;e3e] XXV [L[,]6b]T] @ a N ov 20a~ MLLI AC ~LJAT(aR WTH I N f EGRA' J<ED
SENSOR ANp DRI VERS AND L~THOD OF MANUFAOTURI NG THE sAt ~ pACKGROL~' NL OF THE
TNVENTION 1. Field of the Invention This invention relates in general to
integra,1 recording head m | Xi act uat oxs, and nore particularéﬂﬁ, ZKEHE
mlliactuator with integrated sensor and driver electronics Nb&

for making the sane. 2. Description of Related Art Myvi ~xg nagnet xC st or age
devi ces, especial.J.y magnetic disk drives, are the nenory devi ce of

choice. This is due to the~.r expanded nonvQ atil e nmenor~r storage
Gapahilit~r together with a relati~reiy | ow cost. AcCUxate retrieval of the
stored ' information fromthese devices becones critical, requiring the
nmagneti c transg4sahcroaber Pt i iiedrASES | s@&cRoAfbepSt vy aEdi @ as

possi ble. rtx sone storage d~?vioes, the transducer may actually contact

t he nedi a. Magnet~.c di sKTHOD VES MANRGFAOTERYGRTTHENSBMOr age devi ces whi . ck~
utilize at |east one rotatable nagnetic nedia di sk having concentric data
tracks defined for storing data. a ~read/ wxite transdu~x for readi ng data

fromand/or witing data to the i ~nnun~m i ~u~~oswo~
BACKGROUND OF THE INVENTION

1. Field of the Inventign

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
expanded non-volatile memory storage capability together with a
relatively low cost. Accurate retrieval of the stored
information from these devices becomes critical, requiriqg the
ragnetic transducer to be positioned as close to the storage
media as possible. In some storage devices, the transducer may
actually contact the 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

transducer for reading data from and/or writing data to the
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.11 2 various data tracks, a s~.idex for supporting the transducer.
adj acent the data tracks typically in a flying nmade above the stoz: age
medi a, a. suspension assenbly for rc~silietttly suppor.ti,z~g the slider
..,and the transducer aver the data tracks, at~d a positioning MOV 2002
couplled to the tra~nsducer/slide~c/suspensiort _ combination fax noving the
transducer across the nedia to the desired data track arid naintaining the
tr.ansducpr over the data track center line during a read ar a wite
operation. The transducer is attache@ to ox is forned integrally Wth the
sl ~.der which supports the transducer above the dsCa surface of the storage
di sk by a cushion of air, referred to as an ajr Y-ea er~erated by

rir~g,

the rot'@5iRYSdr8ks Afeekfratd veidgr fﬁ%SPPBR§BUE%ﬁ”Wh§rQBgFHgQE in, contact
wth t surfac f .the d-~. sk. .SUSp g rQVi desired slider
XbadingﬁgégﬁngiﬁggseégﬁJer%iﬁ f}PF§a££fﬁ%e§ ? éngi g% ggg%gngg%tuator arm
- whi ch cquples RQ%iE%aQSQH%FHJéﬁthQBééﬂﬁﬂe@8&-EEEE%%EHUQ&YshB bhejagtuator.
The suspensi'on i~ required to naintain the transducer and tﬁe s) ider

adj acenihd ha idat-aasuxtne. exafsdulrerdosd: whieshdasa |tovieaes, 0oagidng f orce as
possi bl e. The actuator positions the transducer over the correct track
accor digug ittdoniegdataudtst redipdedato egdee dpenadianr /o ide rt/lsesBensdot track
for placement of the data during a wite operation. The actuator is

Cont r ol dagebitnp td o@e foxomepipd it $A2pad sy ASaeTerthyy dledifet@esheed dat a
rra~k by shifting the conbination assenbly across the surfa%e of the disk

_in a ditethicsh dgdRe faRFY ??%ﬁ@uﬁﬁﬁéﬁi?%'?%%traﬁﬁ G VEEkSheadalifsk drive

—Servo q9htro| S steqchntrgls nove n%r(g JEQgeact O, ar macr oss t he
sur f acet B eIk 1B nBVE ¥he FEG0etT & rE5F Ty hesd frdfdata track t, o

dat a trct?fé%s & Qe a?ﬁle&cﬁcf%rt 'E'L%C%(@rnte% TREDS A4 1 WA diERelel sRsReRALN

€ e
over ~Che centerline o e selecte rack _ Mai ntal ning the head centered

over 3 KAk JfdidAkee REEMAIR 88BN IANGstLCAIM 1 Qft dRka the track.
.1 """, Atrend xn magnetic disk drives is that the magnetic bit size

whi ch nayobgyd eXiably o chkrivarst head hyfddiednagnes i an recobtiargnbead
continues to decrease at a rate around 50 i > per year. As a consequence,

t he W dgdnefatdrt By cble whtatingahits¥.-ns the set~uential bits nust al so

di z~ni n7~sh at rough~.y half this rate. Thus, an advanced storage device
havi ng 9000 Abt®ood-ivieddks ther trandiducepinay Giaya%e 19 kenrask H&gé 20 to 25
ktp~. within a few years. This pro'eched i ncrease xn data density planes
ext r emetRecTuE 3Gt $h6n dAE- prBBISSItER WIHFRAPE AP T e %tsctci%fr"&lﬁdsyst em

slider loading and dimensional stability between the slider and
an 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 dsta surface éf the
disk with as low a loading force as possible. The actuator
positions the transducer 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
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bxi ngs,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 ms--registxation (TMR) scales as the width of the track
(approxi mately 12~, of the track to--track pitch) . A$ thegegaﬂp%ézgdmhr
i ncreases and the al ~, ow ,ble TVR decreases, the speed ar ~ andw dt h
with which the head pasit~o~.ing sexv'o system can respar~d nust al so
increase to allow effective track foll owi ng. One nethod of increasing this
", ~ 81~ 0OV 200 4 bandwidth is the use of a second actuator (a

tn~, I liactuator~ ro pravidC~ xapirl, small-notion, position correcti4n of
the recording head. Irt |.his concept, the usual actuator provides coarse

posi , t ZekacsHeekE; ahddisle dniive [SEEYPuERR S Ve &Y 8RS FHTd "PYPHBERE head

rovides fine Control of head position_ayv t:h e Ln order to
gchi ev@hitys FF&ERt‘a'En%PPy”.‘C’ﬁ?psjzlhﬁi ?Pfa %aotfoggg éﬁrﬁ%’% %g’a&é%gk}ﬂéﬁge of

