Office de la Proprieté Canadian CA 2463660 C 2007/09/11

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 463 660
Un organisme An agency of 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(22) Date de depot/Filing Date: 1999/06/14 (51) CLInt./Int.Cl. A67M 715/00 (2006.01)
(41) Mise a la disp. pub./Open to Public Insp.: 1999/12/16 (72) Inventeurs/Inventors:
“1; . ABRAMS, ANDREW L., US;
(45) Date de délivrance/lssue Date: 200/7/09/11 GUMASTE. ANAND V. US:
(62) Demande originale/Original Application: 2 334 590 FLEMING, SCOTT, US
(30) Priorites/Priorities: 1998/06/12 (US09/097,1006); (73) Propriétaire/Owner:
1998/06/12 (US09/097,105); 1998/06/12 (US09/097,104) MICRODOSE TECHNOLOGIES, INC., US

(74) Agent: GOWLING LAFLEUR HENDERSON LLP

(54) Titre : DISPOSITIF D'INHALATION
(54) Title: INHALATION DEVICE

12
7
" FREQUENGY 74
SWEEP
GENERATOR
PUMP
CIRCUIT o

80

FREQUENCY
GENERATOR

IMEMOR
i B2
FEEDBACK P R
CONTROLLER | — e nmggr
84 86

-nbbvdh = S=————
Shavmy  ‘hemrds
e s P—

—m [ e ad -
i — Sl ey o
i ———

(57) Abréegée/Abstract:

A dry powder Inhaler comprises a chamber for holding a dry powder, having a vibrator operatively connected to the chamber for
deaggregating the dry powder, whereupon the deaggregated dry powder may be picked up by an air stream generated by
Inhalation of a user, and carried for introduction into the user. The improvement of the invention lies in the presence of at least two
vibrators designed to vibrate at different frequencies.
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Abstract
A dry powder inhaler comprises a chamber for holding a dry powder, having a
vibrator Operatively connected to the chamber for deaggregating the dry powder,
whereupon the deaggregated dry powder may be picked up by an air stream generated by
inhalation of a user, and carried for introduction into the user. The improvement of the

invention lies in the presence of at least two vibrators designed to vibrate at different

frequencies.
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~ Inbhalation Device

. ~ Field of the Invention -

The present invention relates geﬁerally to the field of metering,
packaging and del;ivery of pharmaceuticals and drugs. Particular utility for
the present invention is found in the area of facilitating rneterihg and‘-
packaging of drv powder medications and /or inhalation of powdered

medications, although other utilities are contemplated, including other medicament applications

Reilated Art

v v~ s~ = i——- P

;
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Certain diseases of the respiratory tract are known to respond to
treatment by the direct application of therapeutic agents. Asthese agentsare '
most readiiy available in dry powdered form, their ap‘éijca"cion 1s most '
conveniently accomplished by inhaling the powdered material through the-
nose or mouth. This powdered form results in the better utilization of the
medicament in that the drug is deposited exactly at the site desired and where

its action may be required; hence, very minute doses of the drug are often

equally as efficacious as larger doses administered by"oth”er means, with a

consequent marked reduction in the incidence of undesired side effects and

medicament cost. Alternatively, the drug in this form mayv be used for

- freatment of diseases other than those of the respiratorv svstem. When the

drug is deposited on the very large surface areas of the lungs, it may be very
rapidly absorbed into the blood stream; hehce, this rhethod_ of application
may take the place of administration by injection, tablet, or other conventional
means. N

it is the opinion of the pharmaceutical industry that the bicavailability
of the drug is optimum when the drug particles delivered to the respiratory
tract are between 1 to 3 microns in size. When the drug particles need to be in
this size range the dry powder delivery system needs to addréés a number of
1Ssues:

(1) Small size particles develop an electrostatic charge on therﬁselx’es

during manufacturing and storage. This causes the particles to agglomerate
1 |
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1  oraggregate, resulting in clusters of particles which have an effective size
2 greater than 5 microns. The probability of these large clusters making it to the
3 deep lungs then decreases. This in turn results in a lower percentage of the
4  packaged drug being available to the patient for absorption.
5 (2) The amount of active drug that needs to be delivered to the patient
6 may be of the order of 10s of Hﬁcrograms. Por-ekample, albuterol, in the case
7  ofadrugused in asthma, this is usually 25 to 50 micrograms. Current
8 manufacturing g equipment can effectively deliver aliquots of drugs in
9  milligram dose range wzth acceptable accuracy. So the standard practice is to
10 mix the active drug with a filler or bulkmg agent such as lactose, This
11  additive also makes the drug “easy to flow”. This filler is also called a carrier
12 since the drug particles also stick to these particles through electrostatic or
13 chemical bonds. These carrier particles are very much larger than the drug
14 particles in size. The abilify of the dry powder inhaler to separate ‘drug from
15 the carrier is an important performance parameter in the effectiveness of the
16  design.
17 (3) Active dmg particles with sizes grea‘t'er fhéii 5 microné will be
18  deposited either i in the mouth or throat. This mtroduces another 1evel of
19  uncertainty since the b1oava1lab1htv and absor ptlon of the drug in these .
20 locations is different from the lungs. Dry powder inhalers need to minimize
21 the drug deposited in these locations to reduce the uncértaiﬁty‘ associated
22 with the bioavailabilit‘y of the drug. |
23 - Prior artdry powder inhalers (DPIs) usually have a means for
24 introducing the drug (active drug plus carrier) into a high velocity air stream.
2>  The high velocity air-stream is used as the primary mechanism for br eakmg
26  up the cluster of micronized partlcleb or separating the drug particles from
27  the carrier. Several inhalation devices useful for dispensing this powder form
28  of medicament are known in the prior art. For example, in U.S. Patent Nos.
29

3,507,277; 3,518,992; 3,635,219; 3,795,244 and 3,807,400, inhalation devices are
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1 disclosed having means for piercing of a capsule containing a powdered

2  medicament, which upon inhalation is drawn out of the pierced capsﬁle and

3 into the user’s mouth. Several of these patents disclose propeller means,

4 which upon inhalation aid in dispensing the powder out of the capsule, so

5  thatitis not necessary to rely solely on the inhaled air to suction powder from

6 the capsule. For example, in U.S. Patent No. 2,517,482, a device is disclosed

7 having a powder con;éining capsule placed in a lower chamber before

8 inhalation, where it is pierced by manual depression of a piercing pin by the

9  user. After piercing, inhalation is begun and the capsule is drawn into an
10  upper chamber of the device where it moves about in all directions to cause a
11  dispensing of powder through the pierced holes and into the inhaled air
12  stream. U.S. Patent No. 3,831,606 discloses an inhalation device having
13 multiple piercing pins, propeller means, and a self-contained power source
14 for operating the propeller means via external manuai manipulation, so that
15 upon inhalation the propeller means aids in dispensing the powder into the
16  stream of inhaled air. See also U.S. Patent No. 5,458,133. -
17 These prior art devices present several problems and possess several
18 dis.advantages which are remedied by the inhalation devices of the present
19 invention. For instance, these prior art devices require that the user exert
20  considerable effort in inhalation to effect dispensing or withdrawal of powder
21  from a pierced capsule into the inhaled air stream. With these prior art
22 devices, suction of powder thrcugh the pierced holes in the capsule caused by
23  inhalation generally does not withdraw all or even most of the pow'der out of
24 the capsule, thus causing a waste of the medicament. Also, such prior art
25  devices result in uncontrolled amounts or clumps of powdered material being
26  inhaled into the user’s mouth, rather than a constant inhalation of controlled
27  amounts of finelv dispersed powder.
28 The above description of the prior art is taken largely from U.S. Pat.
29  No. 3,948,264 to Wilke et al, who disclose a device for facilitating inﬂalation of

