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U trasoni ¢ Mechanical Emulsifier Field of the
Invention This invention relates to an ultrasonic
woraeitansical enul sifier and rel ates nore parti ceCasGg006/000260
t hough not exclusively, to an ultrasoni c nechanica
ermul sifier using piezoelect¥ic material. Reference to
Rel ated Applications Reference is made to our two
earlier US pagrRpisomie Wt&ainic EniusipRyed 10/ 61 1, 401
(published as 2004/0 118686) filed July 1, 2003 for
the invention titled "Piezoel ectric Tubes" and 10/61
1,306 (published as 2005/0017603) filed July 1, 2003
. for..the inyention entitled "Punp" (our "earlier
Ihdgﬁgﬁﬁ%ETY By the contents of which are hereby
.incorporated by reference as . if disglosed herein in
Thig mwtlcghtiefaﬁf‘éttg)?nsg@ﬁgﬂe msghamcal gmulsiies spd 556"@@105? t he
nost inportant areas in mninmally invasive surgery is
partsirtestye though hptosxclusivelsu tgan yliraggmic meplzasicaberotlgifieo nsing d
cataract surgery in the recent years. In
piezoblcoiemihtsiidli cati on surgery, an ultrasound probe is
inserted into the eye. Utrasound energy is applied to
the crystalline lens of the eye to emulsify it. The
emul sified material is then renoved fromthe eye using

Refl}{%%?jgﬁ &Iﬁ?e(fgpﬁﬂiaqfon?ag is left behind for the

lon oftan artificial intraocular |ens

repl aci ng, t he cat argct rystal.li.ne
Reffsghe it amCPbrtel e S pett AR PlisatS Fupumbered JO/sH401
cataract to be rempved via a small incision. However,
(publpsbed,pg 2N §6Ndred T uly & 2 0P8\ for thedpeniipe tiled piigzoelectric
which is the transparent 'cover' of the eye, causing
Tubesizardold}6 10 3 GoHpuidistied AP0V 0WEH03) g fuly $i H3ffoe thet

invention entitled “Pump” (our “earlier applicatiohs”), the contents of which are hereby

incorporated by reference as if disclosed herein in their entirety.

Background to the Invention

One of the most important areas in minimally invasive surgery is phacoemulsification
surgery, which has revolutionized cataract surgery in the recent years. In
phacoemulsification surgery, an ultrasound probe is inserted into the eye. Ultrasound
energy is applied to the crystalline lens of the eye to emulsify it. The emulsified
material is then removed from the eye using vacuum. The capsular bag is left behind for
the implantation of an artificial intraocular lens replacing the cataractous crystalline

lens.
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| oss of endothelial cells nmay lead to a | ater

conplication known as bul |l ous keratopathy requiring
woaoot@asi7ir anspl ant. Bul | ous ker at opat hy i s norCTi862006/000260

conmonest indication of corneal transplant in many

parts of the world. One of &he good surgica

t echni ques whi ch hel ped to reduce endothelial cell

PhacogsulkiSichtien alkevsahe ragthahi laade dati &g $o BORARIvVed g 4 @RAIR
pliaco probe tip. These forces are better |ocalised

incibidaN Howievas e 8 RhE ¥nerll ﬁgﬁ%&?ﬂ%ﬁ%@cﬁ§ cAtned vs'/'lﬂgl Hige

t echni ques "known as phaco-chop, ing a secon

' ' ) L, pi f
o PLIFRE o TN TR PLEEP T S
o St TSl B L B GBS By

hi gh vacuum has its dangers. It can suck in the
reqyEag eprngdl teangplanie BuHewsdisyatppatitisineyy the compmnestdndi¢ationet
posterior capsule can |ead to serious conplications
corngattrargplanein mahy patsasflilmeworldnd i ntraocul ar | ens
di spl acenment. Sunmary of the Invention In accordance
with a first preferred aspect there is provided a
tubul ar piezoel ectric transducer conprising a tube of
Oy SORLRE AL YIRS AR DRSO oy o

N f I [ i bl
T G R

[ nal axis of the tube, the hub being_ for

l.ongj tud
* looq5iBthaR tliaowid sera. Apchapsal fores Mot BEIRHg tebRiques known as

recei ving therein a probe for novenent of the probe
phagg-ehop, ﬁJéC? Heibg Aceendilntumsnhtogaasially praskaprsarhlladgnes of lens

there is provided a phaco-probe conprising a tubular
matpiid 206 tlectenioval ofthed frgmentsalsingibigh eactiuine Thé lower the

pi ezoel ectric material and having a plurality of

medbrhiesltataked Sk éd) deshibiRyr the e Goict vall e r&duiR dH e ted Ehigh
tube at | east one
vacuum has its dangers. It can suck in the posterior capsule thereby rupturing it.

Rupture of the posterior capsule can lead to serious complications such as retinal

detachment and intraocular lens displacement.

Summary of the Invention

In accordance with a first preferred aspect there is provided a tubular piezoelectric
transducer comprising a tube of piezoelectric material and having a plurality of external
electrodes for inducing in a first end of the tube at least one movement of a plurality of
possible movements; a hub having its centre located on the longitudinal axis of the tube,
the hub being for movement with the first end; the hub being for receiving therein a

probe for movement of the probe with the hub.
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novenent of a plurality of possible novenents; a hub

having its centre | ocated on the I ongitudinal axis of
woOher7toabier t he hub being for novement wth therPETSER006/000260

end; the hub being for receiving therein a probe for

novenent of the probe wth she hub. For both aspects

the plurality of external electrodes may extend

| ongitudinally of the tube and nay be on an externa

surface of the tube. The plurality of externa

ctrodes 0 i se f ur . el r :

