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COMPOSITE AND METHOD OF USE THEREOF

SACKGEROUND OF 1L NV 5N L L CIN

The present invention relates generally to aerosol

generators and, more particularly, to aerosol generators

which 1nclude a heater in a multilayered composite. The

aerosol generators of the invention are able to generate

aerogols without requiring the use of compressed gas

propellants. The present invention also relates to

methods for generating an aerosol. The present

invention has particular applicability to the generation

of aerosols containing medicated material.

[ | [ |
2 . De ~1 T O O ne Related A

Aerosols are gaseous suspensions of fine solid or

o

g
ol

liquid particles and are useful in a wide variety of

applications. For example, medicated ligquids and
powders may be administered in aerosol form. Such
medicated aerosols include, for example, materials which
are useful in the treatment of respiratory ailments, in

which case the aerosols may be inhaled into a patient's

lungs. Aerosols may also be used in non-medicinal

applications including, for example, dispensing air

fresheners and insecticides and delivering paints and/or

/

lubricants.

In aerosol inhalation applications, it is typically

desirable to provide an aerosol having an average mass

median particle diameter of less than 2 microns to

facilitate deep lung penetration. Most known aerosol
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generators are incapable of generating aerosols having
an average mass median particle diameter less than 2
microns. Also, in certain applications, it is generally
desirable to deliver medicated material at high flow
rates, for example, above 1 mg per second. Most known
aerosol generators suited for delivering medicated
material are incapable of deliverihg material at such
high flow rates while maintaining a suitable average
mass median particle diameter. In addition, most known
aerosol generators deliver an imprecise amount of \
aerosol compared with the amount of aerosol that 1is
intended to be delivered.

The related art discloses aerosol generators which
employ various techniques for delivering an aerosol. A
particularly useful technique involves volatilizing a
fluid and ejecting the volatilized fluid into the
atmosphere. The volatilized fluid subsequently
condenses, thereby forming an aerosol. See, for

example, commonly assigned U.S. Patent No. 5,743,251,

Such aerosol generators may eliminate or

conspicuously reduce some or all of the

aforementioned problems associated with the known
aerosol generators. However, since these aerosol
generators employ heat-generating systems, heat
resistive material and, in some cases, various control
devices, pumps and valves, the manufacture and assembly
of such aerosol generators can be complicated and
expensive.

In light of the foregoing, there exists a need in

the art for the provision of an aerosol which overcomes
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or conspicuously ameliorates the above described
shortcomings in the related art. Accordingly, it is an
object of the present invention to provide an aerosol
generator having a heater in a multilayered composite,

and which produces an aerosol from a fluid by

volatilizing the fluid and directing the volatilized

fluid therefrom.

It 1s a further object of the present invention to

provide a method for generating an aerosol.

Other objects and aspects of the present invention

will become apparent to one of ordinary skill in the art

upon review of the specification, drawings and claims

appended hereto.

= UMMA R ® -~ INVENLLON

The foregoing objects are met by the aerosol

po—

generators of the present invention. According to a

first aspect of the present invention, an aerosol
generator i1s provided. The aerosol generator includes:
(a) a fluild passage arranged between a first lavyer
and a second layer, wherein the first and
second layerg at least partially define the
fluid passage;

(b) a fluid supply arranged to provide a fluid in

liquid phase to the fluid passage;
(c) a heater arranged to volatilize the fluid in

the fluid passage; and

(d) an outlet arranged to receive the volatilized

fluid and direct the volatilized fluid out of

the fluid passage.
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According to another aspect of the present
invention, a method for generating an aerosol using an
aerosol generator comprising (1) a fluid passage
arranged between a first layer and a Second layer,
wherein the first and second layers at least partially
define the fluid paSSagé; (2) a fluid supply arranged to
provide a fluid in liquid phase to the fluid passage;

- (3) a heater arranged to volatilize the fluid in the

fluid passage; and (4) an outlet arranged to receive the
volatilized fluid and direct the volatilized fluid out
of the fluid passage, the method comprising:

(a) heating the heater of the aerosol generator,
thereby wvolatilizing the fluid in the fluid
passage; and

(b) directing the volatilized fluid out of the

fluid passage via the outlet.

