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1t is the apinion of the pharmaceutical industry that the bioavailability of the drug
is optimum when the drug particles delivered to the respiratory tract are between 1103

microns in size. When the drug particles need to be in this size range the dry powder

850

25  delivery system needs to address a number of issues:

(1) Small size particles develop an electrostatic charge on themselves during
manufacturing and storage. This causes the particles to agglomerate or aggregate,
resulting in clusters of particles which have an effective size greater than 5 microns. The
probability of these large clusters making it to the deep lungs then decreases. This in

30 turn results in a lower percentage of the drug being available to the patient for

absorption.
(2) The amount of active drug that needs to be delivered to the patient may be of

the order of tens of micrograms. Since current powder filling equipment cannot

effectively deliver aliquots of drugs in microgram quantities with acceptable accuracy,
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, isclose propeller means, whic
A y on the inhaled air to suction powder
from the capsule, For example, in U.S. Patent No, 2,517,482, a device is disclosed
having a powder containing capsule placed in a lower chamber before inhalation, where
it is pierced by manual depression of a piercing pin by the user. After piercing,

25 inhalation is begun and the capsule is drawn into an upper chamber of the device where
it moves about in all directions to cause a dispensing of powder through the pierced hole
and into the inhaled air stream. U.S. Patent No. 3,831,606 discloses an inhalation device
having multiple piercing pins, propelier means, and a self-contained power source for
operating the propeller means via external manual manipulation, so that upon inhalation

30 the propeller means aids jn dispensing the powder into the stream of inhaled air. See
also U.S. Patent No. 5,458,135.

These prior art devices present several problems and possess severa]
disadvantages, For instance, these prior art devices require that the user exert

considerable effort in inhalation to effect dispensing or withdrawal of powder from a

2
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Wilke et at, who disclose a device for facilitating inbalatiof.af-a dewgespd Further
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20  vibrator includes, at its innermost end, a vibrating plunger rod which projec
intersection of the inlet channel and the outlet channel. Connected to the plunger rodisa
mechanical solenoid buzzer for energizing the rod to vibrate. The buzzer 18 powered by
a high energy electric cell and is activated by an external button switch, Accordingto
Wilke et al, upon inhalation through outlet channel 3 and concurrent pressing of switch
75  10d to activate the electromechanical vibrating means 10, air is sucked through inlet
channels 4 and 12 and the air stream throu gh 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
30  where the hopper is 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. Witke et al further

discloses that the electromechanical vibrator means may be placed at a right angle to the
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di¥persmigrotenstaristiosioef tha;iahales, drug and driving the deaggregated
medication or drug into suspension. In one embodiment of the '809 patent described in
FIG 3, inhaler 10 includes a hard plastic or meta} 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 Ienglh c:f
the housing 18 from the front 22 (at opening 20) to the rear 24 thereof (at opening 28)
and has a generally square-shaped {ransverse cross
therethrough (denoted by arrow F in FIG, b,

-section, so as to permit air flow

| Secondary air conduit 31 is generally L-shaped and runs longitudinally from
opening 30 in the rear 24 surface of the housing 18 to main passage 26. One-way flow

valy i i
¢ 50 is mounted to the inner surface 33 of the main passage 26 via a conventional

spring-bi i i
pring-biased hinge mechanism (not shown), which is adapted to cause the valve 50 to

completely block air flow S through the conduit 31 to the main passage 26 when the
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The prior art devices have a number of disadvantages which makes them
Yesothanietssirable for the delivery of dry powder to,the lungs. Someafes/o04830
these disadvantages 5 are: The performance of the prior art inhalers
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24msiree of the housing 18 to main passage 26. One-way flow

The piszoelectric element is made of a material that has a high-frequency, and
preferably, ultrasonic resonant vibratory frequency (e.g., about 15 to 50 kHz), and is
caused fo vibrate with a particular frequency and amplitude depending upon the
frequency and/or amplitude of excitation electricity applied to the piezoelectric element.
Examples of materials that can be used to comprise the piezoelectric element include
quartz and polycrystaliine ceramic materials (e.g., barium titanate and lead zirconate
titanate). Advantageously, by vibrating the piezoelectric element at ultrasonic
frequencies, the noise associated with vibrating the piezoelectric element at lower (i.e.,
non-ulirasonic) frequencies can be avoided.

