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MEMS CHECK VALVE

BACKGROUND

The present disclosure relates generally to a MEMS (Micro FElectro-
Mechanical Systems) check valve and associated systems and methods, and more
particularly, to a MEMS check valve usable in a pump platform. The pump platform
may be used in ophthalmic treatments.

Glaucoma, a group of eye diseases affecting the retina and optic nerve, is one
of the leading causes of blindness worldwide. Most forms of glaucoma result when
the intraocular pressure (IOP) increases to pressures above normal for prolonged
periods of time. IOP can increase due to high resistance to the drainage of the
aqueous humor relative to its production. Left untreated, an elevated IOP causes
irreversible damage to the optic nerve and retinal fibers resulting in a progressive,
permanent loss of vision.

The eye’s ciliary body continuously produces aqueous humor, the clear fluid
that fills the anterior segment of the eye (the space between the cornea and lens). The
aqueous humor flows out of the anterior chamber (the space between the cornea and
iris) through the trabecular meshwork and the uveoscleral pathways, both of which
contribute to the aqueous humor drainage system. The delicate balance between the
production and drainage of aqueous humor determines the eye’s IOP.

Fig. 1 is a diagram of the front portion of an eye that helps to explain the
processes of glaucoma. In Fig. 1, representations of the lens 10, cornea 20, iris 30,
ciliary body 40, trabecular meshwork 50, Schlemm’s canal 60, and anterior chamber
70 are pictured. Anatomically, the anterior segment of the eye includes the structures
that cause elevated IOP which may lead to glaucoma. Aqueous humor fluid is
produced by the ciliary body 40 which lies beneath the iris 30 and adjacent to the lens
10 in the anterior segment of the eye. This aqueous humor washes over the lens 10
and iris 30 and flows to the drainage system located in the angle of the anterior
chamber 70. The angle of the anterior chamber 70, which extends circumferentially
around the eye, contains structures that allow the aqueous humor to drain. The
trabecular meshwork 50 is commonly implicated in glaucoma. The trabecular
meshwork 50 extends circumferentially around the anterior chamber 70. The
trabecular meshwork 50 seems to act as a filter, limiting the outflow of aqueous
humor and providing a back pressure that directly relates to IOP. Schlemm’s canal 60
is located beyond the trabecular meshwork 50. Schlemm’s canal 60 is fluidically
coupled to collector channels (not shown) allowing aqueous humor to flow out of the
anterior chamber 70. The two arrows in the anterior segment of Figure 1 show the

flow of aqueous humor from the ciliary bodies 40, over the lens 10, over the iris 30,
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through the trabecular meshwork 50, and into Schlemm’s canal 60 and its collector
channels.

One method of treating glaucoma includes implanting a drainage device in a
patient’s eye. The drainage device allows fluid to flow from the interior chamber of
the eye to a drainage site, relieving pressure in the eye and thus lowering IOP. In
order to provide desired treatments to patients, it may be important to regulate the
drainage flow through the drainage device. However, drainage devices with flow
regulation devices can be large and unwieldy when implanted in the eye. Such
devices may not provide desired levels of comfort to the patient and may result in
tissue irritation or other discomforts. In addition, implantation of larger implants can
be challenging to secure.

The system and methods disclosed herein overcome one or more of the

deficiencies of the prior art.

SUMMARY

In one exemplary aspect, the present disclosure is directed to a MEMS check
valve including a supporting portion having a first perforation therethrough sized to
permit fluid flow and a displaceable portion having a second perforation therethrough
sized to permit fluid flow. The displaceable portion may be moveable relative to the
supporting portion between a closed position inhibiting fluid flow through the valve
and an open position permitting fluid flow through the valve. The first and second
perforations are offset to inhibit fluid flow when the displaceable portion is in the first
position, and fluid may flow through the first and second perforations when the

displaceable portion is in the second position.

In one aspect, the supporting portion includes a body portion, and the
displaceable portion abuts the supporting portion such that the second perforation is

aligned with the body portion when the displaceable portion is in the closed position.