S K » A 2 JIN O 1h JI AW LI\

The objects and advantages of the invention will

. become apparent from the following detailed description

of the preferred embodiments thereof in connection with
the accompanying drawings, in which:

FIGS. 1 and 2 are schematic diagrams of an
exemplary aerosol generators in accordance with the
invention wherein the generator shown in FIG. 1 includes
a single heater and the generator shown in FIG. 2
includes two heaters;

FIG. 3 is an enlarged view of an exemplary aerosol
generator in accordance with the invention; and

FIG. 4 1s an enlarged view of an exemplary aerosol

generator in accordance with the invention.
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When referring to the drawing figures, like
reference numerals designate identical or corresponding

d elements throughout the several figures.

Referring to FIGS. 1 and 2, an aerosol generator
100 according to one aspect of the present invention is

shown. The aerosol generator 100 produces an aerosol

from a fluid in liquid form by volatilizing the fluid
10 and directing the volatilized fluid away from the
aerosol generator 100 and into the atmosphere. The
volatilized fluid subsequently condenses, thereby

forming an aerosol.

The fluid may include any material capable of

15 volatilization by the aerosol generator 100. In a

preferred embodiment, the fluid does not decompose when

exposed to the heat required for volatilization thereof.

The fluid preferably includes a medicated material such

as, for example, a material that i1s useful in the

20 treatment of respiratory ailments. In such
applications, the generated aerosol may be inhaled into
a user's lungs. Alternatively, the fluid may include a
non-medicated material.

Referring to FIGS. 1-3, the aerosol generator 100

235 includes a fluid passage 130 arranged between a first
layver 110 and a second layer 120. The first and second

layers 110, 120 are formed from a heat-resistant

material that is preferably capable of withstanding the

temperatures and pressures generated in the fluid

30 passage 130. The heat-resistant material is more

preferably capable of withstanding repeated heating



10

15

20

25

30

CA 02432241 2007-05-03

-6-

cycles. Also, the heat-resistant material preferably
does not react with the fluid contained in the fluid
passage 130. The heat-resistant material may include,
for example, alumina, zirconia, silica, aluminum
silicate, titania, yttria—stabilized'zirconia, magnesia
or mixtures thereof, preferably alumina. The first and
second layers 110, 120 may be of any size suitable for
aerosol generation. According to a preferred
émbodiment, each layer can have a length of from about 1
to 100 mm, more preférably about 15 mm; a width of from
about 1 to 100 mm, more preferably about 15 mm; and a
thickness of from about 0.001 to 10 mm, more preferably
about 0.076 mm.

The first and second layers 110, 120 at least
partially define the fluid passage 130. In the
embodimeht shown in FIGS. 1 and 3, a channel 200 1is
formed in a planar surface of the second layer 120. If
desired, however, the channel 200 can be formed by
adding one or more layers of material between the first
and second layers, as shown in FIG. 4. The first and
second layers 110, 120 are attached together, thereby
enclosing the channel 200 therebetween. In this manner,
the channel 200 of the second layer 120 and the first
layer 110 define the fluid passage 130. Additionally or
alternatively, a further channel 201 may be disposed upon
the side of the first layer 110 that is attached to the
second layer 120, wherein such additional channel
further defines the fluid passage 130, as shown in FIG.
2. The additional channel 201 is preferably arranged such

that the additional channel 201 and the channel 200 form a
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single fluid passage 130 when the first and second
layers 110, 120 are attached together.
Referring to FIG. 4, a third layer 300 defining a
void space 310 can be arranged between the first and
d second 1ayers 110, 120. In this case, a first and a
second surface 330, 320 of the third layer 300 are
attached to the first and second layers 110, 120,
respectivély, thereby enclosing the third layer 300
therebetﬁeen; In this manner, the first and second
10 layers 110, 120 and the void space 310 of the third
layer 300 define the fluid passage 130. Further,
whereas the embodiments of FIGS. 1 and 2 show a heater
arranged in contact with the fluid passage 130, the heater 180 can
- be located on an outer'surface’of layer 110, 120 such
15 that heat from the heater is conducted through the layer
| 110, 120 to volatilize fluid in the fluid passage 130. |
The aforeméntioned first, second and third layers
110, 120, 300 may be attached together using various
techniques, including, for example, adhesive bonding.
20 The adhesive material used to attach the layers is
preferably capable of withstanding repeated heating
cycles and may include, for example, a metal, a cement,
an epoxy, an acrylic, a cyanoacrylic or mixtures
thereof, preferably an acrylic cement. Alternatively,
25 other techniques may be used to attéch the layers 110,
120, 300 together such as, for example, mechanical or
metallurgical bonding, e.g., use of a brazing material,
glass or filled glass to hold the layers together.
The fluid passage 130 is preferably linear to
30 facilitate the flow of the quid therethrough.

