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\Q a structure with at least one opening and providing a member having a fixed static charge where the member has a first position
exposing the opening and a second position sealing the opening. An agitator includes a base with at least one trench, a structure
with at least one opening, and a membrane with a fixed static charge. The structure is connected to the base over the trench with
the opening in the structure extending through to the trench in the base. The membrane is connected to the base across at least a
portion of the trench. A pump includes a base with at least one trench, a structure with at least two openings, a membrane with a
fixed static charge, a first cantilever arm having a fixed static charge, and a second cantilever arm having a fixed static charge. The
structure is connected to the base over the trench with the openings in the structure extending through to the trench in the base. The
membrane is connected to the base across at least a portion of the trench. The first cantilever arm has a first position exposing one of
the openings and a second position sealing the one of the openings. The second cantilever arm has a first position exposing another
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MICRO FLUIDIC VALVES, AGITATORS, AND PUMPS AND
METHODS THEREOF

The present invention claims the benefit of U.S. Provisional Patent
Application Serial No. 60/294,912, filed May 31, 2001, which is hereby

incorporated by reference in its entirety.
FIELD OF THE INVENTION

This invention relates to micro fluidic valves, agitators, and pumps and

methods thereof.
BACKGROUND OF THE INVENTION

In micro fluidics it has been very difficult to create valves that seal well.
In particular, existing designs for valves based on standard MEMS processes tend

to be prone to leakage.

It has also been very difficult in micro fluidics to create valves with a
reasonably simple actuator mechanisms. As a result, the valves are complicated to

open and close as well as to manufacture.

Further, it has been difficult in micro fluidics to create agitators and high

force pumps.

SUMMARY OF THE INVENTION

A valve in accordance with one embodiment of the present invention
includes a structure with at least one opening and a member having a fixed static
charge. The member has a first position exposing the opening and a second

position sealing the opening.

A method for making a valve in accordance with another embodiment of
the present invention includes providing a structure with at least one opening and
providing a member having a fixed static charge. The member has a first position

exposing the opening and a second position sealing the opening.
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An agitator in accordance with another embodiment of the present
invention includes a base with at least one trench, a structure with at least one
opening, and a membrane with a fixed static charge. The structure is connected to
the base over the trench with the opening in the structure extending through to the
trench in the base. The membrane is connected to the base across at least a

portion of the trench

A method for agitating one or more substances in accordance with another
embodiment of the present invention includes placing the one or more substances
in a trench in a base through an opening in a structure. The structure is connected
to the base over the trench. A varying bias is applied to at least two control
electrodes which are adjacent to and spaced from different sides of a membrane
with a fixed static charge. The membrane is connected to the base across at least a
portion of the trench. Thé membrane moves towards and away from one of the

control electrodes based on the applied varying bias.

A pump in accordance with another embodiment of the present invention
includes a base with at least one trench, a structure with at least two openings, a
membrane with a fixed static charge, a first cantilever arm having a fixed static
charge, and a second cantilever arm having a fixed static charge. The structure is
connected to the base over the trench with the openings in the structure extending
through to the trench in the base. The membrane is connected to the base across
at least a portion of the trench. The first cantilever arm has a first position
exposing one of the openings and a second position sealing the one of the
openings. The second cantilever arm has a first position exposing another one of

the openings and a second position sealing the another one of the openings.

A method for pumping one or more substances in accordance with another
embodiment of the present invention includes applying a first bias to a first
control electrode and a fourth control electrode which are adjacent to and spaced
from different sides of a membrane with a first fixed static charge. The membrane
is connected to a base across at least a portion of a trench in the base. The
membrane is moved towards and away from the first control electrode based on

the applied first bias to pump the one or more substances into the trench in the
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base through the first opening in the structure. The structure is connected to the
base over the trench. A second bias is applied to a second control electrode and
the fourth control electrode which are adjacent to and spaced from different sides
of a first cantilever arm with a second fixed static charge. The first cantilever arm
moves towards the first opening in the structure to seal the first opening in
response to the applied second bias. A third bias is applied to a third control
electrode and the fourth control electrode which are adjacent to and spaced from
different sides of a second cantilever arm with a third fixed static charge. The
second cantilever arm moves away from the second opening in the structure to
open the second opening in response to the applied third bias. A fourth bias is
applied to the first control electrode and the fourth control electrode. The
membrane moves toward the first electrode based on the applied fourth bias to
pump the one or more substances out of the trench in thfz base through the second

opening in the structure.

