WD 2004/ 002394 PCT/ US2003/ 020842 5 DRY PONDER DOSE FI LLI NG SYSTEMS AND
RELATED METHODS 10 Rel ated Applications This application is a
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regul atory conpliance, the powders should be filled in a nmanner that

provi des precisely neted or neter d1 nP nts sqQ that an accurate active dose
is delivered to the patient. Pres , Y icle excipients or

addi ti vegy are addege pRsdnhGivention relates to the dispensing of dry powder substances such

as drugs, chemicals and toners and may be particularly suitable for dose-regulated

pharmaceutical products.

Background of the Invention

25 In the pharmaceutical industry, fine dry powders, particularly those intended
for inhalation products can be packaged or “filled” directly into inhalers or indirectly
into packages that can then be accessed by the delivery mechanisms of the inhalers at
the point of use. Generally described, known single and multiple dose dry powder
inhaler devices (“DPI’s”) use (a) individual pre-measured doses, such as capsules or

30  blisters containing the drug, which can be inserted into the device prior to dispensing,
or (b) bulk powder reservoirs which are configured to administer successive quantities
of the drug to the patient via a dispensing chamber which dispenses the proper dose.
See generally Prime et al., Review of Dry Powder Inhalers, 26 Adv. Drug Delivery
Rev., pp. 51-58 (1997); and Hickey et al., 4 new millennium for inhaler technology,

35 21 Pharm. Tech., n. 6, pp. 116-125 (1997).

Thus, depending on the filling container, the filling may be carried out to
generate multi-dose amounts or unit (single) dose amounts. To assure dose
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active dry powder constituent(s) to attenpt to allow for ease of filling.
Present single 5 or unit dose powder quantities typically range from about
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can reliably dispense srmall quantities of dry powders.
quantities or less) of dry powder. The above-referenced patents are incorporated by '
20 reference as if recited in full herein. |
Many pharmaceutical dry powder formulations employ small particles in the
dry powder drug mixture; these small particles can be subject to forces of
agglomeration and/or cohesion (i.e., certain types of dry powders are susceptible to
agglomeration, which is typically caused by particles of the drug adhering together),
25  which can result in poor flow and non-uniform dispersion, thus inhibiting reliable
filling. In addition, many of these dry powder drugs are hygroscopic in nature, a
characteristic that may also inhibit reliable filling. Further, fine or low-density dry
powders have a tendency to float or spontaneously aerosolize during dispensing,
inhibiting a uniform flow and/or making precision meted or metered dispensing
30 problematic. Hence, it 1s believed that conventional dispensing methods may have

about 15-20% variability, dose to dose.



5 Summary of the Invention The present invention provides nethods, systens,
appar atus and conputer program products that can pronote a uniform
fluid-IikwofZoemoedo4dry powders. Certain enbodi mnents mapchaspasioeesut arl y
suitabl e for dispensing flowable precision unit dose amounts of
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selected frequencies associated a particular formulation or drug to

pronot e uni f or m dFye prpssukiaientionipdoYifesmethods, systemsi appArates ad<CopdWder and/ or

sinulating liquid fl h LSt it DO t] T er gy
nput may beP et oSl PAED Bhidi it fhite ABPREMT P BT OY o
to, electricahbibimess maedbaaiticalarlieaitddle fof disparbigriadwablespretisisr usit ddsae
non-1inear signal can be determ ned experinentally using a floor of PVDF
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non-|ine Sj E nd/ or by evaluating flow characteristics
such as 11 rrehgg?v\ué%;aegv l@ﬁ@ﬁ\géer nmeasured in a rotating drun). 25 Certain
particul ar enbodi Inrettain@mbodineatsy, € dperatibsypen sinpipyr minalineae vipratiomidput doses

of lowdensity dry powders. The | ow densit rs have densities that
are at about SR¥EY @’é‘_r’ftﬁ’gﬁoé‘.e %PBW&Y g@ég’g%{?ﬂf%ﬁﬁﬂﬁnﬂgyfzﬁ t han
about 15nm, c&{r%u}emk Slekite P8 46 FRWABK dRfpeAdeQiburdfinda8urk® oTdry pBwa& t ai n
enbodi nents, the non-linear vibratory i'nput energy conprises a 30

plurality of sybseadessér arimasrerithas dnhdbits Gpreveats aggee@nFopEND mAsy producgion
frequencigs _assqciated with mcrofl ow of the.dr " [ enci es
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characteristics) without aggregation. The energy input may be generated by any

