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WO 2007/043976 PCT/SG2006/000275 1 Electro-active Valveless pump
Field of the Invention This invention relates to an electro-active valveless
ump and relates preferably, though not exclusively, as such a pump or
ﬁ’s@(%/f’ﬁ?f)?ﬁ with micro-channels Background of the InventiorPals6imes/000275
generation of unidirectional flow was first experimentally proven by
Gerhart Liebau in 1954 ("Uber ein ventilloses pumpprinzip",
Naturwissenschaften, 41E§27t;1954 . The effect is called the Liebau effect.
However, such pumps aré Genarally bYREIesR oMkPperform in a limited
range of frequencies,. are generally electromagnetically driven, and tend
to hakdaohigh poweiceonsumption. For microfluidic flow systems,
electroosmatic flow is often used. But it gives a very low flow rate.
Surquar. of %he In!\/§ntiton In accordance with a first preferred aspect there
is provided-an BILEEE attive S VAINEBLE pidpIFsEVIHE R BUrFRIRS dieleiBely.
with2RUehep e éremibes swelll 2 PHEYR oisiat ledsr oneitbpeninghantiers at
least one chamber wall. An electro-active actuator is located over each of
the openings for inducing fluid flow. The electro-active actuator may be an
elecéré)-lgct(i)\ﬁe glefr{ke t, Th? electro-active element may be either a
piezoe(fegfrlcnmé’terlgl Or A Yectrostrictive material. The electro-active
actuator may be bimorph, unimorph, or monomorph. The electro- active
activateslenayoateodiavert iMemRiBAS. e MEMREANSIBANRRI Broven by
polymsnis fesmelecuismaisral: T he flSCHORAIYS: A% H%Q&%%JH&‘E%&W
comprise, a0 Fu oréﬁTQteirSe ma %e at,plura.tllt o? O’E nings each With-an
elecird-active actuator, the prarafity of (5%?5%@5?%@ §Pangech ipqiRes are
chaABErRARYEHGRRILATIP S BFEUm e HENIRA IPBE Sorfgstimaltp cand generally
circefeterarinkyicaljOIR097/0489IFE PC Ho6 20 0G0 28D consumption.  For

microfiuidic flow systems, electroosmatic flow is often used. But it gives a very low
flow rate.

Summary of the Invention

In accordance with a first preferred aspect there is provided an electro-active,
valveless pump having a pumping chamber with at least one chamber wall. There
is at least one opening in the at least one chamber wall. An electro-active actuator
is located over each of the openings for inducing fluid flow.

The electro—active’ actuator may be an electro-active element. The electro-active
element may be either a piezoelectric material or an electrostrictive material. The
electro-active actuator may be bimorph, unimorph, or monomorph. The electro-
active activator may also have a membrane. The membrane may be of a polymeric

ferroelectric material. The electro-active actuator may further comprise an actuator.,

There may be a piurality of openings each with an electro-active "actuator, the
plurality of openings being arranged in the chamber wall longitudinally,
circumferentially or longitudinally and circumferentially.



2 The plurality of electro-active actuators may be operated in a manner

selected from: in phase for increasing fluid flow, out of phase for

increasing fluid flow, in phase for decreasing fluid flow, and out of phase
WBraeftYeasitiy fluid flow. The relative locations of the electro-aatve/sG2006/000275

actuators and their relative phase of @peration may be used to control

whether there is an increase or decrease in fluid flow. The conduit may

be a migrofluidic channel in a chapnel body. The electro-active actuator
may gﬂgmggﬁr%?é% Q[ﬂ? 6 ¢ "%ﬁ\ﬁ%ﬁggﬁfp@gfﬁ)’e 18 HRETRITCr It A dREerRintRk e

a maliRBr &F BBREIGY, Heermineviid dlosh eitcitephareleldutreasiotiviaid flow, in
actustorindy’ Hiprecaspairfiotiojppositelyepositipnat elealiaeasg TR flow. The
electredesamay-hentn amtiel&s;@@@magetﬁm@%srqﬂag ﬁed{a%!@ g‘?t%%t of
for effscting.fluid flow. Brief ription of the Drawings In order that the
pres% fﬁ%ventiogr% maysf)ﬁ@e?uﬁgﬁ%ﬁd@gtogd{%ﬁ% 'rse%r(‘jm?%af‘?rﬁbd%?’&éﬁem fluid
effect, there shall now be described by way of non-limitative example only

