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SYNTHETI C JET BASED MEDI CAMENT DELI VERY METHOD AKD
APPARATUS The present invention relates generally to

woheosfosed3sl of netering, packagi ng and del i ver yPot/uS2005/004850

pharmaceuticals and drugs. Particular utility for the
pr eSENTHETMENIE DBASED MEDIC A MENT DEHTYERY MITHI@0 AN

packaged dry powder mdmm drugs for
i nhal ati on therapy and wi scribed in connection
wi th such utility, although other utilities are

cont | at ed, ingl udj [ i cation ., .
ool TR ot nveRiarite ettt fo B PRt g egaging and
delidgty oBpigiriREACALank RISURS. nyartlauatrmﬁﬂtymm biesdnb Rivélition ¢
appl i cation of therapeutic agents. t hese ggent are

e indghivery 9f meraier apd Rackapedify pﬁbvaﬁrép@acapaﬁlsrﬁﬂ Fhgs for

ARt m3hdrAY dnd WIDSE d&:01HEa M &iﬂhédﬁoﬁ%ﬂi@'@&ﬂ L&ﬂl@}d aldbugh other
i nhaling the powdered nmaterial thr ouq he nose or

yditienare vmt@mﬂé%éwéadm&amm pedigation ppp ’lCP’FémBet ter

uti | ZabinQfise@des Bhﬁ“le 9&?&&@1’5’ Q8 atdkrob@tio Fe@ﬁon‘ar‘c&ﬁ}edtrﬁent by the
deposited exactl he Site desired d where its

ceeed apnlipadipn @éthp@qwtue agentsh dsdkese oganis ang l’ﬁaftt &eadily wgilgitle in dry
@%glegﬁ nfifei %Fﬁ"%‘u@g H%dﬁ‘y cofVerdntly %@&) %Hschea%y b ARG the

es a m’ni st neans, a conseq uent
preavdered nradatiat thraighitlre ItOh@On ity eﬂu@pqyfdemdd@m lreéldts 1 e better

l{zgt?ok;o 3" (fjaltlgﬂrf tﬂgt e cﬁ‘&%ls ﬁ%}%o%ft%arg e%fthe sng déi{ryrgand

orm ma treat of di seases
whdne its gdtian ntalybs eeqtufred hence.ezpi mantsrdpsesys therdruge ofteantequally

%Sﬁgigclacfﬁusd SH grtsg!art osesbalammn&er&r? %cl)th?r;nge%gsc‘ Wr{l}aagp n&h l?e%fﬁlglfked

sor
ellwutidn iﬁ the amdehcmmzf eanddsinedssidmffectd and medigHtion abst oAltmeyclvely,

52 S o R RSP his o Mo En Lo iBheEs byt ek the
?itgfaﬁﬁ mfdgﬁ aWhéerie dfuglis delpastlteﬁ be t}hlvg?qdiaggr Zlirfdgg ?rlye\tlso:if the
5% e e Nem Ry it inp el oBiiey R MR

pheatioheR tikRehisleg oFadhinBiréfonngatiedtdnebleot b Si ze
range the dry powder delivery systemneeds to address

OUKEN9B? PNf ssues: (1) Smali size particles devel op

an elieglkOsdimbh 6f 160 pliaRaRitidaNRaRSly RS tHWidaREilability of the drug
manuf act uri ng and staor This causes the particles
Séglaw*-‘é

is GPEgynoYheR dtecireg Pald? ed tp R PEATAGTY ok Mg betuieen bio 5
RS Gh 66, WMrh&hinBaMg paficRE ﬁ@e@% y@m&mg 6izFA38 @6 diyRWder

m crons. The probability of these large clusters
dRdinpYgystem meeds readdeaspa Pupkes of 8BS decr eases. This in

turn (rlg%ﬁﬂah%lzb ﬁaﬂcfa?&@z‘élop oh CERtREAC Sfardd i HERGVRELRGg
avai | e tot e patli ent

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
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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absorption. (2) The anpbunt of active drug that needs

to be delivered to the patient may be of the order of
woems/0818381 cr ograns. Since current powder fill PA@/US2005/004850

equi pnent cannot effectively deliver aliquots of drugs

e stmd:ard graameqa anmixtthesctive ding am@expﬁl&bblebtﬂcngmgnmutlhas

PePRErTs R 5 et B Tl Phiby s da SoRr bt et
airﬁ@m kaledtaharrthr.(KheSeaagier pmlélbsomie oft¢mlaembarcths daigtpaititles

filler

B AP 80 EPOTORT G PPAPG S Ch PP PR L FEF B P
ﬁh}iﬁtantTﬂ?:efgﬂbaﬂc? ba/raﬁiftﬁi inehabifecp@nesiof iblaadigr. to

separ ru rom ecarrler is an i ort t .
peff o&&‘éﬁaée ug BRrbeles Withsizgs sredter dep v é’g%wﬁpbetdr?gwted

elm gnhe ﬁ%hthAﬁttﬁruﬁ d‘hié ﬁlntﬂ)@ﬁéds @h&ﬁer%vfehofﬁuné‘@ﬁur@f gade8he
deposited either in the nouth

B&oawl@@afy anﬁ*ﬁb%orptwwé thscete 1A seniaratony i difgront from the lings,

?&Lcﬁz’r iHhYlesd ﬂé@@totrﬁi%mbik@ﬁg afdgﬂi*ébés'lttsd’ in3fe RRSRIRtd x‘éﬂ‘uce the
he drug in these locations is ferent fromthe

pm@gglntymsgpcmh ihe higrilabifyed ﬂtedirﬁﬂ ni mze the drug
deposiddhy GRS HHARALDRIS uhlF BN LRECHIRRIASINY

assocl ated wi he bioavailability drug. Prior
drug (ehtiye donacpdys caniesll ieto @ hngme@)cltmsm aﬂrqagn H&@éﬂ@ vietogitsair-

Etfn)garoﬂ 125%6%%% ?ﬂeglfﬁ a?fr;lgg}%zi?lslgl??}eﬂgﬁ]eﬁq%%qh@él %o?%{ﬁr@ﬁ&ad
partigles @‘empa,rglnggb@drag parl:ielespfrq)m'ﬂrqpam hSeverehinhalation dev1ces
RLa l%&ncﬁsr%)léﬁs[uréﬁ Cf&lo%gr%lt’n?gli Hééi%a‘?'ah 2% B I tlﬁ.l-é piior . For

separ at rom he car
Sangriglin UrmﬁhianuNm ﬁéﬁw 27653,668699%; 35605.2H; §78R24hgnd hi s

23070, B s SRR R e B e R Bl e

&p&if a.c2is8le cantaBiing2dgbwdared nizdB6Tond 6Qjch updrainbalatom is draw;l out
di s f i j

PEliB oerig PhisPPgh BTy aie de Earar Sg R phfisPagns

ﬂﬁdb@qublﬁlﬂel; Mbdn@]’lwhiﬂﬁﬁpolnnﬁlalaﬁblh eid ih SisEhheing th@llbbwdér duhéf the

prercea or 0

psul e a ser's pnouth.
RWE° tht iteif, E@t@ebﬂa%ﬁh@gela Y&gégwgaﬁ%q“ il shetionpowder
WoinGhe tHpale.] Ritadxahp1e)in@.Sl PaRntiNG.20319]487, o &e€ice csvmi@roswt
of the capsule, so that it js not nece@%g@%to rel

baiiRg PHler pRNtHRRG caRfulgPlacedn & ey Frsham rgf lpbﬂhtwﬁewhere
faPsilced by RhnRX adARdsSion bia MerSing Pt BNthe Mer. Afidrlpferdi@e,

device is disclosed having a _powder containin capsule
pihaleten islegun angdie capabis Arapafigp an VAP Fhambshot thmegviceivehere

kS deEAKRAinRY! JTRAHAL tcd&%eeascﬁép@fﬂmﬂg offhoRid&! thiolgh Mk BleR‘)éd hole
the user. After piercing, inhalation is begun and

athistel the inbalgd ainsireant. dJ- §nPa§q§tprp Rt dissiosestaa IG@WI%dewce
ﬁé@ﬁﬁnhﬁlﬁﬁ%‘fﬁ&n% Siorbgend! Aq%a% 56 b sQBSon Cff?x}]e‘aebld%r Surce for

pensi er through t'he pierce
operating the propeller means via external manual manipulation, so that upon inhalation

the propeller means aids in 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 several
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
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and into the inhaled air stream U.S. Patent No. 3,83
1,606 discloses an inhal ation device having nmultiple

wQi2ersm8e33 pi ns, propel l er nmeans, and a sel f - cORC@IUS2WS/004850

power source for operating the propeller means via
epigreednapbsuimimtrathe irdmlep alr atréaon, Wil thebeagrion piy devieds aduationoof

