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WO 00/63978 PCT/US00/10601 19 SEP 2003 ELECTRODE PATTERNING FOR A DIFF'EIQES@AMM
PZT ACTIVATOR Background of the Invention This application claims priority from Provisional
Application No. 60/ 254,966 filed April 20, 1999 for "Electrode Patterning for a Differential 5 PZT
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 5, 2000, a copy of which is attached, requesting that a
filing date of April 20, 1999 be assigned to this provisional application along with a serial number. The
present invention relates to a differential piezoelectric actuator to be 10 used in a disc drive, and

more patrticularly, to the fabrication of a differential piezoelectric actuator. Radial track density in disc
drives continues to increase, resulting in an increased need for extremely precise head positioning
systems. Voice coil motor (VCM) actuators are well-suited to effect coarse positioning, but lack the
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15 to finely poS MW A% center a transducing head over a selected track. This Pﬁ%@(&’é&@!&iﬂhasgeggp 2003

a varlety of proposals for a second stage mlcroactuator to effect fme posmonlng in hlgh track density

piezoelectric microactuators, there are cuffenty : g ing plezoelectrlc materials in
secondary m|croactuatoﬂén?hpplmhmkang@mﬁyz&dnﬁng;&ﬂnmtﬂmﬁ&&dﬁlbl@IezoeleCtrIC material

is attached with aggpndih605 eggxygpifenp I@EI nsieR.which acts as the
bottom electrode _anid electrical connection is. m ; cf)enrl e%t%%gei% %@3{’3@ ?Ebg%econgils a
differential desigrt drivitRi¥aIEm BXJeErsStyar i€insdding Bewaghouni\A pesitiestorom the
suspension and ale&&mﬁhﬁeﬁaﬁatpﬁrsm&dwo@wtktbq I(j@g@&ﬁjﬁ!éat&% @;9@6@ fo

piezoelectric eIe 3 An age of the e of manufacturing, as
only one electric ?%nn%c |o&f s?na? &%ﬁ%%g e fc&éééﬁﬂ@%? S1ged? However,
to maintain a cladiin provisigng! mlmg@mgmam paadoezlectric element must be limited to

+1- 20 volts. Such a voltag fsdelf shlegliBR ceasans ahisus heAeRlai sk, e other hand.
_the differentjal des%%allovés +/- 40 1 WO 00/63978 PCT/US00/T0601 19 SEP 2003 volts to be

supplied to te pidSEHB Aitiss drven 2od-mepre pavticulael vy dethe fabrigation of @ diffsesntial The differential

design, however, emgikctiieadalmtiantion because electrical connection to both the top and bottom

- electrodes is needed. Iml%@&g#g%@sg%@@&ﬁﬁﬁ? [L)ewent iS small nd tragnle there is
ming rn a

greater risk in the 5 element beco maged rication t pt’oce hus it is desirable to
-provide a fabncaﬁ’éﬁ%@é&@‘f@’é%%lﬁlﬂfmQﬁaémaﬁmwmseogosqewlmmonventlonal

‘processes of fabrivatid abtuatisiiae wilis-lsedab @H&w&a&%&ﬂﬁ&&%%ﬂ%%ﬁﬁ%es the
ok Of damgge Lo R L P e A A P MR ke This

inadequacy has led to a variety of proposals 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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According to eﬁﬁgf S‘é’&éct of the invention, there is provided a method of fabriggﬁﬁﬂsﬂi’é’%g}ettﬂcs‘zp 2003
elements each having a wrap-around electrode wherein the piezoelectric elements are formed from a

sheet of piezoele RIS B FHRPlisd Ap the piszrelesttie slement vbishor aks dhodesizod tinkedn entire top
and bottom surfaesachfevedTiiii¥ereh e defpsir bR BoRipRehies RS s, Benng! () creating

an isolation trench jin th ele 0sSi e substrate along a first direction to create
exposed side suzrz;cesca#%ﬁgngﬁcgi;ﬁggﬂg}el ft%ilgg éﬁgﬁh% %@Fﬁrfn&é?dgﬁa the(d)
isolation trench; 2ee¢alissdbe picaoetactrikclenwnt dn apbfregi areringrat Butgirate;

exposing the subgiexen R ming QAR glicRiia}: rﬁé:m@a?ﬁg &xposed side surfaces of the