The present invention provides a micro fluidic valve which achieves a
tight seal, has a wide opening for maximum flow, and has a simple, yet robust
actuator system. Additionally, with the present invention a variety of different
types of valves can be designed, such as the cantilever type valves and the
membrane type valves. Both the cantilever type and the membrane type are well-

suited for the control of gaseous materials.
BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-4 are cross-sectional, side views of a method of making a

cantilever type valve in accordance with one embodiment of the present invention;

FIG. 5 is a cross-sectional, side view of a cantilever type valve in

accordance with another embodiment of the present invention;

FIGS. 6-10 are cross-sectional, side views of a method of making a
membrane type valve in accordance with another embodiment of the present

invention;
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FIG. 11 is a cross-sectional, side view of a membrane type valve in

accordance with another embodiment of the present invention; and

FIGS. 12 and 13 are cross sectional side views of a pumping system in

operation in accordance with another embodiment of the present invention.
DETAILED DESCRIPTION

Micro fluidic devices 10(1)-10(4) in accordance with embodiments of the
present invention are illustrated in FIGS. 4, 5, 10, and 11. Each.of the micro
fluidic devices 10(1)-10(4) include a valve seat or other structure 12(1) or 12(2)
with an opening 14(1) or 14(2) and a member 16, such as a cantilever arm 16(1)
or 16(2) or a membrane 16(3) or 16(4) having a fixed static charge. The member
16 has a first position exposing the opening 14(1) or 14(2) and a second position
sealing the opéning 14(1) or 14(2). The present invention provides micro fluidic
valves which achieve a tight seal, have a wide opening for ma;(imum flow, and
have a simple, yet robust actuator system. The present invention also provides

other micro fluidic devices, such as agitators and pumps.

Referring more specifically to FIGS. 4 and 5, micro fluidic devices 10(1)
and 10(2), such as valves or agitators, are illustrated. Elements in FIG. 5 which
are identical to those described in FIGS. 1-4, will have like numerals. These like
elements are identical except as described herein. Each of the device 10(1) and
10(2) includes a structure 12(1) with an opening 14(1). The number of openings
and the size of each opening can vary as required by the particular application.
The structure 12(1) is made of a conducting material, such as aluminum, which
forms one of the control electrodes 18(2), although the structure 12(1) could be
made of other materials. For example, if structure 12(1) is made of a insulating
material, then another layer of conductive material could be formed in or on the

structure 12(1) to form one of the control electrodes 18(2) as shown in FIG. 5.

Referring to FIG. 4, the cantilever arm 16(1) is connected at one end to a
base 20(1) and has another end which is spaced from and is positioned to extend
across the opening 14(1) in the structure 12(1) to form a normally open position

for the device 10(1), although other configurations can be used. For example, the
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cantilever arm 16(2) could be seated across the opening 14(1) and against, but not
connected to the structure 12(1) to form a normally closed valve 10(2) as shown in -
FIG. 5. Although each of the devices 10(1) and 10(2) has a cantilever arm 16(1)
and 16(2), other types of members 16 which can hold a fixed static charge could

also be used.

Referring to FIGS. 4 and 5, the cantilever arms 16(1) and 16(2) each
comprise a layer 22(2) of insulating material deposited on a layer 22(1) of
insulating material, such as SiO, and SizNy, although other types of materials,
other numbers of layers, and other types of members could be used, such as
having three or more layers or using an electret for cantilever arms 16(1) and
16(2). Depositing layer 22(2) on layer 22(1) creates an interface 24(1) where the
fixed static charge is held.

One of the control electrodes 18(1) is located in the base 20(1) and is
spaced from the other end of the cantilever arm 16(1) or 16(2) and the structure
12(1) is the other control electrode 18(2) on an opposing side of the cantilever arm
16(1) or 16(2), although other numbers of control electrodes can be used and the
control electrodes can be in other locations; such as spaced from cantilever arm
16(2) by a portion of base 20(1) as shown in FIG. 5. Control electrodes 18(1) and
18(2) are each made of a conductive material, such as aluminum, although other

types of materials can be used.

A power source 26(1) is coupled to the control electrodes 18(1) and 18(2).
Depending on the polarity of the bias applied to the control electrodes 18(1) and
18(2) by the power source 26(1) and the initial position of the cantilever arm 16(1)
or 16(2), the cantilever arm 16(1) or 16(2) is either moved towards the opening
14(1) in the structure 12(1) to eventually seal the opening 14(1) or away from the
opening 14(1) in the structure 12(1) to open the valve.

Referring to FIGS. 10 and 11, micro fluidic devices 10(3) and 10(4) are
illustrated. Elements in FIG. 11 which are identical to those described in earlier
embodiments in FIGS. 6-10, will have like numerals. These like elements are

identical except as described herein. Each of the devices 10(3) and 10(4) also
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includes a valve seat or other structure 12(2) with an opening 14(2). Again, the
number of openings and the size of each opening can vary as required by the
particular application. The structure 12(2) is made of a conducting material, such
as aluminum, which forms one of the control electrodes 18(2), although the
structure 12(2) could be made of other materials. For example, if structure 12(2)
is made of an insulating material, then another layer of conductive material could
be formed in or on the structure 12(2) to form one of the control electrodes 18(2)
as shown in FIG. 11.

The membranes 16(3) and 16(4) are connected at each end to the structure
12(2) across the opening 14(2), although the membranes 16(3) and 16(4) could be
connected to other elements, such as a base 20(2). Referring to FIG. 10, an
interior portion of the membrane 16(3) is spaced from the opening 14(2) in the
structure 12(2) to form a normally open position for the valve 10(3), although
other configurations can be used. For example, the membrane 16(4) could be
seated against, but not connected to the structure 12(2) and across the opening
14(2) to form a normally closed valve 10(4) as shown in FIG. 11. Although a
membrane 16(3) and 16(4) is shown in valves 10(3) and 10(4), other types of

members 16 which can hold a fixed static charge could also be used.