I wd
:;%gvds{ t?lgogl Lﬁ{ ﬂf&g&fﬂe sqg the Q@g{ﬂ%% 1&% E}gghgl% c? g%?flgrrm (5]069 not
Syidsiggvi 315 or Silea mesiprf tioer pcmdbr aeof the sagsule,sthmst caggwges avhste of the
dvant a

di o F
PhERAREE, AR DR BT o By Eh ol B BPHE g ctomps
usf@oweaared matmalsbed@na]hﬂlal iefofthy dser’ imbith Akt thin & conehfitect

di t hdr a fr api erced
0151?533233108 9 g?rgroﬂlm%arpﬂ‘ﬁgﬁv@cﬁ (yrdosgfrrsggﬁ‘ﬂ ‘{?ﬁ’ th these prior
art dethe@Bsve debteiptiomothe p@éélﬂigﬁs ﬁalaérﬂle&Blytffb@n pie P@telldo

S ca e _cause y Lnhal.atjon ner a
dotasto Wfisar Davhe oo aente bl tufinganihge o ohered
Ghedi®¥€ok ﬂﬁﬁiﬂl'cﬁldestah&b%iy %@Mﬁh R&vike WaBdre afkf sck®iRlary air inlet channels
medi cati on suc rior art devices may result in

LﬂﬁééﬁPP%?tICE@HSW&ﬁF%C°8¢ar¥ Ilstsenge! RpRxidre P gnglenties frig capsule

kehathindMabeflddrét QediBRioH SR 1R JiRstcRannehik el Q@i‘m@uthpxece
constant i nhal ation of controlled anounts of finely

dretpustingsiion dieckody. Airapsiisaiescias sEyciyse isorovaded wWaick Bpasy
aa'&ﬁvalt%ntféjﬁﬁrbnle 8f ﬁg}é’hofers %Uc@gulg @6 tha‘Nﬁyon %xb?ﬁ%n%@ﬂ’xetcﬁlpsule by

ke et al, who disclose a Vi ce facilitatin
|anr¢éﬁcap1rm¢h@fwaévxbmahe govigateddivg mﬁy bm!easqﬁlcfrqmﬁlg capsule

AL e ARG BV IR PR IRECALK Phioub Sring:
dtiasadh plerqirancedles mawntedhial admh@daﬂ changbeg aﬁdscm lend mtat_aunmf thy
cﬂgmgeg‘vgﬁﬁﬁ%ﬁgﬁsﬁh&/gltdlrgﬂal épl%e édle% %e% ap§u . Further

rece r omP
capsol ef the eltamhegalkstuhet mﬂeéles ® bp lrﬂmrstdé d:iy thMrlsplhlngnpmmtings to

ﬁf’ﬁ c\)/r?t na pomgcr)ngﬁcl) g%?%r}aw ﬂgD 68%16 (I)né t}g Ca%SrJil e. Cl%%séijelct?orrsfeochanical
elitleator mchﬁesh anitsiahermosiread, arvibrating pﬂlmgellebé evhibh ypeojeoayintoethe
r.el eased f.r.omt C erc means .
T ERRaEn TR el 2 5 pbef R HaShFBR Sy plunger rod is o
mxdchirechl sSlpdid glhﬂz&Sﬁderﬁrngﬁg thg rétee dibeae n’D}wliLeﬁbrilsrpoavered by
t r.ochoi dal Cha%ﬁ d Upon h drotatl of thgfé’g d
& PR R 28 isai’ﬁf“éﬁt ﬁ“é’rﬁteH}ﬁ ‘H“é’nﬁ‘é@ ceor mg to
W akEa S, lipén ﬁﬂﬁl&ﬁﬂérﬁthro‘ﬁglﬁ bIRRE cHaBhed BiaB cticuir 1 pERaREE switch
allows the needles to pbe retracted @f t hei rk%ﬁt“ ngl”li%@t

e psityatethy ?I?Fé“OP“eE)tPPEE%Vé‘Prat&@s‘P?aP% AT’ e

nAstetSt dddam ahf &1cGRREYAE thrd 8 18 s%@dnﬁ%&ﬂl%ﬁhh&@l 4 raises the
vi brator includes, at its innernost end, a vibrating

PRV agatnstife ¥ihrating plags rothils. Hhecarsile rSStbkat\iﬂarﬁteéfapldly

tvﬁ@h éd%cﬁ? béiﬂﬁlﬂﬁ‘igize@ﬁ}gi &1§b%n§é5tijo§1tth@ @ﬁ@@holes@ﬁé}@ﬁc g’ﬁgs to
pl'unger tod is a mechani cal enoi d buzzer

é?@nglnuz isrgmmpraly wgd fromgnuiiciriag fqrrdespwz%eqowdsr theswel @ Bopper
Rihere 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. Wilke et al further

discloses that the electromechanical vibrator means may be placed at a right angle to the
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a high energy electric cell and is activated by an

external button switch. According to WIlke et al, upon
wonb@latdssn t hr ough outl et channel 3 and concuPCEmIS2005/004850

pressing of switch 10dto activate the

gllgchamber ahdthat tie amplbiud¢ inddfraquencs of Gibratipm miag b altdaido

AHINSIALES PIARDEL o Rt and the air stream

econ ary |n nnel 4 raises the
caps uThe pioragaiensts lave a wirbbato drgaq:\vhmmm wvhrahdnak@satheﬁﬁ tess

PR Sl b e B R S p B ot Py BB nsa e Mvantages

tReerein. (This technique is conmonly used in

nanufac ring for dispensin o rou

wher e® t HECREPYEIANFSOR wa&{ & rﬂa C[?P%Hdﬁ an %ﬁ%&ﬂ@ﬁneratw
and noveyitke ksBf. AUEVer FIBE rite B@é@.fnopﬂéédlﬁh theTgdvdey Iﬁaﬁrf-g&gtal

hol es in the capsul e represent the hopper outlet. T%e

air str éié?»agrﬂrﬁat?d Ghd hepee pdversgiyméliects thg ﬁlasel@ha@ra%w.thﬁ patient.
wi t hdg avwgdon Gkt RAVH&le liléa%ﬂa‘iohﬁy Gf"t9§ H‘Ju s 8O deabl c1%§e Ee'eéuée of

powder through the outl et channel o the nouth
t he userlack\nflchreswé@tnctaln thmdqaﬁgpgadﬁosmogg?és that the

el ectyo

ri ght a%r%ae?lﬂ%? Fﬁl?ﬁt?ﬁ %ch' glg% ec‘? gCih%’g gaq b?ﬁted fhhalers
and freqﬂ&dnmme&wwﬂbsaeDﬂmemamxbﬁm&mgdﬁmdmmonﬂﬁg@fmﬂabb
dlspen5|q9 characteristics of the inhaler. The prior

art devi'cés have a number of di sadvant ages whi ch nakes

t hem ¢ e$9sd dranediesion abmepéed of toppetdabsidesy of dry

powder to the | un Sone of these dijsadvantages are:
The p®r Qﬂ%ﬁa&’@n@% mefigation iR, ppeor (QPRFLFaBFIes flup EhaPoRHe to
the flowxy@herafi@iat ed by the user. Lower flow rate
does not result in the powder belng4tot

deaggheBupeer GAdPHem des et pyd & %Wsiwﬂ% ébergg, we provide

e nnM1ef @ik lIthZEJ"ﬁVIBl%}dr ?J‘famhta’tens(ﬁ%b%bl%ﬁ 6 MedifatioR 8r drug into a
bi oavai l ability of the drugs from dose-to-dose because

&4s thﬁ@weréemes)ﬁhg ﬁﬁ)@@wéynqi pﬁh@msad‘é@ge@p%fgﬁtdrmbaek%é@sabove
I.