In operation a drug-containing package 34 is punctured and inserted onto the
surface 52 of vibrator 36 in chamber 51 in the manner described previously. The power
switch is placed in the “ON” position and the user inhales air through the conduit 26, air
flow F is 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

a sensor 40 and is signaled to an actuation controller {not shown), which causes power to



valve 50 is mounted to the inner surface 33 of the main passage 26 via a
conventional spring-biased hinge mechanism (not shown), which is
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the RAS3AIE R0 DY tisers Powder dispensing chamber 51 is formed in
housing 18 for holding a capsule 34 containing the Efwder medication to
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and placed on a seat 52 of vibratory element 36 between guiding means

carr g CouEDLlgst aFrat O eletRe P SEE SRS PHEES A it Blastic or metallic

pratectivershalt 34i@nslasindspiezaglepceyibralenoat SsROWN) provided a dry
Preferably, the piezoelectric vibrator is mechanically coupled to the dru

POWHEH G RORPHETRS PN (LR ViliPAROR? @ndrgP L84 b’ second chamber

'dire&f@ﬁﬁaﬁﬂ&@@édmmg@ @iﬁ@b&ﬁlﬁ%ﬁﬁéﬁ the Lastiaaaa4, BuitingingansBRAcBRE form
_ includes two surfaces which slant downwardly toward the seat 52 so as tQ
of thsefHipRYdE R CAREBHT S ot BB H 'asgm%%ﬁﬁ i dsa 8997 thgretor
for ahavbeandinRemovakie dapehd-inatidesidoathar tis tleh3ddwar from the first

ermitting additignal air flow S2 from the chamber 51 through duijt 61.
cha g NS TR RS e b BRRT DR HRel 99 by it the
secon@usingtks inclutle sovveitiehahnatingmiotmtingunéans (hotssbawinyifanber by

Htﬁgggn.iétinlgothe panel 32 to be removably resecurable to the housing by the
syntieit 5Ei&en introduction of fresh (i.e., completely full) capsules and

reniovabdihspent(ibe progty) capsuiesedihepiezadieetdiy glembmtiisaler which
B R T T
like cyrsbelto) vibrates withra palticaled iegwencyt dedtean plithdes d&péribingf one uses
L L S
- othegemphige the biezbelebtdiceldhmidacibedevhen acoustic waves are emitted at high
enough frequency and amplitude from the generator, a jet of air that emanates from the
orifice outward from the chamber can be produced. See, for example, Ingard and Labate,
Acoustic Circulation Effects and the Nonlinear Impedance of Orifices, The Journal of the
Acoustical Society of America, March 1950. The jet, or so-called "synthetic jet", is
comprised of a train of vortical air puffs that are formed at the orifice at the generator's
frequency. However, the use of a synthetic jet to deaggregate and eject a dry-powder
material from a blister pack or the like in a dry powder inhaler is new, and provides
advantages over prior art dry powder inhalers.

More particularly, embodiments of the present invention provide a dry powder
inhaler having a first chamber for and holding a dry powder, and a second chamber
connected to the first chamber via a passageway for receiving an aerosolized form of the
dry powder from the first chamber and for delivering the aerosolized dry powder to a user.

A vibrator is coupled to the dry powder in the first chamber. Since jetting efficiency falis |

off as the aspect ratio (iength to cross-section or diameter) of the passageway, m order to



quartz and polycrystalline ceramic materials (e.g., barium titanate and

lead zirconate 25 titanate). Advantageously, by vibrating the piezoelectric
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and the user inhales air through the conduit 26, air flow F is generated
Passggrdtyh conduit 26. This causes one-way valve 50 to deflect to admit air

flow, S farouahberening 3inoLenduthediranehalassassemail ffﬁ"@h@@hape of a

_through opening 34 and chamber 51 into conduit 26. The inhalation of air

cylingga aimbHeRBHbed B Rarerey sHbss SignReds drlhefidagRamber. or the
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controller (not shown). The controller then adjusts the amplitude and

frequency of actuating 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 flow S. In a

