WO 2008/004982 PCT/SG2007/000186 1 Self-contained Pump
Reference to Related Applications Reference is made to our earlier United
wStatesopyerisional patent application number 5 60/818,338 fiR§tXSQuH)7/000186

2006 for an invention entitled "Self Contained Pump”, the contents of
which are hereby incorporated by reference as if disclosed herein in their
entirety, and the priority of which is herepy claimed. Technical Field 10
This invention relates to a self-contained pump and refers particularly,
though not exclusively, to gapmmmmmm;ated therewith a reservoir,
pumping mechanism, and outlet. Background 15 In general, the basic
building blocks of a pump include a reservoir, connecting conduits,
pumping region, outlet, and pump housing. The size of the pump is often
Ralftmchte thR dlagedragphctatiorance. In many industries there is an
ongoing trend to miniaturize products. This ongoing miniaturization

Redreasesisheade éd dor sariatieUpitadStalRe peovasisnalnsheenapplitgion number
conduits can easily be miniaturized down to the nanometer scale with 20
68181318 ScfidbrpidgtiifGdsr MniveratiothenddiedPelnGinganedfamigm the
often a limiting factor in pump miniaturization. The limiting factor can be
ehotety sitwihétheaty hdveboffictonpyratethbypefereiRreseiftdrmopsddrer¢iatin their
small enough for future applications. There is a need for even smaller
gtk tha vt dridyadflitnfoh &deenehy dentred.

Technical Field

This invention relates to a self-contained pump and refers particularly, though not

exclusively, to a pump having integrated therewith a reservoir, pumping mechanism,

and outlet,

Background

In general, the basic building blocks of a pump include a reservoir, connecting conduits,
pumping region, outlet, and pump housing. The size of the pump is often related to the
required performance. In many industries there is an ongoing trend to miniaturize
products. This ongoing miniaturization increases the need for smaller pumps. Reservoirs
and connecting conduits can easily be miniaturized down to the nanometer scale with
available etching techniques. However, the actual pumping mechanism is often a
limiting factor in pump miniaturization. The limiting factor can be the physical size or
the efficiency Qf the pump. Present pumps are not small enough for future applications.

There is a need for even smaller pumps that have the ability for accurate control.
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WO 2008/004982 PCT/SG2007/000186 2 Summary According to an

exemplary aspect there is provided a self-contained pump comprising: as
wearzénsggrased pump, a reservoir, a pumping mechanism, and &ClEaskorm00186

outlet; whereby the pumping mechanism is for controlled compression of

the reservoir to force 5 a required volume of fluid in the reservoir through

the at least one outlet. The self-containegl pump may further comprise an

inlet, the inlet being the outlet. The pumping mechanism may comprise at

Isask@aeypiezoelectric actuator on at least one wall of the reservoir. 10

The reservoir may comprise a plurality of walls. The plurality of walls may

cheopritegatotap exathplideash Qpenside Wabviared @mﬂtﬂﬁ‘gdﬁﬁ&?ﬁ%%smgz
er of the

of the plurality of walls may be relatively rigid. At least one oth
plusality afrwed pungy, becselatively pllawbie H&ckhaselhrentanedRUBR et

my further comprise a flexible membrane over each outlet of the at least

ovfecbifeheTharienthiecthembraizefonaydi e @RsbHasRRAsEMe TREvoir to force
self-contained pump may further comprise a central core within the

resEvioNd toduate 20 fhad o te oettetdieithgoaitingd avitbathementtricore.

The central core may have at least one hole therethrough for fluidic
communication between the reservoir and the at least one outlet. The

central core may extend between and seals with the top wall and the

The self-contained pump may further comprise an inlet, the inlet being the outlet. The

pumping mechanism may comprise at least one piezoelectric actuator on at least one

wall of the reservoir,

The reservoir may comprise a plurality of walls. The plurality of walls may comprise a
top wall, at least one side wall, and a bottom wall. At least one of the plurality of walls

may be relatively rigid. At least one other of the plurality of walls may be relatively

flexible.

The self-contained pump my further comprise a flexible membrane over each outlet of

the at least one outlet. The flexible membrane may be thin and transparent.