Alternatively, the fluid passage 130 can be non-linear
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such as in the case where the direction of fluid flow

through the passage 130 contains at least one turn.

Referring to FIG. 1, the upstream end of the fluid

passage 130 is connected to receive a fluid in liquid
phase from a fluid supply 150. Volatilized fluid exits
the downstream end of the fluid passage 130 through
outlet 140. The outlet 140 can be oriented to direct
the volatilized\fluid in a desired direction and/or the
outlet 140 can be sized to achieve a desired aerosol

particle size distribution. In a preferred embodiment,
the outlet 140 is smaller in size than the channel 200
forming the fluid passage 130. For example, the outlet
140 can be a circular opening in an edge of the layer
120 with a diameter of about from 0.002 to 2.5 mm, more
preferably about 0.2 mm.

According to an exemplary embodiment of the present
invention, the outlét 140 is an orifice disposed on the
first or second layer 110, 120 through which the
volatilized fluid flows. The outlet 140 may be disposed
at an angle, for example, 10 to 160°, with respect to
the axis of fluid flow within the fluid passage 130, to
direct the flow of the volatilized fluid out of the
fluid passage 130 in a desired direction. According to
an alternative embodiment, the fluid passage 130 extends
through a side wall of the layers 110, 120, and the
outlet 140 is defined by the furthest downstream portion
of the fluid passage 130. A conduit (not shown) may be
connected to receive the volatilized fluid from the
outlet 140 to further direct the flow of volatilized
fluid in a desired direction. Such a conduit preferably

has a diameter of from about 0.2 to 50 mm.
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- In a preferred embodiment, a valve 160 and/or a
pump 162 can be used to control the flow of fluid from
the liquid supply 150 to the fluid passage 130. The
valve 160 and/or the pump 162 may be manually operated.
Alternatively, a controller 170 may manipulate the wvalve
160 and/or the pump 162 based on various parameters
including, for example, the amount of time the valve 160
remains in the open positi@n, or the volumetric amount
of fluid that is supplied to the fluid passage 130. In
this manner, the valve 160 and/or the pump 162 may
enable the liquid supply 150 to deliver a predetermined
volume of fluid in liquid phase to the fluid passage
130. In an alternative embodiment,'the fluid in liquad
_pha;e can be contained in a chamber, and a desired
amount of the fluid can be delivered to the flow passage
130 by compressing the fluid in the chamber using a
piston, e.g., the fluid can be supplied by a syringe
pump.

Another mechanism for delivering the fluid is shown

in FIG. 2 wherein fluid is supplied, via pump 162 or
other suitable arrangement, to a chamber.l64 of a device
such as a metering valve 166. Exemplary embodiments of
such metering valves are described in U.S. Patent

No. 6,516,796 filed on January 7, 2000.

With such an arrangement, the chamber 164 can be
filled with a predetermined volume of fluid, preferably
an amount sufficient to deliver a single dose of the
fluid to the fluid passage 130.

The liquid supply 150 provides the fluid to be
volatilized in liquid phase to the fluid passage 130.



CA 02432241 2003-06-16

WO 02/051469 PCT/US01/457359

10

15

20

235

30

~-10 -

The fluid in liquid phase may be stored in the liguid

supply 150 at a pressure above atmospheric to facilitate

delivery of the fluid to the fluid passage 130. In an
exemplary embodiment, the liquid supply 150 comprises a

refillable storage chamber formed of a material suitable

for containing the fluid to be volatilized.

Alternatively, the liquid supply 150 comprises a

disposable storage chamber which, upon exhaustion of the
fluid, 1s discarded and replaced by a new storage
chamber.

