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A NEBULISER FOR THE PRODUCTION OF
AEROSOLIZED MEDICATION

CROSS-REFERENCES TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No. 60/4388,718,
filed July 18, 2003, which is incorporated herein by reference 1n its entirety.

BACKGROUND OF THE INVENTION
[0002] This invention relates to a nebuliser for delivery of medicament to the respiratory
system of a patient. Certain conditions such as asthma, chronic obstructive pulmonary
disease (COPD), and cystic fibrosis require that prescribed liquid medication be turned into a

fine mist, called an aerosol, and then inhaled into the lungs.

[0003] Nebulisers for creating such an aerosol of medication are known. However,
conventional nebulisers for home use are generally large and bulky and are inconvenient to

use. Thus, there is a need for compact nebulisers that are more convenient for use at home.

[0004] Nebulisers have long been used to produce aerosols. There are three major
classifications of nebulisers for home use. Compressor driven jet or pneumatic nebulisers
utilise a reservoir in which medication is placed below the point of aerosol generation, so that
medication is drawn up from the reservoir by the action of the jet, which then shears the fluid
into small particles. Aerosol collects in and passes through a chamber above the medication
reservoir, driven by the flow of gas that generates the acrosol. This constant flow of aerosol
from the nebuliser often exceeds inspiratory flows and volumes generated by the patient and
reduces the amount of aerosol available for inspiration, reducing the mass of drug inhaled by
the patient. Thus, there remains a need for nebulisers that reduce the amount ot flow gas

needed to deliver aerosolized medication to a patient.

[0005] Ultrasonic nebulisers create standing waves in a medication reservoilr, above a peizo
ceramic element, generating aerosol that collects above the medication reservoir. Aerosol
does not leave the collection chamber without active gas flow generated directly by the
patient, or by a secondary flow of gas (e.g., fan). This reduces the ability of the ultrasonic to
be used with an open aerosol mask. Thus there remains a need for nebulisers that can be used

with an open aerosol mask.
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[0006] In both jet and ultrasonic nebulisers droplets that do not leave the aerosol chamber

remain on the walls of the chamber or return to the reservoir, contributing to a residual drug

remaining in the nebuliser. Thus there remains a need for nebulisers that reduce the amount

of residual drug that remains in the nebulizer.

[0007] A nebuliser is also known which has a medication reservoir connected to a
transducer horn placed below a mesh plate. The vibration of the horn pushes the liquid
medication through orifices in the mesh plate placed above it. Aerosol is directed up from
the aerosol generator. Technical limitations of this technology result in relatively large
particle sizes, low output, difficulty in aerosolizing suspensions, and a lack of reservoir to
effectively collect aerosol between inspiratory efforts. Thus, there remains a need for

nebulizers that generate fine aerosol mists with high output, and which also have a reservolr

to collect aerosol between inspiratory efforts.

BRIEF SUMMARY OF THE INVENTION
[0008] The present invention includes a nebuliser for delivery of a medicament to a
patient's respiratory system. The nebuliser may include a housing that forms a reservoir for a
liquid medicament. The medicament may enter the reservoir through an inlet and exit the
reservoir through an outlet coupled to an aerosol generator. The generator converts the
medicament into an aerosol that may travel through an aerosol passage to an outlet port
where the aerosol exits the nebuliser. The nebuliser may also include a gas venting inlet that
allows gas (e.g., air) to enter the nebuliser and mix with the aerosolized medicament before

the mixture of gas and entrained aerosol exits the nebuliser through the outlet port.

[0009] In one embodiment gravitational flow of a liquid medicament is supplied from the

reservoir to the aerosol generator.
[0010] The gas venting inlet may be located in close proximity to the aerosol generator.

[0011] In another embodiment the housing has a baftle to direct gas and entrained aerosol
to the outlet port. Said baffle may include an inclined surface oriented to cause aerosol to

flow through the outlet. The baffle may be inclined towards the outlet port.

[0012] In another embodiment the nebuliser may include an aerosol rainout trap. The

rainout trap may be adjacent to the outlet port.

[0013] In another embodiment the nebuliser may include an aerosol trap and aerosol

rainout from the baffle is directed into the trap.



