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PZT ACTIVATOR Background of the Invention This application claims priority from Provisional

Application No. 6024z (CEROBE RATPERNING ] \CDIFERRENTIAL PZH AOEIVAIEC

Activator,” by John Stuart Wright and Zine Eddine Boutaghou. A petition to the Commissioner

pursuant to 37 C.F.R. 1.182 was filed on April of which is attached, requesting that a

filing date of April 20, 1999 be assigned to>HH o Pt along with a serial number. The

present invention relatestasapjfficationall piesqeionty frant Patoisiorad ApplicagidriNe.disc drive, and

more partlcularly,(;@/th@&ékﬁﬁﬁtlom@ﬂﬁ?wq%gﬁfagﬁgﬁ[&g%%%ﬁg|§B{¢Iec’%(g§arisny in disc
ely’pr

drives continyes to iINCrease, resultlngelgn an increased need for extrem ecisé head positioning

systems. Voice cOf-ibRHVEABILIonR Siuar - Wright andiZineFdding Bouteshoinshipatitiptbiot lack the
resolution 15 to fitelCpasitiesones mesisitadsnTIeaNg h.qes!@x@ﬁpe&efkfmtﬁmts,afbeﬁ,*&i%omadﬁq%acy
has led to a varie pposals.for a second stage microactuator ipe positioning'in hig
track density discggﬁg/%%g%]aé%%?éhr&%lﬁ%nrn&%%ggﬁ%@e@i&’% rgﬁétﬂ‘?ﬁsﬂgﬁ‘?‘%\f? electrostatic
microactuator attakis@dorisienal|amplicationralonewitins strihguimdmd, to a piezoelectric 20 microactuator
installed at the head SuspRIiRRPBAIRGIORES| A RhSRA DA AGHRIBRAIER WU respect o

_ piezoelectri¢ microactuators, there are currently two schemes_for, driving piezoelectric materials in
secondary %@roé@ﬁa&fb@fﬁsﬁgﬂyﬁ fnd mops pagticylagiyoiths Gbrisationpkadifierentizbelectric material

is attached with spizmodlectiie RFuetpoxy-solder paste to a stainless steel suspension which acts as the

 bottom electrode and elegiak ARUEGHONBAAHS ORI IR slsgroge, T segend is a
y

differential design driving scheme where“the piezoelectric material is e edtrlcsé'lll £0&d from the

/suspension and eREAEed BesthERRRTeEnels AEedse brad mesitipningcsysiemsm Vst esilematbthe
‘piezoelectric elenfeaM3Qohineialy ard aad-ohiltei Ty eiR @ RAdeqRigoim i SR BRIPIHP AIaRBA N, as

o mainain eciade TS0 FATRAE 1 ST SERHLHTS o e LIEFIES BB Pihuet be fmited to
+/- 20 volts. Suctnpdrsuagy hadledbio tvariety of paepasals for a second stage microactuator to
effect fine positioning in high track density disc drives.
The microactuator proposals have taken several forms, from an electrostatic
microactuator attached to the slider carrying the transducing head, to a piezoelectric

20  microactuator installed at the head suspension mounting block at a distal end of the
actuator arm.

With respect to piezoelectric microactuators, there are currently two schemes
for driving piezoelectric materials in secondary microactuators. The first is a single
ended driving scheme where the piezoelectric material is attached with a conductive

25  epoxy—solder paste to a stainless steel suspension which acts as the bottom electrode
and electrical connection is made only to the top electrode. The second is a
differential design driving scheme where the piezoelectric material is electrically
isolated from the suspension and electrical connection is made to both the top and
bottom electrodes of the piezoelectric element.

30 An advantage of the single ended design is its ease of manufacturing, as only
one electrical connection to the small and fragile piezoelectric element is necessary.
However, to maintain a class I UL listing, the voltage supplied to the piezoelectric
element must be limited to +/~ 20 volts. Such a voltage is below that necessary to
achieve the desired stroke. On the other hand, the differential design allows +/— 40
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achieve the d(gg?rgo 6§?r7c§ke. On the other hand, the differential design allows +/F 56’9%%5’/6‘897@9 2003

PCT/US00/10601 19 SEP 2003 volts to be supplied to the piezoelectric element which allows the
desired stroke to YRltitthewpiisrto the piszeslerttie plemsntvbick algne the désipeit stiokelecause

e!ectri(‘ial CQ“”FCtm@ibﬁb-ﬁH@éﬁmfﬁﬁb?t&mgﬁlﬁﬁ?i@g %aﬁﬁﬁa%slf}m?%gb&g@yze the ;
piezoelectric element is.small and fragile, there is greater risk in the 5 element becoming damage
during the fabricaﬁ%ﬁttrﬁ?éﬁc%%%@fﬂﬂg?%bg%E%r%oﬁéﬂfg%?mglﬁcgﬁmdﬁeﬁe&cé&a@%%ferential
design that is sinfisrausedhepiszosisctiiael aoentds ol prd fegiles thefe by igetitn riskandiiéon, it is
desirable to I050Vi@&xﬁeﬂﬁ%@&ﬂﬁigd&ﬂﬁﬂeﬁ‘ﬁﬁfﬁg:‘{ﬁ@?am?c{ﬁ?&x%g@égége fothe piezoelectric element. -

