M LLI ACTUATOR W TH | NTEGRATED SENSCR AND DRI VERS AND METHCD COF

MANUFACTURI NG THE SAME BACKGROUND OF THE | NVENTI ON 1. Field of the

I nvention This invention relates in general to integral recording head
mlliactuators, and nore particularly, to a mlliactuator with integrated
sensor and driver electronics and a process for nmaking the sanme. 2.
Description of Related Art Myving magnetic storage devices, especially
magnetic disk drives, are the nenory delice of choice. This is due to their
expanded non-vol atile nmenory storage capability together with a relatively
| ow cost. Accur gk £EFbRNH Wafru! PRISEORS LBheSABLD BRIVARS! RRse devi ces
becones critical, requiring the magnetic transducer to be positioned as
close to the storage medi e @Hop 0FSkieracTuR IRE TEHIS tEMige devi ces, the
transducer may actually contact the media. Magnetic disk drives are
information storage devices which utilize at |east one rotatable nmagnetic
nmedi a di sk having concentric data tracks defined for storing data, a

read/ wite transducer for rBadKeROWE QFf THEN BVENGIIONr i ti ng data to the

1. Field of the Invention

This invention relates in general to integral recording head
milliactuators, and more particularly, to a milliactuator with
integrated sensor and driver electronics and a process for making

the same.

2. Description of Related Art

Moving magnetic storage devices, especially magnetic disk
drives, are the memory device of choice. This is due to their
expgnded noh—volatile memory storage capability together with a
relatively low cost. Accurate retrieval of the stored -
information from these devices becomes critical, requiring the
magnetic transducer to be positidned as close to the storage
media as possible. In some storage devices, the transducer may
actually contact £he media.

Magnetic disk drives are information storage devices which
utilize at least one rotatable magnetic media disk having
concentric data tracks defined for storing data, a read/write

transauger for reading data from and/or writing data to the




various data tracks, a slider for supporting the transducer adjacent the
data tracks typically in a flying node above the storage nedia, a
suspensi on assenbly for resiliently supporting the slider and the
transducer over the data tracks, and a positioning actuator coupled to the
transducer/slider/suspension conbination for noving the transducer across
the nmedia to the desired data track and nmaintai ning the transducer over the
data track center line during a read a wite operation. The transducer
is attached to or is formed integrally with the slider which supports the

transducenraboyeqhpe dald.sSuif aegqof £d1e s3bpEROitdls waglsggé& on of air,

referred to as an air bearing, generated by the rotating

Al t er nat iadglyent hehé r s uGeic kERY yOPes |Atye ihNa confiaet medkhabbee sthd ace of
the disk. Thus the suspension provides desired slider |oading and

di nensi os&loregabinkdty. betsvemenshen sdsshmblanfoancadtliansl yasnppdi tingoupl es
the transducer/slider/suspension assenbly to the actuator. The suspension
i s requi re¢ 1A neRd Nt rapgdyase vaindhendas itdackad) aeéne t he data
surface of the disk with as |low a | oading force as possible. The actuator
position?OFH§19Péﬁ§dﬁ%%ﬁa§ﬂﬁaC°Pﬁée€o??é%% £F ARRIUETISA AT  BuePRI ™
desired & :L8 9 gpgratiqp ort%o Ehe %Prrect track . for gLac ment of the
data duriTig a wite operatidif “Fhe BRTIHSF PS Lot S &G By a -Fvo to
posi L1 on 4dig (LLABROUCEEa OY Ynd G 1HESLE Ak dRbacIAGN Y BULL LY &0

conbi nati on asse y across t
track center line during a read or a write operation. The

transducer is attached to or is formed integrally with the slider
which supports the transducer above the data surface of the
storage disk by a cushion of air, referred to as an air bearing,
generated by the rotating disk.

Alternatively, the transducer may operate in contact with
the surface of the disk. Thus the suspension provides desired
slider loading and dimensional stability between the slider and
én actuator arm which couples the transducer/slider/suspension
assembly to the actuator. The suspension is required to maintain
the transducer and the slider adjacent the data surface Sf the
disk with. as low a loading force as possible. The actuator
positions the Eransducer over the correct track according to thé
data desired on a read operation or to the correct track for
placement of the data during a write operation. The actuator is
controlled by a servo to position the transducer over the desired
data track by shifting the combination assembly across the

surface of the disk in a direction generally transverse to the



surface of the disk in a direction generally transverse to the dat a
tracks.” A disk drive servo control systemcontrols novenent of the actuator
arm across the surface of the disk to nove the nagnetic recordi ng head from
data track to data track, once over a selected track, to maintain the head
in a path over the centerline of the selected track. Mintaining the head
centered over a track facilitates accugate reading and recording of data in
the track. Atrend in magnetic disk drrves is that the magnetic bit size
which may be reliably witten and read by the nagnetic recordi ng head

conti nuegdtd 4eakRase Atdafsk ahd i QeRdoSBh PR MeakemASorft LLARSROYERNSR: the
width of the track which contains the sequential bits nust also dimnish at

roughl y hefl fthiehiastnater dhtisscrarssadhansedfstereaehdetigle tvaworg 4000 to
6000 tracks per inch (tpi) today is likely to have 20 to 25 ktpi within a
f ew year SPagpfitd cpreFeEsend i rakdo®n fagat Araghdia fappatearkexonegeover
requi rements on theﬁggecision with which the actuator system brings the

recor di ngf* REAF 6% hEght at¢ AR THE MBPnteFHhst RePREAL GFertPehe track. The
oS DRLIBELANG, B VB P R0T LR A R o U etk ed e
(aPprPXiWFUé¥36 %%%kﬁffgg§llfg¥%§ accurate reading and recording of data

in the track.

A trend in magnetic disk drives is that the magnetic bit
size which may be reliably written and read by the magnetic
recording head continues to decrease at a rate around 50% per
year. As a consequence, the width of the track which contains
the sequential bits must also diminish at roughly half this rate.
Thus, an advanced storage device having 4000 to 6000 tracks per
inch (tpi) today is likely to have 20 to 25 ktpi wi%hin a few
years. This projected increase in data density places extreme
requirements on the precision with which the actuator system
brings. the recording head to the data track and maintains the
head over the track. The offset between the actual head.position
and the. track center, called the track mis-registration (TMR),
scales as the width of the track (approximately 12% of the track-
to~track pitch).