20  suitable means including, but not limited to, electrical means, mechanical means, or
combinations of same. The non-linear signal can be determined experimentally using
a floor of PVDF (known as KYNAR piezo-film or polyvinyliderie fluoride) that
applies the non-linear signal to the powder and/or by evaluating flow characteristics
such as time between avalanches (measured in a rotating drum). A

25 Certain particular embodiments are directed to dispensing relatively small
doses of low-density dry powders. The low-density powders may have densities that

3. The dose amounts may be less than about 15mg,

are at about or less than 0.8 g/cm
and typically on the order of about 10pg to 10mg.
In certain embodiments, the non-linear vibratory input energy comprises a
30  plurality of predetermined frequencies that correspond to selected frequencies
associated with microflow of the dry powder. The frequencies can be selected
experimentally using a flow evaluation apparatus and/or using a property analysis that
characterizes certain flow parameters of that particular dry powder being dispensed.
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sui t abl e anal ysi s nmet hodol ogy known to those of skill in the art. In
particul ar enbodi nents, to establish the powder-specific energy signals, a
5 Fouri erwOrasdfoeson power spectrum and/ or phase space ceapluszemBp2@azal ysi s
of data associated with the angle of repose and/or tine to aval anche can
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as the dry Sempaasofsglsctsd fefvrneiesi hhatransmied sneegysaghabmay ge genefatedt ause
the dry wd Lol 3 At Laldl y uni formfluid flow Thus, the fl ow
pat h assggi atgge%h\%dtﬁlhggnggl??%gg%%?%ﬁglééﬁ'si ng port can repeatedly open and
t hen cl ose in a plrecebprembodindrtsyghd enermtiaputGignaldesicomgrispusmtlincaes of t he

dry powder bej ng di spensed. .In qther, enbodients, the mass qf the dry
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positioned on a receiving nenber. exure iIs cause y a quantity or
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automatically carried out using a time-controlled based dispensing system as the dry

20  powder can be flowed in a fluid-like manner so as to cause the dry powder to simulate
Isubstantially uniform fluid flow. Thus, the flow path associated with a particular
dispensing port can repeatedly open and then close in a predetermined time to mete
out desired quantities of the dry powder being dispensed.

| In other embodiments, the mass of the dry powder can be dispensed by

25  measuring the change in an electrical parameter induced by the flexure in a
piezoelectric active material positioned on a receiving member. The flexure is caused
by a quantity or weight of dry powder being dispensed onto a tensioned piezoelectric
material. The dispensed weight creates a change in a detectable electrical property
that can be measured to determine the dispensed mass.

30 ~ Certain embodiments of the present invention are directed to dispensing dry
powder drugs with accuracies of +/-10%, and typically about +/- 5% or less
variability, dose to dose, and may be carried out with requiring vacuums to dispense

the dry powder formulation.



O her enbodi nents of the present invention are directed to nethods and
devices for increasing the bulk density w thout introducing cohesion or
aggr egat iwo 20@/00p3vavi de a nore stable fluid flow of finecrawseeansisty dry
powders. Thus, certain enbodinents of the dispensing systens contenpl ated

by the present inyention are 5 directed.at increasin he arent bul k
density of the dr?t b%%‘?‘ﬁl‘ﬁﬁmt%g‘&?@ﬁ?ﬁdm%%?ﬁ e '%d%ch@eglggij bed in a
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outl et poyt sgirdphi@ra@indrdabifg Gleipgaiett HulloWersinon&e dr peRadribgtbePrdssingxt end i n
an angul ar orientation of between about 10-75 degrees relative to the

axi al di r ect pasHorsfoffthepgwden pechinfg dispensiag pribruithost evacuating s lowodensigur ed to

overlie the,flaow.ch £l i t i 11l ayer is
bl e to 1 oo PRtE Gl Ak o taRERR! bilu B RURRAR REEGLE YOI
f I ow channel the dRglpdwder tnasdrighal generator operatively associated with the
pi ezoel ectric layer, wherein, in operation, the sjignal generator is

configured to outlppertanempraiments; agnagaisigr fispensingAs% PRWEsTs can igglude: (M ¢ he