10 Summary of the Invention Agcordjng to a first aspect of the invention, there is provided a method of

fabricating piezoelectric ChdHsdssitrbletointpxide 2 fobrisationcpseerss onm diffmential designlectric
elements are forntied fssimplshrdtostplesableretaventishal proseisd af BPrRIAMHONR aadigoRottom

electrode covering ' . bottqm.surfaces, 15 respectively, of the bstrate.?rTFSe method
includes the steps gh é%ﬁéﬁ%%%‘?%&gtb%’ﬁ?{e‘ﬁﬁfﬂ% Fﬁggﬁ{eﬁ?épﬁeé c@% S )ozléﬁﬁ’éﬁgt Substrate
along a first direcﬂtﬁ%ﬁ‘?ﬁ‘é’&té‘@%ﬁ@sed side surfaces of the substrate wherein the first direction is

located remotely from the isolation trench; 20 (c) depositing an electrode on the exposed side

surfaces of e substrate; (d) exposing thessubstrate ng.a second direction to create second

. Summary i@f%%ﬁﬁéﬁ% : .
exposed side surfaces of the substrate w nis locate remotely from the
isolation trench on the ofgessdingiticadint aspesitobihetinyveaiiom theneif osidedtiiomethwt oift the first
and second drecfgfeding plisdasi ARRERIRAYAARY (ELE 0N REIRWRIRAI0R0 2 third

direction at multipleé)o%i@ts on the substrate wh<§rein defines each element's width. According to a
|

second aspect of MIFEIHTERIFHEBRNE He rsmed frophatirst fpisgeskshiiasubstrate havipg Apiezoelectric
elements each hdomejestvadgans s batiopledtarieiedareinglae aitieeasptadibotin sufazagiectric ‘

substrate hayng R4pRAVEICErtRY SR 21RP RLREHPHRIIE the steps of:

(a) creating an isolation trench in the top electrode;

(b)  exposing the substrate along a first direction to create exposed side
surfaces of the substrate wherein the first direction is located remotely
from the isolation trench;

20 (c) depositing an electrode on the exposed side surfaces of the substrate;

(d) exposing the substrate along a second direction to create second exposed

side surfaces of the substrate wherein the second direction is locate

remotely from the isolation trench on the opposite side of the isolation
trench from the first direction wherein the first and second directions
25 define each element's length; and
() exposing the substrate along a third direction at multiple points on the
substrate wherein defines each element’s width.

According to a second aspect of the invention, there is provided a method of
30 fabricating a plurality of piezoelectric elements each having a wrap—
around electrode wherein the process starts with a piezoelectric
substrate having a top surface covered by a top electrode. The
method includes the steps of:



method includ¥@ e%63818ps of 2 WO 00/63978 PCT/US00/10601 19 SEP 2005 ¢exrwsesinga .1 § SEP Ziua
discontinuity in the top electrode within a defined length for each piezoelectric element to be

fabricated wherein the gipcongruditiia\dikRsd iglﬁggggglwgimae@%gg@eg%ga second

top electrode in each defined I%n%ta@ 5(%)0d]§:én through the top electrode and the substrate adjacent

to each discontinuity to form anrexpogé S TR 5°0geep%¥éfﬂ??deé‘n‘gm'bﬂ%$on the exposed

side surface; (d) dicing througHiscentinpigjedivisite thedoth electimiedtecsa fista ndinbieqaaddlahdathe dicing

of step (b) but located remotely.tharafs @éwg%g%ﬂwge%geﬁggs (b) and (d) define a length of
the s

each element; and (e) dicing through the tOBE electrode an Strate. substantially

perpendiculatly to the dffing ofisiagdepsh thedprslsstrdenad thesubsteateradiscent b eashAccording to

a third aspect of the invention disesstiguftiors deshcaii@thest Otidalstigaberg a plurality of piezoelectric
elements each having ag:\g/rap-&go%n&gn elecetfg & dwher in the %rtgc%ss starts with a piezoelectric
substrate having a top Surface overe%lagy acfop SIQRFEHERAN A PLuBH i frrace covered by a 20
bottom electrode. The HfBthoddisingderoush betep cle¢tpdecnt thesubstrateisubisyamtitily top electrode

within a defined length for ea%ﬂﬁi&ﬂﬁ@ﬁiﬁiﬁﬁ?%b%?ﬁuﬁ%ﬁi@%@)tﬁ%ﬁ% a via through
ectro

the second 1t8p electrode where#'}n the &(Pi&a é%,electricall cougaled to the bottom e e; (c) dicing

through the top electrode, sub&tE™S IRgveRs & dsfineadensthaf epch slsmentie each

" elements length; and 30 (d) diaidg through the top electrode, substrate and bottom electrode in a

direction perpendiculardy the JIGiGE SIERHEAIP HEURSIE 36E BIETENS Y Skt htianty
perpendicularly to the dicing of steps (b) and (d) to define the width of each
element.

