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CONVERTIBLE FLUID FEED SYSTEM WITH COMFORMABLE
RESERVOIR AND METHODS

BACKGROUND OF THE INVENTION

This invention relates generally to the field of liquid aerosolization, and in
particular to the management of liquids used in the aerosolization process. More specifically,
the invention relates to liquid feed systems and methods for transferring liquids to an aerosol
generator for aerosolization.

The ability to aerosolize or nebulize small liquid droplets is important to a
variety of industries. Merely by way of example, many pharmaceuticals can now be
delivered to the lungs in liquid form. Aerosolization is also a useful technique to dispense
deodorizers, perfumes, insecticides or the like into the atmosphere.

Aerosolizers or nebulizers typically utilize a supply of liquid that is contained
in some type of reservoir, such as a container, canister, or the like. In this way, the liquid
may be stored in a sealed environment until ready for aerosolization. However, because the
liquid is sealed within a container, the liquid needs to be removed and transferred to the
aerosol generator prior to acrosolization. Hence, this invention relates to the use of various
liquid feed systems that may be used to transfer liquids from sealed containers to an aerosol

generator.

BRIEF SUMMARY OF THE INVENTION

In one embodiment, the invention provides a feed system for an aerosolizer.
The feed system is used with an ampoule containing a liquid and includes a housing having
an ampoule region into which the ampoule is held, and a liquid receiving region that is
adapted to receive liquid dispensed from the ampoule. An interface is provided to couple the
liquid receiving region to an aerosol generator. In this way, liquid from the liquid receiving
region is permitted to flow to the aeroéol generator for aerosolization.

In one aspect, the liquid receiving region includes an overflow region that
extends along side the ampoule region above the bottom end of the ampoule. In this way,
excess liquid from the ampoule may overflow into the overflow region until reaching the

same height as the liquid within the ampoule. Such a configuration is useful in reducing the
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overall size of the aerosol generator since the overflow region may be along side the
ampoule.

In another aspect, the liquid receiving region includes a tapered bottom end
with a drain opening to funnel liquid from the ampoule to the aerosol generator. With such a
configuration, the interface may be used to produce a seal between the bottom end of the »
liquid receiving region and the aerosol generator. Such a seal may be formed, for example,
by coupling a seal member to the bottom end of the liquid receiving region, to the aerosol
geﬁerator or both. In some cases, the aerosol generator may also include an interface to
produce a sealed pathway between the bottom end of the liquid receiving region.

In one particular aspect, the feed system housing includes a top portion and a
bottom portion having the tapered bottom end. The top portion is attachable to the bottom
portion to permit the top portion to be used as a disposable unit. For example, the bottom
portion may be a component of an aerosolization device and the top portion may be marketed
as a disposable unit containing the ampoule. In this way, the top portion having the ampoule
may be inserted into the aerosolization device and coupled with the bottom portion. The
liquid may then be released from the ampoule and permitted to flow into the bottom portion.
With such an embodiment, the ampoule region and the overflow region may comprise two
elongate channels extending through the top portion so that overflow liquid may rise into the
overflow region as previously described. Conveniently, an o-ring seal may be positioned
between the top portion and the bottom portion to provide an appropriate seal.

In some cases, the feed system may include a lid that is coupled to the housing
to secure the ampoule within the ampoule region. When the ampoule includes a top tab
extending from the top end, and the lid may include a slot through which the top tab extends.
The lid prevents the ampoule from being removed from the top portion of the feed system so
that the entire unit may be disposable. After insertion into the aerosolization device, the top
tab may be removed to form a vent opening in the top end of the ampoule.

The ampoule may also include a bottom tab extending from the bottom end.
This bottom tab may also be removable to form a drain opening in the bottom end of the °

ampoule, preferably before insertion into the aerosolization device and prior to forming the

* vent. In cases where the ampoule is secured within the top portion of the feed system, the

bottom tab extends distally beyond the top portion of the housing. With such a configuration,
the bottom tab is removed prior to insertion of the top portion into the aerosolization device.
The top tab may then be removed to vent the liquid into the liquid receiving region. Further,

it will be appreciated that other opening schemes may be used, such as by using cracking tabs
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and/or including piercing elements within the feed system that pierce the ampoule upon
insertion and/or closing of a lid.

In some embodiments, the feed system may be configured to be integrally
formed with an aerosolization device so that the liquid feed system may be continuously
reused along with the device. With such embodiments, a user simply places an ampoule into
the device and then releases the liquid from the ampoule where the liquid flows into the
liquid receiving region and is available for aerosolization. Once aerosolization is finished,
the ampoule is removed and discarded. Another ampoule may then be inserted and the
process répeated. In some cases, the entire feed system may be removably held within the
aerosolization device so that it may be removed for cleaning. Further, other components,
such as the aerosol generator and an inhalation sensor may be coupled to the liquid feed
system so that they may be removed along with the feed system during cleaning.