CA 02463660 2004-04-27
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a powdered medication that includes a body portion having primary and
secondary air inlet channels and an outlet channel. The secondary inlet
channel provides an enclosure for a capsule containing the powdered
medication and the outlet channel is formed as a mouthpiece protruding from
the body. A caps‘ule plercng structure is provided, which upon rotation puts
one or more holes in the capsule so that upon vibration of the capsule by an
electro-mechanical vibrator, the powdered drug may be released from the
capsule. The piercing means disclosed in Wilke et al includes three radially
mounted, spring-biased piercing needles mounted in a trochoidal chamber.
Upon hand rotation of the chamber, simultaneous inward radial ;motior-l of the
needles pierces the capsule. Further rotation of the chamber allows the

needles to be retracted by their spring mountings to their original positions to

- withdraw the needles from the capsule. The electromechanical vibrator "

includes, at its innermost end, a vibrating plunger rod which projects into the
intersection of the inlet channel and the outlet channel. Connected to the
plunger rod is a mechanical solenoid buzzer for energizing the rod to vibrate.
The buzzer is powered by a high energy electric cell and is activated by an
external button switch. According to Wilke et al, upon inhalation through
outlet channel 3 and concurrent pressing of switch 10d to activate the
electromechanical vibrating means 10, air is sucked through inlet channels 4
and 12 and the air stream through the secondary inlet channel 4 raises the
capsule up against the vibrating plunger rod 10a. The ‘capsule is thus vibrated
rapidly with powder being fluidized and dispensed from the pierced holes
therein. (This technique is commonly used in manufacturing for dispensing
powder through a hopper where the hopperois vibrated to fluidize the
powder and move it through the hopper outlet. The pierced holes in the
capsule represent the hopper outlet.) The air stream through inlet channel 4
and 12 aids in withdrawal of powder from the capsule and carries this

powder through the outlet channel 3 to the mouth of the user.” (Wilke et al, .

4
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1  column 3, lines 45-55). Wilke et al further discloses that the electromechanical |

2 vibrator means may be placed at a right angle to the inlet chamber and that

3 the amplitude and frequency of vibration may be altered to regulaté

4  dispensing characteristics of the inhaler.

5 Thus, as noted above, the vibrator in Wilke et al’s disclosed inhaler is

6 an electromechanical device consisting of a rod driven by a solenoid buzzer.

7 (This electromechanical means may be a motor driving a cam [Col. 4, Line

8  40]). A disadvantage of the inhaler implementation as disclosed by Wilke is

9 the relativelv large mechanical movement required of the rod to etfectively
10  vibrate the capsule. The large movement of the rod, usually around 100s of
11 microns, is necessary due to the elasticity of the capsule walls and inertia of
12 the drug and capsule.
13 Moreover, solenoid buzzers typically have operating frequencies less
14  than 5 Khz. This operating frequency tends to be noisy and therefore is not
15  desirable when incorporated into a dry powder inhaler from a patient’s
16  perspective. A further disadvantage of the electrochemical actuators of Wilke
17 is the requirement for a high energy source (Wilke et al, Col. 3, line 38), thus
18 requiring a large battery source or frequent changes of the battery pack for
19  portable units. Both these features are not desirable from a patient safetv and
20  “ease of use” standpoint.
21 The inhaler of Wilke et al is primarily intended to reduce the amount of
22 powder left behind in the capsule relative to other inhalers cited in the patent
23 disclosure. (Wilke et al, Col. 4, lines 59-68, Col. 5, lines 1-48). However, Wilke
24 et al does not address the need to deaggregate the powder into particle sizes
25  or groups less than 6 microns in size as is required for effective delivery of the
26  medication to the lungs; rather Wilke et al, like the prior art inhalers continues
27  torely on the air stream velocity to deaggregate the powder ejecte\d into the
28  air stream, into partic:‘le sizes suitable for delivery to the lungs.

CA 02463660 2004-04-27
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1 - Another prior art inhalation device is disclosed in Burns et al U.S.

Mo

Patent No. 5,284,133. In this device, a liquid medication is atomized by an
ultrasonic device such as a piezo element (Burns et al, Col. 10, lines 36-51). A
stream of air, usually at a high velocity, or a propellant then carries the
atomized particles to the patient. The energy required to atomize the liquid
medication in the nebulizer is prohibitively high, making this approach for
the delivery of drugs to the lungs only feasible as a desk top unit. The.high

voltage requirements to drive the piezo, to produce the necessary mechanical

O 0 N O U e W

displacements. also severely effects the weight and size of the device. Itis

10 also not obvious that the nebulizer operating principles can be applied to the
11 dry powder innalers ror delivery or powder medication to the lungs. '
12 The prior art devices therefore have a number of disadvantages which
13 makes them less than desirable for the delivery of drv powder to the lungs.

14  Some of these disadvantages are:

15 - e The performance of the prior art inhalers depends on the flowrate

16 generated by the user. Lower flowrate does not result in the

17 powder being totally deaggregated and hence adversely affects the
18 dose delivered to the patient.

19 e Inconsistency in the bioavailability of the drugs from dose-to-dose
20 because of lack of consistency in the deaggregation process.

21 e Largeenergy requirements for driving the electromechanical based
22 ‘ inhalers which increases the size of the devices making them

23 - unsuitable for portable use. ‘

24 In our prior U.S. Patent No. 5,694,920, issued December 9, 1997, we

25 provide an inhaler that utilizes vibration to facilitate suspension of powder
26  into a gas that overcomes the aforesaid and other disadvantages and

27  drawbacks of the above prior art. More particularly, the inhaler of our
28  aforesaid patent includes a piezoelectric vibrator for vibrating the powder. A

29 controller is provided for controlling supply (i.e., amplitude and/or

6
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1 frequency) of actuating electricity to the vibrator so as to cause vibration of
2 - the powder that is adapted to bptimally suspend at least a portion of the
3 powder into the gas. As described in our aforesaid patent, the controller may
1 include a user-actuable control for permitting the user to selec{ the vibration
5 frequencies and/or amplitudes for optimally suspending in the gas the type
6 of powder currently being used in the inhaler. The user-actuable control is
7  pre-calibrated with the controller to cause the controller to adjust the
§ fréquency and/or amplitude of actuating electricity supplied to the vibrator
9  tobe that necessary for vibrating the type of powder selected by the user-
10  actuable control in such a wéy as to optimally suspend at least a porﬁon of the
11 powder into the ¢gas. The user-actuable control may include selection
12 gradations in terms of the average size of the powder particles to be
13 suspended in the gas, and/or in terms of desired vibration frequencies and
14 amplitudes. Vibration frequency would be adjusted to at least about 12 KHz,
in order to optimally suspend such commonly used powdefed medications in
16  the gas. Of course, vibration frequency and ampiitude may be adjusted to
17 optimize suspension of the powdered medication being used.
18 An electrostatic field that is established across the air stream, whereby
19 by controlling the strength of the electrostatic field primarily only particle
20 . sizes of interest are introduced into the air stream, while larger size particles
21 areleft behind in the container. This reduces the inconsistency associated
22 with the bioavailability of the drug because of the large particles being
23 deposited into the mouth or throat as is common with devices described in prior art.
24 '. Summary of the Invention
25 The prééent invention‘iprovides an improvement over prior art
inhalation devices such as described in our aforesaid US. Patent No.
27 5,694,920. In one embodiment of the invention, the inhaler contains two or
28 . more vibrator means or piezoelectric elements so that different drugs, i.e. of
29

different particle size, may be delivered from the same inhaler.
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1 In yet another embodiment of the invention, the piezoelectric elements
2 are switched between two or more set frequencies, or frequencies swept so as -
3 toavoid potentially setting up standing waves in the powder.