The fluid passage 130 may contain any amount of
fluid in liquid phase which is capable of being
volatilized by the heater 180 of the aerosol generator
100. For example, the fluid passage 130 may have a
ligquid volumetric capacity of from about 1x10°® ml to

0.005 ml. Alternatively, the fluid passage 130 may have

a liquid volumetric capacity of greater than about
0.005 ml, preferably from about 0.1 ml to 1.0 ml. In
aerosol inhalation applications, the fluid passage 130

may have a liquid volumetric capacity which is

§

sufficient for containing a predetermined amount o:

fluid that comprises a metered:quantity of fluid.

Referring to FIGS. 1-3, the aerosol generator 100

includes a heater 180 which is arranged to volatilize

the fluid present in the fluid passage 130. A power

supply 190 provides the energy to heat the heater 180.
The power supply 190 may include, for example, a

battery. In the embodiment shown in FIG. 1, the heater

180 18 arranged in direct contact with the fluid

contalned in the fluid passage 130. In this embodiment,

the heater 180 is disposed upon the first and/or second
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layers 110, 120, for example, inside the channel 200 of

the second layer 120. Alternatively, the heater 180 may

be disposed upon the first layer 110 such that when the
first and second layers 110, 120 are attached together,
the heater 180 is arranged inside the fluid passage 130.

If desired, more than one heater can be used to

volatilize the fluid in the fluid passage 130. For

example, multiple heaters can be located along the

length of the fluid passage and/or on either side of the

fluid passage, e.g., a second heater 181 can be provided

on layer 110 in addition to the heater on lavyer 120, as

shown in FIG. 2.

p—

In an alternative embodiment of the present

invention, the heater 180 may be coated with a pasSivé:
layer, such as glass. The coated heater 180 may then be
arranged in direct contact with the fluid in the fluid
passage 130, as described above.

In a further alternative embodiment of the present
invention, the heater 180 may be arranged to conduct

heat, through the first and/or second layers 110, 120,

to the fluid in the fluid passage 130. In this
embodiment, the heater 180 is preferably disposed on the

o

surface of the first and/or second layers 110, 120 which

1s opposite the surface upon which the fluid passage 130
is disposed, as shown in FIG. 4.
The heater 180 preferably includes a film formed

from an electrically resistive heating material which is

different from the heat-regsistant material used to form

the layers 110, 120 of the aerosol generator 100. For

example, the resistive material may comprise any

resistive heating material such as an electrically



CA 02432241 2003-06-16

WO 02/051469 PCT/US01/457359

10

15

20

25

30

~-12 -

conductive ceramic, pure metal, metal alloy or metal

compound such as platinum, titanium nitride, stainless

steel, nickel chromium, tungsten, molybdenum, or

mixtures thereof. Additional resgistive materials

include composite layers such as self-regulating heater

materials. The heater 180 may be sized to be capable of

generating a sufficient amount of heat to vaporize the

fluid present in the fluid passage 130. In a preferred

embodiment, the heater 180 has a length of from about 1

to 100 mm, more preferably about 10 mm; a width of from

about 0.1 to 10 mm, more preferably about 0.5 mm; a

thickness of from about 1 to 10 microns, more preferably

gl
—

about 3 microns; and an electrical resistance of from

about 0.1 to 10 ohms, more preferably about 0.65 ohm.

Using a material for forming the heater 180 which

18 different from the material used to form the lavers

110, 120 allows the resistance through the heater 180 to

be easily adjusted by varying various parameters

including, for example, the dimensions and the material

of the heater 180. In this manner, the resistance of

i

che heater 180 and the amount of heat produced by the
heater 180 may be adjusted for various applications.
The resistive material of the heater 180 may beJ
attached to the first and/or second layers 110, 120
using various techniques. For example, the resistive
material may be sputterxred, printed, bonded or coated

upon the first and/or second layers 110, 120.