} ti { t i t t t
irmnp:’sl(r)P x%ntegqggrrgggrgi?grl&f?ﬂ 20K aBkhchesciand aatoKGa Ut Rincet Batxcar

-

acce lon to the recording head. for the zntegxated
m-. | | i aptyaterheadadRsi g9 snd i d¥Ss $hbnNehd eih asphbe ewss wre Che sl der
pl us the mass of the novak~le part pf the m~,lia.ctuator, totaling a few
taiili greGeriAne~ogoyhacke béeodd ootaati. cMaintdiadnyatbe 'posl tcendrred bet ween
a suspension f~.exure dnd a recordi ng head cdn achi eve the pas~.tional
accur acyvanc: hirgleks feedl pentos ame atequrrethd fopurarerdingh afr 8ctadensity
applic~.tions. Such, an electrostatic mll,~ aCtuator needs high drive

vol t agebn atek 'trexc¥paci tive position sensing signals fc~z good servo
“Gontrol. A prab~-emw th pa5- tioning the miliactuyator between the
“suspansi on % |&aH% 1§n8‘aﬁﬂét’r‘éc‘8’r%ﬁ %‘élgleFdé? ?hsd%t# £ ?ﬁ‘gn%%%%e%lsti gnal arid

the capaCitive, e@dgéé%ggﬁaﬁfedw%n&te%ag% ;é(?&(%?glgh@/i Naghde Q0 t he

suspenstbff . ¥ , tlxe wite Current Signal also travel

k= ougPe ML E5, P1AGRH B0 el iR SUBPEASl A s €] SR MY QXbENYSD fde
m,ll~ aétuatorw-.res. '"the wiring between ~ he mlliactuator and the

drive/sgpse. | ELW A Ciietl] th@ widinwi~e8z higk atltishpasmsitiis ¢ | oad

and introduces Interferences to the readback signal.
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 wiéhin a few
years. This projected increase in data density places extreme
requirements on the precision with which the actuvator 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 (approxirmately 12% of the tfack—
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 allow

effective track following. One method of increasing this



| 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 mlliactuato>;
dx'ive and cantxal r~.gnals and the reG>xdir,a head readback signal. a a
~ 0~ ~00z a~ 6 SUMMARY O-' THE | NVENTI ON To overcone t; he shortcom ngs of

t;heyprior ar,t described above, it is the object of the prxﬂsgnNQZVi\/E}q%on
to disclose a.n integrated mlll.actuator arid a nmethod to integr2~te e
mlliarLuator driver circuit with the mlliactuator, thus elimnating
znterferences to the magnetic readback signal caused by interconnections on
the suspension. It is anothex objectt of the present invention to discl.ase

a nethod of integrating a relative positia=ing error sensor circuit ot~ the
t~illi gBeha@l @Eh USE NGh L HXRDA Nk | Ld@rdlalcahaebects 0das i aktubsoyett@anot her

obj ect of the pxesent invention to dis close 2~ :nethdd to integxate the
ml|iaptoatoe dapicy snalé-posiohorpayitdonsensoecidianc@ift thadredrr diner
signal conditioning circuits on the same silicon substrate the

mi || i aeads or Insthis 19onsePty t the $T¥a} ACAHEEABR T EEE 6PPFRR present
e CBteh e, 25 Po” ek AR FELL-GR MR B RSB
condi t{onx~ng ¢i LEUI £ 5O A rE8L 67 Ko Po3Akh o UANS A selected
track. In 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 te 30 G
acceleration te the recording head. For the integrated
milliactuator/head designs the mass involved is the mass ci 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 betweeﬂ 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 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
s



It is a still further object of the present J.nventiori to disclose a

nmethod to further integrate other signal conditionznc~ Garcuits on the

m ~a.iactuatox including, but not restricted to, 0 a ~av Zo~~ 7 the servo

feedbacl ~ controller, the wite head driver, the react head preat~plifier,
~aridvel ectrostatic discharge (ESD) diodes. gr.ietly stated, tH{EGpNEN¢R00?

i nvention achi eves the above circuit and a relative position error. (RFE)

s~,gnal sensing circuit are integrated into the sanme silicon substrate the

ml| 3.~ actuator is built on. OQher Sikgnal conditiar~ing circuits can al so

be built with the dxi~rer circuits, The mlliaG.uator Gary further be

di xcctly built on top of these circuits to reduce the total chip area by

usi ng shdps agidst berhelit bo-louy rhedi rdddys theeeféeidess ajce dael | t,

paasi vat ed_and vi.as for Contact pads opened, a planarization |ayer, an

i sol at iFGFIP2F&r SigRA1conducting | ayer (such as a ground plane) are

deposited a tterned on top of the C/~rcuit to isolate the circuit from
possi bl e mi l’}ﬁl gg’?%gtf%ei ?\?'érk?‘:grggﬁgephafheu}ﬁﬁel FECEUREY T th&®wthadegr at ed

on top M t I, L GUZES . final e Ji.n.a_s2cxx~icial |ayer etch

pr ocessﬂ,ar' rr}r%giu%ﬁg\g/’eagse\/\gﬁlfgéaes}'%gjdﬁf‘%i %Inai ' g;t%jlg(r:lt %’?gf%eurréees{en&ﬁd descri bed

obj ect Hetyeei~hgd13hEba e dHildd BREUBSOEr X %Y Bha AR PR RENSIL3G; LI CUi 1S

with the m-.Iliactuator thus elim.~ating the parasitic load to the®

mL1li adiedat ateadbiav®r 58gRSAr integrated circuit (1C) and intexferences to

t he magneti c xeadk~ack signal caused by the interconnecting |leads to the

mlliactuataz-. z~n accaxdance with the px'esent invention, a mlliaQ& uatox
_driver advantages of the present invention will become apparent in the

followi ng detailed witten descript~.dl ~. |,



Xx~, , 08 NOV ~00~ s HRIEfi DESCRIPTIOil OF THE DRAWNGS For a fuller
understandxrl g of tY~e nature and advantages of the present invention, a

s
wel |l as the preferred node of use, refarenee shouJ.d be mad

foll owx.ng detail ed description read in Conjunction with thé &é%m%g
dramngs. Fig. 1 il.l.ustrates a magnetzc storage system according to the
present ~. 11VG-1'1t~OTl; Fig. 2 is a perspective mew of a mlliaQG uator
with ir~tegxated driver and sensor circuits positioned between a suspension
flexure and a sJ.| dex~transducex as§§nb|y; Fig. 3 is a block diagram

illustrating the positioning of the mll,ia, Guator driver and sensor
circuits of the present ~. riverition relative to the suspension; Fig. 4a is
a plan view of a sinplifiec§RMAREIPHHE IVFHHISRY nilliaCtuatox; Fig. 4b is
a plan view of the groundplanc: with via | ocat~.ons for electx~. Ga~,
connections to the notary mlliactuator of the integrated el ectronics