4 In yet another embodiment of the inventi oﬁ, the inhaler includes

5 electronic circuit;ry for recording and/or controlling one or more functions
6 such asdose counting, patient compliance mohitoring, and patient

7  compliance reminders. Also, the inhaler may be programrhed accord'ing to a

8 deli-very protocol ie. to alter the quantity of drug déliveredover time. If

9  desired, the inhaler also may include an environmental sensor and knockout
10 control, for example, fo deacti‘vate' the inhaler in the \ever-xt 1t 1S inaa\rertently
11  exposed to too high a temperature, a clock to deactivate the inhaler in the
12 event its shelf life is exceeded, and /or a security/safety lock-out.
13 Still vet another embodiment of the present invention provides anvair
14 flow sensor for controlling various components of an inhalation device.

- 15 Included in the preferred embodiment is an acoustic cdntrollexf,- the acoustic
16 controller including an acoustic element to sense air flow around the element
17 - and for producing signals represeﬁtaﬁve of a frequency and amplitude of the
18 air tlow, the signals being used to control (e.g., activated, deactivate, apply
19 -. incremental voltage, etc.) certain components of the inhalation device. .

20 - Preferably, acoustic element is a microphone element or pressure

21 transducer positioned within the air passage of an inhalation device, (e.g., a

22 dry powder inhaler) that produces signals in response to the inhalation air

23 flow, these signals are used to control certain components of the inhaler, e.g.,

24 a high frequency vibrator, an electrostatic plate, timer, counter, etc. Also

25  preferably, these signals are used to activate/control certain components of
the inhalation device to maximize the inhalation effectiveness to obtain

27  maximum patient benefit from medicament.

28 Thus, the present invention provides a fully éutoma‘ted inhalation

29

device, that is breath activated, that permz 5 optimal utilization of the

8
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particular medication. For example, acoustic .'s,ignals can be used to trigger

the high frequency vibrator and electrostatic plate onlv when the patient has
achieved optimum (e.g., maximum) inhalation effort, thereby ensuring' that
the full (proper) dosage of medicament properly enter the patient’s
respiratory systeﬁx. Alternatively, these sign::ﬂs (breath-activated signals) can
be used to progressivelv a-pply increasing power to, or, sequentially
activate/deactivate the various components of the inhalation device to
achieve optimal inhalation dosage.

The present invention also relates to the packaging of dry powders and
particulaﬂy to the metering and packaging of precise quantities of
pharmaceuticals and drugs for medical uses.

The certification of new pharmaceuﬁcals 15 a lengthy and costly process
involving animal studies followed by chemical trails to establish both efficacy
and safety. Because a pharmaceutical’s characteristics may be af_fectéd by
changes in manufacturing and/or packaging, the approval process limits the
approval to a particular manufacturing and packaging process.

" In our earlier U.S. Patent 5,699,649, granted December 23, 1997, we

describe a method and apparatus for packaging microgram quantities of fine

powders such as pharmaceuticals using electrostatic phototechnology +

techniques. More particularly, as described in our aforesaid U.S. Patent
5,699,649, the ability of powders to acquire an electrical charge

advantageously is utilized for precisely measuring exact microgram

- quantities of the powder, whereupon these exact microgram quantities are

then placed in individual containers, and the containers sealed.

Electrostatic charge has been employed to attract a given quantity of
powder to a surface. An example of this is the laser printer or the electrostatic
copy devices where a drum is charged and toner particles are attracted and-

held in position by the charge. The charge on the drum is neutralized by the

- attracted toner powder, thus limiting the amount of toner in accordance with
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1 . the charge image on the drum. The charge on these printer drums is then
2 , trans‘ferred to a sheet of paper or other carrier to give a final image. Inour
3- U.S. Patent 5,699,649, the same electrostatic charge téchhology is employed
4 for transferring a predetermined amount of a finely powdered
5 pharmaceutical or drug to a carrier or an intermediate such as a drum,
6 carrying a charge of predetermined intensity and area, rotating the charged
7 drum su'r'face‘; carrying the predetermined amount of powdered
8 pharmaceutical or drug on its surface, to a transfer station where the 'charge 1S
©9  overcome and the dry powder is transferred to a p\ackag'e which is then
10 sealed. In lieu of é drum, a belt, or other movable surface is chartged to a
11  given potential in a localized area.
12 When a 'gi\ren.aniéglnt‘of a powdered pharmaceutical or drug is to be
13 packaged, the charge and areaof charge can-.be determined experimentally
14 for each dose of pharmaceutical or drug and each pa.rti‘c‘lé size distribution.:
15 This can be done by controlling either the charged area for a given charge
16  density or the total el.é.c,trostaﬁc.charge on any individual charged area. These
17  conditions can be adjusted to provide essentially the exact desired amount of.
18  the particular pharmaceutical or drug to be transferred at the transfer station.
19 In the presenf invention, the electrostatic charge technology descr‘ib'ed‘ -
20 in our aforesaid U.S: Patent 5,699,649 is adopted to be used for measuring and
21 packaging unit doses of a pharmaceutical or drug'in a readily ingestible form,
22 1i.e.as a tablet or capsule. The technology thus described permits reproducible
23  precise measurement and packaging of a pharmaceutical or drug,' and which
24 may be scaled from laboratory to pilot plant to full scale productidn without
25  the need for recertification.
26 - Still other teatures and édvantages of the present invention may be
27  seen from the following detailed description, taken in connection with the
28  attached drawings, wherein like numerals depict like parts, and wherein:
29 - Brief Desgripﬁon of Drawings

Figure 1 is a perspective view of an inhaler of the prior art;
10
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1 Figure 2 is a rear plane view of the inhaler shown in Figure 1;
2 Figure 3 is a longitudinal cross-sectional schematic view of the inhaler
3 of Figure 1;
4 Figure 4 is a functional block diagram of the vibration control system
5 of one embodiment of Figure 1;
6 Figure 5 is a functional block diagram of the vibration control system
7 of another embodiment of the imnvention; ‘
8 Figures 6-10 are function block diagrams of the vibration control
9  systemin accordance with still yet other embodiments of the invéntion; and
10 Figure 11 is a view, similar to Figure 3 of vet another embodiment of
11 theinvention. . |
12 Figure 12 is a cross-sectional view of a typical inhalation device and the
13 acoustic controller of the present invention;
14 Figure 13 is an expanded cross-sectional view of Figure 12;
15 Figure 14 is a functional block diagram of a preferred embodiment of
16  the acoustic controller of the present invention;
17 Figure 15 shows a schematic representation of the attraction of
18 negatively charged powder particles to a support having a positive chargé on
19  the surtface thereof; ' '
20 Figure 16 shows a block diégram of the various steps involved in
21  practicing the invention;
22 Figure 17 is a schematic representation of one form of drum type
23 electrostatic device for transferring given small quantities of powdered drugs
24 from an electrostatic attraction station, where a given quantity of powdered
25  drugis attracted to and neutralizes a given charge on the drum, and a
26  subsequent transfer station where the drug is transferred from the drum to a
27  package therefor;
28 Figures 18 and 19 are schematic functional representations of preferred
29  components employed in the Fig. 17 type of apparatus; |

CA 02463660 2004-04-27
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Figure 20 shows a different system wherein separate carriers, haizing
micrénized drug particles electrostatically attached to their surface, are used
to carry the drug to the charged transter surface;

Figures 21 and 22 show methods of aerosolizing the powdered drug
and ionizing the drug to give it a specific charge;

Figure 23 shows a graph illustrating the percentage of suspended
particles as a function of time and size, permitting creation of a suspended
particle stream of any given desired size distribution;

Figure 24 shows another embodiment of applying the aerosolized drug
to a drum carrving charge “image”,

Figure 25 illustrates an ion projection system for creating the charge
“image” on a dielectric surtace;

Figure 26 is a view similar to Fig. 16, and illustrating an alternative
embodiment ot the invention;

Figure 27 1s a view simular to Fig. 16, and illustrating another -
alternative embodiment of the invenition:

Figure 28 is a view similar to Fig. 16, and illustrating yet another
alternative embodiment of the invention; and

Figure 29 is a view similar to Fig. 16, and illustrating still vet another
alternative embodiment of the invention.