15
According to a third aspect of the invention, there is provided a method of
fabricating a plurality of piezoelectric elements each having a wrap—around
electrode, wherein the process starts with a piezoelectric substrate having a
top surface covered by a top electrode and a bottom surface covered by a

20 bottom electrode. The method includes the steps of:

(a) creating a discontinuity in the top electrode within a defined length for each
piezoelectric element to be fabricated;

25  (b) creating a via through the second top electrode wherein the via is electrically
coupled to the bottom electrode;

(¢) dicing through the top electrode, substrate and bottom electrode on each side of
the vias to define each elements length; and
30
(d) dicing through the top electrode, substrate and bottom electrode in a direction
perpendicular to the dicing of step (c) to define each elements width.



wo 00/63978 PCT/E€B0/10601 j 9 SEP 200 Brief Description of the Drawmgs"ﬁTé’Sf“(%“&”l 19 SEP 200

perspective view of a stacked plezoelectrlc element ‘FIG 2 |s a plan view of a disc drive actuation
assembly utilizing a piezoelectric microaBt&iasSeIdps Ae:rawingst invention. 5 FIG. 3is a

perspective view of a plﬁ@e'l?@éfacp@iﬁﬁ@@m@ﬁw%ﬂﬂ §Q@ke8 E%U&Gcﬁi@l%%iﬁ&ﬁnt of the present
invention. FIG. 4 is a pl | sheet of Gtric mate rial rocessed .using the fabrication
technique according to Zﬁpéee#\ire Btﬁ%qg éﬁﬁﬁ@ﬁ@%@ﬁ?%&%‘% RlyRjtalizing 8 jiustrate the
fabrication proceﬁmmmmmmmﬁimgmmﬁmsmmqmmnt invention. FIGS. 11-14
illustrate the fabrication pfecess C e e (el o referred '
embodiment of the invention, De%ledk%escrlpnon of P%gtéeﬁr‘qr%g‘%ﬁ%ég %&:L?a%nsglﬁ 8rder for electrical
connection to be Hﬁ%fagtﬂwwm@tab%f E@%%“M&‘belectnc element (also known as a die) ina
differential design, the eRiGrdde wﬁlamﬁéapoﬁarﬁhea mmﬁwmwﬁatw%mﬁg fhat each
portion is electrlc%l ég%ateég Lrnolm the ot?ie addlt n.one of % ﬁg s must wrap around the
substrate of the element an ectricalny ¢ ?epcﬁrﬁﬁa gxinb? o8 (ROl BEFRSRA TUHAHOR: of the
substrate. It is known toﬁﬁ@ﬁcﬁl’é%d&‘!ﬁ%@}s &bum@mm acandigd timdpiefeaiedlement by

element bagg, i.embbiimeliedeus- At hevEgtkly. a top and bottom electrode are disposed on a
of a sheet Qf piezoelectric material or substrate. The individual

top and bottom surface,

elements or dies are thé!rﬁtg ﬂi f rﬂltﬁgaéﬁ&& @Hmmﬂﬁiﬁg‘tﬁwmr}%ﬁ?ﬁ the top electrode to
create two portionithatteator ectordihg isodaisddned entis dinatincsfabelitiventibe Wrap around 25
electrode is formed to electrically couple one of the portions of the top electrode to the bottom
electrode. Electrical connectio car]t en be made tQ the lt,op and bottom electrodes from the top

surface of the element. The terRféalisf.lese M&ve position and the

present invention is notlnmtdettiomiycmaﬂlcuiarwﬂemlathum% Etﬂ‘y fb lﬁ@t@ﬂ@ﬁiﬂ@éjdﬁrSpeCthe view'

of a stacked piezgelechicalemens al@ JSShown xes | d d31, d32 and
d33. A potentlalzg%ference betwee&nqspatl ally se%%ateé%om S alol esci%%’ aX|s? eS8 es élxpansmn

or contraction oftBfdARSHIEaSS K be P‘G@MIWGFBYB%%%F*@ geghepritiop dnelectrically

isolated from the other. In addition, one of the portions must wrap around the
substrate of the element and be electrically coupled to the électrode on the bottom
surface of the substrate. It is known to fabricate such a wrap around electrode on an
20  individual element by element basis, i.e., at the die level. More particularly, a top
and bottom electrode are disposed on a top and bottom surface, respectively, of a
sheet of piezoelectric material or substrate. The individual elements or dies are then
diced from the sheet. A discontinuity is then formed in the top electrode to create
two portions that are electrically isolated from one another and then the wrap around
25  electrode is formed to electrically couple one of the portions of the top electrode to
the bottom electrode. Electrical connection can then be made to the top and bottom
electrodes from the top surface of the element. The terms "top" and "bottom" are

used to indicate relative position and the present invention is not limited to any
particular orientation.

30 FIG. 1 is a simplified perspective view of a stacked piezoelectric element 10.
Element 10 is shown with three axes labeled d31, d32 and d33. A potential
difference between spatially separated points along the d33 axis causes expansion or
contraction of element 10 in the d31, d32 and/or d33 directions, depending on the
polarization of the piezoelectric crystal layers making up element 10. Thus,
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polarization oV8OR8electric crystal layers making up element 10. Thus, W@QMWS8GRS01 g SEP 2003
PCT/USOO/10601 1 9 SEP 2003 piezoelectric element 10 can be used to supply an expanding or

contracting forcegiezbeletfrit, el@R e dncad dised tionspph@reRpanlinp bliesnwaliaae férteir? is a plan
view of a disc dri i vi20 incorporating the_piezoelectric microactuator according to
ige? %’:%HJ%%%&/%?G% dégcho gaseé on y\rﬁéeé v %ﬁe

a preferred embodiment of the present 5 invention. Disc dri ctuatiorr assembly 20 includes a voice

coil motor (VCM) 22, EFffeddbdplansiawaf bdige Bive aciptionassemnbly 2fbinaorpaatingitbed

mounting block B%,BBRHB kHcRbSaMAICSIeRIRISIB GReraHa L BsAm A 4P BHBRAELplider 38, which
in turn carries a t.ransducin%%?%mvot cartridge 26 is provided in cavity 37 in E-block body 25, and

