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WO 2007/035171 PCT/sG2006/000260 1 Ultrasonic Mechanical

Emulsifier Field of the Invention This invention relates to an ultrasonic
w%cﬂ)%gica_l emulsifier and relates more 5 particularly, though not

exclusn/gf)?,l?é an ultrasonic mechanical emulsifier using piezoe?é3if5€62006/000260
material. Reference to Related Applica_JLions Reference is made to our two
earlier US patent applications numbered 10/611,401 10 (published as

2004/0 1 1 8686) fil@% ly 1 Rgo for. the.invention titled "Piezoelectric
Tubes" and 10/611, ’é‘%ﬁﬁ%ﬁis &t gglﬁ@%@?ﬁﬁ%@% filed July 1, 2003 for
the invention entitled "Pump” (our "earlier applications"), the contents of

which are hereby incorporated by reference as if disclosed herein in their

FRIE'SYhd T:Rafkgrpund to the Invention One of the most important areas
in minimally invasive surgery is phacoemulsification surgery, which has

They HWQQWIQM@%%M&@%@ %ﬁgncz%gf gr%agfgfdgr and Ee&aiﬁtsor?ﬁ e eye.

phacoemulsifrcation surgery, an ultrasound probe isinsert

phdicanaiidh SAet Y B ARAIEC O I YRIRUNE ISOn LT SYRTRY

it. The emulsified 20 material I then removed from the eyeu

pidherRpslaskag;is left behind for the implantation of an artificial
intraocular lons replacing the cataractous crystalline lens. WO
2007/035171 PCT/SG2006/000260 2 Phacoemulsification allows the
relatively large cataract to be removed via a small

Reference to Related Applications

Reference is made to our two earlier US patent applications numbered 10/611,401
(published as 2004/0118686) filed July 1, 2003 for the invention titled “Piezoelectric
Tubes” and 10/611,306 (published as 2005/0017603) filed July 1, 2003 for the
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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incision. However, the ultrasound energy used may damage the cornea,
which is the transparent ‘cover' of the eye, causing the loss of the
endothelial cell layer. Significant loss of endothelial cells may lead to a
Y4Pet08afslication known as bulious keratopathy 5 requiring corPE€BISG2006/000260
transplant. Bullous keratopathy is now the commonest indication of
corneal transplant in many parts of the world. One of the good surgical
PRES i [o Ined.to reduce endothelial cell lgss is the use of
mec anlsgglé%?r%lggqg%aésﬂa ?r{éi NGNS BHECGSTEhk P CrRBY fdras spaall
: @ﬁﬂﬁf. IIQ %i ultrasound energy. Mechanical forces used, = .
Pinciude té)l(ﬁ@niq%%%élgﬁp&rﬁ%égg%ogﬂggg-gﬁop?lgﬁcﬁ%ﬁ%eé}?e%ﬁﬂaam@%hw@ﬁpe
s PanHaly Rregk; all pieces, of lens material and the removal of
these fragments uggggﬁg{%a%%%’&?%? Seoi%q\k%F ﬂ%’ %‘?ﬁ‘ép‘éﬂi@?’%‘re@%%ﬂt
1olQrsE thetigheL g rce will be required. However, high _
vacuum hasglts déan g%%s%%gcaa{ng gu% S the %%%t[leorl? of! %Oaf‘ﬁléﬁﬁe%ﬂﬂifgf%wmopamy

re&ﬁmﬂgw&e&ﬁﬁﬂ%ﬂgt%mﬁ%oﬁ%ag , g%ﬁ??g é??rﬁg Ieﬁ%?ﬁ;?ﬁ%é? Wdication of

complications such as retinal detac an

co%%@ﬁ{-‘ﬁﬁlﬁ%t §PH?£B éaq{stg?&g/\%%%%n In accordance with a first

preferred aspect ther provi ular piezoelectric 2 0 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

e T P s e R B G R e
s RIS ENhe URAENG fOh SomMNGINGIeN 20D 100 b

movement of the probe with the hu

 loBGHISEAUHARARDRACCORBELIAAITBEON R LR LERES NS S wn as

provided a phaco-probe comprising ,a
phaco-chop, and using a second instrument to manually break up small pieces of lens