Figures 1-3 illustrate an embodiment 10 of inhaler made in accordance
with our aforesaid U.S. Patent No. 5,694,920. Inhaler 10 includes a hard )
plastic or metal housing 18 having a generally L-shaped longitudinal cross-
section. Housing 18 includes four air flow openings 20, 28, 30, and 32. Inhaler
10 includes a main air flow passage 26 which extends the length of the
housing 18 from the front 22 (at opening 20) to the rear 24 thereof (at opening
28) and has a generally square-shaped transverse cross-section, so as to permit

air flow therethrough (denoted by arrow F in Figure 1).
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1 Secondary air conduit 31 is generally L-shaped and runs longitudinally
2 from opening 30 in the rear 24 surface of the housing 18 to main passage 26.
3  One-way flow valve 50 is mounted to the inner surface 33 of the main passage
4 26 via a conventional spring-biased hinge mechanism (not shown), whuch is
5 adapted to cause the valve 50 to completely block air flow S through the
6 conduit 31 to the main passage 26 when the pressure of the air flow F in the

main passage 26 is below a predetermined threshold indicative of inhalation
through the passage 26 by a user.
Powder dispensing chamber 54 is formed in housing 18 fo;' holding a

capsule 34 of powder medication to be inhaled. Housing 18 includes a

" moveable panel portion 32 in the rear 24 for permitting the capsule 34 to be

introduced into the chamber 54 and placed on the seating 52 of vibration
means 36 between guiding means 60A, 60B. Preferably, means 36 comprises a
hard plastic or metallic protective shell 37 enclosing a piezoelectric viBrath
90. (Figure 4). Preferably, vibrator 90 is mechanically coupled through the
shell 37 via a disk (not shown) to. the drug cartridge 34 so as to permit
maximum vibratorv enérgy to be transmitted from the vibrator 90 through
the shell 37 to the cartridge 34. Guiding means 60A, 60B includes two
surfaces which slant downwardly toward the éeating 52 so as to permit easy
introduction and retention of the capsule on the seating 52 in the chamber 51.
Removable panel 32 includes another air inlet 34 for permitting additional air
flow S2 from the chamber 51 through conduit 61 into conduit 31 during
inhalation by the user. Preferably, panel 32 and housing 18 include
conventional mating mounting means (not shown) for permitting the panel 32
to be removablv resecurable to the housing by the user between introduction
of fresh (i.e., completely full) capsules and removal of spent (i.e., empty)

capsules.

Inhaler 10 also includes a conventional miniature air stream velocity or

pressure sensor 40 mounted on the inner surface of the conduit 26 so as to

13
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sense the speed and/or pressure of the air stream F. Prefefably, sensor 40

comprises a conventional spring-loaded flapper-yield switch which generates
electronic signals indicative of the speed and /or pressure of the air stream F
in the conduit 26, and transmits those signals via electrical connection 42 to
electronic control circuitry 48 contained in housing 18 for controlling
actuation of the vibrator means based upon those signals.

Preferably, the control éircuitry 48 i1s embodied as an application
specific integrated circuit chip and/or some other type of very highly
integrated circuit chip. Alternatively, control circuitry 48 may take the form
of a microprocessor, or discrete electrical and electronic comp‘onents.. As will
be described more fully below, the control circuitry 48 determines the
amplitude and trequency of actuating power to be supplied from
conventional power source 46 (e.g., one or more D.C. batteries) to the
piezoelectric vibrator to thereby control vibration of the vibrator. The
actuating power is supplied to the piezoelectric element 90 via electrical
connection 44 between the vibrator and the circuitry 48.

Piezoelectric element 90 1s made of a material that has a high-
frequency, and preterably, ultrasonic resonant vibratory frequency (e.g.,
about 15 to 100 MHz), and is caused to vibrate with a particular frequency
and amplitude depending upon the frequency and/or amplitude of excitation

electricity applied to the piezoelectric element 90. Examples of materials that

- can be used to comprise the piezoelectric element 90 include quartz and

polycrystalline ceramic materials (e.g., barium titanate and lead zirconate
titanate). Advantageously, by vibrating the piezoelectric element 90 at
ultrasonic frequencies, the noise associated with vibrating the piezoelectric
element 90 at lower (i.e., non-ultrasonic) frequencies can be avoided.
'Turning specifically to Figure 4, the various functional components

and operation of the control circuitry 48 will now be described. As will be

understood by those skilled in the art, although the functional compoﬁents |
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shoix_m in Figure 4 are directed to an analog realization of the control circuitry
48, the components of Figure 4 could be appropriately modified to realize
control circuitry 48 in a digital embodiment without-de‘parting from this
embodiment 10 of the present invention. . '

Control cifcuitry 48 preferably includes actuation controller 70 and
vibratorv feedback control system 72. Actuation controller 70 comprises a
convenhonal switching mcchamsm for permitting actuating power to be .
supphed from the power source 46 to the control system 72 depending upon
the signals supplied to it from sensor 40 and the state of the power switch 12.
In other words, controller 70 permits actuating g power to be supplied from the
source 46 to the system 72 when the sliding indicator bar 14 of switch 12 is set

to the "ON" position in channel track 16 and the inhalation sensor 40 supplies

signals to the controller 70 that indicate that the inhalation is occurring

through the main passage 26. However, controller 70 does not permit

actuating power to flow from the source to the system 72 when either the

switch 12 is set to “OFF” or the signals supplied to the controller 70 from the

sensor 40 indicate that inhalation is not taking place through the conduit 26.

When controller 70 first permits actuating g power to be supphed from

the source 46 to the teedback control wstern 72, the svstem 72 enters an

1mt1ahzatlon state wherein controllable means for supplying a predetemuned
'rreq.uency and amplitude of actua’cing electricity 74 1s caused to generate
control signals tor causiﬁg conventional pump circuit 80 to generate an initial
desired frequency and amplitude of actuating elec:trlatv based upon stored
values thereof stored in the initialization memory means 32. Preferably,
means 74 comprises conventional frequen.cy sweep generator and trequency
generator means 76 and 78, respectively. The signals generated by means 74
are then supplied to charge pump circuit 80 to cause circuit 80 to supply the

piezoelectric element 90 with actuating electricity specified by the signals.
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1 Preferably, the initial frequeﬁcy and amplitude of actuating electricity
2 suppiied to the piezoelectric element 90 is pre-calibrated to cause the
3 piezoelectric element 90 to vibrate at its resonance frequency when no
4  powder cartridge or powder is placed on the means 36. As will be
5 appreciated by those skilled in the ért, maximum transfer of vibratory power
6 from the piezoelectric element to the powder in the container 34 takes place
7. when the piezoelectriZ element vibrates at its resonant frequency. It has been -
8 tound that this results in maximum de-—aggregation aﬁd.sﬁ.?,pension ofthe -
-9 powder from the container 34 into the air to be inhaled by the user: However,
10 when the containei°‘34\or powder is placed on the vibrator means 36, the
11  weight and volume of the powder container, and the weight, voiume, and
12 particular size of the powder to be suspended by the piezoelectric element can
13 change the vibration clnafacteristics of the piezoelectric element, and cause the
14 piezoelectric element to vibrate at other than its resonant- freqﬁency-. This can
15  result in reduced vibratory energy transfer to the powder from the
16  piezoelectric element, and thereby, lessen the efficiency Qf the piezoelectric
17 element in de-aggregating and suspending the powder in the air inhaled by
18  theuser.
19 The feedback control system 72 overcomes this prbbl—em. In.control
20 system 72, after the initial frequency and arﬁplitude.of actuating electricity are
21  supplied to the piezoelectrie element 90, the frequency generating means 74
22 systematical'l}' gene‘fa{es control si gnals indicative of many diffefent
23 amplitudes and frequencies of electricity for being .supplied to the
24 pieZOelectric element 90 by the circuit 30. As the generating means 74 “cycles
25  through” the different frequencies and amplitudes, the instantaneous power
26  transfer characteristics of the piezoelectric element 90 for each of these
27 different frequencies and amplitudes are determined by the detector 88,
28 which transmits this information to the peak power detector 86. Peak
29 detector 86 analvzes the instantaneous power transfer characteristics of the
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piezqelettric element 90 and signals the sample and hold feedback controller

84 when the power transfer characteristics are at local maxima. The controller

84 correlates these local maxima with the frequencies and amplitudes

commanded by the generator 74 to be supplied to the piezoelectric element

90.