][mg“! e ff t RS ol RVe0kEOPhe FLGS 1t RaaAqk! § USiHeah 850 ONE tefaedi-7BRl of the
apri catl on

above, it is the object of the present invention to disclose an
integrated milliactuator and a method to integrate the
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 positicgning error sensor circuit
on the milliactuator using common nilliactuator electrodes.

It is yet another object of the present invention to
disclose a method to integrate the milliactuator driver, the
position error sensor circuit and the other signal conditioning
circuits on the same silicon substrate the milliactuator is 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 othe: sighal conditioning

circuits on the milliactuator including, but not restricted to,



process for integrating the electronic circuits with, the mlliattuator:
and arj , 9 Fig. 6 xs a block diagramof a second enbodi nent of the
pzesent in~rentxon illustrating the positioning of f~he mlliactu~tar arid

Jragnetic transducer eleccron~.cs relative to the suspension. an.J/ r Gd o]
a N ov 200Z 1~ DEfi Al LEI'S DESCRXPTZON OF mHE PREFERRED EM-OLi 1 8NN OM-2002

I nvention is described in s preferred enbodinent in the follow ng
description with reference to the ~'iguxes, in which |ake riunbez~s
represent the sane or, simlar e~ enments. Wile the invention is described
in terms of ttae best nade for achieving the invention' fi objectives, it

Wx~. J, Q@ %p@QecLatgg q¥ tMc~se skilled in the art that variations may be
acconpl TSheF 'R (FEIPHFX (qidEoldaeni Hig Whithobeadialkiiaengthe oreddie spirit

or s vent J Fi q. illustrates a nagnetic storage system
0 .Ffiﬁﬁiﬁ:ﬁgggmﬁlfﬁié¥k éﬁ§1eiectgosgatlc discharge (ESD? diedes. 9 y

Brietly stated, the present invention achieves the above
described objects by integrating the milliactuator driver and RPE
sensing circuits with the milliactua;or thus eliminating the
parasitic load to the milliactuator driver/sensor integrated
circuit (IC) and interferences to the magnetic readback signal
caused by the interconnecting leads to the milliactuator. 1In
accordance with the present invention, a milliactuator driver
circuit and a relative position error (RPE) 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, a planarization layer, an

isolation layer, and conducting layer (such as a ground ﬁlane)

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 secrificial layer etch process.

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

following detailed written description.



housing 7.2 in which is nounted a rotary CGctuatox 14, one o.r nore
assoei . ated magnetic storage disks 18 nounted an a spindle 22 and a drive
means (not shown) coupled to spindle 22 for rotating the disk 18. The
rotary actuator' 14 noves a sl~.der/m-, |liactuator assenbly 20
'accoxdax~ce with the present invention in an arClUate path 16 aﬂ&g§HJVh2002
surface of the storage disk 18. The rotary actuator 14 includes a voice
coil notox_~ conprising a coil (not shown) novable within the magnetic
field of a fixed permanent magnetic aisenbly 30. P.n actua=or atm 28 havi ng
t he nmov~,ng coil formed on one end thereof is pivotally nounted on pivot
post 38. A suspension assenbly 24 is attached to the other end of Lhe
actuator arm 28 and projects across the surface of the disk 18. The

Suspensi on, assenbly 24 supports an integrated ~1 as Nv v 200Z
slider/mlliaetuator aBBERD|GESORIPAIONN®R | BHEePRAHENGHN aver the surface of
the disk 1%. Although only one slider/mlliacLuator is shown, it will be

recogni zed that the nagnetic storage system 1(~ has one

slider/mlliactuator . ,assenbly 20 for ear. _h side of each disk 18 included in
| : he rragneti%crstao gééegyggg?#sfaf.dl?ﬁeo @?Fetqaguéﬁo?% S AR @HeE0 Offur t aer

i ncl ud t LP.40 fiXx on_t r ry . actuator 14. As is wel
nown | e en et SpuEPtiedy 49 1B 00: R IR BT RR o el
sl i der/ g td dafle=doQn g 0 [ sggg!y 4 to read
data from or mwifgkgéSaéﬁgH%%%‘éﬁéﬁg ggshigﬁgﬁggFgg%é?ea S ﬁﬁé%lQ& supported
on act updad iar Mo uakd 1 SHSPEIS It ATEEMPANY iy @aBhyngs gnal s bet ween the
_actuator chip 40 and the slide7r/mlliaetuator assenbly 20. A flexible
printed cirdlig. mentléusoratdd uOnmagneticextmalyee st earidasSirgnals bet ween
the actuator chip 40 and a cdnriector pin assenbly (not shown) which
i nt er f atles mugedertthdnaxtibioal signal processing e~, ectx~onics . Fig. 2
illustrates an integx' ated slider/mlliactuator assenbly 20 fixed to the
suspensi on aSksk: Dl R4PaceRAUiig veerhef pr etiddipetuendodiitent of the
present invention. The s~spenszan assenbly 24 supports the
sl i der / M $9athashtrl vas san@ §RrEP o Fa FChhes psnadéenedl befwelirsle on a bearing
or cushion of a.ir_generated by the xotatx,an of the disk. The

