic milliactuator used fax fine
positioning of the slider/transducer assembly 56 needs high drive voltages
and servo control provided by the relati~re posit~.on error signal (RpE)
from   x~ 0 8 N OV 20U2 a eapacitive sensor, When l:hn eleotroniGS module
52 is pasltloned at actuator chip 40, the drive voltage (about 80 volts at
2.5 Khz) and sensed capacitance (ak~out 1,00 f~") w111 travel on eleGtxxtal
leads 61 on the suspension assembly 24 and actuator arm 29 in close
proximity to the electrical leads 60 carrying the magnetic wx-ite current
signal to and the xeadback signal from s~.5.der/t~ransducer assembly 56.
Tong leads introduce large parasitic loads to the circuits arid
interference to the magnet~.c readback s~.gna~.. These undesirable effects
of long leads a~ee largely eliminated by the present invention placing the
milliactuatox driver and the RPM sensing circuit in the eleGtronic$ module
52 integrated with milliactuator 54. The signals between the electronics
zn.adule 52 and the actuator chip a 4p are now replaced by a DG bias
voltage to the milliactuato~' d~civer and an amplified RPM signal from the
position sensing circuit. Fig. 4a illustrates a simp3.ified electrostatic
rotary milliactuator 54 formed by rnicromachining processes known to the
art. Milliactuator 54 farmed on a substrate 72 comprises a rotor structure
74 separated from and free to rotate through small angles relative to
substrate 72, a plurality at stator structures 76, 7B disposed in close
proximity to the rotor structure 74 and rigidly fixed to substrate 72, and
a number of spring structures 82 providing mechanical support for rotor
structure 74 by   o $ wav zoaz i 14 attachment to a like number of~ support
posts BO ri,gid7,y attached td substrate '72. Spring structures 82 are
formed by micromachinirig processes to provide translatior~al rigidity c~f
the rotor structure 74 reJ.ative to the substrate 72 while aliowa.ng
relative7,y free rotational motion (in the plane of the paper) of the rotor
strucl:ure 74 about its center of symmetry 84. Roi:or. structure 74, stator
structures 76, and statar_ structures 76 ~xre formed of electrically
conducting materials electrically isolated from each other by a suitable
thin film lead structure formed on substrate 72_ Vpl,tages applied to the
rotor and stator structures induce a.ttraGtive and repulsive electrostatic
forces between the rotor structure 74 and the stator Structures 76, 78
resulting in rotation of the rotor structure 74 against the weak
constrain~.ng forces of spring structures 82. The rotational displacement
of the rotar~stXUCture 74 Can be measured bx a suitable sensor and the
signal, used to provide feedback to a cpntral.ler xn the farm of a relative
position error (RPE). signal. The capacitance between rotor structure 74
and either stator structures 76 ox~ stator structures 78 may be used to
provide the RpE signal. 'the design and processes for zabricating
milliactuator 54 structures are known to the art. The embodiment of the
present invention integrates mi111actuator 54 with the integrated circuit
(TC) chip farming electronics module 52 containing the driver and 'RPM
sensing 