substrate wherein the second dlrectlon Is locate” remotel he isolation trench on the opposite

side of the isolation trerﬂ?ﬁdfﬁstﬂ%“ﬁ@!%ﬁ?égﬂm%m%@?ﬂ@%afééédhﬁm&ﬁslzs define
each element's lethgttis sinsble kot gst thal danivaitiaianprectliek A iR AN Windaiaei)ts on the

substrate wherei r{(} ntﬁ y Adth..Accordin eco t of the in tlon there
is provided a met gg%ﬁ%(?% %%?1‘% a plTL ralit uéffpleé%éacf?{gfgrﬂéerﬁ'gge%%c ﬁ\ﬁ/rap-
around electrode Wﬁ%@é@%s starts with a piezoelectric substrate having a top surface
covered by a top electrode. The method includes the steps of 2 WO 00/63978 Pcriusoono6oi 19 SEP

2U (a) creatipg a discontinuity in the top elgctrode WItEIE zlgggnﬁd length fo_r each _piezoelectric
element to be fabricated wherein the disc lectrode into a first top electrode
and a second top electrdeeording thadfsh aspechofithSitvenlicimghbre inprovitedm atetiodds and the
substrate adjaceThbpiéy sliveerdiiidmiainan BXVRRF AR HS(aGI(Ek 8P QLI Fheclectrode

on the exposed side surfa
b piezoe ecmc 'elements are formed from a sheet of piezoelectric substrate havmg a

top electrode and a bottom electrode covermg an entire top and bottom surfaces,
15 respectively, of the substrate. “The method includes 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:



(d) dicing thro¥@Res18p electrode and the substrate substantially parallel to ferdisiopadstch QbSEP TR
but located remotely therefrom 10 wherein the dicing steps (b) and (d) define a length of each

element; and (e) dicing@rougheiiRdaripiasimaay e eopfstirig. sHagen iakneaqergadicularly to
the dicing of steps (b) and (d) def'gge.the Yvidth of each elerg,%t, 15 Accordijng to a third aspect of

OF AR O ABF S REPL B IPr AARPS e v SRt tb% lements each

the invention, there is provided a me
having a wrap-around electrodiscontionity dirddesibe sepsedettrodeimqicfint pptélcubdiraid Having a

top surface covered by a top elgcirad %&th%ayg@ﬁﬁﬁgqgg d by a 20 bottom electrode. The

method includes the steEs of. (a), creating a discontinuity in the top electrode within a defined length

for each pie2oelectric entidnsshepnebihetopsigsrodeand e substiata gdissentse sachtop electrode

wherein the via is electrically disopitihiityt e foaiamexissscadrie(Shdieig through the top electrode,
substrate and bottom eh% trodg on %e}]ch sidle f &he vi&%to defige,gach lements length; and 30 (d)
€iecc ﬁ[}

dicing through the top electro g?ga S AR T BN SERYS 5 on perpendicular to the

dicing of step (c) to defif® eacticingHuoughibeitop alearodeaad TheRAEIERGHMAARAAIYI SEP 200 Brief
Description of the Drawings F{{aralidptd Mi/SRAFNEWE (b7 b HRGIRTHIRARR/ShllisgRigment. FIG. 2is
a plan viewl(af a disc drive actuation aﬁgeégbly utilizin %ﬁiezoelectric microactuator according to the
_present invention. 5 FIG. 3 is X’aﬂgﬁﬁ iR iees 5% (define plength af s sipreeat preferred
embodiment of the present imaadtion. FIG. 4 is a plan view of a sheet of piezoelectric material
processed using the  fagication.foehidih AtcRIFNGIR AR Hed embadimentat e present
- invention. '
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.



00/
FIGS. 5-10 illuSTate e fabrication process according to a preferred 10 embooqﬁiﬂﬁﬁmbwésﬂnsEP 200
invention. FIGS. 11-14 illustrate the fabrlcatlon process for multl -layered microactuators according to
a preferred embodiment of the inventiod® iefdes OB 0 DravimEsferred Embodiments In order

for electrical connectlonmxba maqmpacﬁwh@emwm@ RARRIRACRIeRHR element (also known
as a die) in a differential n th electrod ié!to"rfrj?sur ace must e divided into two portions so

that each portion is electr cal %J’F‘grﬂ tﬁ )i AURHEDASERbGY WABE NS must wrap
around the subs@m@dbmmemmmmmmmlghemm fmovéineicriectrode on the bottom

surface of thg substrate gids *%&aﬁ%%@%ﬂﬁ % gﬁ@gﬂﬁéﬁgggp%% an 20 individual .

element by elementr‘%r is, i.e., at the die level. More pa atop an gm electrode are
disposed on a tof% grhadimspto 9&";}%@59@1}“&?‘3‘%eet of piezoelectric material or substrate.

