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MECHANICAL DEVICE FOR REGULATING THE FLOW OF FLUIDS

Subject-matter of the invention

[0001] The present invention relates to one or more
types of mechanical devices that regulate the flow of at least
one fluid.

[0002] In particular, the present invention relates to
the production of a wvalve, sometimes called a gate, and
preferably a micro-valve.

[0003] In particular, the present invention also relates

to the production of a pump, and preferably a micro-pump.

Background of the invention

[0004] Valves and pumps, and in particular micro-valves
and micro-pumps, that have dimensions preferably smaller than
1 cm and generally of approximately several millimeters are
well known for a large number of applications.

[0005] More particularly, the applications of micro-
valves and micro-pumps have seen rapid growth in particular in
the biomedical field, where they may be used to transfer,
sample or even extract very small quantities of fluids, and as
devices allowing drug administration, for example insulin
pumps, or to assist with functions, for example circulatory
functions, or for outpatient measurement and monitoring of
blood pressure in humans.

[0006] These micro-valves and micro-pumps may also be
used for cutting-edge industrial applications, in particular
in electronics (microelectronic cooling, uTAS (Total Analysis
System), aeronautics, automobiles, and in particular as a

cutting-edge technology for injection.
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[0007] Another particularly important field that uses
this type of device consists of ink injectors for printing
heads.

[0008] A wvalve 1is generally defined as a mechanical
device that regulates the flow of a fluid by opening and
closing, or at least partially obstructing, various
passageways. A valve may therefore be defined as a reservoir
comprised in a valve body that has an inlet or intake and an
outlet or delivery port for said fluid, the inlet and the
outlet being alternatively obstructed (or closed) by at least
one moving element that is generally a flap or ball.

[0009] The pumps and micro-pumps further comprise an
actuator that creates a volume variation 1in a chamber
connected to at least two ports (passageways) respectively
serving as inlet or intake and outlet or delivery port for the
fluid and which are opened/closed by at least one moving
element such as a flap or ball. This actuator is defined as
the piston, while the flaps or balls make it possible to
open/close, as for the valves or micro-valves, the fluid inlet
or intake and outlet or delivery port.

[0010] In the micro-valves and micro-pumps, an
alternating movement is imparted to the flap or ball to open
and/or close the different inlets (or intakes) and outlets (or
delivery ports) of said fluid.

[0011] These flaps may be of any type. They may be
formed by a simple membrane or be made up of more complex
elements connected to the body of the wvalve or the pump and
subject to a movement that may be done by any type of force,
whether pneumatic, electrostatic, thermopneumatic, magnetic,
etc.

[0012] It is also possible to consider wusing flaps
assuming the form of balls for the micro-pumps and micro-
valves, said flaps alternatively making it possible, through

their movement, to open or close the inlet or outlet ports.
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Again, these balls will be subjected to the action of a
pneumatic, electrostatic, thermopneumatic, magnetic, etc.
force.

[0013] Furthermore, in the case of a micro-pump, the
actuator (piston) will also be subjected to the action of a
force that may be pneumatic, electrostatic, thermopneumatic,
or even magnetic.

[0014] Typically, the forces applied to the actuator and
the flaps for the micro-valves or micro-pumps are comprised
between approximately 0.1 N and 20 N, preferably between
approximately 1 N and approximately 5 N.

[0015] The fluid may be of any type (liquid, gaseous,
single-phase or polyphase fluid).

[0016] More specifically, the micro-pumps base their
operation on the operation of the typical mechanical volume
displacement pumps, in which an actuator varies the volume in
a chamber connected to at least two openings closed by flaps.
This actuator is generally defined as the piston, while the
flaps can serve as closing flaps for the inlet (or intake) or
outlet (or delivery port) for a fluid. They allow the opening
and closing of ports, thereby controlling the passage of a
fluid.

[0017] Simply, a micro-pump or micro-valve is defined by
the contents of a chamber forming the body of the micro-pump
or the body of the micro-valve having a volume smaller than
several cm’®. In the case of a micro-pump, the actuator and the
flaps typically have dimensions of approximately several
millimeters.