In another aspect, the aerosol generator may comprise a vibratable member
having a plurality of apertures and a vibratable element to vibrate the vibratable member. For
example, the aerosol generator may have an aperture plate with tapered apertures, and a piezo
electric element may be used to vibrate the aperture plate.

The invention further provides an exemplary method for aerosolizing a liquid.
According to the method, an ampoule containing a liquid is inserted into an aerosolization
device having a liquid feed system, an aerosol generator, and an exit opening. The ampoule
is opened to permit liquid from the ampoule to drain into a liquid receiving region of the feed
system. The aerosol generator is then operated to eject liquid droplets through the exit
opening.

In one aspect, a bottom tab is removed from the ampoule to form a drain
opening before inserting the ampoule into the aerosolization device. Once in the device, a
top tab may be removed to form a vent opening in the ampoule. In another aspect, the
ampoule is held within a receiver unit of the liquid feed system. With this configuration, the
receiver unit is inserted into the aerosolization device after removal of the bottom tab and
coupled with the liquid receiving region. In this way, the receiver unit may be packaged as a
disposable unit having an ampoule.

| Alternatively, the feed system may include one or more piercing elements that
pierce the ampoule during insertion and/or closing of a lid. In another aspect, the receiver
unit includes an overflow region adjacent to the ampoule. When the ampoule is opened
excess liquid flows into the overflow region until aerosolized. In a further aspect, an aperture

plate of the aerosol generator is vibrated to produce the liquid droplets.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a top perspective view of a liquid feed system coupled to an aerosol
generator according to the invention.

Fig. 2 is a cross sectional view of the liquid feed system and aerosol generator
of Fig. 1.

Fig. 3 is a cut away view of the liquid feed system and aerosol generator of
Fig. 1 shown without an ampoule.

Fig. 4A is a cut away view of a bottom portion of the liquid feed system of
Fig. 3 when coupled to the aerosol generator.

Fig. 4B is a cut away view of an alternative bottom portion of a liquid feed
system according to the invention.

Fig. 5 is a cross sectional view of a top portion of the liquid feed system of
Fig. 1.

Fig. 6 is a cross sectional view of an alternative liquid feed system having ring
seals that seal a top portion to a bottom portion of the feed system according to the invention.

Fig. 7 is a top perspective view of another embodiment of a liquid feed system
coupled to an aerosol generator according to the invention.

Fig. 8 is a bottom perspective view of the liquid feed system and aerosol
generator of Fig. 7.

Fig. 9is a cut away view of the liquid feed system and aerosol generator of
Fig. 7.

DESCRIPTION OF THE SPECIFIC EMBODIMENTS

The invention provides various liquid feed systems for acrosolization devices
along with methods for their use. The liquid feed systems may be used with a variety of
aerosolization devices that are configured to aerosolize a volume of liquid. Such aerosolizers
may be of the type, for example, where a vibratable member is vibrated at ultrasonic
frequencies to produce liquid droplets. Some specific, non-limiting examples of technology
for producing fine liquid droplets is by supplying liquid to an aperture plate having a plurality
of tapered apertures and vibrating the aperture plate to eject liquid droplets through the
apertures. Such a technique is described generally in U.S. Patent Nos. 5,164,740; 5,938,117;
5,586,550; 5,758,637 and 6,085,740, the complete disclosures of which are herein
incorporated by reference. However it will be appreciated that the invention is not intended

to be limited for use with only such devices.
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The feed systems of the invention utilize a container that holds a liquid, such
as an ampoule, vial, or other means of holding fluid in a closed space. Such containers are
typically sealed and must be processed to release the liquid. The containers may be
processed by removing or operating one or more tabs, by piercing the containers, or the like.
Merely by way of example, some ampoules that may be used with the invention are described

in copending U.S. Patent Application No. , filed on the same date as

the present application (attorney docket no. 16770-004400), the complete disclosure of which
is herein incorporated by reference.

The feed systems further include a liquid receiving region that defines a path
or shape of a secondary volume area that transfers the liquid from the initial container or
ampoule to the aerosol generator. The feed systems may also include an interface with the
aerosol generator. One feature of such feed systems is that they may be constructed of
similar components that permit the feed system to be loadable as an entire disposable system
into an aerosolization device, or to be integrated into an aerosolization device where the
ampoule is inserted directly into the aerosolization device. Such convertibility may be
accomplished using a majority of the same parts, with the manufacturer choosing how the
aerosolization device is configured to fit the user's drug type, aerosol parameters, frequency
of use, and the like.-

