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Description

Technical Field

[0001] Embodiments generally relate to micropumps.

Background

[0002] A micropump is typically the main component
of a delivery system that provides the actuation mecha-
nism to deliver specific volumes of target pumping me-
dium (liquids or therapeutic agents/drugs or gases) from
a reservoir. Most mechanical micropumps include a di-
aphragm membrane, a chamber, an actuator, micro-
channels, microvalves, an inlet, an outlet, etc.. On the
other hand, non-mechanical micropumps (e.g. electro-
hydrodynamic or electrowetting) typically have con-
straints preventing their utilization in broad use-cases
(e.g. restrictions on media conductivity).
[0003] Conventionally, for the operation of the compact
mechanical micropump, there is a number of different
actuation mechanisms, such as piezoelectrically actuat-
ed diaphragms, thermopneumatically activated dia-
phragms, or electrostatically actuated diaphragms. Pie-
zoelectrically actuated diaphragms (E. Minazara, D. Va-
sic, F. Costa, G. Poulin, Piezoelectric diaphragm for vi-
bration energy harvesting, Ultrasonics, in: Proceedings
of Ultrasonics International (UI’05) and World Congress
on Ultrasonics (WCU), vol. 44, Suppl. 1, (2006),
pp.699-703; J. Kan, K. Tang, G. Liu, G. Zhu, C. Shao,
Development of serial-connection piezoelectric pumps,
Sens. Actuators A 144 (2) (2008), 321-327) produce high
actuation forces and fast mechanical responses, but also
require high input voltages. Thermopneumatically acti-
vated diaphragms (F.C.M. van de Pol, H.T.G. van Lintel,
M. Elwenspoek, J.H.J. Fluitam, A thermopeumatic mi-
cropump based on micro-engineering techniques, Sens.
Actuators A 21-23, (1990), 198-202; D.H. Jun, W.Y. Sim,
S.S. Yang, A novel constant delivery thermopneumatic
micropump using surface tensions, Sens. Actuators A
139 (1-2) (2007) 210-215) require low input voltages and
may be very compact, but show long thermal time con-
stants. Electrostatically actuated diaphragms (R.
Zengerle, J. Ulrich, S. Kluge, M. Richter, A. Richter, Bi-
directional silicon micropump, Sens. Actuators A 50
(1995) 81-86; N.-C. Tsai, C.-Y. Sue, Review of MEMS-
based drug delivery and dosing systems, Sens. Actua-
tors A: Phys. 134 (2) (2007) 555-564) have fast response
times and low power consumption, but again require high
input voltages. These micropumps are generally for
pumping liquid medium. Further, micropumps do not ap-
pear to have been investigated for creating forced air flow
in consumer electronics such as smart phones or porta-
ble particle sensors.
[0004] Accordingly, example embodiments seek to
provide a micropump that addresses at least some of the
issues identified above.
In this regard, US 6390791 B1 discloses a micropump,

comprising a substrate and a membrane attached to the
substrate, wherein the membrane is deformable away
from the substrate to increase a volume enclosed by the
substrate and the membrane, and wherein a portion of
the membrane is configured to be an inlet for entry into
the volume. Further, US 5 759 014 also covers a micro-
pump, comprising a substrate and a membrane attached
to the substrate, wherein the membrane is deformable
away from the substrate to increase a volume enclosed
by the substrate and the membrane, and wherein a por-
tion of the membrane is configured to be an inlet for entry
into the volume. Further, WO 2006 036888 A2 refers to
solid polymer electrolyte composite membranes and
shows a membrane comprising an ionic polymer-metal
composite. CN 204951206 U and CN 103424283 dis-
closes the combination of a portable electronic device
comprising a micropump.

Summary

[0005] According to the present invention, a microp-
ump as claimed in claim 1 is provided.

Brief description of the drawings

[0006] In the drawings, like reference characters gen-
erally refer to the same parts throughout the different
views. The drawings are not necessarily to scale, em-
phasis instead generally being placed upon illustrating
the principles of the invention. In the following descrip-
tion, various embodiments are described with reference
to the following drawings, in which:

FIGs. 1A to 1C show schematic diagrams of various
embodiments of a micropump;
FIGs. 2A to 2C show various embodiments of a mem-
brane with conducting metal electrodes;
FIG. 3 shows a bending deformation of an IPMC
membrane under applied voltage;
FIGs. 4A to 4C show a micropump using an IPMC
membrane in pulse pumping mode according to var-
ious embodiments;
FIGs. 5A to 5C show a micropump using an IPMC
membrane in continuous pumping mode according
to various embodiments;
FIG. 6A shows a top view and a cross-sectional view
of a micropump in an open setup according to various
embodiments;
FIGs. 6B and 6C show the operation of the microp-
ump of FIG. 6A according to various embodiments;
FIG. 7 shows a top view of a micropump according
to various embodiments along with various configu-
rations of the membrane for the micropump;
FIGs. 8A to 8D show various embodiments of an
IPMC membrane;
FIGs. 9A and 9B shows various embodiments of pet-
als shape membrane with buckled and initially
curved IPMC strips forming the membrane;
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FIG. 10A shows a membrane with small holes and
check valves according to various embodiments;
and
FIG. 10B shows a working mechanism of the mem-
brane with small holes including passive check
valves.