is preferably’rigidRVAd®e R AR 355emBlY2Y dncindes adpise eRilgneten (EMSZews 28.
Microactuator 27Estdowkitiedyd25iheatbbehnb 84 rodgledith mchctiasotcsmi3gl atheidahoutinghich couple
the element to t i | .. T i erated.in a man knqwn in the
art to rotate E-b@%%ﬁéﬁggg\%@aéﬁ%%ﬁg %\gg’rgﬁ%%%s%ﬁ 3%%%?(2%&833@8& %‘%ﬁﬂ%%f slider 38,

and 15 thus tran¥Bisteinfuatcartesa sansiusing headcRiyet sarsidge 364samevideddnaavitnddund axis
41. For more premﬁ—mmwasmm@@ﬁimb%igiwmf@%ﬁ&%@&f@@t&ﬁsﬁﬁi alolng its
d31 axis by,applying a vpltage to the terminals own) couplegd to the element thereby altering

_the positionlgf th¥ens lé?% ch? 5SS BARSER %%a%%%ﬁ&ﬁﬁ%‘g eLomtindoad cks 42 of
disc 40. 20 FIG. beanaJ4cang dntludesitenminal pinetshioviovkichenipie toe dlemént 2o firetrived

embodiment of the.QEeaRRLHBISRERRA). The element 200 is three dimensional and is rectangular in
- shape. It has a top surface 202, a bo%tom surface (not shown) and side surfaces couplin%the top and

bottom surfaces only twh6f¥ {whct2389Po8isd 1 L MaRREr ke IR RIstle Fowrfchlagk2Diezoelectric
(substrate 25 havang pitopanaibgsRsremeiade Jdranddhirespeoarkély RitteriiaeeR)dndas a

discontinitys208igBe ks Rl SERAIRIGN 1P SICHRTEA043NP IR PR IoRR, 2020 2020 that

are electrically isolated from one anot Nfap-aroun ctrode  is also deposi Eor formed on
side 206. The reffaind@xfth dioxmers prrgismmeyenenisnmigragater R ieselestivglies formed

thereon. The wragpiisdbelraitaseLatng heiBItHeR by pph/aip K 0ddapias #R3baidhe (Re electrode
202 to t_he bottonghel‘%girgge &r#)%s ov%/r%th#é ek}e}{ct ical co Qecthgggég?etafé &%ds ggctit?hrﬂs electrode
are achieved from the opusﬁjr aCe o S éﬁ? B f@ﬁﬁ‘
transducer head (not shown) with respect to the tracks 42 of disc 40.
20 FIG. 3 is a perspective view of a piezoelectric element according to a
preferred embodiment of the present invention. The element 200 is three
dimensional and is rectangular in shape. It has a top surface 202, a bottom surface
(not shown) and side surfaces coupling the top and bottom surfaces only two of
which 204, 206 are shown. The element 200 is formed by a piezoelectric substrate
25  having a top and bottom electrode formed thereon. The top electrode 202 has a
. discontinuity 208 formed therein to separate the top electrode 202 into two portions
202a, 202b that are electrically isolated from one another A wrap—around electrode
is also deposited or formed on side 206. The remaining sides of which only one is
shown 204, do not have electrodes formed thereon. The wrap—around electrode 206
30 electrically couples the portion 202b of the top electrode 202 to the bottom
electrode (not shown). Thus, electrical connection to the top and bottom electrode
are achieved from the top surface of the element via portions 202a, 202b
respectively. As previously mentioned, the formation of the wrap—around electrode
has heretofore been created on an element by elemént basis. Because the fabrication

35  process is at the die level, fabricating elements using this technique is costly and
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WO 00/63978
respectively. As previously mentioned, the formation of the wrap-around electropocéwﬂﬁg"ﬁ@?g’(ofoteg SEP 20
been created on an element hy element basis. Because the fabrication 35 process is at the die level,

fabricating elemertPHSASHMBESIACH fachislemsny is indiyidrally posesed Thege@it0601 19 SEP 20

time consuming simvertioacekerasily, irdatty el Piaee faas-atoenaSeeRb LV aRiRD uroNtrarily,
creates elements with, roynd electrodes during, the , creation of the elements, 1.e., at the
Wﬁ%?ﬁeé’l S %ggg rfﬁg

substrate level. The fabrication p?&:egé% Wi ﬁtot\lllv 5e ‘with reference to FIGS. 4-10. 5 FIG. 4

is a plan view of a sheet B fabhieation prenese wall prycbe stestribadgwith réfitnénedi enREGB Ni@ according

to a preferredsembodimerrpighea RREAWNEN TR . nted by the non-dark
regions) is first forf%ed over th?agggl:?aﬁnd bottom su:fgg&%?‘%%gg%e@ég@%fﬁg&s%%%graﬁg%%the top of

which is shown inTFRE3Y4ORIEE rEQrsing fo s psirrred sbriimentobits auesenhinvsptisactrode 10

where the electrodeieistoadeniapen représditted by destoiv-darlategions)iBORRIIRIHRY BVelr@lacass in the

top electrode is s ' Fi er of. photoresist, 406 is deposited over the top

electrode 402. Th%gggﬁ%éigf‘%ﬁ%%g%@ foéiiég%li%él ?jg‘[l)%Dﬁ (teed %‘9%1 ye &7& n tgcﬁ]ﬂ‘ﬁﬂﬂé‘.‘Then the

layer of photoresi§toé- idhssaklingsA8aemsepent Hisconsinitios fophedanitiscerpéigairatiniques to