The liquid receiving region may be oriented entirely below the ampoule to
facilitate the gravity drainage of a percentage of the ampoule when starting the aerosolization
process. This can be either a small percentage of ampoule drainage, and thus a small volume
of space, a large percentage of ampoule drainage and an associated larger volume of space, or
anywhere in between full initial drainage and minimal initial drainage of the ampoule
volume. The amount of vertical space available in the aerosolization device, as well as the
volume of liquid contained within the ampoule can dictate the size of the liquid receiving
region. The interface of the feed system may be configured in a variety of ways to
appropriately interface the liquid receiving region to the aerosol generator. For example, the
interface may comprise an adhesive bond between the liquid receiving region and the aerosol
generator. As another example, the interface may be compression sealed to the aerosol
generator, or the interface may be held in place with a tight tolerance, actually touching the
aerosol generator, but not damping it. An objective of such techniques is to connect a
pathway between the liquid receiving region and the aerosol generator, in effect sealing off

the fluid path from the environment. Such an interface is provided without significantly



10

15

20

25

30

WO 02/074373 PCT/US02/08379

dampening the vibration of the piezoelectric crystal adhered to the aerosol generator in such a
way as to impede the aerosolization flow rate.

The path or shape of the liquid receiving region may be oriented partially
below and partially beside the ampoule to facilitate a reduction in the amount of vertical
space taken up by the liquid receiving region, as well as to facilitate the venting of air from
the liquid receiving region. The amount of volume in either the space below or the space
beside the ampoule may be dictated by the requirements of the aerosolization device, and the
rate and ease of which the liquid will drain out of the ampoule. The amount of space above
and below the ampoule, may be either a small percentage of ampoule drainage, and thus a
small volume of space, a large percentage of ampoule drainage and an associated larger
volume of space, or anywhere in between full initial drainage or minimal initial drainage of
the ampoule volume. The amoﬁnt of vertical space available in the aerosolization device, as
well as the volume of liquid contained within the ampoule may also dictate the size of the
liquid receiving region.

One feature of the invention is that the feed system may be a unit that is
separate from an aerosolization device. In this way, the feed system niay be removed from
the aerosolization device following aerosolization and_disposed, while the aerosolization
device may be reused simply by inserting another feed system unit. With such an
embodiment, the ampoule is positioned and sealed into the feed system unit during
manufacturing, so that the user cannot tamper with the position or contents of the ampoule
until the aerosolization device is activated for use. With such a configuration, the
aerosolization device may be actuated in at least two ways. If using an ampoule having twist
off tabs, the user may twist off a drain orifice tab, and insert the feed system unit into the
aerosolization device. The insertion of the feed system unit into the aerosolization device
seats the feed system unit against a sealing material, of a generally softer durometer, or a
precision harder durometer material, and seals the fluid path from the ampoule to the aerosol
generator. Once the user has the tactile feedback that the feed system has been seated and
sealed in the aerosolization device, e.g. by a perceptible click, the top vent tab may be twisted
off, allowing the free flow of fluid from the ampoule into the liquid receiving region. From
the liquid receiving region, the liquid flows to the aperture plate of the aerosol generator.

If the ampoule includes a bottom Mist off tab and a top cracking tab, after
twisting off the bottom tab and seating the feed system unit in the aerosolization device, the

user may close a lid of the aerosolization device. In so doing, the top tab is bent, cracking the
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air seal and venting the contents of the ampoule so that the liquid may flow into the liquid
receiving region and into the path of the aerosol generator.

If using a pierce ampoule in the disposable configuration, the user may simply
load the feed system unit into the aerosolization device, and close the lid. In so doing, pins
located in the feed system unit pierce both a top air vent and a bottom drain nipple, allowing
fluid to flow into the liquid receiving region, and into the path of the aerosol generator.

In some embodiments, the feed system may be an integral or a permanent
portion of the device aerosolization device. The feed system may be positioned and sealed
into the aerosolization device without an ampoule during manufacture. For example the feed
system may be adhesive bonded or snap fitted into the aerosolization device during
manufacture. In such a case, the user is instructed to insert the ampoule into the feed system
when ready to aerosolize a liquid. The option of snap or latch fitting of the feed system into
place in the aerosolization device is desirable for occasionally removing the feed system for
cleaning. With both the dispersible and reusable embodiments, most of the components may
be interchangeable. In this way, the same manufacturing process may be used to make parts
for both embodiments.

