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57 ABSTRACT

An aerosol generator includes a fluid supply which supplies
fluid to a fluid passage and a heater, which heats the fluid
into a gaseous state, the fluid passage being located between
opposed layers of a laminate. The fluid passage can be a
capillary sized passage formed by locating a mandrel
between opposed layers of the laminate, bonding the layers
together, and removing the mandrel such that the space
previously occupied by the mandrel forms the fluid passage.
The opposed layers of the laminate can be copper sheets, and
ceramic layers can be provided on the outside of the copper
layers. The aerosol generator can be used to generate aero-
sols containing medicated materials.
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AEROSOL GENERATOR HAVING HEATER
ARRANGED TO VAPORIZE FLUID IN FLUID
PASSAGE BETWEEN BONDED LAYERS OF
LAMINATE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of U.S. patent
application Ser. No. 10/003,852 filed on Dec. 6, 2001, which
is incorporated by reference in its entirety.

BACKGROUND
[0002] 1. Field of the Invention

[0003] The present invention relates generally to aerosol
generators and, more particularly, to vapor driven aerosol
generators. The aerosol generators of the invention are able
to generate aerosols without requiring the use of compressed
gas propellants. The present invention also relates to meth-
ods for generating an aerosol. The present invention has
particular applicability to the generation of aerosols con-
taining medicated material.

[0004] 2. Description of the Related Art

[0005] Aerosols are gascous suspensions of fine solid or
liquid particles and are useful in a wide variety of applica-
tions. For example, medicated liquids 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, applying perfumes and delivering
paints and/or lubricants.

[0006] In acrosol 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 generators are
incapable of generating aerosols having an average mass
median particle diameter less than from 2 to 4 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 aerosols suited for delivering
medicated material are incapable of delivering 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 is intended to be
delivered.

[0007] The related art discloses acrosol 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 vola-
tilized fluid subsequently condenses, thereby forming an
aerosol. See, for example, commonly assigned U.S. Pat. No.
5,743,251, the entire contents of which document are hereby
incorporated by reference. Such aerosol generators may
eliminate or conspicuously reduce some or all of the afore-
mentioned 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 manu-
facture and assembly of such aerosol generators can be
complicated and expensive.
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[0008] In light of the foregoing, there exists a need in the
art for the provision of an aerosol generator which over-
comes or conspicuously ameliorates the above described
shortcomings in the related art. Accordingly, it is an object
of the present invention to provide a vapor driven aerosol
generator which produces an aerosol from a fluid by vola-
tilizing the fluid and directing the volatilized fluid therefrom.

[0009] 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.

SUMMARY

[0010] The invention provides an aerosol generator which
includes a fluid passage located between opposed layers of
a laminate. The layers can comprise copper sheets and the
fluid passage can comprise a space formed by locating a
mandrel between the copper sheets, bonding the layers
together and removing the mandrel. A heater can be arranged
to heat fluid in the passage into a gaseous state such that the
vaporized fluid ejected from the fluid passage condenses in
ambient air and forms an aerosol.

[0011] The laminate can include ceramic layers sandwich-
ing the copper layers and the ceramic layers can be bonded
to the copper layers at the time the copper layers are bonded
together. The heater can comprise a layer of resistance
heating material located on one or more of the ceramic
layers so as to conduct heat into the fluid passage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] 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:

[0013] FIG. 1 is a schematic diagram of an exemplary
aerosol generator in accordance with the invention.

[0014] FIG.2 is a top cut-away view of an embodiment of
the aerosol generator shown in FIG. 1.

[0015] FIGS. 3A-C show details of how a portion of the
aerosol generator shown in FIG. 1 can be assembled.

[0016] FIGS. 4A-F show details of how a laminated heater
for the aerosol generator of FIG. 1 can be assembled.

DETAILED DESCRIPTION

[0017] When referring to the drawing figures, like refer-
ence numerals designate identical or corresponding ele-
ments throughout the several figures.