The self-contained pump may further comprise a central core within the reservoir, the at
least one outlet being aligned with the central core. The central core may have at least
one hole therethrough for fluidic communication between the reservoir and the at least
one outlet. The central core may extend between and seals with the top wall and the

bottom wall. The central core may be relatively rigid. The at least one opening may be
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bottom wall. The central core may be relatively rigid. The at least one
opening may be WO 2008/004982 PC'/SG2007/000186 3 in one of. the

Woopwanast the bottom wall. The at least one opening may b&Giigaedo7/000186

with the central core. The central core may be a hollow cylinder. A
reduction in compression of the reservoir may be to force a part of the
required 5 volume of fluid into the reser8oir through the at least one
outlet. The at least one piezoelectric actuator may comprise at least one
S Phefids dom teabetor sidl. Wk, 2t tostiadeinaiguns the Mened
least pne side wall, at least two piezoelectric actuators on the bottom
Wé'ifﬂ tﬁﬁﬁ?@#ﬁb%@%@%ﬁmﬁy hreiphazdls hollomerglihdoat least one side
wall comprises the plurality of side walls, and a piezoelectric actuator on
opposite walls of the plurality of side walls. According to another

xem CI%% aspect there is provided a fluidic lens apparatus for an optical

apparatis: eI T shedtasmoinanssibe dntaired parnpfake required

cribed 15 above. The optical apparatus may be at least one of. a
g?‘gslfgfecoaprﬁ‘lg}i%?% %ﬁéF%éhwughﬁbe iféh easiopreneytiridoscope,

security system camera, and optical storage device. According to a
further exemplary aspect there is provided apparatus for controlled

| rugs, the apparatus comprising a self-contained pump as
g%%crl S%}Q e%é‘lf’z?gl#‘g? BB ERRY AmE e wilrgstipnere®athelitheound the

abo
dnyepfion. e fully, understgod and readily put into practical effect
there shal?lna(%éwg 1eL e%%‘%%gmfgmgﬁlb‘?wé%(r}r‘ﬁi’é‘ﬁ%eék%m@él{ﬂilipast two
HESBRIARE actuators on the bottom wall, corner posts of a plurality of side walls

where the at least one side wall comprises the plurality of side walls, and a piezoelectric

actuator on opposite walls of the plurality of side walls.

According to another exemplary aspect there is provided a fluidic lens apparatus for an
optical apparatus, the fluidic lens comprising the self-contained pump as described
above. The optical apparatus may be at least one of: a digital camera, a digital camera in

a mobile telephone, endoscope, security system camera, and optical storage device.

According to a further exemplary aspect there is provided apparatus for controlled

release of drugs, the apparatus comprising a self-contained pump as described above,

Brief Description of the Drawings
In order that the invention may be fully understood and readily put into practical effect

there shall now be described by way of non-limitative example only exemplary



WO 2008/004982 PCT/SG2007/000186 4 embodiments, the description
being with reference to the accompanying illustrative drawings. In the
WeraWHiY$9%2 Figure 1 is a schematic illustration of the pumpind SHERIETEF00186
an exemplary embodiment; Figure 2 is a front perspective view of another
exemplary embodiment; Figure 3 is a front perspective view of another
exemplary embodiment; Figure 4 is a frant perspective view of a further
exemplary embodiment; 10 Figure 5 is a front perspective view of yet
aerotivelieset pherjeseribtdinbenty Wigureftris e frofiaranastivansan@iative
penultimate exemplary embodiment; and Figure 7 is a front perspective
visewirigs final exemplary embodiment. Detailed Description of the
Preferred Embodiments 15 In each drawing figure the same reference
numerals are used for like components with a prefix numeral indicating
the drawing figure relevant. According to the exemplary embodiment of
Frythe drawiass:is provided a pump 101 whereby the reservoir 102,
pumping mechanism 103, and outlet 104 are all integrated 20 into one
dagise. Irise sehapa ol tioe ofthopesipieg privtipkl shapexanplas
flexible side walls 105. Pumping mechanism actuators 103 maybe on or in
STARPEMSBEN of the top wall 106 and the bottom wall 107. Operation of
the actuators 103 causes compression of either or both of the walls 106,
TO#5E SEDMAAt PRIERECS) ViFRiPT another exemplary embodiment;

Figure 3 is a front perspective view of another exemplary embodiment;

Figure 4 is a front perspective view of a further exemplary embodiment;

Figure 5 is a front perspective view of yet another exemplary embodiment;
Figure 6 is a front perspective view of a penultimate exemplary embodiment; and

Figure 7 is a front perspective view of a final exemplary embodiment.