o a ~a~r zaaz 15 circuits, lr~tegratzon to farm.tlze
milliaGtuatar/electxonics module 50 is accomplished by forming suitable
integrated circuits for the milliactuator driver and RPM. sens;ng functions
do a silicon subsi:~rate using processes well known Co the ar.t, foJ.lowed
by further processes to form the proper electrical Connections of Lhe
driver and RPE sensirng circuits to m~ l~.iactuaGar. 54. ',fhe integrated
milliactuator/eleGt~'on~.cs module 50 is then completed by forming the
milliaCtuator 54 on and its contact with the electronics module 52 using
film deposition and micxomachining prc~Gesses. Fig. 4b is a plan view of
electronics module 52 illustratizy features of the required interface
betwee?~ electronics moduhe 5~ and milliactuator 54. The interface must
provide electrical connections from the driver and RPE sensing circuits ~.n
the electronics module 52 to the rotor structure 74 and the stator
structures 76, 78, In addition the interface must provide adequate
electrical shielding between the electronics module 52 and the
milliactuator 54 to screen the electronic circuits from the high electr~.C
fields required to deflect rotor structure 74. ~lectriCal access to the
d~c~.ver and RPE sensing Circuzts axe provided by small holes or vial
fofmed by well known photolithography and etching processes to allow
eleGtric,al contact to be made lay subsequent metal depositions. A via 94
~is fax electrical car~nection to rotor structure 74, four v~.as 96, 96   0
8 N Q V ~~dZ 1~ are fox contact to stator structuzes 76, 78 and four othe~c
vial XOQ are fox contact to input and output signals to the
milliac:tuator/electxonic_ module 50 from the external signal processing
eZeCtronics. Electrical shield~,r~g is provided by a metal J.ayer 92 formed
on eleCtxonics,module 52 ovex the entire ~.ntc.r.face surface between
eleCLxonics module S2 and milliactuatox 54_ Shielding by metal, l.ayex 92
is very effective since it forms a ground plane w~,th the dimensions of
ea,ectronic module 52 (about 1 to 2 mm on a side) while the diameter of
each of the vias 92 



100 ~,s only about 7.00 vm. Now referring to Figs. 5a-e, the process fox
praduoi.ng the ix~i:egrated milJ.iact,uator/electronlcs module 50 according
to the present invention will be exp,la~.ried_ l~xiefly, Fi,g. Sa shows a
shielded Si circuit wafer: fig. 5b shows a passivated and planarized Si
cixGU~.t wafer with PIX: Fig. Se shows the metal. interconnect/pa5sivation
layer deposition and patterning; Fig. 5d shows the sacrificial layer
deposition and patterning and Fig. 5e shows the seed 3,a~rer deposition.
The key aspects of the integrated cirCU~.t w~.th zt~iCroactuator include
the metal layer to shield tt~e electr~.cal fields (for example, a~.uminum
~3 layer in tlxe IC), a thick layer to planarixe the IC topography (fox
example, pIX, a form of polyimide), a passivation layer to pre~rent _any
process influence to the IC ( for example, a ' combination of PI?C and
Tungsten (w), which act as a diffusion   a ~ N o v ZooZ barrier) ar7d a via
hole to connect between the IC and tnicraaGtuator. zr~ the described
example, the Tungsten ~.s also used as the interconnect for the
micraaatuator_ t~escribed in more detail, l:he process begins as shown in
E`ic~. 5a, which illustrates a sll~Cdn wafer 106 on which drmer and Itl?~;
sensing circuits have been built:, passivated and vx.as Qpened uszng
processes well knpwn to the art_ ,~, silicon oxide planarxzation and
isolatiaxx layer 110 of Gbout 7.-2 microns th~.akness is deposited over the
passi.vated silicon wafer 108 by a c.:hemicaa vapor dcposiL~.ort or, a
plasma enhanced deposition process. An Al-Si-Cu or Cu layer i12 a~ Gbout 1
um thickness is deposited over the planarized layer 110 by a sputtex
deposition process to form the ground plane 9~ (Fig. db). The A1-Si-Cu
layer 112 is patterned using photoresist and a chemical etchant or reactive
ion etching to define isolated contact pads electrically connected through
the vies to the driver and 11PE sensing oixou~,ts. Tungsten (W) 111
~.ns~.de the vial opened in sil,iovn dioxide isolati.ort layer 11o for
connecting AX-Si-cu contact pads with the electronic circuits i.s deposited
by a chemical vapor deposition process. A dielectric PIQ (or PIX) polyimide
layer 114 of about S um thickness is deposited by spin coating. Thc~ ~IC~
(nr PrX) layer. 114 zs patterned using a mask and chemical solvent to open
vies to the isolated contact pads   o a ~ o v 200 defined in the Al-Si-CU
layer 112, Tim resulting structuz~e is illustrated in Fig, 5b. 