Deposition by sputtering includes, for example, DC

magnetron or RF sputter deposition. Deposition by

bonding includes, for example, eutectically bonding the

resistive material. Printed material can include, for



CA 02432241 2003-06-16

WO 02/051469 PCT/US01/457359

10

15

20

25

30

~-13 -

example, screen printed pastes of platinum, silver,

gold, tantalum, tungsten, iron and its alloys, and/or

alloys containing aluminum. Alternatively, wvacuum

evaporation, chemical deposition, electroplating and

chemical vapor deposition may be used to deposit the

resistive material. Contacts and conductive pathways

from the heater element to the power source can be made

of gold, copper, silver, aluminum or other suitable

material. For example, vias extending to the heater
180, 181 can be formed in layer 110 and/or layer 120 and

the viags can be filled with conductive material to form

the contacts.

Varioug factors contribute to the stability of the

bond between the heater 180 and the first and/or second

layers 110, 120. For example, to enhance bonding, the

F
p—

arithmetic average of the surface roughness of the

surface upon which the resistive material is disposed

preferably is greater than or equal to about 1

microinch, more preferably from about 1 to 100

microinches, and most preferably from about 12 to 22

microinches. In addition, the heat-resistant material

of the first and/or second layers 110, 120 and the

resistive material of the heater 180 preferably have

comparable coefficients of thermal expansion to minimize

or prevent thermally induced delamination. The
preferred heater material is a 0.1 to 5um thick layer of

platinum.

In a preferred embodiment, the heater 180 is in

electrical contact with first and second contacts 182,
184 (as shown in FIG. 4) which pass an electrical

current through the heater 180. In this embodiment, the
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power supply 190 which provides the electrical current
to the heater 180 is in electrical contact with the
first and second contacts 182, 184,

The first and second contacts 182, 184 of the
heater 180 are preferably formed from a material which
has a lower resistance than that of the resistive

material of the heater 180. For example, the first and

- second contacts 182, 184 typically include copper or a

copper alloy such as, for example, phosphor bronze and

Si bronze, and preferably copper or a copper alloy
comprising at least 80% copper or a laminate of gold and
silver on copper. Usé of such materials prevents or
reduces the heating of the contacts 182, 184 prior to
the heating of the heater 180. The contacts 182, 184
are sized to be capable of passing an electrical current
through the heater 180. The contacts 182, 184 may be
attached'to the layers 110, 120 and/or heater 180 using
any of the techniques used to attach the resistive .
material to the layers 110, 120, as discussed above.

In each of the above embodiments, a single heater
or multiple heaters may be used. The use of multiple
heaters in the aerbsol gene:ator‘loo may enable a more
uniform distribution of heat within the fluid passage
130. Alternatively, the use of multiple heaters may
enable different zones of the fluid passage 130 to be
maintained at different temperatures. Such differing
temperature zones in the fluid passage 130 may be useful

in fluid temperature control devices, as discussed in
U.S. Patent No. 6,501,052, filed on December 22, 2000.
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The aerosol generator 100 may generate an aerosol

either on an intermittent or continuous basis. For

intermittent generation of an aerosol, for example, the

fluid supply 150 provides the fluid in liguid phase to

the fluid passage 130 each time the generation of an

aerogsol is desired. The valve 160 and/or the pump 162

may be used to actuate the flow of fluid from the liquid

supply 150 to the fluid passage 130. The remaining

fluid 1n liquid phase between the liquid supply 150 and

the fluid passage 130 is prevented from traveling back

into the liquid supply 150 by any suitable device such
as the valve 160 and/or the pump 162 to prevent

expansion of the volatilized fluid in the direction

opposite the outlet 140.

For generating an intermittent aerosol in

inhalation applications, the aerosol generator 100 is

preferably provided with a puff-actuated sensor 144,

which 1s preferably arranged inside a mouthpiece 142

disposed proximate to the outlet 140. The putf:

~actuated

1 i)

sensor 144 can be used to aciuate the valve 160 and/or

the pump 162 and the heater 180 so that the fluid supply
150 provides the fluid in ligquid phase to the fluid

passage 130, and the fluid i1is volatilized by the heater

180. The puff-actuated sensor 144 is preferably
sensitive to pressure drops occurring in the mouthpiece
142 when a user draws on the mouthpiece 142. The
aerosol generator 100 is preferably provided with
circultry such that, when a user draws on the mouthpiece
142, the wvalve 160 and/or pump 162 supply fluid in
liquid phase to the fluid passage 130 and the heater 180
1s heated by the power supply 190.
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A puff-actuated sensor 144 suitable for use in the

aerosol generator 100 includes, for example, Model

163PC01D35 gilicon sensor, manufactured by the

MicroSwitch division of Honeywell, Inc., located in

Freeport, Ill., or SLP004D 0-4" H,0 Basic Sensor Element,

manufactured by SenSym, Inc., located in Milpitas,

Calif. Other known flow-sensing devices, such as those
using hot-wire anemometry principles, may also be

suitable for use with the aerosol generator 100.