preferred embodiments of the present invention, the description being with
referé”hee:mdhmrazgm@kanwmgﬁﬂiw@%@idﬁaélvéﬂgr%énb%.dzﬁ"i’z‘é’iggé&waoﬁve
Figurgsiidsoadenagitudi ' ' iment: Figure 2 js. _
Iongig,ug‘i% e\???ticgl. &%@s‘é—é’s%%%fn&a%%vﬁ%fg g%e’;rﬂ.%c'g)%t é%t%'ﬁﬁ%ﬁ%gﬁ ﬁE@TFé n
3is a longitudinal Verical erose Sedtidh&XHew of a third embodiment;
Figure 4 is a transverse cross-section of a fourth embodiment; Figure 5 is

a schénatieciusttatiopcbibnerfar ot elepifode GPBBMOR e IS RAs.

illustretionlefibves wifferent formesnS apmiicrAtiam o5 e Uk
embeginenfygndifigure 7 is a Iongitudingﬁ/ertical (}:aronss%ég&ct?o'ﬁé yvcleéf\?vc%p

a second embodiment. Detailed Description of the Preferred
Embodiments

Brief Description of the Drawings

in order that the present 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 longitudinal view of a first embodiment;

Figure 2 is a longitudinal vertical cross-sectional view of a second embodiment:
Figure 3 is a longitudinal vertical cross-sectional view of a third embodiment;
Figure 4 is a transverse cross-section of a fourth embodiment;

Figure 5 is a schematic illustration of one form of electrode connection:

Figure 6 is an illustration of three different forms of application of the fourth
embodiment; and

Figure 7 is a longitudinal vertical cross-sectional view of a second embodiment.

Detailed Description of the Preferred Embodiments



WO 2007/043976 PCT/SC2006/000275 3 Figure 1 shows a first
embodiment of an electro-active, valveless pump 10 with an
electro-active actuator 20. The pump 10 is fitted to a conduit 12, In this

W 280it/43itted in-line, although this is not a requirement. The lpieb&:2006/000275
effect requires a mismatch in impedatce in the conduit 12 so the pump
10 can induce movement of fluid in conduit 12 due to the impedance
diffefg.[egce 1ar}11d the rgstueIBti avet ipteralction ast, the waves are reflected
and may Be SUBTEEHTo MIEHArEHES FSHT SR wWaVEL B} Rt d0 with an
genePtEYasl Fetalr alefiitoF§e PHERI i e fitaR impeermie! At théhpusags it is
chafiiberiray reguitufortnionie oomonegfraifferemheiametersitdiffesqnites a
f;atﬁﬁiﬁl@x@xiﬁfﬁi'?ﬁﬁ@daﬁ@éﬂlﬁkﬁ@ a&%@gdﬁ?fmﬂé %Hﬁﬁ%?ﬁfcﬁrtlm %ﬁé%@e??nt of
ur r should be off-centre relative e complete

Iengﬁg{;?@ogﬁaégtg 1%2%%8&%?/%@?%38 ﬁ"ﬁesrﬁh% qﬁeirﬁrﬁ% gﬁcree%ﬁgygb\é'ave

credtsdYthasalibA¥BY Lo BRiFICHrt B0 Rt s Wirth 4P titefRrseaaies
misatekeisvaTEN P THEvVsa o 2GisiNY plampci@iomss dpudifpehamiverctidnce
withaatsidewaltikBnandhan iedet andran:awietd. diteshamberid isata
crossepgeionataleriaiape dnaldnaydr e same. s batoheoniiilag,e!

diffet[%nt to th% o{] cqg%uit %2 SO, flort‘maxmlzm low It is .
preferaBly for pump chamber 14 fo RAVE d0APg S dIRs ads AR cemytl: 12
12. Mo ieim&te M PRt HERABEICE ARy e srariat thiatnsf adirrieit2 eing
fluidefiacwifldzetresduibeth SideavatickGnizas:ah iepethinghd duipwering
opening 18 is the electro-active actuator 20. The electro-active actuator