Acchutie G A P SRR g 6o DS PR e PR e sine o

There may be at | east two spaokes. att ched t o and .
tubular piseRaRFHEREFNET TRRIBIIAE § B QLRLZORBETE SIS G feving &

with the first end. There may be four equally-spaced
plusqiivk eextdhal eddctiodessfor inducingdk adirsteopd |9 thettubgt legst gpe

end or adjacent the first end. The hub may be of a
moly8nBAtHF h §lirlity fof @ossible hegreaientsi 4 huli hevispivkemireflogatestion the

by the spokes, securely attached to the spokes, forned

lon?}fu(ﬁlﬁﬁ a&(}étlﬁftheat'ﬂge 1{hE ﬁ% BlinWifd & endnuleh tHdeirsatnd; @gsliub

spokes and the may be relatively rigid so all

on_ o be
belflﬁ& J&%e“flﬂéﬁlgfel 3%&?&%@\% es andﬁt ﬁggé Ql'lllhgﬁe p?%tge nay
be attachable to the hub by one of: a friction fit, a

snap fit, a bayonet fitting, and a screwt hread
connectlon The plurality of possible nD gpg
Fosoatbassasthopiiral 8Pt S IaEt BAY SFiobt Brelhapahg! e
in the direction of the |ongitudinal axial of the
tubetngd maydteain anrexternal tsinfaceodf thirabei Fla plaradityapfouterppelectrodes
| ongi tudinal axis of the tube; vertical oscillation of
melyh:%n‘f 168 fou Bl ctrbdisiazangal asagohl dvatiiaots eafenting longigwdinally of
and arcuate oscillation of the first end about

thd tﬂﬁé.oﬂlgfet IHQ)LH@A’[ l@d%'t swOkpdilag attathed tol4ia etdldmgadially inwardly

conprise a end extendlng axially outwardly from

- of ﬁ-lﬂ etp%elb ‘?’%1} 080 (0% g%%ﬂs@é}ﬁbﬁ%fog‘gay%g%uﬂ écﬁﬂa@ﬂsﬁa{ceﬁ Bfokes.

e pr

oL LIRS UL A, 4, O e
of gafgrrr? soerllgcl‘ﬁgdt fr(l)Jrlnt 121?esé;)zﬁlv$1tﬁ/{hg rsggléeg f%rmed by the spokes, securely
attached to the spokes, formed by the tube, and integral with the tube. The at least two
spokes and the hub may be relatively rigid so all motion of the first end is transmitted to
the probe through the at least two spokes and hub. The probe may be attachable to the
hub by one of: a friction fit, a spap fit, a bayonet fitting, and a screw-thread connection.
The plurality of possible movements may be selected from: reciprocating motion of the
first end in the direction of the longitudinal axial of the tube, rotational motion of the

first end about the longitudinal axis of the tube; vertical oscillation of the first end,

horizontal oscillation of the first end; and arcuate oscillation of the first end about the
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able to be produced by the tubul ar piezoelectric
transducer to the probe tip for radiating the
wahkowrassitic vi brations from a phace- probe tip. PTISG2006/000260

phaco-probe tip may conprise a tip of the
funnel - shaped housing, and tée probe tip. The
phaco- probe nmay further conprise a stack of

loyiediel ek bf theahd) The Eﬁbb%%béo% HseaGehd E&&%lt?ﬁxgegﬁéﬁy

in the direction of the longitudinal axis o
outwtlyafoRitBZRRL S The. stack of :

pi ezgzﬁ}%ct ric a%ﬁjgithgpéé angqﬁ%gﬁ%vﬁbaﬁﬁgf’uﬁf @%%P@Pﬁnpc

transducer may be able to be operated i ndependently of

each other. Brief Description of the Drawi ngs In order
haq?the j nvention may be fully understood and readily

{ )
The probefpay by located Rvithist 4 Bmnck-shaped bonsing, thewibexteteling bdyend the

by vvaaly of non-limtative exanple only preferred
howsing dihedhnerel-shapet dopsing emt theiead tndmay theludesiehiddid @Brations

being wwth reference to the acconpanying illustrative

abldrtahe pgslucediby the talnaa pigdelebirRufsdudeStodthe probe tip fo radiating
representation of a preferred enbodi nent oF a tlIJ)buT ar

thepileZale@brationd frdm @é—pgigg gf:p.e The gfrl]elcg f_sptr@ait‘ﬂf 1&1%12 I%gg\lpprise a

bendi ng and | ongi t udi nal mat |
tip BF B2O8hRAtd b dt r,of Figure 1 at the resopant
PET equency valhftj‘e}%i I{Ogl?ﬁ eli% ﬁéh? ke Esgﬁdﬁﬁegpl}?ﬁ&é’f%dn@bgmhﬂ
I: he longi tudinal npde; Fjgure 3 illustrates the
°°‘§§ é%gan“ttt?cgﬁ O@é%ﬁf*ﬁ&mﬁfac‘t“ﬁ@f% AP R Of Brdpreesl @eqviement in the
girdLansducer; Figure 4 illustrates the rotational notion
ggtiop ok the jongitydingl axis of thertrbwar piernsthetrisr transilger. &THs stxkaf
. perspective view of the tubular piezoelectric
pPleggelerdieiacinatorstand gredtibbulfi piemwklecki griadtces Rewbeable to be
assenbl ed phaco-probe with the tubul ar piezoelectric
operatedh guigp@rdently of each other.

Brief Description of the Drawings

In order than the invention may be fully understood and readily put into practical effect
there shall now be described by way of non-limitative example only preferred
embodiments of the present invention, the description being with reference to the

accompanying illustrative drawings.

In the drawings:
Figure 1 is a representation of a preferred embodiment of a tubular piezoelectric

transducer;
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Figure 7 is a partial longitudinal, vertical
cross-sectional view of the phaco-probe of Figure 6;
weizgurresB81shows t he phaco- probe of Figure 6 w POTRBEI006/000260
stacks; Figure 9 is a partial |ongitudinal, vertical
cross-sectional view of a fibkst variant of the
phaco- probe of Figure 8; Figure 10 is a parti al
Fipore @i illustiated the BeidihE Mhd BHSBSH ; iorY{ i -
gg?ond vari ant of t%e pﬁgco- 6?%%?08]?&{&?%3%6gbuﬁréﬁerzgelecmc
[ ' ' ' L .CIrgss-secti onal
tebalcte O PRble Pt O RAbhE S henc Bt Bt S TR it gne
' 2 i.s an.illustration of an alternative form of
(bfheggégigé?%%ﬁlfn@%wd&t ric transducer. Detail ed
F.Desgrtﬁ)ti on of the Preferred Enbodi ments To refer to
1E9g art sfrafesdhe sqayential handing ofihe aabubireieseklsctricitansducer;
transducer 10 made of a fornul ated piezoel ectric
Figire drillggiragasdbe maticmabmofiomofithk nthalar péictoalebtyic pahstheer:;
pi ezoel ectric tube 12 in accordance with our earlier

Figppbiicapespectivé view ubthe hibul piatBetriviialsdidbeWith probe fitted; .
el ectrodes 14 on its outer curved surface 16 and nay

Fif\@¥ 8 shoWehn %s@ﬁbf&%ﬁc@é‘m‘gg wWithhé ﬂi}%gaé ‘f)\i'/ﬁgz}rg?lgcgﬁg rtxfaﬂgtﬁlcer;