550, MBE U SOULBTEINS o BB Bt s proe
gibpatorgpr denggrdgaringdle medidation oihdrng mdscmvmtth@defaggregated
PR 86, o SiRatl LB TP e
bIG 8.0pipdet 10apdudes 2 hdwdeplastic expetsihoesing 1 Hikaviren generally L-

glpafg(yé gléucf(lrﬁl %s%ecg(gn Lf—lo%smgqg ?n%uglgé %)Hp ri‘up ﬁg\iv ggeg ir%g?O, 28,
680,iahd 22sIrhalet bY ammdestmalaalr IﬂloWaiassageJmmsh exteral tla& length of
H‘E%ioﬁs%g Pglfr ﬂgI P 9nt iZEt(é% ogening 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 FIG. 1).

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
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 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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gas that overconmes the aforesaid and ot her
di sadvant ages and drawbacks of the above prior art.

wohows/oee3si cul arly, the inhaler of ny aforesai #CpalsSems/004850

i ncludes a piezoelectric vibrator for deaggregating

pressuneoi thawir dnwdi indiiargaiapassale 26i inbelowe paelaggriegktheshold
ication or.dr nto _sus ion. I n one enbodi nent

PR Se0e el E pRURR TR Blkeers” ihaler 10

i ncl uHesda dh;perd;mgi casimbe 501is forhad mhmmﬁmg@ fbBhdidiug agapaule 34

erall i.tudi 0SS cti o Fbus
B e D RO R b Bk B R3ig 18 54 B o MG hpaner
portiohal &t trl]la &Tar pe Ed;@@?mﬁﬁgmdbamwle 34 tgw]g @1&&3@1&%& 11]?6 thatth&hber
Xte S the en of the ous| rom.tnhe r t
5 K S IReraNg a6y per heis sl Phebesh s seans UL 586,
arflerlif§, AerfkiB 86 Bbihjyrisesls B4r@ pRBRNGAndtdl BOSNERL SR shell 37 enclosing
Cross-section, so as tQ gern1t air ro&*therethrou gh

2 isretedtripyibraiqr dupt shown) pPesferably. thppigrnglepyic Aibraterdhdui t
ﬁfbclha?ucﬁﬂg 85 ulddto keshaPSriapsl3 4 4 td ?é}glhttxﬂé;dnﬁ@h Wbrdtdr Rhergy

opening 30 in the rear 24 surface of_ the housin 18 to
trabsirana@iteg droppthe mybeatvety the cgitridas Ite Geding maig RO2 0

iR ORES su%éécs Q@@ch?ﬁ’an@ﬁo@ﬁi@arﬁ@ By RABRAGR 5380 ¥d 1B p@rmlt easy
conventional sp rlng bi ased hi hge nmechani sm ( not

atdRgtionand etiertion slte caruieondla kst THe techyabasg] ¢ Bemovable
?%{QP hf n%lu)ﬂesbén%%r %& inl tb@‘fér%e}nlﬁﬁﬁl giﬁdlhglfal Qﬁ rf]lgH!StZ ﬁ?)?n
(0] ow

mal N passage en epres ure e air
clrambee 5 hthrev gbaponditted 12610 condydl Pvduaing inbidletien by thewser. Preferably,

h@{ gi’é‘ Qlllcfjhdu&% ggﬁﬁ Zxﬁleggndeﬂﬂ“&la%htﬂﬁarﬁ@n?ﬁg %e&d%??&@ﬁoi@-ﬂ For

I'spensing C
pernhthmg nlwgaana 3Rde bhwndhivalgy aesccalpmlﬂ te tiBYhameing hy thie mepr béteveen

gngr\l\gg Ly jon o% grfé]s%lt dl g e n?%letglgéﬂllﬂ ?ﬁq lees r'ég% ?eln?%al o§ speng l’ejd gmpt‘?‘/)

parsndes.t i ng t he capsule 34 to be introduced into the
chamb 51 a ced on at 52 i brato
ol amolhe BB EEuR R Bhide REChaRFelihonkesd BpRidqugpey and
pleBirably, u%ascmmaersbﬁm vﬁ)rduay dreplensy (ece. ,Qiboﬁfﬂﬁ&d) 50 k:Hz) and is
rot cti.ve shell 37 encl osin [ ectrjc vibrator
PG Bt By peitcul reteney B R R e p R gr e e
Feqikacy sal/ dr)anfpﬂuﬂg od eioﬁlaﬂid’m&léifribgy @p%lteﬂ it6l ghe p&éoﬁ@g&fseldnﬁbnt
erm:t [ ra ene to be transnmitte
Bramplenphparalot ?Trfé‘“ dedity @%g%zfe the RIGFPRg R elprgent include’
Glz66B pbReHHERSe EMmﬁMﬁzﬁt@ﬁ‘a@éS(e\gh ibaRur |t1@dﬁbte deyRy@Fittodate
toward the seat 52 so as to perm.t easy |ntroduct|on

Hirgateht ddvapieacaysly byevibaHag the pt?ﬁoetlwgl%f‘é%mer% ot yltFAspie
ﬁlaama@ies 5ﬂe ndPRMBIR AR A \Bbratdds thé‘F k%fe%tr@rb@érﬁéﬁf atdwler (i.e.,

i nlet for permtting additional air flow S2 from
ﬂ%uhwmm@rfreaqenm%@gwaaeﬁe@ut 61 into conduit 31

dur i ng, %ﬂ%%hﬁ“a dRIE- J&ﬁta‘irﬁ@g MRRdge 37 ﬁ@ﬁtﬁl&ﬁ?@dyand Bf's‘é}?éd oA the

and hou % I ncl ude conventional mating nountin
réags 52 nbvi

switch is placed in the “ON” position and the user inhales air through the conduit 26, air

ek@\#a)in plymber 51 in the manner described previously. Tge power

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
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permtting the panel 32 to be renovably resecurable to

t he housing by the user between introduction of fresh
woOi20is/08138npl etely full) capsul es and renoval 8ETAS2005/004850