[0018] FIG. 1 shows a vapor driven aerosol generator 10
in accordance with one embodiment of the invention. As
shown, the aerosol generator 10 includes a source 12 of
fluid, a valve 14, a passage 16, a mouthpiece 18, an optional
sensor 20 and a controller 22. In addition, the aerosol
generator 10 includes a heater 24. The controller 22 includes
suitable electrical connections and ancillary equipment such
as a battery which cooperates with the controller for oper-
ating the valve 14, the sensor 20 and the heater 24. In
operation, the valve 14 can be opened to allow a desired
volume of fluid from the source 12 to enter the passage 16
prior to or subsequent to detection by the sensor 20 of
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vacuum pressure applied to the mouthpiece 18 by a user
attempting to inhale aerosol from the inhaler 10. As fluid is
supplied to the passage 16, the controller 22 operates the
heater 24 to drive the fluid out of the passage 16, i.c., the
controller 22 operates the heater 24 to heat the fluid to a
suitable temperature for volatilizing the fluid therein. The
volatilized fluid exits an outlet 26 of the passage 16 and the
volatilized fluid forms an aerosol which can be inhaled by a
user drawing upon the mouthpiece 18.

[0019] The aerosol generator shown in FIG. 1 can be
modified to utilize different fluid supply arrangements. For
instance, the fluid source can comprise a delivery valve
which delivers a predetermined volume of fluid to the
passage 16 and/or the passage 16 can include a chamber of
predetermined size to accommodate a predetermined vol-
ume of fluid to be volatilized during an inhalation cycle. In
the case where the passage includes a chamber to accom-
modate a volume of fluid, the device can include a valve
downstream of the chamber for preventing flow of the fluid
beyond the chamber during filling thereof. If desired, the
chamber can include a preheater arranged to heat fluid in the
chamber, such that a vapor bubble expands and drives the
remaining liquid from the chamber into the passage 16.
Details of such a preheater arrangement can be found in
commonly owned U.S. Pat. No. 6,491,233, the disclosure of
which is hereby incorporated by reference. If desired, the
valve(s) could be omitted and the fluid source 12 can include
a delivery arrangement such as a syringe pump which
supplies a predetermined volume of fluid to the chamber or
directly to the passage 16. The heater 24 can be an individual
heater or a plurality of heaters arranged to volatilize the
liquid in passage 16. In the case of manual operations, the
sensor 20 can be omitted such as in the case where the
aerosol generator 10 is operated manually by a mechanical
switch, electrical switch or other suitable technique.

[0020] FIG. 2 shows a top cut-away view of an aerosol
generator 30 in accordance with an embodiment of the
invention wherein the aerosol generator 30 includes a fluid
supply 32, a passage 34, and a heater 36. The heater 36 can
be arranged inside the passage 34 or located on an outer
surface of a layer of material in which the passage is located.
If desired, a plurality of heaters can be arranged to heat the
fluid in the passage, e.g., heaters located on opposite sides of
the passage or a series of heaters located along the length of
the passage. The heater or heaters are preferably thin films
of resistance heating material. In order to pass electrical
current through the heaters, the heaters can be in electrical
contact with suitable electrical contacts and a suitable power
source such as a battery can be used to deliver sufficient
direct current to the contacts in order to heat the heater or
heaters to desired temperatures. However, other types of
heaters can be used such as an induction heating arrange-
ment as disclosed in commonly owned U.S. Pat. No. 6,681,
998, the disclosure of which is hereby incorporated by
reference. Operation of the heaters and supply of fluid from
the fluid source can be controlled by a suitable controller as
in the case of the first embodiment.

[0021] The embodiments shown in FIGS. 1 and 2 can be
made from a laminate construction wherein the passage can
comprise a channel in a first layer and a second layer
overlying the first layer encloses the channel. In one embodi-
ment of the invention, a mandrel is used to form the passage.
For example, a mandrel having a predetermined outer diam-
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eter is arranged in a stack of layers of the laminate and after
the layers are bonded together, the mandrel is removed to
provide the fluid passage with a desired size. For example,
the mandrel can comprise a wire such as a stainless steel
wire having a diameter of 0.01 to 10 mm, preferably 0.05 to
1 mm, and more preferably 0.1 to 0.5 mm and a preferred
length of 50 to 200 times the width to provide a flow passage
of capillary size and the mandrel can be located between
metal layers such as two copper sheets. Alternatively, the
capillary passage can be defined by transverse cross sec-
tional area of the passage which can be 8x10~° to 80 mm?,
preferably 2x107> to 8x10™' mm? and more preferably
8x10  to 2x107 mm?.