preferred embodiment of my aforesaid 809 and '146 patents, the

medication or drug is supplied from a coiled tape having a plurality of

spaced blisters or wells for carrying controlled aliquots of a dry powder

medication or drug. In accordance with a first aspect of the present

invention, there is provided a dry powder inhaler comprising: a first

chamber for holding a dry powder; a second chamber directly connected

to the first chamber by a passageway, for receiving an aerosolized form

of the dry powder and communicating the aerosolized dry powder to a

user; and a vibrator for aerosolizing and driving the dry powder back and

forth in the passageway from the first chamber to the second chamber,

wherein the first chamber communicates only with the second chamber,

and the aerosolized dry powder is introduced into the second chamber by

synthetic jetting. Embodiments of the present invention seek to provide a

dry powder inhaler which
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employs synthetic jetting technology to aerosolize drug powder from a
BiBesopeciedr the like. Synthetic jetting is not new. It was discE&EIE82865/004850
least as early as 1950 that if one uses a chamber bounded on one end by
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enough frequency and amplitude from the generator, a jet of air that
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dry-powder material from a blister pack or the like in a dry powder inhaler
is‘ﬁ]éWFE&hd provides advantages over prior art dry powder inhalers. More
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the dry powder in the first chamber. Since Jetting efficiency falls off as the
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chamber to the second chamber preferaply, Qut nat necessarily h

aspect ratio etfSASIEY| 55685?% é‘,°ébﬁ8 %8”%‘?%1?8% gélﬁgé‘bf%éb%g%rabm
co&!al_ﬂmt@rﬁam ﬁrabmambem thaptbsanﬁi;t_aaméothe gas moves back and
forth In (8@ aPRANCNRY. IR AL IEARBROHL RPN HERRR SR OB Blory cloment

diameter o ISpassageway. h one embodiment of the invention, the first
chenevging formednd thibefiapatoffdheplicsdnt orvalister with a vibratory

element gither formning Qoe:wall he.AhRRas PEihELM IR SIS P BRnent
is formed apart from the chamber and coupled to the blister. 6a
according to a third embodiment of the present invention; and

FIGS. 6-9 are views similar to FIG. 5 of further embodiments of the present
invention.

Referring to FIG. 2, in bare essentials an inhaler 205 in accordance with the
present invention comprises a vibrator, e.g., a piezoelectric element 204, a first chamber
203 and a second chamber 202 connected via a passageway 201. The passageway 201 is
sized and shaped such that a reciprocating or oscillatory movement of the vibrator
coupled to or forming a wall of the first chamber causes the gas in the first chamber to
mowve back and forth through the passageway 201, such that essentially the same mass of
gas is moved in each direction, while vortices of the gas are formed at the exits of the
passageway 201 such that there is a net flow of gas away from the outlet end of
passageway 201, i.e., a synthetic jet of gas is created by the vortices. A vibrator 204,
which is operatively connected either directly to the first chamber or via a closed gas
tube 206, creates vibrations in the chamber which generate the synthetic jet at the outlet

end of passageway 201. The dry powder 210 in the chamber is levitated, at least
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WO 2005/081833 PCTTUS2005/004850 In a sgcond (_ambodlment the
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; ' fith@eater
hamber and ViStE8H 8 Ra8e st Brefigbky it selosid) Srabbiafenbiof
|(c:)r§sn;n(te invértioor, dgiE. b ibcucenss-FRRIAPALSGhE Mgze\él%\g% %&% Ghamber

f gas
' [ reSant”
ibrato according to a third embodimen e p

vention: oo EIE betk S RO et eeresy horveen disrec, el
embodimérf@’é?‘@ﬁélgﬁr%em invention. Referring to FIG. 2, in bare

[ ' j ' nt invention
essealials amdhalee2ds ALLYUAEE Wifihe pres g
comprises a vibrator, e.g.% piezoelectric € er#grﬂg?ﬁgg, PrRassrsHBEpreigably

203 and a SLEBAFTHARSERLOD dinprbredaiaqassagimcR ot mEhe

passagewap aganasz ek ahanes DAL AIGIPOSNG O

oscillatory g}%gm?nt oLthe vibrator coupled to or formi gfaw !

first chamber causes the gas thiHenf e yrIrp sprgsence before the gas moves
back through the passageway.