After the frequency generator 74 has finished its sweep through the
frequencies and amplitudes of pQWer supplied to the piezoelectric element 90,
the controller 84 causes the generator 74 to cvcle through the frequencies and
amplitudes ot power that resulted in local maxima, and then determines

which of these frequencies and amplitudes results in optimal power transfer

characteristics thr'ough the piezoelectric element 90.

Completing the controller 72 is a clock 500 which is tripped when
actuating electricity is first supplied to the piezoelectric element 90. Clock 500
includes a counter which prevents a second activation of the piezoelectric
element folr.a preset period of time. Thus, overuse and overdosing bv the
pétient are prevented. ) .

In operation of embodiment 10, the drug-containing package 34 is
punctured and inserted onto the surface 52 of vibx_jﬁ__.ator 36 in chamber 51 in the
ma_nn'er described -préviously. i The power switch 12 is placed in the “ON” '
position and the user inhales air through the c‘onduit 26, air flow Fis “

generated through conduit 26. This causes one-way valve 50 to deflect to

~admit air flow S through opening 30 into conduit 26, and also causes air flow

S2 through opening 34 and chamber 51 into conduit 26. The inhalation of air
stream F is sensed by sensor 40 and is signaled to actuation controller 70,
which causes power to be.supplied to the controller 72. The controller 72 then
adjusts the amplitude and frequency of éctuating power supplied to the
piezoelectric element until they are optimized for the best possible de-

aggregation and suspension of the powder P from the capsule into the air

stream F via air flows S and S2.

17
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1 | Figure > illustrates another embodiment of the invention. Figure 5is
2 similar to Figure 4, except the clock 500 is replaced with a counter 502 which
3 counts the number of doses delivered by the device. Counter 502 is connected
4  toadisplay 54 which d1sp1avs the number of doses detlivered, or, optlonally,
5  the number of doses remaining.
6 Figure 6 illustrates yet another embodiment of the invention. The
7 Figure 6 embodimentis similér to the Figure 4 embodiment, except the clock
8  300is replaced by an internal monitor which contains a record of inhaler use.
9 . Completing the Figure 6 embodiment is a hatch 510 through which a -
10 physician mayaccess, read and/or download the data from monitor 508,
11 wherebv to determine patient compliance. . o
12 Figure 7 illustrates yet another embodiment of the invention. The .
13 - Figure7 embodiment 13 similar to the Pigui‘e 4+ embodiment except in the
14 Figu;‘e 7 embodiment, clock 500 counts time for the purpose of reminding a
15  patient to use the inhaler. Thus, clock 500 is .c,o“nnected to a tone generator 514.
16 Figure § illustrates yet another embodiment of the invention. The
17 Figure 8 embodiment is similar to the Figure 4 embodiment, exce\pt that it
18  includes a clock or counter 316 which sends a signal to controller 84 to alter .
19 the activation time, 1.e. to a shorter or longer period, whereby to alter the
20 quantity of drug delivered; e.g. to increase or decrease dosage over time. __
21 Alternatively, ciock 516 may pe P ogrammed to disable the inhaler once a
22 certain date is passed, i.e. 50 as to avoid possible use of out-of- date drugs
23 - Figure 9 illustrates vet anothe\r embodiment of the mvent_lon. Figure 9
is similar to Figure 4, except the counter or clock 500 is replaced witha
25  temperature sensor 518. Certain medications are heat sensitive, and may be
26  deactivated, or rendered potentially dangerous if exposed to high
27  temperatures, for example, as might occur if the inhaler is left in an
28  automobile on a sunny day. Temperature monitor 518 will deactivate
29

controller 72 in the event a preset temperature is reached. If desired, monitor
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1 518 also could include a display warning the patient that a preset temperature
2 has been reached.
3 The Figure 10 embodiment is similar to the Figure 9 embodiment
4 exceptin the Figure 10 embodiment, the temperature sensor is replaced with
5 a”key” such as, for example, a three button keyboard bv which the user’s pin
6 code must be entered in order to activate the device. This will prevent, for
7  example, use of the inhaler by someone other than the intended patient, and
§  would prevent, for example, controlled or dangerous drugs from being used
9 by children. For ease of use, key 520 may permit the patient (or druggist) to
10 program a specific pin code for the intended user.
11 Referring to Figure 11, which illustrates vet another.embbdiment of the
12 invention, in which two piezoelectric vibrators 90A, 90B, are located side-by-
13  side within the inhaler shell. In this embodiment, piezoelectric elements 90
14  are designed to vibrate at different amplitudes and frequencies, i.e. so that, for
15 example, two different drugs advantageously may be dispersed
16  simultaneously from the same inhaler, without compromising performanée or
17  either drug. This permits delivery of two drugs which. while active together,
18  may not readily be stored together. For example, an asthma inhaler may be
19  provided containing both a bronchodilator, such as albuterol, and a steroid .
20  which may require different peizo settings. The Figure 11 embodiment
21  includes a pre-calibrated controller 112 which includes a first and a second -
22 pre-calibrated trequency/amplitude control signal generator 110A, 110B,
23 which supplies control signais to pump circuit A and pump circuit B,
24 respectively. Ot course, the pre-calibrated controller 112 may be replaced
25  with a pair of teedback controllers similar to that shown in Figure 4.
26 Referring to Figures 12 and 13, a cross-sectional view of an airflow
27  passage 212 of an inhalation device 202 is depicted. It should be noted at the
28  outset that the airflow passage 212 depicted in Figure 12 is a generalized
29

airflow passage of a typical inhalation device, such as those discussed above..
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1  However, the present invention is intended to be adapted to any inhalation
2" device, regardless of the pafticulal' geometry of the airflow passage. At its
3 most basic level, the present invention operates by providing an air tlow
4 sensor 208 to detect air flow turbulence around the sensor 208 {i.e., inspiratory
5 air flow rate of a user of the inhaler) and to control vari-ous compohents of the
6 inhalation device 202, as a function of the amplitude and/or freqﬁency of the
7 detected airflow turbulence, as described below.
8 As shown in Figure 12, air 110 (or other fluid) enters the airflow
9 passageway 212, typically by the respiratory activity of a patient inhaling on
10 the device 202. As air 210 flows through the passage 212, a poftipn thereof
11 tlows through the opening 206 in the passage 202 into a cavity 204. Placed
12 within the cavity 204 is an air flow sensing device 208. Preferably, the air flow
13 sensing device 208 is an acoustic sensing device, e.g. a microphone. Also
14 preferably, microphone 208 is adapted to produce appropriate signals 248 in
15 response to the airflow detected within the cavity 204. The amplitude and
16  frequency of the airflow within the cavity 204 is a function of the airflow rate
17 210 within the air passage 212 of the device 202. Thus, output signals 248
18  from the microphone 208 will vafy in both frequency and amplitude as a
19  function of air flow rate within the cavity (which is a function of flow rate
20 within the passage 212), and thus, can be used to control various components
21 of the inhaler 202 as a function of frequency and/ or amplitude, as described
22 below. Those skilled in the art will appreciate that the shape of the cavity 204 ‘
23 and the size of the opening 206 are chosen in accordance the particfular |
24  geometry of the air passage 212, the air flow rate 210 through the passage 212,
25 and/or the frequency response and/or sensitivity of the microphone 208; and
26  all such variations are within the scope of the present invention. Preferably,
27  asnoted above, the shape of the cavity 204 and the size of the opening 206 are
28  chosen to permit at least a portion of the air within the passage 202 to enter
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the cavity 204 with sufficient amplitude to induce a response from the
microphone 208.