10

15

20

25

30

CA 02532978 2006-01-18
WO 2005/009323 PCT/US2004/021628

[0014] The aerosol generator may have a protector to protect the aerosol generator against

physical damage. The protector may include an upper protector above the aerosol generator
and/or a lower protector below the aerosol generator, which may be integral with the

nebuliser housing. One or more of the protectors may include a mesh.

[0015] The nebuliser may include a respiratory connector for connecting the outlet port to a
respiratory system. The respiratory connector may include a mouth piece. The respiratory

connector may be selected from a group consisting of a mouthpiece, a face mask, and a nasal

piece.

[0016] In another embodiment the nebuliser include an aerosol generator housing in which

the aerosol generator is held. The aerosol generator housing may be fixed to the reservorr.

[0017] In another embodiment the acrosol generator may comprise a vibratable member
having a plurality of apertures extending between a first surface and a second surface thereof.
The apertures in the vibratable member are sized to aerosolise the medicament by ejecting
droplets of medicament such that about 70% or more of the droplets by weight have a size in

the range from about 1 to about 6 micrometers.

[0018] In another embodiment the nebuliser may include a drive circuit for the aerosol
generator. The drive circuit may include a push-pull resonant power circuit. The resonant
circuit may use an inductive element that has an impedance value substantially equal to the

impedance of the piezoelectric element.

[0019] The resonant circuit may include an inductive element. For example, the resonant
circuit may include a pair of MOSFET switches operated as a push-pull (alternate on-off)

arrangement.

[0020] The nebuliser drive circuit may be adapted to be plugged directly to a wall outlet
receiving an input of an alternating voltage in the range from 90V to 250V at a frequency
range from 50Hz- 60 Hz and producing an alternating voltage output at a frequency range
from 50Khz to 300Khz. The circuit may include an inductive element having substantially

the same impedance of the nebuliser circuit at the operating frequency.

[0021] In another embodiment, the nebuliser drive circuit may be adapted for use with
batteries receiving an input of voltage in the range from 1.5 to 12 Volt and producing an

alternating voltage output at a frequency range from 50Khz to 300Khz. The circuit may
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include an inductive element having substantially the same impedance of the nebuliser circuit

at the operating frequency.

[0022] Another aspect of the invention includes methods for nebulising a viscous liquid. In
one embodiment, a method includes providing a vibratable thin shell member that includes a
front surface, a rear surface and a plurality of tapered apertures extending therebetween, the
apertures being tapered to narrow from the rear surface to the front surface, vibrating the thin

shell member, and sweeping the frequency between two fréquency values.

[0023] In another embodiment, a method for nebulising a viscous hiquid includes providing
a vibratable thin shell member that includes a front surface and a rear surface and a plurality
of tapered apertures extending therebetween, the apertures being tapered to narrow from rear
surface, to the front surface, vibrating the thin shell member, and supplying heat to a viscous

liquid (e.g., a lipid).

[0024] Another embodiment of the invention provides an aerosol generator that includes an
electrical connector for supplying electrical power to the aerosol generator, the electrical
connector and the current carrying components of the aerosol generator being encased by

electrically insulating matenal.

[0025] Embodiments of the invention also include an aerosol generator assembly that
includes an aerosol generator and a power inlet, the assembly being structurally supported by
elastomeric encasing, where the encasing may also provide electrical insulation to the

assembly. The elastomeric encasing may be produced by a process of injection molding.

[0026] In another embodiment of the invention provides an aerosol generator assembly that
includes an aerosol generator and a power inlet encased by an elastomeric structure. The

aerosol generator may include a vibratory thin shell member having a rear surface and a front
surface and a plurality apertures extending therebetween, the apertures having a size range of

about 1 to about 6 microns at their smaller opening.