material and the removal of these fragments using high vacuum. The lower the
mechanical breaking force, the higher the vacuum force will be required. However, high
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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tubular piezoelectric transdrleer including a tube of piezoelectric material
and having a plurality of external electrodes for inducing in a first end of
the tube at least one 5 movement of a plurality of possible movements; a
Wﬁqg«/ﬂ?@lﬁé centre located on the longitudinal axis of the tub@®CHe Gulo6/000260
being for movement with the first end; the hub being for receiving therein
a probe for movement of the probe witH the hub. For both aspects the
plurality of external electrodes may extend longitudinally of the 10 tube
and may be on an external surface of the tube. The plurality of external
electrodes may comprise four electrodes arranged as equal quadrants,
ASRIAHE O BrigROBIRIR A RS RETDSIRerePioNy e abRasor b e soruyising a
ttached to and extending radially inwardly of the tube for movement with_
t@?&%&@&ﬁ&%@?ﬁ&&?ﬂé@%@%&%&%ﬁﬁ&ﬁa%al%&e%t_mm@tswém%wng a
pokes may be at the first end or adjacent the first end. The hub may be
PRERS b SRS %@a%%%&%&%@%@%ﬁ%ﬂ one
rJg&)okes, securely attached tg the spokes, formed by the tube, and integral
|

HRE bR PHARIAY REROTY CPORERAHS e ecratverpindign the
so all motion, of first end is transmitted to the probe through the at
1?3&&1%55?38&831 ﬁ%&ﬁ?ﬁ%@%&@%ﬁﬁ%ﬁm%@ RSt g hub
one af a friction fit, a snap fit, a payonet fitting, and a screw-thread
B A S S A AP B oI ROl LNy BBt 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

B e e B R Sl s B S B aRghmally of the
007/03517( PCT/SG2006/000260 ifudinal axis of the.tube. T.
A e e o e T PG o PR glecteodes

rglla{?ftc%nm%ri-gg OQI? %Fe&?gd%a%gg\égdagslte%ﬁe%%&&@%r%& é%@%&iﬁ'g longitudinally of

the tube. There may be at least two spokes attached to and extending radially inwardly

- of the tube for movement with the first end. There may be four equally-spaced spokes.

The at least two spokes may be at the first end or adjacent the first end. The hub may be -
of a form selected from: integral with the spokes, formed 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 snap 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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T T "he probe may be located within a funnel-shaped hous_lng, the tip
extending beyond the 5 housing. The funnel-shaped housing and the

head end may conduct ultrasonic vibrations aple to be 'pr‘oduced by the o00ac
‘fﬁbﬁﬂ%%@%@electric transducer to the probe tip for ra_dlatlng thB(ijl_Y%ZﬂQﬁz‘
vibrations from a phace-probe tip. The phaco-pro_be tip may comprise a

tip of the funnel-shaped housing, and the probe tip. The phaco-probe may

I [ [ f reciprocal
I : se-g st kolg lezoelectric actua;ors_capable o] ’ _
R o R o e RGBS S0 s il
[ ic transducer. 'Ig:he taﬂcﬁ{;1 of piezoelectric actuators and the
B e e
independently of each other. Brief Description of the_DraW|_ngs 15 In_order
than the invention may be fully understood and readily put into practical

isehibgs el tausdfrcibst by plnoriniane sanple oty |

preferred embodiments 0

. inai i ings. 20 In th
hYINETRIRNGR QI aeﬁﬁ?orﬂﬁggéﬁgﬁ%?ga 'é%ﬁg&%régggwgﬁp;@c vibrations

drawings: Figure r is a represe

: . . /000260
USRI JIRHER WO 2007 0o 1 PCTIS 20081000260,

5 Figure 2 illustrat endingan

Tl tric dransducer of Figure 1 at the resonant frequency
B A A oL MergRaaarbderaprise

Ei ' i i f tubular piezoelectric
t15@ﬂ?e%iﬂﬂ§f[§ﬁ§§e@ﬁo%§ﬂl%? niiglhe quc')%% ‘8p.thﬁxe phaco—grobe may further
transducer,
comprise a stack of piezoelectric actuators capable of reciprocal movement in the
direction of the longitudinal axis of the tubular piezoelectric transducer. The stack of -

piezoelectric actuators and the tubular piezoelectric transducer may be able to be-

operated independently 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

fransducer;
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5 Figure 4 illustrates the rotational motion of the tubular piezoelectric
transducer; Figure 5 is a perspective view of the tubular piezoelectric
transducer with probe fitted; Figure 6 shows an assembled phaco-probe
WKt dtar piezoelectric transducer; Figure 7 is a partial |oPg(F€ie/000260
vertical cross-sectional view of the phaco-probe of Figure 6; 10 Figure 8

shows the phaco-probe of Figure 6 with PZT stacks; Figure 9 is a partial
iopgiusi | ross-sectional view of g first variant of the )
phaco-p?c%%yfﬁé%?gﬁ l%t%eg; =) lz}lrlé? T@%tg%%ﬂig?%ﬁ@ﬁﬂ%%tb%ﬁi@ﬁiar piezoelectric
SRS 31SEFl i f.a second variant of the phaco-probe of Figure 8;
R B B e e revd o and