Referring to FIGS. 10 and 11, the membranes 16(3) and 16(4) each
comprise a layer 22(4) of insulating material on a layer 22(4) of insulating
material, such as SiO; and SizNy, although other types of materials, other numbers
of layers, and other types of members could be used, such as having three or more
layers or using an electret for membranes 16(3) and 16(4). Depositing layer 22(4)
on layer 22(3) creates an interface 24(2) where the fixed static charge is held.

One of the control electrodes 18(1) is located in the base 20(2) and is
spaced from the other end of the membrane 16(3) or 16(4) and the structure 12(2)
is the other control electrode 18(2) on an opposing side of the membrane 16(3) or
16(4), although other numbers of control electrodes can be used and the control
electrodes can be in other locations, such as spaced from membrane 16(4) by a

portion of base 20(2) as shown in FIG. 11. Control electrodes 18(1) and 18(2) are
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each made of a conductive material, such as aluminum, although other types of

materials can be used.

A power source 26(2) is coupled to the control electrodes 18(1) and 18(2).
Depending on the polarity of the bias applied to the control electrodes 18(1) and
18(2) by the power source 26(2) and the initial position of the membrane 16(3) or
16(4), the membrane 16(3) or 16(4) is either moved towards the opening 14(2) in
the structure 12(2) or away from the opening 14(2) in the structure 12(2) to open
the valve. The membranes 16(3) and 16(4) can be moved to seal the opening
14(2) in the structure 12(2).

Referring to FIGS. 4, 5, 10, and 11, the layer or layers 22(1)-22(2) and
22(3)-22(4) with stored fixed charge at the interface 24(1) and 24(2) which form
the cantilever arms 16(1) and 16(2) and membranes 16(3) and 16(4) described in
the embodiments above include dual dieléctric thin films. These layers 22(1)-
22(2) and 22(3)-22(4) with stored fixed charge have an electron trap density that
is optimized for a high density of states with energy levels sufficiently below the
conduction band minimum for extremely long trapped charge retention times. By
way of example only, electron charge injection into these layer or layers 22(1)-
22(2) and 22(3)-22(4) which form the cantilever arms 16(1) and 16(2) and
membranes 16(3) and 16(4) can be accomplished by applying a sufficient
electrical bias across the layer or layers 22(1)-22(2) and 22(3)-22(4) by utilizing
conducting electrodes or conducting sacrificial layers 28(1) and 28(2) as shown in
FIG. 3. In another example, charge injection into the layer or layers 22(1)-22(2)
and 22(3)-22(4) can be accomplished with a medium energy electron gun.

One example of such a structure with stored fixed charge has a first layer
22(1) or 22(3) of silicon dioxide and a second layer 22(2) or 22(4) of silicon |
nitride. The band gaps are approximately 9.0 eV and approximately 5.0 eV
respectively. Under bias, electrons tunnel into the conduction band of the silicon
dioxide and drift toward the silicon nitride due to a high field. Although the band
gap of silicon dioxide is very wide, the electron mobility is on the order of 1 — 10
cm’ per volt-second. However, when the electrons arrive at the dual insulator

interface 24(1) or 24(2) they encounter interface states with energy levels
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approximately 1.0 eV below the conduction band of the silicon nitride. These trap
states are quickly filled. The permittivity of the silicon nitride is approximately
twice that of silicon oxide. Therefore, there is less band bending in the silicon
nitride and trapped electrons do not have sufficient energy to tunnel into the
silicon nitride conduction band, i.e., the traps are filled and remain filled. Once
the electrical bias is removed, reverse tunneling is possible as long as the stored
charge is sufficient to cause a band bending great enough for emptying a trap to
the silicon dioxide conduction band. Taking into account filled trap densities,
permittivities, and each component film thickness, a high level of trapped static

charge is achievable in this particular example.

A method for making a device 10(1) in accordance with one embodiment
will be described with reference to FIGS. 1-4. Referring more specifically to FIG.
1, a channel 30 or other opening is etched in to the base 20(1) or other substrate.
Next, a layer of conductive material, such as aluminum, is deposited in the
channel 30(1) to form the control electrode 18(1), although other types of
materials can be used. The layer of conductive material in the channel 30(1) may

be planarized.

Next, a first sacrificial layer 28(1) of conductive material, such as a poly-
silicon, is deposited on the base 20(1) and the control electrode 18(1), although
other types of materials can be used, such as insulating materials. The first
sacrificial layer 28(1) is patterned over an area over the control electrode 18(1)
and the portion of the first sacrificial layer 28(1) which is not covered by the

pattern is removed.