[0027] Additional novel features shall be set forth in part in the description that follows,
and in part will become apparent to those skilled in the art upon examination of the following
specification or may be learned by the practice of the invention. The features and advantages
of the invention may be realized and attained by means of the instrumentalities,

combinations, and methods particularly pointed out in the appended claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The invention will be more clearly understood from the following description

thereof given by way of example, in which:

[0029] Fig. 1 1s a perspective view of a nebuliser according to an embodiment of the

5 1nvention;

[0030] Fig. 2 1s a perspective view of a battery driven controller for use with the nebuliser;
[0031] Fig. 3 1s a perspective view of a mains driven controller for use with the nebuliser;

[0032] Fig. 4 is a perspective view of a nebuliser according to an embodiment of the

invention with a mouth piece fitted;
10 [0033] Fig. 5is acut-away view of the nebuliser of Fig 4;
[0034] Fig. 6 1s an exploded view of the nebuliser of Figs 4 and 5;
[0035] Fig. 7 is a perspective view from above of an upper part of the nebuliser;
[0036] Fig. 8 is a perspective view from below of the upper part of the nebuliser;

[0037] Figs. 9(a) to 9(d) are perspective views illustrating the mounting and overmoulding
15 of a vibratable member and associated connector for a nebuliser according to an embodiment

of the invention;
[0038] Fig. 10 is a block diagram of a drive for a piezoelectric element;
[0039] Fig. 11 is a circuit diagram of the drive and load stages of Fig. 10;

[0040] Figs. 12(a) to 12(d) are circuit diagrams showing operation of the drive ot Figs. 10

20 and 11 in four modes labelled mode I to mode 4;

[0041] Figs. 13 to 15 are views similar to Figs. 4 to 6 of a nebuliser according to an

embodiment of the invention that includes a nasal piece fitted;

[0042] Figs. 16 to 18 are views similar to Figs. 4 to 6 of a nebuliser according to an

embodiment of the invention with a face mask adaptor fitted; and

25 [0043] Figs. 19to 21 are views similar to Figs. 4 to 6 of a nebuliser according to another

embodiment of the invention.
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DETAILED DESCRIPTION OF THE INVENTION
[0044] Referring to the drawings and initially to Figs. 1 to 8 thereof there: 1s 1llustrated a
nebuliser 1 according to an embodiment of the invention for delivery of a medicament to the
respiratory system of a patient. The nebuliser 1 comprises a housing having a reservoir,
which 1n this embodiment takes the form of medication cup 2 for liquid medicament. The
medication cup 2 has an upper inlet 3 which i1s covered by a releasable cup 4. The cup 4 is
transparent to allow a user to view the contents of the cup. The cup 2 also has a lower outlet
to which the medicament flows by gravity. The cup 4 has a lower conical portion 6 to
promote the flow of medicament to the outlet. An aerosol generator 7 i1s mounted at the
outlet of the cup to aerosolise the liquid medicament. The aerosol generator 7 1s protected
against user access from above by a barrier mesh 10 which in this case 1s integrally formed
with the medication cup. The aerosol generator 7 1s also protected from below by a lower
mesh 11 which is separately formed from the medication cup 2. The protector meshes 10, 11

are particularly apparent from Figs. 5, 7 and 8.

[0045] Aerosol generated by the aerosol generator 7 is delivered into a vented aerosol
passage 20 defined by a nebuliser body 19. Air passes into the passage 20 through air inlets
21. The air entrains the aerosolised medicament and the entrained aerosolised medicament 1s
delivered from the nebuliser through an outlet port 22 from the passage 20. In this case the
inlets 21 are formed by air vents which are located above the aerosol generator 7. The outlet
port 22 has an extension or connector piece 23 which is inclined upwardly to direct tlow nto
a respiratory system. In this case the outlet connector 23 1s fitted with a releasable

mouthpiece part 24 which is a push-fit on the connector 23.

[0046] The nebuliser 1 has a baffle to direct air and entrained aerosolised medicament to
the outlet 22. In this case the baffle is formed by a floor 25 of the nebuliser body 19. It will
be noted that the baffle 25 is inclined downwardly towards the outlet port 22. The
arrangement of the inlet 21 on one side of the nebuliser housing, the outlet 22 on a generally
opposite side of the housing and the baffle 25 optimises the flow of air and entrained

aerosolised medicament to the outlet 22.

