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ONE WAY VALVE

FIELD OF THE INVENTION

[0001] The design of micro-pumps for the delivery of phar-
maco active agents demands high levels of performance.
Insulin pumps are required to deliver medication at dose rate
increments of between 0.25 and 0.5 Units of insulin per hour.
When used to deliver standard U100 insulin this translates to
fluid flow rate increments of 25 and 50 11 of medication per
hour. The current standard for flow delivery defines a flow rate
accuracy of better than +/-5% of the flow rate the pump is
programmed to deliver. This translates to a flow rate accuracy
of +/-0.75 and 2.50 n1 of medication per hour. Micro-pumps
designed for these purposes therefore need to avoid design
features that can generate medication delivery errors of this
magnitude.

BACKGROUND OF THE INVENTION

[0002] Micro pumps have been proposed for delivering
medication particularly in applications where the dosing
accuracy is very high and there is a requirement for portability
of the medication system. While a number of micro pump
designs have been described, pulsatile micro pumps have
found applications in medication delivery.

[0003] A micro-pump design based on a pulsatile pumping
system typically comprises a pumping chamber, into which a
piston is pushed by a mechanical force, a valve on the inlet
that controls flow such that it can only flow into the pumping
chamber and a valve on the outlet that controls flow such that
fluid can only exit the pumping chamber. When the piston is
forced into the pumping chamber, and assuming the pumping
chamber is full of fluid, the piston displaces a volume of fluid
from the pumping chamber that is equivalent to the volume of
the piston entering the pumping chamber. The displaced vol-
ume can only exit the micro-pump via the outlet because of
the flow control exerted by the valves at the inlet and outlet.
[0004] When the piston retracts from the pumping cham-
ber, a volume of liquid enters the pumping chamber that is
equivalent to the volume of the piston that has retracted from
the pumping chamber. Liquid can only enter the pumping
chamber via the outlet because of the fluid control exerted by
the valves on the outlet and the inlet.

[0005] Passive, normally closed one way membrane micro
valve designs are commonly employed in micro pump design
because they present a number of advantages. The construc-
tion of these micro valves typically comprises a membrane
that serves to separate the fluid at the inlet to the pumping
chamber from that present in the pumping chamber in the case
of'the inlet micro valve, or serves to separate the fluid present
in the pumping chamber from that at the outlet of the pumping
chamber in the case of the micro valve on the outlet. This
membrane seals across a conduit that carries fluid across the
micro valve structure. In normally closed micro valves, this
membrane seals across the conduit and prevents the flow of
fluid across the valve. The valve membrane seals onto a valve
seat structure incorporated into the conduit and designed to
accommodate at least part of the membrane and create a good
fluidic seal. When the pressure on the side of the membrane
from which liquid is allowed to enter and pass through the
micro valve, exceeds the pressure on the opposite side of the
membrane, the membrane releases its seal on the valve seat
and fluid leaks from one side of the membrane to the opposite
side. Liquid is prevented from flowing in the opposite direc-
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tion since it is desirable that the valve membrane seals effec-
tively against the valve seat, and this sealing is further
improved by the increase in pressure on the side of the micro
valve from which liquid is prevented from flowing.

[0006] The design features of micro pumps that contribute
to inaccurate fluid delivery are known. For both liquid filling
of the pumping chamber and fluid displacement out of the
pumping chamber, it is advantageous if the pumping chamber
is designed in such a way that the pumping piston displaces all
the volume enclosed by the pumping chamber. This also
includes any volume of liquid connecting the pumping cham-
ber to the outlet of the micro valve and the volume of fluid
connecting the pumping chamber to the outlet micro valve. In
the case of a micro-pump designed for insulin delivery and
which meets the current performance standard, it is not desir-
able that when the piston enters the pumping chamber the
displacement of liquid varies by more than +/-2.5 nl.
[0007] Also important, is that the pumping chamber vol-
ume fills completely with liquid and is devoid of air bubbles.
The design of the pumping chamber therefore has to avoid
features that could either trap air during initial filing of the
pump with liquid or retains air bubbles if they accidentally
enter the pumping chamber via the inlet. Air in the pumping
chamber has the effect of reducing the volume of liquid dis-
placed during the stroke volume. In the case of a micro-pump
designed for insulin delivery and which meets the current
performance standard, it is not desirable that the displacement
of liquid when the piston enters the pumping chamber does
not vary by more than +/-2.5 nl. It is therefore desirable that
the design of the micro valves at both the inlet and outlet of the
pumping chamber integrates with the design of the pumping
chamber, and that the resulting design avoids significant vol-
umes that will not by expelled during the dispense stroke of
the pump, and also avoids features that may encourage the
retention of air bubbles within the pumping chamber volume.
[0008] The efficient delivery of the stroke volume can also
be reduced if the pumping chamber is not completely con-
tained within a rigid structure. In this respect, the presence of
the valve membrane in both the inlet and outlet valves could
result in at least part of the pumping chamber being flexible,
absorbing some of the displaced volume created by the pump-
ing piston and reducing the volume of fluid displaced. It is
therefore important to ensure that while the valve membrane
can flex to release the seal on the valve seat and allow liquid
flow, it cannot flex at any other part of the valve. In the case of
a micro-pump designed for insulin delivery and which meets
the current performance standard, it is not desirable that the
displacement of liquid when the piston enters the pumping
chamber does not vary by more than +/-2.5 . In relation to
the design of micro valves, this requires that the micro valve
volume that is connected to the pumping chamber does not
expand by more than 2. or contract by more than 2.5 11
[0009] Another important feature of the micro valve on the
inlet of a micro pump is that the micro valve is required to
allow flow of liquid as soon as the pressure at the micro valve
inlet increases above the pressure at the outlet side of the inlet
vale, and that this flow of liquid is unrestricted. This ensures
that when the piston retracts from the pumping chamber,
liquid enters the chamber from the inlet micro valve more
efficiently, and the design of the micro pump can avoid having
to employ methods and devices that increase the effective
pressure of any reservoir providing liquid to the micro pump.
Also it ensures that the pump can cycle quickly between fill
strokes, when the piston retracts from the pumping chamber,