In another exemplary aspect, the present disclosure is directed to a MEMS
check valve chip including a first side and an opposing second side. A first passage
extends from the first side to the second side, and a second passage extends from the
first side to the second side. A first fluid restriction on the first side may be associated
with the first passage, with the fluid restriction being configured to inhibit fluid flow
into the first passage and permitting fluid flow out of the first passage. A second fluid
restriction on the first side may be associated with the second passage. The second
fluid restriction may be being configured to inhibit fluid flow out of the second

passage and permit fluid flow into the second passage.
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In one aspect, the second fluid restriction comprises a MEMS check valve
having a supporting portion and a displaceable portion. The displaceable portion may
be moveable relative to the supporting portion between a closed position inhibiting
fluid flow through the valve and an open position permitting fluid flow through the

valve.

In another exemplary aspect, the present disclosure is directed to a method
including forming a fluid passageway through a MEMS chip having a first side and a
second side, and including creating a displaceable member on the first side of the chip
over the passageway. The displaceable member may be having at least one
displaceable member perforation therethrough configured to permit the flow of a
fluid. The method may also include creating a supporting portion over the
displaceable member on the first side of the chip. The supporting portion may have at
least one supporting portion perforation therethrough configured to permit the flow of
a fluid therethrough. The displaceable member perforation may be aligned with a
solid portion of the supporting portion when the displaceable member is in a first
position to inhibit fluid flow through the displaceable member perforation, and the
displaceable member perforation may be spaced from the solid portion of the
supporting portion when the displaceable member is in a second position to permit

fluid flow through the displaceable member perforation.

In one aspect, the method includes forming a second fluid passageway through
the MEMS chip, and creating a second displaceable member on the first side of the
chip over the second fluid passageway. The displaceable member may include at
least one displaceable member perforation therethrough configured to permit the flow
of a fluid therethrough. In one aspect, the method may include stacking the MEMS

chip on a second MEMS chip to form a chamber therebetween.

It is to be understood that both the foregoing general description and the
following detailed description are exemplary and explanatory in nature and are
intended to provide an understanding of the present disclosure without limiting the
scope of the present disclosure. In that regard, additional aspects, features, and
advantages of the present disclosure will be apparent to one skilled in the art from the

following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings illustrate embodiments of the devices and
methods disclosed herein and together with the description, serve to explain the

principles of the present disclosure.
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Fig. 1 is a diagram of the front portion of an eye.

Fig. 2 is an illustration of an exemplary flow-regulating system disposed in the

eye in accordance with one embodiment of the present disclosure.

Fig. 3 is a block diagram of an exemplary IOP control system according to the

principles of the present disclosure.

Fig. 4 is stylized illustration of a cross-sectional view of an exemplary flow
system that may be a part of an exemplary IOP control system according to the

principles of the present disclosure.

Fig. 5 is a top view of an exemplary MEMS outlet flow valve according to the

principles of the present disclosure.

Fig. 6 is an illustration of a cross-sectional view taken along lines 6-6 in Fig. 5
showing the MEMS outlet flow valve in a closed position according to the principles

of the present disclosure.

Fig. 7 is an illustration of a cross-sectional view showing the MEMS outlet
flow valve of Fig. 6 in an open position according to the principles of the present

disclosure.

DETAILED DESCRIPTION

For the purposes of promoting an understanding of the principles of the
present disclosure, reference will now be made to the embodiments illustrated in the
drawings, and specific language will be used to describe the same. It will
nevertheless be understood that no limitation of the scope of the disclosure is
intended. Any alterations and further modifications to the described devices,
instruments, methods, and any further application of the principles of the present
disclosure are fully contemplated as would normally occur to one skilled in the art to
which the disclosure relates. In particular, it is fully contemplated that the features,
components, and/or steps described with respect to one embodiment may be
combined with the features, components, and/or steps described with respect to other
embodiments of the present disclosure. For simplicity, in some instances the same

reference numbers are used throughout the drawings to refer to the same or like parts.

The present disclosure relates generally to a MEMS check valve that may be
formed on a chip to regulate fluid flow through a flow passage. The MEMS check
valve may be formed on the side of the chip into which the fluid enters the passage.