[0047] The nebuliser 1 has an aerosol rain-out trap 30 for collecting any larger droplets not
entrained in the air. In this case the rain-out trap 30 is between the outlet port 22 and the
baffle 25. Any droplets not entrained by the air impinge on the baffle 25 and flow down the

incline into the trap 30. Similarly any droplets that may form at the outlet 22 or 1n the
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associated connectors are directed to flow into the trap 30. The trap 30 1s readily emptied by

opening the nebuliser housing and inverting the bottom of the housing.

[0048] Typically, the medication cup 2 is configured to accommodate up to about 6 ml to

about 10 ml of liquid medicament.

[0049] The aerosol generator 7 comprises a vibratable member 40 and a piezoelectric
element 41. The vibratable member 40 has a plurality of tapered apertures extending
between a first surface and a second surface thereof, as described in United States Patent Nos.
5,164,740 (the first '740 patent); 5,586,550 (the '550 patent); 5,758,637 (the '637 patent); and
6,085,740 (the second '740 patent), the entire contents of which are incorporated herein by

this reference.

[0050] The first surface of the vibratable member 40, which 1n use faces upwardly, receives
the liquid medicament from the medication cup 2, and the aerosolised medicament 1S
generated at the second surface of the vibratable member 40 by ejecting droplets of
medicament upon vibration of the member 40. In use the second surface faces downwardly.
In one case, the apertures in the vibratable member 40 may be sized to produce an aerosol 1n
which about 70% or more of the droplets by weight have a size in the range from about 1 to
about 5 micrometers. In another embodiment, about 70% or more (by weight) of the droplets

have sizes ranging from about 1 to about 6 micrometers.

[0051] The vibratable member 40 is non-planer, and 1s preferably dome-shaped 1n

geometry.

[0052] The piezoelectric element 41 has an electrical connection socket 45 to which a
connector plug element 46 is mounted as illustrated in Figs. 9(a) and 9(b). The piezoelectric
element 41 and the connection 45 and plug 46 is then overmoulded to form a sub-assembly
47 which defines a housing 48 for the piezoelectric element 41. The sub-assembly 47 1S

mounted in the nebuliser housing as illustrated.

[0053] The apparatus 1 also includes a controller as illustrated, to control operation of and
to supply power to the aerosol generator 7. The plug element 46 defines a signal interface
port 50 fixed to the nebuliser housing to receive a control signal from the controller. The
controller may be connected to the signal interface port 50 by means of a control lead 52,

which has a docking member 51 or connector for mating with the plug 46 at the interface port



10

15

20

25

30

CA 02532978 2006-01-18
WO 2005/009323 PCT/US2004/021628

50. A control signal and power may be passed from the controller through the lead 52 to the

aerosol generator 7 to control the operation of and supply power to the aerosol generator 7.

[0054] As illustrated in Fig 2 in one case a controller 55 may comprise a battery operated

unit.

[0055] Alternatively, a controller 56 may have a mains plug 57 for connecting directly to a
mains power source. In this case the controller has an integral AC-DC circuit as well as

control circuitry mounted in a single housing.

[0056] Each controller 55 or 56 has a housing 60 and a user interface to selectively control

operation of the aerosol generator 7. The user interface may be in the form of, for example,

an on-off button 58.

[0057] Status indication means are also provided on the housing 60 to indicate the
operational state of the aerosol generator 7. For example, the status indication means may be

in the form of a visible LED 61, to indicate an operational state of the aerosol generator 7.

[0058] Referring to Figs. 10 to 12 the piezo drive arrangement is 1llustrated. Power may be
from an AC/DC power supply or a DC/DC power supply, in what is illustrated as a Stage 1.
Where the former a Vi, level of 20V is provided by a universal input (85 Vjc - 264 V)
AC/DC adapter. Where the latter, batteries may provide the power.

[0059] In a Stage 2 a push/pull resonant circuit provides the following output to the load:

Pout =1 W
fout = 128 kHz
vout = 54 Vms

[0060] The resonant circuit comprises a resonant inductor Lyes and the capacitive element

(C,) of the piezoelectric load, driven by two MOSFETs Q1 and Q2 in a push-pull

arrangement. As shown in Fig. 11 the resonant circuit also comprises a 100uF bulk capacitor

C,us and a DC blocking capacitor Cgc.