‘ Such an aerosolization device may be actuated by at least two methods. If
using a twist off ampoule, the user twists off a drain orifice tab, and inserts the ampoule into
the feed system. The insertion of the ampoule into the feed system seats the ampoule against
either a firm material, allowing the ampoule to conform to the seal area, or against a softer
material which provides most of the sealing compliance, and seals the ampoule into the
device. In one aspect, a seal is formed between the outer diameter of the ampoule and the
inner diameter of the liquid feed system. Alternatively, a seal may be provided between the
mnner diameter of the ampoule and the outer diameter of a receptacle portion of the feed
system. Once the user has the tactile feedback that the ampoule has been seated and sealed in
the aerosolization device, e.g. by a perceptible click, the top vent tab may be twisted off,
allowing the free flow of fluid from the ampoule into the liquid receiving region. If the
ampoule is a bottom twist off, top cracking ampoule, after twisting off the bottom tab of the
ampoule and seating the ampoule in the device, the user may close the lid of the device to
bend the top tab. Bending of the top tab cracks the air seal and vents the contents of the
ampoule into the liquid receiving region and into the path of the aerosol generator.

If using a pierce ampoule with the aerosolization device that already includes a
feed system, the user simply loads the ampoule into the aerosolization device. Upon closing

the lid, a pin in a bottom of the feed system and another pin located in a lid or top of the feed
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system pierce both a top air vent and a bottom drain nipple. This allows fluid to flow into the
liquid receiving region, and into the path of the aerosol generator.

The feed systems of the invention may be constructed to include other
disposable components of an aerosolization device, such as a breath trigger switch, an aerosol
generator, or both. This allows for easy packaging and user convenience, as well as a means
of ensuring that the user obtains only one cycle from the combined components. When the
feed system is incorporated into the aerosolization device at the time of manufacture, the
combination of components makes assembly simple, and allows the user a one step operation
for swapping out replacement parts. There is also an advantage to combining components in
such an embodiment for the purposes of routine cleaning and inspection of the such parts or
components.

The feed systems of the invention are also compatible with either a face seal
interface, or a frame seal interface to the aerosol generator. The face seal configuration
allows the feed system to be directly attached to the aerosol generator, and is useful when the
feed system is removable. The face seal may be attached to the feed system or to the aerosol
generator. Attachment of the seal to the feed system ensures seal replacement whenever the
feed system is replaced. The frame seal configuration allows the feed system to attach to a
permanent part of the device, such as the housing defining the liquid receiving region or a
frame which holds the aerosol generator in place.

Referring now to Figs. 1-3, one embodiment of a liquid feed system 10 will be
described. To illustrate how feed system interacts with an aerosolization device, feed system
10 is shown coupled to an aerosol generator 12. However, it will be appreciated that feed
system 10 may be used with a variety of aerosol generators, and the invention is not limited
to the particular aerosol generator shown. Aerosol generator 12 may be constructed in a
manner similar to the aerosol generators described in U.S. Patent Nos. 5,164,740; 5,938,117;
5,586,550; 5,758,637 and 6,085,740, previously incorporated by reference. Aerosol
generator 12 includes a frame 14 that is used to couple aerosol generator 12 to another
structure of the aerosolization device, such as to a device housing. Coupled to frame 14 by
an o-ring 16 is a cup shaped support member 18 to which is coupled a vibratable member 20
having a plurality of apertures. Also coupled to support member 18 is an annular piezo
electric member 22 that is used to vibrate vibratable member 20. In operation, liquid is
supplied to a rear surface 24 of vibratable member 20, and liquid is ejected from a front

surface 26 upon vibration of vibratable member 20.
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Feed system 10 is constructed of a feed system housing 28 having a top
portion 30 and a bottom portion 32. As shown, top portion 30 is separate from bottom
portion 32, and a seal 33 is used to create a fluid tight seal between the two portions.
However, it will be appreciated that in some embodiments, the two portions may be integrally
formed together. Bottom portion 32 defines a liquid receiving region 34 and is coupled to
aerosol generator 12. More specifically, bottom portion 32 includes a taped bottom end 36
that leads to an opening 38 just above rear surface 24 of vibratable member 20. In this way,
liquid within bottom portion 32 flows by assistance of gravity onto rear surface 24 where it
may be aerosolized. Hence, bottom end 36 serves as an interface with aerosol generator 10.
At bottom end 36 is a seal 40 that provides a fluid tight seal between bottom portion 32 and
aerosol generator 10. Seal 40 may be constructed of a resilient material and may be
compression sealed to aerosol generator 10 or held in place with a tight tolerance to minimize
damping of vibratable member 20. Seal 40 may conveniently be attached to bottom end 36
or to support member 18.