Because of its arrangement, the check valve disclosed herein may be formed on the
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same side of a chip as a second check valve, and the two check valves may restrict
fluid flow in opposite directions. Accordingly, when used in a MEMS pump, fluid
may flow through the first check valve formed on the first side of the chip into a
chamber and may be restricted from exiting the chamber through the first check valve,
but may be permitted to exit the chamber through the second check valve formed on
the first side of the chip. Because the MEMS check valve may be formed at the
entrance to the flow passage through the chip on the first side of the chip, chip
processing may be easier and may be less expensive. In addition, since the entrance
valve and the exit valve are able to be formed on the same side of the chip, the overall
stack size of the pump may be reduced because fewer chips are needed when
compared to a device that uses one check valve per chip. Thus, implants formed from
the chips may be smaller making them more comfortable for the patient, potentially
easier to implant, improving the overall clinical result. In addition because fewer

chips are required, the resulting devices may be less expensive to manufacture.

Fig. 2 shows an exemplary implantable system 100 disposed on an eye to treat
an ocular condition according to one exemplary aspect of the present disclosure. The
implantable system 100 includes a body referred to herein as a plate 102 and a
drainage tube 104 that extends from the plate 102. The plate 102 is arranged to carry
various components of an IOP control system, and may include a valve, pump,
transducers or sensors, a processing system and memory, drug delivery components, a
power source or other components that may be used to either control the implantable

system 100 or otherwise treat ocular conditions.

The plate 102 is configured to fit at least partially within the subconjunctival
space and is sized for example within a range between about 15mm x 12mm to about
30mm x 15mm and has a thickness less than about 2 mm thick and preferably less
than about 1mm thick. The plate 102 may be formed to the radius of the eye globe
(about 0.5 inches). In some embodiments, the plate 102 is rigid and preformed with a
curvature suitable to substantially conform to the globe or it may be flexible to
conform to the globe. Some embodiments have relatively planar outer surfaces.
Some of these are small enough that conforming to the globe provides little benefit in
comfort or implantation technique. The above dimensions are exemplary only, and
other sizes and arrangements are contemplated. When implanted, the plate 102 may
be located in the subconjunctival pocket between the conjunctiva and sclera. It may be
generally located on an ocular quadrant commonly used for conventional glaucoma
drainage devices with plates; that is, it may be centered such that it is equidistant from
the neighboring ocular muscles that define the ocular quadrant chosen for

implantation.
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The drainage tube 104 is sized to bridge the anterior chamber and the plate
102 in the subconjunctival pocket to provide an auxiliary flow path for aqueous
humor, bypassing the flow-resistive conventional pathway through the trabecular
meshwork and shunting aqueous humor directly to a drainage site. In the example
shown, the drainage tube 104 is a single tube having a single lumen. Other
embodiments include a plurality of drainage tubes or a plurality of lumens
cooperating together to permit fluid to flow through the implantable system 100. The
drainage tube 104 is sized to extend from the plate 102 to the anterior chamber of the
eye, as shown in Fig. 2. Aqueous humor may drain through the drainage tube from
the anterior chamber to and out of the plate 102 to alleviate elevated intraocular

pressure conditions.

Fig. 3 is a block diagram of an exemplary IOP control system 150 forming a
part of the implantable system 100. In some embodiments, they may form a part of
the plate 102. The IOP control system 150 is configured in a manner that provides
IOP pressure control, reducing complications arising from surgical implant glaucoma
treatments. In Fig. 3, the IOP control system 150 may include one or more sensors

152, a power source 154, a processor 156, a memory 158, and a flow system 160.

The one or more sensors 152 may be configured to detect a parameter relating
to the condition of the patient or the condition of the implantable device 100. In one
embodiment, the one or more sensors 152 are pressure sensors disposed about the
implantable device 100 and configured to detect pressure or variations in pressure.
For example, the sensors may be used to detect pressures for calculation of [OP. Data

from the sensors may be communicated to the processor 156 for processing.

The power source 154, which provides power to the system 150, is typically a
rechargeable battery, such as a lithium ion or lithium polymer battery, although other
types of power sources may be employed such as capacitors. The power source can
be recharged or the power source can exist external of the system 150 via inductive
coupling such as an RFID (Radio Frequency Identification Device) link or other type

of magnetic coupling.

The processor 156 is typically an integrated circuit with power, input, and
output pins capable of performing logic functions. In various embodiments, the
processor 156 may be a targeted device controller or a microprocessor configured to
control more than one component of the device. It may receive and process data and

may issue control signals to the flow system or other components.
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The memory 158, which is typically a semiconductor memory such as RAM
(Random Access Memory), FRAM (Ferroelectric Random Access Memory), or flash
memory, interfaces with the processor 156. As such, the processor 156 can write to
and read from the memory 158, and perform other common functions associated with
managing semiconductor memory. In this manner, a series of IOP readings can be

stored in the memory 158.