US 2015/0276073 Al

and dispense strokes, when the piston enters the pumping
chamber. To operate without the aid of a pressurised reservoir
to supply the liquid to the micro pump, the micro valve on the
inlet to the micro pump is required to allow flow at a pressure
difference of less than 1 Atm. It is also required to allow at
least 33 nl/sec flow rate if the micro pump is to support the
medication dispense rates that are typical of insulin delivery
therapies using U100 insulin.

[0010] Animportant feature ofthe micro valve on the outlet
of'the micro pump is that this micro valve prevents flow from
the inlet to the outlet of the micro valve except when the
pumping piston enters the pumping membrane during the
dispense stroke, and so prevents leakage of fluid through the
pump when the pump is at rest. This could require that the
micro valve at the outlet prevents flow at pressure levels that
may exist inside the reservoir supplying the micro pump with
liquid. These pressure levels may have been set to ensure
efficient filling of the pumping chamber during the fill stroke.
A micro pump delivering insulin at normal atmospheric con-
ditions would require an outlet valve capable of preventing
liquid flow upto a pressure difference across the valve mem-
brane of 2 atms. If the reservoir supplying the insulin is
pressurised to aid filling of the pumping chamber, the valve on
the outlet of the pump may need to prevent flow at higher
pressures.

[0011] Additionally, there is a need for medication delivery
products that can be manufactured at low cost and in large
numbers. These medication delivery systems are not intended
to be used continuously but to be replaced on a periodic basis,
and once the delivery system has operated for the intended
duration. Medication delivery products designed for the
delivery of insulin may require that a single device may be
used for upto a period of three days before the components in
contact with the insulin are discarded and replaced with new
ones. This requires that the product can be manufactured and
assembled using methods and processes that are cost effec-
tive. In addition, the device has to be manufactured from
materials approved for use with the medication and can be
sterilised prior to use using cost effective sterilisation pro-
cesses. It is also required that the manufacturing and assem-
bly processes produce devices that have equivalent perfor-
mance characteristics. The combination of these
requirements places imposes significant restrictions on the
design of medication delivery devices.

[0012] A micro pump designed for use with certain medi-
cations may be required to operate efficiently even when
particulate material is present in the medium. The insulin
protein in commonly used diabetes medications is known to
aggregate to form particles and fibres. These particles or
fibres can be large enough to become trapped in certain fea-
tures of a medication delivery system. Examples of these
features are liquid sealing areas such as those found in mem-
brane valves. This can cause the sealing of the valve to
become less efficient and affect the performance of the medi-
cation delivery system.

[0013] A large variety of micro-valves have been described
that could be used as part of the design for a micro pump. They
include both passive and active devices. Passive micro valves
are generally preferred over active valves due to their simple
construction and design. Passive micro-valves are predomi-
nantly designed to provide fluid flow selectively in one direc-
tion, requiring a build-up of pressure by the fluid on one side
of the valve, and in the direction the micro-valve is designed
to allow flow.
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[0014] In general the requirements for a one-way, passive
microvalve are that the valve allows flow of the fluid in the
intended direction of flow, while preventing the flow of fluid
in the reverse direction. For this purpose, sealing between the
parts incorporated into the design to prevent reverse flow of
fluid is of primary importance. Conversely, these parts are
required to break the seal formed between them to allow fluid
to flow in the intended direction. In some cases, it is desirable
if the breaking of this seal only occurs above a certain build up
of fluid pressure in the direction of intended flow.

[0015] A variety of passive micro-valve designs have been
proposed. A large number rely on silicon micro-fabrication
techniques and are constructed from silicon or one of its
derivative materials (silicon nitride, silicon oxide etc.). The
use of silicon materials in the construction of micro-valves
presents a singular problem. The stiffness of the materials and
the hardness of the materials, combine to making sealing of
micro-valves constructed in this way a challenge. These two
physical characteristics of the candidate materials prevent the
sealing surfaces to conform to the surface irregularities of the
other and provide efficient fluidic sealing. In fact, it is almost
certainly the case that if the sealing surfaces could not be
produced to such high flatness and accuracy using microfab-
rication technologies, these micro-valves would not be able to
seal sufficiently to create an efficient micro-valve. However,
even when these valves operate sufficiently well, the use of
these micro-valves to valve fluids with particulate material
suspended in them, or in applications that support the build up
of surface fouling layers, tends to accentuate the problem of
creating effective seals between hard and stiff materials.
[0016] The use of elastomeric materials in the construction
of fluid controlling valves has been known for some time.
Specifically, the use of elastomeric materials in the construc-
tion of micro-valves has also been described. The use of
elastomeric materials for these purposes provides an advan-
tage since they can continue to provide the effective sealing
for which they are responsible even in the presence of par-
ticles in the liquid.

[0017] A review of the current state of the art finds that a
variety of micro valve designs have been proposed that incor-
porate an elastomeric membrane. Each design incorporates a
valve membrane and a valve seat. The designs are different in
the arrangement of the membrane relative to the valve seat
design.