£33 ﬁg

sl i der / THTRSHATRIIE NESPE 2 20 SEEMPFF a2Euasri AP agRRt ¥

mlliactuat el ect.roni dul e 50 a n_integrated slider/transducer
assenbl y 56§¥{Ign'e%|cnltse6r é?%‘g@ &Jlaagfain 6\9/93%35atffngﬁ?,%%%ﬁr[}ﬁWeP ctronics
nodul e AT 5 e i | e -par i | integrally forned
Wih & T aR AT a3 o0 SRR BEOB LRI rorth

hexei n. jdd&éa sl drf &1tk ane dHs efne asSpRRLYoRH IS fixed to the mlliactuator 54
portion and the electronics nodule 52 portion is fixed to the suspensipn

assenbly 24.rig edtd i16a3, plerdsiior6d sompEctied boecoPt At @ads 6% and 64
on the e~.ectronics noduXe S2 carry signals to aztd fromthe actuafor chip
40. Fi .wilBiadtwstoeat es the placenent of the m | xactuatar dxiver and
sensor circU~.ts located in electronics nodule 52 relative to the
suspensi on assenidh yis2d alen viwr adt theogrditidpldef eith hel priefaies
enbodi ment of the pxesent invention. Placenment of the mlliaG uatox

dr ~. t r efoaNe asigra cicoonepes1ene tive thet sgbatediml ibktastamtal /tdleect r oni cs
nodul e 50 provi des the shortest path for signals needed try mlliactuatox
54-f|'0WFBF§%¥§Eﬁﬁ.%%$QﬁiﬂﬂF§55@°4Q}QB9ﬁtF5}5t¥ﬂ¥qqtﬂénpositi oni ng of the

slider/trans ucer5§sse IX 56 to the desired data txack on the d~.sk 18.
posi ti oni ng +ﬁ§. a-e 1llustrates one empodiment of the fahrication

process for integrating the electronic circuits with the

milliactuator; and



el ectronics nodule 52 in close proximty to the riti~.liaCtuator 54 rathex
than at the actuatox chip GO elim nates unwanted parasitic.: signal |asses
and interferences associated with the long (2 to S on) e~.ectrical |ead
| engt hs ot herwi se required. The electrostatic mlliactuator used fax fine
vposi ti oning of the slider/transducer assenbly 56 needs high d[iﬂgurﬂtgﬁﬁﬁf
and servo control provided by the relati~re posit~.on error signal
from x~ 0 8 N OV 20U2 a eapacitive sensor, Wen |:hn el eotroni GS nodul e
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~") wlll travel on el e& xxtal
| eads 61 on the suspension assenbly 24 and actuator arm 29 in cl ose
proximty toFide @liecta blakkl edssrH60 cranr yeashd Renaagneht Cogwend € current
signal to and the xeadback signal froms~.5.der/t~ransducer assenbly 56.
Tong | eBHSSEME r DelteEt Yoar da 1pakvstina theadssttoraniegcbfcuhes arid
interference to the magnet ~. ¢ readback s~.gna~.. These undesirable effects
of | ongmi‘gﬁﬂic'é%@q AGeFFIBRFHF Nt WP G hel 4TEeBAES] Bobntivn o adieng t he
nilliacgggtox driver and the RPM sensing circuit in the ele&Gronic$ nodul e
52 integrated wWth nilliactuator 54. The signals between the el ectronics
zn. adul e 52 and the actuator chip a 4p are now repl aced by a DG bi as
voltage to the mlliactuato~" d~civer and an anplified RPM signal fromthe
position sensing circuit. Fig. 4a illustrates a sinp3.ified electrostatic
rotary mlliactuator 54 fornmed by rnicronmachining processes known to the
art. MIlliactuator 54 farned on a substrate 72 conprises a rotor structure
_ 14 separated fromand free to rotate through small angles relative to
"substrate 72, a plurality at stator structures 76, 7B disposed in close
proximty to the rotor structure 74 and rigidly fixed to substrate 72, and
a nunber of spring structures 82 providing nmechanical support for rotor
structure 74 by o0 $ wav zoaz i 14 attachnment to a |i ke nunber of~ support
posts BOri,gid7,y attached td substrate '72. Spring structures 82 are
formed by mi cromachinirig processes to provide translatior~al rigidity c~f
the rotor structure 74 red.ative to the substrate 72 while aliowa.ng
relative7,y free rotational notion (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 fornmed of electrically
conducting materials electrically isolated fromeach other by a suitable
thin filmlead structure forned on substrate 72_ Vpl,tages applied to the
rotor and stator structures induce a.ttra@ive and repul sive electrostatic
forces between the rotor structure 74 and the stator Structures 76, 78
resulting in rotation of the rotor structure 74 against the weak
constrai n~.ng forces of spring structures 82. The rotational displacenent
of the rotar~stXUCture 74 Can be neasured bx a suitable sensor and the
signal, used to provide feedback to a cpntral.ler xn the farmof 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
provi de the RpE signal. "the design and processes for zabricating
mlliactuator 54 structures are known to the art. The enbodi nent of the
- present invention integrates mi lllactuator 54 with the integrated circuit
(TG chip farmng el ectroni cs nodul e 52 containing the driver and ' RPM
sensi ng



0 a ~a~r zaaz 15 circuits, Ir~tegratzon to farmtl ze

mlliaGuatar/el ectxonics nodule 50 is acconplished by formng suitable
integrated circuits for the mlliactuator driver and RPM sens;ng functions
do a silicon subsi:~rate using processes well known Co the a:p B Nwzwged
by fiurther processes to formthe proper electrical Connections~ o

driver and RPE sensirng circuits to m- |~ iactuaGr. 54. ',fhe integrated
mlliactuator/ele&~" on~.cs nodule 50 is then conpleted by form ng the
mlliaCtuator 54 on and its contactjopMth the el ectronics nodul e 52 using
filmdeposition and m cxomachi ning prc~Gesses. Fig. 4b is a plan view of

el ectronics nodule 52 illustratizy features of the required interface

bet wee?~ el ect DBNATEENTDRAGRIFT IONACH THEH FREHBRRED FMBRODIMENTt er f ace nust
provi de el ectrical connections fromthe driver and RPE sensing circuits ~.n
the electronics nodule 52 to the rotor structure 74 and the stator

structures 76, 78, In additign th terface provi de adequat
el ectri cal E*hi‘el’d?‘ﬁd“t}é’f\/\ééng?ﬂéugﬁeégtlpo i 589 € &elm%e?thal the

m"'agpggt;);eg‘l?gosoc&: SER Lben e eefége%@gctglg%u'ﬁguzag theigh el ectr-~. C

fields ructure 74 ctriCal access to the

d-c~ x@”ﬂﬁlﬁ?{é%é&e@tf gﬁét:§an§’e?<%rp%§?(‘e{1ﬂﬁd_el§)ém§%§|. h@h £8e arm i al

f of ned nown ‘phot ol i t hography and etching processes to all ow

el eG fllﬁv@hx.&?@ﬂtﬁgtdé&nﬁ%e@iaﬁ!ﬂ | &S WIS equendstelvak deposthiensng A via 94
~is fax electrical car~nection to rotor structure 74, four v~.as 96, 96 0