26. The el ectrod_e configuration ma

P 64 B BRI o R SERTRM o 3P TR P

orth; or they may extend circunferentially;

.50
‘FI%%% hdi ng on requirenents for each application. For

.exarrp{lﬂe, in Figure 1, there are four electrodes 14 on

Figuie, S shaves the phacp-arobe of Higare 6 wathdiZ Tustaakal | y- ext endi ng
_quadrants 18 with small gaps 20 between them The

Fighue 9 isspastialdongitudinal stegtidal ades sebionaltvisvd of a first variant of the
longitudinally of the tube 12. Wth this

phawwAfrobioBFigore, §;t he transducer 10 is able to perform
bendi ng or | ongitudi nal

Figure 10 is a partial longitudinal, vertical cross-sectional view of a second variant of

the phaco-probe of Figure 8;

- Figure 11 is a partial longitudinal, vertical cross-sectional view of a variant of the

phaco-probe of Figure 10; and

Figure 12 is an illustration of an alternative form of the tubular piezoelectric transducer:.

Detailed Description of the Preferred Embodiments

To refer to Figure 1 there is shown a tubular piezoelectric transducer 10 made of a
formulated piezoelectric material and consists of a hollow, radially-poled piezoelectric
tube 12 in accordat_lce with our earlier applications. The tube 12 is coated with outer
electrodes 14 on its outer curved surface 16 and may have inner electrodes 24 on its

inner curved surface 26. The electrode configuration may be varied according to
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def ormati ons by extension and contraction of that part

of the tube 12 having an el ectrode quadrant 18 to
wohowhskhias been applied an electric field. Therculak@es/000260

pi ezoel ectric transducer 10 offers a nunber of

advant ages: good structuralérigidity, easy calibration

and high resonant frequency. It can be used in both

req@itdni@ S0 FaN&ane thas A Ketn§oRditel ONgectrbass: ttﬁz@”ﬁh?ééc &ur,
10 is able to deformin thréee di nensions, and may do

e1g | oot S&Qﬁé&ﬁ?%’t@ﬁd Eﬁéﬁﬁfé%én%l ? @?]Ill ?er&gfremf:nts

anlca out resonant req

for kg dhp BB el BERPED: Y g SepReSln et

|s the ability to conbine ultrasonic energy and the
surfapeiincsyalmongpdinally-exendpe dpadsants &3 wtaﬁwﬁcg@ps 20 bpigveen

working at its resonant frequency. Figures 2 and 3
therph®he quadramtnf efghe plgctrodagi 1t ediend [longitudimaily nf thedebeot2.

t he transducer 10. The | ongitudinal vibration or

reci procating noti on node can be obtai ned by

connecting the outer el ectrodes 14 and applyi ng an

Wltﬁl tRis tcﬁﬁigg&étﬁﬁha{he(?fhn‘édﬁﬁsep 0o &Y abfl ﬁ?eﬁgﬁﬁ $eddin@ BE10nBR&dinal
el ectrodes 24 of the transducer 10. The deformation of

deféllﬁﬁltﬁ)fl @ié’;&%% %nlé};t d QARG ‘;f%ﬂ%)é}}w@e%é PeRLAROARN

reqguen rans UCGF

et B ) S s BN i 1 sl ony

t he | ongi tudi nal dlrectlon of the transducer 10. The

operational frequency nmay be in the range of KHz to

MHz for the transducer 10. The tubul ar piezoelectric
Thet tuhwigtipicareleOicioansdudes 18 [offetsrd muneles 0f gd vantagksi good structural

nmechani cal vibrations, where the vibration energy
rigigieyeast edibwitioh ahd afphrrasinabefréquehdie Ifuaabe ssebintadh uff

The bending node is forned by applying an electric

resJﬂaﬁJ:éjaIﬂrireﬁ)nﬁﬁder coRfitdhaIaRatdn¥QREP B IsebRUbIfRhERitkRdes
. The bendi ng node can be sequential and provide

dlmtei%lgxtd, B84 may do so with a sub-nanometer resolution.

Due to a large mechanical output at resonant frequencies, the use of the transducer 10 at
resonant frequencies is of advantage. For the preferred embodiment, the advantage is
the ability to combine ultrasonic energy and the induced mechanical energy when the

transducer 10 is working at its resonant frequency.

Figures 2 and 3 show the bending and longitudinal vibration mode of the transducer 10.
The longitudinal vibration or reciprocating motion mode can be obtained by connecting
the outer electrodes 14 and applying an electric signal on the outer electrodes 14 and
inner electrodes 24 of the transducer 10. The deformation of the transducer 10 reaches
its maximum at the resonant frequency of the transducer 10. Due to the large-amplitude

harmonic elongation or contraction, an ultrasonic wave will be generated that travels
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and/ or rotational actions, as shown in Figure 3. The

nmotion will be of a first end 28 of the tube 12. If
wanoi7asi7el ectric field is applied to the ot hePCT/SG2006/000260

di agonal | y-opposite pair of outer electrodes 14, with

the electric fields applied7to the two pairs of outer

el ectrodes 14 having a phase difference of 90 degrees,

alog thell@iditatdilal diestEios anthetraabdieN B0l TR o%@ﬁﬁohaﬂ flelq@edcs ay be
The tubul ar piezoel ectric transducer rotate

in thy wagawsEHsto Mida f@ﬂh%‘lfﬁ@ﬂ\;\ﬁ%éOdElf!ﬁaWb}lth’@ﬁOqlmlc transducer
10 &ﬁe GhALIEORT eﬁ%rg&mlﬂfelgﬁf?zl rhgcqlaﬁ i aﬁo{xé %h%?e thA§/1b§¥t‘ch1 energy

rotationa seque n
genstatdrwillnthén galdmestcﬁhapﬂ)céswd n(ed)unnn Fi gur es 3(a) and
4(a), the first end 28 of the transducer 10 is bent
downwardly; (b) in Figures 3(b) and 4(b) the first end

The?l%nafngtrﬁgdet is f5d ragﬂag'llig?m‘g’ﬁg&né ARVRY S %%P of 18 dﬂaﬁgt

in Figures 3(c the first e 28 o
C ur e
oppg; 1%1&9& chélc(’é))ge E4 bl?»@ #(P iqg gl%ﬁ% BJ? B? ﬁéq%%enté %ég ov1c%d'w1§1ng
ent he left. ol | owi hIS sequence
andl RS PR SehPnat P b ridhemenen S Do & b enietiol
28 is obtained. Qther conbinations of novenents may be
the gphed 2. Kanotienelpeteic figldsis gnplindi tatheethey diagdney-oppgsite painedf
(c) will provide a vertical oscillation; a sequentia
outgr@idzinodes bh ofith(thy elzotric ft)dsvappliedtoohe theo pairosfi antertetdctrodes
oscillation; a sequential conbination of (a) with (b)