Top portion 30 includes an ampoule region 42 and a liquid oVerﬂow region
44. Held within ampoule region 42 is an ampoule 46 having a bottom end 48 and a top end
50. Ampoule 46 may be similar to the ampoule described in copending U.S. Application No.
(attorney docket no. 16770-004400), previously incorporated herein by

reference. Ampoule 46 includes a twist of bottom tab 52 (see Fig. 5) and a twist off top tab
54 that is surrounded by a bendable shroud 56. In Figs. 1-3, bottom tab 52 has been removed
to form a drain opening prior to insertion into feed system 10. When ready to release the
liquid from ampoule 46, shroud 58 is bent and top tab 56 is twisted off to form a vent. Liquid
within ampoule 46 then drains into liquid receiving region 34, with any overflow rising into
overflow region 44 until reaching the height of the liquid within ampoule 46. As the liquid is
aerosolized, the liquid in overflow region 44 and within ampoule 46 drains at the same rate.
In this way, feed system 10 may be constructed with a relatively narrow geometry to reduce
the overall size of the aerosolization device. However, it will be appreciated that liquid
receiving region 34 may be made large enough so that overflow region 44 is not needed.
Further, although shown with ampoule 46, it will be appreciated that other types of ampoules
may be used that are opened in different ways.

Ampoule region 42 may conveniently be constructed to have a shape that
matches the shape of ampoule 46. Further, ampoule 46 has an outer perimeter 60 that
contacts top portion 30 to form a fluid tight seal between ampoule 46 and top portion 30.

Top portion 30 may further include a ridge which top portion 30 passes over to give the user
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tactile feedback indicating ampoule 46 has been properly inserted. Use of outer perimeter 60
is further advantageous in that it provides a relatively large sealing area on top portion 30 to
facilitate cleaning once ampoule 46 has been removed (see Fig. 3).

Feed system 10 may further include a lid 62 that is attached to top portion 30
by a hinge 64. Lid 62 further includes a slot 66 that permits lid to close over shroud 58 and
top tab 56. In this way, once lid 62 is closed, ampoule 46 is secured within feed system 10.
Use of lid 62 is particularly advantageous when top portioﬁ 30 is used as an insertable unit
into an aerosolization device. By using lid 62, ampoule 46 may be secured within top portion
30 at the time of manufacture and then sold as a disposable unit as described hereinafter.

Feed system 10 may optionally include a flow sensor 68 that senses when a
user inhales from an aerosolization device. When an inhalation is sensed, a signal may be
sent to a controller in the aerosolization device to actuate piezo electric member 22. Flow
sensor 68 may be similar to any of the flow sensors described in U.S. Patent No. 6,014,970
and copending U.S. Patent Application No. 09/705,063, filed November 2, 2000, the
complete disclosures of which are herein incorporated by reference. By including flow
sensor 68 on top portion 30, the flow sensor may also be configured as a disposable unit after
the liquid is aerosolized and top portion 30 is removed.

As shown in Figs. 4A and 5, top portion 30 is removable from bottom portion
32. In this way, bottom portion 32 may be incorporated into an aerosolization device (where
it is coupled to aerosol generator 12 as shown in Fig. 4A), while top portion 30 is a separate
unit that is insertable into the aerosolization device. In this way, a specific type of ampoule
may be included within top portion 30 at the time of manufacture, and top portion 30 sold as
a disposable unit. With such a configuration, ampoule 46 includes both top tab 56 and
bottom tab 54 when held within top portion 30 as shown in Fig. 5. When ready for use,
bottom tab 54 is removed to form the drain opening. Top portion 30 is then inserted into the
aerosolization device unit top portion 30 couples with bottom portion 32. These two portions
may be configured to snap together or give some other type of tactile feedback to let the user
know when top portion 30 has been properly inserted. Shroud 58 is then bent and top tab 56
removed to provide a vent opening. The liquid within ampoule 46 then drains into bottom
portion 32 where it may be aerosolized. Following aerosolization, top portion 30 may be
removed from the acrosolization device and discarded. Another top portion with a fresh
ampoule may then be inserted and the process repeated.

Alternatively, feed system hoasing 28 may be constructed as a single part (or

of the same parts that are secured together) so that the entire feed system may part of the
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aerosolization device. In this way, ampoules may be inserted and removed when needed. In
some cases, the entire feed system 10 may be removable from the aerosolization device (with
or without the aerosol generator 10). For example, feed system 10 (with or without the
aerosol generator) could be snap fit into place within the aerosolization device. Alternatively,
some other type of tactile feedback may be provided to indicate that the feed system has been
properly inserted. Use of a removable feed system permits the feed system to be removed for
cleaning of both the device and the feed system. Once cleaned, the feed system may simply
be inserted back into the aerosolization device.

Bottom portion 32 may be modified to include a variety of connectors that
removably connect bottom portion 32 to top portion 30. For example, as shown in Fig. 4B a
bottom portion 32’ include a circular flange 35 to mate with a corresponding circular flange
on the top portion. Further, a circular seal 33’ is used to provide a fluid tight seal between the
top portions. All other elements may be configured to be essentially the same as in bottom
portion 32. Although shown as circular, it will be appreciated that a variety of other shapes
and other types of connection schemes may be used to couple the two halves together.