(i.e., enpty) capsules. The piezoelectric elenment is

rhsadq:)pdnbd o aanavilal(ndtishoéwijagha cbﬂtg:ﬂierftherpﬁga.mtsyhe amyplitude and

ref era | trasoni c .,resopnant vi brat enc
G f 8 et bR R Fitef 39 R Bhepdor e itent R IRE A
Wwhtiizad farthd gt possibleelgugmeyativn dndsgspénsiod ef the pewddrPgrom the

on t.he guency. and/ litude of excitation
élﬁ@elF@l@@mﬁﬁﬁ?Féﬁv@an?ﬂ%ggpezoelectrlc el ement .
Exanpligs padferi@t éiiodinsent by affeshia ‘sm®egdt msqﬁfenfsg He the

pi ezoel ectric, el e i ncl yd rtz a

PRANEH ST PE OURRIPA o ket 1P B @g&uraB%Yrqf ipfced blisters or
el 18 RHcBrring chift@ed bl'icﬁl@f%&)tfﬁ dky ﬁmﬂi fidicAidd andageousl y,

by vibrating the piezoelectric element at. ultrasonic

f r equéfg pesgent t%ﬂ%.%ﬂ%@%y BVEdeT fihelsT Whigh splays yRietic

?étﬁﬁé)ﬁblﬁﬁ)wg'y% 8drvBnd dlﬂ% pbR¥&frokd a Blister PAIX-de kite 1AS OBl hetic
requenci es can be avoi . In Operat|0n a

cu@tu@g isoat ravhi hyapdisjexersd aule@% agstarly e B thad df gne essashamber
%Bﬁl‘fﬂeh RE oY Eﬁﬁsﬁansa%o&ftlc \iabk Eérﬁfatﬁgf%_dé\noecdhé U@lﬁfde@én th8 other

manner descri b reV|ous %: ower switch is
mlébjed riggigl wﬁbwummplbgmﬁcreoﬁlahw ﬂtaﬁ@uSU% WAV §rpagnaigedsgt high

%EE%Qﬂ% E\%ﬁg% grg%ﬁtu%ﬁfrorﬂlﬂ{e Léeh@r\c’l\fo{; a Jét of & a%rﬁglgtes from the

I'S cauSses one-way va
@erﬁlceeutwaml ﬁmmhe CQambefrlcm\b@mﬁmcedrgﬁeeo@e exatepl@ dngart and Labate,

%c%gwctﬁéﬁlatxgﬁ]g fﬁét%% ﬁh 'atr In%J gé@{ ?gg(gpﬁ Egﬁle Journal of the

openi ng and ¢
iAtoadtzhl Soeiety ofadmergday MamhFl%@ Elajsteok doycabeds Bnghetic4@”, is

S?R%\Rhis dsol Q%Hle Vo%c%naprgl&g Zﬁ% ' R (5P %ha %{1ﬁ<§e Qthe generator’s

auses & supplre
(f&qtle‘rmbfl Howeveniths hlﬁ\m?)a syntheicgens delgkepatt hmhsjani p dstowder

lit t.uat i
ST B C RGP ok G L0 F A aRSHBE el T P s
QpVdnfdgeeslver priott dtedrb @sivdgasninilds.e de- aggr egati on and

suspensi on aof t owder P fr.omt hy sule.into. the,
air s %%H?Y#CWYEY SPIESER i eEntipy Pravigpsd @’Pf PRY I AN B H%‘H?g a

erst(rj&lziarﬁlﬁéi’ FeSAL ﬂlotdii%%fcﬁtp gowdel%ld patent Sharr]ﬁﬂ’éﬁcdﬂﬁ%té‘caﬁyltmﬁrst
or rug.1s suppltie roma col Ing a

ShERRAr Via2 FSagpuRetr Frriying a8 2ol Brp OF he A RAVYfigr from the
FRAhAhbR dndbdr AUleBin® thete)iZed wﬂ&db Qakdro % \QBrator is
cﬁ%g%The present invention provides a

|

to thidypowen B ihe faghahpabstc Singe iftig etfféqus faélg gfftag the

%@ﬁe@ﬁﬁhb UEndh HrBRQWE& onfdr @b RtR) dffeﬁe%fass@@&%yofn Jrd8 to create a
l'i’ke. Synthetic jetting is not new di scovered

aynthetieget the passageyapeonnoBmethrafirst Grhal@h@ t@@éw@né RiEAHhET
%gévflﬁgglsih it ngtggeﬁ%a%ﬂwa R b SRt BBR8H&T IR and the

on t t her
vibrator is energized and coupled to the ﬁrst chamber so that the distance the gas moves

back and forth in the passageway is at least about twice the cross-section or diameter of
the passageway.

In one embodiment of the invention, the first chamber is formed in the shape of a
cylinder or blister with a vibratory element either forming one wall of the chamber, or

the vibratory element is formed apart from the chamber and coupled to the blister.
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end by arigid wall with a small orifice, that when
acoustic waves are emtted at high enough frequency

wanasasH3st ude fromthe generator, ajet of airPCHAS2005/004850

emanates fromthe orifice outward fromthe chamber can
be pr duasednd Saquirﬁlcmt tmdémtxlhembtnig ﬁrrnietéimdhct_dbaet ef a horn, with

LG @ re f f .
Elivi%ra Ceéen%) he¥ ogr(reusn O.FE %\}a é)gﬁl% acﬁ‘lg ?er g)&\g%%t&ry element is
&mml@ltty agfallAfte dhambéiana::hco‘llﬁlﬁﬁ)of gde jet, or so-cal I ed

synt e of a trai f vortical
o 1 "ol i hEbodipe B RBh i Re s et it Be Hery REA bR and
gﬁnﬁﬁ@we ﬁso‘nmqisemmed tdoavesest the flenibse of a synthetic

} ¥ om Q5T R SRGA SBPEL 1 ReTymE i VbR Fom th

foﬂ?ﬁh@ ddtéile!fl ﬁ&‘écrlﬁfﬂ@h, pikey indesjuacticantianes a@dﬁbar@ﬁﬂgﬂfraﬁhgs,
dry powder inhalers. Mre particularly, the present

VR¥EHE i on provides a dry powder inhaler having a first

chanbeyG.f1Q§ a paSH IR NG oRoft SRR of O thhaleSEARSHor art.
chanmber connected to the first chanber via a

passafivays ¢ dlagracdrvingghatnteaslagerihineiveen b iger qoptining a
QE&C%W%M %@%th&f‘c _]Eﬂ Jﬁﬁe inhahelengid for delivering

t he aerosolized %/ wder to a user. A vibrator is

coupl BY5-83ds & Besgisep w\}\@rélpmﬁfmc Yier of p plambenandpabratory gleraent
%c%&dﬁ%toeafﬁrktcén%ﬁifnefngbf the glfegen@ﬁwgllﬁfonas pect ratio

'ength to cross-section di aneterj of the
passab¥nady is 4 grossrsgetionplview ehareerdarggdepiéan of theefemenpof FIG. 3;

PasSagay ; ¥£HQ§%¥I}11@% t§ iﬂﬁ 1d &%h aﬁaﬂ!&% b8ditdht o?f%%ﬂﬁﬂber
chanber preferabnly, ot necessari | rr11as an aspect
¢lenient regfleah a¢oordancd \eatsthe@msmt mmetlorand the vibrator is

ener OhREY FR o SOURLG LAckif, T BF o EIATIPLAS bR} il

di stancé t noves
mssh@weccmdambloémmnt afitbeipresont memhe, cr oss section

di t nt

Che 1 ARG ofrostgupRy SHURAR b B € eb i Btke diement
a::&arlﬁngafo ahicy bmlfa@tﬁm_emrofldiel ;sésel:itl mwdnhonﬁ aud br at ory e

enme ither formn 0 or t
V1 br ol oel Bhaishr i g R Dot Phet bR s Sheskily
woudicd to the blister.In a second enbodi ment the
first b f d h
U1 br AR TG RIS 1 e oot fron g Bire 2o gria e ich e