Referring to FIG. 2, a first layer 22(1) of insulating material, such as SiO»,
is deposited on the base 20(1) and the first sacrificial layer 28(1), although other
types of materials could be used. Next, a second layer 22(2) of insulating
material, such as Si3Na, is deposited on the first layer 22(1) of insulating material,
although other types of materials can be used. An interface 24(1) is formed
between the first and second layers 22(1) and 22(2) of insulating material and the
fixed static charge is held at the interface 24(1). The first and second insulating
layers 22(1) and 22(2) form the cantilever arm 16(1) or 16(2), although each of
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the cantilever arms 16(1) and 16(2) can be comprised of other numbers of layers
with the stored fixed static charge held at one or more of the interfaces between
these multiple layers. Additionally, other types of members 16 that can hold a
fixed static charge could be used in place of the cantilever arms 16(1) and 16(2).

Referring to FIG. 3, a second sacrificial layer 28(2) of conductive material,
such as poly silicon, is deposited on the second layer 22(2) of insulating material
for the cantilever arm 16(1). Next, the first and second sacrificial layers 28(1) and
28(2) which act as electrodes are coupled to a power source (not shown) and are
used to inject electrostatic charge into the interface 24(1) between the first and
second layers 22(1) and 22(2) of insulating materials, although other techniques
for imbedding the fixed state static charge can be used. For example, the fixed
state static charge may be injected by an electron gun before the deposition of a
second sacrificial layer 28(2). In that case, the second sacrificial layer 28(2) can
totally fill the chamber region and be planarized for subsequent processing and the
first and second sacrificial layers 28(1) and 28(2) do not need to be made of a

conductive material.

Once the fixed state static charge is imbedded into the interface 24(1), a
third sacrificial layer 32 of insulating material, such as poly silicon,is deposited on
the second sacrificial layer 28(2) and the base 20(1), although other types of
materials can be used. Next, the third sacrificial layer 32 is planarized, although if

the structure is near planar, this step may not be required.

Referring to FIG. 4, a layer of conducing material, such as aluminum, is
deposited on the third sacrificial layer 32 to form a structure 12(1) which also acts
'as the control electrode 18(2), although other types of materials could be used to
form the structure 12(1), such as an insulating material, if the control electrode
18(2) is located elsewhere, such as in or on structure 12(1) as shown in FIG. 5.
Next, an opening 14(2) is patterned in the layer which forms structure 12(1),
although other numbers of openings could be patterned and formed. The portion
of the layer which forms structure 12(1) not covered by the pattern where the
opening 14(1) is located is removed to form an opening 14(1) which extends

through the layer forming the structure 12(1). The opening 14(1) is patterned in a
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location in the layer which forms structure 12(1) where one end of the cantilever
arm 16(1) extends across the opening 14(1). Next, the first, second and third
sacrificial layers 28(1), 28(2) and 32 are removed through the structure 12(1)

opening 14(1) to form a chamber 34 or passage.

The method for making the device 10(2) shown in FIG. 5 is the same as
the method described above for making the device shown in FIG. 4, except that
the cantilever arm 16(2) is fabricated to be in a normally closed position, instead
of the normally open position shown in FIG. 4, control electrode 18(1) is spaced
from cantilever arm 16(2) by a portion of the base 20(1), and a control electrode
18(1) is formed on the structure 18(1).

The operation of the devices 10(1) and 10(2) will now be discussed with
reference to FIGS. 4 and 5. When a suitable bias with a first polarity is applied to
the control electrodes 18(1) and 18(2) by a power source 26(1), the cantilever arm
16(1) in FIG. 4 can be made to move from its normally open position spaced from
the opening 14(1) in the structure 12(1) to a closed or sealed position against the
structure 12(1) to seal the opening 14(1). When the bias is removed or is reversed
to a second polarity, then the cantilever arm 16(1) returns to its normally open
position spaced from the opening 14(1) in the structure 12(1). If, as shown in
FIG. 5, the cantilever arm 16(2) is fabricated to be in the normally closed position
sealing the opening 14(1) in the valve 10(2), then when a suitable basis of a first
polarity is applied to control electrodes 18(1) and 18(2) the cantilever arm 16(2) is
moved away from the structure 12(1) to open the opening 14(1). When the bias is
removed or is reversed to a second polarity, then the cantilever arm 16(2) returns

to its normally closed position sealing the opening 14(1) in the structure 12(1).

A method for making a device 10(3) in accordance with another
embodiment will be described with reference to FIGS. 6-10. Referring more
specifically to FIG. 6, a portion of the base is etched to form a channel 36,
although other techniques for forming the channel 36 could be used. A layer of
conductive material is deposited in the channel 36 to from the control electrode
18(1), although control electrode 18(1) can be located and formed in other
locations. By way of example only, in FIG. 11 control electrode 18(1) is spaced
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from the membrane 16(4) by a portion of base 20(2). Referring back to FIG. 6, a
layer 38 of sacrificial material, such as poly silicon, is deposited in the channel 36
on the control electrode 18(1) and a portion of the layer of sacrificial material 38

is removed to form another channel 40 in this layer 38 of sacrificial material.

