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Fig. 1A _Schematic of working principle of o dry powder inhaler
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Fig. 1B Schematic of working principte of o dry powder inhaler with auto-feeding

device
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First embodiment - at rest state
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Title: Active Suction-actuated Inhalers with Timing Devices
CROSS-REFERENCE TO RELATED APPLICATIONS Not Applicable
FEDERAL SPONSORED RESEARCH Not Applicable

SEQUENCE LISTING OR PROGRAM Not Applicable

BACKGROUND OF THE INVENTION - FIELD OF THE INVENTION

This invention generally relates to inhalers for the delivery of a powder
substance such as a dry pharmaceutical powder or a wet pharmaceutical
powder formulation, which means a solid suspension in a propellant or a drug
solution in a propellant, to a human lung via the nose or mouth of a user,
especially to inhalers with auxiliary energy to actively disperse or aerosolise of
drugs and timing devices to control the time interval between the dispersion or

aerosolization of drugs and the inhalation of the user.

BACKGROUND OF THE INVENTION - PRIOR ART

Traditionally drugs for inhalation have been targeted at local or topical
delivery so as to improve the therapy Iin asthma, chronic obstructive
pulmonary disease (COPD), cystic fibrosis (CF) and lung cancer" 2. Most
recently, the lung has been suggested for the administration of peptides,
protein (like insulin) or even more complicated products as vaccines via
pulmonary route® * > © All these drugs require an inhaler to achieve

reproducible delivery, excellent control over the site of drug deposition, less



2
waste of drugs and easy compliance of a user. These requirements along with

the technological development bring more and more new inhalers to the
markets, especially since the second half of the last century. Different inhalers
can be divided into three categories: nebulizer; pressurized metered dose
inhaler (pMDI) and dry powder inhaler (DP!1).

Nebulizers have been used for the treatment of asthma, mainly acute
ones in the emergency departments since their introduction into the market in
nineteenth century. Although they can delivery high dose of drugs; need little
effect from a patient to coordinate the dispersion and inhalation and produce
less deposition in the oropharynx comparing to the pMDI, they are bulky, not
portable, and difficult to setup. Therefore they gradually give way to the other
two nhalers in many areas, although they still hold strongly in systemic
delvery’.

Introduced in 1956, the pMDIs have not changed much. They have
been a choice of inhaled drugs for their characteristics as being portable and
therefore easy and ready to use®. They dominated the inhaler market since
their appearance until the late of last century; because of some of their fatal
inherent disadvantages such as the essential requirement of a propellant
Initially chlorofluorocarbons (CFCs) were used as propellant but they were
totally banned in 2005 because of their effect of depleting the ozone layer®.
Although its replacement hydro fluorocarbons (HFCs) do not affect the ozone
layer, their vapour also has a much stronger green house effect (2000 times)
than carbon dioxide'®, which to some extent foretells that its future is not
brilhant due to their contribution to the global warming. In addition to this, all

pMDIs need the patients to carefully coordinate their inhalations with the



dispersion of drugs. They also produce n%re drug deposition in the mouth and
throat of a user and hence cause stronger side effect too. Although the
introduction of a breath-actuator and a spacer to the development of pMDI
alleviated these problems, 91% of patients were unable to use their pMDI
correctly compared with 85% of nurses and 72% of physicians''. The
situation in US was slightly better but still around half of the patients could not
use a pMDI properly'2.

The DPIs have an obvious green advantage over the pMDIs The
earliest use of inhalation dry powder technology went back to 1967 when
sodium cromoglycate was discovered as a topical, non-steroid, preventer of
allergic asthma packed in a gelatin capsule used with a single-dose DPI and

In 1987 saw the introduction of a multi-dose DPI '®

. On today’s market there
are different DPIs available such as single dose DPIs, reservoir based DPIs,
multiunit-dose DPIls. The reservoir based DPIs meter doses of the drug in the
device out of a powder reservoir to provide multi-dose medication The
multiunit-doses DPls contain multiple pre-measured individually packed doses
of drugs. A DPI using auxiliary energy to make aerosolization independent of
the user’s inhalation I1s defined as an active DPI| whereas the one using only
the user’s inhalation to entrain and disperse the drug powder is named as a
passive DPI

In contrast to the pMDis that use the propellant to disperse the drug to
form an aerosol, the DPIs use the user’s inhalation or assisted with the input
of external power to entrain the drug powder and then to disperse it to form an

aerosol Thereafter both devices use the user's inhalation to suck the aerosol

into the lung. An aerosolised particle entrained in the respiratory tract will



deposit in a well-defined region of the‘Tungs depending on the aerodynamic
diameter of the particle as well as on the ventilatory conditions

In the context of the present invention, the aerodynamic diameter of a
particle is understood to mean the particle diameter that corresponds to the
equivalent diameter of a sphere with a density of 1 g/cm that has the same
sedimentation speed as the studied particle.

Normally a powder particle having an aerodynamic diameter bigger
than 10 um will not go beyond the oropharyngeal region. Particles with
aerodynamic diameter between 5 and 10 pum mainly deposit by initial
impaction in the trachea and upper airways where the velocities are
maximum. The effect of gravitational settling, occurring in case of fine
particles having aerodynamic diameter of 1-5 um, is most pronounced in the
central and distal tracts. Finally sub-micrometer-size particles are exhaled
and/or deposit by random Brown motion in distal regions'. The lung
deposition of a drug delivered by different inhalers depends on the inhaler
used, the drug powder formulation and the compliance of a user. Generally
speaking the DPI is the most effective inhaler whereas the nebulizer is the lest
for asthma therapy'®. For a given user, the ventilation conditions are not
controllable and changeable; the effects of promoting the efficacy of an inhaler

are therefore focusing on the following aspects'®.

A Improvements regarding the fine particle fraction (FPF)-
1) Aerosols that consist merely of fine particles with 1-5 um aerodynamic

diameter,



4)

B

Monodisperse aerosols to target the deposition on special region of the
lung,

Reproducible FPF for aerosols being aerosolised by the user's
inhalation,

Using auxiliary energy (in form of either pressurized gases or electric
energy) to make aerosolization independent of user’s inhalation.

Improvements that reduce the coordination proonlem and affect particle

velocity:

1)

C

Here the term compliance I1s defined as

Systems releasing the aerosols at a reduced speed,

Systems breath-actuated so as to reduce the coordination problem,
Systems releasing the aerosols during the first 0.5 s of the user's
inhalation so as to increase the deep lung deposition,

Systems generating the aerosol over a period longer than 1 s could
reduce the coordination problem,

Systems adapting the generation of aerosol to a patient's breathe
pattern.

Improvements to increase patients’ compliance and to reduce costs

'7 the extent to which a person’s

behaviour coincides with medical or health advice’

1)

2)

Systems that are simple to use and robust,

Systems feeding back to the patient regarding the success of inhalation
manoeuvre,

Systems that are small and light and do not require electricity or
pressurized air,

Systems contain many doses and include a dose counter,



b

We can clearly see that B3 is in conflict with B4, which will be a challenge
for the design of an effective inhaler to make a perfect balance between them.
B3 also implies that the aerosols entrained with the user’s initial inhale will go
deeper to *he lung. A newly designed inhaler must follow these rules as strictly
and as many as possible so as to achieve high efficacy in delivering a
pharmaceutical to the targeted region in the lung. In addition to these rules, a

newly designed inhaler should be also reusable and versatile.

Examples of prior art are given in the following.

Examples of prior art of passive DPIs either breath-actuated or not breath-
actuated include that disclosed in

WO 03/082389 describes a multi-dose dry powder inhaler using a specially
designed single dose blister strips to deliver a powder medicament.

EP 0 069 715 describes a reservoir based multi-dose DPI using
perforations in a membrane to deliver unit dose of drug powder from a powder
reservoir to the air conduit where the powder is entrained, dispersed and then
inhaled by the user. To assist dispersion, a propeller rotating upon the user’s
inhalation is also integrated into the mouthpiece

Another example of reservoir based multi-dose breath-actuated DPI s
disclosed in U S. Pat. No. 5,161,534. A slide is used to feed the drug powder
to a primary air path upon the user’s inhalation where it is entrained,
dispersed and delivered to the lung with the user's further inhalation. A
regulator is used to divert part of the inhalation to a secondary air conduit so

as to reduce the airflow rate in the primary air path. In this way, the inventors
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expect a reduction of loss of drug powder due to impingement upon outside
surface of throat.

US Pat. No. 6,971,384 gives another example of such kind of DPIs.
Beads rolling upon the user’s inhalation in a chamber are used to improve
dispersion The inventor specially pointed out that the beads are preferably
lightweight so as to promote the rolling, bouncing and colliding among the
beads and powder particles. Therefore a better dispersion can be expected

Similar multi-dose passive DPIs are also disclosed Iin patents or patent
applications U.S. Pat. No. 6,769,601, U.S. Pat. No 6,0998,619; U.S Pat. No
5,239,992, U S. Pat. No. 5,408,994; U.S. Pat 6,655,381, US Pat. No. 6,
273,085, U.S. Pat No. 6,561,186; U.S. patent application Pub. No. US
2005/0005933 although they all have some unique points to be patented, their
modifications will not change the basic operational mechanism described
here

For this kind of DPIs the entrainment and the dispersion of the drug
powder can rarely be perfect because of the input energy being uniquely
decided by the user's inhalation, especially for an asthma patient with
breathing difficulty. The design idea of this kind of DPIs is in conflict with itself.
On one hand they are designed to heal the breath problems for their targeted
users, on the other hand, they want to get the best from the user's worsened

inhalation.

Examples of prior art of breath-actuated pMDls include that disclosed in.
US Pat. No 5,611,540 describes a breath-actuated aerosol dispenser

using a spring to provide the priming force It is designed in such a way that at
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rest position the spring applies no force to other parts of the inhaler The
inventors also discuss the dilemma of using a spring as a biasing method On
one hand the spring must be strong enough to hold the canister or container
In right position, on the other hand it must exert a force on a trigger device
light enough for the inhalation of a user to easily actuate the trigger. A subtle
balance must be carefully calculated when to design such a device. This also
makes the inhaler less universal. In addition to this, the inhaler operates In
such a manner. the user must inhale first and at a predetermined flow rate of
the inhalation, a trigger device is actuated and consequently it causes a
movement of the container to release the drug. Most of breath-actuated
inhalers, if not all, work in accordance with the same principle described here
For the device disclosed In this invention, airflow rate of 15 to about 60 L/min
are sufficient to actuate the trigger. Needless to say, this mechanism itself is
in confliction with the basic principle of designing a perfect inhaler. Instead
making the best use of the user’s inhalation, it to some extent wastes part of
the inhalation. The wasted may be the most important part of the user's
inhalation for an excellent drug delivery to the deep lung.

U S 6,260 549 gives another example of a similar inhaler. By using a flow
sensor incorporated with a clever design, it lowers the actuation airflow rate to
a minimum of 2 L/min. By integrating a microchip, a battery and a circuitry, it
reduces the dependence of the actuation on the user’s inhalation. At the same
time, these electronic gadgets make the inhaler look much noble and may be

expensive too without thoroughly sorting out the fundamental problems.



Examples of prior art of active DPIs either breath-actuated or not include
that disclosed in.

U.S Pat. No. 5,875,776 discloses a very unique active DPI It consists of a
tank for holding pressurized gas and devices such as a regulator, a pressure
gauge, a trigger, a dosing house and a spacer etc. Along with these
mechanical gadgets I1s an electrostatic charger. Upon firing the trigger, the
drug powder is dispersed into the spacer whereas the electrostatic charger
discharges on the spacer. The user then inhales the drug aerosol in the
spacer. It just leaves the oldest coordination problem completely open to the
user.

An active DPI using a vibrator to disperse the drug powder I1s disclosed in
U.S Pat. No. 6,152,130. An acoustic flow sensor detects the airflow rate upon
the user's inhalation. The sensor outputs signals to actuate an electrostatic
plate and a vibrator only when the flow rate reaches a predetermined value
This DPI i1s operated in the following procedures. First the user has to inhale,
a sensor connected with the air path, directly or indirectly depending on the
sensor used, then detects the airflow rate. When the flow rate reaches a
predefined value, the sensor sends out signals to control and actuate other
electric device to feed the drug powder and then disperse it. The dispersed
drug, or in other term the drug aerosol, is then inhaled to the lung with the
user's further inhalation.

In U S. patent application US 2004/0187868, a breath actuated active DPI
is disclosed. In this invention, the elastic energy stored in a pressed spring is
released to produce compressed air once airflow rate is in a preset range

detected by a sensor. The speed of the compressed air is higher than sonic
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speed The high-speed air is used to entrain and aerosolise the drug powder.

The aerosol then joins the inhaled air and 1s delivered to the lung. A similar
DPI is disclosed in U.S. Pat. No 6,012,454.

A manually actuated active DPI is disclosed in U.S. Pat. No. 6,901,929 A
piston with a handle is used to pressurize the air. The movement of the handle
is also used to make sure that the manually firing device only works after the
drug 1s properly loaded. The coordination problem is also left fully open to the
user. A piston is also used as a pressurized air source in U.S. Pat. No
6,029,662 although it is breath actuated. For such devices, both the volume
and the pressure of the compressed air are fixed; therefore they must be less
flexible.

A breath actuated active DPI is disclosed in UK patent application GB 2
405 799. A valve controlled by pressurized air is designed to release the
pressurized air as quick as possible so as to fully entrain the drug in a blister
and disperse them properly. The valve is breath actuated by using a spring-
biased diaphragm. Although the inventors did not mention the minimum
inhalation airflow rate needed to actuate such a device in their disclosures,
such a device must be carefully designed. It is liable to possible leakage and
contamination from the drug powders in addition to the limitation of a spring
used for biasing a valve. Also the air reservoir has a fixed volume lIts
operational range of pressure is limited as the delicate balance needed
between the biasing force of a spring and the lower pressure produced by the
user’s inhalation.

It 1s very clear that the passive DPIs have gradually faded out of the main

focus of research and development of a new DPI and may gradually fade out
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the market. The breath actuated DPls using auxiliary energy other than
pressurized air could not make the best use of the user’s inhalation, as the
first part of the user's whole inhalation, which is the most important part for
deep lung delivery, is always used to actuate a trigger or a trigger system. In
addition to this, the active DPIs using pressurized air as auxiliary energy have
a common problem of drug powder losses onto the surface of the user's
mouth and throat due to the high particle speed as a result of the quick
release of the pressurized air. For the non-breath actuated ones, there is
another problem as they just leave the oldest coorcination problem to the
user. For the breath actuated ones, they too waste part of the user’s inhalation

due to the inherent nature of their breath actuation mechanism.