15. Figure 11 is a partial longitudin

o7 o SRRl oue 10,nd g 121 a Musaon o
ResebmR oA SIS ETARITSI 28T e o i L e
B B S St o o
mihouetgegiodes WOLISSMBLANELBRE Joapdmanive,

inner electrodes 24 on its inner curve

 FROHIE MR Ws%@é@ﬂlﬁ%%%&%g\%g\?@%ﬁ%%{ O%Félﬂwgérgﬁyducen

PCT/SG2006/000260 6 require
Figmoeroh ; reg..four, eight, and so.forth; or they may
BMOS %lﬁﬁquﬁ%]%rm § 1]::%J c’rossgseéur%% ey roé %fgﬁﬁﬁb@ﬁ’@ﬁ.ﬁ

extend circumferentially; depending on require

- Hgirexample, in Figure 1, there are four electrodes 14 on the outer

Figure 8 shows the phaco-probe of F igure 6 with PZT stacks;
Figure 9 is a partial longitudinal, vertical cross-sectional view of a first variant of the

phaco-probe of Figure §;

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

the phaco-probe of Figure §;

- 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 accorda{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

mner curved surface 26. The electrode configuration may be varied according to
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surface in equal, longitudinally-extending quadrants 18 with small gaps 20
between 5 them. The quadrants 18 of the electrodes 14 extend

longitudinally of the tube 12. With this configuration, the transducer 10 is
WRENY BéHAtm bending or longitudinal deformations by extensP6i/&68006/000260
contraction of that part of the tube 12 having an electrode quadrant 18 to
which has been applied an electric field. :t0 The tubular piezoelectric
transducg O offers number of rgdvanta\ e fgd structural rigidity,

Ted RIS rat|6ﬁx%rﬁa redB aheebre s e pibtis o four.

asy e
I nance condl ons. The tran r 10 js able to deform
i ih%es%ﬁfg}?fs. Sﬁ%y é%&%ﬁfﬁ% H?@@Pge%wewms

Due hanlcal atre o nt fre enc es the use of the

0 a large m u
trrggrtl%]‘ttlj ]ac r(ers%}nan équ HEIS 15 BPSATS %&58 ff?é ﬂ)?le?é‘r%?iouter
bodlmen d an the ability to combine ultr nic energy
S ang%n%eiﬂ%t % X If 3%%@%&}% }?{ ];g % @ﬁf{%aﬂ%s%meﬂl

its.r onantfre cy..20 nd 3 show the bendin
thfo&ngelft?ljd% BT ra ion %r{rtllcl)%g% {he “‘F'alr%se 1}83%%%%% aﬁube 12.

vibration or reciprocating motion mode can be obtained by connecting the
outer electrodes 14 and applying an electric signal on the outer electrodes

f h 10..The,def f
transdgJ ucer - eac qﬁei’énfgs lﬁr%gglin%n?n% d egoln%e}?f:eﬁcgl&%rmanjgr%%lgﬂfml
[ h
AefBEHERI P{E«‘KS% Hhi efge:R (%e geneér?(ﬁ? Rt tF: Eraeg?} %gmg an

contraction, an ultrasonic wave W

el@AR9 aéﬂgm?% 65»%89 g/ Q00 %% apphed an electric field.