[0018] The prior art describes valves where the valve mem-
brane seals onto a valve seat that is essentially planar to the
valve membrane and essentially parallel to that membrane.
These designs have been embodied as essentially planar
membranes sealing onto planar valve seats, essentially planar
membranes sealing onto a raised valve seat and a further
modification of this embodiment to include raise ridges on the
valve seat to enhance the sealing between the membrane and
the valve seat. In some embodiments the valve seat is reduced
to form only a raised annular ring onto which the membrane
seals. In other embodiments, valves have been described
where the membrane is further modified to include raised
annular ridges that enhance the sealing of the membrane onto
the valve seat. U.S. Pat. No. 3,827,456A describes a valve
design that incorporates many of the features described
above. U.S. Pat. No. 3,827,456 A describes a valve where the
elastomeric valve membrane has a central hole at the centre of
aannular raised bead that seats on top of an annular valve seat
so that it seals on the surface at the top of the valve seat. The
elastomeric membrane is stretched over the seat to provide an
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efficient sealing force. The inlets to the vale are arranged
circumferentially around the annular valve seat. The valve
membrane also has a thickening of the external annular por-
tion to facilitate its positioning into the valve structure.
[0019] Valve designs are further characterised by having
one of at least two embodiments. The first incorporates a
valve membrane that is held in close proximity to the valve
seat and relies on at least some influence from the fluid in the
valve to affect its sealing onto the valve seat. These valves seal
only when the pressure difference between one side to the
sealing membrane and the other is high enough and in the
correct direction to seal the membrane against the valve seat.
The second incorporates a valve membrane that is held
against the valve seat either by the tension in the valve mem-
brane or by a structure used to force the membrane against the
valve seat. An example of the first is a membrane stretched
over a pillar shaped valve seat. An embodiment of the latter is
amembrane held in place by a spring, acting on the membrane
to force it against the valve seat.

[0020] U.S.Pat. No.4,493,339A describes a valve having a
valve membrane with a raised annular section that when
seated onto a flat valve seat creates the sealing force for the
valve. The valve membrane also has a thickened outer annular
segment that is used to locate the membrane into the valve
construction and help retain the valve under correct tension
against the valve seat. To aid this, prior to assembly into the
valve a cross sectional view of the valve membrane shows that
the raised annular section that forms the seal for the valve is
lower than the edge of the thickened outer annular segment.
[0021] U.S. Pat. No. 3,176,712A describes a valve incor-
porating a valve membrane stretched over a semi-spherical
valve seat. The valve seat is located over a base pate perfo-
rated to allow fluid to past through it. Fluid can then leak past
the seal between the valve seat and the valve membrane if
there is sufficient pressure to do so. The membrane has a
centrally located hole that is normally blocked by the semi
spherical valve seat, but through which fluid flows when the
seal is broken.

[0022] GB 2443260 describes a micro valve comprising a
valve membrane stretched over a valve seat located onto the
projecting surface of a pillar. Liquid enters the valve through
a hole centrally located in the valve seat pillar and, when the
pressure on the inlet to the valve is high enough, passes past
the seal created between the membrane and the valve seat.
The membrane has at least one hole to allow fluid to pass
through the membrane once it has broken past the seal
between the membrane and the valve seat.

[0023] A number of valve designs describe valve mem-
branes that are structured to provide the membrane with
regions of different structural strength, and to allow the valve
to operate.

[0024] U.S.Pat.No. 4,143,853 A describes a valve based on
a valve membrane that has a slit cut into the central portion
such that the slit opens to allow flow but seals when flow is
reversed through the valve. The valve membrane has a thick-
ening around the central flexible portion to provide the mem-
brane with a ring of structural material that assists in keeping
the membrane in tension and the slit in a normally closed
position. U.S. Pat. No. 4,770,740A describes a micro valve
and a method for manufacturing it that comprises a flexible
nickel valve membrane that has an inner portion that seals
against the valve seat and creates the sealing for the valve. The
valve membrane is fabricated from a single sheet of nickel
that is structured to provide the flexible valve sealing portion
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and a rigid frame that retains this flexible portion in position
and under tension. The two are connected by a series of
supporting arms.

[0025] Valve designs that incorporate a flexible membrane
forcibly held against a valve seat are preferred in the design of
micro pumps where very low displacement volumes are com-
mon. They are also preferred for other very low flow rate
applications. These valve designs have the greatest potential
to prevent reverse flow of liquid even at very low back pres-
sures. The micro-valve design creates a structure where only
a very small section of the device is important to the sealing
performance of the micro-valve. Moving the sealing surface
away from the inlet hole creates new opportunities for micro-
valve designs.

[0026] Micro-valve designs such as described in
(GB2443260B require that the pillar that comprises the valve
seat is large enough to allow a through hole to be formed in the
centre of the pillar to provide the inlet to the micro-valve.
Current fabrication technologies restrict the minimum radius
that can be achieved for this through hole, and also restrict the
wall thickness between the hole and the outer diameter of the
pillar. Furthermore, the total cross-section area of the inlet
hole available for fluid flow is restricted by these limitations.
[0027] CA1301244C describes a valve device that also
seals at a junction between the sealing membrane and the
surface of the valve seat. In one embodiment CA1301244C
describes the use of a conical valve seat as a further improve-
ment to the device. However, CA1301244C describes a rela-
tively large valve that cannot be readily replicated using
micro fabrication techniques and for the construction of a
micro-valve. Also, the limitations described in relation to
(GB2443260B apply to this design. Specifically, the location
of'the inlet for the valve at the centre of the valve seat and the
limitations imposed by fabrication techniques relative to this
feature.