As the track density increases and the allowable TMR
decreases, the speed or servo bandwidth with which the head
positioning servo system can respond must also increase to aliow

effective track following. One method of increasing this



to-track pitch). As the track density increases and the allowable TMR
decreases, the speed or servo bandwi dth with which the head positioning
servo system can respond nust also increase to allow effective track
following. One nethod of increasing this bandwi dth is the use of a
second actuator (a mlliactuator) to provide rapid, small-nption, position
correction of the recording head. In this concept, the usual actuator

provi des coarse position control, and4he nilliactuator |ocated at the
i-ndi vi dual head provides fine control of head position over the selected
track. | pagksleathoiachh@vasdioghat saekndensivayort (2sei Miiladtagkyaf ofs nust
have a range of notion on the order of a few track pitches and a force

out put tlpatovigle rapad: dllor@@icnacees Erimmn carrect hmn rodcohdi ngedwedichg For
the integrated mlliactuator/head designs the mass involved is the mass of
the slidé¥eas-us IphEhAaseonstenthe thBvaprel RatuagPr i PeCYidas geebator, total ing
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driVQ'VO|éfﬂﬁ¥i a&%.order to achieve high track density, these
milliactuators must have a range of motion on the order of a few
track pitches and a force output that can impart 10 to 30 G
acceleration to the recording head. For the integrated
milliactuator/head designs the mass involved is the mass c¢f the
slider plus the mass of the movable part of the milliactuator,
totaling a few milligrams. A piggyback electrostatic
milliactuator positioned between a suspension flexure and a
recording head can achieve the positional accuracy and high speed
performance required in future high track density applications.
Such an electrostatic milliactuator needs high drive voltages and
capacitive position sensing signals for good servo control.

A problem with positioning the milliactuator betweeﬁ the

,Ssuspension flexure and the recording slider is that the drive
signal and the capacitive sense signal need to travel through
wiring on the suspension. The readback signal and the write
current signal also travel through wires placed on the suspension

in close proximity to the milliactuator wires. The wiring

between .the milliactuator and the drive/sense integrated circuit



capacitiyve position sensing signals for good servo control. A problemwth
positioning the nilliactuator between the suspension flexure and the
recording slider is that the drive signal and the capacitive sense signal
need to travel through wiring on the suspension. The readback signal and
the wite current signal also travel through wires placed on the suspension
in close proximty to the mlliactuator_wires. The wiring between the
mlliactuator and the drive/sense integrated circuit chip adds parasitic
| oad and introduces interferences to the readback signal. It therefore can

be seen tFhiPt héde psrasised 1688 andeifiatd.0Ls! SOUG dﬁ W QLegllmnating the
interaction and interference between mlliactuator drive and F ol

si gnal s ahf82fRackesbsmihg head readback signal . SUMVARY OF THE | NVENTI ON
To -overcone th E@rtconlngs of the prior art described above, it is the
obj ect of the gFe eiqnfeferoRet B stéiaesehanelmegmbedfmlélr@étg% or and

a met hod [
¥8r PESQEfﬁé’or eliminating the interaction and interference

between milliactuator drive and control signals and the recording

head readback signal.



mlliactuator driver circuit with the mlliactuator, thus elimnating
interferences to the magnetic readback signal caused by interconnections on
t he suspension. It is another object of the present invention to disclose a
met hod of integrating a relative positioning error sensor circuit on the
mlliactuator using conmmon mlliactuator electrodes. It is yet another

obj ect of the present invention to disglose a nethod to integrate the
mlliactuator driver, the position error sensor circuit and the other

signal conditioning circuits on the sanme silicon substrate the
mlliactuator is built on. |fsuMeagtidbfF BmotRerndigrect of the present
invention to disclose a nethod for fabricating the mlliactuator with
mlliactuator driver, position error sensing circuits and other signal
conditioning circuits on a single silicon substrate. It is a still further
obj ect of the T es@ncormgy hei e tisadiingbost Hearprhed axs fdaschébednt egrat e
ot her signal conditioning circuits on the mlliactuator including, but not
restricte@?®e It thfe ther oBieekdbadibec BREFONT dnVePREOR Y S16A0SEr RRer, the

read head. preanplifier, .and e] ectrostatic, discharge SD), .di odes. Bri efl
Crated t RLEPERSA EIGRPEUREEE 0 el neadd iR dnBa  Seedd OCeS. BrieTlY

milliactuator driver circuit with the milliactuator, thus
eliminating interferences to the magnetic readback signal caused
by interconnections on the suspension.

It is another object of the present invention to disclose a
method of integrating a relative positicning error sensor circuit
on the milliactuator using common milliactuator electrodes.

It is yet another object of the present invention to
disclose a method to integrate the milliactuator driver, the
position errof sensor circuit and the other signal conditioning
circuits on the same silicon substrate the milliactuator ié built
on.

It is still another object of the present invention to
disclose a method for fabricating the milliactuator with-
milliactuator driver, position error sensing circuits and other
signal conditioning circuits on a single silicon substrate.

It is a still further object of the present invention to
disclose a method to further integrate other signal conditioning

circuits on the milliactuator including, but not restricted to,



described objects by integrating the mlliactuator driver and RPE sensing
circuits with the mlliactuator thus elimnating the parasitic load to the
mlliactuator driver/sensor integrated circuit (1C) and interferences to

t he magnetic readback signal caused by the interconnecting |eads to the
mlliactuator. In accordance with the present invention, a mlliactuator
driver circuit and a relative positionjerror (RPE) signal sensing circuit
are integrated into the-same silicon substrate the mlliactuator is built
on. Gt her signal conditioning circuits can also be built with the driver

Ci reui tsendhgeid | i AGLIRKOL AL f W hehber did ecbhyabid,t, QR el 20 gf these
circuits to reduce the total chip area by using steps of the fo Fomﬁng

met hod. Abkerptdenliiifdeirt Safd eeIibtddostpassi abd@drand (83ms diQdegONnt act pads
opened, a planarization layer, an isolation |layer, and conducting |ayer
(such as a grBumifiy ate)eds et wsiterd andeptidrepnbievss ttde abotke circuit
to isolate the circuit frompossible mlliactuator interference. The

m || iact G8F6F1Ped tahdpctst byr trerp At inep the mikl iectuates dideli aatl RPE
released in a sacrificial |ayer etch process. The above as well as

addi t i on&FTEBIRCTE WS Ui-ER, T VAT HGERT dF-UShE! RIS fbention wil |
beCOWE a%@%ESQEiér&é;ﬁ?t%okkgw%{ihfggéﬂgt%g g@iééé%geggggr£4¥éé¥;ted

circuit (IC) and interferences to the magnetic readback signal

caused by the interconnecting leads to the milliactuator. In

accordance with the present invention, a rilliactuator driver

circuit and a relative position error (RPZ} signal sensing

circuit are integrated into the same silicon substrate the

milliactuator is built on. Other signal conditioning circuits

. can also be built with the driver circuits.

The milliactuator can further be directly built on top of
these circuits to reduce the total chip area by using steps of
the.following method. After the circuits are built, passivated
and vias for contact pads opened, =z planarization layer, an
isolation layer, and conducting laver (suchk as a ground blane)
are deposited and patterned on top of the circuit to isolate the
circuit from possible milliactuator interference. The
milliactuator is then integrated on top of the circuits and
finally released in a sacrificial layer etch process.

The above as well as additional objeczs, features, and
advantages of the present invention will tacome apparent in the

following detailed written description.