el ongate,f | o i 1 'ﬂén%t]ﬁ i f

f | owabl yl(Li s%ﬂeﬁgl?%%e%?v{/ QipH%\XS%% gglfd?gm %g%gérﬁtﬁ’g%/?ﬁ%&gh%iﬁgg%géggg port
and a dry poaisity $phead gpatt inlet EHné outietpootd swheneih ulskeelofigaje fienehamnelig a fir st
non-linear vibratiqn input. signal, the first.non- lin i.nput si gnal
conpri si ng aciigreEdite 9"‘8‘?& gj2pERg AR orienfatiop & b?Wé&%@W&?ZéJ# ﬁg%wesc%%ﬁ%pond
to characterjhi &i&l‘&f@mfi&?&ﬂfﬁﬂ@!(@% dxiBle ezt AFY laeMeinighea bwkiion; (b)

applying the first non-linear vibration input signal to a'dispensing hopper

havi ng at 25thk dlastchanesl &b $hek i dprgativos theypiizoeleetnie 14yer istablerty gy wpwardly

formulatjon is flow.n t her et hr.ough: an G LSP. i i,r ted
quanti tylor tH FORARgrs R hon i o gnociite HbSRBAERang 0 B sfpel”

recei ving neghefatorlopeRvély Gisbdibted itithepitiseledtielageryphitein, it gfaisncode
includes a plurality of predetermned different dry povvder-fpe_(:l fic flow

enhanci ng vi be signalrecasraiog s wofigered to ouputaasignah i dlexinedbr Megaslestrisilexesr ent

dry powder t I I Lspensabl e. The system can be configured to
di spense a p{}‘ur%{ﬂ?{lé&%?@‘gi# eFIZnt dry powders separately. The control

modul e can i ncl ud@ercximprubedimpnts greaditected éo trietitodaof Bpwablyidisperismguiry t o

Iagte cn)ﬁr:az ?/%QJ Pgov%e)r/s ggx\xlq\% ropgeerlhgginglas 1s%2§selgg pc?r? gncf 2(1) ngu;}o%vrdep {18\9 BS‘{&‘. %%ge that

methods include: (a) generatingva first non-linear vibration input signal, the first non-

linear input signal comprisihg a plurality of different selected frequencies that

correspond to characteristic flow frequencies of a first dry powder formulation; (b)

applying the first non-linear vibration input signal to a dispensing hopper having at
25  least one dispensing port while the first dry powder formulation is flowing

therethrough; and (c) dispensing a first meted quantity of the first dry powder through

the dispensing port to a receiving member.

In particular embodiments, the computer program code includes a plurality of

predetermined different dry powder-specific flow enhancing vibration energy outputs,
30 each associated with a different dry powder that is flowably dispensable. The system

can be configured fo dispense a plurality of different dry powders separately. The

control module can include computer program code that accepts user input to identify

the dry powder being dispensed, and computer program code that automatically
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5 WD 2004/ 002394 PCT/ US2003/ 020842 selectively adjusts the output of the
vi bration energy generation source based on the identified dry powder

bei ng di swermsehno2dgm certain enbodi nents, the conmputer pregrsvcodsstor the
predeterm ned dry powder-specific flow enhancing vibration energy output
for the dry powder being 5 dispensed is based on data experjnentally

obt ai ned f r ofslectiveEledisEthesouwpyfof theevibretion prengiegencating SOWRHPRIEHRMtYS ar e
directed to ¢ for operating a flowi ng dry powder
di spensi ng s§§e5§§héf%’¥5’§§8%ﬁd%@s§€ﬁ%§%e§d dry powder flow path wth a

di spensi ng port ahtceatain dnrtatlinaents oer @ynphodd berraf $0dd ot € prévereeminel diyp
facilitate 10 fluidi¢c_flow The conputer program protgu% i nc] udes conputer
readabl e st oPAYEeT-sRedfici e Wavhaningshbrat et enesniAnPE 11 BE ARRYBIEE PERS 0di ed i n
sai d medi gm g; WAL & ?dagﬁ : ' v ut er

r eadabl e gr ogirgg%nlsg(g e thg{n ({ai de %ﬁ%&ﬂgsg%gg |Itﬂydq§¢\yg§?¥sé§§f)nt%lgw
powder - speci bowddrl ow enhanci ng vi bration energy signals, a respective one
for each of the pluyrali .of different dr owders, each of _.the 15 flow
enhanci ng Vi brat | DG RRPITERG A Grectsr o caiFrRIO B TRk PPeyating a
predet er m ”eﬂowh{gc&%l Béﬁcﬂlﬁrdﬁs\peﬁﬁﬁ%%)@fen{l!{h‘i‘/ir@ éihrékdcﬁéfgd)&ry%%zd&oﬂﬂ»@?éh and (b)
conput er readabl e prggram code that directs the dispénsing systemto