Detailed Description of the Preferred Embodiments
In each drawing figure the same reference numerals are used for like components with a

prefix numeral indicating the drawing figure relevant,

According to the exemplary embodiment of Figure 1, there is provided a pump 101
whereby the reservoir 102, pumping mechanism 103, and outlet 104 are all integrated
into one device. The pump 101 can have any possible, practical shape and has flexible
side walls 105. Pumping mechanism actuators 103 may be on or in either or both of the
top wall 106 and the bottom wall 107. Operation of the actuators 103 causes
compression of either or both of the walls 106, 107 as shown in Figure 1(b). This

compression of either or both of the walls 106, 107 will lead to a volume reduction AV



10

15

20

compression of either or both of the walls 106, 107 will lead to a volume
reduction AV WO 2008/004982 PCTYSG2007/000186 5 inside the

WoeHER/i#9B02 thereby causing an increase in the pressure APPiribigle2tlg@/000186

reservoir 102. As such, AV< 0, and AP> 0. This increase in internal
pressure in the reservoir 102 forces fluid in the reservoir to flow through

the outlet 104. Accurate control of the cgmpression will lead to an

accurate output of the pump 101. The 5 integration of all the components
rajdets eserredutiD thifetiz e blich aithbasefu i pasIONS AP inside the
applications, including drug delivery, optics, micro-refrigeration, cooling of
semivondliZoAsevite s and, sadorth: THENOLHREIRE Martadnpeneesrofhe
the walls, 105, 106 and 107. There may be more than one outlet 104. If
meseevibiad Gh et dhid theyesorayhedrfldifferent ghatie 3081106 anecdfife
to The pumping mechanism actuators 103 may comprise all or part of the

weliydl08 thecfomessidrheylintend bedantegratee ovitbuthe walis:AQ61ondite

107, or may be securely attached to the walls 106 and/or 107. The
aotegwien 08 hthe bengpenepisuitapleadrtreguided tihaiesiirchidisigwillibaateful in
limited to: circular, annular, cantilever, polygonal, rectangular, square, 15

Mkl epia¢atiors smébrding\iheudshi vein pstiosyminrfitpfrizdratioheeogling of
central, the outlet 104 may be at any suitable location in any one or more
SEmierdnstandevios. andas footh. The asietidrs 168 rénpreferablyf thicwalls, 105,
actuators and the pump 101 may be micro or nano sized. The pump 101

s a5l 4 (Vartlsre wiesbe maig theammeoatiee pomn i 10 < thamlse optieatd4, they

in reverse whereby the fluid outside the reservoir 102
may be in different walls 105, 106 and 107.

The pumping mechanism actuators 103 may comprise all or part of the walls 106 and/or
107. They may be integrated with the walls 106 and/or 107, or may be securely attached
to the walls 106 and/or 107. The actuators 103 may be of any suitable or required shape
including, but not limited to: circular, annular, cantilever, polygonal, rectangular, square,
helical, spiral, and so forth. Although being shown in Figure 1 as being central, the
outlet 104 may be at any suitable location in any one or more of the walls 105, 106
and/or 107. The actuators 103 are preferably micro actuators and the pump 101 may be
micro or nano sized. The pump 101 may be a part of a closed fluid circuit

The pump 101 can also operate in reverse whereby the fluid outside the reservoir 102
can be drawn back into the reservoir 102 when the volume of the pump 101 increases by
reduction of or eliminating the compression on the walls 106 and/or 107. In this way the

outlet 104 may also be an inlet. By varying the amount of compression to the walls 106
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can be drawn back into the reservoir 102 when the volume of the pump