Thus there are still a needs for improved inhalers where the user's
inhalation 1s fully used to deliver a well-dispersed drug powder aerosol to the
targeted region in the lung, where the drug dispersion and the user's
inhalation 1s automatically controlled so that the user can take the medicament
with little effect, where the excellent drug dispersion or aerosolization I1s
achieved by using an auxiliary energy, where the auxiliary energy for
dispersing the drug can be breath actuated, where the speed of the
aerosolised particles can be to some extent controlled. Such a device should
also be simple, robust, universal, user and environmental-friendly. A device
doing these jobs at the same time can be expected to ensure delivery of a

consistent dose of medicament to the user.
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BACKGROUND OF THE INVENTION — CBJECTS AND ADVANTAGES

It is therefore an object of the present invention to provide nhalation
devices that can make the best use of the user’s inhalation to deliver an
aerosolised drug powder to a targeted area in the lung by separating the
dispersion of a powder and the inhalation of the users via a timing device.

It is another object of the present invention to provide inhalation devices
that can also actively disperse or aerosolise the drug using an auxiliary energy
such as pressurized air or electric energy so as to make the dispersion or
aerosolization of drug independent of the user’s inhalation.

It 1s another object of the present invention to provide inhalation devices
that can program the time interval between the drug dispersion and the user’s
inhalation. Therefore the speeds of the well-dispersed particles are reduced,
which in turn reduces the particles’ impingement onto the surface of the user’s
mouth and throat. A high percentage of drugs are hence delivered to the
targeted region in the lung. By automatically timing the interval between the
drug dispersion and the user’s inhalation, the devices also sort out the oldest
problem of developing an inhaler how to make the user coordinate the drug
dispersion with his/her inhalation easily and properly; and also a newly
recognised one how to fully use the user’s inhalation for the delivery of a drug
aerosol The inhalers are therefore very user-friendly and easy to use

It is another object of the present invention to provide inhalation devices
that can change the intensity and the total amount of the inputted auxiliary
energy In a wide range (for example: the pressure of the pressurized air) so
as to adapt an optimised value for different drug formulations. The devices are

therefore versatile.
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It is another object of the present invention to provide inhalation devices

that can easlily change the interval between the drug dispersion and the user’s
inhalation so as to adapt an optimised value for a given drug formulation. The
devices are therefore resourceful and user-friendly.

It 1s another object of the present invention to provide inhalation devices
that can use suction to actuate the auxiliary energy. The devices can therefore
use the whole inhalation of the user to deliver a drug aerosol. They are hence
effective and easy to use

It is still another object of the present invention to provide inhalation
devices that can automatically shut a valve controlling the intake of fresh air
by a user upon building up the auxiliary energy such as a pressurized gas
The devices can therefore not waste any of the user’s inhalation while suction
actuating the auxiliary energy. They are hence easy to use.

It is still another object of the present invention to provide inhalation
devices that can feed a drug from a reservoir. The Jdevices hence have so
called multi-dosing ability. They are in turn user-friendly and easy to use

It is still another object of the present invention to provide inhalation
devices that can automatically feed the drug upon building up the auxiliary
energy such as a pressurized gas. The devices are hence easy to use

It is yet another object of the present invention to provide inhalation
devices that can automatically couple the drug feeding device and the suction-
actuation air path in such a way that only when the drug i1s fed properly the
later is open and ready for the user to inhale. The devices are therefore very

user-friendly.
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Further objects and advantages of the devices such as robust and

environmental-friendly will become apparent from a consideration of the
ensuing description and drawings.

In accordance with the invention, exemplary systems, apparatus and
methods for aerosolising and delivering a powdered medicament to a human
lung are given. The above and other objects of the invention are realized to
specific embodiments of an exemplary inhaler having a mouthpiece; a drug
feeder with a drug powder reservoir; a valve that is called the primary valve,
valve one or valve A used to control the release of an auxiliary energy for
dispersing the drug powder; a trigger that is called primary trigger, trigger one
or trigger A used to control the first valve; a compressed gas reservoir or
simply named as gas reservoir of which the volume changes with the change
In its pressure; a sensor or sensors that detect the changes in either volume,
or pressure or both of the gas reservoir; second valve that 1s named
secondary vale, valve two or valve B used to control the intake of fresh air
from the outside environment by a user, second trigger that is called
secondary trigger, trigger two or trigger B used to control the second valve; a
timer that I1s called primary timer, timer one or timer A; a dose counter, second
timer that 1s named as secondary timer, timer two or timer B, an air channel,
part of which is also used to disperse and deliver the drug powder; an air path
that 1s used to actuate trigger one.

In one particular aspect, the mouthpiece is made of plastic. It is shaped on
one side in such a way that a user can comfortably put into his/her mouth and
airtight it with his/her lips. On the other side it is shaped in a manner matching

with one side of the drug feeder. Inside it, there is a conical hollow hole The
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side with a small hollow area Is attached to one side of the drug feeder
coaxially with the air channel. Such a structure is advantageous in that the
speeds of the aerosolised particles can be reduced before being inhaled into
the user's mouth.

In one particular aspect, a spacer is inserted between the mouthpiece and
the drug feeder This structure is advantageous in that the aerosols get more
time to slow down and also more time to evaporate in case of a hqud
propellant being used.

In one particularly preferable aspect, the drug feeder has a body made of
two plastic pieces, a drug-feeding slide and two rubber sealing gadgets. Inside
the body there are a drug powder reservoir, a cylindrical cavity for feeding and
dispersing the drug, and an air channel that is separated into two parts by the
cavity, an arr path and an integrated dose counter. There are troughs at the
tinterface of these two pieces so as to accommodate rubber sealing gadgets
and the slide.

In one particularly preferable aspect the slide in the drug feeder is made of
ight metal or alloy or other material that are electric conductive and
compatible with the drug stored in the powder reservorr. It has two holes The
slide can move along a trough between two positions When the slide is in a
recess position or a loading position, one hole named drug-feeding hole is
coaxially located within the powder reservoir. The other one named air path
valve blocks the air path. When the slide is pushed into a forward position or a
feeding position, the drug-feeding hole with fixed volume of drug I1s located in
the cavity and is coaxial with the air channel connecting the mouthpiece. The

other hole 1s aligned with the air path and becomes part of the air path. The
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dose counter is coupled with the slide in such a manner that it only reacts with

one of the two movements of the slide, either forward or recess so as to
increase only one number after one dose of drug is fed and consumed. This
configuration is advantageous in that simply coupling the movement of the
slide with drug feeding, dose counter actuation and trigger one interlocking.

This simple structure also makes the drug delivery consistent. The
diameter of the feeding hole and the thickness of the slide determine the
volume of drug powder being fed. Both of them can change to suit different
requirements of different drug powders. The change in diameter of the
feeding-hole is easy. By changing the slide with different diameter of the drug-
feeding hcle, the inhaler is therefore adaptive and universal. Although a slide
Is preferably used for feeding the drug, other shaped material such as a round
rod, a ball or an oval rod etc. can also be used for the same purpose.

In one particular preferable aspect of the invention, the slide is connected
with a piston at one end and the timer one at the other. When the slide is
driven to a forward position, timer one is engaged witih the slide. The slide is
then released after a preset time period and freely moves back. The piston
can move freely in a cylinder. It moves forward as a reaction to a signal from
the sensor A spring is used to bias it back to a rest position. This
configuration i1s very user-friendly. In combination with the breath actuated
trigger one, what the user only needs to do is to close the vale one, fill the gas
reservoir to a preset pressure and then just inhale This configuration
guarantees that the intake of a medicament by the user happens only when

the drug is properly fed, the gas reservoir is properly charged.
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A timer is preferably used to control the time period between the actuation
of timer one and the release of the slide from the feeding position. However
other means can also be used to achieve the same function. For example in
the simplest case, a latch and just a latch can be used to keep the slide in the
feeding position for desired time period. Then manually moving the latch to
other position releases the slide

In one particular aspect, special shaped rubber gadgets are used to
prevent the drug powder reservoir from the invasion of moister from the air
channel, air path and the outside environment. The gadgets are designed to
seal properly whereas the slide can still move freely between two positions.

In one particular aspect, the two parts of the air channel in the two pieces
of the drug feeder are coaxially with the cylindrical cavity. In another
embodiment, the one in connection with the mouthpiece is coaxial with the
cylindrical cavity whereas the other one enters the cavity at an optimised
angle.

In one particularly preferable aspect, trigger one is breath actuated. It
comprises a piston, a cylinder, a lever and a wedge etc. There 1s a hole on a
circular end of the cylinder to connect the air path whereas the other circular
end of the cylinder is open. The lever Is pivoted onto a hinge attached to the
surface of valve one. A spring mounted on the hinge is used to bias it to a rest
position The piston is hollow and sealed at one circular end. The other
circular end of the piston is open so as to accommodate the wedge, which 1s
shaped to be able to integrate into the cavity of the piston to create a slope.
One end of the lever is in touch with the surface of the slope. At rest position,

there is a free space between the end of the cylinder connected with the air
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path and the piston When the user sucks from the mouthpiece, the only air
being inhaled is the air contained in this closed control system. So there is no
inhalation wasted for such a breath-actuated trigger, more precisely suction
actuated trigger The suction forces the piston to move towards the end of the
cylinder The slope moving along with the piston forces the lever downwards
The other side of the lever then moves correspondingly to open valve one.
The advantage of this configuration is no waste of the user’s inhalation for
breath actuating the release of the auxiliary energy, needless to say it is
user’s fnendly and easy to use.

Although a piston with a wedge is used to move the lever, it 1s not
exclusive Other means such as a rod attached to a piston or a diaphragm etc.
can also be used for the same purpose.

In one particularly preferable aspect, a button is attached to the cylinder of
trigger one It 1s used to manually turn valve one on in case that the user is too
weak to suction actuate trigger one. In a given simplest example, it comprises
a long bolt with a stud on one end, a nut and a spring. The spring is used to
bias 1t to & rest position while the nut is used to prevent it flying away from the
cylinder It 1s posittoned at some point over the lever so that when it is pushed
down, the lever is pushed down too. This simple configuration has obvious
advantages for users whose inhalations are so weak as not be able to actuate
trigger one.

In one particular aspect, trigger one also has a hook pivoted on a screw
attached on one side of the cylinder, a round rod attached on the surface of
the piston and a trough on the cylinder. The hook in combination with the rod

is used to hold the piston In the rest position so as to keep the piston stable
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while the inhaler is not in use. The user can also use this function to check the
inhaler without actuating both triggers.

In one particular aspect, valve one comprises of a cylinder, rubber ring
sealing gadgets, a piston with an attached rod having a handle bar and a
spring. The rubber ring gadgets mount onto grooves carved at proper
positions of the side of the piston. On one side of the cylinder, a hole, or hole
one, connects the gas reservoir via an air channel. On one circular end of the
cylinder, another hole, or hole two, connects with the drug feeder via another
part of the air channel On the other circular end of the cylinder is a big
opening to accommodate the rod. The cylinder also has a trough on one side.
There 1s a notch at one end of the trough. The notch is used to hold the short
rod attacted on one circular end of the piston when the user manually
engages the piston to close valve one. The spring sandwiched between the
handle bar and the opening of the cylinder is pressed when the piston is in the
engaged position Upon the movement of the pivoted trigger lever, the short
rod leaves the notch and the piston is biased back to the rest position The
valve one s then opened to allow the compressed gas goes through The
compressed gas goes into the closed cavity of the piston and helps the spring
bias the piston back to rest position. Such a configuration has an advantage
of rapid opening valve one, and hence rapid release of the compressed gas I1s
achieved. A well-dispersed drug powder 1s expected.

In one particularly preferable aspect, the gas reservoir comprises of a
cylinder, a piston, a spring and some accessories such as a release button or
a check valve, a pressure gauge, ring sealing gadgets and a piston style

pump along with a single direction check valve The cylinder is particularly
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preferably made of steel or alloy or engineeling plastic that is strong enough

to stand high pressure. On one circular end of the cylinder, there are three
holes correspondingly connecting with the air channel, a pressure gauge and
the pump. One more hole at the same end is used to accommodate the
release button On the other end of the cylinder, it has one hole in connection
with trigger two in one embodiment or with trigger two and a cylinder of the
drug feeder in another embodiment via air tubes. The piston i1s movable in the
cylinder When the piston is at rest position, it divides the cylinder into two
voids with volume V1 and V2 where the V1 is the effective volume of the gas
reservoir at rest state. When air 1s pumped in, the piston moves from the rest
position to the end of the cylinder. In this way the gas reservoir now has a
total volume of V1+V2. The gas pressure in the reservoir will increase upon
more air being pumped in. Such a configuration guarantees the inhalers being
robust and versatile, as the adjustable range of the pressure in the air
reservoir 15 very wide as a result of the strength of the cylinder.

In one particularly preferable aspect, the V2 is bigger than a certain value
that 1s determined by the free volumes of three different parts. The first one V3
is the free space of a cylinder of trigger two when it is at engaged position as
described below. The second one V4 is the free volume of the cylinder of the
drug feeder when its piston is at engaged position. The third part V5 is the
free volume of the tubes connecting the air reservoir with trigger two and the
cylinder of the drug feeder. When the gas reservoir is filled with pressurized
air, V2 1s compressed into a closed space having a smaller volume A
pressure higher than the atmosphere is then created in this space according

to Boyle’s law: P1V2 = P2(V3+V4+V5) where P1 is atmosphere pressure, P2
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Is the pressure in these closed space. P2 is bigger than P1. The positive

pressure therefore drives the related pistons to move from a rest position to
an engaged state Such a configuration automatically couples the movement
of the pistons in the gas reservoir, in the druy feeder and in trigger two. While
the gas reservorr is being charged with compressed gas, trigger two is
automatically driven to an engaged position to close valve two; and the slide
in the drug feeder is automatically pushed forward from a loading position to a
feeding position. Timer one, timer two in case of being used, the dose counter
and the air path all change correspondingly. The configuration is very user
friendly and makes the inhaler very reliable and easy to use.

In one particular preferable aspect, the sensor is simply the piston in the
cylinder of the gas reservoir. However an electrical sensor or electrical
sensors or mechanical gauges can also be used to detect the change in
pressure of the gas reservoir. Sensors that can directly or indirectly detect the
change in volume of the gas reservoir or the change ir: the piston position can
also be used for the same purpose.

In one particular aspect, trigger two comprises of a cylinder, a piston with a
handle and a spring etc On one circular end of the cylinder, it connects with
the air reservoir and the other end 1s open with a piston stopper. The handle is
attached to the piston at one end. At other end it is attached to another piston
that is able to slide in the cylindrical valve two. Upon increase in gas pressure
of the gas reservoir, the piston is pushed forward along with the handle that in
turn closes valve two. The spring sandwiched between the handle and the
cylinder of valve two is pressed. When the compressed gas is released, the

spring biases the piston backward The handle goes back along with the
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piston and hence opens valve two to allow fresh air to get through and go into

the user’'s mouth via the air channel and the mouthpiece.

In one particular aspect, valve two is just a cylinder with two holes on
different positions. One at a circular end of the cylinder connects to the
atmosphere and the other on a pre-designed position of one side connects
the air channel When trigger two is in engaged state, the two holes are
separated by rubber sealing rings mounted on the side of the piston. Such a
configuration guarantees that no air is inhaled before the compressed gas is
released to disperse the drug powder. In combination with timer two, inhalers
with such a configuration thoroughly sorts out the oldest coordination problem
It is therefore user friendly and easy to use.