3. The turbulence associated with the vortices and reciprocating gas within the

chamber and passageway is minimized to enhance the flow of the synthetic

Jet. Thus, the surfaces of the passageway and the flange areas around the

exits at both ends of passageway 201 preferably will be made free of burrs

and other obstructions.

The passageway has a cross-section diameter in the range of 0.001” to 0.05¢
To ensure the distance that the gas moves back and forth through passageway 201
is greater than about two times the cross-section or diameter of the passageway 201, a
minimum power density (or magnitude of pressure change) should be present at the
passageway 201. It is possible to generate the minimum power density simply by
causing a sufficiently intense vibration in the first chamber 203. Optimally, the first
chamber 203 may include a resonator, e.g., a spring-mass or standing-wave resonator,

and/or a horn that is used to concentrate energy near the passageway and move the gas
between the first chamber and the second chamber.

005/004850



move back and forth thr_ough the passageway 201, such that essentiall
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or diameter of e passngewa el ably dp dt lasthmaad preferably is
gre an or equal to about one. This aspect ratio helps ensur thekt{th
15mass of gie thiembleoirhelbhsarmrik W%‘é’ﬁiéﬁ%%@éﬁ/ﬁ%?% eip g

I’gél ed as

S i, 50 e o o
G
drypruisiepiizag gregaiadimctenayrteiatos 6K ias The ransdues adepéven at
the byflgﬁé( \%’i rgigﬂggee 9??%86’5%.9%3{2%‘1‘33 wave resonator was created within the

20  blister. Jets of up to 200 feet per minute were measured with a hot wire anemormeter

(VWR International catalog #21800-024), thereby producing good evacuation and
deaggregation of the dry powder from the blister.

FIG. 4 illustrates a second embodiment of the invention in which acoustic horns
are used to move the chamber gas from the first chamber to the second chamber. Inthe

95 second embodiment, the powder dispensing chamber comprises a cylindrically-shaped

first chamber 400 fabricated out of a material such as polycarbonate. A vibratory
element 408 is connected to the proximal end of the first chamber 400 thersby causing
the rmagnitude of pressure variations communicated by the vibrator 408 towards the
distal end 410 of chamber 400. The resulting pressure variations set up a synthetic jet

30  which dispenses powder from first chamber 400 into the second chamber 404 through

passageway 412.

Several experimental cone-shaped horn profiles were machined out of
polycarbonate to test the velocity of jets created by a horn-shaped first chamber. Ina
first example, shown in Fig. 5, the bottom 502 of the horn 504 had a diameter of about

9
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in §8%8R%ance with a 5 preferred embodiment of the invention is formed

i i ' ISi oriented polyarnide sheet
15 from a trlﬂmq@ﬁée@ éoqgerc%dr?g_?&smg an p

J) hined out of
tside, a middle layer ofa WQT@@?,W@&?
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an overa

eight U LolEeng sadbandi diachatet mh&m@e&%%@it@ﬁéifit hada
alSEBIBS Greqnimenati ek, biistepnagk Mayhe formed with fhrce 604 of the

20 baitemeR2RiaaRawnin angh esgé The bottom or base was pafti

25

30

m was a thin laminate film 608 comprising oriented
polyamide on the outside, aluminum, and polyvinyichloride on the inside, the film

comprising an acoustic window. The tri-laminate was aboyt 0.001” thick and spaced

about 0.01” away from the vibrating surface of the piezoelectric transducer. As a result,

the vibrations from the transducer were acoustically coupled to the inside of the horn.