The tubular piezoelectric transducer 10 offers a number of advantages: good structural
rigidity, easy calibration and high resonant frequency. It can be used in both off-
resonance and resonance conditions. The transducer 10 is able to deform in three

dimensions, and 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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along the longitudinal direction of the transducer 10. The operational

frequency may be in the range of Utz to MHz for the transducer 10. The
tubular piezoelectric transducer 10 converts electric energy to elastic
WEAAAVA Uibrations, where the vibration energy generated WRECH§2006/000260
radiate to the processed medium. 5 The bending mode is formed by

applying an electric field on a pair of diagonally- opposite outer electrodes

e e BERAINg equentjal and provide twisting and/or
?rotgtional aqtions@%g%k%%%%%?g u%ségﬁgﬂr)ﬁg%lgnoaﬁfﬁﬁg Lrefrspgyguay be
ipthefatige aifeliztoMilotetetdotrisifietd i9 Applieabiddhpiatbetciric ransducer

F=TeTelsF-VI\VA j ir.of lectrodes 14, with the electric fields
: gp plied t%/i%g{itsvéog%%[)l% to% %%%te?rceltg%?t%l é%vﬁglf i %igwé %ﬁ?&% ‘ﬂh*@?é’ﬁceé‘ergy
eenuntebyiddben nstito trathnotecessadbmabtained as seen in Figure 4.
The tubular piezoelectric transducer 10 may rotate clockwise or counter
‘clockwise depending on the excitations of the applied electric fields. As
The bsndweBiado rfomoubhiserisgeenttit ey éiridninas shioufingsigues
3 and 4: 15 (a) in Figures 3(a) and 4(a), the first end 28 of the transducer
ORRPIB ORI 4 (B mbErslinas By eardbe(b)dhentirtaar ¢h28idé theisting
transducer 10 is bent sideways to the right; 20 (c) in Figures 3(c) and 4(c)
andioriretationsd @ dtame trarhsit st T rthe povdichywahte(df infEsgend<8 of
3(d) and 4(d) the first end 28 of the transducer 10 is bent sideways to the
the s} rolbanAtReniel et divkd isppheddio Shaviseerctiagonal ropprsibnpal: of

the first end 28 is | )
outer electrodes 14, with the electric fields applied to the two pairs of outer electrodes

14 having a phase difference of 90 degrees, a rotational mode can be obtained as seen in
Fi gure 4. The tubular piezoelectric transducer 10 may rotate clockwise or counter
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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example, a sequential combination of (a) and (c) will provide a vertical
oscillation; a sequential combination WO 2007/033171

BEILEDH86/000260 8 of (b) and (d) will provide a horizontal JETI&EBH)6/000260
a sequential combination of (a) with (b) and/or (d) will provide an lower

arcuate oscillation; a sequential combination of (c) with (b) and/or (d) will

ovi{de r arcuate oscillation; a sequential combination of (d) with
Ol AR APRRsiae Reskomiale setlatienos shaseriskAeralseeiintbla) with
é) or'ﬁpin &Bon. f%ta wijth. (@) and/or (c) will provide a right-hand arcuate
iczllﬂat%fr? A“é*@@ Vﬂﬁ% SIS TP RPGHatif R sfipestabRsabinasion of (c)

r.more of...reciprocating motion in the direction of the longitudinal
%(%?bo)f %Hé? ?6&%) 1“2,1{3?’6 a?ﬂé%ﬁflﬁ’l?ﬁﬁfr?%%‘?)@t‘tﬁ%‘%ﬂ@%cﬂﬁﬁﬂﬁ%&@f%binaﬁm

tal oscillation; and arcuate

12:.1 tical illgtion; .hori
R AR DTN E R v e p——
: 0 5 e radiglly-directed spokes 30 and a central
R S s s e

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

' shown there are four. spokes 30, It has been found that if there
g?eg qgﬁ%@%%%%%c%% &P ?&8%\93@ ORORABE-OTE ATIVerOkt can

he aci}ieec\f . However, 20.there.is no direct relationship between the
number o? x&g%?ré%rgg q R Fh%?fccﬁ&‘% dmaraxiglf g My 125 -
be interg{gtmzli ﬁ%) .spokes e fo ed€ the spokes 30, or be
securely attache q’tboﬁw% glﬁ?ﬁ%ebs %lﬁsﬁlen %ﬁéé’ggl% 5&8;32 may be of
any  vertical oscillation; ‘ ‘

horizontal oscillation; and

arcuate oscillation.

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 h{1b 321is

located on the central, longitudinal axis of the tube 12. The spokes 30 and the hub 32
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suitable material, including a non-piezoelectric material. The centre of the
hub 32 is located on the central, longitudinal axis of the tube 12. The
%p(?kes 30 and the hub 32 WO 2007/035171 PC17SG2006/000260 9 are

pref"é()r%%?y?br]éllhtively rigid so all motion of the first end 28 is trandthiti€€r2¢6/000260

an object through the spokes 30 and/o%hub 32. The rotational motion is a
functional motion of the transducer 10. Due to this motion, an 5 object.