8 N Q ¥he~ghvdnt 86:€ § ®bieantiaat, tmst:aﬂobcsawp;cimesdmy 7ZBoaad four ot he~c

vial XOQ are fox contact to input and output signals to the

i |l agkinaedr L8l elo¢ xort ctharer@Iatea’EUDITSr oav't e Wﬁaﬁhgﬁghm viRwceSsi ng
eZeCtronics. Electrical -shield~ r~g fpr ovi ded by .a netal a%g 92 forned
on el etthessi sapbinge wEhawdx dﬁﬁéa%h‘fq &R Rig. srplfré(?e%uﬁf:ae‘é t Wen

el eCLxoni cs nodule S2 and mlliactuatox 54_ Shielding by netal, |.ayex 92

i s veryhernEdPve since it forms a ground plane w-, th the dinensions of

ea, ect roni ¢ yudul e, 57, (about, 1 19,200 QdoRa5h ARt 16 LRB1dipApter of

each of theffas*9

housing 12 in which is mounted a rotary actuatoxr 14, one or more
associated magnetic storage disks 18 mounted on a spindle 22 and
a drive means {(not shown) coupléd 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



100 ~,s only about 7.00 vm Now referring to Figs. 5a-e, the process fox
praduoi .ng the ix~i:egrated mlJ.iact,uator/electronlcs nodule 50 accordi ng
to the present invention will be exp,la~.ried_ |~xiefly, Fi,g. Sa shows a
shielded Si circuit wafer: fig. 5b shows a passivated and planarized S
.CiXGy~.t wafer with PIX Fig. Se shows the metal. interconnec{) B4\ 2002
| ayer deposition and patterning; Fig. 5d shows the sacrificial |ayer
deposition and patterning and Fig. 5e shows the seed 3, a~rer deposition.
The key aspects of the integrated cirCU~.t w-.th zt~i Croactuator include
the metal layer to shield tt~e electdt. cal fields (for exanple, a~.um num
~3 layer in tlxe IC), a thick layer to planarixe the |IC topography (fox
exanpl e, . for i SSi i I : ~. _any
or ocese St ERFTARLLARHa R KpLaBly 20 BRSCLKR 1AMy BELLT ST and
Tungst eRyue¥l e Wi Cth@ @i AS 18 .di ALESORh omdy o 05 1M aé0PLi barLd @l 7d a via
hol e to connect between the IC and tnicraaGuator. zr~ the described
exanpl e i st BRoIRINOSE & 1. DealrseoyhededstHdte that eaqrennect Lbpigd eystem
m craaatuator_ t~escribed in nore detail, |:he process begins as shown in
E ic~ &&, habi6hcidliubtr/atial iacsbhbt@dmaseingd v1D® oy whizbhsddererf aged=H t | 7~
sensing circuits have been built:, passivated and vx.as Qened uszng
processedskeld kmpluddd irnehar magnetisidtice@geoxyskempl.8nar xzat i on and
i solatiaxx |layer 110 of Gbout 7.-2 microns th~.akness is deposited over the
passi . vat ed $heisapnewnierstb0@dey sasten Héhifeaarenpaclddpsspi~aotwaioys a
pl asma enhanced deposition process. An Al-Si-Cu or Cu layer 112 a~ Goout 1
um t hi ckirdgs 4Pst thepodsin etheovmtatrieapramtad 2dd | &yers Ved lblnews pin ttehe
-deposition process to formthe ground plane 9~ (Fig. db). The Al-Si-Cu
| ayer 12 ti.sapatetenechirsi4fy qoosespbss stitdndha ehidfirdal létenbmeteF reactive
ion etching to define isolated contact pads electrically connected through
the vi ensserbhy 8P 9ertinBUSHERSIERSAATEBI 0G4, 12 repdngetentrog au1
~.ns~.de the vial opened in sil,iovn dioxide isolati.ort layer 1lo for
connect i taXIgkactio cont atiskfad® -wi ERCE e AlectPdhi W cifftcGPPEOTERA d¥hosi t ed
by a chem cal vapor deposition process. A dielectric PLS go[ Pl X) pol yi m de
| ayer 1RFRtEE0arNZHNiRGh ITREPSIPE AP ed  n52 Sl F18BaLFnBetTRRY ~ C-
(nr PrX) layer. 114 zs patterned using quais,and chem cal sglvent to open
vies to thfe 4cs8psPEdchRbAt 4R taphdde sdidex/ny i 1a6Bu3f AEFEFRIY O Al -5Si - U

| ayer 1%%1 Timresulting structuz~e is ill Stlateglé{‘éﬁb - §Q'carries

exible printed circuit member or actuaior
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 assenbly 24 according to the
preferred embodimént of the present invention. The guspension
assembly 24 supports the slider/milliactuator assembly 20 over

. the surface of the disk on a bearing or cushian 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



"the milliaCtuator 72 sCructure starts wth a tungsten (W or other netal

| ayer 116 of about 0.~ umthickness deposited over the PIQ (or PrX) |ayer
11.4 us7.rig a sputtexx.ng process . The Gb layer 116 is patterned using i~
phot oxesi st and chem cal etchant to define isolated inlercanpect pads
electrically connected to the Contact pads defined in Al-SiiEﬁ £ﬁé

t hrough the vies opened in the PIQ (or PIX) |ayer x16. The resulting

i nterconnect structure is shown in Fig. 5c. An g1203or, Cu 7.ayex 118 of
about 3 urn thickness deposited on Wlayer 116 is patterned using

phot oresi st and chem cal etching processes to | eave a sacxifi.cia,1l |ayer
X20 an which the mlliaGuator high aspect ratio rotor and stator
structLﬁ¥%¥%ﬂquQ&QrVG#ﬁﬁHrOH?ﬁﬁrﬂﬂﬁmlﬁl f M EaFedR ek HHPNIFS~ ig. Sd. A
st ack~of