'the milliaCtuator 72 sCructure starts with a tungsten (W) or other metal
layer 116 of about 0.~ um thickness deposited over the PIQ (or PrX) layer
11.4 us7.rig a sputtexx.ng process . The G5 layer 116 is patterned using i~
photoxesist and chemical etchant to define isolated inlercannect pads
electrically connected to the Contact pads defined in A1-Si~Cu layer 17.2
through the vies opened in the PIQ (or PIX) layer x16. The resulting
interconnect structure is shown in Fig. 5c. An g1203or, Cu 7.ayex 118 of
about 3 urn thickness deposited on W Layer 1I6 is patterned using
photoresist and chemical etching processes to leave a sacxifi.cia,1 layer
X20 an which the milliaGtuator high aspect ratio rotor and stator
structures will be formed. The resulting structure is shOmn in ~'ig. Sd. A
stack~of Ck~romium (Cr) and Copper (CU) Seed ~.axer 7.22 of about i.000 A
thickness is deposited using a sputtering process on the entire surface
comprising patterned sacrificial layer 120 and W layer 116. The xesuiting
structure is shown itl Fig_ 5e. Seed layer 122 provides a suitable
substrate for Ni~-Fe plating processes to form the miXliaCtuatar. the
milliactuator fabrication, is completed by methods known, to the art using
Nx~Fe plating, photoresist and lithography processes. The mi,iliactuator is
finally released in a   ' f, ~ 8 N Ov 2002 sacrxfi,cial layer etch process
to remove the A1203 or Gu sacrificial layer. The comEaleted integrated
milliactuator/electronics module SO has a bending platform fixed to the
rotor structure of the milXa.actuatar 54. The sXider/transducer assembly S6
i.s banded to the banding platform using adhes~,ve or ozher suitable means.
The entire assembly of mxlliactuatorlelectxonics module and
slider/transducer is now bonded to the suspension flexure 24 using methods
well known to the art. Fixing Che electronics module portion of the
integrated milliac~uator/eXectranics modul~_ to the suspension flexure 24
and the slider/txansducer assembly 56 to the milliactuator rotor- structure
is the preferred method sine this configur~tj,on minimizes the mess moved
by the milliactuator durir~g adjustments of the position of the transducer
aver the data tracks on disk ~,6. Leads 61 are now bonded to the pads 62 an
the electronics module 52 and leads 60 to the pads 64 on the
sJ.~.do~Cjtransducer assembly 5fi using metfrods well known to the art.
Fig. 6 shows a second embodiment of the present invention wherein a further
integration of the electronic circuits is carried out by incorporating the
write current dri~rer and the read preamplj~fiers for the magnetic signal
transducer of the slider/transducer assembly 56 into the electronics
moduJ.e 52. In this emb4d~.~ttent, the write current driver and the read
, i o a ~ ~v ~ooz 20 preamplifier circuits which comprise part of the
actuator chip 40 in the prior art, are rxow formed irt the electronics
module 56 integrated circuit chip during i:he processing to form the driver
and RPM, sensing cixcuits for. the milliactuator 54. The write current
driver and read preamplifyer are now electrically connected tn the wxite
head 8rrd read tvcad, respectrively, on the s~.~,der/t7ransducer assembly
56 using much shdr.ter lead lengths than previously used. The advantages of
this plaCC:ment of the magnetic transducer Cxxcuits includC reduced
interference txorn the large amplitude write Current signal and improved
signal to noise for the magnetic readback signal- Contxol signals to the
write Current driver and amplified xeadbacl: Signals from the read head are
Caxzied by X~ads 60 from the electronics module 52 to the actuator chip 40.
Processi.nq steps Lo integrate the e7.~ctronics module 52 with the
milliactuator 54 fox this second embodiment axe identical to those
described ear7.ier for the preferred embodiment u$ix~g rigs. 5a-~. While
the embodiments of the presont invention hare bEen described with reference
to a rotary milliaCtuator,' it will be obvious to those familiar with the
art that a linear milliactuator. may also be used itx the present invention