BRI EF DESCRI PTI ON OF THE DRAW NGS For a fuller understanding of the nature
and advantages of the present invention, as well as the preferred node of
use, reference should be nade to the follomjng detail ed description read in
conjunction with the acconpanying drawings. Fig. 1 illustrates a magnetic
storage system according to the present invention; Fig. 2 is a perspective
view of a mlliactuator with integrateq driver and sensor circuits

positi oned between a suspension flexur& and a slider/transducer assenbly;
Fig. 3is a block diagramillustrating the positioning of the mlliactuator
driver and sensor circuits of the present invention relative to the
suspension; Fig. 4ais a plan view of a sinplified electrostatic rotary
mlliactuator; Fig. 4b IBRIZFpbBR&CRIRITGN OFh@HErRRAYINGENne with via | ocations
for electrical connections to the rotary mlliactuator of the integrated

el ectronics nodule of this invention; Figs. 5a-e illustrates one enbodi nent

of the fabricatlon %rocess for integrating the electronic circuits with the
m|liactuator: Fox,g fuller understanding of the nature and advantages of

the present invention, as well as thg preferred mode of use,
reference should be made to the following detailed description
read in conjunction with the accompanying drawings.

Fig. 1 illustrates a magnetic storage system according to
the present invention;

Fig. 2 is & perspective view of a milliactuator with
integrated driver and sensor circuits positioned between a
suspension flexure and a slider/transducer assembly;

Fig. 3 is a block diagram illustrating the positioning of
the milliactuator driver and sensor circuits of the present
invention relative to the suspension;

Fig. 4a is a plan view of a simplified electrostatic rotary
milliactuator;

Fig. 4b is a plan view of the groundplane with via locations
‘for electrical conne;tions to the rotary milliactuator of the
integrated electronics module of this invention;

Figs. 5a-e illustrates one embodiment of the fabrication
process for integrating the electronic circuits with the

milliactuator; and



9 Fig. 6.is a block diagramof a second enbodi nent of the present invention
illustrating the positioning of the mlliactuator and magnetic transducer

el ectronics relative to the suspension. 10 DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENT This invention is described in a preferred enbodi nent
in the follow ng description with reference to the Figures, in which |ike
nunbers represent the sane or simlar glenments. Wiile the invention is
described in terns of the best node for achieving the invention's
objectives, it will be appreciated by those skilled in the art that
variations may M@ .a6compsishetk idiagiew of 4 Bee6nt capbdiGent Lizoy} devi ating
fromthe spirit or scope of the invention. Fig. 1 illustrates a magnetic

st orage sYHSER™MO INNERbEeMglld vsdustngg 1thd posthitcbnirsg rarunted a rotary
act-uat or 1%HJpnetor nore associ ated nmagnetic storage disks 18 nounted on a
spi ndl e 22Yand 2SO ARAMeYSSE CshBRmIdUSeEpReEC t oI dled a22vEotor ghat | Ng
t he di sk %ﬁwbgggigggary actuator 14 noves a slider/mlliactuator



assenbly 20 in accordance with the present invention in an arcuate path 16
across*the surface of the storage disk 18. The rotary actuator 14 incl udes
a voice coil notor conprising a coil (not shown) novable within the
magnetic field of a fixed permanent magnetic assenbly 30. An actuator arm
28 having the noving coil fornmed on one end thereof is pivotally nounted on
pi vot post 38. A suspension assenbly is attached to the other end of the
actuator arm 28 and projects across t surface of the disk 18. The
suspensi on assenbly 24 supports an integrated slider/mlliactuator

assenbly 20 in caurae¥sr pksSkiBitoRver e murEARED oivBdigMiingk 18. Al t hough
only one slider/mlliactuator is show, it wll be recognized that the

magneti c storage system 10 has one slider/mlliactuator assenbly 20 for
each side of each disk 18 included in the magnetic storage system 10. The
nmagneti c stor dhéssysvemsikd: fugr thecrilped udes Brefzrmest embotlped© fn xeoe on
the rotary actuator 14. As is well known in the art, actuator chip 40
cooperaté%”%PWHnEh€e§¢¥%RRVQﬁ WEtRcEeER T CEs Eenbl] FAGUSRSTE hel silRpehsi on
assenbly 24 to read data fromor wite data t9 the disks 18  FEl ectrica
eads 60,6 SUBBGFE ctPRRF SN UALE S2F T8 AR QUSHENEPGR - asURib 209 car ry

;Bgnil S t}er}v\lt\e%%QO%hgsagésuc?‘rti%edcginptépmg‘nodf tttplg Esxlesitdernro/dr;rz-i lf'()!‘l:agtcgia'é\(f){ngassenbl y
the invention’s objectives, it will be appreciated by those
skilled in the art that variations may be accomplished in view of
these teachings without deviating from the spirit or scope of the
invéntion.

Fig. 1 illustrates a magnetic storage system 10 including a
housing 12 in which is mounted a rotary actuator 14, 6ne or more
associated magnetic storage disks 18 mounted on a spindle 22 and
a drive means (not shown) coupled to spindle 22 for rotating the
disk 18. The rotary actuator 14 moves a slider/milliactuator
assembly 20 in accordance with the present invention in an
arcuate path 16 across the surface of the storage disk 18. The
rotary actuator 14 includes a voice coil motor comprising a coil
(not shown) movable within the magnetic field of a fixed
permanent magnetic assembly 30. An actuator arm 28 having the
moving coil formed on one end thereof is pivotally mounted on
pivot post 38. A’suspension assembly 24 is attached to the other

end of the actuator arm 28 and projects across the surface of the

disk 18. The suspension assembly 24 supports an integrated



flexible printed circuit nenber or actuator flex cable 34 carries signals
bet ween the actuator chip 40 and a connector pin assenbly (not shown) which
interfaces with the external signal processing electronics. Fig. 2
illustrates an integrated slider/mlliactuator assenbly 20 fixed to the
suspensi on assenbly 24 according to the preferred enbodi nent of the present
i nvention. The suspensi on assenbly 241§upports the slider/mlliactuator
assenbly 20 over the surface of the di'sk on a bearing or cushion of air
generated by the rotation of the disk. The slider/mlliactuator assenbly 20
conpri sess pidddYnEgnatedudtdt i addndl@r Lol ectdoitiicsvePddstis8 a0dr aphe
integrated slider/transducer assenbly 56. The integrated 12
mlliactustofded et thei asskorkl e AA&hoagprésies oar &l Bdd/aniles asodat 6r 52
portion integrally formed with a mlliactuator 54 portion according to the
pr ocedur eiseshdvar,t i thed &l nbe Theeaginiider/ thath sdec spyasSantsitprégei syStaed to
the mlliactuator 54 portion and the el ectronics nodule 52 portion is fixed
to the sukperrs GReassdpprimdll igmtagteircassemerds 260fonp rashnséeeedl t @achnt act

pads 62 and 64 on the el ectronics nodule 52 carry signals to and fromthe
act uat or @h$b Yp included in the magnetic storage system 10.