[0022] In order to provide a heater for generating aerosol
in the aerosol generator, the copper/wire laminate could be
located between ceramic layers and one or more layers of
resistance heating material such as a thin film of platinum
can be selectively located at desired locations on the ceramic
layers, e.g., a thin film resistor can be deposited in a
thickness and/or pattern which provides a desired value of
resistance, suitable electrical connections, and/or a desired
heating rate. The layers of the laminate can be adhesively or
metallurgically bonded together. For example, the laminate
can be metallurgically bonded together by heating the lami-
nate to a temperature effective to wet and bond the copper
layers together without causing the copper sheets to bond to
the stainless steel wire. After the laminate is bonded
together, the wire can be removed from the bonded laminate
to form a fluid passage between the copper sheets.

[0023] FIGS. 3A-C show details of a first embodiment of
a heater arrangement made using a mandrel as described
above. As shown in FIGS. 3A-B, a mandrel 40 is located
between layers 42, 44 of ceramic green tape which are
placed above and below the mandrel 40. The ceramic green
tapes are then compressed to conform to the shape of the
mandrel and the laminated structure is fired in an oven such
as a tube furnace to sinter the ceramic material and bond the
layers 42, 44 together. The mandrel is then removed from the
laminated structure leaving a fluid passage 50 extending
through the laminate. In order to provide a heating element
or elements, a suitable resistance heating material such as
platinum can be located on the outer surfaces of the lami-
nate. For example, a pair of platinum heaters 46, 48 can be
sputtered on the outer surfaces of layers 42, 44, as shown in
FIG. 3C. The heaters 46, 48 can be coextensive with the
outer surfaces of the layers 42, 44 or have other dimensions
such as those shown in FIGS. 3A-C wherein the heaters
extend the length of the passage 50 but have widths which
are smaller than the width of the layers 42, 44.

[0024] FIGS. 4A-F show details of another heater arrange-
ment wherein a mandrel 60 is placed between metal layers.
In this example, copper sheets or foils 62, 64 having any
suitable thickness such as 0.001-0.005 inch are cut to desired
dimensions and a suitably sized mandrel 60 such as a 32
gauge stainless steel tube is placed between the copper
layers. The sheets are compressed to conform to the shape of
the mandrel 60. The copper laminate is placed between
ceramic green tapes 66, 68 which are deformed under
pressure to conform to the shape of the copper laminate
having the mandrel therein, as shown in FIG. 4C. The
laminated structure is fired in an oven such as a tube furnace
to sinter the ceramic material and bond the layers 62, 64, 66,
68 together. The mandrel is then removed from the lami-
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nated structure leaving a fluid passage 70 extending through
the laminate. In order to provide a heating element or
elements, a suitable resistance heating material such as
platinum can be located on the outer surfaces of the lami-
nate. For example, a pair of platinum heaters 72, 74 can be
sputtered on the outer surfaces of layers 66, 68, as shown in
FIGS. 4D-F. The heaters 72, 74 can be coextensive with the
outer surfaces of the layers 66, 68 or have other dimensions
such as those shown in FIGS. 4D-F wherein the heaters
extend substantially along the length of the passage 70 but
have widths which are smaller than the width of the layers
66, 68.