Fig. 6 illustrates an alternative embodiment of a feed system 80 that is held
within an aerosolization device 82. Feed system 80 comprises a housing 84 having a top
portion 86 and a bottom portion 88. Feed system 80 is constructed so that bottom portion 88
remains within device 82 during multiple uses, while top portion 86 is a disposable unit. As
such, bottom portion 88 is coupled to a frame 90 of device 82. Conveniently, bottom portion
88 may be removably attached to frame 90, e.g., by a snap fit, or may be integrally molded as
part of frame 90. Similar to other embodiments, top portion 86 includes a ampoule region 92
that includes an ampoule 94, and an overflow region 96. Axﬁpoule 94 may be inserted into
ampoule region 92 at the time of manufacture to permit top portion 86 to be inserted into
device 82 as a unit.

Top portion 86 further includes a set of piston ring seals 98 that form a fluid
tight seal between top portion 86 and bottom portion 88 when connected. In this way, liquid
from ampoule 94 that flows into overflow region 96 will not leak out of feed system 80.
Such a seal may also be used with the other embodiments described herein.

Device 82 further includes an aerosol generator 100 that comprises a support
member 102 that holds a vibratable member 104 having a set of tapered apertures. Also
coupled to support member 102 is a piezo electric member 106 that is actuated to vibrate
vibratable member 104. An o-ring seal 108 is positioned between support member 102 and

frame 90. Bottom member 88 is interfaced to support member 102 by an adhesive bond so
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that liquid from the ampoule does not leak through this interface. Vibratable member 104 is
positioned near an exit opening 110, such as an exit opening of a mouthpiece, so that
aerosolized liquids may exit device 82.

In use, top portion 86 is inserted into device 82 after a bottom tab has been
removed from the bottom of ampoule 94 in a manner similar to that described with other
embodiments. Top portion 86 is firmly seated into bottom portion 88 until a fluid tight seal is
formed. The top tab on ampoule 94 may then be removed to permit the liquid within
ampoule 94 to drain into bottom portion 88, with any overflow rising into overflow region
96. Aerosol generator 100 is actuated to aerosolize the liquid where it may be withdrawn
from device 82 through exit opening 110. After aerosolization, top portion 86 is removed
from device 82 and discarded. Another top portion with a fresh ampoule may then be
inserted and the process repeated.

Figs. 7-9 illustrate another embodiment of a feed system 120. Feed system
120 comprises a feed system housing 122 having a top portion 124 and a bottom portion 126.
Similar to other embodiments, these two portions may be formed as an integral unit or
separate and may be either integrally formed with or removably attached to an aerosolization
device. Further, top portion may be a disposable unit containing an ampoule, or may be
configured to reusable and receive a new ampoule during each use. As shown, a seal 128 is
positioned between top portion 124 and bottom portion 126 to provide a fluid tight seal. In
this way, top portion 124 may be a removable unit that may be disposed of after each use.
Altemnatively, seal 128 may be used even when top portion 124 is not intended to be a
disposable unit so that a single set of parts may be manufactured for multiple types of
aerosolization device configurations similar to other embodiments.

Top potion 124 includes an ampoule region 130 containing an ampoule 132
having a bottom end 134 and a top end 136, and an overflow region 138. Ampoule 132 is
configured to be opened by piercing bottom end 134 and top end 136 rather than by using
twist off tabs. However, it will be appreciated that a twist of tab could be used on bottom end
134 or top end 136 in combination with an end that is pierced. As shown, top portion 124
further includes a bottom piercer 140 that is positioned below bottom end 134 and a top
piercer 142 that is coupled to a depressible lid 144. In this way, liquid may be removed from
ampoule 132 by depressing lid 144 into ampoule region 130 until bottom end 134 is pierced
by bottom piercer 140 and top end 136 is pierced by piercer 142. When opened, liquid flows
from bottom end 134 and into bottom portion 126, with any overflow rising into overflow

region 138.
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Bottom portion 126 is coupled to an aerosol generator that is used to aerosol
the liquid. As shown, the aerosol generator is essentially identical to aerosol generator 12
and, for convenience of discussion, will be referred to with the same feference numerals.
Frame 14 may be an integral part of an aerosolization device, or may be a snap in part that
permits the entire feed system to be removed, such as during cleaning. In this way, the same
parts may be used for both integrated and removable feed systems, as well as with integrated
and removable top portions 124 as previously described.

~ After the liquid has been dispensed from ampoule 132, lid 144 may be

removed and another ampoule inserted. Alternatively, top portion 124 may be removed,
disposed, and replaced with another top portioﬁ witﬁ a fresh ampoule.