In one particularly preferable aspect, timer two is just the combination of
the gas reservoir, trigger two and valve two. [n this case timer one Is called an
inherent timer The total time interval T between the dispersion of the drug
powder and the user’s inhalation consists of two different parts. The first part
T1 is the release of the compressed gas in the air reservoir to a fixed
pressure. T1 1s determined by the pressure in the gas reservoir and the
biasing force of the spring in trigger two. The second part T2 is the time
needed for trigger two to move from a close position to an open position T2 is
decided by the biasing force of the spring of valve two, the movement of the
piston in valve two and the distance between two holes of valve two.

Increasing the pressure of the air reservoir will certainly increase the time
interval Normally increasing pressure will increase the interval and therefore
reduce the speed of the aerosolised particles more as needed. It is obvious

that for a given powder, the higher the air pressure is, the faster the
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aerosolised particles will fly and the more the time needed to slow them down.

Inhalers with such a configuration offer a perfect solution to the question.

In one particular aspect, an external timer either mechanical one or
electrical one can be inserted between trigger two and valve two. The external
timer two is engaged with the rod in trigger two when the piston I1s pushed
forward A preset time T3 is set up. Once the pressure in the gas reservoir
drops, the pressure In the cylinder of trigger two drops too. This signal in turn
actuates the external timer two. The external timer two then releases the rod
of the piston after a period of T3 elapses. In this case the total interval T is
equal to the sum of T2, T3 and T4 that is the time needed for the pressure in
the gas reservoir drops from a charged value to the preset one actuating the
external timer two.

It 1s apparent for a skilled in the art that a notch-key method can be easily
used for engaging the external timer two and the rod. An integrated pressure
sensor in the gas reservoir will be easily adapted to actuate the external timer

two

SUMMARY

The invention provides exemplary systems, apparatus and methods for
dispersing a powdered medicament to form an aerosol and delivering it to a
targeted area of a human lung The above and other objects of the invention
are realized to specific embodiments of an exemplary inhaler having a
mouthpiece; a drug feeder with a drug reservoir; trigger one; valve one; a

compressed gas reservoir; a sensor; trigger two; valve two; timer two; a dose
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counter; tirner one; an air channel that is also used to deliver the drug powder;
an air path that is used to actuate trigger one.

It is apparent for those skilled Iin the art that even from this given example,
various inhalers can be made. For example the combination of the drug
feeder and the mouthpiece gives the simplest dry powder inhaler, handy and
ready to use. Whereas combining all the embodiments except the external
timer two gives an advanced user-friendly inhaler. Considering its multi-
functions such as actively dispersing a drug powder, suction actuation manner
and auto-teeding a unit dose of drug powder whereas auto-unlocking the
actuation mechanism etc, it 1s still simple, robust but rnich in characteristics It
is also very reliable to deliver consistent dose of drug. It also makes best use
of the user’s inhalation and sorts out the oldest inherent coordination problem
of the inhalers available today. It is universal as a result of the wide
operational pressure of the gas reservoir and the corresponding reaction of T1

to the pressure in the gas reservoir.

BRIEF DESCRIPTION OF DRAWINGS

The above and other objects, features and advantages of the present
invention will become apparent from consideration of the following detalled
description presented In connection with the accompanying drawings of
several embodiments. The following are shown:

FIG. 1A A schematic representation of working principle of an inhaler —
a manually feeding device,

FIG. 1B A schematic representation of working principle of another

inhaler — an auto-feeding device,



25
Fig.2A A schematic representation of a first embodiment of a manually

feeding DPI at rest position,

Fig. 2B A schematic representation of a first embodiment of a manually
feeding DPI at engaged state,

Fig. 3A A schematic representation of a second embodiment of a auto-
feeding DPI at rest position,

Fig. 3B A schematic representation of a second embodiment of a auto-
feeding DPI at engaged state,

Fig. 4A A schematic representation of a third embodiment of a DPI with
an external timer two at rest position,

Fig 4B A schematic representation of a third embodiment of a DP| with
an external timer two at engaged state,

Fig. 5A A schematic representation of a forth embodiment of a DPI with
external timers one and two at rest position,

Fig 5B A schematic representation of a forth embodiment of a DPI with
external timers one and two at engaged state,

Fig 6A A schematic representation of a fifth embodiment of a DPI with
external timers one and two at rest position,

Fig. 6B A schematic representation of a fifth embodiment of a DPI with
external timers one and two at engaged state,

Fig 7A A schematic representation of a sixth embodiment of a DPI with
an external timer one at rest position,

Fig. 7B A schematic representation of a sixth embodiment of a DPI with

an external timer one at engaged state,
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Fig. 8A A schematic representation of a seventh embodiment of a DPI

with an external timer one at rest position,

Fig. 8B A schematic representation of a seventh embodiment of a DPI
with an external timer one at engaged state,

Fig. 9A A schematic representation of a eighth embodiment of a DPI
with an external timer one at rest position,

Fig. 9B A schematic representation of a eighth embodiment of a DPI
with an external timer one at engaged state,

Fig 10A A schematic representation of a sectional view of a trigger one
at engaged state,

Fig. 10B A schematic representation of another partial sectional view of
a trigger one at engaged state,

Fig. 10C A schematic representation of another partial sectional view of
a trnigger one at the releasing moment,

Fig 11A A schematic representation of a top view of a drug feeder and
a mouthpiece,

Fig 11B A schematic representation of a sectional view of a drug
feeder and a mouthpiece,

Fig. 11C A schematic representation of another sectional view of a
drug feeder and a mouthpiece,

Fig. 12A A schematic representation of a sectional view of a piece of a
drug feeder,

Fig 12B A schematic representation of another sectional view of a

piece of a drug feeder,
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Fig. 13 Schematic representations of a sectional view (A) and a top

view of a lever (B),

Fig. 14 Schematic representations of a sectional view (A) and a top

view of a wedge (B).
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27A
28
29
30
31
32
33
34
34A

Name

Mouthpiece

Drug feeder

Trnigger one, specially designed trigger
Valve one or specially desighed valve
Gas reservoir

Sensor or detector

Trigger two, specially designed trigger
Timer two

Valve two or specially designed valve
Inhaler

Pump

12A-G arr channels

Big opening of the mouthpiece
Mouthpiece opening to air channel
Drug feeder piece one

Drug refilling hole

Screw

18, 18A drug powder reservoir

Drug feeding hole

Drug feeding slide

Rubber sealing gadget

Rubber sealing gadget

Air path valve

Dose counter

Drug feeder piece two

26A-D air path

Cylinder of tngger one

Void in cylinder 27

Bolt

Hook

Rod

Trough on one side of cylinder 27
Wedge or peg

Piston

Cylinder of valve one
Opening of cylinder 34

Materials

Plastic

Metal, plastic

Metal, rubber, alloy or plastic
Metal, rubber, plastic

Metal, engineering plastic, rubber

Metal, plastic, rubber, alloy

Metal, rubber, plastic

Metal, rubber, plastic

Metal, rubber

Plastic

Metal, rubber, plastic

Metal, or other conductive material

Rubber
Rubber

Plastic
Metal, rubber, plastic
Metal, alloy or plastic

Metal, alloy or plastic
Metal, alloy or plastic
Metal, alloy or plastic

Plastic
Metal, alloy or plastic
Metal, alloy or plastic
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36
36A
37
38
39
40
40A
41
42
43
44
45
46
47
48
48A
49
50
51
52
53
54
54A
54B
55
55B
56
57
58
59
60
61
61A
62
63
64
65
66
66A
67
68
68A
69
70
71
72
73
74
75
76
76A

Steel spring

Long rod

Handle bar

Rubber ring gadget
Piston

Rubber ring gadgets
Void in cylinder 34
Void in cylinder 34
Rod holding notch
Trough

Lever

Spring

Hinge

Short rod

Manual release button
Cylinder

Opening of cylinder 48
Piston

Rubber ring gadget
Tube connecting gauge
Valve

Pressure gauge
Check valve

Bolt with stud

Valve

Spring

Tube

Void in cylinder 48
Spring

Voud in cylinder 48
Rubber ring gadget
60A-D gas tube
Cylinder

Opening of cylinder 61
Void in cylinder 61
Piston

Rubber ring gadget
Void in cylinder 61
Rod

Rod

Spring stopping handle
Cylinder

Opening of cylinder 68
Rubber ring gadgets
Piston

Voud In cylinder 68
Fresh arr inlet

Voud in cylinder 68
Rubber ring gadget
Spring

Cylinder

Opening of cylinder 76
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Steel
Metal, alloy or plastic

Metal, alloy or plastic
Rubber
Metal, alloy or plastic
Rubber

Metal, alioy or plastic
Steel

Metal, alloy or plastic
Metal, alloy or plastic

Metal, or engineering plastic

Metal, alloy or plastic
Rubber
Metal, alloy or plastic

Metal, alloy or plastic

Steel
Metal, alloy or piastic

Steel

Rubber
Metal, alloy or plastic
Metal, alloy or plastic

Metal, alloy or plastic
Rubber

Metal, alloy or plastic
Metal, alloy or plastic
Metal, alloy or plastic
Metal, alloy or plastic

Rubber
Metal, alloy or plastic

Rubber
Steel
Metal, alloy or plastic



77  Voud in cylinder 76
78 Piston Metal, alloy or plastic
79  Rubber nng gadget Rubber
80 Voud in cylinder 76
81 81A-B arr tube Metal, alloy or plastic
82  Single direction check valve
83  Check valve
83A  Bolt with stud Metal, alloy or plastic
84 Spring Steel
85 Handle Metal, alloy or plastic
86 Cylinder Metal, alloy or plastic
87 Piston Metal, alioy or plastic
88  Void in cylinder 86
89  Void in cylinder 86
90 Rubber ring gadget Rubber
91  Rubber ring gadget Rubber
92  Piston stopper Metal, alloy or plastic
93  Spring Steel
94  External timer one
95 External imer two
96 Rubber ring gadget Rubber
97 Voids in cylinder base 98
98  Cylinder base Metal, alloy or plastic
98A  Cylinder base Metal, alloy or plastic
In the following, the same parts are provided with the same reference

symbols.

29

DETAILED DESCRIPTION - FIGS

Fig. 1A shows us a schematic working principle of a manually feeding
DPI 10. DPI 10 comprises of a mouthpiece 1, a manually feeding drug feeder
2, a trigger 3, a valve 4, a gas reservoir 5, a sensor 6, a trigger 7, a timer 8, a
valve 9, a valve 23 and a pump 11.

Trigger 3 is a suction-actuated one and controlled by a users

inhalation. Valve 23 1s used to control the air path between mouthpiece 1 and
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trigger 3. Valve 23 is coupled with drug feeder 2 in a manner that it opens only

when a dose of drug powder is properly fed.

To use this DPI the user needs to fill gas reservoir 5 to a preset
pressure using pump 11. Upon the increase of the air pressure of gas
reservoir 5, sensor 6 receives a signal and automatically makes trigger 7
engage timer 8 and to shut valve 9. Trigger 7 controls valve 9. Timer 8
controls trigger 7. Valve 9 controls the passage of the fresh air from outside
atmosphere through to the user's mouth. The user then manually feeds the
drug powder properly and at the same time opens valve 23. DPI 10 is now
ready for use.

When the user starts to inhale from mouthpiece 1, there is no fresh air
from outside atmosphere as both valve 4 and 9 are closed. Valve 4 controls
the release of pressurized air in gas reservoir 5. The suction force drives
trigger 3 to open valve 4 while valve 9 is still closed. The pressurized air in
reservoir 5 then goes through valve 4 and into drug feeder 2 where it
disperses the drug powder to form an aerosol. The aerosolised powder is then
driven into mouthpiece 1 where its passage way becomes wider than that in
the drug feeder The speed of the aerosolised particles is therefore reduced
The air in mouthpiece 1 1s still although the user is sucking; as there is no
further supply of fresh air, which is available only after valve 9 is open In this
way the speed of the aerosolised particles is further reduced whereas the
dispersion is further improved because of strong friction among the flying
particles and the still air. Sensor 6 senses a signal upon release of
pressurized air in reservoir 5. At a certain point, sensor 6 actuates timer 8 and

drives trigger 7 to a relaxed state. Timer 8 holds trigger 7 for a preset time and
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then releases it.  Valve 9 is then fully opened to allow the fresh air to get

through The aerosolised drug particles then follow the inhaled fresh air to a
targeted area in the user’s lung.

After finishing inhalation, the user needs to manually set the drug
feeder in a ready-to-feed state.

Although a piston pump is a preferable choice for charging the gas
reservoir, other means such as a canister of compressed gas as oxygen,
nitrogen or their mixtures; a canister of propellant such as HFA can also be
used for the same purpose. This is suitable for all the following exemplary

embodiments.

Fig. 1B shows a schematic working principle of an auto-feeding DPI 10.
DP1 10 consists of a mouthpiece 1, an auto-feeding drug feeder 2, a trigger 3,
a valve 4, a gas reservoir 5, a sensor 6, a trigger 7, a timer 8, a valve 9, a
valve 23, a timer 94 and a pump 11.

All the elements are the same as the manually feeding version but the
drug feeder and one more timer Timer 94 is added to the auto-feeding DPI.
The basic working principle is also the same except for a few points described
below.

In addition to automatically make trigger 7 engage timer 8 and to shut
valve 9 upon detecting the signal in reservoir 5, sensor 6 also automatically
actuates a auto-feeding device In drug feeder 2 to feed the drug, to open
valve 23 and to engage and actuate timer 94. Upon release of the pressurized
air in gas reservoir 5, the sensor releases the auto-feeding device and put it

under the control of timer 94. Timer 94 works in a manner that it will release
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the auto-feeding device after a preset time. During this time the user can
freely inhale fresh air from the outside atmosphere after valve 9 is open Upon
release the auto-feeding device automatically goes back to a ready-to-feed
state via biasing means.

A mechanical timer is a preferable one for the timer 94 However any
other means that can hold the auto-feeding drug feeder at a feeding state for
a while can also be used to obtain the same results. This is also true for all the
following exemplary embodiments having an auto-feeding drug feeder.

Examples are given in the following for both versions of the invented

DPls.

Fig 2A shows a first embodiment of a manually feeding DPI 10 at rest
state. The DPI 10 comprises a mouthpiece 1, a manually feeding drug feeder
2, a trigger 3, a valve 4, a gas reservoir 5, a trigger 7, a valve 9 and a pump
11. A sensor 6 and a timer 8 are incorporated into other elements as clearly
described in the following.

To easily understand the structure of the mouthpiece and the drug
feeder, please also refer to Figs 11A-C. Mcuthpiece 1 is a plastic moulded
one with a hollow conical void in its centre. It is mounted to drug feeder 2 on
one side. It has two openings 13 and 14. Opening 13 is bigger than
opening14. When DPI 10 is in use, the mouthpiece is in close contact with the
lips of a user. Opening 14 is in direct connection with an air channel 12G and
an air path 26D.