14 lauvikiood pHaag dﬁdréncﬁ @90 decrass, hevfiont eAtRle @aPBE bbthikd @8 seen in
a sequential combination of (c) with (b) and/or (d)

Figifeld. TRE Q¥tuf® pR2oHBRAE nBh&HRLE PRG) Fiak c®Rkwike or counter
sequenti al conbi nation
clockwise depending on the excitations of the applied electric fields. As such the

rotational motion is a sequential movement as shown in Figures 3 and 4:

(a) in Figures 3(a) and 4(a), the first end 28 of the transducer 10 is bent
downwardly;
(b) in Figures 3(b) and 4(b) the first end 28 of the transducer 10 is bent.
sideways to the right;
(c) in Figures 3(c) and 4(c) the first end 28 of the transducer 10 is bent
upwardly; and
(d) in Figures 3(d) and 4(d) the first end 28 of the transducer 10 is bent
sideways to the left.
By following this sequence, an anti-clockwise rotational movement of the first end 28 is
obtained. Other combinations of movements may be used. For example, a sequential

combination of (a) and (c) will provide a vertical oscillation; a sequential combination
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of (d) with (a) and/or (c) will provide a |eft-hand

arcuate oscillation; and a sequential conbination of
wohyomiBsiti(a) and/or (c) will provide a right-Ram$G2006/000260

arcuate oscillation. As such the notions may any one

of , or any conbination of twe or nore of:

reci procating notion in the direction of the

! . . e 12- . ' . '

of BN&Hdt Ctdﬂ Ke)v'illi"bro@ﬁeaa{ h&fﬁohﬂ? oldiRRioh2a sé{c@l&@tﬁd{ %Bﬂl\ll/)g{rﬁplgfé gf(a) with

about e longitudinal axi's of the
BRI @) TR LB o A, o R B g oo

ion,.of the first end 28, the transducer 10 may have .
Wﬂ@@&flﬂ@r @W@&P&ﬂv%a&égpes@r%ﬁ@ oscillatien: o sqaysntay cambigation

adj acent the first end 28. The spokes 30 and hub 32
offg}witl (a) endigr &) willtmiovide a {efphantiarcunte oswjllations adnestquential

separately and subsequently attached to the tube 12.
cofttbenationiof (b)ofitls () ked/oB () mall pbevidesa riglitthang draiatedRsilaaohn.

As shown there are four spokes 30. It has been found

that if there are four outer electrodes 14 a

relatively snmooth rotational novenent can be achi eved.

Hawe -:har e | ' r ' [ n 4 he

A DB IR o ey Sy G Bt R o By LB o
The hub 32.nma e integral.wth the kes 30, .be
{ or euiPig Mg g 8o st e R RGnal Britl e ewpe 12;
the spakesg 30, The spokes. 30 and hub 32 may be of any
sui tfagFlgnaﬁﬂ%mabPHﬁ ﬂ%e longitndinal Wfﬁh%ﬁ’é"élléét ric
material. The centre of the hub 32 is |ocated on the
centviedical pssHilsitiondi nal axis of the tube 12. The spokes
30 and the hub 32are preferably relatively rigid so
al | hootzomdal wtillatienfdndst end 28 is transmtted to an
obj ect through the spokes 30 and/or hub 32. The

r ot akdu@anadscimtib®n is a functional notion of the
transducer 10. Due to this nption, an

To assist the output of the rotational motion of the first end 28, the transducer 10 may
have radially-directed spokes 30 and a central hub 32 at or adjacent the first end 28. The
spokes 30 and hub 32 may be integral with the tube 12, or may be formed separately
and subsequently attached to the tube 12. The number of spokes 30 may be as required
or desired. As shown there are four spokes 30. It has been found that if there are four
outer electrodes 14 a relatively smooth rotational movement can be achieved. However,
there is no direct relationship between the number of electrodes 14 and the number of
spokes 30. The hub 32 may be integral with the spokes 30, be formed by the spokes 30,
or be securely attached to the spokes 30. The spokes 30 and hub 32 may be of any
suitable material, including a non-piezoelectric material. The centre of the hﬁb 32is

located on the central, longitudinal axis of the tube 12. The spokes 30 and the hub 32
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obj ect that engages the hub 32 will be forced to nove

with the hub 32 due to the frictional interaction at
woheo7moast7act area within the hub 32. This al | oreTSIE2006/000260

transducer 10 to be a | arger piezo-tube, and the

wor ki ng notion be induced via the radially-directed

spokes 30 and the central hub 32. The tube 12 nmay be

ar@preciigigdl rddytivaly B%drseSlARTOSERS firsd :
and hub 32 adggdggubsequ%ntly. Aﬁ%e?ﬁ%%?%@?ﬁgkﬁﬁg§ggggmed

thrbdeh 8RQKES:s30 3. 2 may be integrally fornmed.
V\h%n thg aSpI i eggépgtgt?’% c fields to the el ectrodes 14,

24 are synchroni zed, the extension and contraction of
the transducer 10 is in the direction of the
TIon .tudinal axis of the tube 12. This provides a
he rpfation 18R 1s ¢ tungtianal sration b shearansdunet 1 onddkes tofthis motion, an
mechani cal force, and will enable the enmi ssion of
objert thalsanspges gy 3 2wilhbel fxtghtedndreowish theiab 33hieB t@the
the resonant frequency. In this enbodi nent, a probe 40

fri¢tonebinteeartion at theicbrtatitred @ithidi the BEb ST.THICallFvANBEUEHducer 10
10 either directly or by the spokes 30 and hub 32. The

to B¢ OReged Qidz8IubeMandBieRyd et hoish bd iﬁgﬁ%ﬁ&gﬁﬁe ?acﬁg'lg%girected

tip for mcro-surgical procedures, ocus

spAR B0 d iiSelkabison ener gy. The probe 40

concentrates the vibration energy at its tip, and
radi ates the resultant ultrasonic energy in a focused
manner. The |length of the probe 40 depends on the

fr ncy applied. For exanple, the optimal length is
The H@g ﬁgélil bsrrspdraer b an extyusipe pracessuansciie spoksp 80 and dnb 32

of the tubul ar piezoelectric transducer 10.Figure 5
addgdsybsearantlyr Alematiealy,1be wibieH 21 fpokps SbandubeB2 M6 BE integrally

thereto by engagenent with the hub 32. The probe 40
formeg. pass through the transducer 10 fromthe first end.