The distance between the top surface of fiim 606 and the botto
0.2047.

m end of the horn 602 was
The top end of the horn 602 terminated in a wall 614 which was (.010” thick
and in which were formed 4 orifices 610 each of a diameter of 0.012”

with a spacing
from the axis 612 of the horn 0 0.056™,

A standing wave resonance frequency of
3L.OKH2 was produced. The ransducer was driven at 31 -OKHz with a drive voltage of
54Vpp which produced a jet velocity of 434 feet per minute, When the drive voltage

was Increased to 120Vpp the jet velocity increased to 1381 feet per minute. In both
cases, the jet velocity is more than adequate to de

aggi'egatc and evacuate a dry powder
from the chamber.
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filled with a dry powder, and a top 312, also formed of a tri-laminate was

Repicmsaladsto the bottom. Four orifices 320 about 0.012" dianTetEfIRELs/a08s0
formed in the top of the blister with a spacing of about 0.056" from the

axis of tHe fitkirdrmshbind:s THEUEHOMM SThMELRdE? Ba%ﬁ%élwﬁasd first

plagedin, Rt W AMURIM MO EIRRIs IerloojetmIOHCHIR3 14
(Murata Electronics Nort ’America, Inc., Smyrna, GA). Abgut 0'006"s%fatorwith
thedafisustGoitiserpaidss siarasonsidbeaincsiast %&%ﬁ%ﬁr‘i"e&ﬁé‘%o )

a rgsopaah i MYOTABREE WS bz Tbe tafisducesdvestbisivegratude of the

34KHz with a voltage of 150Ypp. A standing wav r Ci86Giment,
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blidtar 2 rates a second eémbodiment of the invention in Whichu

acaustititdimsouplsdisciadimoehediirergas F5ivbae HistHHRD

g? RQ&&&Q%@% QQ%’E}P%'&E&% %@ﬁl_g%agraigmmh ' y fitiendguldeend flexibic
Ispensing chamber comprises,a cylindrically-~ ea Jirst am 2 e
L0{ bR TP H oA Y CEtH B PO ATED o B e O G ko o
408 fe£oinectee exihanpidxiendicdivdent. thesfrdtattegrbisria o0reLYe sap
LA 6, R ARG, AL GHRA PR I T HGAIRC B Borstant
the dista

vibrator owards end 410 of chamber 400. The resulting
prepsueatutbipticnm sttiratby saiéteei81 25 Whibh VISP S SHBREPSRIH by the
orstERRMAGTLABR $12 R, RN AHABOR O AHE P ARSSURVMAAZ.

Several experimental cone-shaped horn profiles were machined out of
15polydaﬁ9m€éﬁ@t§§¥%e velocity of jets created by a horn-shaped first

chamber. .2, Jitstexannis-s Benmiimeig shotheih FUGNS, F0R - 202 ¢fdha first
504 had a diameter of abou O 2005/081833 PCT/U ized

0 LD ST A B P S SO R A P
MARETSibis zoehedikicandasplyberB08icirating Niokagracsfid HeRVRE film so that
vibrgting surface (the face) had heshecsure waves.

20 Although cylindrical and cone shapes are described above, the chambers may be

1l
§

made in a variety of shapes. In all cases one wall of the chamber should be flat or nearly
flat or at least have a generally flattened or slightly rounded surface for interfacing or
coupling with the vibratory element.
Tn each of the above described embodiments, in addition to the vibrators
25 mentioned, the vibratory elements may be a piezoeleciric transducer, an electrodynamicl
(loudspeakers) transducer or 2 magnetosirictive transducer similar to those that are used
in ultrasonic cleaning baths. It also is possible to employ a reciprocating piston pump to
generate impulses of gas that can induce synthetic jets. Any vibrator and connection
combination suitable for producing the vibrations necessary for generating synthetic jets
30  is within the scope of the invention.
Other configurations are possible and yet are within the scope of the present
invention. For example, it may be desirable to place an acoustic window in the chamber
to couple the energy from a transducer via a horn to the acoustic window of the chamber.

This approach provides two acoustic impedance transformations, one (the horn) which