Drug feeder 2 comprises a body and a drug-feeding device. The body

is made of plastic and includes two pieces 15 and 25 The drug-feeding
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device in this example i1s a slide 20. There is a hollow cavity 18 in piece 15

and another 18A in piece 25. The hollow cavities act as drug powder
reservoir. A spiral air conduit 12F in this embodiment, used to induce a spiral
flow of a gas, is integrated into piece 15. There are troughs on surfaces of
piece 15 and 25. The troughs are used to accommodate a rubber seal gadget
21, another rubber seal gadget 22 and drug-feeding slide 20. A screw 17 is
used to seal a drug-refilling hole 16 on piece 25. An air channel 12G, an air
path 26C and an air path 26D are also integrated into both pieces 15 and 25.
An integrated dose counter 24 is attached to piece 15

Slide 20 is made of metal or alloy or other conductive matenals that is
compatible with the drug powder being delivered. The conductivity of slide 20
can alleviate the static electric effect on the feeding accuracy. Slide 20 has a
drug feeding hole 19 and an air path valve 23 that is actually another hole
Slide 20 can slide between a forward position and a backward or recess
position. At rest state, hole 19 is coaxially located in cavities 18 and 18A and it
is ready-to-feed; whereas valve 23 Is located in the air channel and shut air
paths 26C and 26D.

Spiral air conduit 12F has an optimised diameter. It has rifling (spiral
groove) on the inside of this part of the air channel Just as its name implies
spiral air conduit 12F is used to conduce the spiral follow of air through the air
channel so as to fully entrain the drug powder and to effectively disperse it. At
one end spiral air conduit 12F is connected with both valve 4 and valve 9 via
air channels 12B, 12C and 12E. At the other end it connects with air channel

12G. Air channel 12G directly connects opening 14 of mouthpiece 1.
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The rubber seal gadgets 21 and 22 are used to make the drug storage

cavities 18 and 18A airtight from the outside atmosphere so that there i1s no air
leakage from the interface of the pieces 15 and 25. They also prevent the
drug powder from the moisture in the outside environment. Screw 17 s
normally used to seal drug storage cavity 18. Hole 16 is used to refill drug
powder by removing screw 17 when necessary. Cavity 18 is a drilling hole in
piece 15 whereas cavity 18A is a half hollow globe in piece 25. They are
coaxially aligned when these two pieces fixed together. Dose counter 24 is a
mechanical one that uses the movement of slide 20 to count the doses. It is
only actuated once when slide 20 moves forward and backward once. Air path
26C 1s a drilling hole in piece 25 whereas 26D is another hole in piece 15 At
one end air path 26C connects with trigger 3 via air paths 26A and 26B and
the other end with air path 26D via valve 23. Air path 26D directly connects
mouthpiece opening 14 at the other end

Although it is preferable that a hole in slide 20 acts as valve 23, other
means of controlling the air path can also be used for the same purpose. For
example, a mechanical or an electrical valve coupled with slide 20 can easily
be adapted for opening and closing the air path corresponding to the forward
and backward positions respectively.

Refer also to Figs 10A-C, trigger 3 mainly comprises of a cylinder 27 or
cylinder three, a piston 33 or piston three, a lever 43 and a hand-release
button 47 On one circular end cylinder 27 connects drug feeder 2 via a void
27A, arr paths 26A and 26B. The other circular end of cylinder 27 is open On
one side of cylinder 27 there is a hand-release button 47 close to the open

end. Hand-release button 47 comprises of a long bolt with a stud on top 47A,
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a spring 47B and a nut 47C (Refer to Fig. 12B). It is accommodated in a hole

47D on the side of cylinder 27. Hole 47D s just located over one arm of lever
43 On other side of cylinder 27 is a screw 28 with a pivoted hook 29. A trough
31 with a dimension less than the diameter of screw 28 is aligned with screw
28 Hook 29 is used to keep piston 33 steady at rest state by working together
with a short rod 30 attached on one side of piston 33. Rod 30 has a diameter
less than the width of trough 31 so that it can slide along the trough.

Piston 33 has one circular end closed and the other end open. A
wedge 32 is inserted into the cavity of the piston 33 from the open end.
Wedge 32 is used to transform a horizontal force to a vertical one as shown in
Fig. 10C and described in detail later. A rubber seal gadget 33A is used to
make piston 33 airtight. Lever 43 has two arms 43B and 43D (Refer to Fig
13) A small ball 43A is attached to the top of arm 43B so as to reduce the
friction between lever 43 and wedge slope 32. The two arms joint with each
other via a circular tube 43C at an optimised angle. The lever can therefore be
pivotably mounted to a hinge 45 of valve 4 as described later. The angle
between these two arms ranges in 1 — 359 degree, preferable between 45 —
250 degree and best between 70 and 120 degree (Refer to the angle 3 shown
in Fig. 13).

The structure of wedge 32 is shown in Fig. 14. The angle y ranges from
5 to 85 degree, preferably from 20 to 75 degree and most preferably from 40
to 60 degree.

Although a piston with an integrated wedge is a preferable

configuration for the trigger one, other means such as a rod attached to or
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coupled with a piston or a flexible diaphragm can also be easily adapted and

used for the same purpose.

Valve 4 is a specially designed valve and mainly comprises a long rod
36 with a handle bar 36A attached to a piston 38, a spring 35, a cylinder 34, a
rubber gadget 37, and rubber ring seal gadgets 39 mounted on piston 38. On
one circular end of cylinder 34 is a hole in connection with valve 9 and drug
feeder 2 via air channels 12B-E. On the other end o f cylinder 34 is a circular
opening 34A that is big enough to allow rod 36 to move freely. On one side of
cylinder 34 is a hole in connection with gas reservoir 5 via air channel 12A. On
another side of cylinder 34 are a trough 42 and a notch 41. Trough 42 is a
long narrow one whereas notch 41 is perpendicular to trough 42. Trough 42 is
just wide enough for a short rod 46 to slide freely. Notch 41 is just wide
enough to accommodate rod 46. Hinge 45 is attached to cylinder 34 at a
suitable position below trough 41. Hinge 45 is used to accommodate lever 43
and a biasing spring 44 used to bias lever 43 to the rest state.

Spring 35 sandwiched between opening 34A and handle bar 36A is
used to bias piston 38 in rest state and makes valve 4 open. Rods 46 and 36
are attached to one circular end of piston 38 so that the user can manually
engage valve 4

Although the cylinder and the piston is preferably selected to act as a
valve to control the release of the compressed gas in gas reservoir 5, other
means such as a mechanical or an electricai valve can also be chosen to do
the same work.

Gas reservoir 5, or a gas container, mainly comprises a cylinder 48 | a

piston 49 with a rubber ring sealing gadget 50, a spring 57 and a rubber ring
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gadget 59 used to seal one circular end of cylinder 48. On one circular end of
cylinder 48 there is a hole in connection with trigger 7 via air tubes 60A-C On
the other circular end of the cylinder there are four holes. Three of them are in
connection with valve 4 via the air channel 12A; pump 11 via an air tube 81B,
a single direction check valve 82, air tube 81A; a pressure gauge 53 via a
tube 51 and a valve 52 respectively. The forth is used to accommodate a
check valve 54 acting as a manual release button that comprise of a spring 55
and a bolt 54A with studs on both ends However this manual release button
can be in forms other than the simplest example given here such as a valve
54B and a tube 55B shown in Figs. 6A and 6B etc. The release button is used
for checking inhaler 10.

Piston 49 can slide in cylinder 48. One of its circular ends is open to
accommodate attached spring 57 whereas the other end is enclosed. Spring
57 attaches to an inside surface of one circular end of cylinder 49 too. At rest
state the spring biases piston 49 at a preset position of cylinder 48. Piston 49
divides cylinder 48 into two separated voids 56 and 58 having volume V1 and
V2 respectively. At rest state the effective volume of reservoir 5 is equal to V1

Trigger 7 is specially designed and comprises a cylinder 61, a piston 63
and a rod 66. At its one circular end cylinder 61 has one hole in connection
with gas reservoir 5 via air tubes 60A-C. At the other end it has a circular
opening 61A so as rod 66 attached to one end of piston 63 can move freely
At the other end rod 66 is mounted to a spring stopping handle 67 Piston 63
can slide inside cylinder 61 At rest state, it divides the cylinder into two voids
62 and 65. A rubber ring seal gadget 64 mounted on piston 63 is used to

make cylinder 61 airtight
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Although a cylinder with a piston is given as an example here for trigger

7, it is apparent for a skilled in the art that other means such as a normal
mechanical trigger, an electrical controlled trigger, and a combination of a
piston with a diaphragm etc., which react to the change or changes in
pressure or in volume or in both of gas reservoir 5, can also easily be adapted
to act as trigger 7. One example is given later in this disclosure of the
invention.

Valve 9 is another specially designed valve and comprises a cylinder
68, a piston 70, a rod 66A, rubber ring gadgets 69, a spring 75 and another
rubber nng gadget 74. Cylinder 68 has two voids 71 and 73 separated by
piston 70. At one side cylinder 68 has one hole in connection with valve 4 and
drug feeder 2 via arr channels 12B-E. At one circular end it also has a hole 72
connecting the outside environment. The user of inhaler 10 can only inhale
fresh air from the atmosphere via hole 72. At the other circular end of cylinder
68 is a circular opening 68A accommodating rod 66A. Rod 66A attaches to or
couples with piston 70 at one end. It is mounted to spring stopping handle 67
at the other end The cylinders 61, 68, the rods 66 and 66A, spring stopping
handle 67 and spring 75 are aligned coaxially.

Valve 9 described above is a preferable embodiment of such a valve
However other means acting as a valve to control the intake of fresh air by the
user can be also used here to get the same results. For example, a ball
attached to a rod in combination with a diaphragm having holes at proper
positions can be adapted as a valve,

Pump 11 comprises a cylinder 76, a piston 78, a handle with a rod 85

and a single direction check valve 83 including a bolt 83A with a stud on one



end and a spring 84 Cylinder 76 has gr? opening 76A at one circular end to
accommodate the rod attached to handle 85. It has two holes at the other
circular end One is in connection with gas reservoir 5 via air tube 81A, check
valve 82 and air tube 81B. The other hole is just used to accommodate check
valve 83.

A piston style pump is preferably used to charge gas reservoir 5, as it
uses the air as source of the compressed gas. However other means such as
a canister of compressed gas as nitrogen, or oxygen, or their mixture, or air; a
canister of propellant such as hydro fluorocarbons can also be used to charge
gas reservoir 5

In this embodiment, sensor 6 is piston 49 whereas timer 8 is very
unobvious. Piston 49 not only detects the changes in both the pressure and
the volume of gas reservoir 5 upon charging or releasing of a compressed
gas, but also reacts to these changes by moving from one rest position to a
fully engaged state as described in detail later. Timer 8 is inherently
incorporated into air reservoir 5, trigger 7 and valve 9 as described in the
following Timer 8 is called an inherent timer in such an embodiment of inhaler

10.

Fig. 2B shows the schematic representation of the first embodiment at
engaged state

To engage DPI 10, the user first manually shuts valve 4 by pushing
handle bar 36A forward. At the end of trough 42, rotate the handle to put rod
46 into notch 41 Rubber ring gadgets 39 are now in a position separating air

channel 12A and 12B so that reservoir 5 is now enclosed. The user then
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pumps air into void 56 of gas reservoir 5. The increased pressure P1 in void
56 dnves piston 49 to expel the air in void 58 to void 62 via air tube 60A-C.
Piston 63 then moves to the right in the diagram as the pressure P2 in void 62
increases. This movement continues to drive piston 70 to the left until the
piston 70 blocks fresh air inlet 72 and air channel 12C. Pistons 63 and 70 stop
moving upon further pumping air into void 56. Void 62 now has a pressure
P,* At this moment the driving force to move piston 63 Ayx(Py*-Pg) is just
equal to the biasing force F of spring 75. It is desirable that piston 49 1s still
not in touch with rubber ring gadget 59 at this moment. Further pumping air
into void 56 drives piston 49 to compress rubber ring gadget 59 The air in
void 62 having a volume V3 at this state 1s further compressed to reach a
value higher than Py*. Further pumping air into void 56 to a preset value P
The total volume of the pressurized air in gas reservoir 5, or the effective
volume of gas reservoir 5 for containing the compressed gas at engaged
state, is now the sum of V1 and V2 as a result of the reaction or the
movement of piston 49 in response to the increase in the gas pressure. From
this point of view piston 49 is not only a sensor but also a functioning reactor.
Rubber ring gadget 59 is used to seal gas reservoir 5 when its pressure is
high. Such a configuration has obvious advantages of giving inhaler 10 a wide
range of operational pressure; therefore it is adjustable to suit different drug
powder formulations so as to get an optimised aerosol.

The user then manually feed the drug by pushing the top end of slide
20 fully inside the body of drug feeder 2. Drug feeding hole 19 is put between

air channels 12F and 12G along with a fixed volume of drug powder. Acting as
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a valve hole 23 is positioned between air paths 26C and 26D. Inhaler 10 is

now ready-to-use.

Upon the user’s inhalation, there is no air from air channel 12G
because both valve 4 and 9 are shut. Only air paths 26A-D are open. The
user’s suction produces negative pressure in a void 27A of cylinder 27 (Refer
to Fig. 10A, Fig. 10B). Piston 33 and the attached wedge 32 move along the
dashed arrow direction This movement drives lever arm 43B downward in
Fig 10B The other arm 43D correspondingly moves upward. Short rod 46 is
forced to move upward too. At certain point as shown in Fig. 10C, Rod 46 is
released from notch 41. It slides back to void 40A along with piston 38 driven
by the biasing force of spring 35. Once piston 38 passes air channel 12A,
valve 4 is open. The pressurized air in gas reservoir 5 rushes into void 40 of
cylinder 34. The coming air causes an increase in the pressure of void 40,
which in turn helps to bias piston 38 to rest state. Such a configuration
guarantees the quick release of the compressed gas in gas reservoir 5 so as
to disperse the drug powder properly.

The compressed air only goes to the drug feeder via air channels 12B,
12D and 12E, because air channel 12C is shut by valve 9 at this moment. At
ar channel 12F, the compressed air is forced to flow spirally. The spiral
airflow entrains the drug powder, aerosolises the powder particles and then
brings the aerosol to the mouthpiece The speed of the particles is reduced as
the air thereof is still and the area of the air channel thereof is much bigger
than that of air channel 12G.