Detailed description

[0007] Ionic polymer-metal composites (IPMC) mate-
rials may require very low currents and voltages. Further,
IPMC materials may operate in both air and liquid media
(J.W.L. Zhou, H.-Y. Chan, T.K.H. To, K.W.C. Lai, W.J.
Li, Polymer MEMS actuators for underwater microman-
ipulation, IEEE/ASME Trans. Mechatron 9 (2004)
334-340) and may be very flexible. According to various
embodiments, IPMC which generates high bending dis-
placement at low applied current and voltage may be a
promising actuator technology and may be used to create
diaphragm based micropump for creating forced air flow
(pumping medium is gas/air) in consumer electronics. To
date, there is no reported work on IPMC based microp-
ump for consumer electronics application (especially cre-
ating forced air flow for particle sensing). With the inclu-
sion of variety of sensors to new smart phones (e.g. par-
ticle counter sensors, Gas sensors) low voltage operated
micropump technologies may be highly appreciated.
[0008] Accordingly, various embodiments seek to pro-
vide an IPMC based micropump for use in consumer
electronics application (e.g. smart phones). Various em-
bodiments seek to use IPMC technology to provide mi-
cropump which operates at low voltages (<3V) to create
forced air flow for particle sensing or gas sensing around
the sensors, such as particle sensors or gas sensors,
which may be built in smart phones or portable sensors.
[0009] Ionic polymers (ionic polymer-metal compos-
ites or IPMC), another sub-group of electro active poly-
mers (EAP), may be a promising candidate for a micro-
pump (Nguyen, T.T.; Goo, N.S.; Nguyen, V.K.; Yoo, Y.;
Park, S. Design, fabrication, and experimental charac-
terization of a flap valve IPMC micropump with a flexibly
supported diaphragm, Sens. Actuators A 2008, 141,
640-648; Il-Kwon Oh et al, Snap-through Phenomena on
Nonlinear Thermopiezoelastic Behavior of piezolaminat-
ed Plates, Journal of Astronomy and Space Sciences
vol. 30, no. 1, 01 February 2002). The IPMC may be
composed of an ionic polymer electrolyte whose both
surfaces are plated with electrodes. Under an applied
voltage (range of 1-5V), ion migration and redistribution
due to the imposed voltage across an IPMC may result
in a bending deformation which may allow the IPMC to
perform as actuator. Alternatively, if such deformations
are physically applied to an IPMC, an output voltage sig-
nal (of millivolts range) may be generated similar to a
sensor. Compared to other EAP actuator materials, ionic
polymer actuator may exhibit a large bending displace-
ment under very low applied voltage and such mechan-
ical deformation may be applied in micropump applica-