The flow system 160 controls the amount of drainage flow through the
implantable device 100. In one embodiment, it is responsive to signals from the

processor 156 to increase flow, decrease flow, or maintain flow.

The flow system 160 may be controlled by the processor 156 based on input
data received from, by way of non-limiting example, sensors or data or a programmed
treatment plan. A desired pressure differential can be maintained by controlling the
operation of the flow system 160. Likewise, various intraocular pressure parameters,
such as, by way of non-limiting example, the desired IOP, the IOP change rate, and/or

the bleb pressure may be controlled by controlling the operation of flow system 160.

Fig. 4 shows a stylized cross-sectional view of an exemplary flow system 160
carried by or forming a part of the plate 102. It includes a valve chip 162 and a
stacked pump chip 164 each formed using MEMS technology. Stacked together these
form a flow system chamber 166. In this example, the flow system 160 is a pump
configured to draw fluid into the chamber 166 through an inlet passageway 174 and
expel the fluid from the chamber 166 through an outlet passageway 176.

As can be seen in Fig. 4, the valve chip 162 comprises an upper side 168
facing the chamber 166 and a lower side 170 opposite the upper side. At least one
inlet passageway 174 and at least one outlet passageway 176 extends from the upper
side 168 to the lower side 170. In the embodiment shown, at least two outlet
passageways 176 extend from the upper side 168 to the lower side 170. In some
embodiments, the inlet and outlet passageways 174, 176 may be a circular array of
passageways through the valve chip 162. The inlet passageway 174 may be in fluid
communication with the drainage tube 104 (Iig. 2) and is configured to receive
aqueous flowing from the drainage tube 104. The outlet passageway 176 permits
fluid to exit the flow system 160 for release at a drainage site or for further regulation

via additional flow systems.

The valve chip 162 also includes an inlet check valve 180 and an outlet check
valve 182. Here, the inlet and outlet check valves 180 and 182 are formed on the

same side of a single chip. Accordingly, even with two check valves arranged to
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restrict flow in opposite directions, manufacturing processing may be performed on
the same side of the same chip. Also, because of the arrangement of the check valves
on the same side of the chip, the pump functionality may be formed using only two
chips, whereas devices formed with a single check valve on a side of the chip would
use at least an additional chip. This may reduce the stack size required to carry out

the operation of the flow system 160.

The inlet check valve 180 comprises a flexible portion 186 that spans the
opening of the inlet passageway on the upper side 168. The flexible portion 186 may
be a membrane formed of an elastically deformable material including without
limitation, materials such as a silicone, silicon nitride, silicone elastomer, polyimide,
parylene and others. In the example shown, the flexible portion 186 is a circular
material secured at its periphery to the chip 162. In other embodiments, the chip 162
and the flexible portion 186 are formed so that the membrane has a non-circular
shape, including oval, substantially rectangular, or square, for example. Other shapes

are also contemplated.

In the embodiment shown, the flexible portion 186 includes one or more flow
apertures 188 and a sealing portion 189. The flow apertures 188, in this embodiment
are disposed off-center, and the sealing portion 189 is disposed in a central region. In
this embodiment, fluid may flow into the chamber 166 through the inlet passageway
174 and through the flow apertures 188. If pressure in the chamber 166 is greater
than the inlet pressure, the flexible portion 186 may deflect so that the sealing portion
189 abuts against a seat 190 and the flexible portion 186 may restrict fluid from
exiting the chamber 166 through the inlet passageway 174.

The flow apertures 188 are formed as through holes in the flexible portion
186. In some embodiments, the flow apertures 188 are formed of a mesh or screen
material that permits a fluid to flow therethrough. The flow apertures 188 may be of
any shape and of any size that permits the fluid to pass into the chamber 166. In some
embodiments, the flexible portion 186 includes a solid central portion and the flow
apertures, as a screen or porous material forms the entire periphery of the flexible

portion 186. Other arrangements are also contemplated.