of about i.000 A
t hi cknd®Y <€ d 8?{% z‘uéf‘ﬁ@f’ uf%cu%ﬂ Hﬂb@e?é?gha?%%ﬁ%ﬂi?ﬂgusu:face
conpr|S|r¥k§gﬁt5gey%%lsaC£lf{é@é%ﬁg uf 1§9tq§%LW/k§¥ {n116N\The xesui ting
e ee a

struct B8 18 SHOWN 9 Flg yer pr ovi es a suitabl e

substrate, {08, ‘JT\@ ns%%c@&agggl&nﬁy%%sa%sfweéoadﬂthgemmm@ézét%tra% the

m | |iactuator rication, I's conpleted by nmethods known, to the art using

N-Fe Bhatifh APl e%lléktémlég Whegadnsy pu.adeases. fm@d Mo ighjsact uator is

finally released I n a 2002 sacrxfi,cial layer etch process

to rendygsphes A2 Q3 QY §acrlé1ecatallcb@y9éadsThs© C@Wé&ﬁﬁ@&édﬂt%gfat ed

mlliactuator/electronics nodule SO has a bendlng platformfixed to the
rotor stéMeld oRfs g2 bl &@. Sstual Aeedrodi® w¥ader/ &5 ansducal; gaagenbly S6

i..s banded to the banding platformusing adhes~, ve or ozher ‘suit’abl e neans.

" The ent { § a @ Serti WrRf a@chbkitast ddtorloel ect xoni cs nodul e and
slider/transducer is now bonded to the suspension flexure 24 using nethods

wel | known tg;§hes antiuskirskcng €he Blrehendi 66 tHeduie1paeth &b Ofadike
integrated mlliac~uator/eXectranics nodul ~_ to the suspension flexure 24
and t hezgdi denidxansdiicers 256e08d yirb&lieeritbeids hodadkust ofeX4diGle tot ructure
is the preferred nmethod sine this configur~tj,on mnimzes the nmess noved
by the ghél baspered iin digsienbyyaglf usidreiites aotudtver podipt tonfef dHwe transducer
aver the data tracks on disk ~, 6. Leads 61 are now bonded to the pads 62 an
the el eptebarced nahddinedtand thadsd@ntointhentpads 621lanehdret of the

sJ. ~.do~C transducer assenbly 5fi using nmetfrods well known to the art.

Fig. 6 mhoksaateseoundinvesdrnensendon lsarguetents itheeintearakrt ein a furt her
integration of the electronic circuits is carried out by incorporating the
wite cUitéhtcErataere e rORACE SBRF\bre AP PFRY eSS ther shasteglymatinc si gnal
transducer of the sllder/transducer assenmbly 56 into the el ectronics

m)duJ ef83 signehi NesAy P Y~F%éﬁ%a°'§"r?é:‘-\ﬁr F(‘e B dRctgenied wprkend2r ead
~ ~y ~ 0 t of th
act uat o CRPBERGL | 1Y pré“ﬁ-r 8Fl Lfonfad B2 VB bl idhed YrRps ARl antambitves
nDd | t d h to f the d
UronPos SR AL e fad Gihes ElLR U110 L0f 00 TS e SR el v

irive %ggca%gﬂf.vcargammw AR B Do SlSARELGAH Yonnsst ede e i Le

head 8rrd rea respec rlve ransa (R%E assenbly

h h d f
Chi s’ pl SeLNEE,ENEE HE et %réas%ﬁ}@e%ﬁ%é%@éd%y Hears Sz%%%;‘fages °

i nterfergnea;txg ggeghﬁnw&%&@l@hwye yggca%tga ﬁ%hp 0 S”péoved

si gnal o onSise tor-t nmagnet i C readba nal - to the
wite Cnﬁﬁe%he@E&YéélaPQaé”ﬂHdgEh%doKﬁ@¥u¥§é re§h9ﬂ@ﬁ5 ﬁr%n1the read head are
Caxzied by X~ads 60 fromthe €l ectronics nodul'e 52 to the actuator chip 40.
ProcessielttsicgRatke hii AR thiteusdd ~Edr FlneSpa®iitidhind Wit Bhé he
mlliactuator 54 fox this second enbodi ment axe identical to those

descri bed igmr7 tiransBiote t hes pamafler S6dneado diiminty idé Xvall Uai0@S. aha- seryii l e

t he enbodi ments of the presont invention hare bEen described with reference
to a rotentmnl [praCidedopy’'thd rnsillitive prkitdes eorohosierfadmi(RPEF fidh t he
art that a linear mlliactuator. nmay al so be used itx the present invention



It wll also be obV~.ous to these famliar with the art, that integration
of other signal conditioning Crcuits including, but not restricted to, the
servo feedback controller and Q 8 NaVv 2Qa2 21 el eCtxostatic discharge

(GSD) diodes in;.o the mlliaGuator/electronics nodule SQ nma I ed
*an the present invention. Wile the present invention has beeﬂ %aﬁﬁv)gpgil y

shown and descxi.bed with xeterence to the prefex'rPd enbodineriCs, it wll
bP understood by tho$e skxJ.7,ed in the art rh8t various changes in faxm
and detail may be nmade without depaqung fromthe spj,xit, scope arid
teaching of the inventi-on_ ficcordingly, the disclosed it~v'ention is to be
considered nerely as illustrative and limted in scope only as spec~.;~~cd
in the appanded idledis@sor., - Whed theNeQe¥traiiss?Rodule 52 is
positioned at actuator chip 40, the drive voltage (about 80 volts
at 2.5 Khz) and sensed capacitance (about 100 £F) will travel on
electrical leads 61 on the suspension assembly 24 and actuator
arm 28 in close 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 undeésirable effects of long leads are
largely eliminated by the present invention placing the
milliactuator driver and the RPE sensing circuit in the
electronics module §2 integrated with milliactuator 54. The
signals between the electronics module §2 and the actuator chip
JO are now replaced by a DC bias 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 (o rotate through small
angles relative to substrate 72, a plurality of stator structures
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