The individual elementsmod iessarplieriewlioed dHest &gxsbwécﬁafﬁs&ﬁaﬂﬁfaeé%s@m magd in the
top electrode to ¢ f‘w&g rtions that are e ectrlgg oIa fromto another and then the wrap
around 25 electrode Is formed 10 LlISCITICR y%ouplg ne @ tb%%‘FHS‘h £ Brfgﬁnéf@&%to the
bottom electrode. Electrﬁiﬁ%@ﬂé\:ﬁbﬁ@iﬂthﬂsfabmchﬁmwmmemmmamfmdtrodes from the

top surface thebﬂ&mﬁﬁgn{bﬁg@r e;ggﬁmggottom" are used to indicate relative position and the

present invention is noJ_J 1 articular orientation. 30 FIG. 1 is a simplified perspective view
of a stacked piezoelect CP%JE L f{él‘%@ﬁm%qgmfﬁ foramlticdeyered ed d31, d32 and

d33. A potential viffzeectvatbrstamerdinatiod prefprecdiadhodintenaisithd heveldbaxis causes expansion

or contraction of element 10 in the d31, d32 and/or d33 directions, depending on the polarization of

the piezoelectric crystal layers L aking A.o' Iement 10 Thus WO 00/63978 PCT/USOO/10601 19

SEP 2003 piezoelectric elemetEdseairod Dpty-6h Forrrg oreontracting force in the d3 .-
1, d32 and/or d33 dlrecﬁnmdeammmnahpmﬁ&uoﬁaqbe Bﬁe%ﬁ}ﬂ@fﬁﬂwpyﬁﬂi@ dise drive ‘

actuation aggembiy 2QI0GAMRGLAING &]go lectrig; microacl atO{1 ﬁ?%olréjﬁ?gae %‘%8 éerred.

embodiment of the present 5 invention. Disc drive actu tion assem & 8oil motor
(VCM) 22, the top surface must be divided into two portions so that each portion is electrically

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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E -block body¥2:00638$Heam 34 coupled to an actuator arm 30 at head mountiPGI/E09K Gid] ar‘jg SEP 2003
gimbal 36 coupled to a distal end of load beam 34 to support slider 38, which in turn carries a

transducing heachi€velecaitrideracnt i6 qun biel askintoauiiplp an expaidogk dredytiapddeiaferably

rigidly fastened tg E-blpc 99&5% 0 such as by ane or,more screws 28. Microactuator
27 is provided or?% ﬁgé(gs%e@m gﬁgrﬁs ﬁggﬂ%%%afg#ﬁ%g?s%ﬁgﬁgﬁ&lm Swhich couple the element to
the drive electronics (nB1@h&is Plenerigw of 2discalsive asthation mrsembly2®innorponatingt the rotate
E-block 25 and phuohSRERIIRIGORIGMBE AN A L HRIENNINIREAMNBRASHRSides38. and 15 thus

transducer head (not showp), over selected tracks 42 of a disc 40 rotating_around axis 41. For more

precise mov@meHTEETRRR, AURFIHVS 3Latian assemblx,0-naludes A risecl moter (VMBI 2axis by
applying a voltagé-tolokle body 25| baddieash G4 cpuple echimtheeieanaridiachehy mbanthgsthe position of

the slider 38 andyfyig ﬁgg&glgﬁﬁ{,ﬁ X egﬁ%ﬂ%%%&g&:?&d tg% gg%%lél)zl qgi %ﬁq 20 FIG. 3