101 increases by reduction of or eliminating the compression on the walls
wint@nadiosd07. In this way the outlet 104 may also be an inletBy:G2007/000186

varying the amount of compression to the walls 106 WO 2008/004982

PCT/SG2007/000186 6 and/or 107, different amounts of fluid can be

moved. Accurate amounts of fluid can bg driven with precise compression

of the walls 106 and/or 107 of the device. The pump configuration may be

£adpreds diffoast applieatofsiulh emﬁé@.eﬂém&e%mgeqﬁﬁ%d can be

suitable and prgctical shape. At least one of the walls of the pump Is made
STy seiifepmatericnthisssaing Sile wialls 118%:A8/sh W NRIGE.L. The
material of flexible walls 105 needs to be flexible in order to deflect under
the applied compression force, causing a volume reduction inside the
pump 101. Suitable wall materials include all elastomeric materials such

ABFERAMEPROMSIAD D ekbrpratianatite eyiblenvalSTHOSIERR Bthe pump

established in various ways. The walls 106 and/or 107 can be

L Bredseifatbe sefiveebtibn dapepuitdebintensaliytfeoms i Furta Mahnade

campression may be established by using single or multiple actuators

7 %.H‘Fﬁﬁ’l“é&afé&ﬂls Hésbenagiste inalddletien Hfevaignal gueh aBhéoRaterial of
xample, an electrical 15 voltage, ultraviolet light, pH, or the like. They

ﬁf’ B 61 S pRoRsFCIeabrcrRleanatrdartudatie controlifiy apliepqmligtbssion
oltage, allows faor an accurate compression of the flexible walls and thus

AeS i St PRt S edrrti o fapidatbe mizghbdils Suihbe wail uaieHBARClude

ased on piezoelectricity, pneumatics, magnetism, hydraulics, and so
akﬂ? e?as%omenc Qnatemals such %s,pfor example, PDI%IS. d

Deformation of the flexible walls 105 can be established in various ways. The walls 106
and/or 107 can be compressed as described above or pulled internally from a core.
External compression may be established by using single or multiple actuators 103. The
actuators deform upon introduction of a signal such as, for example, an electrical
voltage, ultraviolet light, pH, or the like. They may be of a photomechanical material.
Accurate controlling of the applied voltage, allows for an accurate compression of the
flexible walls and thus accurate pumping rate. The deformation mechanism of the

actuators can be based on piezoelectricity, pneumatics, magnetism, hydraulics, and so

forth.

Besides external compression, the walls can also be deformed from an internal force.
For example, if magnetic particles are included in the flexible wall and a magnetic core

is positioned at the center of the device, the wall can be pulled towards the core upon

activation of the core,



10

15

20

forth. 20 Besides external compression, the walls can also be deformed
from an internal force. For example, if magnetic particles are included in

wardaxiblgzwall and a magnetic core is positioned at the certemeiche 7/000186

device, the wall can be pulled towards the core upon activation of the
core. WO 2008/004982 PCT/SG2007/000186 7 Some examples of
possible PZT-actuated solutions for optical applications are given in
Figures 2 to 6. In Figure 2 there is a cylindrically-shaped pump 201 having
flexible side walls 205; and end walls 206 and 207 forming the reservoir
202. Either or both of the 5 end walls 206, 207 may comprise pump

6121915203 1DAL 0IAY 109 27 NG INORL SHHAEE r&f dpE Al RORIBRAIRL oiven in

207. Within the reservoir 202 is a hollow central core 208 that preferably

5 ghaselafiyely ?%Wﬁé@'is@%ﬁﬁﬁ%@ﬁ@%@%f{%ﬁ 95 Pﬁé‘()ﬁ%"lﬂéﬁﬁﬂe side

seals with the end walls 206 and Z07. The outlet 204 is in the top wall 206
addsBlignedNith e Rl £97¢2R8nd &hd REs5SBIFal0R0NE ZBBIFBYR® S the

cylindrical (as shown) or any other suitable shape. It has one or more

bR 2R ber ﬂU'ﬂrﬂ@WeﬁiﬁfﬁH@r B wiendhenresauigsideni® inner surface
or aecr

reservoir 202 is increase eased. In this way the reservoir 202

starrswhesthod anddheoremtialcaie Reésas 20PRAUHIM Whehitid tore Wt that
204. The central core 208 would, 15 during normal operation, be filled with
rerdaisly \ehem theaBuarisiaoh ifetse, The d¥akal core 208 extends between and
seals with the end walls 206 and 207. The outlet 204 is in the top wall 206 and is

aligned with the central core 208.