oper at e usi nyithlaaligpensieg parparsi 4 vibratioh engrgy souresassepjated Gargvithde feilitated wit h

t he dr wder . bein i spensed as identjfjed i.n the plurality of different

vi br at ?oﬁgena‘w @?‘gnﬁ%.‘? ?efﬁéo%?rgﬁ?#M* RoRrs %orrflpc’flgeﬁtr %a%{ﬂﬁ%@?gﬁr ovi di ng

systens si M hRAivPhdvitey JoRIpIRE Seadalfl rozedrh 3bde dnyldesdsin 688 ndi@eSTHd bed by
n

inserting "neans for" | ront of the operations noted under any of the
net hods descePBreeraisadable pragram cofelinstudes: (atfjoatnuder readable Progsye ceds thet t he

present invepil ar.q. exnl ai ' all, . 1 i forth
bel ow. 25 Br ?%1P8%%Sgacpﬁ F‘g@&o‘ﬁ dc[# é?ﬂ@ °%?%€§Pﬁ§‘? : Ef"g‘ﬁ? e&iﬁhé gﬁgéugg Eré%gil C

enl arged par tigadls,farrespectiviearne 6br each of the phurality df differesit dry povales| eacaof dfedi ng t o
enbodi ments of the present .invention. Figure 1B is a.fl oy di agram of

exanpl eslof H8¥EARINGHIE AR HES PATFO5PORE e F&%G‘Egﬁéﬁ%_ fFBIed of the
I nventi on.  Fhgiiopkftyldgadf e PMudli BB Pdwhr&HRE €5 BnpaRe tAlANOFroghAt can

be used to

code that directs the dispensing system to operate using the powder-specific vibration
energy signal associated with the dry powder being dispensed as identified in the
plurality of different vibration energy signals. |
20 The present invention contemplates providing systems similar to the methods,
and certain systems can be described by inserting “means for” in front of the |
operations noted under any of the methods described above. These and other objects
and/or aspects of the present invention are explained in detail in the specification set
forth below.
25
Brief Description of the Drawings
Figure 1A is a schematic enlarged partial front view of a filling or dispensing
nozzle according to embodiments of the present invention.
Figure 1B is a flow diagram of examples of operations that can be used to
30  carry out embodiments of the invention.
Figure 1C is a flow diagram of examples of operations that can be used to

mete amounts of dry powder according to embodiments of the present invention.



mete amounts of dry powder according to enbodi nents of the present

i nvention. 6 WD 2004/002394 PCT/ US2003/020842 Figures 2A-2Cis a

schemat i cwol2besstioedti on of the characterizati on and genemratrius2o3fo2asust o zed
energy input signals for different dry powders according to enbodi nents of
t he present inventjon. Fi es 3A-3E ijlustrate a series of opgerations that
can be carried out"§Yes gk%fg{’éraﬁiﬂhe@aé‘cé ?SfIQBP%OgtﬂlgﬁgqfaCé%P&? to .
enbodi ment s %En%%npdf%ﬁaaﬁnzewﬁé}gy Diput siFhHoP dfrdrent @rﬂ%@apﬁhﬁccéxﬂﬁl Mbbrati on
anplitude as~a function of frequency used to dispersé€ the dry powder used
to vibrate tkmbpduwtats afihe presehi invéntignaccordi ng to  enbodi ments of the

present invention.. Figu i artial sectio iew of a .di spensing
syst em accor di ng ingu bé‘g%&lf%@ﬁetgfe&gsf’ %peﬁ?t&lé%fa Py enctaf%ercll.ouli?)gure_ 5B is
a partial ssegtiphin¥ia@Witatle Skl SRVRGHID SNSIIRHLRS 60ME bitGerdt dnveatidier Nat i ve

embodi ments of the present Invention. Figure 6 is a schematic front section
view of a di spensiFigpreydss egfank ebthgivityation araplithdy asrrefunetigpodifieapansy gsedt he

a_di spensifigrsy: bihsivyatien araelfid _. eiedthe
Bnother embodt WAz Sop el S RERE B vol Sl TRl BeoBfo0n v o ©