£1836HR @fvent@tin doiRrivéstrabratoy, &l eiEoeletirie elémleﬁckotma Brstéblamber
of the chanper via a colum of gas. In a

ot mispend (hamper I cepnsrisd s aspaﬁ%ﬁgﬁw %0.11 tT h%%%%ﬁ@%?m is
ﬁz&pm sh@m sacrﬁﬁlmds%owm ot B&PIMAS9 mdvEm&ER léPJ[h%d'lHrﬁoﬁ

of the chanb her features and advantages of
%Wé’l?S‘rt@ $efrrmingacial] ofrihevirst chembeiesyses thrgas iethe Srsf ehambsr to
fletabhgdingd %&a{ﬂhmulgg the P28 88w dy20F OREMGE dsQAtidilyt e E8e mass of

acconpanyi ng draw ngs,
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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wherein: FIG 1 is a perspective view of one
enbodi nent of the inhaler of the prior art. FIG 2 is
wa 2005808183801 showi ng the interrel ati onshi p bet weeaTaS2005/004850
blister containing a nedi canent and the synthetic jet
pértialbeddaggbgauetd ihm\parttcmatc fofeh @ith the fiest Shaodsr ABcaridongpended
tﬂerraatl ‘Ehe chitb rto rmhd%rggle 501319, )'f &? 181[1 ae%s% I%nveyed to
ACortimng™ 0 Fi Gdr ren
tm\pesshgema,y 261 @hefém at $eaa a:ﬁrmgn sﬁtrht suspaidedr dwwfdexapamcles
enl arged secti on ele t of FLG. 3; . Fl bis .
ERaRleh i s 3isSey 0Py i ST R b bbb s gl heime
thmraumhz&éﬁ)l@d’twé’dn&méﬁltst cfl‘ﬁﬁ‘ﬂbeft 103and dicthacund charhber 0O® The process
gr esent entio IS a Cross

Ve S S ol b st SR REd By B Bsespmber 205

accor gitRéhigh @yrah@iegam chreydToth desitsidelof tHbebopn@seiie followmg
|nvent|on a. Cl 0SS- SeCtlogg)é schemat j

| S
BIaRCIRliaFRdd “Safﬁ‘an%e?ﬁ?lﬁ‘?%irf{P‘%Fh@ﬁ%‘mﬁ HIYFignLt ¢ lare erred

%&fhﬁxé’te@ﬁ'@p@hﬁﬁ@&h QfynthB®: jeis@3 &I inkEMMiOA hieQB folRyd: FI GS.
are views simlar to FIG 5 of further enbodi nents

of lthe phe auRet tRRIRG RAssaeREme £ R 1408 IHP @rosy seqfifn Bar e

essent i Alatned of MBPLLEgAF phdlerBNG ¥ ARNRGS). %ﬂd%r&f@x%bly is greater
present i nvention conpri ses a vi brat or, €. g.

pi ezoel &anor squsl OrABAE opg4 This asnepisiptic hphRasuTe delt the gnags of gas
second ghRARGLs RORakOBAR G & pygsgge@apﬁmmlse% wdine
passageway 201 is sized and shaped such t

reci pr oéamiedglues ofmdei | | at ory novenent of the VI br at or

Coupl el 4T U L 0 4 SRRy

forth thygeaér thdnesabpeiswadiovs yhexddss-sediioh ot fiameter of the
essenti e RS f ' '

directi %%%Sx%ﬁ%?'e%@gr% 15 cegthegfd r}gﬁ%vdfggﬂ%%\ég%?{g?r?gg%&m%e
exits ofrented hpmasdmgmy:s@ﬁatks wohex’ hpresenbebeaforie sheggamatoves
flow of omthe outlet end of passageway

201, g%f(tgr Walﬁhﬁé) Slségej Vet of gas is created by the

vordt i C e§he Alrbulhrcahﬂ;bcﬁ@d withtthecvortices apdreaiproceding gas within the

connect e ither directly t.o the first c r via..
o o iyt A ey 6 oo o e e PRV o Bl ¥idRenc
chanber jahiThis, geRettakeof the psyapehvey hied theflagde akdae arouiid e

cronr CRE IS ke boal BB B Mk Bt g

i nto parhd sMbedbetrdciond. Wi t hin the first chanber 203,

and suspended in the gas in the chanher to form an .
aerbosol The passagsay Has %rPﬁgseaI&n&é%ﬁlet?rs}n H’Sﬁ%%?é’éopgpttﬂ@ 0507
passapswRlredd diafdeahdt tiad gas @RSEs Back b iokt@MhrOhigh fassageway 201

suspended dry powder particles
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.
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passes through the passageway 201 without returning to
the first chanber, thereby bei ng conmuni cated between

wohaosfostss chanber 203 and the second chanmber PROPRUSTI068/004850

process continues until the majority of the dry powder
I s evecwiditbededcritoenl bblewf inregirefetredrirebod2081t oAihe ioggtion, the first

ts can be il med .out s bounds .of
SHRBbASTOR G b PrsPRret 0 Oy 4 B G e Rk Boathe o
ﬁny@nwﬁérenesitc@ml@fdmgl s invention, the prefer red
par angt.er.s form t synt IC |,ets of
P o oGS’ s g S Mgy ok Shl b trtaatirging S
%afe&e@ &ﬁ@(}d%lmént ef thd iReention gtibrnieal ﬁ;‘cﬁ%lsm mﬁhat@fmaﬁhal 305
i anpt er of t ass ra IS . ea
SHRPTISIG PR PHEIST 1P @g peet %9%21 5 o %uaf{l@ﬁls%vaf O%ﬁ?‘émnum
fUﬂl' %7 3&%@9§1§/V1hﬂbhﬂ)rﬁ@¥s]ﬁb‘é’tc ﬁ]h Bsdﬂtﬁfr:] trRate, Th@trﬂﬁﬁﬁnaﬁ3(§a§abogt
noves or in e passageway i S create
08B an b oalsh Fomned e b Higend s of boHo e
5 B&eBR$ AATHREM BAGK-fABSUt ool dlaheRHGR ob&rall a&gmaﬁw 0.270”
preferably is greater than about t'wo times

idosdjanaciertat the vaelesd ipainrkolabopi0- 3 108- %@é@%&he bhﬁteg pack may be
ERA v%fth 5 h?ttbo%ﬁﬁ PAMGhoWH £3583898hE Jothdm bitisy Ahd Saftially

created has a chance to escape the vortex' s presence

Bldacowieh 2 dre pgedermaida topaid R alserfornetd afledrideisisalg sapeat sealed to
48 Bottdhl. bF’clu? Gﬁﬁce@sﬁ@%bﬁ%t%l Hﬁ teﬁ:g e}éfé; fﬁfaﬁ%%sin %dcop of the blister

reciprocating gas Wit passageway | s
withia spaziag of ebogh@HIE e roimdhd ¢wﬁjhe fitsechombehet i c j et .
Thus

L R e
MAei0B7 $ibilezoelsctric tmsdreie3 fr(dirah Eﬂmtromcahi@ttfommema Inc.,

bst [ ye 1N O N ‘{1 '
SRANESH) 0ty Lo g5 REBESRE R B ELFRARE
tune thd ipieza toceere golnaint frb‘chegasofmbm&§4l§aizk Thmdarfsdudeh whihdrineg lat
ageway 201 j reat tcpan about two tines fhe.
PRORETELEo1ee of TG Erran i Y onaliEuy F58d Vinin e
Bliighdr IR ¢rapeds 20 ket pet nﬁlﬁﬁte megnhédsaded ofithpries s/ire @nemometer
shou t evva 201,
Foe R et erdPa P R ef et o RE R L AL Etionpnd °
?éégglﬁgﬁﬂoﬂ of fie 30f powdee Milohythe Bligerse vi bration in the
irst_cha r 203. first cha r

nay i K&t ﬂlg@stéatq.seg @ﬁ;é?%?mbqgl %ent ogﬁxgmeﬁ ok &,acousﬁc horns
S A8 O FroVee ch&R08 0 FromaRSIfiRE clanibeF 10 thdREordschiiBbd. Tidthe
concentrate energy near the passageway and npve the
%gnd embodiment, the powder dispensing chamber comprises a cylmdrxcally 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 thereby causing
the magnitude 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
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. In a