{
IS a perspective view of a piezoelect ent according to a preferred e men é present

invention. The el&fiShipHomcamriss adinsducingheady Riveteartgdee2f ismrpuidedinsavitp3durface 202,
a bottom surfacein(ﬁebmh r);lyald,siﬁeiggﬁ@eg?w‘ i @ggfﬁg@ﬁg@@@_gmégmoayrjg%%ﬁly two of
which 204, 206 are,shown. The element 200 is .by a piezoglectric sppstrate 2 ving a top
“and bottoml?gl)ectergg’es%\?{magg)fho@r% hHSEh e gr%%‘@é@fé%ﬁ% gﬁﬁé&ﬁ%ﬁiﬂ"%ﬁ?‘? ed therein
to separate the tbpasicttraubingndes tetminplsriiont shaeahyhiddirouptetie elentritatythisdived from one

another A Wrap-@[gmgzg;m%o@n&lso 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 coupths YN A isioeamatsdinaananen keawadosibs ¥ taaatadimbloeki?dde (not
¢shown). Thus, elasfrjsisbteamddgiobartindenia2d hadttrtdie ciasely Peitionishas IB)anthe top
surface of the el ?FsM!?d | | . pisvipusl ntioned, the formation
of the Wrap?grou?%lge ectrgg’%gf%%@é%%% ’éfr%gsg%%ygﬁé%‘{eﬁérﬁaeﬁ%?se e%genrﬁ basis. Because
the fabrication 3379HEads 4 bt FRr BeredVEriss R amentianieraestuatanAfis selastivglie is costly and 5

WO 00/63978 P exphiided oitrdsled kiBngGts d31 axis by applying a voltage to the terminals (not
shown) coupled to the element thereby altering the position of the slider 38 and thus
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

5



. WO 00/63978 . _ _
time consuming since each element is individually processed. The present inv&TtiSHS WS %ily 1 § SEP 20
creates elements with wrap-around electrodes during the creation of the elements, i.e., at the

substrate level. THESEPRSIBINS SHce cachiflamanbis individselly ororestede e pres®s. 4-10. 5 FIG. 4
is a plan view of aishertionf ponraclys ticatestisintmEGARE SRdp-atdtih ] dabsitalian ique according

to a preferred emQ?ngﬁ éhe(?e&rgngent inv?gltéosn‘? An e@%!ode layer (represented by the non-dark

regions) is first formed over the top antl BotHm SUacas 'e piezoelectric substrate, only the top of

which is shown in FIG. AbeHfabsisationproces vl mew bediewnibed vititsréferanck ito FIGS ptel;trode 10

where the elegtrode has KIeR {8 PMAdieh 1Y MG DFDie B Al tRE HISEQRFNAL r_ttenches in the
top electrode is sf}o nin FIGS. 5 and 6. First a layer g?lphotoresist 406%%%%2&%8%11\%?&% top

electrode 402. Thea%'f@%? FromrRsRIAstRe I pPrefepsd smbodimant REthr Rsesenicdanantien. Then the
layer of photoresiMdﬁd}s@al&ym@m&me@bme@hM&gﬁB@bﬁﬁ@ﬁﬁl%fﬁi&ﬁ)bl@?ﬂfé%gs to
create 15 openln%&%&g‘ﬁmﬂgggo&;ﬁ@ %&%Qgcg ért]ﬁép??e (%ﬂrtlglg utoo;? tr?g ‘%%Elect ode 402 located

underneath the openings 407 in the photaresist layer 406I1s i PSR RHbwn wet
etch technique or B Gt KR Aamie lines RPY rermsaad dissontiniities formel ia thaeopreletaymdeof photoresist

406 is removed andhéhetheelairday ks 63&1%%0&@[%&?0@83%@&@ Y BEDANREIR c?ptire top

surface including the 20 discontinuities 407. as shown in FIG. 7. The substrate is mounted to a UV
release tape on a{r teglﬁ'%eleﬁénmﬁé? ﬁ?ﬁ%o eﬁsai’&”fbﬂﬁga%rscﬁ’é%ﬁnd: ﬁé%ﬁﬁ!é\f(ﬂhﬁﬁ%@t‘rode will be
described accordifftis deppsited cweriths doreteatrode462nVErtiaperdfphotostsisedss digeskalong a first
' dicing” lane 418dgoGR0es iy wenilabas kbl be FHbE By FLARSRIG e mbodiment, &

tapered dicing blade or S@g‘#&u ed tg create the ‘tapered exposed side surfaces shown in FIG. 8.