tion (Fang, T., Tan, X., A novel diaphragm micropump
actuated by conjugated polymer petals: Fabrication,
modeling, and experimental results, Sens. Actuators A
(2010), 158, 121-131; Jeon, JH, Oh, IK, Snap-through
Dynamics of Curved IPMC Diaphragm for Bio-medical
Micro-Pump, Jeonbuk National University, MFMS 2010
The 3rd International Conference on MultiFunctional Ma-
terials and Structures, v., no., pp.-, Sep-2010). Typically,
high operating voltages are difficult to manage in con-
sumer electronics with common battery packs such as
smart phones. Thus, IPMC which requires very low cur-
rents and voltages makes it a promising candidate for
actuating diaphragms in micropump devices for consum-
er electronics.
[0010] In various embodiments, the key elements in
the development of ionic polymers based micropump for
consumer electronics are miniaturization, simple and
flexible configuration based on active thin films, low volt-
age driving mechanisms and large discharge volumes
with high back pressures.
[0011] Various embodiments may provide a microp-
ump which may provide great pumping force, large vol-
ume and a large displacement, to obtain a greater pump-
ing power. Various embodiments may include a stacked
actuator approach (stacking the individual IPMC actuator
while maintaining electrical connection in the stack), flex-
ible boundary conditions (such as using less stiff mate-
rials compared to IPMC), petal shaped diaphragms for
larger out-of-plane deformation, active layers/boundary
regions at center via adopting the in-plane deformation
using conducting polymer and DEAP actuators, novel
diaphragm with buckled IPMC strips, and/or with mi-
cro/macro holes used to improve the pumping force, dis-
placement and volume.
[0012] According to various embodiments, the micro-
pump may be a simple device that is easy to manufacture
and/or operate because the membrane itself is also the
actuator, thus the setup of the micropump includes only
very few layers (e.g. IPMC layer & metallization layer).
The micropump may be lightweight as only a single mem-
brane is used for both pumping and actuation. Further,
the material may be lightweight and metallization may be
thin. The micropump may be flexible as the membrane
may be easily formed (for example cut or stencilled) to
adapt the use-case requirements. The micropump may
be strong as the ionic diffusion may lead to a high force
of the actuator compared to other actuation mechanisms.
The strength may be adapted by stacking the actuator /
membrane layers. Pre-stacked membranes barely im-
pede the aforementioned advantages although there is
slight increase in weight. The micropump may have en-
hanced performance as special shapes and arrange-
ments may further improve the already large inherent
deformation / displacement of the IPMC material for high-
er pump volumes.
[0013] FIG. 1A shows a schematic diagram of a micro-
pump 100 according to various embodiments. The mi-
cropump 100 may include a substrate 130. The microp-
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ump 100 may further include a membrane 110 attached
to the substrate 130. The membrane 110 may be deform-
able away from the substrate 130 to increase a volume
enclosed by the substrate 130 and the membrane 110.
Further, a portion of the membrane 110 may be config-
ured to be an inlet 122 for entry into the volume.
[0014] In other words, a micropump may include a lay-
er of flexible material forming a diaphragm joined to a
support structure. The diaphragm may be bendable such
that the diaphragm may bend away from the support
structure so as to increase a volume of a space envel-
oped by the diaphragm and the support structure. A part
or a section of the diaphragm may be adapted to be an
entry point for access into the space between the dia-
phragm and the support structure.
[0015] FIG. 1B shows a schematic diagram of a micro-
pump 101 according to various embodiments. The mi-
cropump 101 may, similar to the micropump 100 in FIG.
1A, include a substrate 130. The micropump 101 may,
similar to the micropump 100 in FIG. 1A, further include
a membrane 110 attached to the substrate 130. Similarly,
the membrane 110 is deformable away from the sub-
strate 130 to increase a volume enclosed by the substrate
130 and the membrane 110 and a portion of the mem-
brane 110 is configured to be an inlet 122 for entry into
the volume. According to the invention, the inlet 122 in-
cludes a folded-in portion of a suitably shaped section of
a perimeter of the membrane 110. The perimeter of the
membrane 110 may be a boundary, an edge, a periphery,
a circumferential edge, a fringe of the membrane 110.
The suitably shaped section of the perimeter of the mem-
brane 110 forming the inlet 122 may not be attached or
secured to the substrate 130. The membrane 110 may
also include another suitably shaped section of the pe-
rimeter of the membrane 110 forming an outlet 124, which
may also not be attached or secured to the substrate
130. Accordingly, the membrane 110 may only be at-
tached to the substrate 130 along sections of the perim-
eter of the membrane 110 which do not form the inlet 122
or the outlet 124.
[0016] FIG. 1C shows a schematic diagram of a micro-
pump 102 according to various embodiments. The mi-
cropump 101 may, similar to the micropumps 100, 101
in FIGs. 1A and 1B, include a substrate 130. The micro-
pump 101 may, similar to the micropumps 100, 101 in
FIGs. 1A and 1B, further include a membrane 110 at-
tached to the substrate 130. Similarly, the membrane 110
may be deformable away from the substrate 130 to in-
crease a volume enclosed by the substrate 130 and the
membrane 110 and a portion of the membrane 110 may
be configured to be an inlet 122 for entry into the volume.
According to various embodiments, the inlet 122 may
include a hole in the membrane 110. The hole 180 may
be located on a surface of the membrane 110 and may
form an opening through the membrane 110. Further,
the inlet 122 may include a check valve 190 at the hole
180. The check valve 190 may be a passive check valve
in the form of a flap valve. The check valve 190 may also