The magnetic storage system 10 further includes an actuator
chip 40 fixed on the rotary actuator 14. As is well known in the
art, actuator chip 40 cooperates with the slider/milliactuator
assembly 20 on the suspension assembly 24 to read data from or
write data to the disks 18. Electrical leads GQ{ 61 supported on
actuator arm 28 and suspension assembly 24 carry signals between
the actuator chip 40 and the slider/milliactuator assembly 20. A
flexible printed circuit member or actuator fle# cable 34 carries
signals between the actuator chip 40 and a connector pin assembly

(not shown) which interfaces with the external signal processing

electronics.
fig. 2 illustrates an integrated slider/milliactuator

assembly 20 fixed to the suspension assembly 24 according to the
preferred embodiment of the present invention. The suspension
assembly 24 supports the slider/milliactuator assembly 20 over
the surface of the disk on a bearing or cushion of air generated
by the rotation of the disk. The slider/milliactuator assembly
20 comprises an integrated milliactuator/electronics module 50

and an integrated slider/transducer assembly 56. The integrated



Fig. 3 illustrates the placenent of the mlliactuator driver and sensor
circuits located in electronics nodule 52 relative to the suspension
assenbly 24 and the actuator chip 40 for the preferred enbodi mrent of the

present invention. Placenment of the mlliactuator driver and sensor -
circuits in the integrated mlliactuator/el ectronics nodule 50 provides th
shortest path for signals needed by m/|liactuator 54 fromel ectronics

nodul e 52 to control the fine positiofmng of the slider/transducer assenbly
56 to the desired data track on the disk 18. Positioning the el ectronics
modul e SZiiln iclcasetpr pxleddnonliest hedwiéd |Scacbuat 0e S aliketrbhags at t he
actuator chip 40 elimnates unwanted parasitic signal |osses and
i nt er f er enwcled ea$@opoat o virttedgirhé 1y ofigr{edl o t5 enfikliscttuiatal $€ad | engt hs
otherwi se required. The electrostatic mlliactuator used for fine
posi ti oninwy tgfort kecgkdiey / ta dedpeeredisee Msity 56t heerizeiti-gh THei ve vol t ages
and servo control provided by the relative position error signal (RPE) from
13 a capddiidard tyapsepcepvrshad YeFecis ohixes kadihe mhlljiaciysteroped at
actuator chip 40, the drive voltage (about 80 volts at 2.5 Khz) and sensed
capaci t alRF {igodnd1bbef P eshinonicrapetubh ¥ @OFFieal 1 dddedbtookhehe
suspensi on assenbly 24 and act uator )

suspension assembly 24. Electrical leads 60, 61 connected to

contact pads 62 and 64 on the electronics module 52 carry signals

to and from the actuator chip 40.

Fig. 3 illustrates the placement of the milliactuator driver

and sensor circuits located in electronics module 52 relative to

the suspension assembly 24 and the actuator chip 40 for the

preferred embodiment of the present invention. Placement of the

milliactuator driver and sensor circuits in the integrated

milliactuator/electronics module 50 provides the shortest path

for signals needed by milliactuator 54 from electronics module 52

to control the fine positioning of the slider/transducer assembly

56 to the desired data track on the disk 18. Positioning the

electronics module 52 in close proximity to the milliactuator 54

rather than at the actuator chip 40 eliminates unwanted parasitic.

signal losses and interferences associated with the long (2 to 5

cm) electrical lead lengths otherwise required. The

electrostatic milliactuator used for fine positioning of the

slider/transducer assembly 56 needs high drive voltages and servo

control provided by the relative position error signal (RPE) from



arm28 in close proximty to the electrical |eads 60 carrying the magnetic
wite current signal to and the readback signal from slider/transducer
assenbly 56. Long | eads introduce |arge parasitic loads to the circuits and
interference to the nagnetic readback signal. These undesirable effects of
|l ong |l eads are largely elimnated by the present invention placing the
mlliactuator driver and the RPE sensi circuit in the electronics nodule
52 integrated with m|liactuator 54. e signals between the el ectronics
nodul e 52 and the actuator chip 40 are now replaced by a DC bias voltage to

the mlliackpakeeidei ¥&hsdNd @MedMPhéféRtdhiskonsduld @2 the position
sensing circuit. Fig. 4aillustrates a sinplified electrostatic rotary

m | |iact patsar ibAdelion T8 Hya tH:C ORBCHO Ni e PIrQ©eSEE5t AFOWALbALt B8 FSits
MLl Iliactuator 54 forned on a substrate 72 conprises a rotor structure 74

Separ at ecktf 20 &hd) f ape sengecnl abpathtaugh ek 20Ql €8 ndllat tyevéD on
substrate 72, a plurality of stator structures 76, 78 disposed in close
proxi m t elegtirthead ol endst fucirurtbe74uapensiqp dspehbked®4 @nsubstrater 72, and
a nunber of spring structures 82 providing nechanical support for rotor
structur@rﬁﬂ2@yin cldse proximity to the electrical leads 60 carrying the
magnetic write current signal to and the readback signal from
slider/transducer assembly 56. Long leads introduce large
parasitic loads to the circuits and interference to the magnetic
readback signal. These undesirable effects of long leads are
largely eliminated by the present invention placing the
milliactuator driver and the RPE sensing circuit in the
electronics module 52 integrated with milliactuator 54. The
signals between the electronics module 52 and the actuator chip
40 are now replaced by a DC biés voltage to the milliactuator
driver and an amplified RPE signal from the position sensing
circuit.

Fig. 4a illustrates a simplified electrostatic rotary
milliactuator 54 formed by micromachining processes known to the
art. Milliactuator 54 formed on a substrate 72 comprises a rotor
structure 74 separated from and free to rotate through small
angles relative to substrate 72, a plurality of stator stfﬁctures
76, 78 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



attachnment to a |ike nunber of support posts 80 rigidly attached to
substrate 72. Spring structures 82 are formed by m cronmachini ng processes
to provide translational rigidity of the rotor structure 74 relative to the
substrate 72 while allowing relatively free rotational notion (in the plane
of the paper) of the rotor structure 74 about its center of symetry 84.
Rotor structure 74, stator structuresif6, and stator structures 78 are
formed of electrically conducting materials electrically isolated from each
other by a suitable thin filmlead structure fornmed on substrate 72.

Vol t ages aaftplch@dntotbhg 1 OtOmABdrshat Qippoirt Usdsi£B0 RdWea19t hEagtihyg and
reépul sive electrostatic forces between the rotor structure 74 and the

stator stuouchbseza¥?s, 778 rasting BEruBtivdsaBroaro©ftddi@dr efor structure 74
agai nst the weak constraining forces of spring structures 82. The
r ot at i onalictiosplcageipat podcddsesr aboprstidecttunes Vak icaa lbe igeasty edf byha
sui tabl e sensor and the signal used to provide feedback to a controller in
t he for mmsftox sélrackveepbsindlativer be (IRPEpbstyatd .72Théridgpatiloaice bet ween
rotor structure 74 and either stator structures 76 or stator structures 78
may be ugedatdvshovifdeet hetREPNsilgnatiomhdndébe gnlantd ofr bespesefbrof
fabricating mlliactuator 54 structures are known to the art. The
enbodi nerftheofrotRe ﬁFE§§ﬁ?r?ﬁVbﬁ@PBﬁ i e eFANEEESO B I YaB4r S5BoRPTh t he
integrated circuit (1C chip form ng el ectronics nodul e 52 containing the
dri ver E”ﬁquqguggng'ngstator structures 76, and stator structures 78 are
formed of electrically conducting materials electrically isolated
from each other by a suitable thin film lead structure formed on
substrate 72. Voltages applied to the rotor and stator
structures induce attractive 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
constraining forces of spring structures 82. The rotational
displacement of the rotor structure 74 can be measured by a
suitable sensor and the signal used to provide feedback to a
controller in the form of a relative position error (RPE). signal.
The capacitance between rotor structure 74 and either stator
structures 76 or stator structures 78 may be used to provide the
RPE signal. The design and processes for fabricating
milliactuator 54 structures are known to the art.
The embodiment of the present invention integrates