The invention has now been described in detail for purposes of clarity and
understanding. However, it will be appreciated that certain change and modifications may be

practiced within the scope of the appended claims.
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WHAT IS CLAIMED IS:

1. 1. A feed system for an aerosolizer, the feed system comprising:

a feed system housing having an ampoule region that is adapted to receive an
ampoule that contains a liquid and that includes a bottom end and a top end, and a liquid
receiving region that is adapted to receive liquid dispensed from the ampoule, wherein the
liquid receiving region includes an overflow region that extends along side the ampoule
region above the bottom end of the ampoule; and

an interface that is adapted to couple the liquid receiving region to an aerosol
generator, whereby liquid from the liquid receiving region is permitted to flow to the aerosol

generator for aerosolization.

2. A feed system as in claim 1, wherein the liquid receiving region
includes a tapered bottom end with a drain opening to funnel liquid from the ampoule to the

aerosol generator.

3. A feed system as in claim 2, wherein the interface is adapted to
produce a seal between the bottom end of the liquid receiving region and the aerosol

generator.

4, A feed system as in claim 2, wherein the feed system housing includes
a top portion and a bottom portion having the tapered bottom end, wherein the top portion'is
attachable to the bottom portion, and wherein the ampoule region and the overflow region

comprise two elongate channels extending through the top portion.

5. A feed system as in claim 4, further comprising an o-ring seal

positioned between the top portion and the bottom portion.

6. A feed system as in claim 1, further comprising a lid coupled to the

feed system housing that is adapted to secure the ampoule within the ampoule region.

7. A feed system as in claim 6, wherein the lid includes a slot that is

adapted to receive a top tab that extends from the top end of the ampoule.

8. A feed system for an aerosolizer, the feed system comprising:
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an ampoule containing a liquid, wherein the ampoule has a top end and a
bottom end;

a housing having an ampoule region into which the ampoule is held, and a
liquid receiving region that is adapted to receive liquid dispensed from the ampoule;

an interface that is adapted to couple the liquid receiving region to an aerosol
generator, whereby liquid from the liquid receiving region is permitted to flow to the aerosol

generator for aerosolization.

9. A feed system as in claim 8, wherein the liquid receiving region
includes an overflow region that extends along side the ampoule region above the bottom end

of the ampoule.

10. A feed system as in claim 8, wherein the liquid receiving region
includes a tapered bottom end with a drain opening to funnel liquid from the ampoule to the

aerosol generator.

11. A feed system as in claim 10, wherein the interface is adapted to
produce a seal between the bottom end of the liquid receiving region and the aerosol

generator.

12. A feed system as in claim 10, wherein the feed system housing
includes a top portion and a bottom portion having the tapered bottom end, wherein the top
portion is attachable to the bottom portion, and wherein the ampoule region and the overflow

region comprise two elongate channels extending through the top portion.

13. A feed system as in claim 12, further comprising an o-ring seal

positioned between the top portion and the bottom portion.

14. A feed system as in claim 8, further comprising a lid coupled to the

housing to secure the ampoule within the ampoule region.

15. A feed system as in claim 14, wherein the ampoule includes a top tab
extending from the top end, and wherein the lid includes a slot through which the top tab

extends.

16. A feed system as in claim 15, wherein the top tab is removable to form

a vent opening in the top end of the ampoule.
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17. A feed system as in claim 8, wherein the ampoule includes a bottom
tab extending from the bottom end, and wherein the bottom tab is removable to form a drain

opening in the bottom end of the ampoule.

18. A feed system as in claim 12, wherein the ampoule includes a bottom
tab extending from the bottom end, and wherein the bottom tab extends distally beyond the
top portion of the housing, and wherein the bottom tab is removable prior to connection of

top portion with bottom portion to form a drain opening in the ampoule.

19.  An aerosolization device, comprising:

a device housing having an interior and an exit opening;

an aerosol generator disposed within the device housing to eject an aerosolized
liquid through the exit opening;

a liquid feed system disposed within the device housing, the liquid feed
system comprising a feed system housing having an ampoule region that is adapted to receive
an ampoule that contains a liquid, a liquid receiving region that is adapted to receive liquid
dispensed from the ampoule, and an interface that couples the liquid receiving region to the
aerosol generator, whereby liquid from the liquid receiving region is permitted to flow to the

aerosol generator for aerosolization.

20. A device as in claim 19, wherein the liquid receiving region includes
an overflow region that extends along side the ampoule region above the bottom end of the

ampoule.

21. A device as in claim 19, wherein the liquid receiving region includes a
tapered bottom end with a drain opening to funnel liquid from the ampoule to the aerosol

generator.

22. A device as in claim 21, wherein the interface includes a seal member
to produce a seal between the bottom end of the liquid receiving region and the aerosol

generator.