From FIG. 4 it caR BETE ¥ using iwedk knosyn aletplithography deshminsite greats and each
element's width iombaingsdieTcnghiphotarésisT heeidess Tfaaebeierenerally ioperadrbalaliys to the top

can be used 1 1 R e N TV S MPoancs 410
are shown. A wrafithFbante L knqrawet stchsteshriqrsrasadnsH bxprndonsuiltiogsethiqutnas particularly,
electrode 422 is dhpaaitaFIG. 6. The first layer of photoresist 406 is removed and then a new 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



preferably by WER S sputtering techniques onto side surfaces 412 as shoMCMUEﬁGltﬁoPrngrw ZUU:
gold (Au) is sputtered onto the exposed surfaces at low power 35 and hence low temperature to

prevent heating thempbsinaie tﬂlh&lﬂﬁﬁﬁ?@%ﬁ Mé@(jh@@@&?@ﬁdf‘?ﬁ%%@?ﬂﬁ?%ﬁhgcﬁﬁﬁ’ %OO .
t ture. Th i iR.di at asecond "y dicing” lan ocated remotely from
ety dicing: lane So0i SGrPAE B SR Rt th ddoe B ikt of B emeaiapts nally, ac
seen in FIG. 4, thehgwminFlGet ardddnthinaliviasstondnI G 4 ¢hegividthest 44¢h dlamdirtds step

involves stripping ausmined syes AR AR %55 420e Hatbsas) %‘f@é@fgﬁﬁa&;&ﬁftﬁeﬁ?%ﬁ“ with

top down corgwecti n,to the bottom. electrode is created at the substrate osed to the

element by eIemeﬂ?i’é‘gﬁ‘?{ﬁfﬁféi G di WWH.%igféﬂﬂﬁcEiﬁﬁmmﬁmésmt to FIG. 3,
portion 202a is abewu@slionitrtiesbationp elttaodOR eicatidaiy tkb @AbstraBesvel 38 sfipesed iy ik 208

preferably has 1004 iah ?81% ' ? . I'he "x dicing" Ianes_416 are preferably about‘Q'.OO
15 inches thick an?j d.efin?’t’he Wi%ﬁt% ea 'E% ?Fﬁeprﬁovrvﬁ{tc'h preferably is about 0.03 ‘inches. The "y

dicing" lanes 410, 414 af@ é@@%ﬁ@%@%ﬁ%@@bmpwh@ﬂﬁ;ﬁ, mdideméqlinaabmgt&m each
element which prefetelyné praoh QO.D.EQ.‘J'BBB@ISD.Q@_ﬂﬁ@{é‘é?|ﬂ%ﬁﬁ@§@§%¥@%ﬁﬁﬁgme

using dicing ghd sputtering. 15 t igues, ionmilling, can be used. More particularly, af
‘discontinuitie?g]40_ o o‘?fnajggua{es& '@ﬁghﬂﬁﬁsﬂ .°61,x n’tﬂ”f?ﬁ&%ﬂf&@’ﬁ&ﬁ?@e@?&égi@ﬁ
preferably 0.005 mehpelr&mbmﬂdpﬁssmmmdﬁmmm@mma#amﬂbmop two
o 0.0 hataes 98P ARl a6, I9RSHAARSTIRAL0 BULGF AR bRl ouan
“the thickness of the syb traé? followed by a sputterg}g&o gold (Au), 20 or alternatively, a s_eed layer
can be deposited ?ﬁ‘itaﬁgf& ﬁ*@“ﬁc?@@‘&ﬁl&%‘t b&tsfmélwa@w&%m«rhexhe vias (not
shown) provide the top déltemativelys dtisteatbof prdieiising dlecibarusiisiag dicikd %&iﬁhﬂeﬁlﬁ‘g -
fabrication pjgce ; i : h rding to g.preferred embodiment of, the invention. As
shown in FI(_IP 11?%%%%&%?%%%%% %%[?p%g&éé#rto{%‘eﬁs%b%ﬁ%?o%%&hﬂ'éﬁté‘?ﬁ W{ised.
Electrodes 502 eXeRImsdagthewn ifdi1h qicrsesombrborlithegraphyi stemtesnttsid foeffeeablyds of the
substrate. ElectroleesiMiedianetdi @ifcRs parRRted il tRe ORI QY HLSiffler of the top two
electrodes, i.e., portion 202b (see FIG. 3). The substrate is then ion milled as is well
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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center but stogv 31%’(?3091‘7 %he center of the substrate. A layer of photoresist 506 is"@b’ﬁ&@ﬂmmﬂga 8EP 2003
surface of the substrate 500. Alternatively, a shadow mask may 30 be used as is well known to those

of ordinary skill in S4&fages ¥3en WilsHbewlustratid processdsaed of pleatoresiniibRadmuamorermed O

create photoresistsaapaniasousulierelle fedaRle e Riisashia e il e dlesgibed hereinafier