be an active check valve in the form of a conducting pol-
ymer actuator controllable to expand in order to close the
valve and controllable to contract in order to open the
valve. According to various embodiments, the membrane
110 may include a plurality of holes 180. The plurality of
holes 180 may be scattered across the surface of the
membrane 110. In this embodiment, an outlet 125 may
be formed in the substrate 130.
[0017] According to various embodiments, the mem-
brane 110 may include an ionic polymer-metal composite
membrane.
[0018] According to various embodiments, the mem-
brane 110 may include any one of a circular shape, an
eccentric shape, an ellipse shape, a petals shape, or a
donut shape with an opened sector.
[0019] According to various embodiments, the mem-
brane 110 may be attached to the substrate 130 along,
at least, a section of a perimeter of the membrane 110.
[0020] According to various embodiments, the micro-
pump 100, 101, 102 may include a boundary suspension
component 140 along a perimeter of the membrane 110.
The boundary suspension component 140 may be a pas-
sive component in the form of a flexible, elastic, stretch-
able material connecting the membrane 110 to the sub-
strate 130. The boundary suspension component 140
may also be an active component in the form of conduct-
ing polymer or dielectric electro active polymer. The
boundary suspension component 140 may allow larger
in-plane deformation of the membrane 110.
[0021] According to various embodiments, the mem-
brane 110 may include a thickness profile with a thick-
ness of a centre of the membrane 110 thinner than a
thickness of the membrane 110 at an edge along a pe-
rimeter of the membrane 110.
[0022] According to various embodiments, the micro-
pump 100, 101, 102 may further include an active layer
170 deposited on the membrane 110. The active layer
170 may include conducting polymer or dielectric elec-
troactive polymer.
[0023] According to various embodiments, the micro-
pump 100, 101, 102 may further include an elastic layer
142 laid over the membrane 110. The elastic layer 142
may be a very thin elastic membrane.
[0024] According to various embodiments, the mem-
brane 110 may include a buckled strip with curved cross-
section. The membrane 110 may include multiple buck-
led strips with curved cross-section joined together to
form a petals shape membrane.
[0025] Various embodiments may also provide a mi-
cropump including an enclosed chamber. The microp-
ump may include a membrane partitioning the enclosed
chamber into a first chamber and a second chamber. The
micropump may further include a first inlet and a first
outlet connected to the first chamber, and a second inlet
and a second outlet connected to the second chamber.
[0026] Various embodiments may also provide a port-
able electronic device including a micropump as de-
scribed above. The portable electronic device may in-
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clude mobile phones, smart phones, personal digital as-
sistant (PDA), tablets, mobile computers, notebook, lap-
top, or other suitable devices. Various embodiments may
also provide a portable electronic device including a mi-
cropump having an ionic polymer-metal composite mem-
brane. Various embodiments may also provide a portable
electronic device including a micropump configured to
create forced air flow for particle sensing or gas sensing
around sensors, such as particle sensors or gas sensors,
which may be built inside the portable electronic device.
[0027] FIGs. 2A to 2C illustrate various embodiments
of an IPMC membrane/diaphragm with conducting metal
electrodes. FIG. 2A illustrates an IPMC membrane 210
in the form of a cantilever structure and the layer setup
of the IPMC membrane. As shown, the IPMC membrane
210 may include an ionic polymer electrolyte layer 211
sandwiched between two metal electrodes 213. FIG. 2B
shows a circular IPMC membrane 212. FIG. 2C shows
a rectangular IPMC membrane 214. According to various
embodiments, the IPMC membrane may allow different
mechanical deformation and may determine the total
chamber volume which may in turn be related to the flow
rate. According to various embodiments, the metal elec-
trodes may include platinum (Pt), silver (Ag), gold (Au)
etc.
[0028] FIG. 3 shows a bending deformation of an IPMC
membrane 310 under applied voltage. As shown, a volt-
age applied across the IPMC membrane 310, which in-
clude an ionic polymer electrolyte layer 311 sandwiched
between two electrodes 313, may result in a bending
deformation of the IPMC membrane 310.
[0029] FIGs. 4A to 4C show a micropump 400 using
an IPMC membrane 410 in pulse pumping mode accord-
ing to various embodiments. As shown in FIG. 4A, the
micropump 400 may include a pumping chamber or
chamber 420 constructed using e.g. an acrylic casing
with inlet 422 and outlets 424 on the sides or through a
base plate. Arrow 421 in FIG. 4A shows air in-flow and
arrow 423 in FIG. 4C shows air out-flow. There may be
microvalves 426 to direct the fluid flow at each inlet and
outlet. The microvalve 426 may be a passive microvalve
made from suitable, flexible material (polymer). The mi-
crovalve 426 may be an active microvalve made of the
same IPMC material to control the pumping sequence
and to prevent back flowing of the target medium. For
example, the microvalve 426 may be check valves having
the same ionic electroactive polymer (iEAP) material as
the membrane 410. Pumping volume may be defined by
the IPMC membrane 410 displacement and area covered
in the actuation mode as well as by the shape of the rest
of the housing. IPMC membrane 410 may be attached
to the acrylic chamber walls which may define the bound-
ary condition of the membrane suspension. Flexible
boundary condition may be achieved by attaching less
stiff materials (e.g. a flexible membrane such as PDMS,
elastic elastomer, etc..) first to the chamber walls and
then to the IPMC membrane 410. In FIG. 4A, a voltage
across the IPMC membrane 410 may be off, e.g. V = 0V.