first example, shown in Fig. 5, the bottom 502 of the horn 504 had a diameter of about
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between the first chanber and the second chanber. As
W Il be described below, in a preferred enbodi nent of
woOheosioswssat i on, the first chanber 203 and the PCT/US2005/004850
passageway 201 conprise a pre-formed blister pack
0.40Q aind | rwag c@updefdyto plnn/wiblratmgmrfaact b@rofa Mucitald A48T Sepiedoalgetric
El GS ter

ck..300 de i

sl e Wik pPierial Ff s R Bl b e,
temolved suehl thfat ﬁmaaatésbndmafrl@eﬁcymwmmz 3=z wﬂﬁaqnfgi saifag of
e S BS AR BIR LA S50 b L e ot
mhyw Nyde thls @bﬁéésiﬂ 56h &ﬁthe tﬁ)@&logvak bega TJSTId:&o% dd¥e510 of the horn

am nat e I s abou . " I and i s
F@dfr%an?‘fm% i bdwpie %fppe%ug” &&?WE%S‘%’PB?W A <%égwas
hétedgo the EHNENTAL h()irnf |Aac§r1ffé@t5ﬁ433?[ Go? cﬁ’cfméi@(iﬁbls f@rml:ﬁ‘ﬁn the shim
di anet er, an over al ypagﬁ t of about 0.2

and
dpdnivelsthatdt V"laﬁéPRKﬁ”&}@éEel gaed with B &S 586 3@@1@ Bom. This
@éntfi%ﬁﬂaﬁ@d M@Jiﬂoedtat%?angfng%a% r@@r?a'ﬁcé@)épﬂ%xﬁ&? dorgirt. hrige

| att bottom 320 as shown in g The bottom or
Ba@éu%ya%ﬂtqn@r PS8 Hy |ateiﬂ\</uptaﬁ & caliré;spmw vedordty 8T 1 69 feet
?e;r%mnl?tls $2s fRhRL 'cﬁ’ftheaoriffcb 3 h@m{{@ﬁlghéi‘@%lt %tf 12 e@ Rlocity

bottom Four orifices 320 about di a
Nel6d 0 fiest pas aninptetvrie megpirest: Inlbethmafﬁ@ttl@m eweﬂcn:lta wphtghwghan

s 3P0 A ae R B SRR 1
dontbact with a Murata MAMOE7S pi ezoel ectri c t ransducer
314 [

AR PR P Py 2 o S P
a\l/ammuemiﬂhe thottoma@0d ef thedotnird atdimmgiéred ebdw 000’ cswineastcoupled
I S T e e T
wakb natpinl e tios dbtacidg wirfabé (thd faee) fhiad beerremdeddssuctt t_hallpt had a
RSP B TR BT RSy e
pleJe(ﬂaychaMemd gotbre was e ramlraatwﬁldeawoﬁ@amm@ Brigfted

r mthe blister.. FILG. 4 | usfrates. a
E@X%W&g 8&“ t‘gB‘F‘“t“Hb ap B‘éﬁ‘f‘i‘%ﬂﬂ?rﬁde\/&ﬂt fIn5idEn f ‘?f%"

B BIngla8 atthigtc WandFBV ETHe h6-1GRiame elas gasit DIDOM thive ahd EFted
chanmper._ to the secqond chagr;g I n the second
@Ifgl

ehabP hetey frare thsoiratingu thiPieaesispisic Tapidyesrs &8 agesult,

fmé litddohs BbinthShaRasket e ac6MaBNE coftPlOd fAhE ikt 86the Wbrn.
a material such as pol ycarbonate. A vibrataory

Eh%ﬁﬁtmcelpatqueg thedaip e fasel ot Bim ¢ a9el dhg hpstomesing °§fhethﬁ’€1 602 was

Hobpt TeRaPRE FOR HREEELXEiAMSE P WAEs NAGRLE WHSo. @fo” thick
pressure variations comuni cated by the vibrator 408

ashia mdrichpeee firgied 1 ogifigesol0 eath oflaahidresterad®.013hwith a spacing
FE5Yhd dx% 1B SRR e ¥PE.b ANSariifle WieResSWicB BlelfenkPhe

31.0KHz was produced. The transducer was driven at 31.0KHz 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 deaggregate and evacuate a dry powder

from the chamber.

10
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whi ch di spenses powder fromfirst chanber 400 into the
second chanber 404 through passageway 412. Sever al

wexpsrosmsat al cone-shaped horn profil es were nRChiUS2@®S/004850

out of polycarbonate to test the velocity of jets
creat mch 1h5rd ambmhmesth&“p@linflebmisn, as nbovbein. FIGIY, a cbmershhped first

E bott o f hor n

ERARL T2, P S 1 i gt Ao B W0 or Bagh SO
thieigutaiivathingosidesf dmelta26usdf tha bMﬂﬁﬁ @& aM%ﬁEESvave resonator with

i ezoel ectric transducer 50 whi teria fr
e SFuF Tt PRI 2 Farnth NP tsiter e Rbetivat G
bhbgdurd ‘iariaﬁ@hs&?q’uﬁs@ r(bﬁﬂféﬁ/llfrﬁteﬂﬂd»&lg&lfe Shthdfic fkblﬁ-izx? thid@nbodiment,
vi brati surface t he transducer there

tVﬂlHﬁtP qis gper %t}?é‘alli’ F@{Ple@ﬁ%ﬁ?ﬁ]@%“%ﬁﬁ%ﬁ }H’ fg‘Ftﬁﬁ‘E{’ef%z
NI & shown & FIG T AMcérhstiRL, b@iﬂo@ﬂan FrG.teh ﬁletv@&atéﬁébévm@y be
0. 204". The top .end 510 of the horn ha di anet er of

ecougtlcallwwpée@éo b fysiphemoen §0P dropg) "}/%a&rtmpet%ﬂ pFAustic
il f122 sas af@b‘a t&frtl‘?éjﬁrts@chbﬁﬁett o0 10 15t ﬁ?ﬁcﬁ'&ﬁl@ thiftand flexible

orifice 514 of 012" dianeter was fornmed in the shim

gechdhat s maprity af th@ VibgaiionalHeRs v e (rpn e ogriEm ang vida taghe
Btk Ssi @IS 1R artd1Qn OIS BmbdBhen AN é(ﬂHﬁtﬁ‘%éoﬁgltoHﬁﬂgHﬁ@gle Bap

standi ng wave resonance at appr oXI ma

betaertthe sibraiprs06 pind dre agpuspio vanday &i2 SSM gheasringiconstant
g%ﬁén‘?e?i Hé Hida ilftin ¥ 1?4 écég k\{sb‘f 895 i1 %tor&‘?'é agﬁe&%?t\é'@ﬁy the

asured at t e ori 4. At a er vo _
aovippvindpwBlyeltwsi energyf logsgsi@sdaased wéh theiuse Dﬁanmsustlc

EASW £9midiiRet h cases the jet velocity was higher
than necessary to achi eve good evacuati on and

d e ag ghegeatiagof gk thié eqnbwhmlentf shomntih @1G. 9, atwadiwaabéﬁl? ﬁlrst
31 SHet %yage fF c% Q}é 13 eﬂg S o%y 8103?%% H%Bgﬁ ni% By Qcﬁ] rize

S mac U m n uny
RYDF fiimd oﬂhel llm’aﬂﬂ etppl;ﬁn@dmcnhthrn@ﬂ@fb‘ltagm gerv@shecPVIPF @tin tothat

hi"ﬁﬁé@% bn)% surface 604 of a Murata MAMMOE7S

E.he Z 38 PR EGRE P S8 YWY Sm whi ch material from

t Ee van@r:tg'g RYlirditicd lame c()ﬁe?‘ﬁla]ﬁe’set&) ddaa%behgeﬂvg teRkatbesLady be
t It a reso e reguency . .