SUMMARY OF THE INVENTION

[0028] A one way micro valve comprising a valve seat
where the valve seat protrudes through a hole in a membrane.
The hole in the micro valve membrane provides the fluidic
conduit from the inlet side of the micro valve to the outlet side
of the micro valve. The valve seat protrudes sufficiently
through the hole and the hole is sufficiently small so that the
micro valve seat seals onto the edge of the hole in the micro
valve membrane. Alternatively, the sealing is between the
surface of the micro-valve seat and the surface of the mem-
brane contacting the peripheral face of the valve seat. The
sealing is sufficient to prevent flow of fluid from the outlet
side of the micro valve to the inlet side of the micro valve, but
when the pressure difference between the inlet side of the
micro valve and the outlet side of the micro valve is suffi-
ciently positive, the membrane is deflected away from the
micro valve seat and fluid is allowed to flow between the valve
seat and the hole in the membrane.

[0029] In a preferred embodiment of the micro valve, the
micro valve seat that provides fluidic sealing onto the mem-
brane is essentially conical in shape. The conical shape of the
micro valve seat allows the micro valve seat to seal effectively
onto the edge of the membrane. The conical shape of the
micro valve seat also allows the seat to be located into the hole
in the flexible membrane. This aids alignment between the
hole in the membrane and the valve seat. During assembly of
the micro-valve, the conical valve seat is located into the hole
in the membrane, and then pushed further through the hole
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thereby stretching the diameter of the hole. This serves to
improve the sealing of the flexible micro valve membrane
onto the valve seat. The angle of the conical surface relative to
the micro valve membrane, and the amount by which the
valve seat penetrates through the hole in the membrane can be
adjusted to either increase or decrease the level of fluidic
sealing produced at the interface between the surface of the
conical valve seat and the outer periphery of the hole in the
valve membrane.

[0030] The level of fluidic sealing can also be adjusted by
adjusting the geometrical dimensions of the hole in the mem-
brane relative to the geometrical dimensions of the valve seat,
in particular the diameter of the valve seat in the region where
it contacts the hole in the membrane, once the valve seat is
fully located into the hole in the membrane.

[0031] A micro valve comprising of at least three parts. A
first body portion comprising the micro valve seat, a second
body portion structured to align with the first body portion
and a micro valve membrane held between the first and sec-
ond body portions, and that aligns with the first and second
body portions. A first body portion that has a fluidic inlet that
is in fluidic contact with the hole in the micro valve membrane
when the valve is open. A second body portion that has a
fluidic outlet that is fluidic connection with the hole in the
membrane. The second body portion having a chamber
formed to allow the membrane to move when the micro valve
opens, and which is located over the valve seat on the first
body portion. A membrane having a hole located over the
valve seat in the first body portion such that the valve seat at
least partially protrudes through the hole and at least seals the
hole. The three parts can be held together by adhesive bond-
ing, with the use of a clamp, held together in a housing, joined
by thermal bonding or by any other method that will be
apparent to one practiced in the art. The three parts can be
aligned either by the use of alignment posts or by aligning the
peripheral edge of the parts.

[0032] A micro valve where the surface of the valve mem-
brane contacting the surface of the first body portion incor-
porating the micro valve seat is mechanically supported by
the surface of the first body portion to prevent the membrane
from flexing when the pressure on the outlet side of the micro
valve increases, relative to the pressure at the inlet side of the
membrane.

[0033] A micro valve where the fluid inlet of the first body
portion is spatially separated from the valve seat structure.
The fluidic inlet to the valve can be provided by fluidic con-
duits through the first body. The cross section dimension of
the opening of these conduits can be reduced to reduce or
avoid sections of the membrane that are not supported by the
first body part. The fluidic conduits comprising the inlet can
also be located in areas of the first body part that do not
contribute to the mechanical support offered by the first body
part to the membrane. The flow rate can be maximised
through the micro valve by incorporating a number of con-
duits that collectively form the inlet. Alternatively the fluidic
inlet can be a conduit that is formed between the surface of the
first body portion and the membrane. The fluidic conduit can
be designed to maximise flow rate while retaining the
mechanical support provided by the first body part to the
membrane.

[0034] A micro valve where the diameter of the hole in the
membrane can be adapted to offer the best flow rate charac-
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teristics for the micro valve while still provide efficient seal-
ing when the pressure at the outlet of the micro valve exceeds
the pressure at the inlet.

[0035] One advantage of this invention is that flow rate
through the micro valve can be optimised without increasing
the opportunity for the membrane to flex when the pressure at
the outlet to the micro valve increases relative to the pressure
at the inlet.

[0036] Another advantage of this invention is that the first
body portion offers structural support to the flexible mem-
brane and therefore minimises the flexing of the membrane
when the pressure at the outlet of the micro valve is greater
than the pressure at the inlet. This allows the micro valve to be
used in micro pump designs that require rigid boundaries
within the region of the pumping chamber.

[0037] Another advantage of this invention is that the
simple construction of the micro valve and the opportunity to
selectively define the nature of the fluidic inlet and outlet
provide a micro valve that can be integrated into micro pump
designs.

[0038] Another advantage of this design is that the design
can be adapted to create micro valves with different perfor-
mance characteristics. This includes valves that all seal effi-
ciently when the pressure at the outlet exceeds the pressure at
the inlet, but that vary with regard to the excess pressure
required at the inlet relative to the outlet to deflect the mem-
brane from the valve seat and allow fluid flow.