Reterring now to Figure 13, an expanded cross-sectional view of an
embodiment of the air flow sensor (described with reference to Figure 12,
above) in a drv powder inhaler, such as disclosed in U.S. Patent 5,694,920.
Depicted in Figure 13 are the components of a typically dry powder inhaler
202. A mouthpiece 246 is p}'ovided for a user (i.e., patient) to inhale on the
device 202. A high-trequency vibratory mechanism 228 (e.g., piezoelectric
element, ultrasonic acoustic transducer, or other electro/mechanical vibratory
mechansm, etc.) 1S provided to vibrate a container 220 (e.g., blister capsule) of
drv powdered medicament 250 to suspend particles of the medicament into
the air passage 212. To further aid the suspension of particles, an electrostatic
potential plate 226 can be provided to draw particles of a certain chafge (i.e.,..‘a
charge opposite to that of the electrostatic plate 226) into the air stream 210.

In this embodiment, a portion 210’ of the air 210 drawn into the air passage
212 is induced into the cavity 204, to be detected by the microphone element
208. Upon detection of airflow, the microphone element produces output
signals 248 proportional in amplitude and frequency of the air flow rate
within the air passage 212. The output signals 248 are used to control either
the high-frequency vibrator 228 and/or the electrostatic plate 226, or otixer
components ot the inhaler, as described below:.

Figure 14 is a block diagram representation of the acoustic control
system of the present invention for a dry powder inhaler. As described above,
the microphone element 208 produces signals 248 in response to detected \
airflow 210". These signals are processed by an amplitude/frequency
processor 230 to condition the signals 248 and to determine the amplitude
and/or frequency of the output signals 248. The amplitude/frequency
processor produces output signals 248’ to control the high-—frequenby vibrator

and/or electrostatic plate. To that end, output signals 248’ are inpu{- Into a
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1 comparator circuit 240 and/or 232 and compared with a reference threshold
2  signal 242 and, or 234, respectively.
3 It should be understood that signals 248 and 218’ are indicative of the
4 airflow rate 210, described above. The present invention is intended to be
5 controllable as a function of frequency and/or amplitude of signals 248, thus,
6 amplitude/frequency processor can be adapted to condition the signals 248 in
7 terms of amplitude or frequency are both. Hi gh frequency vibrator threshold
8 242 produces a signal 252 which represents the minimum voltage and/or
9  frequency required to activate the high frequency vibrator controller 244
10 (which, in turn. activates the high frequency vibrator 226); Comparator 240
11 compares signal 252 with signal 248" and if the signals have equal amplitude
12 and/or trequency (within some predetermined error margin), comparator
13 activates the high frequency vibrator controller 244, which activates and
14 directly controls the high frequency vibrator 226. Similarly, electrostatic plate
15  deflector controller 236 is activated by an equal match of signals 248’ and 254
16 by the comparator 232. Electrostatic plate detector threshold 234 produces
17 signal 254 which represents the minimum voltage and / or frequency required
18  to activate the electrostatic plate 226,
19 Inspiratory capacity processor 238 is provided to compute the peék
20 inspiratory tlow 210 (represented by signals 248 and 248’) of the patient.
21 Although not shown in the drawings, this information can be used to adjust
22 the threshold signals of the high frequency vibrator threshold 242 and /or
23 electrostatic plate detector threshold 234. Of course, to accomplish this, the
24 high frequency vibrator threshold 242 and/or electrostatic plate detector
25  threshold 234 must be programmable, as is known in the art. In this way, the
26 microphone 208 can be programmed to trigger the various components of the
27  inhaler to adjust for varying inspiration flow rates from patient-to-patient or
28 individually. Thus, for example, the inspirator control scheme of the present
29  invention can be self-adjusting to account for a patient’s decrease in

22
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1  inspiratory flow rate caused by, for example, decreased lung capacity.
2 Alternatively, the processor 238 can be modified to sequentially turn on the
3 various components herein described (e.g., vibrator, electrostatic plate, etc.) at
4  optimal inhalation times (e.g., peak inhalation effort). Thus, for example, the
5  processor 238 can be modified to activate the vibrator at a time just prior to
6  the user’s peak inhalation effort, then to activate the electrostatic plate
7 subsequently, thereby inducing the medicament into the airstream at a time
8 that produces optimal respiratory absorption of the medicament. Moreover,
9  processor 236 can be adapted with appropriate memaoryv to track a patient’s
10 inspiratory tlow rate which can be used to adjust the powdered medicament
11 250 to achieve maximum medication benetit.
12 Many modifications, alternatives and equivalents are possible. For
13 example, Processor 230, threshold signal generators 234 and 242, comparators
14 242 and 232 and can be any known digital (e.g., microprocessor) or analog -
15 cdrcuitry and /or associated software to accomplish the functionality described
16  herein. Although the various components described in Figure 14 have been
17 described in a modular fashion, those skilled in the art will recognize that
18  each of these components can be discrete off-the-shelf or custom components,
19 or can be included in a single, unified system.
20 The present can be modified by permitting the microphone signais 248
21 and 248’ to directly control activation of the high frequency vibrator 228
22 and/or electrostatic plate 226, thereby bypassing the comparators 240 and /or
23 232, In this way, microphone 208 can be adapted to activate these
24  components in a binary fashion that is not dependent upon flow rate. Also, it
25  will be understood to those skilled in the art that the thresholding circuits 242
26 and 234, the amplitude/frequency processoi'_ 230 and the inspiratory capacitor
27  processor 238 can be adapted to permit user (patient) control and user-
256  definable presets (i.e., minimum flow rate for activation, etc).
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In addition, comparators 240 and 232 can be adapted to permit
genefation of activation signals based differing signal strengths and/or
frequency. Thus, for example, the high frequency vibrator can be adapted to
activate 'only when a signal frequency of 1Khz is achieved, while the

electrostatic plate will only activate when a signal strength of 35mV. is

obtained.

Other modifica‘tioﬁs are also possible. For example, the microphone
208 can be positioned directly on the inner wall of the airflow passage 212 of
the device 202, instead of within the cavity 204. Also, as shown in Figure 12, a
turbulence generator 214 can be provided to generator air turbulence within
the air passage 212. This modification, tor example, can be used; in an
inhalation device that would otherwise not permit a portion 210’ of the air 210
to enter the cavity 204. In addition, instead of a microphone 208, the acoustié
element can be any known fluid pressure transducer (e.g., air pressure
transducer) that will output appropriate signals as a function of fluid pressure
(amplitude) and /or frequency. Accordingly, the present invention can be
appropriately modified to operate in any fluid medium (other than air), to
provide automatic acoustic control.

Still other modifications are possible. For example, although not
shown in the drawings, the present invention can be provided with a timer
that is controiled by signals 248’. The timer can be appropriately modified to
control a schedule of when the device may be activated, to avoid, for example,
an overdose. Thus, for example, the timer may be modified to only permit
activation of the componénts of the device at certain times of the dav.
Moreover, the timer may be appropriately modified to permit downloading
of data related to usage (e.g., time of day used, dosage of medicament,
inhalation effort, etc.). This data can be particularly relevant for clinical trials
where it is important to track the recommended dosage and times of

medication. Of course, the previous description could be accomplished with,
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a counter, or the like, that simply counts the amount of times that the device
has been used. '

Although the present invention has been directed to an acoustic control
scheme for a dry powder inhaler 202, the present invention is not so limited.
On the contrary, the present invention is intended to be adapted for any
inhalation device that would require a control mechanism (such as described
herein) based breath (;nhalation) detection. For exampl?, an anesthetic device
could be modified with the breath sensor and controller as provided herein to
monitor and control the amount of anesthetic a patient receives.

