Claims

1. A device for delivering a microdose volume of fluid to an eye, comprising:

a housing;

a fluid ejector located within the housing, the fluid ejector having a vibrating element
with a plurality of openings, the vibrating element having a fluid side and a delivery side with
the plurality of openings extending from the fluid side to the delivery side, the fluid ejector
ejecting fluid from the fluid side through the plurality of openings to the delivery side when
the vibrating element is vibrated;

a microdose volume enclosure positioned adjacent the fluid side the vibrating
element, the enclosure and the vibrating element forming a microdose volume chamber; and

a pump having an outlet fluidly coupled to the microdose volume chamber, wherein
the pump is configured to draw a discrete dose of liquid from a fluid container into a variable
volume cavity and eject the discrete dose from the cavity into the chamber at a pressure of at
least 200 psi,

wherein the microdose volume enclosure includes a wall having a lip positioned
adjacent the fluid side of the vibrating element, the lip extending around the plurality of
openings, the microdose volume enclosure and the vibrating element together defining the

microdose volume chamber which holds the discrete dose to be dispensed.

2. The device of claim 1, further comprising:
a first actuator operably coupled to the pump, wherein actuation of the first actuator

activates the pump to deliver the discrete dose to the microdose volume chamber.

3. The device of claim 1, further comprising a second actuator operably coupled to the
vibrating element, wherein actuation of the second actuator causes the vibrating element to

vibrate and eject the microdose volume fluid through the plurality of openings.

4. The device of claim 1, wherein the microdose volume chamber defined by the
microdose volume enclosure is configured to hold a maximum microdose liquid volume of

10-14 microliters.

5. The device of claim 1, wherein the lip is spaced apart from the fluid side of the

vibrating element by less than 150 microns.
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6. The device of claim 1, wherein the lip is spaced apart from the fluid side of the
vibrating element by less than 250 microns about an angle of at least 270 degrees when

viewed along a central axis.

7. The device of claim 1, wherein the microdose volume enclosure has an internal
surface in contact with the fluid which forms the chamber, the internal surface being shaped
so that at least 75% of the internal surface in contact with the volume of fluid is no more than

0.040 inch from a nearest of the plurality of openings.

8. The device of claim 1, further comprising a piezoelectric element coupled to the

vibrating element.

9. The device of claim 1, wherein the vibrating element has a maximum amplitude

which is less than an average separation distance between the lip and the vibrating element.

10.  The device of claim 1, wherein the vibrating element has a thickness measured from
the fluid side to the delivery side of 100-180 microns.

11.  The device of claim 1, wherein the lip is in contact with the vibrating element around
at least 270 degrees of the plurality of openings when viewed along a central axis, to hold the

fluid in the microdose volume enclosure.

12.  The device of claim 1, wherein the lip has no direct attachments to the vibrating

element.

13.  The device of claim 1, wherein the lip is made of a resilient material having a
durometer of less than Shore 60a.

14.  The device of claim 1, wherein the lip is biased against the vibrating element in the

direction of a central axis of the vibrating element.

15.  The device of claim 1, wherein the lip exerts a force of no more than 3 gram-f on the

vibrating element measured in the direction of a central axis of the vibrating element.
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16.  The device of claim 1, further comprising a mechanism for biasing the lip against the

vibrating element.

17.  The device of claim 1, wherein the lip and the vibrating element are adjacent one
another to prevent fluid from passing therebetween along a closed loop which encircles the

plurality of openings.

18.  The device of claim 1, wherein the lip is spaced apart from the vibrating element by a
separation distance of at least 125 microns around at least 270 degrees of the plurality of

openings when viewed along a central axis of the vibrating element.

19.  The device of claim 1, wherein the microdose volume enclosure does not include a
vent opening to vent air into the enclosure when the fluid is ejected through the openings
other than between the lip and the vibrating element and through at least some of the plurality
of openings.

20.  The device of claim 1, wherein

the fluid container fluidly coupled to the microdose volume chamber of the
microdose volume enclosure, the fluid container having a fluid carrying capacity is at least
150 times the volume of the enclosure; and

wherein the pump delivers one dose size only.

21.  The device of claim 1, wherein the vibrating element defines an enclosed border
positioned adjacent to the surface of the lip, the enclosed border defining an enclosed feed
area bounded by the enclosed border, the openings in the vibrating element encompassing

and defining a delivery area of the vibrating element.

22. The device of claim 1, wherein the microdose volume enclosure has a sidewall and a
main inlet which receives fluid, wherein fluid flow from the main inlet is split between a first
inlet and second inlet to direct fluid at a sidewall of the microdose volume enclosure before

being directed at the plurality of openings.
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23.  The device of claim 22, wherein the first inlet and the second inlet direct at least 90%
of fluid at the enclosure and less than 10% of fluid is directed at the vibrating element before

being directed at the microdose volume enclosure.

24.  The device of claim 1, further comprising:

a tube having a lumen; and

the microdose volume enclosure having a main inlet fluidly coupled to the lumen in
the tube, the main inlet being oriented to direct the fluid at an inner wall of the microdose
volume enclosure which forms a flow splitting chamber, the flow splitting chamber having at
least two separate inlets leading to the microdose volume chamber and each inlet to the
microdose volume chamber directing the fluid at a sidewall of the microdose volume

enclosure.

25.  The device of claim 24, wherein the flow splitting chamber has a third inlet and a

fourth inlet corresponding to a third flow path and a fourth flow path, respectively.