The central core 208 may be cylindrical (as shown) or any other suitable shape. It has
one or more holes 209 for fluid flow therethrough when the pressure inside the reservoir
202 is increased or decreased. In this way the reservoir 202 stores the fluid and the
central core acts as a conduit for the fluid to outlet 204. The central core 208 would,
during normal operation, be filled with the fluid. When the pump is not in use, the high
surface tension of the fluid at outlet 204 will prevent the fluid from moving into the
central core 208. The holes 209 may be circular, square, rectangular, or randomly
shaped. In this was the pump 201 may be used to control the size and shape of a bubble

of fluid at the outlet 204.

The central core 208 preferably does not move during operation of the pump 201.
Movement of the central core 208 might lead to inaccurate ejection of fluid thereby
affecting the overall performance of the pump 201. There are several options to keep the

central core 208 relatively rigid during operation: use of a stiff material (i.e. acrylic,
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surface tension of the fluid at outlet 204 will prevent the fluid from moving

into the central core 208. The holes 209 may be circular, square,
wiectasigedas? or randomly shaped. In this was the pump 201 mray/be1082d00186

to control the size and shape of a bubble of fluid at the outlet 204. 20 The

central core 208 preferably does not move during operation of the pump

201. Movement of the central core 208 mpight lead to inaccurate ejection

of fluid thereby affecting the overall performance of the pump 201. There

veialOpHRteriskeanthgh: |.core.208 relafively sigid duyi
?ggrggtion: lfsp}e)pof a sti materiallg.gggizﬁ/ﬁge\%vfgrz%l(%%ﬁoég?zgéﬁg@gﬂs 206, 207

RCThSEAA04PRRESRISRAVPRBRIR Riefarably in combination with

either or both of the end walls 206, 207 "being relatively stiff and, more
preferably, parallel. The flexible reservoir 202 is positioned around the
central core 208. The side wall 205 5 is flexible and may be of a relatively

flEdbiletitdteriabsuth 2P fopexanie Aelydieebi-silanePBMS)e wall 205
The side wall 205 may be made with existing molding or etching

techiviqbies aidereladiic sioduusiottesidelwall 28R RBecHSM)iGkPRKEmple, poly-
may be varied in order to vary the performance of the pump 201. The

shpothyt-tile e (PZO S hbeidy iwdticz0{as Shbwmada kefE xpRBECAloding or
or otherwise as required or desired. 10 In Figure 3, the central core 308
atehinglé¢cha00eareThs fasthernodobdinéiiofiBigwi 20T herii el aR3nay be
form comer posts for the flexible side walls 305. The top wall 306

varied in order to vary the performance of the pump 201. The shape of the pump 201

may be cylindrical (as shown), cuboid, spherical, or otherwise as required or desired.

In Figure 3, the central core 308 and hole(s) 309 are as for the embodiment of Figure 2.
The actuators 303 form corner posts for the flexible side walls 305. The top wall 306
and bottom wall 307 are both relatively rigid. In this case the four actuators 303 may be
individually and separately controllable to give a high degree of control over the
compression of the fluid in reservoir 302. The opening 304 is in the bottom wall 307,

and is aligned with the central core 308.

For Figure 4, the pump 401 has the same central core 408 with holes 409, The top wall
406 is relatively rigid, as are the side walls 405. The bottom wall is relatively flexible
and has two cantilever actuators 403 mounted thereon. The actuators 403 may extend
for the full length of the bottom wall 407, or may extend for part of the length of the
bottom wall 407. The two actuators 403 are shown at opposite ends of the bottom wall
407. They may be placed in any required or desired position on the bottom wall 407.

There may be any required or desired number of actuators 403.