20 rane d r.24. The actuator 24 is
e e B e Al R e & end an

bimSHIR! UnihdABABIMbhEMbdiC s AR e stiaRtdh P4 Ruperkerane
of a2felid!Afconaé fitanadernT ihatefiabndriang. ofier, aitadsbémizing fluid
ferroelectriereratasiatorlbunay denmade: by RirciRRRDI@HM leP@SitioBhduit 12.
taqu%?é'a%&@ ?ﬁ%ﬁmf}g ck%rr%@mt@%qgss-rthgn%gﬁ @F%’E}%me?d ti}ib%v will be

merpebJL%%% 22 if the membrane 22 is of a polymeric ferroelectric material,

Side wall 16 has an opening 18. Covering opening 18 is the electro-active actuator
20. The electro-active actuator 20 has a membrane 22 and an actuator 24. The
actuator 24 is a piezoelectric or electrostrictive material and can take the form of a
bimorph, unimorph or monomorph actuator. The actuator 24 may be made of a
lead zirconate titanate (“PZT") material, or any other suitable ferroelectric material,
it may be made by electrophoretic deposition, tape-casting, gel-casting, or
sputtering. The actuator 24 may be the membrane 22 if the membrane 22 is of a
polymeric ferroelectric material.

The membrane 22 may be of an elastic material such as, for example, silicon
rubber, and is securely attached to side wall 16 surrounding opening 18.

The actuator 24 has a pair of oppositely-positioned electrodes 26 that may be in
single or multiple configurations for the generation of a relay effect to enhance fiuid
flow. The frequency of operation is preferably in the range of tenths of KHz with the
frequency chosen, and the amplitude, impacting on the flow rate. As the amplitude

of the movement of the membrane is proportional to the voltage applied to the



The membrane 22 may be of an elastic material such as, for example,
silicon rubber, and is securely attached to side wall 16 surrounding
opening 18. The actuator 24 has a pair of oppositely-positioned electrodes
W 2HEtH#Fobe in single or multiple configurations for the genesatiam:of@ 000275
relay effect to enhance fluid flow. Thetfrequency of operation is preferably
in the range of tenths of KHz with the frequency chosen, and the
amplitude, impacting on the flow rate. As the amplitude of the movement

of tf?é:tH?&h%‘Péﬁ% e preparivAan ks e eleady applieinecithedd@ applied to
20071048976 PC HIBER2006/N00276 tik atiuaioss24, theofluid lowate came

he contsalled hycentelingthenaitageRpRISAR 5@%@%%9%%%&28%

in f=igure b, jf the electrodes26 are on the same side of the actuator 2

will have the form shown. If not, they will be on the top and bottom of
actuator 24. Also, the frequency of operation of actuator 24 determines
diretthy the fietiisency’ obardve viantofinétminanei?a dnethussthequency of

pumpingfragureneyibthe dﬁn&mma%mﬁw@a@a@&mym&%@%&%nd
andr%)@ﬁé%fl&%'@Jé%@%%@%&@i@% gg\é\l ?&i Pao\tNhg op%ona?ﬂow

pump, 10 may be from any suitable power source 2

example, a battery, and power is supplied to terminals 26 by cables or
wires 30. Figure 2 shows a second embodiment where the chamber wall
16 Hever Sectchiopenthgi@l Bewitha secandmiestie-activieagtiuater 320or

arrangesieirsunniereniiaiyf e fratoreRing2Q-25Ne sasong QRening

218 is preferably the same size and shape as the first opening 18, and is
morFel refer Xﬁ gposne the first opening 18. The second electro-active

actu EREBI fEcogime i dirEerihg eNartrs: etivis deruatercpnd
H OW@@@‘I‘:‘Q@@Q’@&W} seapndateriRaciiveyebigatd L ifferenicsi zecanidrehiane of

to thiesfiistt aptueterz20, and neednesdmgrnesieteadis) artuatas 20600y
this yvayels %@f@pegemegt\f\ép %Q@FRB%%%%%‘B%B%&?% tﬁ]o?x rollin :F\%e

diameter of amplitu
app?lillgéi %80?16 a?:r:-ltr c;lhve agt ?g%%% preferablgx) the same as the fll’S eiec’tro-

active actuator 20. However the second actuator 220 may be of a different size
and shape to the first actuator 20, and need not be opposite the first actuator 20.

