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WD 2008/ 004982 PCT/ S&007/000186 1 Sel f-contai ned
Punp Reference to Related Applications Reference is

woaos/mesour earlier United States provisional poaisena07/000186

application nunber 5 60/818,338 filed 5 July 2006 for
an invention entitled "Self Contained Punp", the
contents of which are hereby incorporated by reference
as if disclosed herein in theil entirety, and the
priority of which is hereby claimed. Technical Field
10 This invention relSglfcepngained Paptp cont ai ned punp and
refers particularly, though not exclusively, to a
punp having integrated therewith a reservoir, punping
mechani sm and outlet. Background 15 In general, the
Referentarfol RélagdtA pslicatiohs a punp include a reservoir,
connecting conduits, punping region, outlet, and punp
IRfsiEmg -is hhe &l AR etflict RitBY g&tésﬁ) Q\f/igigﬂalré)%keﬁi %g)lfcgti&hﬁumber
required performance. In many | éustrle ere 1's an

[ b ki . praoduct.s. i S .ongoi ng,
B L I o A Selg bt iapE e
Reseryvoirs. , and caonnecting conduits can easily bhe . )
FORFLE 8F Bish RSBmO bR IegRoasea df Gptlpseerein in their
avai | abl e_etchi ng techni ques. However, the actua
ﬁ%ﬁ‘FﬁWm@nqe@E REATISRT vehigh tshereby dlaimiedi ng factor in punp
mniaturization. The limting factor can be the
physi cal size or the efficiency of the punp. Present
decipdcaRieldot snmal | enough for future applications.
There is a need for even snmaller punps that have the

Thislin¥entib@fel @616 AIeBF- SoARIACH 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 of 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/ S&007/000186 2 Summary Accordi ng
to an exenplary aspect there is provided a

weebds/o@st ai ned punp conprising: as an integraces8G2007/000186

punp, a reservoir, a punping nechanism and at | east
one outlet; whereby the punping nmechanismis for
control |l ed conpression of the reservoir to force 5 a
required volume of fluid in tHe reservoir t hrough t he
at | east one outlet. The self-contained punp nay

#¥Y conprise an inlet, the inlet being the outlet.
The punping nechani sm may conprise at |east one
picsersié gtotani exemplagasspectaherats proafibd anelf-comtbined puinp&omprising:
reservoir. 10 The reservoir may conprise a plurality
af amiltegated emp)] aifedbrivbiy, Dpunifin $nFBMiGR NI a8 Roadt o Utlet;
wal |, at |east one side wall, and a bottomwall. At
R ey IREpRhpih B thehatlidh id thr ?én eh%omgféé bR of ﬁlle%%e}l&olhy to force
rigid. At | east one other of the plur |§y of “‘wal'ls

I ' . xihle. 15 The self-contained

ggé(gp&%l V?h’?ﬁwae/@%% }TI{JT!IhIS BN té&’,“ﬁF ghen% qu{g PEF each
outlet of the at |east one outlet. The flexible
menbrane may be thin and transparent. The
sel f-contai ned punp nmay further conprise a central
B¢ eelirremirined mamp mpyfudher contpeiseien kg, thedndet teing thaphitet. The
being aligned with the central core. The central core
peppingwecchanikmandy coopeishat keadtlae picaocloghc hettatht o 8 16ast one

conmuni cati on between the reservoir and the at |east

ol ofthe redervoifle central core may extend between and

seals with the top wall and the

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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bottomwall. The central core may be relatively rigid.
The at | east one opening nay be WO 2008/ 004982

wOeCHsHERB07/ 000186 3 in one of the top wall ardTiSkie007/000186

bottomwall. The at |east one opening may be aligned
with the central core. The central core may be a
hol I ow cylinder. A reduction iqn conpression of the