create 15 od@ningshégrthe Hie-abes BERTeEANRIAED.- Tﬁfgﬁ@%@%@?&ﬁftﬁﬁdﬁg&ﬁ{ﬁﬁﬂ{? ﬁffoz located
S

underneath the openings 4Q7 in the photoresist layer is_remaved using either a well known wet
etch technique or%%\?fg%ﬁ(lﬁlg\;v%t%ngh%fﬁﬂéé@&iﬂﬁ%@ff ARG $-Flarsia l%ﬂé’fﬁgf’b%eé‘ﬁbhotoresist
406 is removed aftB6icdeposised kyesithe popaiqsirote 46t Thelinyesivé plandpesie d @y carilbe entire top
surface including gggoggeqigg%gwﬁ&g% @%ﬁﬁ%ygn ﬁgd%e]ag'{#%f;ﬁgag%se&s 4r&ﬂmted to a UV

release tape on a tape frame, Next the steps for forming or cre yvrap-arouné electrode will be
described accordﬁﬁf%“ﬁ TARYY dsing wrlknasmmbatalithemraptnnedutiguentoisragieed along a first
"y dicing" lah& 410peningsd6d widhephanesist1ayef 406. STlsitbicpatidh afpReRpRibardaedipent, a
tapered dicing blagg,aSaeis 0 the, tapered exposed side surfaces shown in FIG. 8.

From FIG. 4 it can_be seen ?ha%?ﬁe% %eor%t eﬂggﬁne?ge gﬁ?‘?f%éﬁ%@ﬁ’gfgﬁb‘mv i§4R8 each

element's width i€ItRsTiAtEY knrymwst eieh terhnignsonamalidaeora iemmiling senhmiquetsative to the top
surface of the sulshtraieinFER 8. tabeBetdisiatob RffolR AL RIRRVYE ind dRAUHew layer

420 of photoresist is deposited or formed over the entire top surface including the
20  discontinuities 407 as shown in FIG. 7. The substrate is mounted to a UV release
tape on a tape frame.

Next the steps for forming or creating the wrap—around electrode will be
described according to a preferred embodiment of the invention. The substrate is
diced along a first “y dicing” lane 410 to expose side surfaces 412 of the substrate.

25  Inapreferred embodiment, a tapered dicing blade or saw is used to create the
tapered exposed side surfaces shown in FIG. 8. From FIG. 4 it can be seen that the
length of each element is defined along the y axis and each element’s width is
defined along the x axis. The side surfaces are generally tapered relative to the top
surface of the substrate when a tapered dicing blade is used. Alternatively, a regular

30  dicing blade can be used to create perpendicular expdsed side surfaces. In FIG. 4,
multiple “y dicing” lanes 410 are shown. A wrap—around electrode 422 is then
formed on exposed surfaces 412. More particularly, electrode 422 is deposited
preferably by well known sputtering techniques onto side surfaces 412 as shown in
FIG. 9. Preferably gold (Au) is sputtered onto the exposed surfaces at low power

35  and hence low temperature to prevent heating the substrate to half of its Curie

6



30 dicing bladVEME¥Rsed to create perpendicular exposed side surfaces. In mmwmmq y P ZW‘
dicing" lanes 410 are shown. A wrap-around electrode 422 is then formed on exposed surfaces412Z. '

More particularly, eepierarel 2Phs sibpraiéasaguinf aicdd iy sehd 19 \dit e esE@1 I haaigyes onto
side surfaces 412 i LPreferably gold i§ sputtered onto the exposed surfaces at
low power 35 and %gnng(%?%%\(/; eﬁ%%fe%u?e g%ge\%é%t egﬁgﬁ aﬁ%q%étpgt@?ﬁmﬁtﬁi@%ﬁ?ie 6 WO
00/63978 PCT/LS8urtudn FiGs demd/toF inslparsisers il FEGs b sheavei diheafaiachielethantdssecond "y
dicing" lane 414 logssemlirRapyel Meieaddusk iy, HHO SRR 5RAD f jcments 302
as shown in EIGs. 4 and lo,glif I ﬁzglgstsee in F,%%El,gi{]régv%gth of egsc:%%l}gr%%r?ﬁ?g%ﬁ?ﬁrned by "x
dicing" lanes 216.°ﬂ?§?}ﬂﬁs ﬁw é&%ﬁﬂﬂ%ﬂ%@%@%m%mmm. Thus a
differential piezoekermiztitertetiebitidmeiomnledo tratsiDa thd seteaHR TeRlea Bl S8 alRd at the

substrate level as g&gggpﬁ},tggﬂl%nﬂg ‘#P%(@?fr%%mr ta%t%hnique of the prior art. In a preferred -

embodiment, with resp o FIG. 3, portl about 0.10 inches and portion 202b is about

ct
0.005 inches. The discorfidurEsiomed smhadimpontawith sesprot goFHF ahqard @020dadseboith@. 19 dicing”
lanes 416 are preiachbsiand poitlo002b iBaBew 10U MhAC ik WS MRHLAL SRR HRIGIIBH) KaNCh
preferably isl%bouépi?(é}}igf%%s. 'étb(i?sy %’ging" aqg‘\spilﬁlo,,gm are also preferably about’0.0015
inches thick and defne the IRAgth or e SRS 1efiEnt Mifine pfanes 46 seamslerebly abaut 042015
Alternatively, instdaches {hick @ndidefinr-theidthief eacheinisy whitls préferibly Eaboanoigses, ion