Additionally, the acoustic sensi‘ng element can be used to measure peak
inspiratory and/or expiratory flow of a particular patient, and record this
information for downioading and analysis.

Referring to Figure 15 there is illustrated a chamber 314 containing- -
aerosolized drv powder pafticles of a pharmaceutical or drug 310. These
particles 310 are suspended in air and carry a charge, for example a negative
charge Also in the chamber is a support surface 312 havmg a charge opposite
to that on the particles. The support surface 312 will attract a number of
charged particles 310 sufficient to neutralize the charge on the surface of the

support 312. This support surface is one that can hold a discrete electrical

charge on its surtace, such as insulating material, e.g. plastic or a

| eermconductor material, such as selenium, used in the photocopy industry.

The actual amount of pharmaceutical or drug powder transferred to
the carrier sheet is a function of the mass-to-charge ratio of the powdered
particles. If one assumes surface charge saturation, the amount of charge
carried by the particles is directly related to the surface area. For spheriodal
particles, the charge varies as the square of the radius and the mass varies as
the cube. Thus, the amount of charged particles picked up by a given portion
of the surface of the charge carrier will be a function the total charge on the

carrier. Thus, with a given surface charge density on the carrier, the amount
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1 of pharmaceutical or drug powder picked ﬁp is directlv proportional to the
2  charged area. Thus, for doubling the amount of pharmaceutical or drug
3 powder to be picked up, and thus the dose amount, the area on which charge
4  is placed can be doubled. This can be used as a basic method to control the
5 amount of powdef to be picked by the carrier. Thus, for any particular
6 powder or particle size distribution of powder, the exact area and amount of =
7  charge needed can be gxpérimeﬁtally determined.
8 Referring now to Figure 16, there is a schematic flow diagram of the
9 various items of equipment needed to perform in the total process from
10 powder supplv to packaged pharmaceutical or drug, i.e. in capsule form,
11  containing a specified amount of pharmaceutical or drug powder in the
12 package. At 316is indicated the pharmaceutical or drug powder supply
13 which is fed into a device 318 for creating an aerosol of the powder. Next the
14 powder particles are ionized at 320. As will be indicated later, a number of
15 these steps and pieces of equipment can be combined. At 324 is indicated a
16  carrier surface capable of maintaining a space charge on its surface. This can
17  bea plastic belt, for example, or a selenium drum of the type used in Xerox ™
18 photocopiers. This carrier surface 324 is passed through a charging station
19 325 where a predetermined electrostatic charge 325A (an electrostatic .
20 "image") is created on a predetermined area of the transfer surface. This
21  charged surface 325A then passes through a step 326 wherein powder is
22  deposited on the carrier surface in a sufficient amount 326A to neutralize the
23  charge carried bv the carrier surface. Thereafter, the carrier surface, caftying
24 the predetermined amount 326A of powder on its surface, is passed to a
25  powder discharging device 330 which discharges the powder 326A from the
26  surface 324 into the open end of a capsule 329, which capsule is carried on a
27  conveyor belt 328. A carrier 324 and convevor belt 328 are indexed and
28  synchronized in a predetermined manner so that the electrostatic “image”
29  aligns directly over the open end of capsule 329 and powder discharging
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device 330 during the discharge sequence. At that time po'wder discharging
device 330 1s activated whereupon the predetermined amount 326 A of
powder is released from surface 325A, and talls into capsule 329. The capsule
329 containing its charge of powder 3264, then passes through a capsule
sealing step 332 wherein the capsule is capped.

As mentioned previously m discussing Figure 15, the carrier surface
with the electrostatic ghargge carries a known amount ot charge on its surface
and the polaritv of this charge is opposite to that of the powder particles
suspended in the chamber. The charged particles migrate to the charged
surface because of the attraction by the opposite nature of the charges. This
migration of the particles continues until the charge on the carrier surface is
neutralized.

The actual amount of powder mass transterred to the carrier surface is
2 function of the mass-to-charge ratio of the charged particles. Although itis
difficult to achieve a linear relationship between the mass and the actual
charge, it is possible to establish a fixed relationship between the surface area
of the powder particles and the charge the powder particle is carrying at
charge saturation. However, the surface area of a mixed group of powder
particles of different sizes and shapes can be extremely difficult to calculate
mathematically, particularly when the shapes are irregular, (e.g. non-
spherical, microcrystalline, etc.) As mentioned earlier, the simplest method '

of determining the amount and area of charge to attract a given weight of

particles is to estimate the correct area and charge and then apply the

estimated charge to the estimated area on the carrier surface 324 and expose
this selectively charged area to a mass of powder which has been ionized in
the ionizing step. The amount of powder deposited can then be readily

measured at the discharge step. Thereafter, either the size of the charged area
or the amount of charge applied to the area at the charging station 325 can be

adjusted upwardly or downwardly to provide the correct amount of charge, .
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both in area and charge intensity, for picking up a desired weight of
oppoéitely charged powder.

Referring now to Figures 17, 18 and 19, one preferred apparatus for
accomplishing the invention is illustrated schematically in Figure 17, with
details of the components thereof being shown in Figures 18 and 19. The
charge carrving surface is illustrated as a photo sensitive drum 324A which

rotates between the charge "image" exposure 325 which creates a charge

“image” 325A on the surface of the drum 324A. (see Figure 18) This “image”

. exposure can be a light source e.g., a laser beam (or other controllable photon

source), which is capable of creating an electrostatic “image” 325A on the
surface of the drum of a desired size and charge density. The charge “image”
325A is then rotated to the image development station containing an ionized
cloud of drug powder which is attracted to the charge “image” 325 to
neutralize charge in the “image”, thus,l forming a powder “image” 326A
containing a predetermined amount of powder. (see Figures 18 and 19) - This
powder “image” 326A is rotated to a drug transter station 330 where it is
released into the open ended capsule 329 carried on belt 328. This transfer to
the capsules 329 is accomplished, in one preferred embodiment, by the use of
high voltage plate 356 (see Figure 19) which overcomes the attraction of the

charged “image” 325A on the surface of the drum, thus releasing the powder

“image” 326A into the capsule 329. The pocket containing the predetermined

quantity of drug is then passed through the capsule capping step 332.
Figure 20 shows another embodiment of the invention wherein the
micronized drug particles 310 are carried on the surface of discrete carriers
360 which can be, for example, small plastic béads, for example. When these
plastic beads are contacted with an image 325A, the micronized particles 310
are transferred to the charge “image” 325A on the surface of the drum 324A

from the discrete carriers 360. To accomplish this, the positive charge on the
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1  image 325A should be higher than the positive charge on the surface of the

2 individual carriers 360.

3 Figures 21 and 22 show additional details of means for both handling

4 drugs and providing aerosolization and ionization to provide a suspended

5 stream of fine dmg powders having a predetermined size and charge. In

6 Figures 21 and 22, elements 316A, 318A and 320A and 316B, 318B and 320B

7  correspond to the equivalent elements in Figures 16, 17 and 18.
8 Since repeatability is important for drug metering it is necessary to

9 efféctively address the issue of charge-to-mass variation with particle size.
10  One method of over-coming this problem is to control the particle size '
11  distribution in the drug powder. Figure 22 shows one implemen{ation to
12 achieve this control of particle size. The voltage on the electrostatic deflector
13  is adjusted to control the particle sizes to be suspended in the holding -
14 chambef for delivery to the ionization chamber. Once the desired particle
15  sizes are suspended they are drawn into the ionization chamber to ensure
16  surface charge saturation on the parti—cles.‘ This will give a known charge to
17 the mass ratio.
18 Figure 21 shows an alternative means for controlling the size
19 distribution. A high velocity air stream is used to deaggregate the powder.
20 The deaggregated powder is then contained in holding chamber 318A. fhe
21 purpose of the holding chamber is to allow the larger size particles to settle,
22 thefeby producing a favorable pai'ticle size distribution. The particle size
23  distribution is a function of the holding time as shown in Fig. 23. The
24  suspended particles are then ionized and exposed to the charge image as
25 shown at 326 in Figure 17.
26 Fig. 23 shows the percentage of particles sizes suspended in a holding
27  chamber as a function of time. Such a chamber may be provided with a slow
28 upward flowing air current to maintain the aerosol suspension. As can be
29  seen, the percentage of suspended particles is very largely determined by
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particle size. Through experiment one can select a time slot that will give the
desired particle size distribution for any particle drug dosage. Additionaily,
or in place of settling time, one or more filters can be used tor obtaining a
given particle size range.