The probe has a head end 42 extending axially

outwardly fromthe first end 28.

When the applied electric fields to the electrodes 14, 24 are synchronized, the extension
and contraction of the transducer 10 is in the direction of the longitudinal axis of the
tube 12. This provides a linear motion. It also provides a second mode of mechanical
force, and will enable the emission of ultrasonic energy at a designed focus point when

at the resonant frequency.

In this embodiment, a probe 40 is connected to the tubular piezoelectric transducer 10
either directly or by the spokes 30 and hub 32. The probe 40 has two main functions: to
provide a small tip for micro-surgical procedures, and to focus and amplify the vibration
energy. The probe 40 concentrates the vibration energy at its tip, and radiates the
resultant ultrasonic energy in a focused manner. The length of the probe 40 depends on
the frequency applied. For example, the optimal length is inversely proportional to the

frequency of operation of the tubular piezoelectric transducer 10.
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Extending axially outwardly fromthe rear end 34 of

the tube 12 is a rear sleeve 44. Rear sleeve 44 may
woasw/Bsi7i he transducer 10. The attachnment of POeE/Spe@6m00260

40, or the head end 42 of the probe 40, to the hub 32

may be: a friction fit; a sAdp fit; use a bayonet

fitting; a screwthread connection; or otherw se as

required or desired. Power supply for the el ectrodes

14 may be through the rear sleeve 44. Figures 6 and 7

FigihtetshowhararasaRer 1Pwah tad srodang aﬁgl;%e{f ?Q by engagement

construction to which a tubul ar piezoe

with B8 Reb g er e tu
pi ezoel g%t"{}kgpr? ?iﬁggﬁgg%s thl%ﬂﬁ% }E?até@s&i‘f’@r E)Q bieen the firgiend.
robe 40 e|ng | ocated in a
Th? g%%gﬁ{sagapeoc? ﬁb‘{f&eﬂge“ﬁé“g af’ﬂ%l TP ardly e the fimiendi28i p
ExiBo: %ﬁ 46 co?rlses the tip 72a of the housing 72
X?Hélnﬂﬁél Iy puirdiyrfrem éhapeatrnd i ofthe tube p 2 49aecet sloehe 44. Rear
fromthe head end 42 and nmay be a separate conponent,
slegie 4lpay passrie digrtednsdvice10. Hehehwachmad ofthe pFoW: A1k iR head
assenbly (apart fromthe tip 46 and part of thé rear
ends$2efibe pribei40, wohe RUNBT Ay thRI A fifedAUSI anagqg;/us@a lg%gx?et
escri

tip 46 is capable of the various anenent

fittimppy ScrewiiBreR@ USAIRBt IR of Bfﬂbﬁpﬁe neR guﬁgcg or elsg%cb %gz%g ?fpcl))ly for

conduct the ultrasonic vibration éener

the%h%u%&Hyﬂ4q5 ransgducer 10 to the tip 46
so that thea F%ﬁ%@%ﬁ%ﬁé ?%Eldﬁ generated by the '
t ubul ar pi ezoelectric transducer 10 radi ates outwardly

fromthe tip 46. The housing 72 is connected to the

Fi tubglar Shezoelectric transducer 10 such that

18P 3ﬂ€1|t avifhage piogp 7 104 stendard end knéecrisprudtdam ©fwhich a
the housing 72. The main function of the tip 46 is to

tublaiernclestréc wangdveedil @ hes beéva fittetlr AsOMbalaLPRE@YeddEe M@Aslducer
as providing the rotational, vertical and horizontal

10 indluidenthe peobsouhe headthgupes (2 f9bd 40 bélﬁ g@a L8 funnel-

pi ezoel ectric transducer 10 can be conb
shaped housing 72. The phaco probe 70 has a tip 46. The tip 46 comprises the tip 72a
of the housing 72 and the tip 40a of the probe 40. The tip 42aextends from the head end
42 and may be a separate component, or may be integral with the head end 42. The
entire assembly (apart from the tip 46 and part of the rear sleeve 44) is contained within
a housing body 74. The tip 46 is capable of the various movements described above.
The housing 72 and the head end 42 of probe 40 conduct the ultrasonic vibration energy
produced by the tubular piezoelectric transducer 10 to the tip 46 so that the ultrasonic

vibration generated by the tubular piezoelectric transducer 10 radiates outwardly from

the tip 46.

The housing 72 is connected to the tubular piezoelectric transducer 10 such that the
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with a stack 50 of piezoelectric actuators of known

desi gn and construction and only being capabl e of
woeai7pesical novenent in the direction of the PCT/SG2006/000260

| ongi tudi nal axis of the stack 50 and/or tubul ar

pi ezoel ectric transducer 10.11The conbi nation of the

t ubul ar piezoelectric transducer 10 with the PZT stack

loREdRR] indtiBh YraBdl8eto R Pla HGhd USRI U LRk ﬁ{ehgti%l% of the

e stack 50 can be | ocated and connected in seri

. O] rpiezoelectric transducer 10.
(4 R0 oSREn e RS Pl LR AL BB R R SR o Sl B bRt
. the end.of ,the tuhul ar piezoelectric transducer 10
ro%%ﬂB%e“?&%ﬂ??%ho??ﬁﬂaém“ﬁ§-shomn in Figures 9 and 10,
the stack 50 is at the end of the tubul ar
pi ezoel ectric transducer 10 adjacent the tip 46. In
Figure 9 the stack 50 is attached to the end of the
At showinain Fgueesetoekt, thectubulanpidzedsctridmratsenead Oican bé gonBined
10 the stack 50 is apart fromthe end of the tubular
with £210€l SEOF pibzdelANSEIAERHord OF kddien §é§%§¥ar§pco"ﬁ§ﬁfucﬁﬁn%ﬁh ®nly
to be operated i ndependently of the tubular
beRigCRPSIE6F Fekfprddal i i inal axi
epggégelectriﬁntf%ﬁg)H@ggn%gkﬁggggégggﬁ%qgﬁ g“%%%?%?%@e
' ly of the stack 50, to.allow a sur nto
s RORRREOER b Plorbet BRsalerdt 16r oombiafen BB syidtar
functi.on of the PZT stack 50 is to increase the )
Pl??aglﬁﬁflﬁ drangucen k) wih ghe LAl siark mey bein ety enscotBersiof garious
72. The t%§172a of the housing 72 provides nost of the
copfigigptingi hlg staskcHheancke logated andl coThecterhipraetiasiat egthert dnel of the
| ongi tudi nal notion is the conbination of the
tuhdargii¢zodiectaic transdwer b0. ThedirstubufiguirafioredORIgart § has the stack 50
transducer 10 and the PZT stack 50. Thehousing 72 wil|
at the@nd Bt thettiifulal picAenthtc ©aRAE: 10 MdD %OBZ{BCSCEFW. A3Shown in
and the tubular piezoelectric transducer 10. The tip
FidRas 9fnd 18 1R Qh& Bis L 1 chii BPRIT Sy pEARMIE ERSER 10
I I ri'c qucer