: will be,forced to move with the huh 32 due to the
e I S oL R o ot

frictional interaction at the contac

fianadigrr Ot ’3”&‘% égﬁ[lgigfo-tube, and the working motion be
[ly-

induced via the radia irected spokes 30 and the central hub 32. 10
The tube 12 may be produced by an extrusion process, and the spokes 30
and hub 32 added subsequently. Alternatively, the tube 12, spokes 30

BB R be jnt; med. When the applied electric fields to
the electrod%f%idfgg}ﬂe@%% Q‘r{)ﬁ%%a?t%]igé%@% e; 50 ke b dhistipption, an
o dbertra er 32 iS4 jrection of the longitudinal axis of the tube
1%. This [ﬁ%%?gestggﬁinﬁéggt r@n%tflici)fgl.gé%%eo é?&%é@%&%h&%gﬁléﬁo the
frierhaniea-dones ARk wihenable the %'ﬁ?g%%&,ﬁ'”%%‘ﬁ%&@{%ﬁ%g‘dmr 10

designed focus point when at the resonan cy.

t@BNOUPBENSi & HIQBE, ﬂd?&%ﬁ&%&%p 3 w%gg%g&%%%g%gyog@ecmd

transducer 10 either directly or by the spokes

spokbas twadadniunstignssto provide a small tip for rnicro-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

Ttepend$20may be produced by an extrusion process, and the spokes 30 and hub 32
added subsequently. Alternatively, the tube 12, spokes 30 and hub 32 may be integrally

formed.

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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25 the frequency applied, For example, the optimal length is inversely
proportional to the frequency of operation of the tubular piezoelectric
transducer 10. WO 2007/035171 PCT/SG2006/000260 10 Figure 5
WML thE Ansducer 1.0 with the probe 40 attached thereto byPCT/$G2006/000260 -
engagement with the hub 32. The prolg, 40 may pass through the
transducer 10 from the first end. The probe has a head end 42 extending
axially outwardly from the first end 28. 5 Extending axially outwardly from
the rear end 34 of the tube 12 is a rear sleeve 44. Rear sleeve 44 may

Higse: ® dhevisansduecen i nt of the probe 40, or the head.
end 42 of the probe 40, toﬂn%ﬁ%@g rﬁ%}? é& gﬁﬁ%%ﬂﬁ?ﬁ%%ﬁﬁﬁﬁ%@em
vaithayeneb fittingiepasewothisad colmest ”éh%%}l?atgg by aﬂsﬁfgggggfﬁg ond.

desired. Power.supply for the'electrodes™14 ma

o consrubton e & bges DL SOARE Bhdlecu el
Eriie it e pi it e R
e e e R R A S
cudextenids e 40eberand A2 KA RS A geparale R eonet

may be integral with the head end 42. The éntire a
fittiegijp dGandipast ebiRHeat: YESURALIS G ntained within a housing
body 74. The tip 46 is capable of the vario&sqrﬁ 1\%%%’?& GS%S%H%%H@T supply for

thatsbacrodiel hausing: tR-anschthe headiengd.42 of probe 40 conduct the

ultrasonic vibration energy 20 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

Figures 6 and 7 show a phaco probe 70 of standard and known construction to which a
tubular piezoelectric transducer 10 has been fitted. The tubular piezoelectric transducer
10 includes the probe 40 the head end 42 of the probe 40 being located in a funnel-
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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the tip 46. The housing 72 is connected to the tubular piezoelectric
transducer 10 such that the WO 2007/035171 PCT/SG2006/000ﬁ60 1;

itudinal motion translates to the tip 72.a of the housing 72. T e main
%ﬁ%ﬂ%og?ltﬁe tip 46 is to concentrate and radiate the ultrasorjlﬁcéﬁ%ﬁ;@WG/ﬂo"Zﬁo
as well as providing the rotational, verL_iLclaI and horizontal motion. 5 As
shown in Figures 9 to 11, the tubular piezoelectric transducer 10 can be

) i ' tack 50 of piezoelectric actuators of known.design and .
cons%%%t‘%%ﬁ%%?lgf iy SaSs g ch’ﬁa% ee]éf’rg %?J%%@n eheimgielunction of the
' % stack 50 and/or tubular

e e B iR s e b reasidioeie

piezoelectric transducer e Co

fé@aﬂﬁ)%lﬁfeilt?cé{‘fi%lﬁ ctl']leofi'%zéb%?&k may be in any one or more of various 10

configurations. The stac tan belocated and connecteq in series at
either end of the tubular piezoelectric transducer 10. The first
configuration of Figure 8 has the stack 50 at the end of the tubular