In addition, a "y dici‘;g',lane 520*js pui through the substrate 500 to divide the Substtate into what will
become a first and Seeon8 ot BV SRR FXBPISS 4 (FIG. 14). 35 Preferably a tapered

dicing blade or saw is us€besg asesht&vlaimFéG.aﬁw&ﬁihﬁiﬂQ%W@M@gﬂ%i’@]&ﬂm&rw )1, 19 SEP

?

2101w"4) suracege SSlteW L‘i‘e@ﬁl.l ocess is ysed to create twg microactuators, the same
process is used tq c?eate a&nultitu&%r%%é%ﬁ%?g%%%e ANESi s iSMRiRted to the
shown examples. ittt 44hesphetoresist issgmenis:5 e reieveid ed e SERHERAs RepRetiQl, are 5

deposited preferamwmmmi&mw%wﬁelwm%@?u%ﬁﬁﬁR NG 534 the
photoresist segm%g(t:% 510 are rem 1vec§ ﬁﬁ%the substrate is further dice toigcl%%q[gol‘rj%%%g@gl

Q { .
elements. It can bé eI aton 54 oL SEEHeBS333p, J32h Whish axegleetricalivided into
two sections 532d5¢/3eg o iens ensitherichilp elsctaidel Bamivelecuncilly cobpREls eeeied32a is

electrically cmjplegbtpﬁ,‘{q%d | - rode, a and top.electrode 532b is
electrically coupler% 8%5 oeéec rodggg&éqggé%/%%g 5;Balar%aﬁ&g&]d&) e%gﬁj%&%aggéglg%ﬁ% i i%s made

to all of the elect 5 Yy dfackanearaundclsctrode 80db, Elenicahenngottiqnis madéad albperities
on the bottom suréditkecetimdmntidatapatenrbddngydgush the suspension through the epoxy used to

couple the 15 microact nsio efore, a low, temperature dielectric layer is first

deposited on the bottomu%%rg:% ?g#gf%ﬁiﬁé’%@%ﬁ%@g@ﬁﬂ’g@@ Brchettopsustagethciric layer

of SiO2 is deposit&8 briAE slssHrde maxeuchdhe mispensipthriegb siapdREGH ) 2bIAR e

Alternativebhsan epioioufilaorit no suseadivsinthaeriicosImarehipused aiailal femigrpaptuator
cu

element to the su&genstigym\{v ig%?ﬁo ILgvideaﬁsta‘ndoffs’. While particular materials gndl%llmsensions
are provided by wa of example, 8‘§ EETRTR LR 4R the AbONRRERSqes R stens: Paefarebing
dimensions. dielectric layer of SiO, is deposited using plasma enhanced chemical vapor
deposition (PECVD) at 120° C. Alternatively, an epoxy filled with non—conducting
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. |



The present invention provides a fabrication process that is on the wafer or substrate level msgesapafzmg
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
embodimentMHAE IM(IAIMEINSe made without departing from the spirit and scope of the
invention, 30 the invention 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 pieZoefecithefahshticatiegpintrslesrinelanmseash pryimicenivasolsteleet®draving a top
electrode and a bottdrretethirpiiecenvaiingearrenikerstRea TR IABMSHTRE S FaSRSIMELY. Of the
substratg, the meth rising.the steps, of: (a) creating an isolation trench in the top electrode; (b)
exposing the substrfglggﬁgllgr?o aé%%g}to g?rael};%ti%not%o%rg%fé %ifpé’é'%%“&%’éeé‘ﬂ{ ARR AN PO JderSte
wherein the first dirEeRestirs o Citbe sehsiestelyhe orethpd dempiibing the siemolfi; (c) depositing on electrode

on the first exposed sidg) stsfargapisdigishbsiaie; (& wxpRsiR@dhe substrate along a second
direction to create sec?gd expase sidgn surfaces o{ithe,sub,strate wherein the second direction is