reservoir may be to force a part of the required 5
through t he at

VRb#EE: ffe th res
| east one %?s{agtahﬁ q{(}mf AEe ”tﬁk? 7 leaskonseansaingineay be aligned
C rise | east one_ of. a helix around
t%vﬁ{éll{ﬁé ? éqtlleag}é(?reb %ﬂnﬁréfa%é may be adollow ayéinder. ar ound t he
at least one side wall, at |least two piezoelectric
actuators on the bottomwall, corner posts of a
plurality of side walls 10 V\,here the at | east one side
felefuctionpn cempressien pf the a¢setvwpirahapbel® fade ar%ﬁh@requifed
pi ezoel ectric actuator on opposite malls of th
polumaloff flyidoiitosihe eseRlolirsthrodG R @iectit Mhst 8?%519
exenpl ary aspect there is prOV|ded a I'c Iens
apparatus for an optical apparatus, the fluidic |ens
conprising the self-contained punp as described 15
'ﬂggﬁ ny ' . appar at us be at | east one of: a
di gi ? i &%rflggide?e%{noc %P'Waé‘?rn& 115K at leaghgmie|of a helix around the

one ecurity system canera, and
R PR BB fnetix eV wigeasoome ide mkty o least o
exen&lary aspect there is provided apparatus for

Biricagtuatass am the bottonr wiagh, cotriee pagip af aplisallt) GPES Walls
a self cont ai ned punp as descri bed above. 20 Bri ef

thiest legst ape sideavll ecomiprizes the pidRfy difate WAIR, and a piezoelectric

|nvent|on may be fully understood and readily’ put Pnto

apuator b abpesditeeedlls of HRYFuBiAl df R vmfﬁ descri bed by way
of non-limtative exanple only exenplary

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



10

15

20

WO 2008/ 004982 PCT/ S&007/ 000186 4 enbodi nents, the
description being wwth reference to the acconpanyi ng

woORkbasgssmei ve drawi ngs. In the drawi ngs: 5 Fi garsGom®00186

a schematic illustration of the punping principle of
an exenplary enbodinent; Figure 2 is a front
perspective view of another exenplary enbodi nent;
Figure 3 is a front perspectiV% vi ew of anot her
exempl ary enbodi ment ; igure 4 is a front perspective
gRets, ﬂlaﬁdqs@?pt@%mgawh tefrengatorthe accomppying ilBistrative
a front perspective view of yet another exenplary
gerent; Figure 6 is a front perspective view of a
penultlnate exenpl ary enbodi nent; and Figure 7 is a
front perspective view of a final exenplary
enbodi nent. Detailed Description of the Preferred
ErRdiB®es: 15 | n each drawing figure the same
reference nunerals are used for like conponents with a

FINPE ral ..l Rl [y he draw n e rel evant.
%‘%ﬁéé-lm@e@aﬁéﬁ@;%%% D BB cpl e Empliy
re. provi ded a punp 101 mhereby the reservoir
ﬁﬁWﬁlng mechani sm 103, and outlet 104 are al
nte rated 20 into one device. The np 101 can have
g Wf‘fo% 53 PRt pepipgetiviecasw of alpﬁh%rmemagary emkodilenti de
wal I s 105. Punpi ng nechani sm actuators 103 naybe on or
Figuet 3 frca fromt femiphctivfe vidve of tmgthevaikbmpRdy ambodihentyot t om
wal | 107. Operation of the actuators 103 causes

Sigups 4 f55d BontPerspedthiervial oPQFlHRE ek&8pIwd/! dnfbolidtfentl 07 as
shown in Figure 1(b). This

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
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conpression of either or both of the walls 106, 107
wll lead to a volunme reducti on AV WO 2008/ 004982

wOeCHsHERBO 7/ 000186 5 inside the reservoir 102rchsGedy/000186

causing an increase in the pressure AP inside the
reservoir 102. As such, AvV< 0, and AP> 0. This

increase in internal pressure in the reservoir 102
forces fluid in the reservoir to flow through the