Accordingly, the IPMC membrane 410 may be in its un-
deformed state.
[0030] FIG. 4B illustrates micropump 400 in a suction
mode where microvalve at the outlet may be closed and
IPMC membrane 410 may be actuated under negative
bias, i.e. a negative voltage is provided (e.g. V = -2V). At
the same time, a voltage across the inlet check valve
may also be on to open up the inlet check valve. Accord-
ingly, when the IPMC membrane 410 moves downward,
suction may be created which may drag the pumping
medium (gas/air) inside the chamber 420. FIG. 4C illus-
trates how the pumping medium may be pushed out of
the chamber 420 of the micropump 400. When positive
bias is applied, i.e. a positive voltage is provided (e.g. V
= +2V), IPMC membrane 410 may move upwards dis-
placing the volume to outlet 424 for flowing to the meas-
urement chamber (not shown).
[0031] FIGs. 5A to 5C show a micropump 500 using
an IPMC membrane 510 in continuous pumping mode
according to various embodiments. The micropump 500
may include the IPMC membrane 510 and a dual port
configuration to achieve continuous pumping. Arrow 525
in FIG. 5A shows air in-flow and arrows 527 in FIG. 5B
and 5C show air out-flow for flowing to a measurement
chamber. There may be microvalves 526 made of the
same IPMC material respectively, i.e. the microvalves
526 may be check valves having the same iEAP material
as the membrane 510, at inlets 522 and outlets 524 to
control the pumping sequence and to prevent back flow-
ing of the target medium at every half cycle (suction /
ejection) for the respective cavity above or below the
membrane 510. The micropump 500 may include a
pumping chamber or chamber 520 constructed using e.g.
an acrylic casing. As shown in FIG. 5A, the IPMC mem-
brane 510 may divide the chamber 520 into a top cham-
ber 521 and a bottom chamber 523. Each of the top cham-
ber 521 and the bottom chamber 523 may include an
inlet 522 and an outlet 524. Accordingly, the micropump
500 may include two inlets 522 and two outlets 524. In
FIG. 5A, a voltage across the IPMC membrane 510 may
be off, e.g. V = 0V. Accordingly, the IPMC membrane
510 may be in its undeformed state.
[0032] FIG. 5B shows the micropump 500 with the IP-
MC membrane 510 actuated under negative bias, for ex-
ample a negative voltage is provided (e.g. V = -2V), such
that the top half 521 of the micropump chamber 520 in a
suction mode and the bottom half 523 of the micropump
chamber 520 in a discharging mode. At the same time,
a voltage across the inlet valve in the top half 521 of the
chamber 520 and the outlet valve in the bottom half 523
of the chamber 520 may be on. FIG. 5C illustrates the
opposite of FIG. 5B. FIG. 5C shows the micropump 500
with the IPMC membrane 510 actuated under positive
bias, for example a positive voltage is provided (e.g. V =
+2V), such that top half 521 of the micropump chamber
520 in the discharging mode and the bottom half 523 of
the micropump chamber 520 in the suction mode. At the
same time, a voltage across the outlet valve in the top
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half 521 of the chamber 520 and the inlet valve in the
bottom half 523 of the chamber 520 may be on. Accord-
ingly, at any point in time, half of the chamber 520 (either
top half 521 or bottom half 523) of micropump 500 may
be filled with the pumping medium making the pumping
speeds faster and thereby doubling the pumping volume.
[0033] FIG. 6A shows a top view and a cross-sectional
view of a minimalistic micropump 600 in an open setup
according to various embodiments. According to various
embodiments, "open" means no tubing connection to the
micropump 600 and pumping is from one side of a mem-
brane 610, e.g. an IPMC membrane, to another side of
the membrane 610. For example, ambient air may be
suck into the micropump 600 at a section of a perimeter
of the membrane 610 and may be expel from the micro-
pump 600 at another section of the perimeter of the mem-
brane 610. The minimalistic approach may include at-
taching the actuator membrane 610 on a suitable base
plate 630, e.g. a glass or polymer substrate, to form a
pump chamber 618. The sides 616 of the membrane 610,
or sections of the perimeter of the membrane 610, may
be fixed (e.g. welded or glued) either directly to the base
plate 630 or via an elastic suspension to reduce stress
on the membrane 610 upon actuation. The outlet valve
624 may include a non-fixed section on the membrane
side, or a unfasten section of the perimeter of the mem-
brane 610, suitably shaped to allow for passive actuation
(as will be described below with reference to FIGs. 6B
and 6C) and optionally disconnected from the electrical
actuation mechanism. The inlet valve 622 may be either
a suitably shaped section from the membrane 610 folded
in and favourably likewise disconnected from the electri-
cal connections, or according to an arrangement not un-
der the scope of the invention a separate membrane with
optimized shape and properties, sealed to the actuator
membrane 610. Similarly, the inlet valve 622 may be a
non-fixed section of the membrane side or a unfasten
section of the perimeter of the membrane 610. The inlet
valve 622 may include a passive polymer glued or welded
to an edge of the membrane 610.
[0034] FIGs. 6B and 6C show the operation of the mi-
cropump 600 of FIG. 6A according to various embodi-
ments. Upon actuation, the membrane 610 lifts, thereby
increasing the volume between the membrane 610 and
the base plate 620, and decreasing the pressure in the
pump cavity 618. As shown, the outlet section 624 of the
actuation membrane 610 may be sucked in, increasing
the tightness, while the inlet section 622 of the actuation
membrane may be pulled open, allowing fluid to flow into
the pump cavity 618. Upon negative actuation, the mem-
brane 610 may be pushed down, closing the inlet valve
section 622 and increasing the pressure in the pump cav-
ity 618. The non-fixed outlet section 624 may be pushed
open and the fluid may be ejected. By extending the inlet
622 and/or outlet section 624 shapes, the open character
of the embodiment may be modified and may be con-
nected to flexible or solid tubings. As various embodi-
ments may allow very flat micropumps 600 with very low