[0018] The techniques used to produce such devices are
generally etching techniques such as micro-photolithography,
chemical etching, or laser or plasma etching, which are the
dry etching techniques. The most traditional mechanical

machining techniques may also be used.
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[0019] The main difficulty lies in the miniaturization
of the wvarious elements making up the micro-valve or micro-
pump, as well as the placement and securing of the various
elements in the chamber or reservoir. 1In particular, the
flap(s) and the actuator require very precise dimensioning,
and the various elements must be secured very carefully.

[0020] The securing techniques are currently welding
techniques, for example ultrasonic welding or micromechanical
securing techniques, such as the placement of micro-pivots or

micro-hinges.

Aims of the present invention

[0021] The present invention aims to propose a

particularly simple design that makes it possible to produce,

very quickly using known techniques, (micro-) wvalves or
(micro-) pumps that have a very small number of component
parts.

[0022] In particular, the present invention aims, by

reducing the number of separate component parts as much as
possible, to avoid the risk of separation of certain elements.
[0023] Lastly, the present invention aims, as much as
possible, to eliminate mechanical or chemical (gluing)
techniques for assembling the various elements to each other.
[0024] The present invention also aims to propose the
production of precision pumps that allow mixing of two or more
compounds, for example for metering intended for applications
to medicine, aerospace, and other cutting-edge technologies.
[0025] The present invention also aims to propose a
particular design that does not require lubrication and
thereby avoids any risk of pollution.

[0026] The present invention in particular aims to
propose such a (micro-) wvalve or (micro-) pump that can be

used in a sterile environment.
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Brief description of the invention

[0027] The present invention relates to a device as
disclosed in the appended claims. The device comprises a body
or an enclosure constituting or <creating (encompassing,

surrounding) at least one chamber with at least one inlet or
fluid intake and one outlet or delivery port for said fluid,
comprising at least one moving element serving as a flap and
making 1t possible to close/open the 1inlet and/or outlet
cyclically, characterized in that said moving element forms a
body with at 1least one part of the body or enclosure that
forms the chamber.

[0028] Preferably, the moving element is made in the
form of a single piece, 1i.e., with no (separate) element
allowing a chemical or mechanical connection with the body or
enclosure of the device.

[0029] Preferably, the same moving element serving as
the flap alternatively makes it possible to close or open the
inlet and outlet c¢yclically and therefore alternatively
performs both opening/closing functions for both the inlet and
outlet.

[0030] Preferably, the device assumes the form of a
micro-pump comprising an actuator.

[0031] Preferably, the actuator essentially assumes the
form of an elongated strip or fin and also constitutes a
moving element serving as a piston.

[0032] Preferably, each of the moving elements has a
part serving as an integrated connection and being one with
said body or said enclosure of the device. Advantageously,
this part serving as an integrated connection is made so as to
be able to impart a certain flexibility to said moving element
so that it can move between at least two positions under the
action of an outside force.

[0033] Preferably, the part serving as an integrated

connection assumes the form of a circular notch.
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[0034] Preferably, the form of the circular notch has an
effective angle comprised between 0.02° and 20°.

[0035] Preferably, the part serving as an integrated
connection is in the form of an integrated mechanical spring.
[0036] Preferably, the outside forces are of the
electrostatic or magnetic type.

[0037] Preferably, the device has at least two separate
chambers so as to be able to form a mixing or dosing pump.
[0038] Preferably, the volume of the different chambers
is calculated so as to perform a proportional function in the
mixing or final metering.

[0039] Preferably, the single piece 1is made from a
metallic material, preferably a metal, and more particularly a
ferromagnetic steel such as magnetizable stainless steel, so
as to be able to be moved under the action of a magnetic field
whereof the magnitude of the force is comprised between
approximately 0.01 N and approximately 20 N, ©preferably
approximately 1 N and approximately 5 N.

[0040] Preferably, the pump device has at least two
separate chambers so as to be able to form a mixing or
metering pump. A particular profile of the moving part will
make it possible to ensure near-sealing between the chambers
while leaving play of approximately 1 micron.

[0041] Preferably, the mass of the moving elements is
sufficient to be able to be subjected to the electromagnetic

force and has a volume of several ml.

[0042] More particularly, this device may be intended
for medical applications, and in particular sterile
applications.

Brief description of figures

[0043] Figure 1 shows a perspective view of the micro-

valve according to one embodiment of the present invention.
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[0044] Figure 2 shows a cross-sectional wview of said
micro-valve described in figure 1.