CLAIMS 1. An integrated slidex/ mlliaGuator assenbly for use in a magnetic
storage system Conprising: an rlecrronics nodule a mlliaGuator foaned on
the el ectroni Ca nodul e: and a slider/transducer assenbly ju sed the
mlli.actuator,, the slider/transducer assenbly far readingﬁdﬁﬁg 2t|ng
datd in the magnetic storage system 2. The xritegrated
slider/mlliactuator assenbly for use in a nagnetic storage s~rstem as set
forth in claiml, whexein the electronics nodu~.e is further conpr~.sed of
a ml~ iactuatox driver circuit arida sensor circuit both of which are

el .ectxically connected to the mlliactuator. 3. The integrated
slider/mlliactuator assenbly for use in a nmagnetic storage system as set

forth iFt@chaerra2tof &riiler roabsEl @ifn{:;uwréxeewﬁ & rdigiigild betarkadt he
el ectr nlcs ngdule ﬁnd the mlliactuator. ~ NaVv 2002 23 9. The
i nt egr dt’ed 82 EEFPr &= I?%&¥ﬁ%féfu8§%@ﬁb@§ ?5? &g by nagnetlc storage

I 3., wh '
systemmfa% ERechrbiPe o e BB e "BEOTLA, RabAs P dnal, v alaREV Suk tRY

f or med on t I CS 1D 1578

bet weer g %'t%t:rta%% npéﬂat&fqv%n@otme gas?w@é 72U a21odll§, ! NEgrated

sli,der/mTliactuatar assenb for use It/ a magneti c storage s?sten1as

ifF forddi &led veh 9l #-3e M@@ﬁfﬁoﬂﬁl Bt Borl ¢ilnl kACTMALY JfS il HREL - Cogpri sed

the rotor structure 74 about its center of symmetry 84. Rotor
structure 74, stator 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



a substrate a rotor structure separated fromand free to rotate through
angles relative to the substrate; a plural,zty o:C stator structures

di sposed praxina.te the rotor structure and rigidly fixed to the substrate;
and at 3.east one spring struci:ure providing nechani Cal sup;é)ﬂt

rotar structure by attachnent to at |east true support post rigidly
attached to the sttbstxate. 6. The integrated slider/mlliactuator assenbly
for u,e i.n a magnetic storage systemas set forth in Caimb5, wherein the
rotor structure and stator structurgs are formed of electrically conducting
materials electrically isolated fromeach otter by a thin filmlead
structure fornmed on the substrate. t ~~—~ 1t~ ~ ~ 9y Z az 24 7. The

i nt egr sLEELEL$ derIvheanatdony & c LB sE¥ By L T EUAEE T R G HEGAETS. ¢ st or age

systemas set _forth in claimé, whet:ein vol e appli ~ or

st ruct BPEULRAC St &} cﬂccﬂ‘?ﬂ}étsﬁfegsb?ngﬁ%“émé"t tsflf‘él%?llevgngﬁg?rgté%)gl éﬁ/‘%’lf@é

el ectrgstatic forocs between the r r I oL Siructures,

t her ebeFegﬁFtThg“a%tr“cﬁtéﬁ 3%1(‘)’?]:0;8 Cg Rr%ft Sgﬁéﬁfc’?ﬁ%&%ggi !rglrslté conrl . xai ni ng

forces of . 1191 MHGLY €S 0cBssés MRdnekhewstiy age sy 8l ey CDApEd Sznc7:
a di skb\?"\n&flhgg %at%‘%ur a%gil# %cggl 5Oentri c data tracks; a spindle haft

SUppoXtyy. RarShid shdkes st dospiordll enshafdpeiroel cot Eitdaig coandctisiks abdut an
axis general.J.y perpendicular to the disk; an ~.ntegrated

sl i der /yiel biractvahod RESendisl ngpichrained tonropkiatiusdoreSdat i dhship with
the data surface when the disk is rotating, the slider/m-.11.iactuator
assenblintieyibied ONPIaStngan eddceconiod CodmbeUs®;im thien caspbated for med
"on the el ectronics noduxe; and a slider/transdueer assenbly juxtaposed the
Tl i agdwEeehinghehs | ey {candduCsd assuwbliy: fontactadiitg &R€/ or witing
data in the magnetic StoxagE system acid a controller for Rr‘ogessi ng data
read freacandnicist hedule 52 using film deposition and micxomachining

processes.

Fig. 4b is a plan view of electronics module 52 illustrating
teatures of the required interface between electronics module 52
and milliactuator S4. 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. Iﬁ 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 acceés 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 96, 98



t he data surface. c 25 a~1~ UV ZOJ- 9. "Il he rnagrxetzc storage system
as set forth xn claimB) where~.n the electronics nodule is further

conprised of a mlliactudt; Q~ dxiVer circuit and a sensor circuit bot h of
.Wh~ct,z arcs electrically connected to the m|liactuator. 2
st=orage systemas sel. orth in claim9, further conprisi ng anﬂa mve QﬁZ
shield between the electronics ' ~ nodule and the rnilliactuator. al- The
magneti c storage sxstemas set fortfs zn claim 10, wherein said sh~,eld is a

nmetal. 7.ayex formed on the electronir.s nodule over the entire interface
surface between the electronics nodule and the m-.7.J.iaCuator_ 12. The

nmagnet h@estafa@ﬁ‘ﬂ&d’@&ms@%té?tséﬂf&%ﬂeg 962178 1Qq WHGF Cor et NA 46
mlliactuatar is further canpri.sed of: a substrate; a rotor structure

separ atted hrentendcdrga:t @of Qﬁ@i@ drdt eugbuangl@sikekat e to the substrate:
miliiactuator/electronic module 50 from the external signal
processing electronics. Electrical shielding is provided by a
metal layer 92 formed on electronics module 52 over the entire
interface surface between electronics module 52 and milliactuatoer
54. Shielding by metal layer 92 is very effective since it forms
a ground plane with the dimensions of electronic module 52 (about
1l 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. 5Sa-e, the process for producing the
integrated milliactuator/electronics module 50 according to the
present invention will he Expléined. Briefly, Fig. 5a shows a
shielded Si circuit wafer; Fig. 5b shows a passivated and
planarized Si circuit wafef with PIX; Fig. S5c shows the metal
interconnect/passivation layer deposition and patterning; Fig. Sd
shows the sacrificial layer deposition and patterning and Fig. Se
shows the seed layer deposition. The key aspects of the
integrated circuit with nicroactuator 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