Qutlet 104. Accurate control of the conpression wll
1Rside the resqrvpic1(2thereby eisingem inpreassiinhemessurehaP fiside the
integration of all the conponents may lead to a

resgenoin 2. iAs suthe el Weh 0 cdndvii B>t 0.0hisimefeabe inrintestait pessire in the
appl i cations, including drug delivery, optics,

meserwir B2 foges diuidin, the fgervoi tO flowIBBuER EURERS 104. Accurate
devi ces, and so forth. The outlet 104 may be in any

@ostrélfoftecoMbressionl leadlfaﬁanaarégur;%%ué‘ﬁg S)t'f &g%ﬁ I?E'felg

than one outlet 104. |If nore than on

' i R f 106, apd 107. 10. The .
el Bl I RofBbnd ndy I R AR B iR W bo wsefl i
paLt of &h% wal.| S 06 andéei.r 107. They may. be . )

' AL EGRPA IR HEE ] &A1 Y8 Ya AL GSy Mi@e-refsigeratign,seoling of
securely attached to the walls 106 and/or 107. The
Sepirandtctor dyyicemyapd sp forthThe gntlettOd roay beciguAnyente ofitheewalls, 105,
i ncludi ng, but not limted to: circular, annular,

damend Bk Thereahyybamiore thew bamoutlend 04. 96 tdkEthan bhe outlet 104, they
helical, spiral, and so forth. Al though being shown in

Riagbedn diffgeriaially 1081106aind 10he outl et 104 may be at

any suitable location in any one or nore of the walls
105, 106 and/or 107. The actuators 103 are preferably
m cro actuators and the punp 101 nay be mcro or nano

352 B TYen TRt U 1 P BBl 1 RRELHAL 106 ndior
W LI%Q% n{a?f%efih‘c%igx%te%uvtvi%lil t % vglaqles 16% Sérel(ri/\(/nq I1 (r)7,109 %nay 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

vol unme of the punp 101 increases by reduction of or
wehloosimase ng t he conpression on the walls 106 aaadAaro07/000186

107. In this way the outlet 104 may al so be an inlet.

By varying the anmpbunt of conpression to the walls 106

WO 2008/ 004982 PCT/ S&007/000186 6 and/or 107,

di fferent amounts of fluid can be noved. Accurate

fluid can .driven with precise
glgangﬁe@é ?%fﬁer%# a{"ﬁgn‘im?%gld%@ bedapvsd. Agqurate aptpantsenfifiid can be
configuration may be adapted to various

he pu .
g‘ﬂ‘éﬁ‘é’iﬁ?‘&?ﬁ@? cqmprestam el e walls 106apd/ob 10@yf the devige.
suitabl e and practical shape. At |east one of the
walls of the punp is made of a flexible material,
{Ggs being side walls 105 as shown in Figure 1. The
puip tordigurdtionxhdi tee sabled td QBriARSS1ER; '
in order to deflect under the appl fagglcolr?grge@f%%&gﬂhepump

thay be anycsuitableGind pYakiBATRhARE UG 1d9 o d B E W LS 101,
Suitable wal | materials iélﬁégﬁgzéggp% erﬁéﬁ%gg@%ftﬁggump 1s made
10_Def or mati on

oTat R r. exanpl PDME. ) )
o RO rateeh S35 Pl s IR 5.a5 ket it Bt 1. hhe material of

' . The walls 106 nd/ or 107 can be
fg%%g gé lslggys; eegs, gocl?? h@ﬂblﬁ%f? cpfo daflackanden therapalied compression
fIrom a core. External conpression may be established
BRFeLERGE 8ivRliee rsAugtamingile thequemt H1s Stiable Wall materials include
ﬁcﬁuator_s def orm upon i ntroduction of a signal such
agSlastomericyastplials seoh as) foc example, BBM® t age, ul travi ol et
light, pH, or the |like. They nay be of a
phot omechani cal material. Accurate controlling of the
applied voltage, allows for an accurate conpression of