Referring to FIG. 7, a first layer 22(3) of insulating material, such as SiO,,
is deposited in the channel 40 in the layer 38 of sacrificial material, although other
types of materials could be used. Next, a second layer 22(4) of insulating
material, such as poly silicon, is deposited in the channel 42 in the first layer 22(3)
of insulating material, although other types of materials could be used. A portion
of the second layer 22(4) of insulating materials is removed to form another
channel 44. The first and second layers 22(3) and 22(4) of insulating materials
form a membrane 16(3) which can hold a fixed state static charge at an interface

24(2), although other numbers of layers could be used.

Next, the fixed state static charge is imbedded into the interface 24(2)
between the first and second layers 22(3) and 22(4) of insulating material by
applying a bias across the first and second layers of insulating materials, although
other techniques for imbedding the fixed state static charge, such as using an

electron flood gun, could be used.

Referring to FIG. 8, a sacrificial layer 46, such as poly silicon, is deposited
in the channel 44 in the second layer 22(4) of insulating material, although other
types of materials could be used. Next, the sacrificial layer 46 is planarized,

although if the structure is near planar, this step may not be required.

Referring to FIG. 9, a layer of conductive material, such as aluminum, is
deposited on the sacrificial layer to form a structure 12(2) and control electrode
18(2), although other types of materials could be used to form the structure 12(2),
such as an insulating material if a control electrode 18(2) was located somewhere
else, such as on structure 18(2) as shown in FIG. 11. Next, an opening 14(2) is
patterned in the layer which forms structure 12(2), although other numbers of
opening 14(2) could be patterned and formed. The portion of the layer which
forms structure 12(2) not covered by the pattern where the opening 14(2) is
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located is removed to form an opening 14(2) which extends through the layer
forming the structure 12(2). The opening 14(2) is patterned in a location in the
layer which forms structure 12(2) where an interior portion of the membrane
extends across the opening 14(2). Next, the sacrificial layer 46 is removed
through the opening 14(2) and the sacrificial layer 38 is removed through another
opening which is not shown and which is sealed after the sacrificial layer 38 is

removed to form a chamber 48 or passage.

The method for making the device 10(4) shown in FIG. 11 is the same as
the method described above for making the device 10(3) shown in FIG. 10, except
that the membrane 16(4) is fabricated to be in a normally closed position, instead
of the normally open position shown in FIG. 10, the control electrode 18\(1) is also
spaced from the membrane by a portion of the base 20(2), and the control
electrode 18(2) is on the structure 12(2).

The operation of these devices 10(3) and 10(4) will now be discussed with
reference to FIGS. 10 and 11. When a suitable bias and polarity is applied to the
control electrodes 18(1) and 18(2) by a power source 26(2), the membrane in FIG.
10 can be made to move from its normally open position spaced from the opening
14(2) in the structure 12(2) to a closed or sealed position resting against the
structure 12(2) to seal the opening 14(2). When the bias from the power source
26(2) is removed or the polarity of the bias is reversed, then the membrane 16(3)
returns to its normally open position spaced from the opening 14(2) in the
structure 12(2). If, as shown in FIG. 11, the membrane 16(4) is fabricated to be in
the normally closed position sealing the opening 14(2) in the device 10(4), then
when a suitable basis and polarity from the power source 26(2) is applied the
membrane 16(4) is moved away from the structure 12(2) to open the opening
14(2). When the bias from the power source 26(2) is removed or the polarity of
the bias is reversed, then the membrane 16(4) returns to its normally closed

position sealing the opening 14(2) in the structure 12(2).

An alternative operation of the devices 10(3) and 10(4) will be discussed
with reference to FIGS. 10 and 11. For many biological and micro-chemical

micro fluidic systems, the mixing of two or more substances can be facilitated by
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agitation. In this particular embodiment, the devices 10(3) and 10(4) each can be
used as an agitator. In this particular embodiment, a bias from the power source
26(2) with varying amplitude and/or polarity is applied to the control electrodes
18(1) and 18(2). The varying bias will cause the membrane 16(3) or 16(4) to
move toward and away from the control electrodes 18(1) and 18(2). This motion
of the membrane 16(3) or 16(4) provides agitation to mix one or more substances.
Applying a varying bias to the control electrodes 18(1) and 18(2) for cantilever ‘
arms 16(1) and 16(2) in the devices 10(1) and 10(2) shown in FIGS. 4 and 5 will

also provide agitation.

Referring to FIGS. 12 and 13, a pump 50 in accordance with another
embodiment of the present invention is illustrated. Elements in FIGS. 12 and 13
which are identical to those described in earlier embodiments in FIGS. 1-11, will

have like numerals. These like elements are identical except as described herein.

In this particular embodiment, the pump 50 includes a pair of cantilever
type devices 10(5) and 10(6) and a membrane type device 10(7), although other
types of valves can be used in pump 50. Since the cantilever type devices 10(5)
and 10(6) are identical to the device 10(1) and the membrane type device 10(7) is
identical to the device 10(3), except as described herein, these devices 10(5)-10(7)

will not be described again in detail here.