Now it is high time to explain the incorporated unobvious inherent timer
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Upon release of the compressed gas in reservoir 5, the pressure In
void 56 decreases. When the pressure is too low to balance the biasing force
of spring 57, piston 49 moves right in Fig. 2B. Correspondingly the pressure in
void 62 decreases. Piston 63 does not move until the pressure in void 62 is
lower than Py*. Once piston 63 moves leftward in Fig. 2B, it brings piston 70
leftward too Valve 9 will only open after piston 70 passes air channel 12C and
makes fresh air inlet 72 in connection with air channel 12C via void 71 of
cylinder 68. Then the fresh air will be inhaled through air channels 12C, 12D,
12E, 12F, 12G and mouthpiece 1. The inhaled fresh air brings the aerosolised
particles into a targeted region in the user’s lung.

Timer 8 is therefore the combination of gas reservoir 5, trigger 7 and
valve 9. The total time delay (or time interval) from the release of the
pressurised air in gas reservoir 5 to the opening of valve 9 is a cooperative or
a joint effect of these elements of inhaler 10. It has two parts. The first part T1
is the time for the pressure in void 62 to decrease to P,*. The second part T2
Is the time for piston 70 to pass air channel 12C. T1 is dependent on the
preset pressure P of the gas reservoir and the maximum biasing force of
spring 75 at an engaged state. T2 is dependent also on the biasing force of
spring 75, the movement of piston 70 in cylinder 68 ard the distance between
fresh air inlet 72 and air channel 12C. During the total time perod T, the
speed of the aerosolised powder particles in the mouthpiece is reduced,
considering the time for spherical unit density particles of 1 to 10 um to reach
their terminal settling velocity is in 10° to 107 s, respectively'® The term

‘terminal settling velocity’ is the speed of a falling particle in a gravity field



4>

without external forces, at which the aerodynamic drag force is equal to the
gravity.

It is apparent for a skilled in the art that the higher the P is, the longer
the T1 will be. It is also apparent for a skilled in the art that the higher the P is,
the better the aerosolization will be and the faster the drug particle will fly for a
given powder. The increase in T1 will slow down the fast flying particles. Such
an inherent feedback mechanism of T1 to P has a great advantage of
alleviating the side effect of the high P in the gas reservorr. It also makes the
iInhaler more flexible and more universal.

It is also very clear that there is no user's inhalation wasted on

actuating a valve or a trigger.

Fig. 3A shows a schematic representation of a second embodiment of
a DPI 10 with an auto-feeding device at rest state. It is based on the first
embodiment. All the others are the same as those shown in Fig. 2A and Fig
2B except for drug feeder 2 having an auto-feeding device. Hereafter only the
new features are described.

The auto-feeding device comprises a cylinder 86, a piston 87, void
spaces 88 and 89 in cylinder 86; rubber ring gadgets 90, 91 and 96, a circular
piston stopper 92, a spring 93 and drug feeding slide 20. At one end shde 20
Is attached to or coupled with piston 87. Rubber ring gadget 96 is embedded
into cylinder stopper 92 so as to secure the airtight property of cylinder 86
when inhaler 10 is in an engaged state. An external timer 94 is coupled with
drug-feeding slide 20 and attached to drug feeder 2. It is actuated by drug-

feeding slide 20 Once it 1s engaged, it holds drug feeding slide 20 and only



releases It after a preset time. It is apparent for a skilled in the art to use the
movement of slide 20 to engage and to actuate external time 94 at the same
time.

At one circular end cylinder 86 is in connection with gas reservoir 5 and
trigger 7 via air tubes 60A-D. At the other end it has an opening 86A with
inserted piston stopper 92. The distance between the top surface of piston
stopper 92 and the lower circular end of piston 87 is equal to that between the
central lines of drug-feeding hole 19 and valve 23. Drug feeding slide 20 is
attached to or coupled with the lower end of piston 87. Rubber gadget 91 is
used to seal the piston whereas rubber ring gadget 92 i1s used to reduce the
noise when spring 93 biasing back piston 87 from engaged state.

Fig 3B shows a schematic representation of the second embodiment
of DPI 10 with an auto-feeding device at engaged state. Upon pumping air
into gas reservoir 5, piston 87 moves in a similar way as that of piston 63.
When it is pushed fully to touch rubber ring gadget 96 attached to piston
stopper 92, void 89 now has a volume V4. In this embodiment of inhaler 10,
V2 must be bigger than the sum of V3, V4 and V5 that is the total volume of
free spaces in tubes 60A-D so as to provide the driving force for valve 9 and
the auto-feeding device. Slide 20 moves along with the movement of piston
87. It automatically feeds the drug, engages and actuates timer 94 and dose
counter 24. Timer 94 holds slhide 20 for a preset time and then releases it
Spring 93 then biases piston 87 back to rest state. The preset time is longer
than a normal inhalation needed such as longer 10 seconds, preferable

between 25 to 258 seconds.
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It is preferred that timer 94 is a mechanical one. However it can also be

other means of holding slide 20 for a while such as an electrical device. For
example, in the simplest case timer 94 is just a latch attached to the body of
drug feeder 2. It automatically holds slide 20 in the engaged state once it is
activated until it 1Is manually forced to release the slide. In another example
timer 94 can be a modification of a kitchen-timer, cheap and reliable and also
available.

It is apparent for a skilled in the art that all the other elements react in
same manners as described in the first embodiment shown in Figs. 2A and

2B.

Fig. 4A shows a third embodiment of a manually feeding inhaler 10,
based on the first embodiment, at rest state. In this case, cylinder 61, piston
63, air tubes 60A-C and rubber ring gadget 64 of trigger 7 in the first
embodiment are completely removed from inhaler 10. Their functions are
replaced by piston 49 in gas reservoir 5, rod 66 and an external timer 95 Rod
66 acts as trigger 7. Cylinder 48 is modified at one circular end. Instead of a
small hole there is a big opening 48A so as to accommodate rod 66 that Is
attached to or coupled with piston 49. From this point of view piston 49 is not
only a sensor in this embodiment but also a multi-functioning reactor. In
response to the increase in the gas pressure, it not only changes the effective
volume of the gas reservoir but also engages valve 9 via the attached or
coupled rod 66. All the others are the same as in the first embodiment.

Timer 95 is coupled with rod 66. In this embodiment the pressure

gauge is not only used to check inhaler 10 but also to actuate timer 95 when
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the pressure in gas reservoir 5 drops to a preset value Ps. After being

actuated, timer 95 holds rod 66 for a preset time T3 and then releases it.
Spring 75 biases rod 66 to the rest state along with the elements attached
directly or indirectly with it. In this case the time interval between the release
of the compressed gas to the opening of valve 9 is equal to the sum T2, T3
and a T4. T4 is the time for the pressure in the air reservoir 5 to drop from P to
Ps T4 has a similar relationship with the P as the T1 does.

Fig. 4B shows a representation of the third embodiment of manually
feeding inhaler 10 at engaged state. Upon pumping air into gas reservoir 5 to
a preset value P, piston 49 moves to the left until it compresses rubber ring
gadget 59. It also drives rod 66 to the left in the diagram to engage timer 95
and to close vale 9. When the air pressure in gas reservoir 5 drops after valve
4 is suction-actuated, piston 49 is not biased back immediately but only
moves after a time period equal to the sum T3 and T4. Valve 9 thereafter is
opened after another time interval of T2. All the other elements react in the
same manners as those described In the first embodiment and will not be
repeated here.

Comparing to the first embodiment, this example offers much more
driving force to close valve 9. Inhaler 10 can also be made more compact than

the first embodiment.

Fig. 5A shows a representation of a forth embodiment — an inhaler 10
with an auto-feeding device at rest state. This model is based on the second
and third embodiments. Trnigger 7 i1s the same as shown in the third

embodiment whereas the auto-feeding drug feeder 2 is the same as shown In
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the second embodiment Fig 5B shows us its engaged state The auto-
feeding device directly connects to gas reservoir 5 via air tube 60D that is a
branch of air channel 12A. Valve 4 is controlled directly from rod 66
connecting or coupling with piston 49 in cylinder 48. This embodiment has the
advantage over the second embodiment at offering more driving forces for the
auto-feeding device, because it uses the high-pressure gas as driving force. In
this case gas reservoir 5 has a total volume of the sum of V1, V2 plus V4
when it is in the charged state. The operational procedures are apparent to a

skilled in the art and will not be repeated here.

Fig. 6A shows a representation of a fifth embodiment at rest state. This
model is a further modification of the forth embodiments. Fig. 6B shows us its
engaged state. In this embodiment cylinders 49 and 86 are coupled together
via a cylinder base 98 having a void 97 of volume V5. A rubber ring gadget
59A is embedded into one end of cylinder base 98. It is used to reduce the
noise in case of piston 49 hits the cylinder base. The total volume of gas
reservorr 5 1s the sum of V1, V2, V4 and V5 when charged. Tubes 12A, 81B
and 51 all connect gas reservoir 5 via cylinder base 98. Check valve 54 is
replace by a normal mechanical valve 55B and a tube 54B. Rubber ring
gadget 96 1s embedded into cylinder stopper 92 so as to secure the airtight
property of cylinder 86 when inhaler 10 is in the engaged state. It acts in a
similar way as rubber ring gadget 59 in cylinder 48 Such a configuration

again guarantees that inhaler 10 has a wide range of operational pressure
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The operational procedures are apparent for a skilled in the art and will

not be repeated here. Comparing to all the other models described above, this
one is more compact.

A cylindrical shaped cylinder base 98 is a preferable embodiment
However it can also be other shapes such as a cubic or other shaped
polyhedron, having a void In the centre, which is used as a compressed gas
reservoir and means for connecting all coupled devices, a plurality of holes on
a surface or surfaces that are used to connect or communicate with other
devices and/or some accessories such as a pressure gauge, a check valve, a

piston pump etc if necessary.

Fig. 7A shows a representation of a sixth embodiment — an auto-
feeding inhaler 10 at rest state This model is modified from the fifth
embodiments. Fig. 7B shows us its engaged state. In this model, trigger 7
used In the first embodiment is reintroduced Spring 57 is attached between
cylinder base 98 and piston 49. It is used to keep piston 49 stable at rest state
and to bias it back from a charged or engaged state. Timer 95 is removed In
this case gas reservoir 5 has a volume equal to the sum of V1, V2, V3, V4 and
V5 when it is charged with a compressed gas. The operational procedures are
clear from the above description for a skilled in the art and will not be repeated
either Air tubes 60A-C are also introduced again. Such a configuration is
easy to be produced more compact as trigger 7 does not need to be arranged

coaxially with gas reservoir 5.
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Fig 8A shows a representation of a seventh embodiment — an inhaler
10 with an auto-feeding device at rest state. This model is modified from sixth
embodiments. Fig. 8B shows us its engaged state. This is one preferable
embodiment. In this model cylinder 61, piston 63, air tubes 60A-C and rubber
ring gadget 64 of trigger 7 is removed so it is more compact than the sixth
embodiment. Rod 66 works as trigger 7. In this case gas reservoir 5 has a
volume equal to the sum of V1, V2, V4 and V5 when it is charged. The time
delay or the time interval between the release of the compressed gas and the
user’s inhalation is equal to T1 plus T2 as described in the first embodiment.
The operational procedures are clear from the above description for a skilled

in the art and will neither be repeated here.

Fig 9A shows a representation of an eighth embodiment — an inhaler
10 with auto-feeding device at rest state. This model is modified from seventh
embodiments. Fig. 9B shows us its engaged state. This is another preferable
embodiment Cylinders 48 and 86 described above are part of a cylinder
separated by a cylinder base 98A. Cylinder base 98A is inserted into a proper
position in the cylinder In this case cylinders 48 and 86 are defined as a pair
of parallel cylinder. This embodiment is more compact and easier to produce
than the last embodiment. The operational procedures are clear from the

above description for a skilled in the art and will neither be repeated here.

Fig 12A and Fig. 12B show us the sectional view of an alternative
embodiment of piece 25 of drug feeder 2. In this embodiment, air channel 12F

Is a circular void having a predetermined diameter instead of a spiral conduit.
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Air channel 12E connects with 12F at an angle o, which ranges from 0 to 360

degree, preferably 80 to 100 degree. The most preferable o is 90 degree,
which means that air channels 12E and 12F are preferably tangentially
connected as shown in Fig 12B. This configuration is easy to fabricate and
also produce spiral airflow, or more precisely cyclone airflow, as air channel
12G is perpendicular to air channel12E and is aligned coaxially with air

channel 12F.

CONCLUSIONS, RAMFICATIONS, AND SCOPE

Accordingly, the reader will see that, according to the invention, | have
provided active and suction actuated inhalers for delivering drug powders to a
targeted area of a user’s lung. They are simple, robust, easy-to-use, user- and
environmental-friendly and universal. | should especially mention the use of a
timer (8) to solve the problem of coordinating the drug powder dispersion and
the user’s inhalation. Another brillant aspect of this invention is the use of the
multifunction, volume changeable gas reservoir (5). It not only offers the
source of the auxiliary energy in the form of a pressurized gas, but also acts
as part of the timer (8), the trigger (7) and part of the drug feeder (2) via direct
or indirect coupling mechanisms. It offers the driving force for the valve (9) to
be automatically engaged and for the drug feeder (2) to automatically feed a
unit dose of drug powder. It offers the core technology for the inhalers
disclosed in this invention to be feature-rich whereas still relatively simple and
compact The other point of the invention is the use of the breath-actuated, or

more precisely speaking the suction actuated trigger (3). By properly coupiing
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the tngger (4) with the drug feeder (2), the user just needs to breath without

worrying about feeding the drug wrong, as it is only opened after the drug
powder properly fed. In combination with the timer (8) and the valve (9), the
user’'s inhalation is fully used to deliver the aerosolised drug powder to the
lung without being wasted on actuating a valve or a trigger. The other point of
the invention is the drug feeder (2) By optimised design, the drug feeder not
only feeds a unit dose of the drug powder but also offers the simple and
effective way to entrain and to disperse the powder by using the integrated air
channels (12E-G) The simple structure of coupling a dose counter (24) and a
timer (94) to the drug feeding slide (20) makes the inhalers 10 richer in feature
and more user friendly. The drug feeder (2) also offers a simple valve to the

breath actuation air path (26A-D).

While the above description contains many specifications, these should
not be construed as limitations on the scope of the invention, but as
exemplifications of the presently preferred embodiments thereof. Many other
ramifications and variations can be made without departing from the spirit and
scope of the invention. Those having ordinary skill in the art will appreciate
that various modifications can be made from the teaching of the invention. For
examples:

Although the Invention is described In detail with examples of dry
powder inhalers, the basic devices and ideas can easily be adapted to a
pressurized metered dose inhaler for a skilled in the art It also is an easy task
for a skilled in the art to insert a spacer between mouthpiece 1 and drug

feeder 2 in such a case. It is also apparent for a skilled in the art that such a
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spacer can also be integrated into a dry powder inhaler so as to reduce the
speed of the aerosolised drug particles.

Although the invention is described in detail with examples of (drug
powder) reservoir based multi-dose dry powder inhalers, the basic devices
and ideas can easily be adapted to a multiunit-doses inhaler for a skilled in the
art. It will especially be an easy task for a skilled in the art to do such a
modification with the multi-function cylinders mounted on a cylinder base.