RSB R PR Ao s

and 10, the stack 50 is at’the en U

4 adiacesh B AG I Figuie O he siack S0 s atached to e end of

0
the tubular 15 piezoelectric transducer 10w

tedhis Apawtd m@%@% g{o%%E%Q lijé%g Iezos %g;%%? Tﬁggléglgc{jé?a'a?{?seof the

stack 50 may be able to be operated Indepen

' | ' ' bular. piezoelectric transducer 10
B B e b bl

e o Rl Mo pfron of verious
cleTtaiRak Meldfack 50 can be located and connected in series at either end of the
tubular piezoelectric transducer 10. The first configuration of Figure 8 has the stack 50
at the end of the tubular piezoelectric transducer 10 remote from the tip 46. As shown in
Figures 9 and 10, the stack 50 is at the end of the tubular piezoelectric transducer 10
adjacent the tip 46. In Figure 9 the stack 50 is attached to the end of the tubular
piezoelectric transducer 10 whereas in F igure 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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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
YWREGUESTb and the PZT stack 50. The WO 2007/035171  PCT/SG2006/000260
PCT/SG2006/000260 12 housing 72 will transmit the ultrasonic energy

from the PZT stack 50 and the tubular b‘?ezoelectric transducer 10. The tip
40a.0f t robe 40 alsq transmits ultrasonic energy. In addition, the

haBting gsgpléﬁotézfgﬁ@i‘é theniiiRseritocarEmIdsamethstRAOn alecke At andniic tubular
horizgntal motion of the probe 40 that is amplified at the tip 46 due to the
Ifé%zgofﬁeoc érﬁ?S%%C%l.%s shown in Figure 11, the probe 40 may be
hollow such that one end is connected to a vacuum suction pump. In this
way, the broken lens can be extracted from the eye. 10 In Figure 12 the

#ﬂg%&ar l%ezoﬁggtric gggz)d%cer 10 is solid at least at the first end 28 and

orm&thehlb 36 BE fiferd id'Fd RaRYHEF Yhsresisosnsiare theaddition, the tubular
iezo Iectri% transducer is sqlid. This is at the first end 28 as illustrated.

HHSH 30 1ot b AHbleY 185 gHar o et borigomed motion of the

erformance of the transducer 10 may be adjusted over a wide range.
B G RO B oGO0 e Bk ehie oA to 10
mNm of torque. Less than 1 W output power was required. 20 The

embodiments described include a device that is able to provide

hanicalenergy, coupled with ultrasonic energy for the emulsification
A R eV R e ol bR netted o

, ' mechanical t be t bl
&E%Yﬁ%e&&%}?ﬁm%%@% tf}%tscx%ag)f, aﬂggrﬁ(e% er;l% caen be extracted from the eye.

In Figure 12 the tubular piezoelectric transducer 10 is solid at least at the first end 28

“and forms the hub 30 so there is no need for spokes 30 where the piezoelectric

transducer is solid. This is at the first end 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

I'W 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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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,
W(?%l(%g amore controlled. and WO 2007/035171 PCT/562006/000260 13
containedYorce delivery compared to an ultrasonic or laser pha&&§1pG2006/000260
leading to safer surgery with improved results. Most importantly, the

actuation combines mechanical and ultrsonic functions into one

[ ro-sgrﬁ)lcal tdo&ll This allows.a minimal incision, and interruption, for
ar fce )

O 5 BUTRLCHRE P TG oA s abeoolfding to safer

the catarac

ical and non-medical applications such as, for example: (a) dissolving
R R b ot RS b epchamical

rol.inblood vessels, and blood clots; 10 (h) dissolvingor.
BN oS e Mg, WhASUNErS P esbinoision

Qg@ i in theforegoing description preferred embodiments of the
presﬁgr?t&lgrf%% o%’,r i%?lwi a%%ag%greoé é)‘&%)by those skilled in the technology
concerned 115 that many variations in details of design, construction

and/or operation may be made without departing from the present

Hyenti ?at'u ISE 1...4.The Claims: ?16 A tubular piezaqelectric
trar?ggi%cer (%E)l%lnX r%lér/?g g%&g%%g B%é%g}%@t? Fﬁﬁ@ﬁ&r%ﬁ%@ﬁﬁ&%ﬂong such as,
Rpéggﬁ{pqg:extemal electrodes for inducing in a first end of the
(a) dissolving or disintegrating of foreign deposits of material from .
vessels including cholesterol in blood vessels, and blood clots;
(b) dissolving or disintegrating materials; or

@) micro-positioning.