The pump 50 includes a substrate 20(3) with a channel 30(2). A control
electrode 18(3) is buried in the substrate 20(3) at the base of the channel 30(2). A
structure 12(3) which acts as a control electrode 18(6) is seated over the channel
30(2) in the substrate 20(3) and has a pair of openings 14(3) and 14(4) that extend
through to the channel 30(2) in the substrate 20(3). A membrane 16(5) extends
across the channel 30(2) in the substrate 20(3) and is spaced from the openings
14(3) and 14(4) in the structure 12(3) and also from the control electrode 18(3) at
the base of the channel 30(2). The membrane 16(5) acts as the diaphragm of the
pump 50 in this particular embodiment.

A cantilever arm 16(6) for one device 10(5) has an end which extends

across and is normally seated against to seal one of the openings 14(3) in the



WO 02/097865 PCT/US02/17247

10

15

20

25

-14 -

structure 12(3), although other configurations are possible, such as having the
cantilever arm 16(6) being normally open. The other end of the cantilever arm
16(6) is connected to another substrate 20(4). A control electrode 18(4) is in the
substrate 20(4) adjacent one free end of the cantilever arm 16(6).

A cantilever arm 16(7) for another device 10(6) has an end which extends
across and is normally seated against the other opening 14(4) in the structure
12(3), although other configurations are possible, such as having the cantilever
arm 16(7) being normally open. The other end of the cantilever arm 16(7) 1s
connected to another substrate 20(5). A control electrode 18(5) is in the substrate
20(3) adjacent the cantilever arm 16(7).

A power source 26(3) is coupled to the control electrodes 18(3) and 18(6),
a power source 26(4) is coupled to the control electrodes 18(4) and 18(6), and a
power source 26(5) is coupled to the control electrodes 18(5) and 18(6), although
other configurations are possible, such as having a single power source controlling
the devices 10(5)-10(7) in pump 50.

The operation of the pump 50 will be described with reference to FIGS. 12
and 13. In this particular embodiment, a first bias is applied by the power source
26(4) to the control electrodes 18(4) and 18(6) adjacent the cantilever arm 16(6).
The cantilever arm 16(6) is moved away from the first opening 14(3) in a structure
12(3) in response to the applied first bias. If the cantilever arm 16(3) has a
different starting position, such as a normally open position spaced from the first

opening 14(3) in the structure 12(3), then this step may be unnecessary.

A second bias is applied by the power source 26(5) to the control
electrodes 18(5) and 18(6) adjacent the cantilever arm 16(7). The cantilever arm
16(7) is held against the second opening 14(4) in the structure 12(3) to seal the
second opening 14(4) in response to the applied second bias. If the cantilever arm
16(7) has a different starting position, such as a normally closed position sealing
the second opening 14(4) in the structure 12(3), then this step may be

unnecessary.
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A third bias is applied by the power source 26(3) to the control electrodes
18(3) and 18(6) which is adjacent to the membrane 16(5). The membrane 16(5)
moves away from the first and second openings 14(3) and 14(4) in the structure
12(3) based on the applied third bias. One or more substances are pumped into a
trench 52 in the base 20(3) through the first opening 14(3) in the structure 12(3) in

response to the movement of the membrane 16(5).

A fourth bias is applied by the power source 26(4) to the first control
electrodes 18(4) and 18(6) adjacent the cantilever arm 16(6). The cantilever arm
16(6) moves towards the first opening 14(3) in the structure 12(3) to seal the first
opening 14(3) in response to the fourth bias.

A fifth bias applied by the power source 26(5) to the control electrodes
18(5) and 18(6) adjacent the cantilever arm 16(7). The cantilever arm 16(7)
moves away from the second opening 14(4) in the structure 12(3) to open the
second opening 14(4) in response to the fifth bias.

A sixth bias is applied by the power source 26(3) to the control electrodes
18(3) and 18(6). The membrane 16(5) moves toward the first and second
openings 14(3) and 14(4) to pump the one or more substances out of the trench 52
in the base 20(3) through the second opening 14(4) in the structure 12(3).

Accordingly, the present invention provides a simple and effective micro fluidic

pump.

Having thus described the basic concept of the invention, it will be rather
apparent to those skilled in the art that the foregoing detailed disclosure is
intended to be presented by way of example only, and is not limiting. Various
alterations, improvements, and modifications will occur and are intended to those
skilled in the art, though not expressly stated herein. These alterations,
improvements, and modifications are intended to be suggested hereby, and are
within the spirit and scope of the invention. Additionally, the recited order of
processing elements or sequences, or the use of numbers, letters, or other

designations therefor, is not intended to limit the claimed processes to any order
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except as may be specified in the claims. Accordingly, the invention is limited

only by the following claims and equivalents thereto.
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CLAIMS
What is claimed is:
1. A device for micro fluidics, the device comprising:

a structure with at least one opening; and

a member having a fixed static charge, the member having a first

position exposing the opening and a second position sealing the opening.

2. The device as set forth in claim 1 further comprising at least two
control electrodes which are adjacent to and spaced from different sides of the

member.