milliactuator 54 with the integrated circuit (IC) chip forming

electronics module 52 containing the driver and RPE sensing



15 circuits. Integration to formthe mlliactuator/electronics nodule 50 is
acconpl’i shed by fornmng suitable integrated circuits for the milliactuator
driver and RPE sensing functions on a silicon substrate using processes
wel | known to the art, followed by further processes to formthe proper

el ectrical connections of the driver and RPE sensing circuits to
mlliactuator 54. The integrated mlli,actuator/el ectronics nodule 50 is
then conpleted by formng the mlliactdator 54 on and in contact with the
el ectroni cs nodule 52 using filmdeposition and m cromachi ni ng processes.
Fig. 4b isixgzuiltan virteofawiscticokioss - fbelutid 152ctd tmt/redeictigonéas ur es of
the required interface between el ectronics nmodul e 52 and nilliactuator 54.
The i nt erfoste eng8t 1pr dFerePr bl s PyafoEBiRe ILEABL¢ r gihad e tedi Gercahls RPE
sensing circuits in_the electronics nodule 52 to the rotor structure 74 and
the stat ofPsthgclitdiagbuatar 4 vaddPPAoREE (58 SERE et ORFs PR pR ovi de
adequat e af%grica% ghigldin bet ween thewghgiggogics ﬂ$dul% 55 fgd t he

m |1 act U954 SEESEEFER N HY S5CEEPERP VeI &OPFE Y7 0% REThi §RePEREri ¢
fields raguisgdiie debbecled AlOrothl YRkUpfoh oFREEH LR coRRERREAE LPe

driver an sensing circuits ar

the driver and RPE sensing circuits to milliactuator 54. The
integrated milliactuator/electronics module 50 is then completed
by forming the milliactuator 54 on and in contact with the
electronics module 52 using film deposition and micromachining
processes.

Fig. 4b is a plan view of electronics module 52 illustrating
features of the required interface between electronics module 52
and milliactuator 54. The interface must provide electrical
connections from the driver and RPE sensing circuits in the
electronics module 52 to the rotor structure 74 and the stator
structures 76, 78. 1In 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 electric fields required to deflect rotor structure 74.
Electrical access to the driver and RPE sensing circuits are
provided by small holes or vias formed by well known
photolithography and etching processes to allow electrical
contact to be made by subsequent metal depositions. A via 94 -is

for electrical connection to rotor structure 74, four vias 86, 98



provided by small holes or vias forned by well known photolithography and
etching processes to allow electrical contact to be nade by subsequent
netal depositions. Avia 94 is for electrical connection to rotor structure

74, four vias 96, 98 16 are for contact to stator structures 76, 78 and
four other vias 100 are for contact to input and output signals to the
mlliactuator/electronic nodule 50 frtmthe external signal processing

el ectronics. Electrical shielding is provided by a netal |ayer 92 forned on
el ectronics nodul e 52 over the entire interface surface between el ectronics
nodul e 5ar@Endom kbhastuatdrstador Shtvlcimgsbyépetalandayenr 92ther waras
effective since it forns a ground plane with the di mensions of electronic
nodul e 5200alkget fort coRtanh go anpudegndvwutput heigtizdiseter thé each of the
vias 92- 100 is only about 100 um Now referring to Figs. 5a-e, the process
for prodmildg acheakar égledteadniic| hodetaidiCofrenethe enitesnabdeli endl) accor di ng
to the present invention wll be explained. Briefly, Fig. 5a shows a

shi el ded PSioc&issdnpt ehaseronigisy. Bbeghiolerla spassiing é¢ RRAVPiehdY zed Si
circuit wafer with PLX, Fig. 5c shows the netal interconnect/passivation

| ayer deﬁggﬁﬂi&ﬁygﬁdgﬁag?%ﬁqﬁ ﬁﬁ;e#$§ﬁrqﬂics'module 52 over the entire

interface surface between electronics module 52 and milliactuator
54. Shielding by metal layer 92 is very effective since it forms
a ground plane with the dimensions of electronic module 52 (about
1 to 2 mm on a side) while the diameter of each of the vias 92-
100 is only about 100 um.

Now referring to Figs. Ba-e, the process for producing the
integrated milliactuator/electronics module 50 according to the
present invention will be explained. Briefly, Fig. 5a shows a
shielded Si circuit wafer; Fig. 5b shows a passivated and
planarized Si circuit wafer with PIX; Fig. 5c¢ shows the metal
interconnect/passivation layer deposition and patterning; Fig. 5d
shows the sacrificial layer deposition and patterning and Fig. 5e
shows the seed layer deposition. The key aspects of the
integrated circuit with microactuator include the metal layer to
shield the electrical fields (for example, aluminum M3 layer in
the IC), a thick layer to planarize the IC topography (for
example, PIX, a form of polyimide), a passivation layer to
prevent any process influence to the IC ( for example, a

combination of PIX and Tungsten (W), which act as a diffusion



shows the sacrificial |layer deposition and patterning and Fig. 5e shows the
seed | ayer deposition. The key aspects of the integrated circuit with

m croactuator include the netal layer to shield the electrical fields (for

exanple, alum num M3 |ayer in the IC), a thick layer to planarize the IC

t opography (for exanple, PIX, a formof polyimde), a passivation |layer to

prevent any process influence to the I{5( for exanple, a conbination of PIX

and Tungsten (W, which act as a diffusion 17 barrier) and a via hole to
connect between the | C and nicroactuator. I'n the described exanple, the

Tungst en dsrdleyy wpadaasid Mdient8r eomaat vhelebherHd arcoagtuat or. Descri bed
in nore detail, the process begins as shown in Fig. 5a, which illustrates a

silicon weferoalt@Batnrwhi cin diieversanibddPlexaensengtio Mmmigssehave oeen built,
passivated and vias opened using processes well known to the art. A silicon
oxi de pl ateRd 24 ithe AnHerevinmdtofor abks MEEFOBFLEdBUL- 1-2 nicrons thi ckness

is deposited over the passivated silicon wafer 108 by a chem cal vapor
deposition or [%?sﬁlré?ﬁﬁ é’hH%ﬁﬁ?ed‘eBébbm‘it}eol?rﬁFﬁﬁés%eg’ﬂ? Af- SPO@ Bt Cu | ayer