[0045] Figure 3 shows a perspective view of a micro-pump
according to one embodiment of the present invention.

[0046] Figure 4 shows a cross-sectional wview of said
micro-pump described in figure 3.

[0047] Figure 5 shows a cross-sectional view of a micro-

pump according to another embodiment of the present invention.

Detailed description of the present invention

[0048] A first object relates to micro-valves whereof
the general operating principle is to allow the passage of
fluid through a first opening or port and to expel it through
a second opening or port, each leading or directing toward
passageways.

[0049] The valve may therefore be defined as a reservoir
or chamber comprised in (present within) a body or enclosure
that has an inlet or intake and an outlet or delivery port for
said fluid, the inlet and outlet alternatively being opened
and closed, at least partially, using one or more moving
elements.

[0050] The present invention aims, according to one
particular aspect of the invention, to propose a simple
embodiment as shown in figures 1 and 2, which makes it
possible to produce a valve 10, and in particular a micro-
valve, in a single-piece form. In fact, the proposed design is
marked by the presence of one or more flaps 12 making it
possible to open or close (obstruct) the inlet or intake 16
and/or the outlet or delivery port 17 at least partially. In
particular, the wvalve 10 shown in the figures has a single
flap 12 that alternates between performing the opening/closing
functions of the inlet (16) and outlet 17. The single flap is
mounted in a single chamber 99 enclosed by the body of the

valve 10. This single flap constitutes the moving element and
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is made in the same functional block, and is secured directly
to the enclosure or body 100 of said wvalve. Advantageously,
this will therefore be done without the presence or use of
outside physical securing means (pivot or hinge) or chemical
means (glue or welding).

[0051] The connection integrated between the body or the
enclosure 100 of said valve and said flap 12 is done by means
of an integrated connecting means or part 112 for connecting
to said body or enclosure 100 of the valve, making it possible
to ensure sufficient flexibility so as to allow said flap 12
to move under the influence of an outside electromagnetic
force 200, 'outside' meaning 'applied outside the enclosure
100'. It is thus important for the nature as well as the mass
of the moving element(s) to be sufficient to be subjected to
the influence of the electromagnetic force. In the embodiment
of figures 1 and 2, the fluid passes from the inlet 16 first
to an intake chamber 105, and the fluid passes from the
chamber 99 first to an outlet chamber 110, before being
delivered to the outlet 17.

[0052] As seen in the drawings, the flap 12 is shaped as
a larger volume 12 attached to the body 100 of the valve via a
thin articulation 112. The shape of the outer surfaces of
said wvolume 12 corresponds to the shape of the enclosure's
inner surfaces facing said outer surfaces, so that the passage
between the outer surfaces of the volume 12 and the inner
surfaces of the enclosure may be Dblocked or narrowed by
movement of the flap 12, said movement being actuated by an
electromagnetic force. The flap 12, the articulation 112 and
the valve body 100 are formed of a ferro-magnetic metal.

[0053] As shown in figures 1 and 2, the integrated
connecting means, i.e. the articulation 112, may assume the
form of a circular notch defined by a very small thickness in
light of the radius. The general theory of the circular notch

is known as such, for example from 'Le col circulaire comme
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articulation flexible', P. Merken et al, 6th National Congress
on Theoretical and Applied Mechanics, Ghent, May 26-27, 2003,
NCTAM-2003-078.

[0054] A second object of the invention relates to
micro-pumps whereof the general operating principle consists
of using the movement of an actuator that may assume the form
of a membrane or a rigid element within a chamber or
reservoir. In the latter case, it is often called the piston
or actuator.

[0055] Typically, a rigid element will be chosen and for
example may assume the form of a central fin or strip that
makes it possible, through its movement, to create a vacuum or
overpressure in a chamber part, thereby making it possible to
take in the fluid through a first port during a first half-
cycle and to expel (i.e. deliver) it during the following
half-cycle through another port.