[0061] Referring particularly to Figs. 12(a) to 12(d) switching period modes Mode 1 to

Mode 4, respectively, are illustrated.

Mode 1

- Cq4 is neglected because its AC ripple is assumed negligible.

- Q1 turned on, Q2 turned off.
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. Positive current flow 1n direction of arrow.
- Mode equations solved using equation:

Vius = Vires + VCp(t)

Mode 2

- Q1 turning off, Q2 off.

- Current freewheels through anti-parallel diode of Q2.

- Mode equation:

Vires(t) + VCp(t) + Vp2 =0
Mode 3
- Q1 turned oft, Q2 turned on.

- Positive current flow in direction of arrow.

- Mode equation:

VLres(t) + ch(t) = ()

Mode 4
- Q2 turning off, QI off.
- Current freewheels through anti-parallel diode of Q1.

- Mode equation:

Vep(t) + Vires(t) - Vbar - Vebus = 0

[0062] In use, the cap 4 is opened and medicament is delivered through the inlet port 3 into
the medication cup 2. Typically a supply container, such as a nebule or a syringe, 1s used to
deliver the liquid medicament through the inlet port 3 into the medication cup 2. The hiqud
medicament in the medication cup 2 flows by gravitational action towards the aerosol

generator 7 at the lower medicament outlet.

[0063] By distancing the inlet port 11 to the reservoir 2 from the aerosol generator 3 at the
outlet 16, this arrangement creates a sterile barrier between the delivery of the liquid

medicament into medication cup 2 and the respiratory system of the patient.

[0064] The docking member of the control lead 52 is mated with the signal interface port
50 on the reservoir 2 to connect the controller 55 or 56 to the aerosol generator 7. The

controller 50 may then be activated to supply power and a control signal to the aerosol
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generator 7, which causes the piezoelectric element 41 to vibrate the vibratable member 40.
This vibration of the vibratable member 40 causes the liquid medicament at the top surface of
the member 40 to pass through the apertures to the lower surface where the medicament 1s

aerosolised by the ejection of small droplets of medicament.

[0065] The aerosolised medicament passes from the aerosol generator 7 into the passage 20
of the housing 19. The aerosolised medicament is entrained with a gas, such as air, which
passes into the passage 20 through the inlet 21. The entrained mixture of the aerosolised

medicament and the gas then passes out through the outlet 22 and on to the respiratory system

of the patient.

[0066] In this case, the mouthpiece 24 is gripped between the teeth of the user, with the lips
sealed around the mouthpiece. The user breathes in and out slowly. On the exhale cycle,
exhaled gas flows back along the mouthpiece and into the passage 20. Exhaust may pass
through the gas inlets 21. Breathing is continued in this way until aerosol formation has
stopped indicating that all the medicament in the medication cup 2 has been delivered into the

patients respiratory system. The nebuliser is turned off by pressing the on/off button 58.

[0067] A suitable material for the various connectors and housings is ABS. An alternative
material for the various connectors and housings is polycarbonate or polysulphone. By
manufacturing these components of the apparatus from polysulphone or polycarbonate, this

enables these components to be autoclaved for multiple use of the same apparatus.

[0068] Referring now to Figs. 13 to 15 there is 1llustrated a nebuliser as described above

with a nasal piece 70 attached. The nasal piece 70 is used to deliver the medicament through

the users nose.

[0069] Referring now to Figs. 16 to 18 there 1s 1llustrated a nebuliser as described above

which in this case has an elbow connector 75 for connection to a face mask 76.

[0070] Referring to Figs. 19 to 20 there is illustrated another nebuliser 80 which 1s similar
in some respects to the nebulisers described above and like parts we assigned the same

reference numerals. In this case air is supplemented by an oxygen supply which is connected

through an inlet port 81. A holder 82 is releasably mounted to the nebuliser housing. The
holder accepts an external filter which collects all exhaled aerosol. In addition, the holder
serves as a diffuser to the jet of gas entering through the inlet port, reducing turbulence and

impactive losses of aerosol within the nebuliser housing.