In this way by operating the two actuators 20, 220 in phase, controlling the diameter
of chamber 14, the frequency and amplitude of the voltage applied {o the actuators
20, 220, a synergistic effect will be created with an increase in fiuid flow rate.

Figure 3 shows a third embodiment where the chamber wall 16 has a second
opening 318 that is separated longitudinally from the first opening 18. The second
opening 318 has a second actuator 320. The second opening 318 is preferably the
same size and shape as first opening 18; and the second electro-active actuator
320 is preferably the same as the first electro-active actuator 20. However, the
second actuator 320 may be of a different size and shape to the first actuator 20.

The spacing of the second opening 318 from the first opening 18 may be a full
wavelength, or a whole-number multiple of a full wavelength, or may be part of a
wavelength, or a multiple thereof. If the second actuator 320 is at the same side of
chamber 14, and, in the first case, the second actuator 320 will be in phase with the

first actuator 20; but in the second case the second actuator 320 will need to be



20, 220, a synergistic effect will be created with an increase in fluid flow

rate. Figure 3 shows a third embodiment where the chamber wall 16 has a

second opening 318 that is separated longitudinally from the first opening
WB2qé@+s8¥Eond opening 318 has a second actuator 320. The $eqe§tchoos/ 000275

opening 318 is preferably the same sfze and shape as first opening 18;

and the second electro-active actuator 320 is preferably the same as the

first elect ‘(())n%gt! duaﬁggezoltrlj wever, t{uetsecond actuator 320 ma

of & different size and & RS f|'rr§’ aekiAoe THE Gp &L St 8Ct5

seca?f&&"i‘ib@?ﬁﬁ@ ’@‘I%%W’Eh@ﬁrrﬁ“?ﬂjé?ﬁﬁ@ 189RaE o atfell wavelength,

or a whole-number multiple of a full wavelength, or may be part of a
wavelength, sicannubipiethereafnb thersecand %ﬁ%&%@%@éﬁ A e two
Sanb%tﬁé‘?&soﬁoc'é%“g’r%x%ﬁh%@dmé”n the f'gF‘bbe & osr%ﬁgrﬁ‘%lﬁﬁ%?tg rln%w
will be in p ase with the first actuator 20: but in t (he secondca

sectif ACTABT L8 Wil HdE 6 e YRS Sberonddsse 7 where the ‘niet 781s
PCRISG 200608028 optejsoitiersabrduenf phiasetwittyahedfirst actuator
20 so that the pumping effects accumulate to increase third flow rather

thamgungaﬂt@ee@-%wﬂ;@h(ﬁymgmevé%senmﬁcg%@t%a?oo '&.V%OL&U&Q% and

same surjgnm; %réa béarbe 5 Cohgl r’ga 0 cfttglatorsb 0 are in phase' t

flow Will be ?educed or&venceimmnaied etR %%1@5'? %E’Sgﬁﬁ%%dﬁa%h
the %%?ﬁﬁ%éﬂ%ﬁ%%ﬁ/ﬁ ‘?ﬁ'@éﬁﬁ%‘?ﬁ RIRY B TAIC 7R weltHe. ddwtrelative
andithatiowtlefstf9 areadityeaichiend-atthe shamber d4. NaturaHivdhergse of

May, B MY entyast e ORERINGS and RIeGERs A NG ACILARrSiaRds tE fiuid

arrgngement may be a combination of the embodiment of Figures 2 and 3
with openings and actuators being located along and around pump wall
16. The relative locations of the plurality of electro-active actuators and
theiF ilgtiv s pshissbeotitepioratioriatiay tadisetlts eontrofiwtiettenteese is

an inessaseonderrease Jﬁafdm'td kﬂﬂw ﬁgwﬁék&ﬁg\pl%fﬂaarﬁiw%ﬁi%ﬂdﬂ%r%r

r examp
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not l|m|ted to, soft hthography or spin coating.
In this case the movement of actuator 420 induces wave interaction in the channel
body 32 with resultant flow in channel 34 as the waves are reflected, and may be

subject to interference from reflected waves or waves generated by relay actuators.