n addition, the tubular piezoelec rans
ad@?@r{f Iﬁfgestlﬁ Jpéa' ih %tlgautré: gr’gﬁ‘el stacks Ot iis %&r!lch%gl] go %rein %?%hael tubu grl on
piezoelectric transducer 10 whereas in Figure 10 the stack 50 is apart from the end of
the tubular piezoelectric transducer 10. The stack 50 may be able to be operated
independently of the tubular piezoelectric transducer 10, and the tubular piezoelectric

transducer 10 may be able to be operated independently of the stack 50, to allow a

surgeon to have more control over the extent of the motion.

The function of the PZT stack 50 is to increase the magnitude of the longitudinal motion
of the housing 72. The tip 72a of the housing 72 provides most of the longitudinal
mechanical motion. The magnitude of the longitudinal motion is the combination of the

longitudinal motion of the tubular piezoelectric transducer 10 and the PZT stack 50. The
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probe 40 that is anplified at the tip 46 due to the
| ength of the probe 40. As shown in Figure 11, the
wonreb®3gioinmay be hol | ow such that one end i s ceansGL@d/ 000260
to a vacuum suction punp. In this way, the broken | ens
can be extracted fromthe ey® . In Figure 12 the
t ubul ar piezoelectric transducer 10 is solid at | east
: re i
ok o2 fhnsBf ce UBRERCEERR) BRLHR 21 SR 36'dha' e cbuler
.traE§gu§era&s sg&id. This is at the first end 28 as
PIFAoC Pt tEEY °Fhe’-hub 30 is fornmed by and/or is
integral with the tube 12. The perfornmance of the
transducer 10 nmay be adjusted over a w de range.
Rot ati onal speeds of up to 8,000 rpm have been
Thectip d0aodf whe probp 400als® trahkmits ult@seuie endrgg.sint additiéVthe tubular
out put power was required. The enbodi ments descri bed
pitzveledtiie ttang@tet €0 thatiles theablaGiohdl, Wirivdl dad WBEH@RAICAbtion of the
energy coupled with ultrasonic energy for the
pr&badSihht & akdpified HGE L6 dRGo me%ﬁ?%ﬁ% ﬂ'l@%)%b =S a
tubul ar piezoel ectric transducer that provides a
mechani cal force to a probe to enable the probe to
break the lens into small pieces, where the driven tip

wi.l | pravide. faster . disrupti orce, t han manyal
A%.ﬂ)& -le 1guLe &Lgﬁe prtobw4ﬁ|m%1 lgeglgcg{omuag that gp¢ %nciJ 1s connected to a

control | ed andcontai ned force delivery conpared to an

' vagypyip gaciendugip. s wash dkebroken leng gafl brextacisdfom the eye.

surgery with inproved results. Mst inportantly, the
actuati on conbi nes nechani cal and ultrasonic functions
into one mcro-surgical tool. This allows a mnina

IniFigirs 1D the t@b@lad plescledid @amsdhedr 10 Aesotidtadleagtat the first end 28
procedure. The apparatus may al so be used for other

and¥8intAthe BRCI3MONHARAL 68 e8P Rl spaitds 3OSy IR the %?ezfogl%tric

exanpl e: (a) dissolving or 5| Sintegrati ng orel gn

tra‘ﬂ&ﬂﬂ:%f fs%oﬁ’cﬁ THY§ ra{ ﬁlle t{rgtoerﬂd 28 as illustrated. The hub 30 is formed by

and/or is integral with the tube 12.

The performance of the transducer 10 may be adjusted over a wide range. Rotational
speeds of up to 8,000 rpm have been achieved with up to 10 mNm of torque. Less than

1W output power was required.

The embodiments described include a device that is able to provide mechanical energy
coupled with ultrasonic energy for the emulsification function. The micro actuator uses
a tubular piezoelectric transducer that provides a mechanical force to a probe to enable
the probe to break the lens into small pieces, where the driven tip will provide faster

disrupting force than manual chopping forces. It will also provide a more controlled and
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vessel s including cholesterol in blood vessels, and
bl ood clots; (b) dissolving or disintegrating

waorb@Erissl7s; or (c) mcro-positioning. Wil st tReTSGR@S/000260
been described in the foregoing description preferred
enbodi nents of the present imsvention, it will be
under st ood by those skilled in the technol ogy

confil BRE deidd: K&?Hblbat\éﬂrtb 3h LRRSokiP ogfats%g%lﬁccg{i{)ﬂgg‘ciilg@to safer

COﬂSthCtIOﬂ a operatlon nay

arti fro p [ on. T
sof R hosd Bkl P MR B BEER. b Wgn@nﬁm‘ﬂ%ﬁmcal
pi zoelectrlc naterlal and having a pIurall y _of
*&%@Sﬁ&c faneitans dae on¢ BHCIPTSYTEGE, §oq 1nThis pllows a miims} inciséon,
tube at | east one novenent of a plurality of possible
andoRierreptien, fer thebathwaei prgcdduse.centre | ocated on the
| ongi tudi nal axis of the tube, the hub being for
novenent with the first end; the hub being for
receiving therein a probe for noverment of the probe
TH dpPafafiy rﬁét&balsézbe OscHYOLREr 1REREABNE AbA nfedidaf Qt%ns%ﬁch as,
claimed in'claim1, wherein the plurality of t er nal
jbfé§§§ 19des extend |ongitudinally of the tube. 3 A
' piezoelectric transducer as clainmed in claim1

|n12 mh r.ein ural it xt er nal .
el ec(lta odes 5% ‘G‘Hg Sﬁ %Fﬁ%g %flﬁ‘i’eh‘i{’efe@f’sqsﬁgqaéﬁéal frpm
A tubul ar plezoelectrlc transducer as clained in any
one of cl ai Kessals ingluglingghelestepoliip blgedyessels; gndolplood ClOtS
external electrodes conprise four electrodes arranged
as dhual qudidsdving oedismtegirating oatgrialsicirnal |y of the
tube. 5. A tubul ar piezoelectric transducer as cl ai ned
i n aoy one Mificréipakitibniho 4,