[0056] The example embodiments shown in figures 3, 4 and
5 describe a pump, and in particular a micro-pump 10' with two
main chambers (120) and (140) separated by an actuator in the
form of a fin (11) that moves between those chambers and,
through its movement, alternates between creating an
overpressure in one of the two chambers and a wvacuum in the
other. The creation of an overpressure in the main chamber
(120 or 140) thus makes it possible to deliver the fluid
toward the outlet (17) by means of one or more outlet chambers
(110 or 130), while the c¢reation of a wvacuum in the main
chamber (120 or 140) allows the intake of the fluid within
that chamber by means of the intake chambers (105 or 125).
[0057] Particularly simply, the fluid is brought by one
or more inlets (16 or 18) within a first or several intake
chambers (105 or 125). The passage of the fluid from the inlet
(16 or 18) is therefore done by means of the intake chamber
(105 or 125) toward the main chamber (120 or 140). This

transfer toward the main chamber (120 or 140) is done by
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appropriate placement of the flap (12 or 13) allowing, by
opening, the passage toward said main chamber (120 or 140).
The delivery of the fluid toward the outlet (17) is done by
means of an outlet chamber (110 or 130). This movement is done
by appropriate placement of the flap (12 or 13), which, by
opening, allows the passage toward the outlet chamber while
simultaneously allowing the closing of the passage from the
intake chamber toward the main chamber (120 or 140).

[0058] Thus, the passage from the main chamber (120) (or
the main chamber 140) toward the outlet chambers (110 and/or
130) 1is made possible by the inverse (i.e. 1inverse with
respect to the previous sentence) opening/closing movement of
a flap (12 or 13). Preferably, it is the same flap (12 or 13)
that performs the closing movement of the intake chamber (105
or 125) toward the main chamber (120 or 140). Particularly
ideally, it 1is the same flap that alternates Dbetween
performing the two functions of opening and closing at the
outlet and closing and opening at the inlet.

[0059] The intake chambers (105,125) and the outlet
chambers (110,130) are present 1in the embodiment shown in
figures 3 and 4. However in other designs according to the
invention, such separate intake and outlet chambers may be
absent or may be indistinguishable from larger inlet our
outlet areas within the device.

[0060] The above paragraphs related to a (micro)pump

according to the invention can be summarized as follows

e a first moveable element 12 is configured to open and

close the first inlet 16 and the outlet 17 cyclically,

¢ a second moveable element 13 is configured to open and
close the second inlet 18 and the outlet 17 cyclically,

e a moveable actuator element 11 is provided, acting as a
piston, made from a ferromagnetic metallic material, and
arranged to gseparate a first and second main chamber

(120,140) within the enclosure 100, the actuator element



10

15

20

25

30

WO 2014/064271 PCT/EP2013/072440
11

being arranged between the first and second moveable
element (12,13), so that cyclic movement of the piston
element 11 Dbetween the first and second main chamber
(120,140) causes the simultaneous intake of fluid through
the first or second inlet (16,18), and delivery of fluid
through the outlet 17.
[0061] Opening and closing of the inlets 16/18 is
established by opening and closing the passage between the
moveable elements 12/13 and the inner surface of the enclosure
100 of the pump. The surfaces of the moveable elements 12/13
and the inner surfaces of the enclosure 100 that are facing
each other across said passages are corresponding in shape so
that the passages may be closed off by moving the moveable
elements.
[0062] Opening and closing of the outlet 17 is
established by opening and closing the passage between the
moveable elements 12/13 and the outer surface of centrally
placed actuator element 11. The surfaces of the moveable
elements 12/13 and the outer surfaces of the actuator element
11 that are facing each other across said passages are
corresponding in shape so that the passages may be closed off
by moving the moveable elements 12/13 and/or the actuator
element 11.
[0063] Advantageously, both the actuator 11, preferably
in the form of a fin, and each of the flaps (12, 13) are
directly secured to the enclosure 100, therefore to the body
of the pump.
[0064] Advantageously, this securing is done in the very
body of the enclosure 100 and is done by means of the
connecting means or part integrated into the pump body, making
it possible to impart sufficient flexibility so as to allow
said flaps (12 and 13) (and/or the actuator 11) to move under

the influence of an outside electromagnetic force.
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[0065] As shown in figures 3 and 4, this integrated
connecting means or part assumes the form of a circular notch
(112, 113, 111) defined by a very small thickness in light of
the radius.