It 1s obvious that drug-feeding slide 20 can also be a round rod, a ball,
an oval rod or other shaped structure to delivery a dose of powder drug and at
the same time to actuate dose counter 24, timer 94 and valve 23 etc.

Although a cylinder or a pair of parallel cylinder or a pluralty of
cylinders mounted on a cylinder base is used as the gas reservoir, other
shaped containers whose effective volume for containing the compressed gas
changes with the gas pressure can also be used for the same purpose

It is also apparent for a skilled in the art that spiral air conduit 12F can
also be a rod with rifing on its outside. In this case piece 25 of drug feeder 2
can easily be redesigned. For example, a drilling a hole at a proper position
will be easily adapted to accommodate it.

Valves 4 and 9 can also use normal mechanical valves as the
movements of rods 66, 66A and lever 43 can easily be adapted to actuate a
valve other than a specially designed cylindrical valve as disclosed in this
invention. Valves 4 and 9 can also be electrical controlled ones that can easily
be actuated by the relative movements of rod 66A and lever 43.

Triggers 3 and 7 can also be other forms of triggers such as those

using an elastic flexible diaphragm.
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Dose counter 24 can also be an electrical one although a mechanical is

preferred.

The rubber ring gadgets mounted on different pistons described in this
disclosure can also be other sealing gadgets such as metal ones.

Check valves 54 and 83 can also be other kind of check valves. They
are Just given as examples in this invention for their simplicity

Although a compressed gas is preferably used as an auxiliary energy
for dispersing the drug powder, the mechanism disclosed In this invention can
easily be adapted to actuate other auxiliary energies such as electrical
powered vibration or a motored propeller etc.

The shape of the inhalers disclosed in this invention can be a traditional
cylinder- or L- or T-shaped portable apparatus. They can also be made to fit
into a box, an oval or a gun-like case.

The apparatus can also easily be adapted to other use such as a self-
defending powder gun etc.

Air channel 12C can also be branched in such a manner that some
branches connect mouthpiece 1 directly whereas others keep on going
through air channels 12D and 12E. If necessary air channel 12C can directly
connect with mouthpiece 1 without going through drug feeder 2.

Although most of the elements are made of metal, alloy, plastic and
engineering plastic so as to reduce the cost, they can also be made of some
expensive materials such as carbon fibre.

Thus the scope of the invention should also (mainly) be determined by
the appended claims and their legal equivalents, and not only by the

examples given.
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Claims

1 An inhaler for dispersing a drug powder to form an aerosol and

delivering said aerosol into a targeted area of a users lung
comprising:

(a) first device for providing an auxiliary energy for
dispersing said drug powder to form an aerosol;

(b) second device for quick releasing of said auxiliary
energy in either a suction-actuated manner or a
manually releasing way so as to obtain a good
aerosolization of said drug powder,

(c) third device for controlling the time interval between
said aerosolization of said drug powder and the
user's inhalation in such a manner that the user's
inhalation only gets through into the user's mouth
after said aerosolization happens for a certain time
period,

(d) forth device for feeding a unit drug dose of said drug
powder and activating said suction-actuation
mechanism:;

(e) said first device connecting with said second device
via a air channel and coupling with said third device
and said forth device;

(f) said forth device connecting with said third device

via a air channel, with saild second device via a air
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channel and a air path and coupling with the first
device;
whereby said inhaler actively disperses said drug powder to form an
aerosol using said auxiliary energy and uses all the user’s inhalation
to deliver said aerosol of said drug powder to a targeted area of the
user's lung.

2. The inhaler of claim 1 wherein said auxiliary energy is selected from
the group comprising an electrical based energy as a electrical
vibrator or a motored propeller etc and a compressed gas based
energy

3 The inhaler of claim 1 wherein said first device 1s a gas reservorr, of
which the effective volume changes from one value at rest state to a
bigger one when charged, for providing said auxiliary energy in form
of compressed gases comprising:

(a) a gas container, made of steel or hard plastics that
can stand a relative high pressure, for containing
said compressed or pressurized gases;

(b) means for charging said compresses gas into said
container.

4 The inhaler of claim 3 wherein said container including:

(a) a cylinder used to contain compressed gas, having a
plurality of holes on its ends so as to couple or to
connect with other said devices or accessories such
as a check valve, a pressure gauge and a pump etc:

(b) a piston that can slide in said cylinder,
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(c) a spring;

(d) one end of said spring being mounted to a inside
surface of a circular end A of said cylinder and the
other end of said spring being attached to an
opening circular end of said piston that can slide
Inside said cylinder in response to a change In gas
pressure in said gas reservoir;

(e) at rest state said piston being kept stable by said
spring in a proper position in said cylinder and
therefore dividing said cylinder into two parts of
volume V1 and V2, only one of which V1 acts as
said gas reservoir, whereas at engaged state said
piston being pushed to one end of said cylinder and
therefore the effective volume of said gas reservoir
turns to be V1 plus V2;

(f) said spring biasing said piston back once said gas
pressure drops to a certain value after the release of
said compressed gas in said gas reservoir;

whereby the effective volume of said gas reservoir

changes in response to the change in pressure; both

changes In volume and pressure can easily be detected
and used to couple with other said devices.
5. The inhaler of claim 3 wherein said container can also be chosen
form the group comprising:

(a) A pair of parallel cylinder; and
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(b) A plurality of cylinders mounted on a cylinder base
shaped in cylindrical, cubic or other polyhedrons
having voids in its centre so that all the cylinders can
communicate with each other and having holes on
its surface or surfaces so as to connect with
accessories or to couple with other said devices;
and

(c) Other containers whose volume can change in
response to the change in their inside gas pressure

6 The inhaler of claim 3 wherein said means for charging said
compressed gas into said container can be selected from the group
comprising:

(a) a manually operated piston style pump; and

(b) a canister of compressed gas such as oxygen,
nitrogen or their mixtures or air; and

(c) a canister of propellant such as hydro fluorocarbons.

7. The inhaler of clam 1 wherein said second device for quick
releasing said auxiliary energy comprising:

(a) a valve, used to control said air channel between
said first device and said forth device, selected from
the group comprising of a mechanical valve and an
electrically controlled valve and a specially designed
valve;

(b) means for opening said valve
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8 The inhaler of claim 7 wherein said specially designed valve

comprises:

(a) a piston having rubber ring gadgets mounted on its
side, a long rod with a handle bar and a short rod
attached to one end whereas the other end Is
closed,

(b) a spring used to bias said piston to a rest state;

(c) a cylinder having a big opening on its one circular
end to accommodate said long rod and a hole on the
other end to connect with said forth device via said
air channel;

(d) said cylinder having a hole on one side to connect
said first device via said air channel, a trough and a
notch at one end of said trough on the other side to
accommodate said short rod attached to one circular
end of said piston so that when said short rod I1s
pushed to an engaged position, said piston moves to
a position to shut said air channel; said short rod
keeps said piston In said engaged position,

(e) said spring being sandwiched between said handle
and said big opening of said cylinder so as to bias
said piston back to rest state from an engaged one
to open said air channel when said trigger is

actuated,
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() a hinge, which is attached at a predetermined
position just adjacent to said trough, used to couple
with said means of opening said valve.

9. The inhaler of claim 7 wherein said means for opening said valve I1s
a trigger, which can be actuated manually or by a suction force of a
riser’s inhalation and includes.

(a) a cylinder having one hole on one of its circular end
to connect with said forth device via said air path
and its another circular end is open;

(b) a piston, having one circular end open and the other
circular end close, with mounted rubber ring gadget
on its side;

(c)said cylinder has a hole on one side to
accommodate a manually release button, a trough
on other side so as to accommodate a short rod
attached on one side of said piston so that the user
can manually move said piston, a screw located at a
end of said trough near said open end of said
cylinder used to stop the further movement of said
piston and to pivotably mount a hook used to hoid
said piston steady at rest state by hooking said short
rod;

(d) a lever, pivoted to said hinge, having two arms
having a preferable angle from 70 —120 degree, and

at the top of one said arm is a ball;



62
(e) a circular wedge inserted into said piston from its

open end so as to transmit a position shift of said
piston to a vertical shift of one arm of said lever that
is put in a position to make said ball just touch the
surface of said wedge and therefore the other arm of
said lever move to open engaged said valve;
(f) a spring mounted on said hinge used to bias said
lever to a rest state.
whereby when the user inhales, the suction force drive said
piston to move and said wedge moves along with it and drives said
lever to open said valve so as not to waste the user’s inhalation on
actuation; whereas the manual release button i1s an easy choice for a
user with weak suction force.
10. The inhaler of claim 7 wherein said means for opening said valve is
a trigger and can be selected from the group comprising:
(a) a cylinder with a piston having an attached rod; and
(b) a cylinder with a diaphragm having a attached rod
11 The inhaler of claim 1 wherein said third device comprising
(a) a valve used to control fresh air going into the user’s
mouth via said air channel; selected from the group
comprising of a mechanical vale and an electrically
controlled valve and a specially designed valve;
(b) sensors for detecting the charge and release of said
auxiliary energy;

(c) means for controlling said valve;
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(d) a timer;

(e) said means for controlling said valve can only be
actuated to open said valve after said sensors detect
the release of said auxiliary energy for a
predetermined time period controlled by said timer;

whereby such working procedures guarantee said aerosolization of
said drug powder always happens in advance of the user's
inhalation and all the user’s inhalation is used to deliver said drug
aerosol to a targeted area in the user’s lung.

12 The inhaler of claim 11 wherein said specially designed valve
comprising:

(a) a cylinder with one hole at one of its circular end to
connect with atmosphere, a big opening at the other
circular end, a hole on its side in connection with
said air channel;

(b) a piston, sliding in said cylinder, having rubber ring
gadgets mounted on its side and used to separate
said holes so as to make said cylinder act as a
valve;

(c) a rod with a handle attached to said cylinder via said
big opening,

(d) a spring mounted between said handle and said big
opening and used to bias said piston to a rest state

from an engaged one;
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13. The inhaler of clam 11 wherein said sensor or sensors for
detecting the charge and release of said auxiliary energy can be
selected from a group comprising:

(a) a piston that can directly detect and react to the
changes in both volume and pressure of said gas
reservorr,

(b) a pressure gauge that can detect the change in
pressure of said gas reservoir;

(c) other sensors that can detect the change in pressure
of the said gas reservoir and the change of the
position of said piston;

whereby the use of said piston as a sensor and a

reactor can simplify said inhaler and make said inhaler

more compact as seen in the drawings and in the
specifications.

14. The nhaler of claim 11 wherein saild means for controlling said
valve i1s a tnigger and can be selected from the group comprising:

(a) arod,

(b) a normal mechanical trigger; and

(c) an electrical controlled trigger; and

(d) a specially designed trigger.

15 The inhaler of clam 14 wherein said specially designed tnigger

comprising’
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(a) a cylinder having one hole at its one circular end In
connection with said first device and a big opening
at the other circular end,

(b) a piston with mounted rubber ring gadget, sliding
freely in said piston;

(c) a rod attached to said piston via said big opening of
said cylinder at its one end and the other end
mounted to said handle in Claim 12,

16. The inhaler of clam 11 wherein said timer is an inherent timer that
1s a combination of said first device and said third device and said
predetermined time period is a cooperative result of said
combination

17. The inhaler of clam 11 wherein said timer is a combination of said
inherent timer and an external timer that is coupled with said rod
and works in such a manner that said coupled rod is only allowed to
move back to a rest state from an engaged one after said external
timer being actuated for a preset time period.

18. The inhaler of claim 1 wherein said forth device for feeding a unit
drug dose of said drug powder and activating said suction-actuation
mechanism is called a drug feeder and comprises of:

(a) a mouthpiece;

(b) means for entraining and dispersing said drug

powder;
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(c) means for feeding a unit drug dose of said drug
powder and activating said suction-actuation
mechanism;

(d)two body pieces airtight sticking together with
troughs on their interfface so as to accommodate
rubber seal gadgets and said means for feeding
drug, holes and channels in or through their bodies
so as to connect with said mouthpiece and said
second device and third device, cavities for storing
and feeding said drug powder,;

whereby said ring seal gadgets prevent said drug

powder from moisture of the outside environment

19 The inhaler of claim 18 wherein said means for dispersing said
drug powder i1s selected from the group comprising:

(a) a spiral gas conduit used to make spiral flow of said
gas and therefore to entrain and to disperse said
drug powder effectively;

(b) said gas being at an optimised angle introduced into
a cylindrical cavity where said drug is and exiting
said cavity in a perpendicular direction so as to
produce cyclone flow of said gas and hence to
entrain and disperse said drug powder effectively

20. The inhaler of claim 18 wherein said means for feeding a unit drug
dose of said drug powder and activating said suction-actuation

mechanism comprising:
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(a) a dose counter

(b) a external timer

(c) a cylinder with a hole on one circular end In
connection with said device one and a big opening
at the other circular end;

(d) a piston having a rubber ring gadget mounted on its
side and sliding in said cylinder;

(e) a slide or a rod having two holes at pre-designed
positions and at one end being attached to or
coupled with said piston via said big opening of said
cylinder, being inserted into a trough between said
two body pieces of said drug feeder with the other
end being coupled with said dose counter and said
external timer;

() a spring being sandwiched between said big
opening and said two body pieces, used to bias
back said feeding slide after being released by said
external timer;

whereby one of said two holes is designed to feed said

drug powder and the other is designed to open said air

path for said suction-actuation mechanism so that the
user can only inhale after said inhaler properly feeds

said drug powder.
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21. A dry powder inhaler for producing a drug powder aerosol and

delivering the aerosolised drug powder to a targeted area of a

user’'s lung comprising:

(a) a gas reservoir used to contain a compressed or
pressurized gas, whose effective volume changes
from a small value to a big one in response to the
increase in the gas pressure and vice versa;

(b) means for charging said gas reservoir,

(c) means for quick releasing said compressed gas In
said gas reservoir;

(d) a sensor or sensors that detect the changes of said
gas reservoir in volume, in pressure or in both
directly or indirectly;

(e) devices that are attached to or coupled with said
sensor or said sensors and react to a signal or
signals detected by said sensor or said sensors,

whereby said inhaler uses said compressed gas to

actively disperse said drug powder to form an aerosol.