Dicfrmatibe st oo lenebtd om0 F0I i ASEEHR RVIRLIG LA B et 106

The deformation nmechani smof t _ .
a%glsg)lﬁlg?’e%gﬁlgke%géd dsdebribelHBIVRS Ig:usﬂed rllrllat%pn%{lly Foma core.
External compression may be established by using single or multiple actuators 103. The
actuators deform upon introduction of a si gnal 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,
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forth. 20 Besi des external conpression, the walls can
al so be deforned froman internal force. For exanple,

woORoosmgesti c particles are included in the flercobise2007/000186

wal | 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. WO 2008/ 004982

PCT/ SG2007/ 000186 7 Sone exarpl es of possible
PZT-actuated solutions for optical applications are
given in Figures 2 to 6. In Figure 2 there is a
cylindrically-shaped punp 201 having flexible side

WahleexdMples df fofitlle PBT1astudfed sohdordior bpfidhl Bﬂpﬁdﬁﬁons are given in
reservoir 202. Elther or both of the 5 end walls 6,

%%11‘59323’ ‘ﬁ)‘r:?aﬂégi e ﬁ%%ﬂ/ﬂh%&llﬁ@ﬁf%éﬂaﬂzu&ﬁ? %bﬁah&ﬁg ﬂ%&ble side
tr 2 t
@? 2?5 bw en oail 20? (g? v o nrg ?ge%ﬁlglpg%& E‘?hﬁg gt both of the
Sﬂ@“ﬂﬂﬁ? e, g@a@%ﬁ%&%’é‘?ﬁ@lﬁ%ﬁ?&s&% Ry ¢ e hegter surace
wal | 206 and is igned with the central core 208. 10
Dhthccer b s 20000 Hiip thbrcsgehpnab? o hlisr cinsahyors 08 that
any other suitable shape. It has one or nore hol es

pderbbly i§ bfia ckldtively figiéd nedtdriab.ifite osheal dohe2(R edandsdetween and
inside the reservoir 202 is increased or decreased.

kéuld With thPdhdtwals 206 @hd 207, BieousleO2®Sis im thelthp w11 206 ahd e
central core acts as a conduit for the fluid to outl et

208 woul d, 15 during nornal
%}egwg}}ﬁl%%ﬁ lcpgd@v%th the fluid. \Wen the punp is

not in use, the high

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 wll
prevent the fluid fromnoving into the central core

wa@aQeans/ookes2 hol es 209 may be circul ar, square, PCT/SG2007/000186

rectangul ar, or randomy shaped. In this was the punp
201 may be used to control the size and shape of a
bubble of fluid at the outlet  204. 20 The centra

core 208 preferably does not fove during operation of
the punp 201. Mvenent of the central core 208 ni ght
DD ERtAL) Rederehlyeingjostinasion orith pithet or ettedfthe end walls 206, 207
affecting the overall performance of the punp 201.
‘Peingeelatiecly stiffand, opeipoeferably, meflelt he central core
208 relatively rigid during operation: use of a stiff
material (i.e. acrylic, WO 2008/004982

PCT/ S&007/ 000186 8 epoxy netal) preferably in

qaBeRBId fé@eﬁ%fr@O@'lg §§1t1 LE]dotfhe cgff‘tr?ﬁ gré’@(ﬁ sfh%%?de wall 205

207 belng rel ativel stl nore
The f | e, reser 202 1.
Eag? g%é g %%P{t ]%eafyif 2‘ orl;%gatlﬁlglé{ Heﬁ% Je g né\!a?‘fc ge;zgnple poly-
fle and f a, rel tlvelyerX|bIe rraterlal
hygsselo%‘?ﬂe @334\4%1 éﬁ"ep%‘ileywa 708 (R3Y bemadgarith erisive molding or
The side wall 205 may be made with existing nolding or