10

15

20

and bottom wall 307 are both relatively rigid. In this case the four
actuators 303 may be individually and separately controllable to give a

whiglhsi@geee of control over the 15 compression of the fluid iNFET&EZI07/000186

302. The opening 304 is in the bottom wall 307, and is aligned with the
central core 308. For Figure 4, the pump 401 has the same central core
408 with holes 409. The top wall 406 isgelatively rigid, as are the side
walls 405. The bottom wall is relatively flexible 20 and has two cantilever
actuators 403 mounted thereon. The actuators 403 may extend for the full
length of the bottom wall 407, or may extend for part of the length of the

BotgrupciDI0T FijedwhacinianscAR3 AP ROBOR 3 BPRORIS 89105 Rl ewall
bottom wall 407. They may be placed in any required or desired position
ofiaherblottvelywiaiidd ey is Tecsetronyvae] H07 redsiseid ordeS0shrusakeval,
actuators 403. WO 2008/004982 PCT/SG2007/000186 9 The pump 501

BrFiblerens b the santideventrathatrs 508 mitinkalehdbfth Jnepgam@lides of the
506 is relatively rigid, as is the bottom wall 507. The side walls 505 are

sidativelly 0SxiBls actdaterses O orogriittrel facthatan RAZtMeLeter sheresie
on opposite sides of the 5 side walls 505. The actuators 503 may extend

Yorlih e G3ioiemginestead dargfatie Sttle lamatis @G chrsidayvakte0r! @b abtuators

the length of each side wall 507. The two actuators 503 are shown on

ApasitEhemesoppresiiesidvalb808: Siheyaliz0beTHagethintamlased iregy
or desired position on any of the side walls 505. There maybe any
TeAHiRrh fegisest easiinn baranyattlacid50a]9.605. There may be any required or

desired number of actuators 503.

The pump 601 of Figure 6 has the same central core 608 with holes 609. The top wall
606 is relatively rigid, as is the bottom wall 607. The cylindrical side wall 405 is
relatively flexible and has a spiral or helical actuator 603 mounted thereon. The actuator
603 may extend for the full height of the side wall 605 » or may extend for part of the
height of the side wall 605. The actuator 603 may be placed at any required or desired
position on the side wall 605 and may be a single or double helix. The pitch of the helix

may be as required or desired.

The pump 101 is ideal for applications where only limited space is available. The pump
101 is advantageous for driving a liquid lens used in a wide range of optical imaging
applications including, but not limited to, digital cameras, camera phones, endoscopes,
security systems cameras and optical storage drives. A liquid lens is able to change its
focal length by changing its curvature by adding or removing fluid in the lens, the lens

being a droplet at the outlet 104. It may also be used in other areas such as, for example,
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The pump 601 of Figure 6 has the same central core 608 with holes 609.
The top wall 606 is relatively rigid, as is the bottom wall 607. The

woylindncalsside wall 405 is relatively flexible and has a spiral ectaslEab7/000186

actuator 603 mounted thereon. The actuator 603 may extend for the full
height of the side wall 605, or may extend for part of the 15 height of the
side wall 605. The actuator 603 may be pjaced at any required or desired
position on the side wall 605 and may be a single or double helix. The

Ritchofdhabalonoardesasequiat /F 9@5515%91&3%%2%@@%9&1@6 1%%&%, and

applications where only limited space is available. The pump 20
aRvaytageous for driving a liquid lens used in a wide range of optical
imaging applications including, but not limited to, digital cameras, camera
phones, endoscopes, security systems cameras and optical storage
drives. A liquid lens is able to change its focal length by changing its

Cho\aiatigelicaclinguos bimRvdrebiidlindhadesscthn 18030 REIRGA MBS let.

at the outlet 104. It may also be used in other areas such as, for example,
Wigu20 0B8KIVOB BRETISGRARIYAUN 8Htht Grvps schafiiany Al 08 &YosaRuid lens

for use with IC components, variable multi-jet nozzles, and so forth. To

CHen ¢ hpenaprvaiure Kigthe tioplemfliiehdsdiphenmaovedie epliom tye

droplet. 5 Figure 7 shows a possible configuration of the proposed pump
robiedrarees|iguitblensn Fifurkhe funp TRkilsl &igeiebrais a15implified on the top
design that may be replaced by configurations as shown in Figures 2 to 6.
Aufiekititermeitiy aneni 70 Isiadriied torpthectaphatid idttdrir@fitre g T8ins the
in order to prevent the liquid of droplet 710 that forms the

lens from flowing out of the pump 701. The membrane 711 is preferably thin and
transparent. The actuators are not shown but may be in accordance with the forms as

shown in any one of Figures 1 to 6, or otherwise as required or desired.