It will also be obV~.ous to these familiar with the art, that integration
of other signal conditioning Circuits including, but not restricted to, the
servo feedback controller and   Q 8 NaV 2Qa2 21 eleCtxostatic discharge
(GSD) diodes in;.o the milliaGtuator/electronics module SQ may also be used
an the present invention. While the present invention has been particularly
shown and descxi.bed with xeterence to the prefex'rPd embodimeriCs, it will
bP understood by tho$e skxJ.7,ed in the art rh8t various changes in faxm
and detail may be made without departing from the spj,xit, scope arid
teaching of the invention_ ficcordingly, the disclosed it~v'ention is to be
considered merely as illustrative and limited in scope only as spec~.;~~cd
in the appended claims.   ,. , 0 8 N 0 V ~ouZ 22 



CLAIMS 1. An integrated slidex/milliaGtuator assembly for use in a magnetic
storage system Comprising: an rlecrronics module a milliaGtuator foamed on
the electroniCa module: and a slider/transducer assembly juxtaposed the
milli.actuator,, the slider/transducer assembly far reading and/or wr~.ting
data in the magnetic storage system. 2. The xritegrated
slider/milliactuator assembly for use in a magnetic storage s~rstem as set
forth in claim 1, whexein the electronics modu~.e is further compr~.sed of
a mil~,iactuatox driver circuit arid a sensor circuit both of which are
el.ectxically connected to the milliactuator. 3. The integrated
slider/milliactuator assembly for use in a magnetic storage system as set
forth in claa.m 2, further Compxlsing an eXectrical shield between the
electronics module and the milliactuator.   a ~ NaV z0o2 23 9. The
integrated sZzder/rnx~.liactuaLOr assembly for use in a magnetic storage
system as set faith xn claim 3. wherein said sheil.d is a metal, lay~:r.
formed on the electronics module ov~:x the, entire interface surface
between Che electronics module and thc~ m~,lliat;tuator . 5. The integrated
sli,der/milliactuatar assembJ_y for use it7 a magnetic storage system as
set forth in cl2im 3, where~,r~ th,e mi,lliactuator is further Comprised
of: 



a substrate a rotor structure separated from and free to rotate through
angles relative to the substrate; a plural,zty o:C stator structures
disposed praxima.te the rotor structure and rigidly fixed to the substrate;
and at 3.east one spring struci:ure providing nechaniCal support far the
rotor structure by attachment to at least true support post rigidly
attached to the sttbstxate. 6. The integrated slider/milliactuator assembly
for u,e i.n a magnetic storage system as set forth in Claim 5, wherein the
rotor structure and stator structures are formed of electrically conducting
materials electrically isolated from each otter by a thin film lead
structure formed on the substrate.   t ~~~ 1 t~ ~ ~ ov zaaZ 24 7. The
integrated sliderlm~.lliactuatc~x assembly for use in a magnet~.c storage
system as set forth in claim 6, whet;ein voltage applied to tk~e rotor
structure and stator structures induce attt-active and repulsive
electrostatic forocs between the rotor structure and stator structures,
thereby resulting an rotation of c;he rotor structure against conrl.xaining
forces of the spring structures. B. A magnetic storage system comprisznc7:
a disk with a data surface of cozlCentric data tracks; a spindle haft
suppoxti.ng Slid disk, said spindle shaft for rotating said disk about an
axis general.J.y perpendicular to the disk; an ~.ntegrated
slider/milliactuator assembly maintained in operative re~.ationship with
the data surface when the disk is rotating, the slider/m~.ll.iactuator
assembly further comprising an eJ.ectroniCs module; a milliactuator formed
on the electronics moduxe; and a slider/transdueer assembly juxtaposed the
milliactuator, the slider/transduCer assembly for reading and/or writing
data in the magnetic StoxagE system: acid a controller for processing data
read from and written to 