[0039] Another advantage of the present invention is that
the construction of the micro valve is simple and avoids
fabrication processes that would otherwise make the manu-
facture of this micro valve difficult or expensive when pro-
duced in large numbers and for low cost applications. The
features critical to the efficient functioning of the micro valve
can be fabricated using industry standard processes for the
fabrication of low cost parts in high volumes. By way of
example, the sealing surface of the cone shaped micro valve
seat is the sloping surface of the valve seat. This feature can be
defined with accuracy and repeatability when employing
industry standard injection moulding techniques.

[0040] The invention furthermore relates to an one way
valve comprising: a conical shaped valve seat; and a mem-
brane having a hole that is located around the conical valve
seat, such that a surface of the valve seat seals onto an inner
periphery of the hole in the membrane, wherein, in use, the
membrane is deflected from the surface of the valve seat to
provide a fluid path across the membrane and allowing fluid
to flow from one side of the membrane to the other.

[0041] Inanembodiment of the one way valve according to
the invention, the surface of the valve seat seals onto an edge
of the inner periphery of the hole in the membrane.

[0042] Inanembodiment of the one way valve according to
the invention, the membrane is a flexible member which
applies a force on the valve seat when the surface of the valve
seat seals onto the inner periphery of the hole in the mem-
brane.

[0043] Inanembodiment of the one way valve according to
the invention, the one way valve comprises an inlet side and
an outlet side and the membrane is configured to deflect from
the surface of the valve seat at a specific pressure difference
between the inlet side and the outlet side.

[0044] Inan embodiment of the one way valve according to
the invention, the membrane is selectively supported around
an outer peripheral portion of the membrane such that deflec-
tion is restricted to an inner portion of the membrane.
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[0045] Inanembodiment of the one way valve according to
the invention, the hole in the membrane is formed in the inner
portion of the membrane.

[0046] Inanembodiment of the one way valve according to
the invention, the one way valve further comprises a first body
portion that includes the valve seat.

[0047] Inanembodiment of the one way valve according to
the invention, the one way valve further comprises a mechani-
cal stop to restrict the deflection of the membrane towards the
valve seat and the first body portion.

[0048] Inanembodiment of the one way valve according to
the invention, the mechanical stop restricts deflection of the
member towards the valve seat and the first body portion
when the surface of the valve seat seals onto the inner periph-
ery of the hole in the membrane.

[0049] Inanembodiment of the one way valve according to
the invention, the mechanical stop forms part of the valve
seat.

[0050] Inanembodiment of the one way valve according to
the invention, the mechanical stop forms part of the first body
portion.

[0051] Inanembodiment of the one way valve according to
the invention, the first body portion has a fluid conduit formed
to provide an inlet of the one way valve.

[0052] Inanembodiment of the one way valve according to
the invention, an aperture is formed at a base of the valve seat,
which aperture forms part of the fluid path across the mem-
brane.

[0053] Inanembodiment of the one way valve according to
the invention, multiple apertures are formed at a base of the
valve seat, which apertures form part of the fluid path across
the membrane.

[0054] Inanembodiment of the one way valve according to
the invention, the at least one aperture is formed as part of the
mechanical stop.

[0055] Inanembodiment of the one way valve according to
the invention, the one way valve further comprises a second
body portion on an opposite side of the membrane to the first
body portion.

[0056] Inanembodiment of the one way valve according to
the invention, the second body portion comprises a fluid
conduit formed there through defining an outlet of the one
way valve.

[0057] Inanembodiment of the one way valve according to
the invention, a cavity is defined by a recess in the second
body portion into which the membrane moves when the valve
opens.

[0058] Inanembodiment of the one way valve according to
the invention, the cavity creates a fluid path from the hole in
the membrane to the outlet of the valve.

[0059] Inanembodiment of the one way valve according to
the invention, the membrane is of a material selected from a
group of materials including: rubber, silicone, and an elas-
tomer.

[0060] The invention furthermore relates to a pump incor-
porating the valve according to the invention.

[0061] The invention further relates to a medication deliv-
ery device incorporating a pump according to the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0062] Embodiments of the one way valve will be
described by way of example only.

[0063] FIG. 1. shows a cross section through a micro valve
as described in the present invention

Oct. 1, 2015

[0064] FIG. 2. shows one arrangement of holes forming the
inlet conduit structure for one embodiment of the micro valve
as described in the present invention

[0065] FIG. 3. shows an alternative arrangement of holes
forming an alternative inlet conduit structure for one embodi-
ment of the micro valve as described in the present invention
[0066] FIG. 4. shows a cross section through an alternative
embodiment of the micro valve as described in the present
invention, showing micro valve seat with a flattened top
[0067] FIG. 5. shows a cross section through an alternative
embodiment of the micro valve as described in the present
invention, showing the valve seat formed as an insert that
locates into the bottom housing of the micro valve

[0068] FIG. 6. shows a cross section through an alternative
embodiment of the micro valve as described in the present
invention, showing an alternative arrangement of inlet holes
that form the inlet conduit for the micro valve.

[0069] FIG. 7. shows a cross section through an alternative
embodiment of the micro valve as described in the present
invention, showing an alternative arrangement of inlet holes
that form the inlet conduit for the micro valve.