dead volume of the pump, high compression ratios (pump
volume/dead volume) and thus excellent back or front
pressure performance of the pump may be expected.
Adequate tubing and setup of the pump and pump mem-
brane/actuator 610 may help leverage this advantage.
Further embodiments may have passive valve place-
ments not only at the border and at opposite sides, but
at different angles and/or in the membrane 610 and/or
the base plate 630. Other embodiments may use several
membranes 610 in serial connection or an elongated
membrane with suitable electrodes for an undular, peri-
staltic movement to realize a peristaltic pump.
[0035] FIG. 7 shows a top view 701 of a micropump
700 according to various embodiments along with vari-
ous configurations of the membrane for the micropump
700. As shown, the micropump 700 may be based on
the minimalistic and open setup concept for realizing ion-
ic electroactive polymer (iEAP) or IPMC based microp-
ump with glue/welded edges. As shown, flexible, elastic
and stretchable boundary suspension components 740
may be provided as supporting walls and spacers. The
boundary suspension components 740 may be
glued/welded with a glass or polymer substrate to make
sufficient room for air-forced micropump 700. Addition-
ally, very low elastic protective layer, e.g. ultra-thin elas-
tomer, (not shown) may be applied to petals shape cir-
cular membrane/diaphragm 710. Additionally, other con-
figurations of the membrane 710 such as ellipse shape
membrane 714 or eccentric shape membrane 712 or ec-
centric and ellipse shape membrane 716 along with con-
sideration of their respective centroid may be considered
for realization of larger undular and peristaltic movement
for natural pumping sequence as presented in FIGs. 6B
and 6C. Cross-sectional views 713, 715, 717 of the ec-
centric shape membrane 712 or ellipse shape membrane
714 or eccentric and ellipse shape membrane 716 re-
spectively shows larger stroke volume, ΔV, with undular
and peristaltic motion. Furthermore, reverse connection
to two-segment actuator strip with two through-holes may
be adopted for natural pumping sequence including un-
dular and peristaltic movements in its tail part.
[0036] FIGs. 8A to 8D show various embodiments of
an IPMC membrane/diaphragm 810, 811, 812, 813. The
IPMC membranes 810, 811, 812, 813 may generate larg-
er out-of-plane deformation such that a larger pumping
volume and a greater pumping power may be achieved.
FIG. 8A shows an IPMC membrane 810 with a gradient
thickness 860 in centripetal direction, i.e. the thinner
thickness at the center point, according to various em-
bodiments. Cross-sectional views 801a, 801b of IPMC
membrane 810 show that the gradient thickness 860
along the centripetal direction may include thicker roots
862 and gradually thinner toward a center part 866 for
higher stiffness and larger generating force at root, and
lower bending stiffness and higher out-of-plane deforma-
tion at center, respectively. Accordingly, the gradient
thickness 860 may have a thickness profile with a thick-
ness at the centre 866 of the membrane 810 thinner than
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a thickness of the membrane 810 at the edge 862 along
the perimeter of the membrane 810. FIG. 8B shows an
IPMC membrane 811 with active layers 870 deposited
on its surfaces according to various embodiments.
Cross-sectional side views 803a, 803b show that the ac-
tive layers 870 may include conducting polymer (CP) ac-
tuators, which may be capable of generating in-plane de-
formation, resulting in triggering of the buckling mode
and snap-through behaviour for a larger out-of-plane de-
formation of the IPMC membrane 811. In cross-sectional
side view 803b, the membrane 811 may include the gra-
dient thickness 860 similar to that of the membrane 810.
[0037] FIG. 8C shows an IPMC membrane 812 with
passive/active boundary region/configurations 840 or
boundary suspension component according to various
embodiments. Cross-sectional side view 805a, 805b
shows that the passive/active boundary region may be
at the edge of the perimeter of the IPMC membrane 812.
The passive boundary configuration 840 may include
elastomers to form a stretchable boundary region. The
active boundary configurations 840 may include conduct-
ing polymer/dielectric electroactive polymer (CP/DEAP)
actuators to allow larger in-plane deformation resulting
from the expansion and contraction under electrical ex-
citation. The boundary configuration may allow mem-
brane 812 to have larger bending locomotion due to the
triggering effect via CP/DEAP actuators, i.e. making
buckling and snap-through behaviors for a larger out-of-
plane deformation of the IPMC membrane 812. Cross-
sectional side view 805b shows that the IPMC membrane
812 may also include a conducting polymer actuator 870.
FIG. 8D shows a donut shaped iEAP/IPMC mem-
brane/diaphragm 813 with open ends. Cross-sectional
side views 807a, 807b shows that the donut shaped with
open ends may make it possible for a larger out-of-plane
deformation. Additionally, with the aid of the passive
boundary region 840 (e.g. elastomers with very low elas-
tic modulus) and/or active boundary region 840 (e.g. con-
ducting polymer, DEAP), packaging and encapsulation
as well as in-plane deformation may be possible. As
shown in FIG. 8D, a thin elastic layer or very thin elastic
membrane 842 may be applied to the membrane 813.
[0038] FIGs. 9A and 9B show various embodiments of
petals shape membrane/diaphragm 910, 911 with buck-
led and initially curved IPMC strips/actuators forming the
membrane/diaphragm. As shown, a thin elastic layer 942
may be a passive boundary and may be in the form of
elastomer with low elastic modulus applied to the mem-
branes 910, 911. The iEAP/IPMC membranes 910, 911
may be in a petals shape. FIG. 9A shows a membrane
910 formed by double clamp-type buckled IPMC strips
914 with concave shape with a narrow width at the center
point, and a concave longitudinal profile 916, which may
generate much larger, stable and repeatable movement.
Furthermore, the IPMC strips 914 may include curved
cross section 917 which may trigger their elastic insta-
bilities for generating larger deformation and pumping
performance due to providing variable stiffness based on