[0066] Advantageously, to make the articulation
(circular notch) more flexible, but also to allow the moving
elements, such as the flaps and/or actuator in the case of a
micro-valve or micro-pump, to be subjected to electromagnetic
force, it has been proposed to increase the volume of said
moving elements. Likewise, the length of the articulation
(integrated connecting part) is increased so as to maximize
the momentum of the forces applied on the flaps and the
central fin by the electromagnet. Nevertheless, this must be a
compromise between the fatigue strength and the influence

caused by the electromagnets.

[0067] Ideally, the theory of the <circular notch
proposes:

3Tt o R

o = —= |=

4 E +lhg
Where:
o = the maximum angle in radians
o = the maximum strain applicable to the material to remain

within the yield strength
E

the Young's modulus of the material

R the radius of the notch

Hyp = the thickness of the notch.

According to the parameters chosen for the notches, i.e.:
o = 500 N/mm?
203,000 N/mm?

R 10 mm

Ho = 80 um
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[0068] The admissible angle o is therefore 0.078 rad,
i.e., 4.47°.
[0069] In producing micro-valves or micro-pumps

according to the invention, the ability to avoid any physical
or mechanical securing means advantageously makes it possible
to avoid any lubrication. Likewise, the securing being done
without chemical means, it has thus been observed that
particularly advantageously, this type of pump may be used for
sterile applications.

[0070] By using very precise cutting techniques, and in
particular spark machining techniques, it 1s possible to
produce and machine, 1in electrically conducting materials,
elements having very small dimensions, and in particular
thicknesses which are preferably smaller than 50 pm but may
reach dimensions smaller than 30, 20 or even 10 um for gaps
preferably below 50 pm and preferably below 30 or 20 pum with
allowances lower than 1 pm.

[0071] The main difficulty is to propose component parts
that still have enough flexibility that they are capable of
moving when they are subjected to outside forces, and in
particular electromagnetic forces.

[0072] The two main chambers 120/140 in the design of
figures 3 and 4 are separated by the actuator 11. In order to
be able to build up a pressure in said chambers, the clearance
between the distal end of the actuator and the interior of the
enclosure needs to be minimal. Nevertheless, said clearance
represents a small pressure 1loss. According to another
embodiment illustrated in Figure 5, it is possible to consider
that the two main chambers 120/140 are sealed or practically
sealed relative to one another by adding a second integrated
connection means 1in the form of a wpart of the actuator
assuming the form of a spring 201 as shown in figure 5 (zigzag
created in the mass of the actuator). The spring 201 1is

integral with the actuator 11 and with the enclosure 100.



10

15

20

25

30

WO 2014/064271 PCT/EP2013/072440
14

The spring 201 allows the movement of the actuator 11 whilst
ensuring complete separation of the main chambers 102 and 140.
[0073] The two embodiments respectively shown in figures
3 and 4 on the one hand and figure 5 on the other hand are
examples of pumps with two chambers, but of course any design
may be proposed. In particular, pumps with one, three, four,
or more chambers may of course be proposed.

[0074] This configuration will be particularly
advantageous in the case where one wishes to produce dosing
pumps, and in particular in the case where the volume of each
of the main chambers is calculated so as to perform a
proportional function in the final mixing. As an example, it
is possible to consider a design in which the first main
chamber produces 30% of the volume, while the second main
chamber produces 70% of the volume. In that scenario, we will

obtain a 30/70 dosing pump. One skilled in the art may of

course consider any other design form or specific
configuration.
[0075] Another particularly interesting advantage of

this type of pump 1lies in the fact that no mechanical or
chemical securing means are provided to connect the moving
elements to the enclosure of said pump. This also makes it
possible for no pollution to occur in the metering. 1In
particular, the use of this type of pump will be particularly
recommended in sterile settings, such as medical settings, or
intended to manufacture components that must be kept sterile

all throughout their mixing.
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CLAIMS

1. A device comprising a body or an

enclosure (100) constituting at least one chamber (99,

120, 140) with at least one fluid inlet (16 or 18) and

at least one fluid outlet (17), said device comprising

at least one moveable element serving as a flap (12 or

13) and making it possible to open and close the inlet

and/or outlet cyclically, the moveable element being

made from a ferromagnetic metallic material,
characterized in that

— said moveable element (12 or 13) is integral with
at least one part of the body or enclosure (10)
that forms the chamber of said device,

— the nature and the mass of the moveable element are
such that the moveable element can be subjected to
a movement under the action of an outside
electromagnetic force, to thereby close/open the
inlet and/or outlet,

— the device comprises an integrated connecting means
(112) for connecting the moveable element to said
body or enclosure (100), making it possible to
ensure gsufficient flexibility so as to allow said
moveable element (12) to move under the influence
of said outside force, to thereby close/open the

inlet and/or outlet.