DETAILED DESCRIPTION OF THE DRAWINGS

[0070] FIG. 1. Shows a drawing of a cross section of the
micro valve described in the present invention. The one way
micro valve 100 comprises bottom housing 7 (also referred to
as first body portion), and a top housing 6 (also referred to as
second body portion), and a membrane 2 held between them.
The parts can be held together using one or more of a number
of' methods, including adhesive bonding, thermal bonding, or
by the use of external mechanical fixations or clamps. Those
practiced in the art will appreciate the variety of methods
available for this purpose.

[0071] The bottom housing comprises a conical shaped
valve seat 1. The conical shaped valve seat 1 has a surface 60.
Disposed around the valve seat 1 are channels 4 (also referred
to as apertures) capable of carrying fluid into or out of the
micro valve, and the chamber 9 formed between the mem-
brane 2 and the bottom housing 7. The channels 4 are located
at the inlet side of the micro valve 100.

[0072] A chamber 8 is formed in the top housing 6 large
enough to accommodate the membrane and the valve seat 1.
A conduit 5 is formed in housing 6 to carry fluid to or from the
chamber 8. The conduit 5 is located at the outlet side of the
micro valve 100. The volume of chamber 9 is made as small
as possible to avoid movement of the membrane 2 towards the
bottom housing 7 when the pressure in chamber 8 is greater
than the pressure in chamber 9. The surface of bottom housing
7 provides a mechanical support 63 for the membrane 2 to
prevent or limit deflection of membrane 2 when the pressure
in chamber 8 is greater than the pressure in chamber 9.
[0073] It is an advantage of this design that the volume of
chamber 9 can be reduced by adapting the shape of the conical
valve seat 1.

[0074] The membrane 2 is formed from elastomeric mate-
rial. A hole 3 is formed in the membrane 2. The hole 3
comprises an inner periphery 61. The valve seat 1, is located
in the hole 3 and protrudes through the hole 3 such that the
membrane 2 is deflected by the valve seat 1, and valve seat 1
forms a seal on the hole 3 of the membrane. The surface 60 of
the valve seat 1 seals onto an edge 62 of the inner periphery 61
of'the hole 3 in the membrane 2. Sealing can also be to a lesser
or greater extent between a surface 64 of the membrane 2 that
contacts the surface 10 of the valve seat 1. The sealing is
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sufficient to prevent flow of fluid from chamber 8 to chamber
9 when the pressure in chamber 8 is higher than the pressure
in chamber 9.

[0075] The seal formed between the hole 3 in membrane 2
and the surface 60 of valve seat 1, or between the surface 60
of'valve seat 1 and at least part of the surface of membrane 2,
provides a seal against flow of fluid from chamber 9 to cham-
ber 8 unless the pressure in chamber 9 is higher than the
pressure in chamber 8, and the difference exceeds the break
through pressure of the valve 100 by providing sufficient
force to partially and temporarily lift the membrane 2 away
from the surface 60 of the valve seat 1. The force required to
lift the membrane 2 away from the surface 60 of valve seat 1
is the extent to which the membrane 2 is deflected by the valve
seat 1, the stiffness of the membrane 2 and the surface finish
on the valve seat 1. The features that define the deflection of
membrane 2, the stiffness of membrane 2 and the surface
finish on valve seat 1 are known to those practiced in the art.
It is possible by combining these features that micro valves
can be fabricated with different breakthrough pressures.
[0076] Returning FIG. 1 and to channels 4, the size and
distribution of channels 4 can be optimised to avoid voids into
which membrane 2 can deflect in the case where the pressure
in chamber 8 is greater than the pressure in chamber 9 and the
membrane is forced towards the bottom housing 7. In this
case, the membrane 2 cannot be deflected into the channels 4.
The size and distribution of the channels 4 can also be opti-
mised to provide sufficient fluid flow into chamber 9. The
design of channels 4 allows for these two competing require-
ments to be balanced. FIG. 2 shows an arrangement of chan-
nels 50 distributed radially around the base of the valve seat
49. The channels 50 are located in the bottom housing 71. The
diameter of the channels 50 can be reduced to maximise the
support offered to the membrane 2 in FIG. 2, but their number
increased to maintain the rate of flow of fluid into the micro
valve. An arrangement can be adopted that balances these two
competing requirements.

[0077] FIG. 3 shows an alternative arrangement of chan-
nels 52 to provide a fluid conduit into the micro valve 100.
The channels 52 are distributed radially around the base of the
valve seat 51. The channels 52 are located in the bottom
housing 72. It will be clear to those practiced in the art that
other arrangements for the channels 52 are possible.

[0078] Referring to FIG. 4 shows another embodiment of
the micro valve as described in the present invention. FIG. 4
shows a valve seat 19 where the tip of the cone has been
removed. This embodiment can provide an advantage in
manufacturing where very small sharp features are often dif-
ficult to manufacture with high precision, repeatability, in
high numbers and cost effectively. All other aspects of the
device shown in FIG. 4 are as described for the device in FIG.
1. The alternative arrangement of the channels 13 are also as
described in FIG. 2 and FIG. 3.

[0079] InFIG. 4, the membrane is indicated with reference
number 11. The hole in the membrane has reference number
12. The channels in the bottom housing (first body portion)
have reference number 13. The conduit in the top housing
(second body portion) has reference number 14. The top
housing has reference number 15. The bottom housing has
reference number 16. The chamber between the top housing
and membrane has reference number 17. The chamber
between the bottom housing and membrane has reference
number 18. The conical valve seat has reference number 19.
The surface of the conical valve seat has reference number 60.
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The inner periphery of the hole has reference number 61. The
edge of the inner periphery has reference number 62. The
mechanical support has reference number 63. The surface of
the membrane has reference number 64.