the data surface.   c 25 a ~ I~ U V ZOU~ 9. 'lhe rnagrxetzc storage system
as set forth xn claim B) where~.n the electronics module is further
comprised of a milliactudt;QZ~ dxiVer circuit and a sensor circuit both of
wh~ctz arcs electrically connected to the milliactuator. 10. The magnetic:
st=orage system as sel. orth in claim 9, further comprising an electrical
shield between the electronics ' ~ module and the rnilliactuator. al- The
magnetic storage sxstem as set forth zn claim 10, wherein said sh~,eld is a
metal. 7.ayex formed on the electronir.s module over the entire interface
surface between the electronics module and the m~.7.J.iaCtuator_ 12. The
magnetic starac~e system as set forth in claim 10, where~.n the
milliactuatar is further campri.sed of: a substrate; a rotor structure
separated from and free to rotate through angles relative to the substrate:



a pluxaX:ity of stator structures disposed proximate the rotor structure
and rigidly fixed to the substrate; and at least one ,spring structure
providing mechan,ic2~1 support for the: rotor structure by attachment to at
least ox~e support post rig~.dl.y attached to the substrate.   a ~ r~u~
~uu~ 26 J,3. The magnetic storage system as set forth in claim 12, wherein
the rotor structure and stator structures are :formed of Plectx~.cally
conducting materials elPGLrically isolated from cash other. by a thin ilm
lead structure formed on the substrate_ 19. The magnel:~.C storage sys~.cm
as s<:i. forth in rJaim la, wherein voXtage aplied to the rotor structure
and stator structures induce attractive and repulsa,ve electrostatic forces
between the rotor structure and stator structures, thereby result~,rsg in
rotation of the rotor structure aga~,t~st 'eanstraS_ning forces of the
spra.rig structures. . v i   



S 1 r 1 , 15. A method of fabricating an int;eg~ated
mil.ai,actuatar/electraniCS module comprising the steps of: ~ 8 N OV 2aa1
form ing a circuit an a Substrate; passivating the Gxxcuit: depositing a
planarization layer. a~rex the circuit; operang vial to the circuit;
depositing a conducting layer on the planarization layex; patterning the
conducting layer to form Contact pads electxxc:ally connected through the
vias to the sensing circuit; depositing a dxelectri.c layer over the
conducting lager; patte>;nxnc~ the dielectric layer to open vial to the
contact pads defi,txed in the conducting layer; and forming a
miil.iactuatox' structure Aver the polyimide layef wherein a first
conductive layer in the milliactuator structure is patterned to connect the
contact pads in the Carrductive layer through va.as opened in the polyimide
layer. The method of fabricating an integrated milliactuator/eXect~ranics
maduJ.e set Earth in claim 15, wherein the Circuit is an FtPE senS~.~g
circuit, 17. The method of fabricating an integrated
milliactuatar/eJ.eCtforiiCs module set forth in ra.alm 15, wherein 



the circuit. is an actuator driver circuit.   o s N a v 2aa~ 2$ ~'he method
of fabxlcating an integrated mil'iactuator/elec~troniGS module set forth in
claim 15) wherein ~th.e first conducive layer in the milliactuator
struCLune is farmed c~f Tungsten. 1g- The method of fabricating an
integrated milliactuator/electranics module set forth in claim 15, wherein
a second conductive layer in the milliactuatox is formed pn the first
conductive layer. The method of fabricating an integrated
milJ.iactuator/electronica module set forth in claim 19, wherein the second
conductive layer is '~atte7rned to J.eav'e a sacrificial layer in which the
milliaetuator rotor and stator structures arc>. farmed. 1 .AY.AE .As 2 .A
5,e.A.A .AY .AN.A@).A3 
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