a pluxaX ity of stator structures disposed proximte the rotor structure
and rigidly fixed to the substrate; and at |east one ,spring structure
provi di ng mechan, i c2~1 support for the: rotor structure by attachnent to at
| east ox~e support post rig~.dl.y attached to the substrate. 08 N@VUZDU%
'~uu~'26 J, 3. The magnetic storage systemas set forth in claim12, Wwherei
the rotor structure and stator structures are :forned of Plectx~.cally
conducting materials el PGrically isolated fromcash other. by a thin ilm

| ead structure formed on the substratld 19. The nmgnel : ~. C storage sys~.cm
as s<:i. forth in rJaimla, wherein voXtage aplied to the rotor structure
and stator structures induce attractive and repul sa,ve electrostatic forces

bet weenPTHEL$0t Gk &r JERUPRI AP SPRPBFE SRFastr &8¢ {he?by result~, rsg in
(o2t OB Qlod A JQOr STRUERY R A0TBeh " Bhens YO HhES OB L0135905,9F e

used as the interconnect for the microactuator.

Described in more detail, the process begins as shown in
Fig. 5a, which 1llustrates a silicon wafer 108 on which driver
and RPE sensing circuits have been bulll, passivated and vias
opened using processes well known to the art. A silicon oxide
planarization and isolation layer 110 of zbout 1-2 microns
thickness is deposited over the passivated silicon wafer 108 by a
chemical vapor dcposition orx a plasma enhanced deposition
process. An Al-Si1-Cu or Cu layer 112 of &bout 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-5i-Cu
layer 112 is patterned using photoresist and a chemical etchant
or reactive ion etching to define isclated 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 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




S1r 1, 15 A nethod of fabricating an int;eg~ated
ml.ai,actuatar/el ectrani CS nodul e conprising the steps of: ~ 8 N OV 2aal
forming a circuit an a Substrate; passivating the Gxxcuit: depositing a

pl anari zation layer. a~rex the circuit; operang vial to the (ﬂecm]v gq]gz
depositing a conducting layer on the planarization |ayex; patterning

conducting layer to form Contact pads el ectxxc:ally connected through the
vias to the sensing circuit; depositing a dxelectri.c |ayer over the
conducting | ager; patte> nxnc~ the dielectric |ayer to open vial to the
contact pads defi,txed in the conducting |ayer; and formng a

il | AEEYALOXin SAIGHUES Ayeta e DY EhdedRAEl nher Alle L d 1!

{
conductive layer 1n the mlliactuator structure is patterned to connect the

cont act ) paderied ey Gy dygtive [ayer through va.as opened in the polyinmnde
| ayer. The nethod of fabricating an integrated mlliactuator/eXect~ranics

madul. e set Tharkil i M RitHrlo2 wheieiuret Beay ayith bstangHtHE 8NS5y ~0

circuit, 17. The nethod of fabricating an integrated

m || i agtHatamné €l e fer i111@S ofDduber set2 Lar thidkhesa. abpd bt eaharat n
the PIQ (or PIX) layer 114 using 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-5i-~Cu layer 112 through the vias
opened in the PIQ (or PIX) layer 116. The resulting interconnect
structure is shown in Fig. S5c. 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 aspect ratio rotor and
stator structures will be formed. The resulting structure is
shown in Fig. Sd. 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. Se. 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
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The completed integrated milliactuator/electronics module 50
has a bonding platform fixed to the rotor structure of the
milliactuator 54. The slider/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 milliactuator/electronics module
to the suspension flexure 24 and the slider/transducer assembly
56 to the milliactuator rotor structure is the preferred method
since this confiquration minimizes the mass moved by the
milliactuator during adjustments of the pesition of the
Lransducer over the data tracks on disk 18. 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 zsscmbly 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 signzl transducer of the
slider/transducer assembly 56 into the electronics module 52. In

this embodiment, the write current driver and the read
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electronics module 52 with the milliactuator 54 for this second
embodiment are identical to those described earlier for the
preferred embodiment using Figs. Sa-e.

While the embodiments of the present invention have been
desc¢ribed with reference to a rotary milliactuator,” it will be
obvious to those familiar with the art that a linear
milliactuatox may also be used in the present invention.

It will also be obvious to those familiar with the art, that

but

© integration of other signa)l conditioning circuits including,

not restricted to, the servo feedback controller and
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electrostatic discharge (ESD) diodes into the
milliactuator/electronics module SO may also be used in the
present invention.

While the present invention has been particularly shown and
described with reference to the preferred embodiments, it will be
understood by those skilled in Lhe art that various changes in
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.
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1. An inteqgrated slider/milliactuator assembly for use in
a magnetic storage system comprising:

an c¢lectronics medule;

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, whexein the
electronics module is further comprised of a milliactuatox driver
circuit and a sensor circuit 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
comprlsing an electrical shield between the electronics module

angd the milliactuator.
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10y10A§&mg%n¥tic storage system as set forth ain clain 3, wherein said

sheild is a mctal layer formed on the electronics module over the
entire interface surface between the electronics module and the

milliactuator.

5. The integrated slider/milliactuator assembly for use in
i a magnetic storage system as set forth in cleim 3, 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 te 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 othrer by a

thin film lead structure formed on the substrate,
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7. The integrated slider/milliactuator assembly for use in
a magnetlc storage system as set forth in claim 6, 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 strucltures.

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 furthexr 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/ox
writing data in the magnetic storage system; and

a éOntroller for processing data read from and written to

the data surface.
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9. The magnetic storage system as set forth in claim &,
wherein the electronics module is further comprised of a
milliactuator driver circuit and a sensor circuit both of which

are electrically connected to the milliactuator.

10. The magnetic storage system as set forth in claim 9,
further comprising an electrical shield between the electronics

module and the milliactuator.

ll. The magnetic storage system as set forth in claim 10,
wharein gaid shield is a metal layer formed on the electraonics
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.
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electrically conducting materials electrically isglated from cach

other by a thin film lead structure formed on the substrate.

14.  The magnetic storage system as sel 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.
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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 milliactuwator structure over the polyimide layer
whérein 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 circuilt is an actuator driver circuit.
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19. The method of 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 of fabricating an integrated
milliactuator/electronics module set forth in claim 19, wherein
the second conductive layer is patterned to leave a sacrificial
layer in whic¢h the milliactuator roter and stator structures are

formed.