[0025] While two embodiments of a heater arrangement
are described above, the heater arrangement can be made by
other techniques. For example, while ceramic and metal
layers are described in the foregoing embodiments, if
desired, the laminate can include organic material such as a
polymer material. However, the heater arrangement can also
be made from a single layer of material which has been
machined, etched or otherwise modified to form the passage.
Alternatively, one or more additional layers can be inter-
posed between the layers so as to form the passage. The
heater or heaters can be arranged to extend vertically along
an inner sidewall of the passage. In arrangements wherein
the heater contacts the fluid, it is desirable to form the heater
of an inert material such as platinum or coat the heater with
a material which is non-reactive with the fluid, e.g., glass or
metal such as stainless steel.

[0026] In a further exemplary embodiment of the inven-
tion, a capillary in a ceramic laminate is fabricated by laser
machining a channel in a ceramic material such as alumina.
The channel in the laser machined ceramic substrate can be
enclosed by a ceramic layer bonded to the ceramic substrate
by a bonding material such as an adhesive or metallurgical
bond. For example, the ceramic layer can be bonded to the
ceramic substrate by epoxy or a copper eutectic bond.
Eutectic bonded copper is preferred since it offers greater
control over the areas to be bonded. In order to provide one
or more heating elements for heating fluid in the passage,
one or more layers of resistance heating material such as a
thin film of platinum can be selectively located at desired
locations on the ceramic layers. For purposes of metallur-
gically bonding the ceramic layers together, one or more
copper layers can be provided between the ceramic layers
and the ceramic laminate can be heated to a temperature
such as above 1050° C. to wet and bond the copper to the
ceramic layers. At the ceramic/copper interface, the copper
would eutectic bond to the ceramic layers.

[0027] As an example of a technique for manufacturing a
multi-layer laminate which includes a fluid passage and a
heater for volatilizing fluid delivered to the fluid passage, a
290 micron width channel can be laser machined in an
aluminum oxide layer having length and width dimensions
of 10 mm by 10 mm by 0.125 or 0.250 mm thick and a
similarly sized aluminum oxide layer can enclose the top of
the channel and form a fluid passage of desired size in the
ceramic laminate. The aluminum oxide layers can be sealed
by a conventional epoxy metallized glass or the like. In order
to provide a fluid path between the fluid passage and a fluid
supply, a 32 gauge needle (0.004 inch inner diameter and
0.009 inch outer diameter) can be adhesively bonded to the
ceramic laminate. The thin film resistor can comprise a
platinum layer having dimensions of 0.29 mmx10
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mmx0.005 mm at 0.69 Q deposited on the backside of the
ceramic laminate. The thin film resistor can be deposited in
a pattern which provides a desired value of resistance,
suitable electrical connections, and/or a desired heating rate.
In order to generate an aerosol, liquid in the passage is
heated by the resistor such that the liquid ejected from the
passage as a vapor expands and condenses into an aerosol.

[0028] The fluid may include any material capable of
volatilization by the aerosol generator. In a preferred
embodiment, the fluid does not decompose when exposed to
the heat required for volatilization thereof. The fluid pref-
erably includes a medicated material such as, for example,
a material that is useful in the treatment of respiratory
ailments. In such applications, the generated aerosol may be
inhaled into a user’s lungs. Alternatively, the fluid may
comprise a non-medicated material such as an aroma gen-
erating fluid.

[0029] In the foregoing embodiments, the fluid passage
can be defined by a capillary tube or a channel in a
multi-layered arrangement wherein the layers are formed
from a heat-resistant material that is preferably capable of
withstanding the temperatures and pressures generated in the
fluid passage. The heat-resistant material is more preferably
capable of withstanding repeated heating cycles. Also, the
heat-resistant material preferably does not react with the
fluid contained in the fluid passage. The heat-resistant mate-
rial may include, for example, alumina, zirconia, silica,
aluminum silicate, titania, yttria-stabilized zirconia, glass or
mixtures thereof, preferably alumina. The layers may be of
any size suitable for aerosol generation. According to a
preferred embodiment, each layer can have a length of from
about 1 to 100 mm, more preferably 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 0.25 mm.

[0030] The layers can be configured to at least partially
define the fluid passage. In an exemplary embodiment of the
present invention, a channel is in a layer or the channel can
be defined by adding one or more layers of material between
first and second layers. The layers can be attached together,
thereby enclosing the channel therebetween. In this manner,
the channel defines the fluid passage.