eiching techniquesi Hreoelastivhaodulus of thersidhiivall 266 antdtssthibkness may be
wal | 205 and its thickness may be varied in order to

vatied infmedgretof Garyrtirecger fifrmbhee @thp pR@dp 20T a‘lfeh;a@pe of theRfmp 201
punp 201 may be cylindrical (as shown), cuboid

sphée colhdricar (a@@hv@wy E&bASE s gl@é}anT R oferiRS he ulrg:(poxl dbsired.
Figure 3, the central core 308 and hol e(s) 309 are as

for the enbodi ment of Figure 2. The actuators 303
formcorner posts for the flexible side walls 305. The
Indfigurel3, tiBo@ntral 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.
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and bottomwall 307 are both relatively rigid. In this
case the four actuators 303 nmay be individually and

woeepmroatasky controllable to give a high degreeraf/sG2007/000186

control over the 15 conpression of the fluid in
reservoir 302. The opening 304 is in the bottom wal
307, and is aligned wwth the central core 308. For
Figure 4, the punp 401 has thé same central core 408
with holes 409. The top wall 406 is relatively rigid,
as are the side walls 405. The bottomwall is
r Iativel¥ flexible 20 and has two cantil ever
£ RHEBr91 26 Bighirh hasdthe hame oentral bere S8 wathdalesSI®. TaY top wall
extend for the full Iength of the bottomwall 407, or

89 isexlatindy rigid, paistthebottdie wallr YU TRE silbw/allhs03 aerv@tilely
407. The two actuators 403 are shown at opposite ends

fiexiblecand Glat @1 o\inkilevaPotuald8 ¥ 03 Rt drhae s oh p})}?(%ﬁ? sides of the

(equired or desired position on ;hedbothgn1maf
o RS, e B Bl PR BT Bh o st cg e
RIS by Bl A RS BB R e e 0 Ptgauators

3@1is %&e bottomwall 507. The side walls 505 are

AP PUUYR on ppRAsite pidesplthe side wals (5akhey wag be atacedhinmy

503 nmpunted thereon on opposite sides of the 5 side

Travired oytssirerjeositom o anyo{HigSsidayalix 5@ Thbmrmaybe i3} dequired or
| ength of each of the side walls 505, or may extend
desirepanmbafofabmatoen®sh of each side wall 507. The two
actuators 503 are shown on opposite sides of the side

wal | 505. They may be placed in any required or

desired position on any of the side walls 505. There

'!'lﬂ%ﬂﬂ%oﬁﬂyoff RS 65s Ale saflRYehfH BB Wi ndfes 685 e top wall

503.
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 punp 601 of Figure 6 has the same central core 608
with holes 609. The top wall 606 is relatively rigid,

weaoispotdse bottomwal | 607. The cylindrical si@eTwakoor/000186

405 is relatively flexible and has a spiral or

hel i cal actuator 603 nounted thereon. The actuat or

603 may extend for the full height of the side wall

605, or may extend for part ofl0t he 15 hei ght of the

side wall 605. The actuator 603 maybe placed at any

rRigHN Fefiigesptionesysteny forpiss ivtifhoi€ emnndnents; heiahkel thul6iget mzdles, and
may be a single or double helix. The pitch of the

tselforth. may be as required or desired. The punp 101 is

i deal for applications where only limted space is
avai | abl e. The punp 20 101 is advant ageous for

driving a liquid lens used in a wi de range of optica
I’Bacgiaﬁge th@REHVaARE bPRS dbdhittUfhid%as Bibe ﬁg%%dsﬂorgrtﬁ%% {h%id)goplet.

higita cameras, canmera-p bnes, endosc Securi
g S L A S R R SR
oA Tl £ e g e e HoAeleBige st My e plapaibhy

al so be used in other areas such as, for exanple, WO

ooz waius 2s Sowstligres 00d §6A flegiblé membrankr7ldds addedon the top

systens for use with I C conponents, variable nulti jet

and bottem ofitie punep 7@irinfordéFao presegahé Hguid Wi dasplet 10 thd fems the

droplet, fluid has to be noved to or fromthe droplet.