Whilst there has been described in the foregoing description preferred embodiments of
the present invention, it will be understood by those skilled in the technology concerned
that many variations in details of design, construction and/or operation may be made

without departing from the present invention.
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wherein there are at |east two spokes attached to and
extending radially inwardly of the tube for novenent

wonodr/skhie1first end, the hub being at an i nner PemsGed06/000260

the at |east two spokes. 6. A tubular piezoelectric
transducer as clainmed in ady¥ one of clains 1 to 5,
wherein the at | east two spokes are at a | ocation

Thé€lagmsed fromthe group consisting of: at the first

end, and adjacent the first end. 7. A tubul ar

Ri ex agh@nt 'éz%ekﬁﬁﬁ%%ﬁ(ﬁ.ﬁ:efiongérﬁgrgéjﬂb@ of P%Egélgctlgé material

claim 6, erein the orm selecte rom

t he_gr, consi st . qint al. with the
sporas iy Berdliinpt e oo RIS flingleingfnp et end efe
spokes, formed by the tube, and integral with the )
t utebe & leagt 9%m0§?mﬁfité>£ a@lwelityiof ppssibie mpvements; & huh hasdng
in any one of clainms 5 to 7, wherein the at |east two

s pdisesntip iboeted amthe lngitudinalaxisaifyhe fule.dhe butab¢ingturi on

of the first end is transmtted to the probe through

t hemastentema stithtthe fisy ekd shealnd iy fo? recdivitpthetdin a probe for

pi ezoel ectric transducer as clainmed in any one of

cl ahéWenddn® oBthe\WasBcElvith tHRgwBr obe is attachable to the
hub by one sel ected fromthe group consisting of: a

brig Hb%%gﬁoel%cﬂa Rnlddeer %cl?%ﬁ?g gr&flfaintx i Qﬁereﬁln(ﬂ% ?llu(r:ality of

Screwt connection. 1 ar pi ezoel ec

transduce s .cl ai in_any.one . of clains 1 to 9,
whee?(g‘3 eﬁte!wegﬁﬁfl?fre “?"@30%%1"“%6@?/ Bf@ermé%rrent s are

el ected fromthe group consisting of; reciprocating,
Aot Bivbx pieFaclerris tragHicE TSGR focleine b o6 FlAme, Wherdin the
| ongi tudi nal axi al of the tube, rotational notion of
t heldrphitrofenterad slactrodrs arpeyan exiemal swfecs obthettie. t ube,
vertical oscillation of the first end, horizontal
4. A tubular piezoelectric transducer as claimed in any one of claims 1 to 3,

wherein the plurality of external electrodes comprise four electrodes arranged as
equal quadrants extending longitudinally of the tube.
5. A tubular piezoelectric transducer as claimed in any one of claims 1 to 4,
wherein there are at least two spokes attached to and extending radially inwardly
of the tube for movement with the first end, the hub being at an inner end of the
at least two spokes.
6. A tubular piezoelectric transducer as claimed in any one of claims 1 to 5,
wherein the at least two spokes are at a location selected from the group
consisting of: at the first end, and adjacent the first end.
7. A tubular piezoelectric transducer as claimed in claim 5 or claim 6, wherein the

hub is of a form selected from the group consisting of: integral with the spokes,
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oscillation of the first end, and arcuate oscillation
of the first end about the |ongitudinal axis of the

woube/03411 A t ubul ar pi ezoel ectric transducer aBCTISGR006m00260

in any one of clainms 1lto 10, wherein the probe

conprises a head end extendimyg axially outwardly from
the first end. 12. A tubul ar piezoelectric transducer

as . . : Dot

7 o TR EEO b sFOE R el LD P RAE el uBine,and
trans%ucirwﬁihcﬁﬁined in claim21l, wherein the tubul ar
pie£8 Y Mefisducer is al so for pr oduci ng

ul tr S%Pic vi brations for radiating fromthe probe

t 8p. § Jubujer peezeeleciris pransdiest #slaimred 1r amuprgof claims 5to 7,

pi ezoel ectric transducer as clained in any one of

cl ai wherdintthe at3east Byo spokhsand the bble awselktin¢lyeigid so al miotipn of
14 further conprising a housing in which the tubul ar
pi-ezhefiet tiid & tiahsmitthdaethd grobOthadiRl thémdedst two spokes and hub.
funnel - shaped housi ng t hrough which the probe head end
en! eq@shuldr pRzBEIASC HaRsrbCRNINHheAX Ay é/netlﬁ%‘l)eﬁl s Hl& hahR,

t he funnel -shaped housing and t he housi ng.

Funren AT F3RE L AR Eond Wbt Tos o

ultrasanic vibrations to t obe tip for radiating

the GREME & TRtSRT & APk POReH BB g Scagy taad

phaco- probe conprising a tubul ar piezoelectric

t r arfOBBREPN ncl udi ng a tube of piezoelectric materi al

and having a plurality of external electrodes for

i Ao Evbylar piezo¢leetsit transtlusér dslodaimad én aty dreaxftclams 1 to 9,

novenent of a plurality of possible
wherein the plurality of possible movements are selected from the group
consisting of: reciprocating motion of the first end in the direction of the
longitudinal axial of the tube, rotational motion of the first end about the
longitudinal axis of the tube, vertical oscillation of the first end, horizontal
oscillation of the first end, and arcuate oscillation of the first end about the
longitudinal axis of the tube.

11. A tubular piezoelectric transducer as claimed in any one of claims 1 to 10,.
wherein the probe comprises a head end extending axially outwardly from the
first end.

12. A tubular piezoelectric transducer as claimed in claim 11, wherein the head end
has at its outer end a probe tip.

13. A tubular piezoelectric transducer as claimed in claim 11, wherein the tubular

piezoelectric transducer is also for producing ultrasonic vibrations for radiating -

from the probe tip.