milling can be usqgehderapad ' ulelvIy s showp in FIG. 6, a
"second photolithogg%%&%%ﬁg zr?ggéé?g’kﬂ?/s& g%(%%n@%‘g%%}gge%rgg{rgggléa glir‘ﬁségﬂﬁ he
0

photoresist on the cHeEngt oh sachslamsas vhich preferahly doabeis .16 ingheshe substrate is
ghen ion milled as is wellAkemativiiyoirgtestd@fipidcessingcthinaisihng alnpURMpohhy ireigsing of
gold (Au), 2Q or a ively: r osited first befgre the gold is sputtered to create
vias as are \?V(Sa)ll kr%wn.ga ﬁé ?%%?%&%?%%v@ﬁ]%ﬁ ﬁ%ﬁh%&ﬁ&#ﬁ%@ﬂf&‘ﬁ%&%
electrode. FIGS. fie formed asshawe iablGafionserond phatalithogidplyy steptossidts imprefedibly to a

preferred embodinens Gidlndismwaer€ifcléspatined ith MEpHot et DIPHEXR P UG FHiPle

electrodes 502, S U, et aln s 458 S 15 TR0 2uBSkens el MRlcr peftion of the

substrate but do not extend 16°the ends
known through the thickness of the substrate followed by a sputtering of gold (Au),
20  oralternatively, a seed layer can be deposited first before the gold is sputtered to
create vias as are well known. The vias (not shown) provide the top down

connection to the bottom electrode.

FIGS. 11-14 illustrate the fabrication proceés for multi-layer actuators

according to a preferred embodiment of the invention. As shown in FIG. 11 a

25  substrate 500 having multiple electrodes 502, 504 formed therein is used. Electrodes
502 extend through a major portion of the substrate but do not extend to the ends of
the substrate. Electrodes 504 extend from each end of the substrate towards the
center but stop short of the center of the substrate. A layer of photoresist 506 is
deposited on the top surface of the substrate 500. Alternatively, a shadow mask may

30  beused as is well known to those of ordina:y skill in the art. Then, as shown in
FIG. 12, the layer of photoresist 506 is patterned to create photoresist segments 510
which will define isolation trenches as will be described hereinafter. In addition, a
“y dicing” lane 520 is cut through the substrate 500 to divide the substrate into what
will become a first and second multi-layer microactuator 522, 524 (FIG. 14).

35  Preferably a tapered dicing blade or saw is used to create tapered exposed side

7
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the substrate. Eleall 5365 504 extend from each end of the substrate towards tHRCEBS00AH6 sfog SEP 2007
short of the center of the substrate. A layer of photoresist 506 is deposited on the top surface of the
substrate 500. AltéHiEaeeR3 % Whilesherilluktratas BOdwssiiseseddccreatt kwowticiodbRarR giglinary

skill in the art. TheanRepEheiE uselGo LReallG ﬁw&é&@@ﬁ%@&&%@%&s%ﬁ@%%med 9 create

photoresist segmelgts 510 .vvhicfl.wijl efine isplation trenches as will be escrll?éeosﬁgreinafter. In
addition, a "y dicing“e%%%léﬁﬁolts ool shevayexamples;0o to divide the substrate into what will
become a first and secorkhenyits-EhpeminFIGCIGates AR §ad élé@-o&ébﬁ?ﬁﬁ?‘é&ﬁ@&i@e ’ga%ed

dicing blade of say| v %ﬁ;@gﬁ; I osed side.7 WO, 00/63978 PCT/USQ0/10601 19 SEP .
2101w"4) surfaces E?SO. %%ile the |Ilydgit$§t‘§’ %88’%‘33%“‘32%% choigues, & ALY, 85 ShavR ithe same
process is used tdh Eﬁeéf@%ﬁﬁhﬂfﬂ!ﬁ@%ﬁmﬁlﬁmramméqaldaﬂmﬂuhsmtisﬁdﬁhwﬂiwed to the

shown examples. tbeesatemahaiuaielEient3 B ioR Bsids ?i?ﬁtiQCiﬁa?ﬁ?%é@%le@%g%%?’f% are 5
as snown Iin .

deposited prefera ﬁJsin 0%%§now§a§£ ttering techniques. Finall | e
photoresist segments AT TEMouSAVATRE tRte dissechions Addaet 1ok arhich eelectienliviual
elements. It can bisclaled fromicnelantiberthTapslettode 982238 elbcateailyniomiad waksdgdlivided into

two sections1§32a5¢a32h W&E‘-haﬁ;ﬁnﬁl@Qéiﬁ?dysmlgﬁ%qgéoé%%:ogdagggﬁ%eTgéﬂggﬁrOde oS

electrically coupled to %fctro es 10 504 via wrap-aroun e 504a'an SWBEE ¥32p is
electrically couplé Lt e saararoathelosnde a4y Jelecyic cenaettionlis amadedtiaili is made

to all of the electwfitbe elertades etinppedeatiddesos3Dacke is a danger that gold (Au) coated asperities
on the bottom surface ofth t trode ouch the suspension through the epoxy used to
P b SRR AL o PR B AR B s