3. The device as set forth in claim 2 wherein at least a portion of the

structure adjacent the opening comprises one of the control electrodes.

4. The device as set forth in claim 1 wherein the member comprises a

cantilever arm.

5. The device as set forth in claim 4 wherein the cantilever arm
comprises two or more insulators deposited on each other with an interface
between each pair of the insulators, the fixed static charge is imbedded at at least

one of the interfaces between the two or more insulators.

6. The device as set forth in claim 4 wherein the cantilever arm

comprises an electret with the fixed static charge.

7. The device as set forth in claim 4 wherein a free end of the,

cantilever arm is located adjacent to and spaced from the opening in the structure.
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8. The device as set forth in claim 4 wherein a free end of the

cantilever arm is located against the opening in the structure.

9. The device as set forth in claim 1 wherein the member comprises a
membrane with an outer perimeter, at least a portion of the outer perimeter of the

membrane is connected to the structure about the opening.

10.  The device as set forth in claim 9 wherein the membrane comprises
two or more insulators deposited on each other with an interface between each
pair of the insulators, the fixed static charge is imbedded at at least one of the

interfaces between the two or more insulators

11.  The device as set forth in claim 9 wherein the membrane comprises

an electret with the fixed static charge.

1

12.  The device as set forth in claim 9 wherein an interior portion of the
membrane is located adjacent to and spaced from the opening in the structure to

define a chamber.

13.  The device as set forth in claim 9 wherein an interior portion of the

membrane is located against the opening in the structure.

14. A method for making a micro fluidic device, the method

comprising:
providing a structure with at least one opening; and -

providing a member having a fixed static charge, the member
having a first position exposing the opening and a second position sealing the

opening.



WO 02/097865 PCT/US02/17247

10

15

20

25

-19-

15.  The method as set forth in claim 14 further comprising providing at
least two control electrodes which are adjacent to and spaced from different sides

of the member.

16.  The method as set forth in claim 15 wherein at least a portion of the

structure adjacent the opening comprises one of the control electrodes.

17.  The method as set forth in claim 15 wherein providing a member

having a fixed static charge further comprises:
depositing a first sacrificial material over a portion of a base;

depositing a first insulator over the first sacrificial material and

another portion of the base;
depositing a second insulator over the first insulator; and

imbedding the fixed static charge at an interface between the first

and second insulators.

18.  The method as set forth in claim 17 wherein providing a structure

with at least one opening further comprises:

depositing a second sacrificial material over at least a portion of the

member;

depositing a structure layer on at least a portion of the second

sacrificial material; and

forming an opening in the structure layer.

19.  The method as set forth in claim 18 wherein the deposited structure

layer is made of a conductive material to form one of the control electrodes.
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20.  The method as set forth in claim 18 further comprising removing

the first and second sacrificial materials.

21.  The method as set forth in claim 17 wherein providing a structure

with at least one opening further comprises:

depositing a structure layer over at least a portion of the member,

the structure layer in contact with, but not connected to the member; and

forming an opening in the structure layer, the opening extending to

a portion of the member in contact with the structure layer.

22.  The method as set forth in claim 21 wherein the deposited structure
layer is made of a conductive material to form a control electrode and further
comprising providing another control electrode which is adjacent to and spaced

from an opposing side of the member from the structure..

23.  The method as set forth in claim 21 further comprising removing

the first sacrificial material.

24.  The method as set forth in claim 17 wherein providing at least two

control electrodes further comprises:
forming an opening in the base;

depositing a conductive material in the opening in the base to from

one of the control electrodes on one side of the member; and

forming another control electrode on another side of the member.

25.  The method as set forth in claim 15 wherein providing a member

having a fixed static charge further comprises:

forming a first opening in a base;
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depositing a first sacrificial material in at least a portion of the first

opening in the base;

depositing a first insulator over at least a portion of the deposited

first sacrificial material and another portion of the base;
depositing a second insulator over the first insulator; and

imbedding the fixed static charge at an interface between the first

and second insulators.

26.  The method as set forth in claim 25 wherein providing a structure

with at least one opening further comprises:

depositing a second sacrificial material over at least a portion of the

pair of insulators in the first opening in the base;

depositing a structure layer on at least a portion of the second

sacrificial material, the second insulator and the base; and

forming an opening in the structure layer adjacent and spaced from

the second insulator.

27.  The method as set forth in claim 26 wherein the deposited structure

layer is made of a conductive material to form one of the control electrodes.

28.  The method as set forth in claim 27 further comprising removing

the first and second sacrificial materials.

29.  The method as set forth in claim 25 wherein providing a structure

with at least one opening further comprises:

depositing a structure layer over at least a portion of the second
insulator and the base, the structure layer in contact with, but not connected to the

member; and
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forming an opening in the structure layer, the opening extending to

a portion of the second insulator in contact with the structure layer.

30.  The method as set forth in claim 29 wherein the deposited structure

layer is made of a conductive material to form one of the control electrodes.

31.  The method as set forth in claim 29 further comprising removing

the first sacrificial material.