Figure 6 shows three different ways of mounting the actuator 420 relative to body

32
(a) bridge;
(b) cantilever; or
(c) exciter,

For the embodiment of Figures 4 and 8, the membrane 22 may have a thickness in
the -range 50 to 400 micros. However, any suitable thickness may be used
depending on the specific circumstances of the case.

The pump 10 may be able to be made relative small so it may. be used for

biomedical application, drug delivery (e.g. insulin pump), pumps implanted in the



elastic material. It may be made by standard production techniques
including, but not limited to, soft lithography or spin coating, In this case
the movement of actuator 420 induces wave interaction in the channel

WEbERH B243Th resultant flow in channel 34 as the waves are refleetedcanss/oo027s

may be subject to interference from réflected waves or waves generated
by relay actuators. Figure 6 shows three different ways of mounting the
actugipr 420, relative foady (3¢; @) bridae., (b) cantilever, or (c) exciter,
For tQOeOgmpr ent Of(ﬁl ureg@g a%}(]j\/%rythgdr/éer%g i g m%\éhgvguﬁ‘p for
gy 5%%%’5’?83386 ﬁ“‘éf?fé”l%%@\/@f‘tBﬁﬁf%ﬁmﬁ%@ﬁﬁr@kness

thickness:in
may be used dependlng on the specific circumstances of the case. The

pumpsldenaybeablieitehsemaderielativesroaliadt MAYHRUSERIRbtion is
blomaglﬂﬁlsaﬁnhg%wbéiwg Reliyeny (8.9 gy B?n%iﬁ"?é P%@B%é@?'?ﬂts%qn

in the W\ EV%QQ(Q&JO% 3 Z&lS%CQSGZP 06/000 uman or anima

for drug delivery and/or body fIGid reHio 3?‘355% SR 299 Strig uids for
microprocessors arid/or printed circuit boards, and so forth. As the
actud(bii20 fxeeepibaoeleetricdsseleetrostridtive ftheypoyver-consiompenitad

low thruscgiviagrasigrivastesynifevasdhisnal %@GH&H’(@&J&%&H%&@ SUHAPIE e

for ugeiiRoseNSHive. loga for exam pitals, aircraft, and
so forth, W Sflst there hagl %%%ﬁkg%@%ﬁorg|ﬂrtWe%(§33?%qﬁg dg clalls Fit iisian or

prefé;f)rré&ruc o SOPNZhILSE I Bredenars ﬁ@é‘iﬂ?ﬁ)ﬁ‘qw@ﬁ?b@ﬂ\j%@mcod by
those skilled in the technology concerned that many variations or
modifications in details of design or construction may be made without
departing from the present invention. LLOYD WISE 7
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THE CLAIMS 1. An electro-active, valveless pump configured to be filled

to a conduit, there being an impedance mismatch in the conduit, the

pump comprising: 5 (a) a pumping chamber comprising at least one LLOYD WISE
chamber wall; (b) an inlet to the pumping chamber; (c) an outlet from the™ E
pumping chamber; (d) at least one openiryg in the at least one chamber
wall; (e) an electro-active actuator over the at least one opening; 10 (f)
thEHEdekbliSive actuator comprising an electro-active element; (g) the
electro-active actuator being to generate flow in the conduit, the flow
being unidirectional due to the impedance mismatch and wave interaction

in'the fluid\"8'9° KA o AKE RS S\ BIR SEPIgMB hlochentled R igisprdult, there
wherein theietpatron petimece |eriserdtth selaetedridain themraproopsisiigg

of: piezoelegtic wateia) anthelectigsticive aterah . AR alecgrective

&
vaIveIessdglemp as claimed in claim 1 or claim 2, wherein the
electro-adtNe 18R IBE R¥6ANELIBRIBREffom the group consisting of:
bimorph, wimerpbuasadraraniessuphiry daelestro-active, valveless pump
as claimeg,in any, one of claims 1 to 3, wherein the electro-actjve actuator
further COETj‘I ris%sl%éﬁgrrﬁeb?gﬁg{n%%% 9 te%%#rg-%%ﬁ\%/%?\%aelvglae'és pump as
claimed in@lairAeRFErEfiNeeacHiiTh s Toeortdgssheneripesingslectric