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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tube at least one movement of a plurality of possible movements; a hub

having 5 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 N

a probe for movement of the probe with the hub. 2, A tubular piezoelectric --OYD WISE
transducer as claimed in claim 1, whereih4he plurality of external

electrodes extend longitudinally of the tube. 10 3. A tubular piezoelectric
tréfs@lainas claimed in claim. | or claim 2, wherein the plurality of

external electrodes are on. an external surface of the tube. 4. A tubular

piezdelecttibiiarsdaceicasiclaimathinanygn b alains d19:3z v RetBiNm aterial
the plurality of external electrodes comprise four electrodes arranged as

equal qeRdrantsextehditigrofigittainaljeotttubeidkRSind AW end of the
piezoelectric transducer as claimed in any one of claims | to 4, wherein

there arélf deiasstwospokesattacheg ot exiending rasiallydnwargly, having
of the tube for movement with the first end, the hub being at an inner end

of the ableasradersisokes is: mnghudingiernelédisadbansdiiesh 8sing for

claimed in claim 5, wherein the at least two 2 O spokes are at a location
selecte@frerm té Yrouihedingistidgtbe: latitheifirsfrendceand adiseent hR be for
first'. end. 7. A tubular piezoelectric transducer as claimed in claim 5 or

claim 6MgNergntistheuly dbofvatiidim salected from the group consisting

of: integral with the spokes, Amended Sheer FI? WASJ LLOYD W1 S :
WO2007/8357 pi 20T ISGR008IODR2E6@s claimed in claim 1, wherein the plurality of

external electrodes extend longitudinally of the tube.

3. A tubular piezoelectric transducer as claimed in claim 1 or claim 2, wherein the
plurality of external electrodes are on an external surface of the tube.

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 claim 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 15 of a form selected from the group consisting of: integral with the spokes,

Amended Sheet
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15 formed by the spokes, securely attached to the spokes, formed by the LLOYD wisE

tube, and integral with the tube. 8. A tubular piezoelectric transducer asd

claj i ne of claims 5 to 7, wherein the at least two spokes an

the hub are telatively rigid so all motion of 5 the first end is transnfddSf2006/000260
the probe through the at least two spokes apd hub. 9 A tubular _
piezoelectric transducer as claimed in any 6ne of claims | to 8, whereln

the probe Ie to he hub b one s lected from the
con&stmgfg?é}l %n tio éescfh%eﬁ: 61%? eélttﬁ’tﬂﬁﬁs%ﬁ’% fEWﬁPﬁ‘éBﬁmbe and

connectio plezoelectrlc transducer as claimed in any
one of clagngé%a]{%ﬁ%ﬁg%ﬁ\ the plurality of possible movements are

0 Brcenan O e oA AT LD AN PLERCPR HENRHTB 1
the st ondh bR Al 1o DRI “3.?@%“1 s S te o0 ll motion of
L e S ax'%ﬁﬂs?fﬂéﬁ%’fiw%ws and hub,
the 14t an D5 A bl SAeae i’ldr.ixra%%%gei?riv! 7 @a%{;ﬁ?& 8

11, Wherqmlé?&mg%x%%g 19%&&%@1‘3%%1%%@%%%5 néi 1%@6%%? the group

piezoelectric transducer as claimed in claim

piezoelectig SR diCca s a0 ﬁ?fa%ﬁ%‘%'{,‘ 9 gelit}r,grslgt %rft}/rllg[atlgnassfccigw-thread
radiating
connection.