22 The dry powder inhaler of claim 21 wherein said means for

charging said compressed gas into said container can be selected

from the group comprising:

(a) a manually operated piston style pump; and
(b) a canister of compressed gas such as oxygen,

nitrogen or their mixtures or air; and
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(c) a canister of propellant such as hydro fluorocarbons
(HFCs).
23.The dry powder inhaler of claim 21 wherein said gas reservoir for
containing said compressed gas can be selected from the group
comprising.
(a) a cylinder; and
(b) a pair of parallel cylinder; and
(c) a plurality of cylinder mounted on a cylinder base;
and
(d) other shaped containers whose effective volume for
containing said compressed gas changes with the
gas pressure
24. The inhaler of claim 23 wherein said cylinder base has a shape
selected from a group comprising a cylindrical shape and a cubic
shape or other shaped polyhedron, having a void in the centre,
which is used as said compressed gas reservoir and means for
connecting all coupled devices, a plurality of holes on a surface or
surfaces that are used to connect or communicate with other said
devices and some accessories such as a pressure gauge, a check
valve, a piston pump etc.
25. The dry powder inhaler of claim 21 wherein said means for quick
releasing said compressed gas in said gas reservoir comprising:
(a) a valve, used to control said air channel between
said first device and said forth device, selected from

the group comprising of a mechanical valve and an
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electrically controlled valve and a specially designed
valve;

(b) means for opening said valve

26. The dry powder inhaler of claim 25 wherein said specially designed

valve comprises:

(a) a piston having rubber ring gadgets mounted on its
side, a long rod with a handle bar and a short rod
attached to one end whereas the other end is
closed,;

(b) a spring used to bias said piston to a rest state;

(c) a cylinder end having a big opening on its one
circular to accommodate said long rod and a hole on
the other end to connect with said forth device via
said air path;

(d) said cylinder having a hole on one side to connect
said first device via said air channel, a trough and a
notch at one end of said trough on the other side to
accommodate said short rod attached to one circular
end of said piston so that when said short rod is
pushed to an engaged position, said piston moves to
a position to shut said air channel, said short rod
keeps said piston In said engaged position;

(e) said spring being mounted between said handle and

said big opening of said cylinder so as to bias said
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piston back to rest state from an engaged one when
said trigger is actuated,

(f) a hinge, which is attached at a predetermined
position just adjacent to said trough, used to connect
with said means of opening said valve.

27.The dry powder inhaler of claim 25 wherein said means for opening
said valve is a trigger, which can be actuated manually or by a
suction force of a user’s inhalation and includes:

(a) a cylinder having one hole on one of its circular end
to connect with said forth device via said air path
and its another circular end is open;

(b) a piston, having one circular end open and the other
circular end close, with rubber ring gadget mounted
on its side;

(c) said cylinder has a hole on one side to
accommodate a manually release button, a trough
on other side so as to accommodate a short rod
attached on one side of said piston so that the user
can manually move said piston, a screw located at a
end of said trough near said open end of said
cylinder used to stop the further movement of said
piston and to pivotably mount a hook used to hold
said piston steady at rest state by hooking said short

rod;
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(d) a lever, pivoted to said hinge, having two arms
having a preferable angle from 70 —120 degree, and
at the top of one said arm is a ball;

(e) a circular wedge inserted into said piston from its
open end so as to transmit a position shift of said
piston to a vertical shift of one arm of said lever that
is put in a position to make said ball just touch the
surface of said wedge and therefore the other arm of
said lever move to open engaged said valve,

(f) a spring mounted on said hinge used to bias said
lever to a rest state.

whereby when the user inhales, the suction force drive the
piston to move and said wedge moves along with it and drives the lever
to open said valve so as not to waste the user’s inhalation on actuation;
for a user with weak suction force, the manual release button is an
easy choice.

28. The dry powder inhaler of claim 25 wherein said means for opening
said valve is a trigger and can be selected from the group
comprising:

(a) a cylinder with a piston having an attached rod; and

(b) a cylinder with a diaphragm having a attached rod

29. The dry powder inhaler of claim 21 wherein said devices that are
attached to or coupled with said sensor or said sensors and react to
a signal or signals detected by said sensor or said sensors

comprising.
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(a) first device for controlling the time interval between
said aerosolization of said drug powder and the
user’'s inhalation in such a manner that the user’s
inhalation only gets through into the user's mouth
after said aerosolization happens for a certain time
period,;

(b) second device for feeding a unit drug dose of said
drug powder and activating said suction-actuation
mechanism;

whereby said dry powder inhaler uses said compressed

gas to actively disperse said drug powder to form an

aerosol first and thereafter uses the user's whole
nhalation to deliver said aerosol to a targeted area in
the user’s lung.
30. The dry powder inhaler of claim 29 wherein said first device
comprising

(a) a valve used to control fresh air going into the user’s
mouth via said air channel; selected from the group
comprising of a mechanical vale and an electrically
controlled valve and a specially designed valve;

(b) means for controlling said valve;

(c) a timer,

(d) said means for controlling said valve can only be
actuated to open said valve after said sensors detect

the release of said compressed gas in said gas
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reservoir for a predetermined time period controlled
by said timer;
whereby such working procedures guarantee said aerosolization of
said drug powder always happens in advance of the user's
inhalation and all the user’s inhalation is used to deliver said drug
aerosol.
31. The dry powder inhaler of claim 30 wherein said specially designed
valve comprising:

(a) a cylinder with one hole at one of its circular end to
connect with atmosphere, a big opening at the other
circular end, a hole on its side in connection with
said air channel,

(b) a piston, sliding in said cylinder, having rubber ring
gadgets mounted on its side and used to separate
said holes so as to make said cylinder act as a
valve;

(c) a rod with a handle attached to said cylinder via said
big opening;

(d) a spring mounted between said handle and said big
opening and used to bias said piston to a rest state
from an engaged one;

32. The dry powder inhaler of clam 30 wherein said means for
controlling said valve is a trigger and can be selected from the
group comprising:

(a) arod;
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(b) a normal mechanical trigger; and

(c) an electrical controlled trigger; and

(d) a specially designed trigger.

33. The dry powder inhaler of claim 32 wherein said specially designed
{rigger comprising:

(a) a cylinder having one hole at its one circular end in
connection with said first device and a big opening
at the other circular end,;

(b) a piston with mounted rubber ring gadget, shding
freely in said piston;

(c) a rod attached to said piston via said big opening of
said cylinder at its one end and the other end
mounted to said handle in Claim 31.

34. The dry powder inhaler of claim 30 wherein said timer is an
inherent timer that is a combination of said gas reservorr, said
means for controlling said valve and said valve, and said
predetermined time period is a cooperative result of said
combination.

35 The dry powder inhaler of claim 30 wherein said timer is a
combination of said inherent timer and an external timer that is
coupled with said rod and works in such a manner that said coupled
rod 1s only allowed to move back to a rest state from an engaged

one after a preset time period.
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36. The dry powder inhaler of claim 29 wherein said second device for
feeding a unit drug dose of said drug powder and activating said
suction-actuation mechanism comprising:

(a) a mouthpiece;

(b) means for entraining and dispersing said drug
powder;

(c) means for feeding a unit drug dose of said drug
powder and activating said suction-actuation
mechanism;

(d)two body pieces airtight sticking together with
troughs on their interface so as to accommodate
rubber seal gadgets and said means for feeding
drug, holes and channels in or through their bodies
so as to connect with said mouthpiece and said
second device and third device, cavities for storing
and feeding said drug powder,

whereby said ring seal gadgets prevent said drug

powder from moisture of the outside environment

37 The dry powder inhaler of claim 36 wherein said means for
dispersing said drug powder is selected from the group comprising-

(a) a spiral gas conduit used to make spiral flow of said
gas and therefore to entrain and to disperse said
drug powder effectively;

(b) said gas being at an optimised angle introduced into

a cylindrical cavity where said drug is and exiting
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said cavity'ir—1 a perpendicular direction so as to
produce cyclone flow of said gas and hence to
entrain and disperse said drug powder effectively.
38. The dry powder inhaler of claim 36 wherein said means for feeding
a unit drug dose of said drug powder and activating said suction-
actuation mechanism comprising:

(a) a dose counter

(b) a external timer

(c) a cylinder with a hole on one circular end In
connection with said device one and a big opening
at the other circular end,;

(d) a piston having a rubber ring gadget mounted on its
side and sliding in said cylinder;

(e) a slide or a rod having two holes at pre-designed
positions and at one end being attached to or
coupled with said piston via said big opening of said
cylinder, being inserted into a trough between said
two body pieces of said drug feeder with the other
end being coupled with said dose counter and said
external timer,

(f) a spring being sandwiched between said big
opening and said two body pieces, used to bias
back said feeding slide after being released by said

external timer;
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whereby one of said two holes is designed to feed said

drug powder and the other is designed to open said air

path for said suction-actuation imechanism so that the
user can only inhale after said inhaler properly feeds
said drug powder.

39 The dry powder inhaler of claim 21 wherein said sensor or sensors
that detect the changes of said gas reservoir in volume, in pressure
or in both can be selected from the group comprising:

(a) a piston that can directly detect and react to the
changes in both volume and pressure of said gas
reservoir;

(b) a pressure gauge that can detect the change in
pressure of said gas reservorr,

(c) other sensors that can detect the change in pressure
of the said gas reservoir and the change of the
position of said piston;

whereby the use of said piston as a sensor and a

reactor can simplify said inhaler and make said inhaler

more compact as seen in the drawings and in the

specifications.

SEQUENCE LISTING Not Applicable



Amendments to the claims have been filed as follows 79

Claims:

1. An inhaler for dispersing a drug powder to form an aerosol and
delivering said aerosol into a targeted area of a user's lung
comprises:

(a) first device for providing an auxiliary energy for
dispersing said drug powder to form an aerosol,

(b) second device for quick releasing of said auxiliary
energy in either a suction-actuated manner or a
manually releasing way so as to obtain a good
aerosolization of said drug powder;

(c) third device for controlling the time interval between
said aerosolization of said drug powder and the
user's inhalation in such a manner that the user's
Inhalation only gets through into the user's mouth
after said aerosolization happens for a certain time
period;

(d) forth device for feeding a unit drug dose of said drug
powder and activating said suction-actuation
mechanism;

(e) said first device connecting with said second device
via a air channel, coupling with said third device, and
coupling with said forth device or not;

(f) said forth device connecting with said third device

via a air channel, with said second device via a air
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channel and a air path, and coupling with the first
device or not;
whereby said inhaler actively disperses said drug powder to form an
aerosol using said auxiliary energy and uses all the user’s inhalation
to deliver said aerosol of said drug powder to a targeted area of the
user’s lung.

2. The inhaler of claim 1 wherein said auxiliary energy is selected from
the group comprising an electrical based energy as a electrical
vibrator or a motored propeller etc and a compressed gas based
energy.

3. The inhaler of claim 1 wherein said first device is a gas reservoir, of
which the effective volume changes from one value at rest state to a
bigger one when charged, for providing said auxiliary energy in form
of compressed gases comprising:

(a) a gas container, made of materials that can stand a
relative high pressure, for containing said
compressed or pressurized gases,

(b) means for charging said compresses gas into said
container.

4. The inhaler of claim 3 wherein said container including:

(a) a cylinder used to contain compressed gas, having a
plurality of holes on its ends so as to couple or to
connect with other said devices or accessories such
as a check valve, a pressure gauge and a pump etc;

(b) a piston that can slide in said cylinder;
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(c) a spring,

(d) one end of said spring being mounted to a inside
surface of a circular end A of said cylinder and the
other end of said spring being attached to an
opening circular end of said piston that can slide
inside said cylinder in response to a change in gas
pressure in said gas reservoir,

(e) at rest state said piston being kept stable by said
spring in a proper position in said cylinder and
therefore dividing said cylinder into two parts of
volume V1 and V2, only one of which V1 acts as
said gas reservoir, whereas at engaged state said
piston being pushed to one end of said cylinder and
therefore the effective volume of said gas reservoir
turns to be V1 plus V2,

(f) said spring biasing said piston back once said gas
pressure drops to a certain value after the release of
said compressed gas in said gas reservoir;

whereby the effective volume of said gas reservorr

changes in response to the change in pressure, both

changes in volume and pressure can easily be detected
and used to couple with other said devices.
5 The inhaler of claim 3 wherein said container can also be chosen
form the group comprising:

(a) A pair of parallel cylinder; and
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(b) A plurality of cylinders mounted on a cylinder base
shaped in cylindrical, cubic or other polyhedrons
having voids in its centre so that all the cylinders can
communicate with each other and having holes on
its surface or surfaces so as to connect with
accessories or to couple with other said devices;
and

(c) Other containers whose volume can change in
response to the change in their inside gas pressure

6. The inhaler of claim 3 wherein said means for charging said
compressed gas into said container can be selected from the group
comprising:

(a) a manually operated piston style pump; and

(b) a canister of compressed gas such as oxygen,
nitrogen or their mixtures or air; and

(c) a canister of propellant such as hydro fluorocarbons.

7. The inhaler of claim 1 wherein said second device for quick
releasing said auxiliary energy comprising:

(a) a valve, used to control said air channel between
said first device and said forth device, selected from
the group comprising of a mechanical valve and an
electrically controlled valve and a specially designed
valve;

(b) means for opening said valve
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8 The inhaler of claim 7 wherein said specially designed vaive
comprises:

(a) a piston having rubber ring gadgets mounted on its
side, a long rod with a handle bar and a short rod
attached to one end whereas the other end is
closed,

(b) a spring used to bias said piston to a rest state,

(c) a cylinder having a big opening on its one circular
end to accommodate said long rod and a hole on the
other end to connect with said forth device via said
air channel;

(d) said cylinder having a hole on one side to connect
said first device via said air channel, a trough and a
notch at one end of said trough on the other side to
accommodate said short rod attached to one circular
end of said piston so that when said short rod is
pushed to an engaged position, said piston moves to
a position to shut said air channel, said short rod
keeps said piston in said engaged position;

(e) said spring being sandwiched between said handle
and said big opening of said cylinder so as to bias
said piston back to rest state from an engaged one
to open said air channel when said trigger 1Is

actuated;
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(f) a hinge, which is attached at a predetermined
position just adjacent to said trough, used to couple
with said means of opening said valve.

9. The inhaler of claim 7 wherein said means for opening said valve s
a trigger, which can be actuated manually or by a suction force of a
user's inhalation and includes:

(a) a cylinder having one hole on one of its circular end
to connect with said forth device via said air path
and its another circular end is open;

(b) a piston, having one circular end open and the other
circular end close, with mounted rubber ring gadget
on its side;

(c) said cylinder has a hole on one side to
accommodate a manually release button, a trough
on other side so as to accommodate a short rod
attached on one side of said piston so that the user
can manually move said piston, a screw located at a
end of said trough near said open end of said
cylinder used to stop the further movement of said
piston and to pivotably mount a hook used to hold
said piston steady at rest state by hooking said short
rod,

(d) a lever, pivoted to said hinge, having two arms
having a preferable angle from 70 —120 degree, and

at the top of one said arm is a ball;
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(e) a circular wedge inserted into said piston from its
open end so as to transmit a position shift of said
piston to a vertical shift of one arm of said lever that
is put in a position to make said ball just touch the
surface of said wedge and therefore the other arm of
said lever move to open engaged said valve;

(f) a spring mounted on said hinge used to bias said
lever to a rest state.

whereby when the user inhales, the suction force drive said
piston to move and said wedge moves along with it and drives said
lever to open said valve so as not to waste the user's inhalation on
actuation; whereas the manual release button is an easy choice for a
user with weak suction force.
10 The inhaler of claim 7 wherein said means for opening said valve is
a trigger and can be selected from the group comprising:
(a) a cylinder with a piston having an attached rod; and
(b) a cylinder with a diaphragm having a attached rod.
11. The inhaler of claim 1 wherein said third device comprising

(a) a valve used to control fresh air going into the user's
mouth via said air channel; selected from the group
comprising of a mechanical valve and an electrically
controlled valve and a specially designed valve;

(b) sensors for detecting the charge and release of said
auxiliary energy;

(c) means for controlling said valve;
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(d) a timer,

(e) said means for controlling said valve can only be
actuated to open said valve after said sensors detect
the release of said auxiliary energy for a
predetermined time period controlled by said timer,

whereby such working procedures guarantee said aerosolization of
said drug powder always happens in advance of the user's
inhalation and all the user’s inhalation is used to deliver said drug
aerosol to a targeted area in the user’s lung.

