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



circunferentially or longitudinally and

circunferentially. The plurality of electro-active
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in phase for increasing flud flow, out of phase for

increasing fluid flow, in phase for decreasing fluid

flow, and out of phase for increasing fluid flow. The
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il awings. In the drawings: Figure 1 is a
Iongﬁ?%cg'géﬁu\{ ﬂo\?{ rew of a first enbodinent; Figure 2 is a

| ongi tudi nal vertical cross-sectional view of a second

enbodi ment ; Fi gure 3 is a longitudinal vertical

cro ctlo of a third enbodi nment; Figure 4
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F| gure 5 is a schematic illustration of one form of
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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
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a first enmbodi ment of an el¥ctro-active, val vel ess

punp 10 with an el ectro-active actuator 20. The punp

10 is fitted to a conduit 12. In this case it is
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Covgliice@ opening 18 is the electro-active actuator 20.
The el ectro-active actuator 20 has a nmenbrane 22 and
an actuator 24. The actuator 24 is a piezoelectric or
el eide walk 16 resian epeningets Aovering operna Bide therslecepRHve Actgator
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24 e?cl’ca ator 34 is e(zj plezoelea’tnc 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 fluid
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
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suitable ferroelectric material. It may be nmade by
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or sputtering. The actuator4 24 nmay be the nenbrane 22

if the nenbrane 22 is of a polyneric ferroelectric

material. The nmenbrane 22 may be of an elastic
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opening 218 is preferably the same size and shape as
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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 multipie 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



The second el ectro-active actuator 220 is preferably
the sane as the first el ectroactive actuator 20.
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size and shape to the firstsactuator 20, and need not
be opposite the first actuator 20. In this way by
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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 6, 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
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used dependi ng on the specific circunmstances of the
case. The punp 10 nay be able to be nade rel ative

small so it may. be used for bionedical application,
drug delivery (e.g. insulin punp), punps inplanted in

t hehuman or ani mal body for drug delivery and/ or body
fluid renoval, a punp for cooling fluids for

m croprocessors and/or printed circuit boards, and so
forth. As the actuator 20 is a piezoelectric or

el ectrostrictive, the power consunption is
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val vel ess punp as clained in claim1l, wherein the

el ectro-active actuator conprises an el ectro-active
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7. An el ect ro-active, valveless punp as clained in

' n t her r
cl aé.m 1 ‘]eecﬁo actheeva?ve?esse pump as claimed in claim 4, wherein the

membrane is of a polymeric ferroelectric material.

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

electro-active actuator further comprise an actuator.

7. An electro-active, valveless pump as claimed in claim 1, 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.

8. An electro-active, valveless pump as claimed in claim 7, wherein the
plurality of electro-active actuators are operated in a manner selected from the

~group consisting of: in phase for increasing fluid flow, out of phase for increasing
fluid flow, in phase for decreasing fluid flow, and out of phase for increasing fluid
flow.



a plurality of openings each with an el ectro-active
actuator, the plurality of openings being arranged in
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f | U1|0d f UQWe%ctro Adive) %ﬁefe@s @951 Ve, cléﬁﬁhleuq}\ EPatm P Mhefbhn the
ative | ocat'ions of

t he n&ﬁtr' ?Wrcmg‘f'd"éf)'éa@{]?qg‘ aa‘ri}lapr\'fzb d@t uators and their

relative phase of operation is used to control whether
there i SArﬁ@Iebt%é&%eva@%Iereﬁﬁr@gﬁ%@ deinéd # Eaifd o wﬁleQem it

el ect ctiv val vel ess

B A LS A AN KU
chahawlel bodypanriet selegtedirat thearauptdovssting af: \betiges sarilengy, as)
cl aiygmg i n claim10, wherein the electro-active
actuator is nounted to the channel body relative to
the microfluidic channel in a nmanner selected fromthe
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12. ele%ﬂo-%[:tﬁ@tafﬂa@f;Edn’{;ﬁlsesv@ﬂa\i’r%lf E5psiRHFdsondal eficifls! N
claim1, wherein the electro-active actuator conprises
a pair of oppositel y-positioned el ectrodes. 13. An
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flo hafﬁ'”g 2¥-of | ui di ¢ channel incorporating an

el ectro-active, valveless punp as clained in claiml.

14. A microfluidic channel incorporating an electro-active, valveless pump as
claimed in claim 1.