Persifini Bowirh s  theRRady 1018 TRE Mehibail719Ms gfefér y thin and

proposed punp 701 o drive a liquid lens 710. Thé punp

Ok nfor EEHT : : . y b

r epIIJ ac él d 1%% a%gugﬁdfr ?a%rng% %H(g)lr‘l@t %@%ﬂﬁ%ﬂlg?ﬁ&g%ﬁ rg?s‘lthztg? gorms as
lexi bl e nbrane 711 s added on. the to and

Shfioin B P BTRHEEA0R o ot olnforiSs & rshledier defled: Tqui o

of droplet 710 that forns the

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 fromflow ng out of the punp 701. The nenbrane
711 is preferably thin and 10 transparent. The

wactisaess are not shown but may be in accor darCE&S6Ra/000186
the forms as shown in any one of Figures 1 to 6, or
ot herw se as required or desired. Another suitable
application for punp 101 (including the punps 201,
301, 401, 501 and 601) is cohtrol I ed drugs rel ease as
the punmp 101 is able to nove accurate anmounts of 15
Whiils theire hastress idsseridied i1 the foregeing leschiptian exmplary ebii®diments, it
For exanple, the punp 101 is suitable for insulin
iwi]l e tunderstahé by those skijledrircthe tdchaole g9 tondesnddi thatieas; ¥agiations in
be injected into the human body every few m nutes.

Reileof dagmYestattcem i@ pbRidn byt hald e dk¥arting from the
and the cartridge needs to be repl aced every few days.

PRReRYARnkBA. Wi || reduce the size of the insulin punmp
significantly, reducing the disconfort of the patient.
Due to the 20 conpact size of the punp 101, the
reservoir 102 may be enlarged to increase the tine

bet ween the changi ng of the cartridges. The punp 101
may be used externally or after inplantation. In

addi tion, the power consunption of the punp 101 is
relatively low, allowing the punp 101 to be powered
by standard dry cell batteries. WO 2008/ 004982

PCT/ SG2007/ 000186 11 Wil st there has been descri bed
in the foregoing description exenplary enbodi nents, it
W Il be understood by those skilled in the technol ogy
concerned that many variations in details of design,
construction and/or operation my be made w t hout
departing fromthe present invention. 5 WO

2008/ 004982 PCT/ SG2007/ 000186 -
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12 The Cainms: 1. A self-contained punp conpri sing:
as an integrated punp, a reservoir, a punping

woraeisanssm and at | east one outl et; whereby tReT/SG2007/000186

punpi ng nechanismis for controlled conpression of

the reservoir to force a 5 required volune of fluid in
the reservoir through the at E ast one outlet. 2. A
sel f-contai ned punp as clainmed®“in claim1 further

cﬁﬂrgpéf sing an inlet, the inlet being the outlet. 3. A
self = &8Mtai ned punp as clainmed in claim1 or claim 2,
wherein the reservoir conprises a plurality of walls,

t he pllur al ¥ §elfpsonginedspurampopsising: ag on antegrptedpuinp, Ateservoir, a
| east one side wall, and a bottomwall; at |east one

of the pl upainping ro¢chaaiking adibatrigast deduitlet lwhekdlyi te p@ffing
at | east one other of the plurality of walls being

rel ativel ynfecleatiissh & foft corfivobiell Comprkad
clainmed in any one of clains 1 tg&%, I\E/]ﬁfeltrhg:llﬁg%nﬁremfomea

punpi ng MeeRARES RIGRIRTREPindte h@&gf‘gir { A §u§%§é%€ iﬁ%gtfornig _%utlet.