10



10

15

20

235

CA 02532978 2006-01-18
WO 2005/009323 PCT/US2004/021628

[0071] The invention provides a nebuliser which is relatively small, light weight and is
casy to use. The controllers are also small and light weight. Aerosol 1s readily generated and
efficiently entrained 1n a gas flow for ease and efficiency of patient use without medical
supervision. The nebuliser may be tilted significantly from the vertical (by up to 45°) without
significantly effecting functionality. Thus, the nebuliser may be easily used by patients
whilst sitting down or at least partially lying down. The gravity dependent orientation of the
aerosol generator and the internal volume in the nebuliser provided by the chamber increases
inhaled mass of aerosol in such a way that cough reflex 1s inhibited. The inclusion of the

filter in a dependent position reduces risk of second hand aerosol exposure.

[0072] We have found that delivery of non-newtonian fluids can be aided by sweeping the
driving frequency of the piezo across the aperture plates' delivery range. It 1s thought that the
aperture plate alters its mode of vibration depending on the drive frequency. This change of
motion applies additional stresses to the fluid which can thin it. The frequency sweep may be
achieved by using one of the PWM (pulse width modulation) outputs of the microcontroller

and routing this signal to the input of a half bridge or MOSFET drniver.

[0073] In this method the frequency changes by the resolution of the system clock (1n our
case it is Toe/4 - 20 Mhz crystal / 14 =5 Mhz. T = 1/Fs = 0.2 psec. So at approx 130Khz
the frequency can change by approx 3kHz for each step.) The delivery range 1s about 120
kHz to 135kHz. The rate of change of the sweep and range may be controlled using software

in the micro controller.

[0074] The invention is not limited to the embodiments hereinbefore described which may

be varied in construction and detail.

[0075] The words "comprise," "comprising,” "include," "including," and "includes"” when
used in this specification and in the following claims are intended to specify the presence of
stated features, integers, components, or steps, but they do not preclude the presence or

addition of one or more other features, integers, components, steps, or groups.
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WHAT IS CLAIMED IS:
1. A nebuliser to deliver a medicament comprising:

a housing having a reservoir for the medicament;

an aerosol generator that can be supplied the medicament from the reservorr,
wherein the generator aerosolizes at least a portion of the medicament into an aerosol;

a gas venting inlet to permit a gas to enter the nebuliser and form a mixture

with the aerosol; and

a passage through which the mixture of the aerosol and the gas 1s delivered to

an outlet port of the nebuliser.

2. A nebuliser according to claim 1, wherein the medicament is supplied

from the reservoir to the aerosol generator by gravitational flow.

3. A nebuliser according to claim 1, wherein the gas venting inlet 1s

located in close proximity to the aerosol generator.

3 A nebuliser according to claim 1, wherein the housing has a battle to

direct the mixture of the gas and the aerosol to the outlet port.

5. A nebuliser according to claim 4, wherein the baffle comprises an

inclined surface oriented to cause aerosol to flow through the outlet port.

6. A nebuliser according to claim 4, wherein the baffle is inclined
towards the outlet port.
7. A nebuliser according to claim 1, wherein the nebuliser comprises an

aerosol rainout trap.

8. A nebuliser according to claim 7, wherein the rainout trap is adjacent
to the outlet port.
9. A nebuliser according to claim 1, wherein the aerosol generator has a

protector to protect the aerosol generator against physical damage.

10. A nebuliser according to claim 9, wherein the protector comprises an

upper protector above the aerosol generator.

12
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11. A nebuliser according to claim 9, wherein the protector comprises a

lower protector below the aerosol generator.

12. A nebuliser according to claim 10 wherein the upper protector

comprises a mesh.

13. A nebuliser according to claim 11 wherein the lower protector

comprises a mesh.

14. A nebuliser according to claim 11, wherein the lower protector 1s

integral with the nebuliser housing.

15. A nebuliser according to claim 1, wherein the nebuliser comprises a

respiratory connector to connect the outlet port to a respiratory system.