In order to further illustrate the present

invention and the advantages thereof, the following

specific example is given which is intended to be

illustrative and in no way limiting.

EXAMPLE

An aerosol generator includes first and second

alumina layers each having a length of 15 mm, a width of

15 mm, and a thickness of 0.076 mm. A platinum f£ilm is

deposited proximate to the center of the first alumina

layer. The platinum film has a length of 10 mm, a width

gu—

of 0.5 mm, and a thickness of 3 microns. Copper

contacts are arranged at each end of the platinum film.

Acrylic cement is used to bond the second alumina laver

g

to the side of the first alumina layer bearing the

platinum film. A cavity is disposed in the second
alumina layer proximate the center thereof, on the side
Oof the second layer that is bonded to the first laver.

r

F'he cavity has a length of 10 mm, a width of 0.5 mm, and

B

a depth of 0.05 mm. The cavity is arranged such that

when the first and second alumina layers are bonded

Cogether, the platinum film is located inside the
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cavity. First and second apertures are disposed through

the second layer, each aperture being in fluid

communication with the cavity. The first aperture is

connected to receive fluid from a fluid supply and the

second aperture has a diameter of 0.1 mm. Ligquid

supplied to the first aperture fills the cavity and is
volatilized by passing current through the platinum

film. As a result, an aerosol is produced by the

volatilized fluid exiting the second aperture.

While the invention has been described in detail

"

with reference to preferred embodiments thereof, it will

be apparent to one skilled in the art that various

changes can be made, and equivalents employed, without

departing from the scope of the invention.

——
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The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. An aerosol generator, comprising:

(a) a fluid passage arranged between a first and a second
layer, wherein the first and second layers at least

partially define the fluid passage;
(b) a fluid supply arranged to provide a fluid in liguid

phase to the fluid passage;

(c) a heater arranged to volatilize the fluld in the
fluid passage; and

(d) an outlet arranged to receive the volétilized fluid
and direct the volatilized fluid out of the fluid passage,

the outlet having a diameter of from 0.1-0.5 mm.

2. The aerosol generator of claim 1, wherein the fluid

passage comprises a channel disposed in the first or second

layer, or both.

3. The aerosol generator of claim 1 or 2, wherein the
first layer is bonded to the second layer by a material
comprising a glass, a metal, a cement, an epoxy, an acrylic

or a cyanoacrylic, or any mixture thereof.

4. The aerosol generator of claim 1 or 2, wherein the

first layer is mechanically attached to the second layer.

5. An aerosol generator, comprising:

(a) a fluid passage arranged between a first and a second
layer, the first and second layers at least partially
defining the fluid passage;

(b) a third layer defining a void space, the third layer

being arranged between the first and second layers, and the
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fluid passage being further defined by the third layer

defining the void space;

(c) a fluid supply arranged to provide a fluid 1n liquid

prhase to the fluid passage;

(d) a heater arranged to volatilize the fluid i1in the
fluid passage; and

(e)\an outlet arranged to receive the volatilized fluid

and direct the volatilized fluid out of the fluid passage.

6. The aerosol generator of claim 5, wherein at least one
of a first surface of the third layer 1s bonded to the
first layer, and a second surface of the third layér ié
bonded to the second layer, by a material comprising a
glass, a metal, a cement, an epoxy, an acrylic or a

cyanoacrylic, or any mixture thereof.

7. The aerosol generator of claim 5, wherein at least one
of a first surface of the third layer is mechanically
attached to the first layer and a second surface of the

third layer is mechanically attached to the second layer.

8. The aerosol generator of claim 5, 6 or 7, wherein the
third layer comprises a material comprising alumina,

zlrconlia, or silica, or any mixture thereof.

