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1

MICRO FLUIDIC VALVES, AGITATORS, AND
PUMPS AND METHODS THEREOF

The present invention claims the benefit of U.S. Provi-
sional Patent Application Ser. 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.

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 con-
nected to the base across at least a portion of the trench.

A method for agitating one or more substances in accor-
dance 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. The 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
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2

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 accor-
dance 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 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 the 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 maxi-
mum 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;

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


