2. The device according to claim 1,
characterized in that the integrated connecting

element (112) is in the shape of a circular notch.

3. The device according to claim 1 or 2,

characterized in that the body or the enclosure (100)



10

15

20

25

30

WO 2014/064271 PCT/EP2013/072440

16

of the device and said moveable element (12) are made

in a single piece.

4. The device according to any one of
the preceding claims, wherein said device is a valve
(10) comprising an inlet (16) and an outlet (17), and
a moveable element (12) as described in claim 1,
configured for regulating the flow of a fluid from the
inlet (16) to the outlet (17).

5. The device according to claim 4,

wherein said device is a microvalve.

6. The device according to any one of
claims 1 to 3, wherein the device 1is a pump,
comprising a first inlet (16), a second inlet (18) and

an outlet (17), the device further comprising

e a first moveable element (12) as described in
claim 1, configured to open and close the first
inlet (16) and the outlet (17) cyclically,

¢ a second moveable element (13) as described in
claim 1, configured to open and close the second

inlet (18) and the outlet (17) cyclically,

e an moveable actuator element (11), made from a
ferromagnetic metallic material, and arranged to
separate a first and second main chamber
(120,140) within the enclosure (100), the
actuator element being arranged between the first
and second moveable element (12,13), so that
cyclic movement of the actuator element (11)
between the first and second main chamber

(120,140) causes simultaneously
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e the 1intake of fluid from the first or
second inlet (16,18) into one of said main

chambers (120,140), and

e the delivery of fluid from the other of
sald main chambers (120,140) to the outlet
(17),

e a further integrated connecting means (111) for
connecting the actuator element (11) to said body
or enclosure (100), making it possible to ensure
sufficient flexibility so as to allow said
actuator element (11) to move under the influence
of the outside electromagnetic force, to thereby

take in or deliver the fluid.

7. The device according to claim 6,

wherein the device is a micropump.

8. The device according to claim 6 or 7,
comprising at least one intake chamber (105,125)
between the first and/or second inlet (16,18) and the
first and/or second moveable element (12) and further
comprising at least one outlet chamber (110,130)
between the first and/or the second main chamber

(120,140) and the outlet (17).

9. The device according to any one of
claims 6 to 8, wherein the actuator element (11)

assumes the form of an elongated strip or fin.

10. The device according to any one
of claims 6 to 9, wherein the integrated connecting
means (111) for connecting the actuator element (11)
to said body or enclosure (100) is in the shape of a

circular notch.
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11. The device according to any one
of claims 6 to 10, wherein the actuator element (11)
is connected to the enclosure via a second integrated
connection means to thereby seal the first and second

malin chamber from each other.

12. The device according to claim 11,
wherein the second connection means 1s formed as a

spring (201).

13. The device according to any one
of the preceding claims, wherein said device is an

integral piece obtainable by spark machining.

14. The device according to any one
of the preceding claims, characterized in that it has
at least two separate chambers so as to be able to

produce a mixing or metering pump.

15. A use of the device according to
any one of the ©preceding c¢laims, for medical

applications, and in particular sterile applications.



PCT/EP2013/072440

WO 2014/064271

1/5

0oL

00 —

00 —

L "Bi4




WO 2014/064271 / PCT/EP2013/072440
2/5

100

200
200

110

Fig.2

16
17



WO 2014/064271

N

F

-

-

:

s
-
-

Ze =

=
=

- =
.

-

-
-

12

110

-

]
.

112

-
-

.
=

105

.

-
-

.
-
.
- -

-
-

-

-

-
g

:5

16

-

-

.

N
.

-

e
=
-

.
. =
.

.

-

5:?

-

g&}%"ﬂ\"(a&
G

.
.
.

L

S
e
%‘V

|

.
.

Lo
-

s

-
,:

S
=
-

-

-
-
-

.

@sﬁg .

i

0

.

o

.
.

-

.

.

o

i

.

-

e
.

.

o
.

-
S
.

3/5

-

|

.