S R e etioe B Sora50at FAG OE e FBeaibhs i be s or nearly

Bkt Qele@st hivet deh@aH flaRdneaBelslighely FihBed\a$Tade fobinferfacing or
lam nate film 608 corrprl sing oriented polyam de on the

GRHPS N W Ith She HPTAQRY eﬁ‘ﬁﬂmpol yvi nyl chl ori de on the

i NS dpy, eab6f the 4bAVE ABRKibEL EFbRINMEHES) WS Ad 6ti oM 6 AN ibratd
tri-laninate was about 0.001" thick and spaced about

glegtlmeg,vghe;,v$fagq§y t:lﬁ:glemsglpaéfthe@gal%z@ﬂpggé trgisdpigs, an electrodynamic

pb%ﬁ@il\%j frdf3ddcEASSAME EletoshR iFe frARHhder s1hh1‘§r i tf%s@tt}ia@ﬂ% used
romthe transducer were acoustically coupled to

imdirerenisfoleamiag bath. It Thse ichostiblgéecrprloe serinraeating plston pump to
%}g{sefﬁﬁ?ﬁl&isé bt gak 526 c%ﬂdﬁd@%yﬁﬂétfcgg@s.GKQy QfbrdtBiean bhebi

combination suitable for producing the vibrations necessary for generating synthetic jets
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



0.204". The top end of the horn 602 termnated in a
wal | 614 which was 0.010" thick and in which were
woéaoomdisdzori fi ces 610 each of a dianeter of OPOTAS52005/004850
with a spacing fromthe axis 612 of the horn of
thefXBES theAaco tdingiressuraheesby estehanribe fm;mqamaquov‘ided :atlthe Kédmstic
dﬁ&/r gilr’lacs\e/eg:o%doﬁ algeelaos Zglf?%; %@nth%hm%&o the @ ag(}usp it m%pedance of
ﬂehﬁdnﬂmcmhnaa4 feet per mnute. Wen the drlve

vol t age. was ed to 120Vpp the jet vel ocit :

! Por LG RgA RS SR Ees Hal SoaiiR b i f ssolg “Abalersrpe from
Hetspivie hicdcbype oBthehiventidhashdadidipsapparéa teldagokiRatiethaad.
evacuate a dry powder fromthe chanber.In a third
enbodi nent of the invention, as showmn in FIG 7, a cone
shaped first chanber 702 has a horn |l ength (neasured
along its axis 704) of0.204". The configuration this
provi des sinultaneously the benefits of a standing
wave resonator with the pressure magnitude
anplification of a horn to further reduce the

magni tude of the pressure variations required of the
vibrator to create synthetic jets. In this enbodi nent,
the vibrator 706 is operationally coupled to a
flexible wall 710 of the first chanber 702, i.e., as
shown in FIG7. Alternatively, as shown in FIG 8, the
vi brator 806 may be acoustically coupled to the first
chanber 808 through a gas tube 810, to an acoustic

wi ndow 812, i.e., an area of the first chanber 802
that is sufficiently thin and flexible such that a
majority of the vibrational energy will be transferred
fromone side to the other side of the area. In this
enbodi nent, it is advantageous to mnimze the gap

bet ween the vibrator 806 and the acoustic w ndow 812
so that the spring constant presented by the nediumin
the gas tube 812 is of the sanme order as that
presented by the acoustic w ndow 812. Thus, energy

| osses associated with the use of an acoustic w ndow
are minimzed. In a variant of the third enbodi nent,
shown in FIG 9, a wall 902 of the first chanber 904
may be fornmed by the vibrator, e.g., by making the
wal | of a polarized PVDF film or the |like and

appl ying an alternating voltage across the PVDF film
so that the PVDF filmflexes and generates pressure
waves. Although cylindrical and cone shapes are

descri bed above, the chanbers may be made in a variety
of shapes. In all cases one wall of the chanber should
be flat or nearly flat or at |east have a generally
flattened or slightly rounded surface for interfacing
or
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coupling with the vibratory elenment. In each of the
above descri bed enbodi nents, in addition to the

woisasm3s nmentioned, the vibratory el enents nBRETRS2@5/004850

pi ezoel ectric transducer, an el ectrodynan c
Whetuislslpmaddas:s) transducer o r a nmagnetostrictive

ranzggcerowgirnli halrréo those that are used in

[tr iV ?ﬁgoggirﬁglg'lt also is possible to

enpl ayfirst chebga fockdlding adiyspowdepunp t o generate

i mpul ses of ,gas that can jn e, synthetic jets. .

U br o B ot el T BRSY T SEERRF: B0 pRishE sy o feceiving

T 220460724 férheo Mhd dBtgodidsr dhdCemarinitaligy the esr6dolizéd @y powder to

%/nt.heé:i cjets is within the scope of the invention.
¥fie@onfigurations are possible and yet are within

t he scapetoPior ARinNRIRS@RH polvBMETIn 0R firft@harB¥e BPihe sedohd
nay be desirable to place an acoustic wi ndow in the

HBRFer to couple the energy froma transducer via a

hor n WiRrdilfhe AP PSS ihRERNePintd M s&BaTBRmbed BY $ynthetic

approach provides two acoustic inpedance
JFY&EEsf or mati ons, one (the horn) whichincreases the

RCOUSHe QbR ihaleD 6F @B MRIHeRINGe hARade MRS HM G Easpect ratio of
provi ded at the acoustic w ndow, and a second (the

krgthiroiress-seetioprmdtebleyst Plat mat ches the acoustic
3.”pedﬂf3%g3{ 19({%&6[? Snrlel of (ﬁ%ig‘ple vgllaf%ﬁq)ﬂ% Reésg?%ebﬂgg $ias an aspect ratio of

addi t'i on hanges may rrade 1 nt ol ng
igthtsurosdespadioniafgt keassome.he spirit and scope of the

| nventi 1] . [ 1J.ag..i

e b s Wil DR B pROSGATEF e
Tonpribsidngpovalef inhster cfidayel, whereirhthk dirsh ghantetr Yasposptiedrical
S%aseecond chanber connected to the first chanber by a

passageway, for receiving an aerosolized form of the
@ry pithadey penttr irdwatenof dati Ngvbeiedn the fies ohanzedisdoye shaped.

POV B RS i BES B B5R DRE- SR it

wierredonatbhe dry powder is introduced into the second
nnal G 5 it el b s Ve he S el Foh 53 g shape o

gpect ratio of length to cross-section of at |east

9.5, el opder Lanal er, of ekal L hereln e,

REk@demr.section of at |east one.

10. A dry powder inhaler comprising:

a first chamber for holding a dry powder and a gas;

a second chamber 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 driving the dry powder from the first chamber to the second
chamber, wherein the gas is moved through the passageway in both directions, and a
distance the gas moves in either direction is at least twice the diameter of the

passageway.
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4. The dry powder inhaler of claim1, wherein the
first chanber is a blister. 5. The dry powder i nhal er
wohRowsioaiass 1, wherein the first chanber has a PCT/US2005/004850
cylindrical shape. 6. The dry powder inhaler of claim
11. whBreehrynpdviler inhalst ofdlainbHY, wheretothe pashageedy of7the Tikse chamber
rein the first

ry. powder.. i nhal C
BiohnBaRo i e R B SE 5. The ary
powdeA diypaadderininfler @ failaim 110, wheeiaitive filsechhinbertis & bAstarer
s in the s 9. Th I nh ler
b oo e s hiran o, Sherg bt g g 8 Shindhical
figperhol t z resonator. 10. A dry pomder i nhal er

npr|S| a fjrst chanber f i.n

Thd aTllféié;’:l boydeeiobpler e RNl EVgﬁrﬁ 'J(I%E“? ahae@éy ficpag &5 Saped.
cnanbgede dBYpAvdRARSASE BB aind 1, wheesi té Aigkt SihnARF f9Ak h #8kling
formof the dry powder and connunlcatlng t he