material. @) An @ieelERtactiveve/abtalRss dIHPRASCINRIBEHH 30V 8 RGAfent:

claims I tg 5, 30 wherein there are a plyrality of openings each yith an,
electro-adfie acfutef s ma%ﬁ%ﬂ&%é%éﬁ&gg&%ﬁ{gtgﬁlgwdg&Wﬁ gRadutt, the flow
chamber wall ilpeinaannisireziecadd drem tthetigeoupeetmisingra$match and  wave
longitudinally, ¢heiRafrreMigysrpg longitudinally and circumferentially.

2. An electro-active, valveless pump as claimed in claim 1, wherein the electro-
active element is selected from the group consisting of: piezoelectric material

and electrostrictive material.

3. An electro-active, valveless pump as claimed in claim 1 or claim 2, wherein
the electro-active element is of a form selected from the group consisting of;

bimorph, unimorph, and monomorph.

4, An electro-active, valveless pump as claimed in any one of claims 1 to 3,

wherein the electro-active actuator further comprises a membrane.

5. An electro-active, valveless pump as claimed in claim 4, wherein the

membrane is of a polymeric ferroelectric material.

6. An electro-active, valveless pump as claimed in any one of claims 1 to 5,
wherein there are a plurality of openings each with an electro-active actuator,
the plurality of openings being arranged in the chamber wall in a manner
selected from the group consisting of: longitudinally, circumferentially and

longitudinally and circumferentially.
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LLOYD WISE 8 7. An electro-active, valveless pump as claimed in claim
6, wherein the plurality of electro-active actuators are operated in a
manner selected from the group consisting of: in phase for increasing LLOYD WISE
fluid flow, out of phase for increasing fluid flow, in phase for decreasing

fluid flow, and out of phase for increasingg5 fluid flow. 8. An electro-active,
valveless pump as claimed in claim 6, wherein the relative locations of

the pluraliyh cfl edeotamthctjwamelastossrapcishedineddtiveciase, ofherein the plurality

operaﬂon&; é&é@f?&%&%@&w&%}@% 8@%&@&‘%%@?&%& ?%@83%% the group

fluid 10 flow. 9. An electro-active, valveless pump as claimed in any one
of claims SRS BHRGHRIeh BhERILIPRERTE M dlenaHhef iRheehdeiiscreasing

body. 15 10idAoelcetishaster vebre@sagoiump faswclaiaaslitnoelpiasg, for increasing
wherein tl})ﬁ]glﬁ&yo active actuator is mounted to the channel body

relative to the microfluidic channel in a manner selected from the group
consisting of: bridge, cantilever, and exciter. 20 11. An electro-active,

v@velessM@@@ﬁ)@aﬁm@d/mv@me@w@focéaimﬂqéa Mo ciamheseHBRIN the relative

electro-active actua com al of oppositely-positio
electrodeqs @ °Rh ¢ e%[&?rB Lé ﬁ:%ﬁﬁcggé?é %%'I fﬂafie phase of
wherein tt@@e%!@m@tmtareqmtralmmmw tomfigisrationdaragermrdtngase in fluid
relay effegi;{pr enhancing fluid flow. 13. A microfluidic channel
incorporating an electro-active, valveless pump as claimed in any one of
claims 1to 12. 30

9. An electro-active, valveless pump as claimed in any one of claims 1 to 8,

wherein the conduit is a microfluidic channel in a channel body.

10. An electro-active, valveless pump as claimed in claim 9, wherein the electro-
active actuator is mounted to the channel body relative to the microfluidic
channel in a manner selected from the group consisting of: bridge, cantilever,

and exciter.

11. An electro-active, valveless pump as claimed in any one of claims 1 to 10,
wherein the electro-active actuator comprises a pair of oppositely-positioned

electrodes.

12. An electro-active, valveless pump as claimed in claim 11, wherein the
electrodes are in a multiple configuration for generating a relay effect for

enhancing fluid flow.

13. A microfluidic channel incorporating an electro-active, valveless pump as

claimed in any one of claims 1 to 12.