[0080] Referring to FIG. 5, another embodiment of the
micro valve described in the present invention is shown. The
micro valve comprises a top housing 24, a bottom housing 25
and a membrane 20 sandwiched between them. The bottom
housing 25 is further adapted to accept and insert 29.

[0081] The top housing 24 comprises a chamber 26 formed
to accommodate the valve seat 28 when the micro valve is
assembled. The top housing 24 further comprises a channel
23 formed to provide fluid connection to the chamber 26.
[0082] The membrane 20 is formed from elastomeric mate-
rial and a hole 21 is formed through it.

[0083] The insert 29 is formed to fit into a recess in the
bottom housing 25, or to interface mechanically with the
bottom housing 25 such that the insert 29 is accurately located
relative to the hole 3 in the membrane 20. Those practiced in
the art will appreciate the different arrangement that can be
used to achieve this. The insert 29 comprises a conical valve
seat 28. The valve seat protrudes through the hole 21 in the
membrane 20. Locating the valve seat 28 into the hole 3 in
membrane 20 creates a chamber 27 between the membrane
20 and the insert 29 and bottom housing 25. Channels 22 are
formed in the insert 29 to provide fluid flow into chamber 27.
[0084] In FIG. 5, the surface of the conical valve seat is
indicated by reference number 60. The inner periphery of the
hole has reference number 61. The edge of the inner periphery
has reference number 62. The mechanical support has refer-
ence number 63. The surface of the membrane has reference
number 64.

[0085] Operation of the micro valve is similar to that
described when describing the device in FIG. 1. The param-
eters that define the breakthrough pressure of the micro valve
are also similar to those described for the micro valve shown
in FIG. 1. The channels 22 can also be designed according to
the alternative designs shown in FIG. 2 and FIG. 3.

[0086] FIG. 6 shows another embodiment of the micro
valve as described in the present invention. The micro valve
described in FIG. 6 is different from the micro valve
described in FIG. 1 with respect to the location of the channels
32 that provide fluid connection to the chamber 37 formed
between the membrane 31 and the bottom housing 35. The
channels 32 are located in a part of the micro valve that does
not provide mechanical support for the membrane 31 to pre-
vent it deflecting when the pressure in chamber 36 is higher
than the pressure in chamber 37. This allows the design of the
micro valve to be optimised to provide the best mechanical
support 63 for the membrane 31. The micro valve in FIG. 6
also allows the design of chamber 37 to be optimised for fluid
flow in chamber 31.

[0087] InFIG. 6, the hole in the membrane is indicated by
reference number 30. The conduit in the top housing has
reference number 33. The top housing has reference number
34. The conical valve seat has reference number 38. The
surface of the conical valve seat has reference number 60. The
inner periphery ofthe hole has reference number 61. The edge
of'the inner periphery has reference number 62. The mechani-
cal support has reference number 63. The surface of the
membrane has reference number 64.

[0088] FIG. 7 shows another embodiment of the micro
valve described in the present invention. The micro valve
described in FIG. 7 is different from the micro valve
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described in FIG. 1 with respect to the location of the channels
42 that provide fluid connection to the chamber 47 formed
between the membrane 41 and the bottom housing 45. The
micro valve shown in FIG. 7 has the advantage that the chan-
nels 42 that provide fluid connection to chamber 47 formed
between the membrane 41 and the bottom housing 45 are
designed to minimise the volume of chamber 47.

[0089] InFIG.7,theholeinthe membrane is indicated with
reference number 40. The conduit in the top housing (second
body portion) has reference number 43. The top housing has
reference number 44. The chamber between the top housing
and membrane has reference number 46. The conical valve
seat has reference number 48. The surface of the conical valve
seat has reference number 60. The inner periphery of the hole
has reference number 61. The edge of the inner periphery has
reference number 62. The mechanical support has reference
number 63. The surface of the membrane has reference num-
ber 64.

[0090] The following clauses are provided as a further
description of the one way valve according to the invention.

[0091] 1. One way valve comprising:
[0092] a conical shaped valve seat; and
[0093] a membrane having a hole that locates around the

conical valve seat, such that the surface of the valve seat seals
onto the inner periphery of the hole in the membrane,
wherein, in use, the membrane is deflected from the surface of
the valve seat to provide a fluid path across the membrane and
to allow fluid to flow from one side of the membrane to the
other.

[0094] 2. A valve according to clause 1, wherein the mem-
brane is selectively supported around the outer peripheral
portion such that deflection is restricted to the inner portion.
[0095] 3. A valve according to clause 2, wherein the hole in
the membrane is formed in the inner portion of the membrane.
[0096] 4. A valve according to any one of the preceding
clauses, further comprising a first body portion that includes
a valve seat.

[0097] 5. A valve according to any one of the preceding
clauses, further comprising a mechanical stop to restrict the
deflection of the inner portion of the membrane towards the
valve seat and the first body portion.

[0098] 6. A valve according to clause 5, wherein the
mechanical stop forms part of the valve seat.

[0099] 7. A wvalve according to clause 5, wherein the
mechanical stop forms part of the first body portion.

[0100] 8. A valve according to any one of the preceding
clauses, wherein the first body portion has a fluid conduit
formed to provide the inlet to the valve

[0101] 9.Avalveaccordingto clause 8, wherein an aperture
is formed as at the base of the valve seat that forms part of the
fluid path across the membrane

[0102] 10.A valve according to clause 9, wherein the num-
ber and arrangement of apertures is selected according to a
desired flow rate through the valve.