HaYgs¥hi9%ed dry powder to a user; and a vibrator for

o.i ving d‘i}h}?oxﬂfeb’mﬁﬁw smﬁlﬁpm WB@refrﬂ thé Firsé B}?aﬁm:%f 1st119th'é *aﬁ‘ape ofa
second chanb wherein the gas is noved through t

kassageway |n bot h directions, and a di stance the gas

fpvesr ﬂe'ﬁr;ﬁ#&v@ﬁf mgélEF 6t 61891 1 (13 Wﬂt‘:reinecﬁé Firct Wla‘f'rﬁael; ﬂ)‘?mﬁ a Helmholtz

di anet er he passageway. 11. dry powder i nhaler
hongiosi m 10, wherein the passagemay of the first

g%?a:t”ﬂ{e Wﬁo\%{]&g ﬁ&ﬁ&ig%fc{lgxry o f\ﬂ:llr%u%ﬁ t8r i 5‘5?58??%?5”‘% on

tt@sdwderrein the first chanber is a bllster 13. A

%ggbo%@%#aé%@%: @anlgr I)f 851?4 f%%%era%ﬁé siFEat&{F a eEc?etl ctrlc

I ndrica ape ry po
frafsddoer. of claim 10, mhereln the first chanber is cone
hal. er of cl ai

15. The
%ﬂer :ﬂ‘he dlr)h%ov%cf%ll; glgaléj] gﬁ% i & rerléelna{hg PSS ewaglhas a cross-section
mmsaﬁaEQan@ﬁofWMGIﬁthpﬁMﬁer i nhal er of cIa|n110

% . the le 1 | ihn etht Sh%) of h2 ection
) Gpit e ST AR oy Gl e ROSREAGH e Fivgseoi
ﬁﬂallhsﬂér mm&rr‘a@ge of 0J00F> & tlesorhol t z

22.  The dry powder inhaler of claim 1, wherein the first chamber is constructed of
plastic.

23.  The dry powder inhaler of claim 1, wherein the first chamber is constructed of a
cold formed laminate material.

24,  The dry powder inhaler of claim 23, wherein the laminate material comprises a
tri-laminate of oriented polyamide, aluminum foil and polyvinylchloride.

25.  The dry powder inhaler of claim 1, wherein the first chamber is constructed of
metal.

26.  The dry powder inhaler of claim 10, wherein the first chamber is constructed of
plastic.

27.  The dry powder inhaler of claim 10, wherein the first chamber is constructed of
metal.

28.  The dry powder inhaler of claim 10, wherein the first chamber is constructed of a

cold formed laminated material.
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resonator. 18. The dry powder inhaler of claima1,
wherein the vibrator is a piezoelectric transducer.

wQ200508es38lr y powder i nhaler of claim 10, wherePaTisS2005/004850

vibrator is a piezoelectric transducer. 20. The dry
PDwd eFhei dunpdveder ofhater af dalm 2 utvenersinnthe keenipats smatpeialbsontpaises a

B B SR TR L B 5000 100 <

adher eAdrﬁﬁquoamhalgemwprfsag a cross-section dianmeter in
the ra 20" ..22. The dry powder
ﬁ%@ hamlber for %Oldlv\,ﬁa%@(%o‘}’%e’ first chanber is

i nhal &t
consta secorelcthahbgpl castideaed t@ the kat&ha‘inIyEr fbewhassagengl o re&élving

| aj ' b t
RO o T bbb EredE S icapiig S st gy F poer
tohakeandf claim 23, wherein the laninate material

conpri s tri-lam. nate for ent ed pol yan de,
o 4 RRich 0 ko B e BV ae Do Y Fhe

powdewhdrélh eegassabewdydtiabad aspabrantdd duck bt fiypdivdelia ideed from
i s construct eg of net al 26. Thﬁsﬁ tygaéowder i nhal er of

the firsichambepipdpesacophehamber by iy creaigd oy SR yiprager

pl.astie. drﬁﬁowcﬂq fhHAlY o POMEIES0, WhBRIEhe Biss&c‘#e@'a%&soan aspect ratio
vvher e| n t first chamber is constructed of netal. 28.

i porRaetion phallest 6f- cl ai m 10, wherein the first
9f‘anbﬁ{e dry$ BW tHHAG: 8619t 0, Gk QE H?sga%e% A& a?rldaspect ratio

material.?2 dry powder ‘i nhal er of claim2
allengsh 19 orore-Spoin @Atad loagioari al conmprises a tri -I ami nat e

9. Or"ﬂ%r}fr ﬁ?\p&k ﬁﬁ‘meﬁj &f lellnyf@ Wﬁ@?\ﬁgpﬂné ﬁ?srt] amber is a blister.

pol yvi ny ori I nha

&‘bnprThe‘;l dnyypovedef inhater cﬁdm‘reio M\prehﬁh@l firsg C@rmhey hgsovaytindrical
sgcond chamber connected to the first chamber by a

pa sageway, for receiving an aerosolized formof the

d¥.y pbBwdiey pandtr odwaten nf dait 3y whieinaibe fisso Changgr dropne shaped.

Qg).mef‘hetdqu Sov%lc?é? frhafdl! gf claim 30, wherein the first chamber forms a standing
wave resonator.

37.  The dry powder inhaler of claim 30, wherein the first chamber is in the shape of a
horn.

38.  The dry powder inhaler of claim 30, wherein the first chamber forms a Helmholtz
resonator.

39.  The dry powder inhaler of claim 30, wherein the vibrator is a piezoelectric
transducer.

40.  The dry powder inhaler of claim 30, wherein the passageway has a cross-section
diameter in the range of 0.001” to 0.050”.

41.  The dry powder inhaler of claim 30, wherein the first chamber is constructed of
plastic.

42,  The dry powder inhaler of claim 30, wherein the first chamber is constructed of a
cold formed laminate material.

43,  The dry powder inhaler of claim 42, wherein the laminate material comprises a

tri-laminate of oriented polyamide, aluminum foil and polyvinylchloride.
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a vibrator for aerosolizing the dry powder, wherein
t he passageway has an aspect ratio such that dry
woawd@s1833 noved fromthe first chanber to thePeeamsz®s/004850

chanber by inpul ses of gas created by said vibrator
B1. Thhe del povalewih@sled ofletline B0,ovhakiaithe 86t chatmbeeis Botdracted of
§Q§fagemay has an aspect ratio of length to cross

88t ion of at least 0.5. 32. The dry powder inhaler of
cl ai m 30, wherein the passageway has an aspect ratio
of length to cross-section of at |east one. 33. The
dry powder inhaler of claim30, wherein the first
chanber is a blister. 34. The dry powder inhal er of
claim 30, wherein the first chanber has a cylindrica
shape. 35. The dry powder inhaler of claim30, wherein
the first chanber is cone shaped. 36. The dry powder

i nhal er of claim 30, wherein the first chanber forns a
standi ng wave resonator. 37. The dry powder inhal er of
claim 30, wherein the first chanber is in the shape of
a horn. 38. The dry powder inhaler of claim 30,
wherein the first chanber forns a Hel mholtz resonator
39. The dry powder inhaler of claim30, wherein the
vibrator is a piezoelectric transducer. 40. The dry
powder inhaler of claim30, wherein the passageway has
a cross-section dianmeter in the range of 0.001" to
0.050". 41. The dry powder inhaler of claim 30,
wherein the first chanber is constructed of plastic.
42. The dry powder inhaler of claim 30, wherein the
first chanber is constructed of a cold fornmed | am nate
material. 43. The dry powder inhaler of claim42,
wherein the lamnate material conprises a tri-|lamnate
of oriented polyamde, alum numfoil and
pol yvi nyl chl ori de. 44. The dry powder inhal er of claim
30, wherein the first chanber is constructed of netal
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