26.  The device of claim 1, wherein

the vibrating element has a central axis defined by a central orientation of the spray
pattern emitted by the plurality of openings; and

the microdose volume enclosure has a main inlet which directs the flow in a direction
within 30 degrees of the central axis, the microdose volume enclosure having a sidewall and a
flow splitting chamber fluidly coupled to the main inlet to receive the fluid, the flow splitting
chamber having a shape which redirects and splits the fluid flow from the main inlet to at
least a first inlet and a second inlet oriented 60-90 degrees from the central axis, the first inlet
and the second inlet being directed at the sidewall of the microdose volume enclosure before

the fluid is directed to the plurality of openings.

27.  The device of claim 1, further comprising:

a tube having a lumen with a volume of less than 2 microliters;

a valve having an open position which permits fluid flow through the lumen and a
closed position which prevents fluid flow through the lumen; and

the microdose volume enclosure having a main inlet fluidly coupled to the lumen in
the tube.
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28. The device of claim 1, wherein the pump has a first part and a second part
movably coupled to one another to change a size of the variable volume cavity, wherein
the first part and the second part are configured to reciprocate between a stored position,
a partial stroke position, and a full forward stroke position,

wherein, when the first part and the second part are moved from the stored position
toward the partial stroke position, the first part moves away from the second part and the

cavity increases in size to draw the discrete dose,

wherein, when the first part and the second part are in the full forward stroke position,
the first part and the second part are at a greatest displacement from one another, the

cavity is at maximum size and aligned with a lumen into the chamber, and

wherein, when the first part and second part are moved from the full forward stroke
position toward the stored position, the first part and the second part move toward one

another and the cavity decreases in size to eject the discrete dose.

29.  The device of claim 28, wherein the first part of the pump has a first extension and the
second part of the pump has a second extension, wherein the first extension extends toward
the second extension and interlocks with the first extension, the first part driving the second

part through the cycle.

30.  The device of claim 28, further comprising a first actuator operably coupled to the
first part, the actuator driving the first part through the forward stroke and also loading a
pump return spring during the forward stroke, the loaded pump spring moving the first pump

part and the second pump part back to the stored position from the forward stroke position.

31.  The device of claim 28, wherein fluid is drawn into the variable volume cavity formed
between the first and second parts during the forward stroke of the first part.

32.  The device of claim 28, wherein fluid is drawn into the variable volume cavity during
the forward stroke, the variable volume cavity being formed between the first part and the
second part, a size of the variable volume cavity changing as the first and second parts move

toward and away from one another.
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33.  The device of claim 28, wherein the variable volume cavity of the pump holds a

volume of 7-12 microliters which is delivered to the microdose volume enclosure during use.

34.  The device of claim 1, further comprising:

a tube having a lumen fluidly coupled to the chamber; and

a valve which is opened to permit fluid flow through the lumen and closed to block
fluid flow through the lumen, a total downstream volume is defined by a total volume
including at least the lumen and the microdose volume chamber tube which is downstream of
the valve, the volume of fluid delivered to the microdose volume chamber may be 40%-70%

of the total downstream volume.

35.  The device of claim 1, further comprising an air make-up chamber coupled to the
pump, the pump forcing air from the make-up chamber into the fluid container during each

cycle.

36.  The device of claim 28, further comprising an air make-up chamber coupled to the
pump, wherein the pump draws air into the air make-up chamber during the forward stroke of
the first part and forces air into the fluid container during a return stroke of the first part

returning to the stored position.

37.  The device of claim 1, further comprising:

a shutter having an aperture, the shutter being movable from a stored position, which
covers the plurality of openings when viewed along a central axis, to a delivery position in
which the plurality of openings are exposed when viewed along the central axis through the
aperture of the shutter; and

a shutter spring coupled to the shutter, the shutter spring being loaded when the first
actuator moves the first part of the pump during the forward stroke, the shutter spring being
coupled to the shutter which is moved from the delivery position back to the stored position

by the shutter spring.
38.  The device of claim 1, further comprising a control system mounted to the housing,

the control system being coupled to a first actuator and being operably coupled to the

vibrating element to control the vibrating element.
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39.  The device of claim 1, wherein the housing includes a first housing part and a second
housing part, the first housing part being removably coupled to the second housing part; the

control system being mounted to the first housing part.

40. The device of claim 1, wherein the lip has a PTFE coating adjacent to the vibrating
element to reduce friction therebetween, the coating extending around at least 270 degrees

when viewed along a central axis of the vibrating element.

41.  The device of claim 1, wherein the vibrating element has a PTFE coating adjacent to
the lip to reduce friction therebetween, the coating extending around at least 270 degrees

when viewed along a central axis of the vibrating element.

42.  The device of claim 1, wherein an inner surface of the enclosure is hydrophobic over

at least 70% of the inner surface in contact with fluid.

43.  The device of claim 1, further comprising a wall opening extending through the wall

to expose the microdose volume chamber.

44.  The device of claim 43, wherein the wall opening forms a gap in the lip.

45.  The device of claim 43, wherein the wall opening has a longitudinal dimension
measured from the lip in the direction of a central axis and a radial dimension measured in a
radial direction relative to the central axis, the microdose volume enclosure having an internal
wall with a side facing the openings in the vibrating element which is spaced apart from the

openings by a separation.

46.  The device of claim 43, wherein the wall includes a frustoconical portion, the wall
opening extending proximally from the lip for at least 80% of the length of the frustoconical

portion.
47.  The device of claim 45, wherein the longitudinal dimension of the wall opening is at

least 80% of the separation between the vibrating element and the side of the enclosure facing

the openings.
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48.  The device of claim 43, wherein the wall opening vents the enclosure by permitting
air to enter the microdose volume chamber when fluid is ejected, the wall opening being

small enough to prevent the fluid from passing therethrough.
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