PCT/EP2013/072440

Fig.3



WO 2014/064271 PCT/EP2013/072440

. 4/5
o

\

100

]>

\

.

13
Fig.4

X

125

§

130

18—

16



WO 2014/064271 PCT/EP2013/072440

5/5
=
\ 2
o N
2 /
N[ = o

11

| I

11

N\
\ - - L=
/ o
o ,
—_ -
\: , )
—— @

16 —7>

18



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2013/072440

A. CLASSIFICATION OF SUBJECT MATTER

INV. F16K99/00 FO4B43/04 F16K31/06
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

F16K FO4B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X Olivier Smal ET AL: "Design of an 1,2,4,5,
implantable micropump", 13-15

3 March 2004 (2004-03-03), XP055098372,
Retrieved from the Internet:
URL:http://hdl.handle.net/2268/17463
[retrieved on 2014-01-24]

A the whole document 6
X US 5 542 821 A (DUGAN JEFFREY S [US]) 1,4,5,14
6 August 1996 (1996-08-06)
the whole document

X US 5 970 998 A (TALBOT NEIL H [US] ET AL) 1,3-5,
26 October 1999 (1999-10-26) 13,14
the whole document

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other

. e "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified)

considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
24 January 2014 03/02/2014
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, .
Fax: (+31-70) 340-3016 Lane], Frango1s

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2



INTERNATIONAL SEARCH REPORT

International application No

23 January 1990 (1990-01-23)
the whole document

PCT/EP2013/072440
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2002/155010 Al (KARP CHRISTOPH D [US] 1,4,5,
ET AL) 24 October 2002 (2002-10-24) 14,15
paragraphs [0025], [0038]; figures 5a-5c
A US 5 622 611 A (MARKS GARY T [US] ET AL) 1
22 April 1997 (1997-04-22)
the whole document
A US 5 441 597 A (BONNE ULRICH [US] ET AL) 1
15 August 1995 (1995-08-15)
the whole document
A US 5 163 920 A (OLIVE PETER [US]) 1
17 November 1992 (1992-11-17)
the whole document
A WO 2011/133014 Al (MIMOS BERHAD [MY]; LEE 1
HING WAH [MY]; DANIEL BIEN CHIA SHENG
[MY]; MOH) 27 October 2011 (2011-10-27)
the whole document
A DE 102 10 344 Al (UNIV BREMEN [DE]) 1
2 October 2003 (2003-10-02)
the whole document
A US 4 895 500 A (HOEK BERTIL [SE] ET AL) 1

Form PCT/ISA/210 (col

ntinuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2013/072440
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 5542821 A 06-08-1996  NONE

US 5970998 A 26-10-1999  NONE

US 2002155010 Al 24-10-2002 US 2002155010 Al 24-10-2002
WO 02085522 Al 31-10-2002

US 5622611 A 22-04-1997 AU 3206997 A 09-12-1997
BR 9709109 A 03-08-1999
CA 2253674 Al 27-11-1997
CN 1219141 A 09-06-1999
EP 0898497 Al 03-03-1999
JP 2000511994 A 12-09-2000
KR 20000015917 A 15-03-2000
US 5622611 A 22-04-1997
WO 9744138 Al 27-11-1997

US 5441597 A 15-08-1995  NONE

US 5163920 A 17-11-1992 AT 139854 T 15-07-1996
AU 660300 B2 22-06-1995
CA 2098173 Al 31-07-1992
DE 9190202 U1 09-09-1993
DE 69120546 D1 01-08-1996
DE 69120546 T2 31-10-1996
DK 0569480 T3 29-07-1996
EP 0569480 Al 18-11-1993
ES 2088581 T3 16-08-1996
GR 3020796 T3 30-11-1996
JP 2636965 B2 06-08-1997
JP HO5508906 A 09-12-1993
US 5163920 A 17-11-1992
WO 9214199 Al 20-08-1992

WO 2011133014 Al 27-10-2011  NONE

DE 10210344 Al 02-10-2003 AU 2003227042 Al 22-09-2003
DE 10210344 Al 02-10-2003
WO 03076331 A2 18-09-2003

US 4895500 A 23-01-1990  SE 8801299 A 09-10-1989
US 4895500 A 23-01-1990

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - wo-search-report
	Page 26 - wo-search-report
	Page 27 - wo-search-report