9. The aerosol generator of any one of claims 1 to 8,
wherein the first layer comprises a material comprising

alumina, zirconia, or silica, or any mixture thereof.

10. The aerosol generator of any one of claims 1 to 9,
wherein the second layer comprises a material comprising

alumina, zilrconlia, or silica, or any mixture thereof.
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11. The aerosol generator of any one of claims 1 to 10,

wherein the heater is arranged to directly contact the

fluid i1in the fluid passage.

12. The aerosol generator of any one of claims 1 to 10,
wherelin the heater 1s arranged to conduct heat, through the
first or second layer, or both to the fluid in the fluid

passage.

13. The aerosol generator of any one of claims 1 to 12,
wherein the heater comprises a material comprising
platinum, titanium nitride, stainless steel, nickel
chromium, aluminum or an alloy thereof, iron or an alloy
thereof, iron or titanium aluminide, titanium or an alloy
thereof, or tungsten or an alloy thereof, or any mixture

thereof.

14, The aerosol generator of any one of claims 1 to 13,
further comprising a second heater, wherein the heater is
disposed upon the first layer and the second heater is

disposed upon the second layer.

15. The aerosol generator of any one of claims 1 to 14,
wherein the heater is sputtered, printed, adhesively

bonded, or coated on the first or second layer, or both.

l6. The aerosol generator of any one of claims 1 to 15,

wherein the fluid passage is a linear passage.

1/. The aerosol generator of any one of claims 1 to 15,

wherein the fluid passage is a non-linear passage, a

tapered passage, or a segmented passage, or any combination
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thereof, wherein the fluid passage has different sized

cross sections.

18. The aerosol generator of any one of claims 1 to 17,
wherein the heater is 1in electrical contact with first and
second contacts which pass an electrical current through
the heater, and wherein the volatilized fluid is ejected
from the fluid passage when the electrical current 1is

passed through the heater.

19. The aerosol generator of claim 18, wherein the first
and second contacts comprise copper, copper alloy, gold,

gold alloy, silver, or silver alloy.

20. The aerosol generator of any one of claims 1 to 19,

wherein the fluid comprises a medicated material.

21. The aerosol generator of any one of claims 1 to 20,
further comprising a power supply for activating the heater

to produce heat.

22. The aerosol generator according to any one of claims
1 to 21, wherein the fluid passage contains from 0.000001
ml to 0.005 ml of fluid.

23. The aerosocl generator according to any one of claims
1 to 22, wherein the outlet extends through a surface of

the first or second layer.

24. The aerosol generator according to any one of claims
1 to 23, further comprising a chamber connected to receive
the fluid in liquid phase from the fluid supply and to

provide the fluid to the fluid passage, wherein the chamber
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contains a predetermined amount of the fluid in liquid

phase.

25. The aerosol generator according to any one of claims 1
to 24, wherein the heater comprises a uniformly thick laver

of resistance heating material having a rectangular shape,

a uniformly thick layer of resistance heating material

having a tapered shape, a uniformly thick layer of

resistance heating material having a plurality of discrete
segments, a layer of resistance heating material which
varies in thickness, or a layer of resistance heating

material which varies in width.

206. A method for generating an aerosol, comprising the

steps of:

(a) supplying fluid to a fluid passage arranged between a
first and a second layer, wherein the first and second
layers at least partially define the fluid passage and a
heater 1s arranged to volatilize the fluid in the fluid
passage aﬁd supply the volatilized fluid to an outlet which
directs the volatilized fluid out of the fluid passage, the
outlet having a diameter of from 0.1-0.5 mm;

(b) activating the heater to pfoduce heat so és to

volatilize the fluid in the fluid passage; and

(c) directing the volatilized fluid out of the fluid

passage via the outlet.

27. The method of claim 26, wherein the heater heats the

fluid in the fluid passage by thermal conduction.

28. The method of claim 26, wherein the heater heats the

fluid by thermal conduction through the first or second

layer, or both.
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29. The method of claim 26, 27 or 28, wherein the fluid

passage comprises a channel disposed in the first or second

layer, or both, and the volatilized fluid is ejected

through an opening in a surface of the first or second

layer, or both.
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