couple the 15 microactuator e slispens
deposited on the Bstkattoatslecstrde mayitoush thsovspensivastirangheths cporfarsid o QoapRlanyic layer
of Si02 is déﬁosim&tﬁbjﬁaﬂamﬂiﬁﬁmm@wwqﬁﬂﬁém%e@iﬁg%%ﬁt 19 Bt |
Alternatively, an R xgitfelﬁeéjnv\#terkngn-cogduct ng partlc[’es may be used to attac Lo ieroactuator
element to the suspgeonspn, WhithC 20T FORFRSSPRIon trtha boive Prpsessing Femsri Resferbltiaensions
are provided by viiglestisayerof $iQpsatpositedassiigplasns bnhiiecedclpsieataigsials and
dimensions. The BépsaRbIEVDPER YiPTY TANIAAIRRIY O SpR G HR AT GonalSr I eting
particles may be used to attach the microactuator element to the suspension, which
20  provides standoffs. :
While particular materials and dimensions are provided by way of example,
the present invention is not limited to those materials and dimensions.
The present invention provides a fabrication process that is on the wafer or
substrate level instead of the die level. Thus, a plurality of dies can be fabricated
25 quickly and cost effectively. In addition, the probability of damage to the
piezoelectric substrate is reduced.
The above specification, examples and data provide a complete description
of the manufacture and use of the invention. Since many embodiments of the
invention can be made without departing from the spirit and scope of the invention,
30  the invention resides in the claims hereinafter appended. |



substrate level instead of the die level. Thus, a plurality of dies can be fabricated 25 quicklylagdSf®t 2003
effectively. In addition, the probability of damage to the piezoelectric substrate is reduced. The above
specification, examples and data provide a complete description of the manufacture and use of the
invention. Since many embodiments of the invention can be made without departing from the spirit

and scope oA EMKIRABMER ISvention resides in the claims hereinafter appended. 8 1 9 SEP

2063 WHAT IS CLAIMED IS: 1. A method of fabricating piezoelectric elements each having a
wrap-around electrode wherein the piezoelectric elements are formed from a sheet of piezoelectric
substrate 5 havilg & fBFad of ElEcatipe Piserelseiria clamsat exsdiinan erprareupdaiettoattom surfaces,

respectively, of the stbstrate, fleosiaiiodleasnpy ist@ihed Stepsa QficbadCpRatinecak wpiatign trench in
the top glectrode; (R) QxPQSI substrate along, a first direction to create exposed side surfaces of
the substrate.,, wherein %;%?%%g%%%déi%nﬁg %%%%%Ifle%ercctarr%ﬁ()etg?yqf‘rigﬁwa&eénlg%fgﬂ%&)gﬁt%fb'ﬁf,a&?f’
depositing on electf§tREG e ibe subrais thrmethpdsompusitisshsutepts afe; (d) exposing the substrate

along a second directiqq) teresemiQ:sRERABIRIRASE RIS sl4tiasks of the substrate wherein the second
direction is locate rem%glyégrom tqﬁ is%é?tion frenc .0n the opposite side of the jsolation trench from

the first 15 direction wheteirthe Firar a0 seconiedifdSBRE U S S R sH sderrulassvek: and (e)
exposing the substrate aldhgysabtyitate dirbardisrhetfirat lipietipoiniowmtedhensutistiata thndodefimes each
elemenits width. 20 2. ThaggeHiod of claim 1 wherein step (a) comprises the steps of: (a)(i) depositing
a first layer of photoresist Qn the. top electrode; and (a)(ii) etching away the first layer of photoresist to
create the isolation tre@h.g?o?ﬁlel oréﬁ?%cér%%c?gimeIgér?ﬁ%?sﬁgﬁﬁ Féﬁ%c%lsgfébe(’f)‘m@bositing a
second layer of 25 phmm&iwt@@wwadMSmdsﬁie&iﬁm toamedelsedond atpps¢bide The
method of claim 2 whereinygiep. (KiHeisuBWRL Gifelteid e sdddadMGIASHSE FA@A@:%&%P&%%&E%@ (0)

comprises the step of dicing through the top electrode, substrate and bottom electrode
isolation trench on the opposite side of the isolation trench from the first

15 direction wherein the first and second directions define a length of each element;

and

(e) exposing the substrate along a third direction at multiple points on the substrate

and defines each element’s width.
20 2. The method of claim 1 wherein step (a) comprises the steps of:
(a)(i) depositing a first layer of photoresist on the top electrode; and

(a)(ii) etching away the first layer of photoresist to create the isolation trench.

3. The method of claim 1 further comprising a step (f) of depositing a second layer of

25 photoresist on the top electrode and isolation trench before step (b).

4. The method of claim 2 wherein step (a)(ii) is a wet etch.

30 5. The method of claim 1 wherein step (b) comprises the step of dicing through the top

electrode, substrate and bottom electrode.

6. The method of claim 4 wherein step (c) comprises the step of sputtering the electrode on

the exposed side surface of the substrate.