16. A nebuliser according to claim 15, wherein the respiratory connector

comprises a mouth piece.

17. A nebuliser according to claim 15, wherein the respiratory connector 1s

selected from a group consisting of a mouthpiece, a face mask, and a nasal piece.

18. A nebuliser according to claim 1, wherein the nebuliser comprses an

aerosol generator housing in which the aerosol generator 1s held.

19. A nebuliser according to claim 18, wherein the aerosol generator

housing is fixed to the reservorr.

20. A nebuliser according to claim 1, wherein the acrosol generator
comprises a vibratable member having a plurality of apertures extending between a first

surface and a second surface thereof.

21. A nebuliser according to claim 20, wherein the apertures 1n the
vibratable member are sized to aerosolize the medicament by ejecting droplets of medicament
such that about 70% or more of the droplets by weight have a size in the range from about 1

to about 6 micrometers.

22. A nebuliser according to claim 1, wherein the nebuliser comprises a

drive circuit for the aerosol generator.

13
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23. A nebuliser according to claim 22, wherein the drive circuit comprises

a push-pull resonant power circuit.

24. A nebuliser according to claim 23, wherein the vibratable member
comprises a piezoelectric element and the push-pull resonant power circuit comprises an

inductive element having an impedance value substantially equal to an impedance of the

piezoelectric element.

25. A nebuliser according to claim 23, wherein the push-pull resonant

power circuit comprises an inductive element.

26. A nebuliser according to claim 23, wherein the push-pull resonant

power circuit comprises a pair of MOSFET switches operated 1n an on-off arrangement.

27. A nebuliser according to claim 1, comprising an electrical connector

for supplying electrical power to the aerosol generator.

28. A nebuliser according to claim 1, comprising an aerosol generator
assembly that includes a power inlet coupled to the aerosol generator, wherein at least a

portion of the assembly is encased by an electrically insulating elastomeric casing.

29. A nebuliser according to claim 28, wherein the elastomeric encasing 1s

produced by a process of injection molding.

30. A nebuliser according to claim 1, wherein the nebuliser comprises a
drive circuit coupled to the aerosol generator and adapted to be plugged directly to a wall
outlet receiving an input of an alternating voltage in the range from about 90V to about 250V
at a frequency from about 50Hz to about 60 Hz, and producing an alternating voltage output

at an operating frequency range from about 50Khz to about 300Khz.

31. A nebuliser according to claim 30, wherein the drive circuit includes
an inductive element having a substantially same impedance of the nebuliser circuit at the

operating frequency.

32. A nebuliser according to claim 1, wherein the nebuliser compnises a

drive circuit coupled to the aerosol generator adapted for use with batteries receiving an input

14
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of voltage in the range from 1.5 to 12 Volt and producing an alternating voltage output at an

operating frequency range from 50Khz to 300Khz.

33. A nebuliser according to claim 32, wherein the drive circuit comprises

an inductive element having a substantially same impedance of the said nebuliser circuit at

the operating frequency.

34. A nebuliser according to claim 1, wherein the gas entering the

nebuliser comprises air.

35. A method for nebulising a liquid comprising;

providing a vibratable thin shell member comprising a front surface, a rear
surface and a plurality of tapered apertures extending therebetween, said apertures being
tapered to narrow from the rear surface to the front surface;

vibrating the thin shell member; and

changing a frequency of vibration of the vibrating thin shell member between

a first frequency and a second frequency.

36. A method according to claim 35, wherein changing a frequency of
vibration of the vibrating thin shell member comprises changing a drive frequency of a drive
circuit tﬁat controls the frequency of vibration of the vibrating thin shell, wherein the drive
frequency goes from a first drive frequency to a second drive frequency in a plurality of

incremental steps.
37. A method according to claim 35, wherein the liquid 1s a lipid.

38. A method for nebulising a liquid comprnising:

providing a vibratable thin shell member comprising a front surface and a rear
surface and a plurality of tapered apertures extending therebetween, said apertures being
tapered to narrow from rear surface, to the front surface,

vibrating the thin shell member; and

supplying heat to the liquid.

39. A method according to claim 38, wherein the liquid 1s a lipid.
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