23. A device as in claim 19, wherein the aerosol generator includes a seal

member to produce a seal between the aerosol generator and the interface.X
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24. A device as in claim 21, wherein the feed system housing includes a
top portion and a bottom portion having the tapered bottom end, wherein the top portion is
attachable to the bottom portion to permit the top portion to be removed from the device
housing, and wherein the ampoule region and the overflow region comprise two elongate

channels extending through the top portion.

25. A device as in claim 24, further comprising an o-ring seal positioned

between the top portion and the bottom portion.

26. A device as in claim 19, further comprising a lid coupled to the feed

system housing that is adapted to secure the ampoule within the ampoule region.

27. A device as in claim 26, wherein the lid includes a slot that is adapted

to receive a top tab that extends from the top end of the ampoule.

28. A device as in claim 19, wherein the aerosol generator comprises a
vibratable member having a plurality of apertures and a vibratable element to vibrate the

vibratable member.

29.  An aerosolization system in kit form, comprising:

an aerosolization device comprising a device housing having an exit opening,
an aerosol generator held within the housing to provide an aerosolized liquid through the exit
opening, and a liquid receiving portion of a liquid feed system; and

a liquid feed system receiver unit having an ampoule containing a liquid to be
aerosolized, wherein the receiver unit is insertable into the aerosolization device to couple

with the liquid receiving portion.

30.  Akit as in claim 29, wherein the receiver unit includes an ampoule
region having the ampoule and a liquid overflow region adjacent to the ampoule region for

receiving overflow liquid from the liquid receiving portion.

31.  Akitasin claim 29, wherein the ampoule has a top end and a bottom
end, a top tab extending from the top end that is removable to form a vent opening, and a

bottom tab extending from the bottom end that is removable to form a drain opening.
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32.  Akitasinclaim 31, wherein the receiver unit has a bottom end with an
opening that is sized to permit the bottom tab to extend through the bottom end of the

receiver unit.

33.  Akitasinclaim 31, wherein the receiver unit has a top end with an

opening that is sized to permit the top tab to extend through the top end of the receiver unit.

34.  Akitasin claim 29, further comprising an o-ring seal positioned

between the receiver unit and the liquid receiving portion.

35.  Akit as in claim 29, wherein the liquid receiving portion has a tapered

bottom end that is operably coupled to the aerosol generator.

36.  Akit as in claim 29, wherein the aerosol generator comprises a
vibratable member having a plurality of apertures and a vibratable element to vibrate the

vibratable member.

37. A method for aerosolizing a liquid, the method comprising:

inserting an ampoule containing a liquid into an aerosolization device having a
liquid feed system, an aerosol generator, and an exit opening;

opening the ampoule to permit liquid from the ampoule to drain into a liquid
receiving region of the feed system; and

operating the aerosol generator to eject liquid droplets through the exit

opening.

38. A method as in claim 37, further comprising removing a bottom tab
from the ampoule to form drain opening before inserting the ampoule into the aerosolization

device.

39. A method as in claim 37, wherein the ampoule is held within a receiver
unit of the liquid feed system, and further comprising inserting the receiver unit into the

aerosolization device and coupling the receiver unit with the liquid receiving region.

40. A method as in claim 39, further comprising removing the receiver unit
from the aerosolization device following operation of the aerosol generator and discarding the

receiver unit,
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41. A method as in claim 40, further comprising cleaning the aerosol

generator following removal of the receiver unit.

42. A method as in claim 37, further comprising removing a top tab from

the ampoule to form a vent opening after inserting the ampoule into the aerosolization device.

43. A method as in claim 37, wherein the feed system includes an
overflow region adjacent to the ampoule and further comprising permitting excess liquid to

flow into the overflow region.

44. A method as in claim 37, further comprising vibrating an aperture plate

of the aerosol generator to produce the liquid droplets.

45. A method for aerosolizing a liquid, the method comprising:

inserting a receiver unit of a liquid feed system unit into an aerosolization
device having an aerosol generator, wherein the receiver unit includes an ampoule containing
a liquid, and wherein the receiver unit is inserted until coupled to a liquid receiving region of
the feed system that is interfaced with the aerosol generator;

opening the ampoule to permit liquid from the ampoule to drain into the liquid
receiving region; and

operating the aerosol generator to eject liquid droplets from the aerosolization

device.

46. A method as in claim 45, further comprising removing a bottom tab
from the ampoule to form drain opening before inserting the receiver unit into the

aerosolization device.

47. A method as in claim 45, further comprising removing a top tab from
the ampoule to form a vent opening after inserting the receiver unit into the aerosolization

device.

48. A method as in claim 45, wherein the receiver unit includes an
overflow region adjacent to the ampoule and further comprising permitting excess liquid to

flow into the overflow region.
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1 49. A method as in claim 45, further comprising vibrating an aperture plate

2 of'the aerosol generator to produce the liquid droplets.
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