[0103] 11.A valve according to clause 9, wherein the num-
ber and arrangement of apertures is selected to provide the
mechanical support for the membrane

[0104] 12. A valveaccording to any one of the clauses 9, 10
and 11, wherein the apertures are formed as part of the
mechanical stop

[0105] 13. A valve according to clause 8, wherein the fluid
conduit is formed as an aperture on the outer peripheral por-
tion of the membrane.
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[0106] 14. A valve according to clause 13, wherein the
number and arrangement of apertures is selected according to
a desired flow rate through the valve.

[0107] 15. A valve according to any one of the clauses 8 to
14, further comprising a second body portion on the opposite
side of the membrane to the first body portion.

[0108] 16. A valve according to clause 15, wherein the
second body portion has a fluid conduit formed there through
defining an outlet of the valve.

[0109] 17. A valve according to clause 15 or 16, wherein a
cavity is defined by a recess in the second body portion into
which the inner membrane portion moves when the valve
opens

[0110] 18. A valve according to clause 17, wherein the
cavity creates a fluid path from the hole in the membrane to
the outlet of the valve.

[0111] 19. A valve according to any one of the preceding
clauses, wherein the membrane is of a material selected from
a group of materials including: rubber, silicone, and an elas-
tomer.

[0112] 20.A pump incorporating the valve according to any
one of the preceding clauses.

[0113] 21. A medication delivery device incorporating a
pump according to clause 20.

[0114] As required, detailed embodiments of the present
invention are disclosed herein; however, it is to be understood
that the disclosed embodiments are merely exemplary of the
invention, which can be embodied in various forms. There-
fore, specific structural and functional details disclosed
herein are not to be interpreted as limiting, but merely as a
basis for the claims and as a representative basis for teaching
one skilled in the art to variously employ the present invention
in virtually any appropriately detailed structure. Further, the
terms and phrases used herein are not intended to be limiting,
but rather, to provide an understandable description of the
invention.

[0115] Theterms “a” or “an”, as used herein, are defined as
one or more than one. The term plurality, as used herein, is
defined as two or more than two. The term another, as used
herein, is defined as at least a second or more. The terms
including and/or having, as used herein, are defined as com-
prising (i.e., open language, not excluding other elements or
steps). Any reference signs in the claims should not be con-
strued as limiting the scope of the claims or the invention.
[0116] The mere fact that certain measures are recited in
mutually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage.

1. One way valve comprising:

a conical shaped valve seat; and

amembrane having a hole that is located around the conical

valve seat, such that a surface of the valve seat seals onto
an inner periphery of the hole in the membrane, wherein,
in use, the membrane is deflected from the surface of'the
valve seat to provide a fluid path across the membrane
and allowing fluid to flow from one side of the mem-
brane to the other.

2. One way valve according to claim 1, wherein the surface
of the valve seat seals onto an edge of the inner periphery of
the hole in the membrane.

3. One way valve according to claim 1, wherein the mem-
brane is a flexible member which applies a force on the valve
seat when the surface of the valve seat seals onto the inner
periphery of the hole in the membrane.
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4. One way valve according to claim 1, wherein the one
way valve comprises an inlet side and an outlet side and the
membrane is configured to deflect from the surface of the
valve seat at a specific pressure difference between the inlet
side and the outlet side.

5. One way valve according to claim 1, wherein the mem-
brane is selectively supported around an outer peripheral
portion of the membrane such that deflection is restricted to
an inner portion of the membrane.

6. One way valve according to claim 5, wherein the hole in
the membrane is formed in the inner portion of the membrane.

7. One way valve according to claim 1, further comprising
a first body portion that includes the valve seat.

8. One way valve according to claim 1, further comprising
a mechanical stop to restrict the deflection of the membrane
towards the valve seat and the first body portion.

9. One way valve according to claim 8, wherein the
mechanical stop restricts deflection of the member towards
the valve seat and the first body portion when the surface of
the valve seat seals onto the inner periphery of the hole in the
membrane.

10. One way valve according to claim 8, wherein the
mechanical stop forms part of the valve seat.

11. One way valve according to claim 7, further comprising
a mechanical stop to restrict the deflection of the membrane
towards the valve seat and the first body portion, wherein the
mechanical stop forms part of the first body portion.
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12. One way valve according to claim 7, wherein the first
body portion has a fluid conduit formed to provide an inlet of
the one way valve.

13. One way valve according to claim 12, wherein an
aperture is formed at a base of the valve seat, which aperture
forms part of the fluid path across the membrane.

14. One way valve according to claim 12, wherein multiple
apertures are formed at a base of the valve seat, which aper-
tures form part of the fluid path across the membrane.

15. One way valve according to claim 13, wherein the at
least one aperture is formed as part of the mechanical stop.

16. One way valve according to claim 7, further comprising
a second body portion on an opposite side of the membrane to
the first body portion.

17. One way valve according to claim 16, wherein the
second body portion comprises a fluid conduit formed there
through defining an outlet of the one way valve.

18. A valve according to claim 16, wherein a cavity is
defined by a recess in the second body portion into which the
membrane moves when the valve opens.

19. A valve according to claim 18, wherein the cavity
creates a fluid path from the hole in the membrane to the outlet
of the valve.

20. A valve according to claim 1, wherein the membrane is
of'a material selected from a group of materials consisting of:
rubber, silicone, and an elastomer.

21. A pump incorporating the valve according to claim 1.

22. A medication delivery device incorporating a pump
according to claim 21.
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