Fig. 24 is si:ﬁilar to Figure 18 except that the Image Development
Station 326A in this figure s replaced with a stationary electrode 326B and an
air passagewav 350 forﬁcarrying the aerosolized powder. The rotating drum
has a dielectric or photoreceptor surface 324 on to which is deposited the
latent image. As an.example the aerosolization chamber would be similar to
that shown in Figure 21. The metering chamber in Figure 21 is then the air-
passageway 325 between the dielectric surtace 324 and the stationary
electrode 326B. The undeposited powder then exits at the right side of this
air-passagewav to be collected for later use or recirculated back into the . -
aerosolization chamber. |

- Figure 25 above shows an ion projection print head where an ion beam
1s used to produce a charge “image” on a dielectric surface. The corona wire

352 has a high voltage applied to it which causes the air to breakdown and

produces the ions 352A necessary for the operation of the ion projection

printers. The remainder of the ion projection print head includes the usual
control electrode 354, screen electrode 356 and insulator 358. The relative
potential that is applied to the control and screen electrodes then regulates the
amount of ions 325C that will be metered and deposited on to the dielectric
surface 324 these ions being deposited on the surface to form the latent image
325A. Both the intensity and size of the ion beam can be adjusted as will be
apparent to one of ordinary skill in the art. The advantage of this system is

that it does not require a photosensitive surface and can therefore be rugged

making it suitable for the manufacturing environment.

The invention is susceptible to modification. For example, the -

- invention advantageously may be employed to form tablets each containing a
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1  precise amount of pharmaceutical or drug. Figure 26 is similar to Figure 16.
2  However, in the Figure 26 embodiment, tablet binder material 360 is
3 deposited in wells 362 of belt 364 at a first depositing station 366. The belt 364
4  carrying the partially filled wells 362 is then passed into powder discharging
-5 device 330, wheré the belt is indexed, as before, in coordination with carrier
6  surface 324. The predetermined amount 326A of powder is then discharged
7 from surface 324 into well 362, whereupon the belt is then moved to a well
8 filling station 368 where the wells 362 are filled. Well filling station 368 may
9 include a doctor blade (not shown) or the like, for topping the wells 362.
10 Thereatter the tilled wells pass through a tablet hardening station 370 wherein
11 the tablets are formed into unitary masses in known manner. .
12 Figure 27 illustrates another alternative embodiment of the invention,
13 in which the surface of the drum 324 bearing the charged “image” 325A is
14  passed through a powder bath or fluidized bed 380 containing the powder
15  particles. As before, the powder particles will stick only to the charged area
16  on the surtace of the drum. 4
17 Referring to Figure 28, in yet another embodiment of the invention, a
18  transport belt 382 carries a plurality of spaced edible wafers 384 or the like
19 upon which the predetermined amount of powder 386 may then be %_
20 discharged onto the individual wafers. ‘
21 Referring to Figure 29, in yet another embodiment of the invention,
transport belt 382 cafries tape or sheet 388 formed of an edible substrate such
23  asstarch. The powder particles 390 aré deposited uniformly on the sheet 388,
24  which is then stripped from the belt 382, and cut into specific sizes to
25  determine the dose.
26 As can be seen from the foregoing description, the present invention
27  permits metering and packaging of dry powder pharmaceuticals and drugs,
in a highly precise, reproducible manner. Moreover, the invention readily
29  may be scaled from laboratory, i.e desk top size, to pilot plant to full s.;;cale

ﬁ
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-1  production capacity by simply changing size and/or handling speed. Since all
2 units operate according to identical processes, the drug used for clinical trials
3 would have the same manufacturing process as in full scale production.
4 Thus, production certification may be simplified.
5 Another advantage of the present invention is that the éystem may be
6 employed to meter and deposit different drugs and/or different dosages by -
- 7 simply changing the “image”. Alternatively, dosages may be changed, e.g.
8 larger doses made, by advancing the belt in a step-wise manner so that two or
9 more printed “dots” or a printed line may be deposited at one site on the belt.
10  The belt may then be advanced, and the process continued. Still other
11 - modifications are possible. For example, the invention advantageously may
12 be used for “printing” diagnostic reagents or the like on a carrier or substrate.
13 Still other modifications and variations of the invention described -
14 = herein may be made and are intended to come within the scope of the
15  appended claims.
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The embodiments of the invention in which an exclusive property or privilege
is claimed are defined as follows:

1. In a dry powder inhaler comprising a chamber for holding a dry powder, a vibrator
operatively connected to said chamber for deaggregating said dry powder, and a passageway in
which the deaggregated dry powder is picked up and carried by an air stream generated by
inhalation of a user, the improvement wherein said chamber contains at least two vibrators
designed to vibrate at different frequencies.

‘2. In a dry powder inhaler according to claim 1, further comprising electronic control circuitry
which includes a controller for controlling dosing according to a pre-determined delivery

protocol.

3. In a dry powder inhaler according to claim 2, wherein said electronic circuitry includes a
controller for controlling the quantity of said powder delivered over time.

4. In a dry powder inhaler according to claim 3, wherein the controller varies quantity delivered
with time.

5. In a dry powder inhaler according to claim 2, wherein said electronic circuitry counts doses

delivered.

6. In a dry powder inhaler according to claim 2, wherein said electronic circuitry monitors

patient compliance.

7. In a dry powder inhaler according to claim 6, further including means for recording patient

usage, and for downloading the resulting record fo a reader.

8. In a dry powder inhaler according to claim 2, wherein said electronic circuitry includes a

clock.

9. In a dry powder inhaler according to claim 8, further including means associated with said

clock for reminding a user.

10. In a dry powder inhaler according to claim 9, wherein said means for reminding comprises a

tone generator.
11. In a dry powder inhaler according to claim 8, further comprising a lockout device associated

with said clock for limiting frequency of use of said inhaler.
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12. In a dry powder inhaler according to claim 2, wherein said electronic circuitry further
comprises a lockout device for preventing unauthorized use of said ihaler.

13. In a dry powder inhaler according to claim 2, further comprising an environmental sensor
associated with said electronic circuitry for deactivating the inhaler in the event the inhaler 1s
exposed to ambient temperature conditions outside a predetermined range.

14. In a dry powder inhaler according to claim 13, further comprising a warning display
activated by said environmental sensor when said inhaler 1s exposed to ambient temperature

conditions outside said predetermined range.

15. In a dry powder inhaler according to claim 2, wherein said electronic circuitry further
comprises a clock and lockout device for deactivating said inhaler at the expiration of a
predetermined shelf life.

16. In a dry powder mnhaler according to claim 2, wherein said electronic circuitry includes a
controller for controlling operation of at least one of said vibrators over a plurality of
frequencies.

17. In a dry powder 1nhaler according to claim 2, wherein said electronic circuitry‘ comprises a
MICroprocessor.

18. In a dry powder inhaler according to claim 2, wherein said electronic circuitry comprises a
custom integrated circuit.

19. In a dry powder inhaler according to claim 2, whérein said electronic circuitry comprises

discrete electrical and electronic components.
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