32.  The method as set forth in claim 25 wherein providing the control

electrode further comprises:
forming a second opening in the first opening in the base; and

depositing a conductive material in the second opening in the base

to from one of the control electrodes on one side of the member; and

forming another control electrode on another side of the member.

33.  An agitator comprising:
a base with at least one trench;
a structure with at least one opening, the structure connected to the

base over the trench with the opening in the structure extending through to the

trench in the base; and

a membrane with a fixed static charge, the membrane connected to

the base across at least a portion of the trench.

34.  The agitator as set forth in claim 33 further comprising at least two
control electrodes which are adjacent to and spaced from different sides of the

membrane.
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35.  The agitator as set forth in claim 34 wherein at least a portion of

the structure adjacent the opening comprises one of the control electrodes.

36.  The agitator as set forth in claim 33 wherein the membrane
comprises two or more insulators deposited on each other with an interface
between each pair of the insulators, the fixed static charge is imbedded at at least

one of the interfaces between the two or more insulators

37.  The agitator as set forth in claim 33 wherein the membrane

comprises an electret with the fixed static charge.

38. A method for agitating one or more substances, the method

comprising:

placing the one or more substances in a trench in a base through an

opening in a structure, the structure connected to the base over the trench;

applying a varying bias to at least two control electrode which are
adjacent to and spaced from different sides of a membrane with a fixed static
charge, the membrane connected to the base across at least a portion of the trench;

and

moving the membrane towards and away from one of the control

electrodes based on the applied varying bias.

39. The method as set forth in claim 38 wherein one of the control

electrodes is in the base.

40.  The method as set forth in claim 38 wherein at least a portion of the

structure adjacent the opening comprises one of the control electrode.
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41.  The method as set forth in claim 38 wherein the membrane
comprises two or more insulators deposited on each other with an interface
between each pair of the insulators, the fixed static charge is imbedded at at least

one of the interfaces between the two or more insulators.

42. The method as set forth in claim 38 wherein the membrane

comprises an electret with the fixed static charge.

43. A pump comprising:
a base with at least one trench;

a structure with at least two openings, the structure connected to
the base over the trench with the openings in the structure extending through to

the trench in the base;

a membrane with a fixed static charge, the membrane connected to

the base across at least a portion of the trench;

a first cantilever arm having a fixed static charge, the first
cantilever arm having a first position exposing one of the openings and a second

position sealing the one of the openings; and

a second cantilever arm having a fixed static charge, the second
cantilever arm having a first position exposing another one of the openings and a

second position sealing the another one of the openings.

44,  The pump as set forth in claim 43 further comprising a first control
electrode which is adjacent to and spaced from the membrane, a second control
electrode which is adjacent and spaced from the first cantilever arm, a third
control electrode which is adjacent and spaced from the second cantilever arm,
and at least a fourth control electrode which is adjacent and spaced from another
side from the membrane from the first control electrode, which is adjacent and

spaced from another side from the first cantilever arm from the second control
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electrode, and which is adjacent and spaced from another side from the second

cantilever arm from the second control electrode.

45.  The pump as set forth in claim 43 wherein at least a portion of the
structure comprises the fourth control electrode.

46.  The pump as set forth in claim 43 wherein at least one of the
membrane, first cantilever arm, and second cantilever arm comprises two or more
insulators deposited on each other with an interface between each pair of the
insulators, the fixed static charge is imbedded at at least one of the interfaces

between the two or more insulators.

47.  The method as set forth in claim 43 wherein at least one of the
membrane, first cantilever arm, and second cantilever arm comprises an electret

with the fixed static charge.

48. A method for pumping one or more substances, the method

comprising;:

applying a first bias to a first control electrode and a fourth control
electrode which are adjacent to and spaced from different sides of a membrane
with a first fixed static charge, the membrane is connected to a base across at least

a portion of a trench in the base;

moving the membrane towards and away from the first control
electrode based on the applied first bias to pump the one or more substances into
the trench in the base through the first opening in the structure, the structure is

connected to the base over the trench;

applying a second bias to a second control electrode and the fourth
control electrode which are adjacent to and spaced from different sides of a first

cantilever arm with a second fixed static charge;
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moving the first cantilever arm towards the first opening in the

structure to seal the first opening in response to the applied second bias;

applying a third bias to a third control electrode and the fourth
control electrode which are adjacent to and spaced from different sides of a

second cantilever arm with a third fixed static charge;

moving the second cantilever arm away from the second opening in

the structure to open the second opening in response to the applied third bias;

applying a fourth bias to the first control electrode and the fourth

control electrode; and

moving the membrane toward the first electrode based on the
applied fourth bias to pump the one or more substances out of the trench in the

base through the second opening in the structure.

49.  The method as set forth in claim 48 further comprising:

applying a fifth bias to the second control electrode and fourth

control electrode; and

moving the first cantilever arm away from a first opening in a

structure in response to the applied fifth bias.

50.  The method as set forth in claim 49 further comprising:

applying a sixth bias to the third control electrode and the fourth

electrode; and

moving the second cantilever arm towards the second opening in

the structure to seal the second opening in response to the applied sixth bias.
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