locate remotely from the iSOIation Tenc Strc?ﬁet%céné6p6%5%rg?agnotf’t?fgaf§8f8°[?8?‘flt?iélﬁéﬁrﬁ‘6?ﬁ‘Tﬁe first 15
direction wherein the first diécasteisdveieein sheslies fitirectide ngivr ot b rompelyiremtthaisdl{gdrexposing
the subigtrate along a thirdi@iggtion 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 og:v((g)(i) depositing a first
layer of photoresist on(td e‘sl%?b)sé Sefo ?ee;cgﬂ‘g (’a%é]? frbrrpssd slfssuchices 98P S195HE®resist to create
the isolation trench. 3. Cﬂh@m@ihg@llgﬁuibaimelafmmecqxdﬂﬁshdgracsmt(a‘)s@bdépqsi‘smmsecond
layer of 25 photoresist ongthg 4R, eIRC AR A WHSRIRINLGRS Giggﬂ)li?iﬂg&tgbx)emotely from the

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.



4. The method of claim 2 wherein step (a)(ii) is a wet etch. 30 5. The method of claim 1 lee%eigﬁjemm
(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. 9 1 9 SEP 2003 7. The method of claim 1 wherein step (b) comprises

the step of ion milling through the top electrode and the substrate along the first direction to create

vias. 5 8. The metherkahalAARETEUSIAR 4E) ADRHRTRIR §I§P§r9ﬁ<ﬁ)ﬁ%§ﬁ%§@°§é§[‘@j seed

layer in the vias followed by a step (c)(ii) of sputtering the electrode on the see method
of claim 1 wherein SIEFOa Pl sYRGATR roate SrsifBediems saegitthe 10 top electrode,

substrate and bottom electrode. 10. A method of fabricating a plurality of piezoelectric elements each
having awrap-ago ' roc tarts with a pie éc ric substrate having a top
surface%covereag b?%t?ﬁ%ﬁ:%%h%&%?ﬂr%%&% %cgﬁn%?{lgrl\sgeﬁ% g%e%soé%% :’ils‘):f (‘?‘F 2 1|trllrégaa
discontinuity in the 16 &éeitiB e ianfalke wedibres sen i plcntterine sorxtiastiede mthearerd be
fabricated, whereinlégerdiscontinuity 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 e%ct%ﬂ%@%@@%é&@@%é@sﬁ@%@ﬁgﬁﬁd@ﬁw digingldetughatend the
substrat@ substantigdpycpaialiel iatdatctisishebhtanctaubut 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 18- thethsia gfdatyiepings) plwdlio)olpitedilectticalemithto tehdir diememapLtoiide method

of claim 10 whereirnthersdemkaetrpisessiers Mfin3lpladbderositing fishlayaipalphqoresist on

the top electrode; and
b covered by a top electrode, the method 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



(a)(ii) etching away the first layer of photoresist to create the discontinuity. 12. The method @& Sk 2003
further comprising a step (f) of depositing a second layer of photoresist on the top electrode and
discontinuity before step (b). 10 1 9 SEP 2003 13. The method of claim 11 wherein step (a)(ii) is a wet
etch. 14. The method of claim 13 wherein step (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: s8R QMR EIRETQHSIVRSES T thepERGesS 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 a discontinuity in the top electrode
within a defined Iéntbk fetiedcif chica 08 ebtridreiementsmpeséalitontpdr (PatisHpOH EREBEOs

electrodg, substrat%@ngggmeeggl%cgq)? AR £aghaide 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 thrbugmthieotogf Blertdsdag s pubslicatsf prgobRHGNRIREHOIR haviligactan-Respgndicular

to the dicing of ste%@&g%@; & Width Qgg element. 20 1 .Th met od.of claim 15 wherein step
(a) comprises: (a)(i) depositing § flrsté};arso?t %ﬁgtvg)lreQ tlegﬂetl e %Bue ec fo vm éolia}'(? (?tchlng

away the first layer GVpia@Brasp s énduséeﬁﬁmﬂyfa%%wr%@mb@rm eleetesidn, I8 further

comprising a step (m)ambdempﬁm@%se@p@dflayer of photoresist on the top electrode and

discontinuity before St(%g) (bl)ea 1§g-a|l- ROk 1trrl1191 y m Ig{g;]) g’lgcvt\rlg rel1t ?&%pdég%gg llesngtl;lvfg; ga;[g#' 1

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.
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