Another suitable application for pump 101 (including the pumps 201, 301, 401, 501 and
601) is controlled drugs release as the pump 101 is able to move accurate amounts of
fluid with precise displacement of the actuators 103. For example, the pump 101 is
suitable for insulin injection whereby only microliters of insulin need to be injected into
the human body every few minutes. Present commercial devices tend to be rather bulky
and the cartridge needs to be replaced every few days. The pump 101 will reduce the
size of the insulin pump significantly, reducing the discomfort of the patient. Due to the
compact size of the pump 101, the reservoir 102 may be enlarged to increase the time
between the changing of the cartridges. The pump 101 may be used externally or after
implantation. In addition, the power consumption of the pump 101 is relatively low,

allowing the pump 101 to be powered by standard dry cell batteries.



lens from flowing out of the pump 701. The membrane 711 is preferably

thin and 10 transparent. The actuators are not shown but may be in
WRHBEreEAt: with the forms as shown in any one of Figures 1PGIB;&2007/000186

otherwise as required or desired. Another suitable application for pump

101 (including the pumps 201, 301, 401, 501 and 601) is controlled drugs

release as the pump 101 is able to movg accurate amounts of 15 fluid

with precise displacement of the actuators 103. For example, the pump

WOHilis ieiiehie Bueinauitibue GHan Whemy oy MOl L e InSUIn R  ents, it

to be injected into the human body every few minutes. Present

solrbaereiatsiexices fiesid tpilled athrs Ridio189 HRGRHLINERNMASES $8-D8ions in

replaced every few days. The pump 101 will reduce the size of the insulin
fetaile sigfuficantynsedutigathtiodispantion elhinBoaiantyiAReR s from the
compact size of the pump 101, the reservoir 102 may be enlarged to
mesedsevhgitime between the changing of the cartridges. The pump 101
may be used externally or after implantation. In addition, the power
consumption of the pump 101 is relatively low, allowing the pump 101 to
be powered by standard dry cell batteries. WO 2008/004982
PCT/SG2007/000186 11 Whilst there has been described in the
foregoing description exemplary embodiments, it will he 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. 5 IVICSLLP



12 The Claims: | - A self-contained pump comprising: as an integrated

pump, a reservoir, a pumping mechanism, at least one outlet and a

central core within the reservoir, whereby the pumping mechanism is for  pMcsLp
controlled compression of the reservoir to force a required volume of fluid

in the reservoir through the at least opg outlet, and whereby the central

core extends between and seals with a top wall and a bottom wall of the
rd8er@duiptbve central core being relatively rigid. 2. A self-contained pump

as claimed in claim 1 further comprising an inlet, the inlet being the outlet.

3. A self-containtsefsemiings RIBIRRoeriieiagry o claimried wiepeiTdmvoir, a
reservoir comprises a IQL% aligmof V\{alls, the plurality of walls comprisin

|
the top wall, af least one side watl, %ansa%ﬁeeogéy SHOG SNSRI S e the
pluralty of walls being laiely i 2o gaBtona pUgLal e
e

plurality of walls being relatively flexible, 4. A self-contained pump as
claimed in anyangrasickaingd tes3yvwiher@icethecpuineping e I ANISN che
comprises at least one piezoelectric actuator on at least one wall of the
reservoir. 5. ASEMeBErHE huthlsas GlaivHberiandriyhersbyothe ledntsll to

further compris'%ng] a flexible membrane over eaﬁh outlet of the at least
one outlet externds befween and seals with a top wall and a bottom wall of the

reservoir, the central core being relatively rigid.