10

20

novenents; a hub having its centre | ocated on the
| ongi tudi nal axis of the tube, the hub being for

wonvEmest7iwi th the first end; the hub bei ng foPCT/SG2006/000260

receiving therein a probe for novenent of the probe
with the hub. 18. A phaco-pmrebe as clained in claim
17, wherein the plurality of external electrodes

9! ﬁ%ﬂé&gﬂ):b% E%gﬁ%h% %Qlflbdl%i&%&gtr&%rw&&@ﬁ&f@lﬁ%@n any

as’ cltar ne or cl'aim 18, wherein the

plurahga%.of zéﬁgrnal el ectrodes are on an externa
sur P4 Eflmfﬂ be. 20. A phaco-probe as clained in

any one of clains, 17 to 19, erein the.plurality. of, .

dt Arakaro-grobe @s %@%%W%k%f ORI ROUsRiA gch the
as equal quadrants extending |ongitudinally of the

t ubeibulzr piezgelestiae amadopes islocated; andcr fupnelrphapndehaysing through
claims 17 to 20, wherein there are at |east two spokes

at t aalvhdhé probe Hemdndrestionds,rthel pribk yipienteadih yxaily thegond both
tube fornovenment with the first end, the hub being at

an RT8AneRRRE hbign@hnd @@%outive. spokes. 22. A
phaco-probe as clainmed in claim?2l, wherein the at

| .
gl‘}%gétrphtaw-g%g)? :ﬁ% glagiu?d g_l: cl%ﬁle%%He9&n ﬁ%l fﬁﬁﬁa@gh%ﬂ AMoufiBg and

consi rirst e and adj acent

1 ofmedfat RO nipaperfReRae Rl b B By e ne

fromthe group. consisting of; integral with the
spoRérasorie Vibeaiony opkthe RERELIP- securel y attached to the
spokes, formed by the tube, and integral with the
tiiTh &, pledo-probsivanprisingadubigarpigrastastriiransguesn enchiding a tube of
claims 2 1 to 23, wherein the at |east two
piezoelectric material and having a plurality of external electrodes for inducing -
in a first end of the tube at least one movement of a plurality of possible
movements; a hub having its centre located on the longitudinal axis of the tube,‘
the hub being for movement with the first end; the hub being for receiving
therein a probe for movement of the probe with the hub.
18. A phaco-probe as claimed in claim 17, wherein the plurality of external
electrodes extend longitudinally of the tube.
19. A phaco-probe as claimed in claim 17 or claim 18, wherein the plurality of
external electrodes are on an external surface of the tube.
20. A phaco-probe as cléimed in any one of claims 17 to 19, wherein the plurglity of
external electrodes comprise four electrodes arranged as equal quadrants
extending longitudinally of the tube.

21. A phaco-probe as claimed in any one of claims 17 to 20, wherein there are at

least two spokes attached to and extending radially inwardly of the tube for
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spokes and the hub are relatively rigid so all notion
of the first end is transmtted to the probe through

woOher7aBsi17east two spokes and hub. 25. A phaco- pcole2@s/000260

claimed in any one of clainms 17 to 24, wherein the
probe is attachable to the IWb by one selected from
the group consisting of: a friction fit, a snap fit, a
bay@eeémérit tiith e fig@nd, tB€ heybding edh IBARNA LI Bib at 2st Avo
phaco- probe as clainmed in any one of clainms 17 to 25,
mheéﬁkgsthe plurality of possible novenents are

sel ected fromthe group consisting of: reciprocating

tion of the first end.i.n 3.he. diregti of the
BorPa piaE a5 b afet MR A Sl ot entPorespe ata
the first end gbout the |ongjtudipal axis of the tube;
ver loegtian sslscied e B¢ e3puR HrESHTipg L ehthe tHhand opdsdiacent the
oscillation of the first end; and arcuate oscillation
of fitseerd.rst end about the |ongitudinal axis of the
tube. 27. A phaco-probe as clainmed in any one of
QBaAmhadofpitobe 26 claintegt iaictaiin ™ qaroddig 22 tvdetdsn theibabliyof a form
outwardly fromthe first end and has at its outer end
a Pedheed frdin 2 gr IPE@QQ'HB% QPQn@gra%ﬁﬂh"fﬁéjsﬁdkeﬁ |f@z‘1ﬁ€d3c7y the

wherein the probe is |located within a funnel -shape

housj [ [ i : .
Funienos, P p el PUSHARS, REBPKP IR 8E and imceral with
cla'n1%§, wherein the funnel -shaped housing and the
head®&M¥ conduct the ultrasonic vibrations to the

probe tip for radjiatjng the ultrasonic vibrations from
a4 pdbachpiobe as slaimesin any gpa ebelampirel <23 WARTeEHthe gt least two
one of clainms 17 to 29 further conprising a stack of

pi esrokesadrthe hulvangaelatively sigibosllohotierc pjpthe fiadt endicement

in the direction of the |ongitudinal axis of the

t ubtshramitedtpakd gobe tizodghaths duleast two spokes and hub.

25. A phaco-probe as claimed in any one of claims 17 to 24, wherein the probe is
attachable to the hub by one selected from the group consisting of: a friction fit,
a snap fit, a bayonet fitting, and a screw-thread connection.

26. A phaco-probe as claimed in any one of claims 17 to 25, wherein the plurality of
possible movements are selected from the group consisting of: reciprocating
motion of the first end in the direction of the longitudinal axial of the tube,
rotational motion of the first end about the longitudinal axis of the tube; vertical
oscillation of the first end, horizontal oscillation of the first end; and arcuate
oscillation of the first end about the longitudinal axis of the tube.

27. A phaco-probe as claimed in any one of claims 17 to 26, wherein the probe

extends axially outwardly from the first end and has at its outer end a probe tip.
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31. A phaco-probe as clained in claim30, wherein the

stack of piezoelectric actuators and the tubul ar

woiewmasiectri ¢ transducer are able to be oper arPe®/sG2006/000260

i ndependently of each other. 32. A phaco-probe as

claimed in claim?29, whereidB the phaco-probe tip

conprises a tip of the funnel -shaped housing, and the

RBOAGhhéPprobe as claimed in claim 27, wherein the probe is located within a
funnel-shaped housing, the probe tip extending beyond the funnel-shaped
housing,

29. A phaco-probe as claimed in claim 28, wherein the funnel-shaped housing and
the head end conduct the ultrasonic vibrations to the probe tip for radiating the
ultrasonic vibrations from a phaco-probe tip.

30. A phaco-probe as claimed in any one of claims 17 to 29 further comprising a
stack of piezoelectric actuators capable of reciprocal movement in the direction
of the longitudinal axis of the tubular piezoelectric transducer.

31. A phaco-probe as claimed in claim 30, wherein the stack of piezoelectric
actuators and the tubular piezoelectric transducer are able to be operated
independently of each other.

32. A phaco-probe as claimed in claim 29, wherein the phaco-probe tip comprises a

tip of the funnel-shaped housing, and the probe tip.