112 of agfglp%sh gknffusts dep05| ted over _the 6)4 anarize Yer 110 by a

sputter rates 5111con wafer 1 on whic dr ver
and RPE sensing circuits have been built, passivated and vias
opened using processes well known to the art. A silicon oxide
planarization and isoclation layer 110 of about 1-2 microns
thickness is deposited over the passivated silicon wafer 108 by a
chemical vapor deposition or a plasma enhanced deposition
process. An Al-Si-Cu or Cu layer 112 of about 1 um thickness is
deposited over the planarized layer 110 by a sputter deposition
process to form the ground plane 92 (Fig. 4b). The Al-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 vias to the driver and RPE
sensing circuits. Tungsten (Wi 111 inside the vias opened in
silicon dioxide isolation layer 110 for connecting Al-Si-Cu
contact pads with the electronic circuits is deposited by a
chemical vapor deposition process. A dielectric PIQ (or PIX)
polyimide layer 114 of about 5 um thickness is deposited by spin
coating. The PIQ (or PIX) iayer 114 is.patterned using a mask

and chemical solvent to open vias to the isolated contact pads



process to formthe ground plane 92 (Fig. 4b). The Al-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 vias to
the driver and RPE sensing circuits. Tungsten (W 111 inside the vias
opened in silicon dioxide isolation |ayer 110 for connecting Al -Si-Cu
contact pads with the electronic circyts is deposited by a chem cal vapor
deposition process. A dielectric PIQ (or PIX) polyimde |ayer 114 of about
5 umthickness is deposited by spin coating. The PIQ (or PIX) layer 114 is
pat t er nediafSineg annas& AN icltamlagkr sul2/entChe oreapan inigasttoctiee | 591 at ed
cont act pads 18 defined in the Al-Si-Cu | ayer 112. The resulting

st ruct ur et lilgisitiregetr &b elidn FE.g. 5b. The milliactuator 72 structure starts

with a tungsten (W or other netal |ayer 116 of about 0.2 [err] thickness
deposi t ed overlheheipl peoratRxX)72| gyewciuse §§RALS a'idpukt srhagter otessor The W
| ayer 116 is patterned using a photoresist and chem cal etchant to define
i sol at ed e defaéclaparslE eft pbenr| Y- T ofnébi@dass dreosbhedceveads
defined in Al-Si-Cu | ayer 112 through the vias opened in the PIQ (or PIX)
| ayer 116:berHd & dogl PE b }aitesr ddAnueing a sputtering process. The W

layer 116 is patterned using a photoresist and chemical etchant

to define isolated interconnect pads electrically connected to

the contact pads defined in Al-Si-Cu layer 112 through the vias

opened in the PIQ (or PIX) layer 116. The resulting interconnect

structure is shown in Fig. 5c¢. An Al,0. or Cu layer 118 of about

3 um thickness deposited on W layer 116 is patterned using

photoresist and chemical etching processes to leave a sacrificial

layer 120 on which the milliactuator high aspeét ratio rotor and

stator structures will be formed. The resulting structure is

shown in Fig. 5d. A stack of Chromium (Cr) and Copper (Cu) seed

layer 122 of about 1000 A_thickness is deposited using a

sputtering process on the entire surface comprising patterned

sacrificial layer 120 and W layer 116. The resulting structure

is shown in Fig. 5e. Seed layer 122 provides a suitable

substrate for Ni-Fe plating processes to form the milliactuator.

The milliactuator fabrication is completed by methods known to

the art using Ni-Fe plating, photoresist and lithography

processes. The milliactuator is finally released in a



structure is shown in Fig. 5c. An Al[err]0 or Cu layer 118 of about 3 [err]
t hi ckness deposited on Wlayer 116 is patterned using photoresist and

chemi cal etching processes to |leave a sacrificial layer 120 on which the

m | liactuator high aspect ratio rotor and stator structures will be forned.
The resulting structure is shown in Fig. 5d. A stack of Chromum (Cr) and
Copper (Cu) seed layer 122 of about 12@0 A thickness is deposited using a
sputtering process on the entire surfate conprising patterned sacrificial

| ayer 120 and W/l ayer 116. The resulting structure is shown in Fig. 5e.

Seed | ayegad22f oM deged sHbh abtreudhsbr abmodornbi AF®, pbAatdng processes to
formthe mlliactuator. The mlliactuator fabrication is conpleted by

nmet hods kmewnificidie layerusing Ni-Fe plating, photoresist and |ithography
processes. The milliactuator is finally released in a 19 sacrificial

| ayer etch proEesscampliegrgyéntegratifemijldiagiuatprdate¢iiaiiags ragede Fhe
conpleted integrated mlliactuator/electronics nodule 50 has a bondi ng

pl at f or m PPRed RrdHw pdestosnr fivted &ofthehertAY stagetistorobiheThe

inder/traniducer assenbly 56 is_bonded to the bonding pl at f or m usi ng
adhesi ve BrlotAeruahiin #f-e AB&N3!idgyd transducer assembly 56 is bonded to

the bonding platform using adhesive or other suitable means. The
entire assembly of milliactuator/electronics module and
slider/transducer is now bonded to the suspension flexure 24
using methods well known to the art. Fixing the electronics
module portion of the integrated milliactueator/electronics module
to the suspension flexure 24 and the slider/tranéducer assembly
56 to the milliactuator rotor structure is the preferred method
since this configurgtion minimizes the mass moved by the
nilliactuator during adjustﬁénts of the position of the
transducer over the data tracks on disk 1B. Leads 61 are now
bonded to the pads 62 on the electronics module 52 and leads 60
to the pads 64 on the slider/transducer assembly 56 using methods
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 driver and the
read preamplifiers for the magnetic signal transducer of the
slider/transducer assembly 56 into the electronics module 5$2.

In

this embodiment, the write current driver and the read



entire assenbly of mlliactuator/electronics nodule and slider/transducer
is now'bonded to the suspension flexure 24 using nmethods well known to the
art. Fixing the electronics nodule portion of the integrated
mlliactuator/electronics nodule to the suspension flexure 24 and the
slider/transducer assenbly 56 to the mlliactuator rotor structure is the
preferred nethod since this confi gura%bon mnimzes the mass noved by the
m | liactuator during adjustnments of the position of the transducer over the
data tracks on disk 18. Leads 61 are now bonded to the pads 62 on the

el ectronicesampdalfée52c anchiltesadbi60 ¢onphiseppdst 64 dihet hetshiderdh ymnsgducer
assenbly 56 using nethods well known to the art. Fig. 6 shows a second
enbodi nedtr éhet Rsipreaeht dnevenvi 6prndrerig fha elegliromicst mgdai¢ oF of t he
~electronic circuits is carried out by incorporating the wite current

driver ad@bS9eateddCpreahpldiipefuring thie PFRGREEIRT diogfar™t Fansduiesr of t he
slider/transducer assenbly 56 into the el,eiﬁtroni cs mpdule 52. In this

enbodi me®d tHE REPFLNE LTI ter OB ERA P hdaFEYYEer o pFBér’r‘ﬁH?‘? er

circuits V\hljrchtcgrggri selg rt of the a]g_t laetrogrgh]ingw4eoleicr%rtigglgri or art, are

now f or s hET &V EEL PN @ IrBEGREP : Y

- connected to the write head and read head, respectively, on the

slider/transducer assembly 56 using much shorter lead lengths
than previously used. The advantages of this placement of the
magnetic transducer circuits include reduced interference from
the large amplitude write current signal and improved signal to
noise for the magnetic readback signal. Control signals to the
write current driver and amplified readback signals from the read
head are carried by leads 60 from the electronics module 52 to
the actuator chip 40. Processing steps to integrate the
electronics ﬁodule 52 with the milliactuator 54 for this second
embodiment are identical to those described earlier for the
preferred embodiment using Figs.ISa—e.