The outlet check valve 182 will be described with reference to Figs. 4-7. Fig.
5 shows a top view of the outlet check valve 182. Fig. 6 is a cross-sectional view
through lines 6-6 in Fig. 5 showing the outlet check valve 182 in a closed position.
Fig. 7 shows the outlet check valve 182 in an open position. The outlet check valve
182 includes an enclosure structure 191, a flexible portion 192. The enclosure

structure 191 acts as a rigid supporting structure for the flexible portion 192. The
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enclosure structure 191 forms a cap over the entrance to the outlet passageway 176
and includes a leg portion 194 and a body portion 196. In the embodiment shown, the
leg portions 194 extend upward and away from the upper side 168 of the valve chip
162. The body portion 196 connects to and is supported by the leg portion 194.

In one embodiment, the enclosure structure 191 is formed of flexible media,
such as for example, the same material as the flexible membrane portion 186
discussed above. In one embodiment, for example, the enclosure structure 191 may
be made of parylene. In other embodiments, the enclosure structure 191 is formed of
a rigid material, such as, for example, silicon, gold, titanium, or some other rigid

structure material.

The enclosure structure 191 also includes one or more perforations 198
formed therethrough that permit the passage of liquid from the chamber 166 to the
outlet passageway 176. In the embodiment shown, the perforations 198 include one
or more through holes in a hole pattern located about where the leg portion 194 and
the body portion 196 meet. In other embodiments, the perforations 198 may be
formed elsewhere on the enclosure structure 191. For example, in some embodiments
the perforations 198 are formed in the body structure while in other embodiments, the
perforations are formed in the leg structures. In still other embodiments, the
perforations are formed through a mesh-like structure or other arrangement that still
allows fluid to flow from the chamber 166 to the outlet passageway 176. In addition
to having the perforations, as can be understood by the above description, the
enclosure structure includes some regions of non-perforations. In the embodiments

shown these are found along the leg and body portions 194, 196.

The flexible portion 192 may be similar in some respects to the flexible
portion 186 discussed above and the description above applies to the flexible portion
192 also. The flexible portion 192 connects to the upper surface 168 of the valve chip
162 and lies adjacent to the enclosure structure. As can be seen, the flexible portion
192 includes perforations 200 therethrough that are sized and configured to permit
fluid flow therethrough. The perforations 200 may be similar to those discussed

above with reference to the perforations 188 in Fig. 4.

When the outlet check valve 182 is in the closed position shown in Fig. 6, the
flexible portion 192 abuts against the enclosure structure 191 over at least a portion of
the flexible portion 192. In this position, the perforations 200 in the flexible portion
192 do not overlap or are misaligned with the perforations 198 in the enclosure
structure 191. Accordingly, fluid flow through the check valve 182 is inhibited or

prevented when the outlet check valve is in the closed position.
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When the outlet check valve 182 is in the open position shown in Fig. 7, at
least a portion of the flexible portion 192 is spaced from the enclosure structure 191.
In this position, the perforations 200 in the flexible portion 192 are spaced apart from
the enclosure structure 191. Fluid may flow through the perforations 198 in the
enclosure structure 191, then flow laterally toward the perforations 200 in the flexible
portions, through the perforations 200 in the flexible portion 192, and into the outlet
passageway 176. Accordingly when the check valve 182 is in the open position, fluid
may drain from the chamber 166 to the outlet passageway 176. In the embodiment

shown, the flexible portion 192 is biased to the closed position shown in Fig. 6.

In the embodiment shown, fluid may flow out of the chamber 166 through the
outlet passageway 176 when the outlet check valve 182 is open. If pressure in the
chamber 166 is higher than the pressure in the outlet passageway 176, then the fluid
will act on the exposed membrane portion and force the outlet check valve to the open
position. In the open position, the fluid may flow from the chamber 166 through the
perforations 198 in the enclosure structure 191 and through the perforations 200 in the
flexible portion 192 and into the outlet passageway 176. When pressure in the outlet
passageway 176 is greater than the pressure in the chamber 166, the flexible portion
192 displaces to the closed position, and the perforations 200 in the flexible portion
192 are blocked by the solid portion of the enclosure structure 191. At the same time,
the perforations 198 in the enclosure structure 191 are blocked by the solid portions of
the flexible portion 192. As can be seen in igs. 4 and 5, the outlet passageway 176 is
formed of an array of passages all offset from the central portion of the flexible
portion 192, such that an axis through one of the passageways 176 is offset from a

central axis of the flexible portion 192.