11



reMiBVEES4I§ERsthat it had a resonance frequency of 30.4KHz. Th CT/US2005/004850
vibrating surface of the transducer thereby formed the bottom wall o ft{t]'ue .
first CRAMBEFTHE YhgmrcsRfsether thormatehifetis ishakins 07 ded BERe Roousti
510Windo®;20d"a FheiapRndaloHef diameter of 0.1". A
piecef:0;0425; thick p%ﬁycarbonatff?ﬁ%%%%@%%@av%%s t§1§h‘@lc{a“r)é’atlt(ﬁ)“i“i‘f)e‘:’dfmc‘:’ of
top of the horn. ,]& oritice 514 of 0.012" diameter was formed in the shim

stock suchVatie i avdétimppr cinptelysgligned vt dhaadis AL 8 AhINE 9N, &
sThish@%}ﬁﬁgﬁ@@gﬁrggﬂgg%&gandincg wave resonance at ap rOX|maBte|§,ﬂg om
30KHz. The 10 transducer was driven at- W?PEM@%@IW in the art.
correspondingjet velocity of 1030 feet per minute was measured at the

orifice 514. At a higher voltage of 120Vpp a jet velocity of 1640 feet per

minute was measured. In both cases the jet velocity was higher than

necessary to achieve good evacuation and deaggregation of the powder

from the first chamber. 15 Referring to Fig. 6, another cone-shaped horn

profile was machined out of aluminum. The bottom 602 of the horn had a
diameter of about 0.400" and was coupled to the vibrating surface 604 of

a Murata MA40OETYS piezoelectric transducer 606, from which material

from the vibrating surface (the face) had been removed such that it had a
resonance frequency of 30.4KHz. Interposed between the vibrating

surface 604 of the 20 piezoelectric transducer and the horn was a thin

laminate film 608 comprising oriented polyamide on the outside,

aluminum, and polyvinylchloride on the inside, the film comprising an

acoustic window. The tri-laminate was about 0.001" thick and spaced

about 0.01" away from the vibrating surface of the piezoelectric

transducer. As a result, the vibrations from the transducer were

acoustically coupled to the inside of the horn. 25 The distance between

the top surface of film 606 and the bottom end of the horn 602 was

0.204". The top end of the horn 602 terminated in a wall 614 which was

0.010" thick and in which were formed 4 orifices 610 each of a diameter

of 0.012" with a spacing from the axis 612 of the horn of 0.056". A

standing wave resonance frequency of 31.0KHz was produced, The

transducer was driven at 31.0KHz with a drive voltage of 30 54Vpp which
produced a jet velocity of 434 feet per minute. When the drive voltage

12



was increased to 120Vpp the jet velocity increased to 1381 feet per
minute. In both cases, the jet velocity is more than adequate to
deaggregate and evacuate a dry powder from the chamber. 10 WO
2005 81833 PCT/US2005/004850 In a third embodiment of the

What 5545 Shown in FIG 7, a cone shaped first chamber 702 has a horn
1. |engﬁhdfﬂ@@$\tﬂﬁdiﬁiar¢g Hsapeisin@4) of 0.204". The configuration this
prow ultaneou he benefits of a standing wave resonator with

the ﬁr Lﬁpg’% eﬁrfﬂhggé RfEAtRSH OF S horn to further reduce the

maga @@lﬁﬁl@ﬁﬂﬂﬁlﬁ@@ ssire aaniaticdsselifed ohihesibratosdsareats, for
synthetic jets. s.embodiment, the vibrator 706 is op eratj
recsaagwté e A R SRS T
Wdeﬁtteangweiygdas shown in FIG. 8, the vibrator 806 may be

acoustica led to.the first ¢ Eamber 80 throug nﬁﬂ Léb]f%

i AR S B T T Br AP i e e
pasiatiisientlydifimhant dlekiblierdOrstighsthahd thajatity. of the vibrational

energy will b tr sfe red%rom one sndet to th q\e hS|de Offﬁ area. In a
this émBsdt %t%%‘@%}%}%li%ar%%rﬁ“ e Gap Betwean the
t‘ha/HeEabatiB&ﬁcm@dhﬁm@uﬁﬂommhm@ﬂt& secthat thensiprirtyy consteint jetting.