actuator on 15 at |east one wa

A sel - coniai.pe as clained. in any aone of clains

 to & fur Preel el PRRR RS F S 1A A b6R COBPERIng an inlet,

each outlet of the at |east one outlet. 6. A

sel f - cont alfidYetRfigs he oflel ned in claim 5, wherein the

flexible menbrane is thin and transparent. 20 7. A

sel f -tont afieldcputgined pumipas whdmedimesiyinoher cihint Rawhereih the

to 6 further conprising a central core wthin the

reservoi r, resdreointohpass agheakitytofedalls, the plurality of walls comprising
a top wall, at least one side wall, and a 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 5, wherein the flexible

membrane is thin and transparent.
7. A self-contained pump as claimed in any one of claims 1 to 6 further

comprising a central core within the reservoir, the at least one outlet

being aligned with the central core.
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being aligned with the central core. WO 2008/ 004982
PCT/ S&007/ 000186 13 8. A self-contained punp as

wolaisrmebsen claim 7, wherein the central core POASGad07/000186

| east one hol e therethrough for fluidic conmunication
between the reservoir and the at |east one outlet. 9.

A sel f-contai ned punp as cl ai msd inclaim7 or claim8

when dependent 5 on claim 3, 13herein the central core

ext ends between and seals with the top wall and the

bot t ofa wal A; setfieontadmadrmaimpeasralaimed dgcleih dt Wherein the gerdral core
10. A self-contained punp as clained in claim10,

wher ei n t hkasadt I¢asbeie nhethemienugigfor fluidic osrammhicatibrebetween the
top wall and the bottomwall; the at |east one

openi ng bejdigrvairiado e aMdalt ddeeygentral core. 10 11. A
sel f-contained punp as clainmed in any one of clains 7

to 109 wh eAgdgfn}‘t cg%%chfﬁWs c?aﬁnfn%d i® 81@ i) 9'0'r%1’¥11‘ﬁ3§ \kfﬁ@xe(iependent

12. A'self In any
| 1to t
f hzl :rgser vER Flaf @%85@8%’%6 8‘3%5{’:1]?30%%4%3 B?Otgjér essddseals with the

vol une of fluid into the reservoir through the_ a

| east one BRWatandithe batiom weall; thecsptral; G9eg) %ﬁ&fﬁlf’ék"f’ly rigid.
claimed in claim4, wherein the at |east one

pi ezodd.ect A sclfmnmecdrpumrdla’mdm clamad 0, whereivgheattleast one
fromthe group consisting of. a helix around the at

| east one spetingidlih oneoftl dheltbp whtlland thebatond wiallgthatat least one
| east one side wal |, at |least two piezoelectric

actuators @Se@g&ﬁ@@li%ﬂﬂ the et EoROSt s of a
plurality o SI de wal I's where the at
11. A self-contained pump as claimed in any one of claims 7 to 10, wherein
the central core is a hollow cylinder.
12. A self-contained pump as claimed in any one of claims 1 to 11, _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.
13. 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, 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.
14. 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

13.



20 | east one side wall conprises the plurality of side

walls, and a piezoelectric actuator on opposite walls
wohodsive4gsb ural ity of side walls. 14. A fluidi ectsgs007/000186

apparatus for an optical apparatus, the fluidic |ens

conprising the self-contained punp as clained in any

one of clains 1 to 13. WO 209§/004982

PCT/SGZOO7/000186 14 15. Aflruidic lens as clained in

one. sdPect enEPRiIeEnE JRetsd 2 6RER A, Whorom teomiiey apparats s a

canmera, a digital camera in a nobile tel ephone,
endoscope, leastenq selectddramihegreumconsisting oftai digital camera, a digital
storage device. 5 16. Apparatus for controlled rel ease

of drugs, tchmemppamathik telephnnesemlgs@pesﬁbﬁnwﬁtamr@ﬁwra and
punp as clainmed in any one of clains 1 to .

optical storage device.

16.  Apparatus for controlled release of drugs, the apparatus comprising a

self-contained pump as claimed in any one of claims 1 to 13.