10. A tubular piezoelectric transducer as claimed in any one of claims 1 to0 9,
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 1 1, wherein the tubular

piezoelectric transducer is also for producing ultrasonic vibrations for radiating

from the probe tip.
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from the probe tip. LLOYD WISE WO 2007/039171 PC f/SG2006/000260

16 14. A phaco-probe comprising a tubular piezoelectric transducer as

claimed in any one of claims 1 to 13. 15. A phaco-probe as claimed in
VR VA3 her comprising a housing in which the tubular pie ZS&Té§3806/000260

transducer is located; and a funnel-shaped housing through 5 which the

probe head end extends, the probe tiEf xtending axially beyond both the

fupnel-shaped housing and the housing, 16. A phaco-probe as claimed in

clfm L BIGASHE R RIS AR BUREAY s AR eRclBmesdR any

the ultrasanic vibrations to the probe tip for radiating the ultrasonic

vibraﬁBﬁQ’ané?mﬁé BtdBe tip. 10 17. A phaco-probe comprising a tubular

piezoelectric transducer including a tube of piezoelectric material and _ |
i BT SRS QTR UL P M RO A P GAnich te

tube at least pne movement qf a plurality of possible movements; a hub
G R T A B ORI BB ERE trovgh
being for ement with the first end; the hub being for receiving 15

ther A BB BT U Al PO AR R ANaLY beyond both
phacq-probe as, claimed in claim, 17, wherein the plurality of external
e|ect%EMSHSHB%RHﬁm%ﬁ?%JF‘}E3?888819. A phaco-probe as claimed

in.claim 17 or claim 18, wherein the plurality of, external electrodes are on
o PR ST ARG 90901 BRAEUH oL AR ROdRpe
one ks lﬁ‘flag]ds exjig (tzgnlcgic\{vtr}]l%rgiprgpc?n{)cl i Irla%grlzs to the probe tip for radiating the

LLOYD wisE

ultrasonic vibrations from the probe tip.

17. A phaco-probe comprising a tubular piezoelectric transducer including a tube of
piezéelectric material and having a plurality of external electrodes for inducing
in a first end of the tube at Jeast 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 1§, wherein the plurgﬁty 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

Jeast two spokes attached to and extending radially inwardly of the tube for
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external electrodes comprise four electrodes arranged as equal quadrants LLOYD WISE
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

W UARAAY radially inwardly of the tube for LLOYD WISE WELT/SG2006/000260
2007/035171 PCT/SG2006/000260 17_L Jnovement with the first end, the

hub being at an inner end of the at least two spokes. 22. A phaco-probe

as claj ' Ik herein the at least two spokes ar af . location
el B L LG s
first egd,23. A phaco-probe as claimed in claim 21 or claim 22, Wher_eln

the hugéiis of a form selected from the group consisting of. integral with
the-sp 0 .securely attached to the spokes,

e e G CE N T S ce oQSPc?%fSa?sfe
claimed.in fclai 23, wherein the at least twp spokes

o e B AT Mot te
to thegquphg through the at least two. spokes and hub. 25. A_phaco-probe ‘
as claimed in any one of claims 17 to 24, where_in_the probe_ls_ atta_lchable
toghe by SRS SlEGath Il 4§, 9"0HR.CansIsHA %ér%igéﬁ%?ﬁu%tis% & form
snap fit, a bayonet fitting, and a screw-t rea connéction. .

D e RahioRs 5 AT GO B0 A LR A N D Ko ncd py e

g
plurality of possible movements are’selected from thé grgup cb

- reciprgeiiiGsecurely attached to the spokes, formed by the tube, and integral with

the tube.

24. A phaco-probe as claimed in any one of claims 21 to 23, wherein the at least two
spokes and the hub are relatively rigid so all motion of the first end is
transmitted to the probe through the at least 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.



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; LLOYD wWisE
vertical 20 oscillation of the first end, horizontal oscillation of the first end;

WRE WM Loscillation of the first end about the longitudinal ax¥€ BfS2006/000260

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

the probe extends axially outwardly ffom the first end and has at its outer

be tip. LLOYD WISE Q 2007/035171 PCTISGZOOG/OOOZ@O_
oo S TS S T DR S Ao Sl ET whthin &
I t ithi f I-sh dh ing, th he ti tending b d
R e e e e e

wher%i(;lu%? fimnel-shaped housing and 5 the head end conduct the
ultrasonic vibrations to the probe tip for radiating the ultrasonic vibrations

fr aco-praobe tip, 30. A.phaco-probe.as ¢laimed in any one of

o B e R B Ll B e e S pRusing and
capahle of reciprocal.moyement in the direction of the longitudinal axis of
o B R e T3 o B MR E (e

clalmui"?(f)a Wher%grthe st%cg ng)f ezoelectric .actuators and the tubular

piezoe GCHriC ransducer area ??895%1’8 %Fﬁ’[’ed indepgndently of each

o e SR e e
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.