While the embodiments of the present invention have 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 in the present invention.

It will also be obvious to those familiar with the art, that
integration of other signal conditioning circuits including, but

not restricted to, the servo feedback controller and



integrated circuit chip during the processing to formthe driver and RPE
sensing circuits for the mlliactuator 54. The wite current driver and
read preanplifier are now electrically connected to the wite head and read
head, respectively, on the slider/transducer assenbly 56 using much shorter
| ead | engths than previously used. The advantages of this placenent of the
magneti c transducer circuits include maduced interference fromthe |arge
anplitude wite current signal and inproved signal to noise for the
magneti c readback signal. Control signals to the wite current driver and
anpl i fi edeteatbaetka &iqgklisshirgen (ERD)r aligdreadinte echearri ed by | eads 60 from
the electronics nodule 52 to the actuator chip 40. Processing steps to
|ntegratem%ﬁel%F%%%FQ%(%%?Q%ﬁBHF%S5@94&%@h59h63h1?4ﬁqa@Fu3§6? b $hey this
second enbodi nent. . are identical to those described earlier for the

pr ef er r edPERBBAF nERYEUSi WY Figs. 5a-e. While the enbodi nents of the present
i nvention have een described with refer%nce {o Xagllllactuator

w il be ObVIOUSQ%O t osénFEﬁPF 5?V%&Eﬁ?ﬁ &> b?e?rﬁﬁé%lcﬁlneay ?ﬁ?%ﬁ §8Fhator
may al so BE5E§§ﬁea“w£€H3 f%%%ﬂke'ayﬁﬂkéeﬂ-fkk ¥%'émﬁ§d§ﬁe9€50bW!QHﬁJ?% those

famliar wt e art intéegration o her si gnal conditi oning

ci (r]I cuits iRakUdtB8a wttrnfge esiiiet 8 dn, aEHetﬁzﬁf wa dieadbagknsantsipl | er
an

form and detail may be made without departing from the spirit,
scope and teaching of the invention. Accordingly, the disclosed

invention is to be considered merely as illustrative and limited

in scope only as specified in the appended claims.



21 electrostatic discharge (ESD) diodes into the mlliactuator/electronics
modul e ‘50 may al so be used in the present invention. Wile the present

i nvention has been particularly shown and described with reference to the
preferred enbodi nents, it will be understood by those skilled in the art

t hat various changes in formand detail may be nmade wi thout departing from
the spirit, scope and teaching of thejspnvention. Accordingly, the disclosed

invention is to be considered nerely as illustrative and limted in scope
only as specified in the appended cl ai ns. 22 CLAI M5 1. An integrated
slider/milliactuator assenbly for usecH¥HM® magnetic st or age s stem
conprising: an electronics nodule; a milliactuator forng H“HU"“""H
el ectroni cs nodul e; and a slider/transducer assenbly j ux
m|liactuator, the slider/transducer assenbly for reading and/ or Wit
data in the nmagnetic storage system

1. An integrated slider/milliactuetor assembly for use in

a magnetic storage system comprising:

an electronics module;

a milliactuator formed on the electronics module; and

.a slider/transducer assembly juxtaposed the milliactuator,
the slider/transducer assembly for reading and/or writing data in

the magnetic storage system.

2. The integrated slider/milliactuator assembly for use in
a magnetic storage system as set forth in claim 1, wherein the
electronics module is further comprised of a milliactuator driver
circuit and a sensor cifcuit both of which are electrically

connected to the milliactuator.

3. The integrated slider/milliactuator assembly for use in
a magnetic storage system as set forth in claim 2, further
comprising an electrical shield between the electronics module

and the milliactuator.



2. The integrated slider/mlliactuator assenbly for use in a magnetic
storage systemas set forth in claiml, wherein the electronics nodule is
further conprised of a mlliactuator driver circuit and a sensor circuit
both of which are electrically connected to the mlliactuator. 3. The
integrated slider/mlliactuator assenbly for use in a magnetic storage
systemas set forth in claim?2, furt conprising an electrical shield

bet ween the el ectronics nodule and th& m|liactuator. 23 4. The
integrated slider/mlliactuator assenbly for use in a magnetic storage
system as sets.f or thei in€é@idfed swhaeeini Saiadtabest hdsemd1petat hayery f or med
on the electronics nodule over the entire interface surface between the

el ectr ord ewgmedilcestndagdesyrtldm ast gat oferth in Fhein M eghateth said
slider/m|liactuator assenbly for use in a magnetic storage system as set
forth i sheididnis, awhekel nlavrr forredcPhiathst Slsctirnine regupei Qe ofhe a
substrate; .a raqtor structure separated fromand free to rotate through
angles r%ﬂ%ﬁﬁevéngSr?ﬁgesfﬁﬁﬁ?%ﬁ;g?tween the electronics module and the

milliactuator.

5. The integrated slider/milliactuator assembly for use in

a magnetic storage system as set forth in claim 3, wherein the
A0 T

a rotor structure separated from and free to rotate through

milliactuator is further comprised of: '

a substrate;

angles relative to the substrate:

a plurality of stator structures disposed proximate the
rotor structure and rigidly fixed to the substrate; and

at least one spring structure providing mechanical support.
for the rotor structure by attachment to at least one support

post rigidly attached to the substrate.

6. The integrated slider/milliactuator assembly for use in
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 other by a

thin £ilm lead structure formed on the substrate.



a plurality of stator structures disposed proxinmate the rotor structure and
rigidly fixed to the substrate; and at |east one spring structure providing
mechani cal support for the rotor structure by attachnment to at |east one
support post rigidly attached to the substrate. 6. The integrated
slider/mlliactuator assenbly for use in a nagnetic storage system as set
forth in claimb5, wherein the rotor s4ucture and stator structures are
formed of electrically conducting materials electrically isolated from each
other by a thin filmlead structure formed on the substrate. 24 7. The
integrated sli’der/ el intkadrater adidedinilldactdaton afseagAdt fer stow dge

systemas set forth jn claim6, wherein voltage lied to the rotor
S ructur & FRIERAEoP QT TrIEE™ RAURE: AT Rethval Sl e BOFEF Vo

| t t, f . bet th t t t
el ectr oSLAl JLOLEES; Dt YPal 8.0t oL BLUE! UEs Nk Aharcslryot ur es

thereby resultin “rnrotation o otor structure against constraining
forces ofj i@ eSRELRICEIVUCHY §2pulsive A TRENPEELSE B FAYRSYELEMREAHY | Si NQ:

a disk with a data surface of concentric data tracks; a spindle shaft
supporti ngtaal drduskursaikh Htatdhesshadtuded, thereby resulting in
rotation of the rotor structure against constraining forces of

RR R

the spring structures.