2. A self-contained pump as claimed in claim | further comprising an inlet,
the inlet being the outlet.

3. A self-contained pump as claimed in claim 1 or claim 2, wherein the
reservoir comprises a plurality of walls, the plurality of walls comprising
the top wall, at least one side wall, and the bottom wall; at least one of
the plurality of walls being relatively rigid, and at least one other of the
plurality of walls being relatively flexible,

4, A self-contained pump as claimed in any one of claims 1 to 3, wherein
the pumping mechanism comprises at least one piezoelectric actuator on
at least one wall of the reservoir,

5. A self-contained pump as claimed in any one of claims 1 to 4 further
comprising a flexible membrane over each outlet of the at least one
outlet.

6. A self-contained pump as claimed in claim S, wherein the flexible

membrane is thin and transparent.
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6, A self-contained pump as claimed in claim 5, wherein the flexible
membrane is thin and transparent. Amended Sheet IPEAIAU MCSI.I.P
13 7. A self-contained pump as claimed in any one of claims 1 to 6
wherein the at least one outlet is aligned with the central core. 8. A
self-contained pump as claimed in claim 7, wherein the central core has
at least one hole therethrough for fluidic communication between the
reservoyr and ihe aticast.one alet. 2, Apellconiained pump asclaimed
in claim 8, wherein at least one popenlng IS pro%ged In one of, the top wall
and the bottomeyalk.theRlleasiangLReRinGLeing alighed with the
central core. 10. A self-contained pump as claimed in any one of claims 7
to 9, wierein Ahel tentrahebpaigpahotowcidinden. 7, Wharsel freartatnet
pump as claimed in any one of claims I to 10, wherein a reduction in

compression BtAETESERGIP s s fsher ahdar fbidite rapurEative brfecet the

fluid into the reservoir tlarglu%@ ggset gltléeo%%te one outlet. 12. A self-contained

pump as claimed in cfaim Af, wherein the at least one piezoelectric
actuatay, comprises-ahieast PReSRURLL oINS 9rQUR£RRSISINGRT. a

helix around the at least one side wall, a double helix
opening is provided in one of; the top wall and the bottom wall; the at
least one opening being aligned with the central core.
10. A self-contained pump as claimed in any one of claims 7 to 9, wherein
the central core is a hollow cylinder.

11. A self-contained pump as claimed in any one of claims 1 to 10, wherein

a reduction in compression of the reservoir is to force a part of the

required volume of fluid into the reservoir through the at least one outlet.

12. A self-contained pump as claimed in claim 4, wherein the at least one
piezoelectric actuator comprises at least one selected from the group
consisting of: a helix around the at least one side wall, a double helix
around the at least one side wall, at least two piezoelectric actuators on
the bottom wall, comer posts of a plurality of side walls where the at
least one side wall comprises the plurality of side walls, and a
piezoelectric actuator on opposite walls of the plurality of side walls.

13. A fluidic lens apparatus for an optical apparatus, the fluidic lens

comprising the self-contained pump as claimed in any one of claims 1 to

12.
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around the at least one side wall, at least two piezoelectric actuators on

the bottom wall, corner posts of a plurality of side walls where the at least

one side wall comprises the plurality of side walls, and a piezoelectric MCSLLP
actuator on opposite walls of the plurality of side walls. 13. A fluidic lens

apparatus for an optical apparatus, thetfluidic lens comprising the

self-contained pump as claimed in any one of claims | to 12. Amended

Sheet IBEA/AUNESERPas laimacdarfielidic 18nybescidirmertisabiaimrads is at

wherein the oyggtiiscal apggratélgris at least one selected from the grou

: ) group . .
i B camerd 8 diG T "BARRERE T 8 ot teptiariedicite!

consisting of.la diﬁﬂafcamer
endoscope, SeehLy; SYSIRIMCANGH3nand . ORIGR! SIQIAYS AGVICE 124 and
Apparatus for controlled release of drugs, the apparatus comprising a
self-containedpisaiptasglaisned. in any one of claims 1 to 12. Amended

Sheet IPEA/AU
15. Apparatus for controlled release of drugs, the apparatus comprising a

self-contained pump as claimed in any one of claims 1 to 12.
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