6. The method of claim 4 wherein step (c) comprises the step of sputtering the electrode 'cpgt 2003
exposed side surface of the substrate. 9 1 9 SEP 2003 7. The method of claim 1 wherein step f
comprises the step of ion milling through the top electrode and the substrate along the first direction

to create vias. 5 8. The method of claim 7 wherein step (c) comprises the steps of (c)(i) first depositing
a seed layer in the vias followed by a step (c)(ii) of sputtering the electrode on the seed layer. 9. The

method of claimy. viesaimalRs kA ohird;f oLy ede ISR LAICRGIPIRAN s, 40 jaRglectrode.

substrate and bottom electrode. 10. A method of fabricating a plurality of piezoglectric e eménts each
having a wrap-aroutieF et ERsthe SPRstEats alrnp i Bies drsstionimersasieitelectric substrate having a top

surface covered by a top electrode, the method comprising the steps of: 15 (a) creating a
discontiguity in the I ithi fi % th for each piezoelectric element to be
fabricat?d, whe%n?f?e%%i%ﬁ%ﬁ%%bm%glﬁge o%p%iglgtrr%e 21%%?59 Sﬁ?s%&fbﬁéfééfpgalg%% a second
top electrode in eacfedéise it enyas: folyurdivy asrer ghih eftoptadeg taelesiepdaentiostete adjacent
to each discontinuitigy&0 to form exposed side surfaces of the top electrode and the substrate; (c)
depositing an electrode on the exposed side surfaces; (d) dicing through the top electrode and the
substrate substantially parallel to the dicing of step (b) but located remotely therefrom, wherein the
dicing steps (b) Yandhaapetaashefsrmgkivhreincieridi and, (ereprimsistichagtepeys ditjngobureghfter the 25
depositing step (c);taneld@)odiinditiuah tbedarietastiode and the substrate substantially
perpendicularly to the dicing of steps (b) and (d) to define the width of each element. 11. The method

of claim 10 wherein the step (a) comprises steps of: 30 (a)(i) depositing a first layer of photoresist on
the top electrod&)-ahangsor) o dehrisgting aplielify sif ipiyecetsicpivotiorasittda heates th 9 disenntiduity. 12.

The method of claim&%wkbsa&me%e&@séwmfﬁ%%mﬂg ARaa AN Gp fbgleresist on
the top electrode agd disggntinuit befc(’)({g t?1teegﬂeﬁ). 10 1 9 SEP 2003

overed by a top electr od comprising the steps of:

15 (a) creating a discontinuity in the top electrode within a defined length for each
piezoelectric element to be fabricated, wherein the discontinuity divides the top
electrode into a first top electrode and a second top electrode in each defined
length;

(b) dicing through the top electrode and the substrate adjacent to each discontinuity

20 to form exposed side surfaces of the top electrode and the substrate;

(c) depositing an electrode on the exposed side surfaces;

(d) dicing through the top electrode and the substrate substantially parallel to the
dicing of step (b) but located remotely therefrom, wherein the dicing steps (b)
and (d) define a length of each element; and the dicing step (d) occurs after the

25 depositing step (c); and

(e) dicing through the top electrode and the substrate substantially perpendicularly to
the dicing of steps (b) and (d) to define the width of each element.

11. The method of claim 10 wherein the step (a) comprises steps of:
30 (a)(i) depositing a first layer of photoresist on the top electrode; and

(a)(ii) etching away the first layer of photoresist to create the discontinuity.

12. The method of claim 10 further comprising a step (f) of depositing a second layer of

photoresist on the top electrode and discontinuity before step (b).

10



13. The method of claim 11 wherein step (a)(ii) is a wet etch. 14. The method of claim 13 Wt§8EPs 2893
(c) comprises the step of sputtering the electrode on 5 the exposed side surface of the substrate. 15.
A method of fabricating a plurality of piezoelectric elements each having a wrap-around electrode,
wherein the process starts with a piezoelectric substrate having a top surface covered by a top
electrode and a bottom surface covered by a bottom electrode, the 10 method comprising the steps

of: (a) creating asiseRMHY JPR.PP RIERIPLE SNiNaefingg, length for each piezoelectric

element to be fabricated; (b) dicing through top electrode, substrate and bottom electrode on each
side of the discontinuity to define a length of each element to expose side surfaces of the top 15
electrode, substtatd bemidtiodtorficidant!d deiefein foemicig anpeiestiactelpyEspoe e IsRb &R

surfacegto electricﬂyeggggggggdggg&g& gpglp%gtg;tglectrodes; and (d) dicing through the top

electrode, substrate and bottom electrode in a direction perpendicular to the dicing of step (c) to
define a width of each element. 20 16. The method of claim 15 wherein step (a) comprises: (a)(i)
depositing a firstfayemethphofdsesistiop spaitaipyele pteaciasanclelaéi)sINRY MY Ay ag ditslayer of
photoresist to creatg disGRNINILY, AR dcdd thad_of. claim 15 further comprising a s eg (e) of
depositing a second layer of pho?ores s?cgﬁst dentgovg%lggt%%eemg%ﬁ ¢ é?:%zﬁ%nﬁ\l(fggoaeﬁoﬁréugéc (b). 18.
The method of clailfP 1B RE AieP Stepedn ands: daemeface govered by a bottom electrode, the

10 method comprising the steps of:
(a) creating a discontinuity in the top electrode within a defined length for each
piezoelectric element to be fabricated;
(b) dicing through top electrode, substrate and bottom electrode on each side of the
discontinuity to define a length of each element to expose side surfaces of the top
15 electrode, substrate and bottom electrode;
(c) forming an electrode layer on the exposed side surfaces to electrically connect
the top and bottom electrodes; and
(d) dicing through the top electrode, substrate and bottom electrode in a direction

perpendicular to the dicing of step (c) to define a width of each element.

20
16. The method of claim 15 wherein step (a) comprises:
(a)(i) depositing a first layer of photoresist on the top electrode; and
(a)(ii) etching away the first layer of photoresist to create discontinuity.
25 17. The method of claim 15 further comprising a step (e) of depositing a second layer of

photoresist on the top electrode and discontinuity before step (b).

18. The method of claim 16 wherein step (a)(ii) is a wet etch.

11