8. A magnetic storage system comprising:

a disk with a data surface of concentric data tracks;

a spindle shaft supporting said disk, said spindle shaft for
rotating said disk about an axis generally perpendicular to the
disk;

an integrated slider/milliactuator assembly maintained in
operative relationship with the data surface when the disk is
rotating, the slider/milliactuator assembly further comprising an
electronics module; a.milliactuator formed on the electronics
module; and a slider/transducer assembly juxtaposed the
milliactuator, the slider/transducer assembly for reading and/or
writing data in the magnetic storage system; and

a contréller for processing data read from and written to

the data surface.



rotating said disk about an axis generally perpendicular to the disk; an
integrated slider/milliactuator assenbly nmaintained in operative
relationship with the data surface when the disk is rotating, the
slider/mlliactuator assenbly further conprising an el ectronics nodule; a
mlliactuator formed on the electroni%% nmodul e; and a slider/transducer
assenbly juxtaposed the mlliactuator,”™the slider/transducer assenbly for
readi ng and/or witing data in the nagnetic storage system and a
controller for_ progessing data read fromand witten to the data surface.
FEPRGE" £

25 9.  The nmaghetic'Ss SySt YRS SYEECF 0P ST FRF &P mi™B, A& 8irn t he

el ect roni G PRLk! &hd S 1WELBRE oL P 1809 SObu AcilLd Hoglgwg;gr?f’“ ver circuit

and a sensor circuit both o are electrica conhected to the -

m | 1iact uat I iadOuatlie Jragaet ECr&ial 39@ SYSEesmATisehitobddh idr ¢haim 9,
further conprising an electrical shield between the el ect roni cs nodul e and- -

the mlliaceualectrikhliTheonngriedd cSitheagel sysdtiatas. set f [ [
10, wherein said shield is a nmetal l|ayer formed on the elecﬁﬂ ‘“ﬂ“ |ﬂ““|“““ '
* c L M S *
10. The magnetic storage system as set forth in claim 9,

further comprising an electrical shield between the electronics

module and the milliactuator.

11. The magnetic storage system as set forth in claim 10,
wherein said shield is a metal layer formed on the electronics
module over the entire interface surface between the electronics

module and the milliactuator.

12. - The magnetic storage system as set forth in claim 10,
wherein the milliactuator is further comprised of:

a substrate;

a rotor structure separated from and free to rotate ‘through
angles relative to the substrate;

a plurality of stator structures disposed proximate the
rotor structure and rigidly fixed to the substrate; and

at least one spring structure providing mechanical support
for the rotor structure by attachment to at least one support

post rigidly attached to the substrate.



nodul e over the entire interface surface between the el ectronics nodul e and
the milli'actuator. 12. The nagnetic storage systemas set forth in claim
10, wherein the mlliactuator is further conprised of: a substrate; a rotor
structure separated fromand free to rotate through a ative to th
substrate; a plurality of stator structures disposed mﬁﬁj :" F
structure and rigidly fixed to the suSgtrate and at

structure providing mechani cal support““for the rotor structure by
attachnment to at | east one support post rigidly attached to the substrate.

26 13. The mabhet i®esigpRyblcrmIgssEeten @t Befnferdh iniZladmeldin t he
r ot or strHcture nd stator structure ée f or ned of electrlcallﬁ conducti ng
eq

mat eri al &7 &f 86t riEarP °F38F5t%§Pﬁﬁr8R1ea rF?ﬁri§F“5§“é?trﬁﬁ% fHOrRE
structurg, QEFF 101” tc'&%dﬁﬁ@?rtu% E}&aecer]tél TQ d@Q@ﬁﬁi{?Ofé&f;rucfycgke@agg set

forth inclaiml mherern vol t age tot tor ure-an
stator sbeHet Uk'S},eSa ithAWC e i @kt 1 &G lsvc%u@edré eﬁﬂn@uvsnetﬁ&tgtﬁgﬁialt% forces

between the rotor structure and stator structures, thereby
14. The magnetic storage systeu as set forth in claim 13,
wherein voltage applied to the rotor structure and stator
structures induce attractive and repulsive electrostatic forces
between the rotor structure and stator structures, thereby
resulting in rotation of the rotor structure against ‘constraining

forces of the spring structures.



resulting in rotation of the rotor structure against constraining forces of
the spring structures. 27 15. A nethod of fabricating an integrated
mlliactuator/electronics nodule conprising the steps of: formng a circuit
on a substrate; passivating the circuit; depositing a planarization |ayer
over the circuit; opening vias to the circuit; depositing a conducting

| ayer on the planarization |ayer; path?rning the conducting layer to form
contact pads electrically connected tfifough the vias to the sensing

circuit; depositing a djelectric |layer over the conducting |ayer;
patterning thgsdi el éc‘f‘??réocfa@érfaﬁfil%ﬁ%’rf’%iaé’s 2pheqiftont act pads defined in

thie condugtingdaues; /andeLandaaqmiLLAGKIBLOL Gid USkhLe pver ¢ he

pol yi m de Tayer erel irst con ive layer-in the mlPractuator  _
structure is pihehhged &or&onnest at BeLEGMHRGt pads in the co ' I
t hrough vias opened in the polyimde |ayer. 16. The nethod ﬂ I[IHEWH““'
an integrat ed gaslsiivacibat etid ejieetuioni cs nodul e set forth in oy iy e
wher ei n
depositing a planarization layer over the circuit;
opening vias to the circuit:
depositing a conducting layer on the planarization layer;
patterning the conducting layer to form contact pads
electrically connected through the vias to the sensing circuit;
depositing a dielectric layer over the conducting layer;
patterning the dielectric layer to open vias to the contact
pads defined in the conducting layer:; and
forming a milliactuator structure over the polyimide layer
wherein a first conductive layer in the milliactuator structure

is patterned to connect the contact pads in the conductive layer

through vias opened in the polyimide layer.

16. The method of fabricating an integrated
milliactuator/electronics module set forth in claim 15, wherein

the circuit is an RPE sensing circuit.

17. The method of fabricating an integrated
milliactuator/electronics module set forth in claim 15, wherein

the circuit is an actuator driver circuit.



the circuit is an RPE sensing circuit. 17. The nmethod of fabricating an
integrated milliactuator/electronics nodule set forth in claim15, wherein
the circuit is an actuator driver circuit. 28 18. The nethod fabricating
an integrated mlliactuator/electronics nodule set forth in claim 15,
wherein the fist conductive layer in the mlliactuator structure is forned
of Tungsten. 19. The nethod fabricating an integrated
mlliactuator/electronics nodule set f2Z&%th in claim 15, wherein a second

conductive |ayer i E thee OIA |fa%trggg ml S r}‘olrnr{%drgp (%he first conductive
| ayer. 20. The ret a't tbr| cafi ng-a Pt % egrat d" %% i act uator/el ectronics

modul e S%lf‘qratctﬁub@oi;}’@iéEt]r%nl\é’geﬁlSJi@lé he SeceRd £ONAUGH V8 | gY&le,$

patterned to | eave a sacrificial layer in which the m 1 1iactuator Fotor and
stator styhectiirses caneuéOived.ayer in the milliactuator structure is

formed of Tungsten. e e

| WL A
18. The method fabricating an integrated

milliactuator/electronics module set forth in claim 15, wherein

a second conductive layer in the milliactuator is formed on the

first conductive layer.

20. The method fabricating an integrated
milliactuator/electronics module set forth in claim 19, wherein
- the second conductive layer is patterned to leave a sacrificial

layer in which the milliactuator rotor and stator structures are

formed.