structural changes related to polymer deflection. FIG. 9B
shows a membrane 911 formed by cantilever-type buck-
led IPMC strips 915. Similarly, the IPMC strips 915 may
have a concave shape with a narrow width at a tip point,
a curved longitudinal profile 916 and a curved cross sec-
tion 917. The effect of initial curvature and total shape of
donut-shaped membrane encapsulated with very thin
elastic film 942 may generate efficient snap-through mo-
tion for large stroke and efficient pumping power.
[0039] FIG. 10A shows a simple membrane/dia-
phragm 1010 configuration with small/macro-size/micro-
size holes 1080 including passive/active check valves
1092, 1094 according to various embodiments. As
shown, a thin elastic layer or very thin elastic membrane
1042 may be applied to the membrane 1010. The mem-
brane 1010 may be formed by IPMC strips 1015 and
arranged in a petals shape. This configuration may have
the following advantages. Larger out-of-plane deforma-
tion of petals shape IPMC membrane 1010 may be
achieved due to lower aerodynamic resistance and me-
chanical bending stiffness during up-stroke, resulting
from micro/macro-size holes 1080 on membrane 1010.
Enhancement of pumping performance and its efficiency
may be achieved. Adoption of efficient passive valve
1092 (eg. PDMS check valves, flap valve) or active valve
1094 via expansion (close mode 1096 in pumping mode)
and contraction (open mode 1098 in suction mode) of
conducting polymer actuators may be possible. A micro-
pump 1000 (FIG. 10B) having the membrane 1010 may
be of a simple configuration without inlets built into the
substrate of the micropump 1000. Rather, the membrane
1010 of the micropump 1000 itself may provide the inlet.
FIG. 10B shows a working mechanism of the micropump
1000 having the membrane 1010 configuration with small
holes 1080 including passive check valves 1092, which
may function as inlet for the micropump 1000. As shown,
the membrane 1010 may be attached to a substrate 1030
having an inner cavity 1031. Accordingly, a stroke vol-
ume, ΔV, 1099 of the membrane 1010 may be as shown
in FIG. 10B. In this embodiment, the outlet 1025 may be
in the substrate 1030.
[0040] Methods according to various embodiments
may be applied in the fabrication of embedded high as-
pect ratio channels and cavities for downhole tools in the
oil and gas industry. The methods may also be extended
for applications in marine, automotive and aerospace in-
dustries where similar requirements arise.
[0041] While the invention has been particularly shown
and described with reference to specific embodiments,
it should be understood by those skilled in the art that
various changes, modification, variation in form and de-
tail may be made therein without departing from the
scope of the invention as defined by the appended
claims.
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Claims

1. A micropump, comprising:

a substrate (130); and
a membrane (110) attached to the substrate
(130),
wherein the membrane (110) is deformable
away from the substrate (130) to increase a vol-
ume enclosed by the substrate (130) and the
membrane (110),
wherein a portion of the membrane (110) is con-
figured to be an inlet (122) for entry into the vol-
ume,

characterized in that the inlet (122) comprises a
folded-in portion of a suitably shaped section of a
perimeter of the membrane (110).

2. The micropump as claimed in claim 1, wherein the
membrane (110) comprises an ionic polymer-metal
composite membrane.

3. The micropump as claimed in claim 1 or 2, wherein
the inlet (122) comprises a hole (180) in the mem-
brane (110), and wherein the inlet (122) further com-
prises a check valve (190) at the hole (180).

4. The micropump as claimed in any one of claims 1 to
3, wherein the membrane (110) comprises any one
of a circular shape, an eccentric shape, an ellipse
shape, a petals shape, or a donut shape with an
opened sector.

5. The micropump as claimed in any one of claims 1 to
4, wherein the membrane (110) is attached to the
substrate (130) at least along a portion of a perimeter
of the membrane (110).

6. The micropump as claimed in any one of claims 1 to
5, further comprising a boundary suspension com-
ponent along a perimeter of the membrane (110).

7. The micropump as claimed in any one of claims 1 to
6, wherein the membrane (110) comprises a thick-
ness profile with a thickness of a centre of the mem-
brane (110) thinner than a thickness of the mem-
brane (110) at an edge along a perimeter of the mem-
brane (110).

8. The micropump as claimed in any one of claims 1 to
7, further comprising an active layer (170) deposited
on the membrane (110), wherein the active layer
(170) comprises conducting polymer or dielectric
electroactive polymer.

9. The micropump as claimed in any one of claims 1 to
8, wherein the membrane (110) comprises a buckled

strip with curved cross-section.