[0031] The layers may be attached together using various
techniques, including, for example, adhesive bonding. 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, other techniques may be used to
attach the layers together such as, for example, mechanical
or metallurgical bonding such as a brazing material, metal-
lized glass or the like.

[0032] The fluid supply provides the fluid to be volatilized
in liquid phase to the fluid passage. The fluid in liquid phase
may be stored in the liquid supply at a pressure above
atmospheric to facilitate delivery of the fluid to the fluid
passage. In an exemplary embodiment, the fluid supply
comprises a refillable storage chamber formed of a material
suitable for containing the fluid to be volatilized. Alterna-
tively, the fluid supply comprises a disposable storage cham-
ber which, upon exhaustion of the fluid, is discarded and
replaced by a new storage chamber.
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[0033] The outlet may be disposed at an angle, for
example, 10 to 160°, with respect to the axis of fluid flow
within the fluid passage, to direct the flow of the volatilized
fluid out of the fluid passage in a desired direction. Accord-
ing to an alternative embodiment, the fluid passage can
extend through a side wall of the layers, and the outlet can
be defined by the furthest downstream portion of the fluid
passage. A conduit (not shown) may be connected to receive
the volatilized fluid from the outlet to further direct the flow
of volatilized fluid in a desired direction. Such a conduit can
have a diameter of from about 0.01 to 5 mm.

[0034] In a preferred embodiment, a valve and/or a pump
can be used to control the flow of fluid from the fluid supply
to the fluid passage. The valve and/or the pump may be
manually operated or a controller may manipulate the valve
and/or the pump based on various parameters including, for
example, the amount of time the valve remains in the open
position, or the volumetric amount of fluid that is supplied
to the fluid passage. In this manner, the valve and/or the
pump may enable the liquid supply to deliver a predeter-
mined volume of fluid in liquid phase to the fluid passage.
In an alternative embodiment, the fluid in liquid phase can
be contained in a chamber, and the fluid can be delivered by
compressing the fluid in the chamber using a piston.

[0035] The fluid supply provides the fluid to be volatilized
in fluid phase to the fluid passage. The fluid in liquid phase
may be stored in the liquid supply at a pressure above
atmospheric to facilitate delivery of the fluid to the fluid
passage. In an exemplary embodiment, the fluid supply
comprises a refillable storage chamber formed of a material
suitable for containing the fluid to be volatilized. Alterna-
tively, the fluid supply comprises a disposable storage cham-
ber which, upon exhaustion of the fluid, is discarded and
replaced by a new storage chamber.

[0036] The fluid passage may contain any amount of fluid
in liquid phase which is capable of being volatilized by the
heater of the aerosol generator. For example, the fluid
passage may have a liquid volumetric capacity of from about
1x107% ml to 0.005 ml. Alternatively, the fluid passage 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 may have a liquid
volumetric capacity which is sufficient for containing a
predetermined amount of fluid that comprises a metered
quantity of fluid.

[0037] The heater for heating the fluid passage preferably
includes a film forming an electrically resistive heating
material which is different from the heat-resistant material
used to form the layers of the aerosol generator. For
example, the resistive material may include a pure metal,
metal alloy or metal compound such as platinum, titanium
nitride, stainless steel, nickel chromium or mixtures thereof.
Additional resistive materials include composite layers such
as self-regulating heater materials. The main heater may be
sized to be capable of generating a sufficient amount of heat
to vaporize the fluid present in the fluid passage. In a
preferred embodiment, the heater has a length of from about
1 to 100 mm, e.g., more preferably about 10 mm; a width of
from about 0.1 to 10 mm, e.g., more preferably about 0.5
mm; a thickness of from about 1 to 10 microns, e.g., more
preferably about 3 microns; and an electrical resistance of
from about 0.1 to 10 ohms, e.g., more preferably about 0.65
ohm.
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[0038] Using a material for forming the heater which is
different from the material used to form the layers allows the
resistance through the heater to be easily adjusted by varying
various parameters including, for example, the dimensions
and the material of the heater. In this manner, the resistance
of the heater and the amount of heat produced by the heater
may be adjusted for various applications.