12. The inhaler of claim 11 wherein said specially designed valve
comprising:

(a) a cylinder with one hole at one of its circular end to
connect with atmosphere, a big opening at the other
circular end, a hole on its side in connection with
said air channel,

(b) a piston, sliding in said cylinder, having rubber ring
gadgets mounted on its side and used to separate
said holes so as to make said cylinder act as a
valve;

(c) a rod with a handle attached to said cylinder via said
big opening;

(d) a spring mounted between said handle and said big
opening and used to bias said piston to a rest state

from an engaged one;
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13. The inhaler of claim 11 wherein said sensor or sensors for
detecting the charge and release of said auxiliary energy can be
selected from a group comprising:

(a) a piston that can directly detect and react to the
changes in both volume and pressure of said gas
reservoir;

(b) a pressure gauge that can detect the change in
pressure of said gas reservoir;

(c) other sensors that can detect the change in pressure
of the said gas reservoir and the change of the
position of said piston;

whereby the use of said piston as a sensor and a

reactor can simplify said inhaler and make said inhaler

more compact as seen in the drawings and in the
specifications.
14. The inhaler of claim 11 wherein said means for controlling said
valve is a trigger and can be selected from the group comprising

(a) a rod;

(b) a normal mechanical trigger; and

(c) an electrical controlled trigger; and

(d) a specially designed trigger.

15.The inhaler of claim 14 wherein said specially designed trigger

comprising:
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(a) a cylinder having one hole at its one circular end In
connection with said first device and a big opening
at the other circular end,

(b) a piston with mounted rubber ring gadget, sliding
freely in said piston;

(c) a rod attached to said piston via said big opening of
said cylinder at its one end and the other end
mounted to said handle in Claim 12;

16. The inhaler of claim 11 wherein said timer is an inherent timer that
is a combination of said first device and said third device and said
predetermined time period is a cooperative result of said
combination.

17. The inhaler of claim 11 wherein said timer is a combination of said
inherent timer and an external timer that is coupled with said rod
and works in such a manner that said coupled rod is only allowed to
move back to a rest state from an engaged one after said external
timer being actuated for a preset time period.

18. The inhaler of claim 1 wherein said forth device for feeding a unit
drug dose of said drug powder and activating said suction-actuation
mechanism is called a drug feeder and comprises of:

(a) a mouthpiece;
(b) means for entraining and dispersing said drug

powder,;
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(c) means for feeding a unit drug dose of said drug
powder and activating said suction-actuation
mechanism;

(d) two body pieces airtight sticking together with
troughs on their interface so as to accommodate
rubber seal gadgets and said means for feeding
drug, holes and channels in or through their bodies
so as to connect with said mouthpiece and said
second device and third device, cavities for storing
and feeding said drug powder;

whereby said ring seal gadgets prevent said drug

powder from moisture of the outside environment.

19 The inhaler of claim 18 wherein said means for dispersing said
drug powder is selected from the group comprising:

(a) a spiral gas conduit used to make spiral flow of said
gas and therefore to entrain and to disperse said
drug powder effectively;

(b) said gas being at an optimised angle introduced into
a cylindrical cavity where said drug is and exiting
said cavity in a perpendicular direction so as to
produce cyclone flow of said gas and hence to
entrain and disperse said drug powder effectively

20. The inhaler of claim 18 wherein said means for feeding a unit drug
dose of said drug powder and activating said suction-actuation

mechanism comprising
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(a) a dose counter

(b) a external timer

(c) a cylinder with a hole on one circular end in
connection with said device one and a big opening
at the other circular end;

(d) a piston having a rubber ring gadget mounted on its
side and sliding in said cylinder;

(e) a slide or a rod having two holes at pre-designed
positions and at one end being attached to or
coupled with said piston via said big opening of said
cylinder, being inserted into a trough between said
two body pieces of said drug feeder with the other
end being coupled with said dose counter and said
external timer;

(f) a spring being sandwiched between said big
opening and said two body pieces, used to bias
back said feeding slide after being released by said
external timer;

whereby one of said two holes is designed to feed said

drug powder and the other is designed to open said air

path for said suction-actuation mechanism so that the
user can only inhale after said inhaler properly feeds

said drug powder.
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21. An inhaler for producing a drug powder aerosol and delivering the

aerosolised drug powder to a targeted area of a user's lung

comprises:

(a) a gas reservoir used to contain a compressed or
pressurized gas, whose effective volume changes
from a small value to a big one in response to the
increase in the gas pressure and vice versa,

(b) a sensor or sensors that detect the changes of said
gas reservoir in volume, in pressure or in both
directly or indirectly;

(c) a device or devices that are attached to or coupled
with said sensor or said sensors and react to a
signal or signals detected by said sensor or said
Sensors;

whereby said inhaler uses said compressed gas to

actively disperse said drug powder to form an aerosol

and automatically controls the coordination between the

drug aerosolization and the user’s inhalation.

22. The inhaler of claim 21 wherein said gas reservoir can be charged

with said compressed gas by means selected from the group

comprising:

(a) a manually operated piston style pump: and
(b) a canister of compressed gas such as oxygen,

nitrogen or their mixtures or air; and
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(c) a canister of propellant such as hydro fluorocarbons
(HFCs).
23.The inhaler of claim 21 wherein said gas reservoir for containing
said compressed gas can be selected from the group comprising:

(a) a cylinder; and

(b) a pair of parallel cylinder; and

(c) a plurality of cylinder mounted on a cylinder base,
and

(d) other shaped containers whose effective volume for
containing said compressed gas changes with the
gas pressure.

24. The inhaler of claim 23 wherein said cylinder base has a shape
selected from a group comprising a cylindrical shape and a cubic
shape or other shaped polyhedron, having a void in the centre,
which is used as said compressed gas reservoir and means for
connecting all coupled devices, a plurality of holes on a surface or
surfaces that are used to connect or communicate with other said
devices and some accessories such as a pressure gauge, a check
valve, a piston pump etc.

25. The inhaler of claim 21 wherein said compressed gas in said gas
reservoir can be quickly released by means comprising:

(a) a valve, used to control an air channel between said
reservoir and said device or devices, selected from

the group comprising of a mechanical valve, an
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electrically controlled valve, and a specially
designed valve;

(b) means for opening said valve

26. The inhaler of claim 25 wherein said specially designed valve
comprises:

(a) a piston having rubber ring gadgets mounted on its
side, a long rod with a handle bar and a short rod
attached to one end whereas the other end s
closed,;

(b) a spring used to bias said piston to a rest state;

(c) a cylinder end having a big opening on its one
circular to accommodate said long rod and a hole on
the other end to connect with said forth device via
said air path;

(d) said cylinder having a hole on one side to connect
said first device via said air channel, a trough and a
notch at one end of said trough on the other side to
accommodate said short rod attached to one circular
end of said piston so that when said short rod is
pushed to an engaged position, said piston moves to
a position to shut said air channel; said short rod
keeps said piston in said engaged position;

(e) said spring being mounted between said handle and

said big opening of said cylinder so as to bias said
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piston back to rest state from an engaged one when
said trigger is actuated;

(f) a hinge, which is attached at a predetermined
position just adjacent to said trough, used to connect
with said means of opening said valve.

27.The inhaler of claim 25 wherein said means for opening said valve
Is a trigger, which can be actuated manually or by a suction force of
a user’s inhalation and includes:

(a) a cylinder having one hole on one of its circular end
to connect with said forth device via said air path
and its another circular end is open;

(b) a piston, having one circular end open and the other
circular end close, with rubber ring gadget mounted
on its side;

(c)said cylinder has a hole on one side to
accommodate a manually release button, a trough
on other side so as to accommodate a short rod
attached on one side of said piston so that the user
can manually move said piston, a screw located at a
end of said trough near said open end of said
cylinder used to stop the further movement of said
piston and to pivotably mount a hook used to hold
said piston steady at rest state by hooking said short

rod;
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(d) a lever, pivoted to said hinge, having two arms
having a preferable angle from 70 ~120 degree, and
at the top of one said arm is a ball;

(e) a circular wedge inserted into said piston from its
open end so as to transmit a position shift of said
piston to a vertical shift of one arm of said lever that
is put in a position to make said ball just touch the
surface of said wedge and therefore the other arm of
said lever move to open engaged said valve;

(f) a spring mounted on said hinge used to bias said
lever to a rest state.

whereby when the user inhales, the suction force drives the
piston to move and said wedge moves along with it and drives the lever
to open said valve so as not to waste the user’s inhalation on actuation,
whereby for a user with weak suction force, the manual release button
is an easy choice.
28. The inhaler of claim 25 wherein said means for opening said valve
is a trigger and can be selected from the group comprising:

(a) a cylinder with a piston having an attached rod; and

(b) a cylinder with a diaphragm having a attached rod

29. The inhaler of claim 21 wherein said devices that are attached to or
coupled with said sensor or said sensors and react to a signal or
signals detected by said sensor or said sensors comprising:

(a) first device for controlling the time interval between

said aerosolization of said drug powder and the
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user's inhalation in such a manner that the user's
inhalation only gets through into the user's mouth
after said aerosolization happens for a certain time
period;

(b) second device for feeding a unit drug dose of said
drug powder and activating said suction-actuation
mechanism,;

whereby said inhaler uses said compressed gas to

actively disperse said drug powder to form an aerosol

first and thereafter uses the user's whole inhalation to
deliver said aerosol to a targeted area in the user's
lung.

30. The inhaler of claim 29 wherein said first device comprising:

(a) a valve used to control fresh air going into the user’s
mouth via said air channel; selected from the group
comprising of a mechanical vale and an electrically
controlled valve and a specially designed valve;

(b) means for controlling said valve;

(c) a timer;

(d) said means for controlling said valve can only be
actuated to open said valve after said sensors detect
the release of said compressed gas in said gas
reservoir for a predetermined time period controlled

by said timer;
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whereby such working procedures guarantee said aerosolization of
said drug powder always happens in advance of the user's
inhalation and all the user’s inhalation is used to deliver said drug
aerosol.

31. The inhaler of claim 30 wherein said specially designed valve
comprising:

(a) a cylinder with one hole at one of its circular end to
connect with atmosphere, a big opening at the other
circular end, a hole on its side in connection with
said air channel;

(b) a piston, sliding in said cyhinder, having rubber ring
gadgets mounted on its side and used to separate
said holes so as to make said cylinder act as a
valve;

(c) a rod with a handle attached to said cylinder via said
big opening;

(d) a spring mounted between said handle and said big
opening and used to bias said piston to a rest state
from an engaged one;

32. The inhaler of claim 30 wherein said means for controlling said
valve is a trigger and can be selected from the group comprising:

(a) a rod;

(b) a normal mechanical trigger; and

(c) an electrical controlled trigger; and

(d) a specially designed trigger.



ag

33. The inhaler of claim 32 wherein said specially designed trigger
comprising:

(a) a cylinder having one hole at its one circular end In
connection with said first device and a big opening
at the other circular end;

(b) a piston with mounted rubber ring gadget, sliding
freely in said piston;

(c) a rod attached to said piston via said big opening of
said cylinder at its one end and the other end
mounted to said handle in Claim 31.

34. The inhaler of claim 30 wherein said timer is an inherent timer that
is a combination of said gas reservoir, said means for controlling
said valve and said valve; and said predetermined time period is a
cooperative result of said combination.

35. The inhaler of claim 30 wherein said timer is a combination of said
inherent timer and an external timer that is coupled with said rod
and works in such a manner that said coupled rod is only allowed to
move back to a rest state from an engaged one after a preset time
period.

36. The inhaler of claim 29 wherein said second device for feeding a
unit drug dose of said drug powder and activating said suction-
actuation mechanism comprising:

(a) a mouthpiece;

(b) means for entraining and dispersing said drug

powder,;
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(c) means for feeding a unit drug dose of said drug
powder and activating said suction-actuation
mechanism;

(d) two body pieces airtight sticking together with
troughs on their interface so as to accommodate
rubber seal gadgets and said means for feeding
drug, holes and channels in or through their bodies
so as to connect with said mouthpiece and said
second device and third device, cavities for storing
and feeding said drug powder;

whereby said ring seal gadgets prevent said drug

powder from moisture of the outside environment.

37. The inhaler of claim 36 wherein said means for dispersing said
drug powder is selected from the group comprising:

(a) a spiral gas conduit used to make spiral flow of said
gas and therefore to entrain and to disperse said
drug powder effectively;

(b) said gas being at an optimised angle introduced into
a cylindrical cavity where said drug is and exiting
said cavity in a perpendicular direction so as to
produce cyclone flow of said gas and hence to
entrain and disperse said drug powder effectively.

38. The inhaler of claim 36 wherein said means for feeding a unit drug
dose of said drug powder and activating said suction-actuation

mechanism comprising:
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(a) a dose counter

(b) a external timer

(c) a cylinder, part of said gas reservoir, or coupled with
said gas reservoir at one circular end via an air tube
and a big opening at the other circular end;

(d) a piston having a rubber ring gadget mounted on its
side and sliding in said cylinder;

(e) a slide or a rod having two holes at pre-designed
positions and at one end being attached to or
coupled with said piston via said big opening of said
cylinder, being inserted into a trough between said
two body pieces of said drug feeder with the other
end being coupled with said dose counter and said
external timer;

(f) a spring being sandwiched between said big
opening and said two body pieces, used to bias
back said feeding slide after being released by said
external timer,;

whereby one of said two holes is designed to feed said

drug powder and the other is designed to open said arr

path for said suction-actuation mechanism so that the
user can only inhale after said inhaler properly feeds

said drug powder.
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39.The inhaler of claim 21 wherein said sensor or sensors that detect
the changes of said gas reservoir in volume, in pressure or in both
can be selected from the group comprising:

(a) a piston that can directly detect and react to the
changes in both volume and pressure of said gas
reservoir;

(b) a pressure gauge that can detect the change in
pressure of said gas reservoir;

(c) other sensors that can detect the change in pressure
of said gas reservoir and/or the change of the
position of said piston;

whereby the use of said piston as a sensor and a

reactor can simplify said inhaler and make said inhaler

more compact as seen in the drawings and in the

specifications.

SEQUENCE LISTING Not Applicable.
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