10. A portable electronic device comprising a microp-
ump according to any one of claims 1 to 9.

Patentansprüche

1. Mikropumpe, Folgendes umfassend:

ein Substrat (130); und
eine Membran (110), die an dem Substrat (130)
befestigt ist,
wobei die Membran (110) von dem Substrat
(130) weg deformierbar ist, um ein Volumen zu
erhöhen, das durch das Substrat (130) und die
Membran (110) eingeschlossen ist,
wobei ein Abschnitt der Membran (110) einge-
richtet ist, um ein Einlass (122) zum Eingang in
das Volumen zu sein,
dadurch gekennzeichnet, dass der Einlass
(122) einen eingefalzten Abschnitt eines geeig-
net geformten Abschnitts eines Umfangs der
Membran (110) umfasst.

2. Mikropumpe nach Anspruch 1, wobei die Membran
(110) eine Membran aus einem Verbundstoff aus
ionischem Polymer und Metall umfasst.

3. Mikropumpe nach Anspruch 1 oder 2, wobei der Ein-
lass (122) eine Öffnung (180) in der Membran (110)
umfasst und wobei der Einlass (122) weiterhin ein
Rückschlagventil (190) an der Öffnung (180) um-
fasst.

4. Mikropumpe nach einem der Ansprüche 1 bis 3, wo-
bei die Membran (110) eine Gestalt aus der Gruppe
umfasst, bestehend aus einer radialsymmetrischen
Gestalt, einer exzentrischen Gestalt, einer Ellipsen-
gestalt, einer petalen Gestalt oder einer ringförmigen
Gestalt mit einem geöffneten Sektor.

5. Mikropumpe nach einem der Ansprüche 1 bis 4, wo-
bei die Membran (110) mindestens entlang eines Ab-
schnitts eines Umfangs der Membran (110) an dem
Substrat (130) befestigt ist.

6. Mikropumpe nach einem der Ansprüche 1 bis 5, wei-
terhin eine Randaufhängungskomponente entlang
eines Umfangs der Membran (110) umfassend.

7. Mikropumpe nach einem der Ansprüche 1 bis 6, wo-
bei die Membran (110) ein Dickenprofil mit einer Di-
cke einer Mitte der Membran (110) umfasst, die dün-
ner ist als eine Dicke der Membran (110) an einer
Kante entlang eines Umfangs der Membran (110).

8. Mikropumpe nach einem der Ansprüche 1 bis 7, wei-
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terhin eine aktive Schicht (170) umfassend, die auf
der Membran (110) abgelagert wurde, wobei die ak-
tive Schicht (170) ein leitendes Polymer oder ein di-
elektrisches elektroaktives Polymer umfasst.

9. Mikropumpe nach einem der Ansprüche 1 bis 8, wo-
bei die Membran (110) einen gewölbten Streifen mit
gekrümmtem Querschnitt umfasst.

10. Tragbare elektronische Vorrichtung, eine Mikropum-
pe nach einem der Ansprüche 1 bis 9 umfassend.

Revendications

1. Micropompe, comprenant :

un substrat (130) ; et
une membrane (110) attachée au substrat
(130),
dans laquelle la membrane (110) est déforma-
ble en s’écartant du substrat (130) pour aug-
menter un volume enfermé par le substrat (130)
et la membrane (110),
dans laquelle une partie de la membrane (110)
est configurée pour être une entrée (122) pour
l’entrée dans le volume,
caractérisée en ce que l’entrée (122) com-
prend une partie repliée d’une section de forme
appropriée d’un périmètre de la membrane
(110).

2. Micropompe selon la revendication 1, dans laquelle
la membrane (110) comprend une membrane com-
posite polymère ionique-métal.

3. Micropompe selon la revendication 1 ou 2, dans la-
quelle l’entrée (122) comprend un trou (180) dans la
membrane (110), et dans laquelle l’entrée (122)
comprend en outre un clapet antiretour (190) au ni-
veau du trou (180) .

4. Micropompe selon l’une quelconque des revendica-
tions 1 à 3, dans laquelle la membrane (110) pré-
sente n’importe quelle forme parmi une forme circu-
laire, une forme excentrique, une forme elliptique,
une forme de pétales, ou une forme de beignet avec
un secteur ouvert.

5. Micropompe selon l’une quelconque des revendica-
tions 1 à 4, dans laquelle la membrane (110) est
attachée au substrat (130) au moins le long d’une
partie d’un périmètre de la membrane (110).

6. Micropompe selon l’une quelconque des revendica-
tions 1 à 5, comprenant en outre un composant de
suspension de pourtour le long d’un périmètre de la
membrane (110).

7. Micropompe selon l’une quelconque des revendica-
tions 1 à 6, dans laquelle la membrane (110) pré-
sente un profil d’épaisseur avec une épaisseur d’un
centre de la membrane (110) plus mince qu’une
épaisseur de la membrane (110) à un bord le long
d’un périmètre de la membrane (110) .

8. Micropompe selon l’une quelconque des revendica-
tions 1 à 7, comprenant en outre une couche active
(170) déposée sur la membrane (110), la couche
active (170) comprenant un polymère conducteur ou
un polymère diélectrique électroactif.

9. Micropompe selon l’une quelconque des revendica-
tions 1 à 8, dans laquelle la membrane (110) com-
prend une bande déformée avec une section trans-
versale incurvée.

10. Dispositif électronique portable comprenant une mi-
cropompe selon l’une quelconque des revendica-
tions 1 à 9.
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