[0039] The resistive material of the heater may be attached
to the layers using various techniques. For example, the
resistive material may be sputtered, printed, bonded or
coated upon the layers. Deposition by sputtering includes,
for example, DC magnetron sputter deposition. Deposition
by bonding includes, for example, eutectically bonding the
resistive material using sputtered material including, for
example, copper or copper sheet material. Alternatively,
vacuum evaporation, chemical deposition, electroplating
and chemical vapor deposition may be used to deposit the
resistive material.

[0040] Various factors contribute to the stability of the
bond between the heater and the layers. For example, to
enhance bonding, the 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 micro-
inches, and most preferably from about 12 to 22 micro-
inches. In addition, the heat-resistant material of the layers
and the resistive material of the heater preferably have
comparable coefficients of thermal expansion to minimize or
prevent thermally induced delamination.

[0041] In a preferred embodiment, the heater is in elec-
trical contact with first and second contacts which pass an
electrical current through the heater. In this embodiment, the
power supply which provides the electrical current to the
heater is in electrical contact with the first and second
contacts.

[0042] The first and second contacts of the heater are
preferably formed from a material which has a lower resis-
tance than that of the resistive material of the heater. For
example, the first and second contacts 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. Use of such materials
prevents or reduces the heating of the contacts prior to the
heating of the heater. The contacts are sized to be capable of
passing an electrical current through the heater. The contacts
may be attached to the layers and/or heater using any of the
techniques used to attach the resistive material to the layers,
as discussed above.

[0043] In each of the above embodiments, a single heater
or multiple heaters may be used for heating the fluid in the
passage. The use of multiple heaters may enable a more
uniform distribution of heat within the fluid passage. Alter-
natively, the use of multiple heaters may enable different
zones of the fluid passage to be maintained at different
temperatures. Such differing temperature zones in the fluid
passage may be useful in fluid temperature control devices,
as discussed in U.S. Pat. No. 6,501,052, the entire contents
of which document are incorporated by reference herein.

[0044] The aerosol generator may generate an aerosol
either on an intermittent or continuous basis. For intermit-
tent generation of an aerosol, for example, the liquid supply
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provides the fluid in liquid phase to the fluid passage each
time the generation of an aerosol is desired. The valve and/or
the pump may be used to actuate the flow of fluid from the
liquid supply to the fluid passage. The remaining fluid in
liquid phase between the liquid supply and the fluid passage
can be prevented from traveling back into the liquid supply
by any suitable device such as a valve and/or the pump to
prevent expansion of the volatilized fluid in the direction
opposite the outlet.

[0045] For generating an intermittent aerosol in inhalation
applications, the aerosol generator is preferably provided
with a puff-actuated sensor, which is preferably arranged
inside a mouthpiece disposed proximate to the outlet. The
puff-actuated sensor can be used to actuate the valve and/or
the pump and the heater so that the liquid supply provides
the fluid in liquid phase to the fluid passage and the fluid is
volatilized by the heater. The puff-actuated sensor is pref-
erably sensitive to pressure drops occurring in the mouth-
piece when a user draws on the mouthpiece. The aerosol
generator is preferably provided with circuitry such that,
when a user draws on the mouthpiece, the valve and/or
pump supply fluid in liquid phase to the fluid passage and the
heater is heated by the power supply.

[0046] A puff-actuated sensor suitable for use in the aero-
sol generator includes, for example, Model 163PC01D35
silicon sensor, manufactured by the MicroSwitch division of
Honeywell, Inc., located in Freeport, I11., or SLPO04D 0-4"
H, O Basic Sensor Element, manufactured by SenSym, Inc.,
located in Milpitas, Calif. Other known flow-sensing
devices, such as those using hot-wire anemometry prin-
ciples, may also be suitable for use with the aerosol gen-
erator.

[0047] 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.