In the embodiment shown in Fig. 4, the pump chip 164 of the flow system 160
includes an electrolytic actuator usable to create the pumping action in the flow
system 160. The electrolytic actuator includes a flow control chamber 230, an
electrolyte liquid 232 in the flow control chamber 230, electrodes 234 arranged to
cooperate with the electrolyte liquid 232, and a flexible membrane 238. In operation,
voltage applied across the electrodes 234 causes the phase change through electrolysis
of a portion of the electrolyte liquid to generate gas bubbles in the electrolyte liquid
232, increasing the pressure within the flow control chamber 230. As the pressure
increases, the flexible membrane 238 deflects into the chamber 166, increasing the
pressure in the chamber 166. As the pressure in chamber 166 increases, any fluid in
the chamber 166 is restricted from moving though the inlet passageway by the inlet
passageway check valve 180, which moves into the closed position due to the increase

pressure in chamber 166. The fluid in the chamber transits through the outlet check

10
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valve 182 due to the pressure increase in chamber 166, which acts on the valve to
move it into the open position and create a continuous flow path through the
perforations 198, 200. In a similar manner, as the gas in the flow control chamber
230 returns to its liquid state, the volume in the flow control chamber 230 decreases,
causing the flexible membrane 238 to move further out of the chamber 166. This
causes the pressure in chamber 166 to decrease and the outlet check valve 182 moves
into to the closed position and the inlet check valve 180 moves into the open position.
Fluid in the inlet passageway 174 is then able to pass through inlet check valve 180
and into the chamber 166. The described process is repeated cyclically to move fluid

through the system in a pumping manner.

In another example, instead of having the electrolysis actuator disposed on the
pump chip, the electrolysis actuator is disposed on the upper surface 168 of the valve
chip 162. Accordingly, in this embodiment, all the displaceable members and/or
membranes are formed on the same chip reducing the quantity of chips with flexible

material processes.

A method of manufacturing the MEMS outlet check valve 182 includes
forming a passageway through the chip for the passage of a fluid. The passageway
may extend from an upper side 168 to a lower side 170. The flexible portion 192 may
include at least one perforation 200 therethrough. In addition, the flexible portion 192
may include at least one solid region that does not readily permit flow therethrough

under normal operating conditions.

The enclosure structure 191 may then be formed over the flexible portion 192.
Perforations 198 in the enclosure structure 191 may be formed in locations on the
enclosure structure that are offset or not aligned with perforations 200 in the flexible

portion 192 when the valve is in a closed position.

In some embodiments, a MEMS inlet check valve 180 is formed on the same
side of the chip as the MEMS outlet check valve 182. The inlet check valve 180 may
be formed in manner similar to that described above, with an inlet passageway 174
formed through the chip and a flexible portion 186 formed over the entrance to the
passageway 174. The flexible portion 186 may have perforations allowing fluid flow
therethrough. Under pressure, the flexible portion 186 is configured to displace and

seat on the seat 190 and prevent fluid flow out of the inlet chamber 166.

The outlet check valve disclosed herein creates new opportunities for creating
flow systems, such as a fluid valve or a pump system, in a smaller and/or thinner
package. The unique design of the MEMS outlet check valve allows the MEMS

11
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outlet check valve to be formed on the same side of a chip as the inlet valve.
Accordingly, an entire chip layer may be eliminated from the flow system, resulting
in a shorter stack of chips for the flow system. This may result in a thinner plate that
may be more comfortable for the patient. In addition, since complex material
deposition processing may occur on a single side of the chip, processing may be

simplified and costs may be reduced.

Persons of ordinary skill in the art will appreciate that the embodiments
encompassed by the present disclosure are not limited to the particular exemplary
embodiments described above. In that regard, although illustrative embodiments have
been shown and described, a wide range of modification, change, and substitution is
contemplated in the foregoing disclosure. It is understood that such variations may be
made to the foregoing without departing from the scope of the present disclosure.
Accordingly, it is appropriate that the appended claims be construed broadly and in a

manner consistent with the present disclosure
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We claim:
1. A micro electro-mechanical systems (MEMS) check valve, comprising:

10
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a supporting portion having a first perforation therethrough sized to permit
fluid flow; and

a displaceable portion having a second perforation therethrough sized to
permit fluid flow, the displaceable portion being moveable relative to the supporting
portion between a closed position inhibiting fluid flow through the valve and an open
position permitting fluid flow through the valve, wherein the first and second
perforations are offset to inhibit fluid flow when the displaceable portion is in the first
position and wherein the fluid flows through the first and second perforations when

the displaceable portion is in the second position.