, mesepie 11405 e B, of e sameorder s
2. presefife ﬁ? ehf:% fcWindl Us. eHerg;%fosQes 3486t8%e
of Wtiaithe usesotani acotistited s Wmdow are m|n|m|zed In a variant of the

th|rd mbodiment ninFlG. 9, a aII 90 the first . cham
mayﬁ1 f%ﬂr%d” er ﬁrgq‘w ra€F rﬁatl—:'mg1 by maki |n tkés%é?mpel ISc;) :ﬁ zis%r pack.
4. PVDEHdmrnydhédrhalmhﬂ aﬁplymglamheﬁemahﬂ@m&hgammahghndmal.,
VDF f|| B at the PVDF film flexes and generates pressure waves.
?fh%ﬁ%’ﬁlé fiR&rical and cone shapes are described above, the
chan‘fber&r!mayvh&r rmadein boldrety eohshapds: firalticasbsronewaliofa
chamber should be flat or nearly flat or at least have a generally
Or §ﬁ8ﬁ?fy rounded surface for interfacing or coupling with the
6.V|bra’ﬂﬁrfycﬁtepamde1 inhaler of claim 5, wherein the the standing wave resonator

St

comprises a Helmbholtz resonator.

7. The dry powder inhaler of claim 1, wherein the vibrator is a piezoelectric
transducer.
g. The dry powder inhaler of claim 1, wherein the first chamber is constructed of

metal or plastic.
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In each of the above described embodiments, in addition to the vibrators
25 mentioned, the vibratory elements may be a piezoelectric transducer,
an electrodynamic (loudspeakers) transducer or a magnetostrictive

transducer similar to those that are used in ultrasonic cleaning baths. It

9- also I HIESRAS S RIEISY o rdeiprde ST Bl i B Dgeltérapairucted of

a denpedses Ofgasdhatheapanduce synthetic jets. Any vibrator and
connection combination suitable for producing the vibrations necessary

10for gdREARIMEHtHBRRITER! 9818 Witk HHE Solie BrkdA\ERHiGRTBe: 2

tri GamighiratiONSare RRISHRleiaNs yelae Wihindhe Beopa efithripresent
invention. For example, it may be desirable to place an acoustic window in
the chamber to couple the energy from a transducer via a hom to the
acoustic window of the chamber. This approach provides two acoustic
impedance transformations, one (the horn) which 11 WO 2005/081833
PCTIUS2005/004850 increases the acoustic pressure thereby matching
the impedance provided at the acoustic window, and a second (the
Helmholtz resonator) that matches the acoustic impedance of the air in
the chamber. Various additional changes may be made in the foregoing
without departing from 5 the spirit and scope of the invention, and will be
apparent to those skilled in the art. 12 What is claimed is: 1. A dry powder
inhaler comprising: a first chamber for holding a dry powder; a second
chamber directly connected to the first chamber by a passageway, for
receiving an aerosolized form of the dry powder and communicating the
aerosolized dry powder to a user; and a vibrator for aerosolizing and
driving the dry powder back and forth in the passageway from the first
chamber to the second chamber, '

14



wherein the first chamber communicates only with the second chamber,
and the aerosolized dry powder is introduced into the second chamber by
synthetic jetting. 2. The dry powder inhaler of claim 1, wherein the
passageway has an aspect ratio of length to cross-section of at least 0.5.

13, THORARPBVEST imhaier oF Crifh b, WTEr Bt hh Ba eeeNAS P IO Hirkhsr o
dideaakr, dnd e diRewder iabalevef whaimidd whereinthe firstichankrihas:

a cylindrical, a cone or a horn shape. 5. The dry powder inhaler of claim
of §he PRsAES WA first chamber comprises a standing wave resonator. 6. The

12dry powdgy; inhaler afiiringBs whereribeiinehstandiogiave HRseaaten the
comprises a Helmholtz resonator. 7. The dry powder inhaler of claim 1,

BriRBrEIRThE (R5r3fchIS PPTBDTTECHE FAR S GEEF 8 S BT Howar™
inhaler of claim 1, wherein the first chamber is constructed of metal or
plastic. 13 9. The dry powder inhaler of claim 1, wherein the first chamber
is constructed of a cold formed laminate material. 10. The dry powder
inhaler of claim 9, wherein the laminate material comprises a tri-laminate
of oriented polyamide, aluminum foil and polyvinylchloride. 14 11. The dry
powder inhaler of claim 1, wherein the passageway is round and has a
diameter, and the distance the gas moves back and forth is at least twice
the diameter of the passageway. 12. The dry powder inhaler of claim 1,
wherein the dry powder is moved from the first chamber to the second
chamber by impulses of gas created by said vibrator. 15
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