What is claimed is:
1. An aerosol generator, comprising:

a laminate body having a fluid passage therein, the fluid
passage being located between opposed layers of the
laminate body which are bonded together;

a heater arranged to heat liquid in the fluid passage into a
gaseous state; and

a fluid supply arranged to provide a fluid to the fluid

passage.

2. The aerosol generator of claim 1, wherein the layers are
bonded together by an adhesive.

3. The aerosol generator of claim 1, wherein the layers are
metallurgically bonded together.

4. The aerosol generator of claim 1, wherein the heater
comprises a layer of resistance heating material located
along the fluid passage.

5. The aerosol generator of claim 1, wherein the heater
comprises a layer of platinum.

6. The aerosol generator of claim 1, further comprising at
least one of a valve and a pump arranged to control flow of
the fluid from the fluid supply to the fluid passage.

7. The aerosol generator of claim 1, wherein the fluid
supply comprises a chamber, the aerosol generator further
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comprising a piston operable to compress fluid in the
chamber to supply the fluid from the fluid supply to the fluid
passage.

8. The aerosol generator of claim 1, wherein the fluid is
stored in a disposable chamber.

9. The aerosol generator of claim 1, wherein the laminate
comprises opposed ceramic layers.

10. The aerosol generator of claim 1, wherein the heater
has a width which is less than a width of the laminate.

11. The aerosol generator of claim 1, wherein the opposed
layers are bonded together at locations separated by the fluid
passage.

12. The aerosol generator of claim 1, further comprising
at least one additional layer disposed between the opposed
layers, the at least one additional layer defining the fluid
passage.

13. A method for generating an aerosol with the aerosol
generator according to claim 1, comprising:

(a) supplying fluid to the fluid passage;

(b) heating the heater so as to volatilize the fluid in the
fluid passage; and

(c) forming an aerosol by ejecting the volatilized fluid out

of an outlet of the fluid passage.

14. The method of claim 13, wherein the heater heats the
fluid in the fluid passage by thermal conduction through at
least one layer of the laminate.

15. The method of claim 13, wherein the volatilized fluid
is ejected through an outlet at one side of the laminate.

16. The method of claim 13, wherein a predetermined
volume of fluid is supplied to the fluid passage and the
predetermined volume of fluid is volatilized by the heater,
the fluid passage being a capillary sized passage having a
maximum width of 0.01 to 10 mm or transverse area of
8x10 " to 80 mm®.

17. Amethod of making an aerosol generator, comprising:

arranging a mandrel between opposed layers of a lami-
nate;

bonding the opposed layers together; and
forming a fluid passage by removing the mandrel,
wherein the aerosol generator comprises:

a laminate body having the fluid passage located
between the opposed layers of the laminate which
are bonded together;

a heater arranged to heat liquid in the fluid passage into
a gaseous state; and

a fluid supply arranged to provide a fluid to the fluid
passage.

18. The method of claim 17, wherein arranging the
mandrel in the laminate comprises locating the mandrel such
that one end of the mandrel is spaced inwardly from a
periphery of the laminate and an opposite end of the mandrel
is located outwardly of a periphery of the laminate.

19. The method of claim 17, further comprising forming
the heater on the laminate, the heater being sputtered,
printed, adhesively bonded or coated on a layer of the
laminate.

20. The method of claim 17, wherein the fluid passage is
formed so as to extend in a linear or non-linear direction, the
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fluid passage being a capillary sized passage having a
maximum width of 0.01 to 10 mm or a transverse area of
8x10 to 80 m*.

21. The method of claim 17, further comprising:

forming the heater on the laminate; and

attaching contacts which pass an electrical current

through the heater.

22. The method of claim 17, further comprising connect-
ing the fluid passage to a source of fluid which optionally
comprises a medicated material.

23. The method of claim 17, further comprising attaching
a power supply to the heater for heating the heater.

24. An aerosol generator, comprising:

a laminate body having a fluid passage therein, the fluid
passage being located between opposed layers of the
laminate body which are bonded together; and

a heater arranged to heat liquid in the fluid passage into a

gaseous state.