2. The MEMS check valve of claim 1, wherein the supporting portion includes a
body portion, and the displaceable portion abuts the supporting portion such that the
second perforation is aligned with the body portion when the displaceable portion is

in the closed position.

3. The MEMS check valve of claim 1, wherein the displaceable portion abuts

against the supporting portion when the displaceable portion is in the closed position.

4. The MEMS check valve of claim 1, wherein the displaceable portion is

formed of parylene.

5. The MEMS check valve of claim 1, wherein the supporting portion is

comprised of parylene.

6. The MEMS check valve of claim 1, wherein the supporting structure is rigid.

7. The MEMS check valve of claim 1, wherein the supporting structure is formed

of at least one of silicon, gold, titanium, or other metal.

8. The MEMS check valve of claim 1, comprising a chip having a passageway
therethrough, the MEMS check valve being operable to permit one-way fluid flow
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through the passageway, wherein the axis of the passageway is off-set from a central

axis of the flexible structure.

9. A micro electro-mechanical systems (MEMS) check valve chip, comprising:

a first side and an opposing second side;

a first passage extending from the first side to the second side;

a second passage extending from the first side to the second side;

a first fluid restriction on the first side associated with the first passage, the
fluid restriction being configured to inhibit fluid flow into the first passage and
permitting fluid flow out of the first passage; and

a second fluid restriction on the first side associated with the second passage,
the second fluid restriction being configured to inhibit fluid flow out of the second

passage and to permit fluid flow into the second passage.

10. The MEMS check valve chip of claim 9, wherein the second fluid restriction
comprises a MEMS check valve having a supporting portion and a displaceable
portion, the displaceable portion being moveable relative to the supporting portion
between a closed position inhibiting fluid flow through the valve and an open position

permitting fluid flow through the valve.

11. The MEMS check valve chip of claim 10, wherein the supporting portion
includes a body portion, and the displaceable portion abuts the supporting portion
such that the second perforation is aligned with the body portion when the

displaceable portion is in the closed position.

12. The MEMS check valve chip of claim 10, wherein the displaceable portion
abuts against the supporting portion when the displaceable portion is in the closed

position.

13. The MEMS check valve chip of claim 10, wherein the displaceable portion is

formed of parylene.

14. The MEMS check valve chip of claim 10, wherein the supporting portion is

comprised of parylene.
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15. The MEMS check valve chip of claim 10, wherein the supporting structure is
rigid.

16. The MEMS check valve chip of claim 10, wherein the supporting structure is

formed of at least one of silicon, gold, titanium, or other metal.

17. The MEMS check valve chip of claim 10, comprising a chip having a
passageway therethrough, the MEMS check valve being operable to permit one-way
fluid flow through the passageway, wherein the axis of the passageway is off-set from

a central axis of the flexible structure.

18. A method comprising:

forming a fluid passageway through a MEMS chip having a first side and a
second side;

creating a displaceable member on the first side of the chip over the
passageway, the displaceable member having at least one displaceable member
perforation therethrough configured to permit the flow of a fluid therethrough;

creating a supporting portion over the displaceable member on the first side of
the chip, the supporting portion having at least one supporting portion perforation
therethrough configured to permit the flow of a fluid therethrough, wherein the
displaceable member perforation is aligned with a solid portion of the supporting
portion when the displaceable member is in a first position to inhibit fluid flow
through the displaceable member perforation, and

wherein the displaceable member perforation is spaced from the solid portion
of the supporting portion when the displaceable member is in a second position to

permit fluid flow through the displaceable member perforation.

19. The method of claim 18, comprising:

forming a second fluid passageway through the MEMS chip; and

creating a second displaceable member on the first side of the chip over the
second fluid passageway, the displaceable member having at least one displaceable
member perforation therethrough configured to permit the flow of a fluid

therethrough.
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20. The method of claim 18, comprising:
securing the displaceable member along its periphery to the MEMS chip; and
stacking the MEMS chip on a second MEMS chip to form a chamber

therebetween.
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