25. The aerosol generator of claim 24, further comprising
a fluid supply arranged to provide a fluid to the fluid passage.

26. The acrosol generator of claim 25, wherein the fluid
supply comprises a refillable storage chamber.

27. The aerosol generator of claim 25, wherein the fluid
supply comprises a disposable storage chamber.

28. The aerosol generator of claim 24, wherein the
opposed layers are bonded together by an adhesive or are
metallurgically bonded together.

29. An aerosol generator, comprising:

a laminate having a fluid passage therein located between
opposed layers of the laminate which are bonded
together, the fluid passage having a width which is less
than a width of the opposed layers;

a heater arranged to heat liquid in the fluid passage into a
gaseous state; and

a fluid supply arranged to provide a fluid to the fluid

passage.

30. The aerosol generator of claim 29, further comprising
at least one of a valve and a pump arranged to control flow
of the fluid from the fluid supply to the fluid passage.

31. The aerosol generator of claim 29, wherein the fluid
supply comprises a chamber, the aerosol generator further
comprising a piston operable to compress fluid in the
chamber to supply the fluid from the fluid supply to the fluid
passage.

32. The aerosol generator of claim 29, wherein the fluid
is stored in a disposable chamber.

33. The aerosol generator of claim 29, wherein the
opposed layers are ceramic layers.

34. The aerosol generator of claim 29, wherein the heater
has a width which is less than the width of the opposed
layers.

35. The aerosol generator of claim 29, wherein the
opposed layers include inner surfaces bonded together at
locations separated by the fluid passage.

36. The acrosol generator of claim 29, wherein the
opposed layers are bonded together by an adhesive or are
metallurgically bonded together.

37. An aerosol generator, comprising:

a laminate having a fluid passage therein located between
opposed layers of the laminate which are bonded
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together, the opposed layers having bonded surfaces
which are closer together than are surfaces of the
opposed layers defining the fluid passage;

a heater arranged to heat liquid in the fluid passage into a
gaseous state; and

a fluid supply arranged to provide a fluid to the fluid

passage.

38. The acrosol generator of claim 37, further comprising
at least one of a valve and a pump arranged to control flow
of the fluid from the fluid supply to the fluid passage.

39. The aerosol generator of claim 37, wherein the fluid
supply comprises a chamber, the aerosol generator further
comprising a piston operable to compress fluid in the
chamber to supply the fluid from the fluid supply to the fluid
passage.

40. The aerosol generator of claim 37, wherein the fluid
is stored in a disposable chamber.

41. The aerosol generator of claim 37, wherein the
opposed layers of the laminate are ceramic layers.

42. The aerosol generator of claim 37 wherein the heater
has a width which is less than a width of the opposed layers.

43. The aerosol generator of claim 37, wherein the bonded
surfaces are bonded together at locations separated by the
fluid passage.

44. The aecrosol generator of claim 37, wherein the
opposed layers are bonded together by an adhesive or are
metallurgically bonded together.

45. An aerosol generator, comprising:

a laminate having a fluid passage therein located between
opposed layers of the laminate which are bonded
together, the opposed layers including opposed
depressed surfaces defining the fluid passage therebe-
tween;

a heater arranged to heat liquid in the fluid passage into a
gaseous state; and

a fluid supply arranged to provide a fluid to the fluid

passage.

46. The acrosol generator of claim 45, wherein the
opposed layers are bonded together by an adhesive or are
metallurgically bonded together.

47. A method of making aerosol generator, comprising:

forming a laminate body having a fluid passage therein by
bonding together opposed layers, the fluid passage
being located between the opposed layers; and

arranging a heater to heat liquid in the fluid passage into
a gaseous state.

48. The aecrosol generator of claim 47, wherein the
opposed layers are bonded together by an adhesive or are
metallurgically bonded together.

49. A method of making an aerosol generator, comprising:

arranging a mandrel between opposed layers of a lami-
nate;

bonding the opposed layers together; and

forming a fluid passage between the opposed layers by
removing the mandrel.
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