perspective vh@edifenaivfaigcirkdeat inkghtionsert menber according to enbodi nents
of the present invention. Figure 9. is a schematic¢ front perspective view of
a di spensi ng syst &igureGAde 8 prihsgction wawiaf 2 shpEnaphBEICHEARCAIIBE P he present
inventio Fi_gur e | et j.c illustration of a dispensing system
accordi ngotoeg%agﬁﬁggndgﬁhezpﬁg%gﬁﬁ%@nbf the present invention. Figure JOB
is a graph ill ust Fahire§Bds dpartial sebiien dbwerf atdispensing systesl a@condingdd  par anet er
that can be used to d togrm' neia di spensed mass or wei ght using a 25

di spensi ng sPHEBANE TR Fm?”és_?ﬁlé? Pi§ YRR gure 10A according to

enbodi ments of t BB LCHeRURD o MlectibiHE of & disperdi 9SKmcaFiRB o
illustrating a conputer program nodule according to enbodi nents of the
present i nventditnnal Emdpodimen dfﬁlea?rbieofcm_vcﬁt@gr am of operations that can be
e L O h2! At e, e 30 P MR K RSB YR ! 6 oBRP Bt

embodi nent's of th
the present invention.

Figure 8 is a side perspective view of an oscillating insert member according
to embodiments of the present invention.
| Figure 9 is a schematic front perspective view of a dispensing system
20  according to additional embodiments of the present invention.
Figure 10A is a schematic illustration of a dispensing system according to
additional embodiments of the preéent invention.
Figure 10B is a graph illustrating a detectable alteration in an electrical
parameter that can be used to determine a dispensed mass or weight using a
25  dispensing system similar to that shown in Figure 10A according to embodiments of
the present invention.
Figure 11 is a block diagram illustrating a computer program module
| accbrding to embodiments of the present invention.
Figure 12 is a biock diagram of operations that can be used to evaluate dry
30 powder dispensing parameters according to embodiments of the present invention.
Figure 13 is a perspective view of a dispensing mechanism according to

embodiments of the present invention.



Figure 13 is a perspective view of a dispensing nechani smaccording to
enbodi nents of the present invention. 7 WO 2004/ 002394 PCT/ US2003/ 020842

Fi gure 14wo0i280400239ant vi ew of a fl ow channel nenber accecaiusgois®m20842

enbodi nents of the present invention. Figure 14B is a top view of the flow
channel nenber shown in Figure 14A. Figure 14Cis a side view of the flow
channel nenber shg\’/%PrFﬁ“f—‘i‘gﬁfogt‘Tﬁ‘ﬁOfSﬂ&WoChmlIYPP’@??éccﬂ?’?ﬁ%@g@ a front view

of a cover nepBElinRR&Yrdhdgel: RbRRLMENtSs of the present invention.
i f

Figure 15B is a top view of the cover menber shown in Figure 15A. Figure
15C i s a side vi eligure{lB isotoprvievenbihe flohoskianna nfengher sisowihiA Rigure 14@. 15B.
Figure 15D is a front view of. the cqver _nenper sho in position overlying
the flow channel m&x“ﬁfls ?Flgﬁy’éwlcg.ﬁﬁ%ﬂ%‘ﬁggmf Vas Wtﬁ?ﬂ?’ﬁéﬁ Lguges 144
present snvepdi4m. Figure 16A is a top view of a piezoelectric polynmer
menber according to 15 enbodinents of the present invention. Figure 16B is
a top view of a cFigweAdAns afent iew offmgoitse megdur saoshugitoenvdiments/efir menber

(Figure 15A)taen%sfe| towvghl%gnel menber (Figure 14A) according to enbodi nents
of the preserﬁ N e s gure 17A is a perspective view of an alternate

enbodi ment of a deesSB%a%Wbmedb%raMﬁf sEdvanePigdealsiAON appar at us
according to enbodi nents of the present invention. Figure 17B is a section

view of the devi cEigugrddCas opige Vieweo! ttrproveBmemberrihgwndn FigareobSDustr i pt i on
of Errbod'} n of the Invention The present invention will now be descri bed
nore fully hereinafter with reference to the acconpanying figures, in

whi ch enbodi ment sFiyure hEDiisnw foiitivisw af the c5V \Wiembeh kisovithineidkition oM@lyindrovever ,
be enbodi ed in ny different f.grms and should not pe conftrued as limted
to the enmbod s chappelmaemler e Figure 144 pecordipg i embgsiiments pf the prosgE el enent s
throughout. {Refihig figures, certain |ayers,. conponents or '

Figure 16A 1s a top view of a piezoelectric polymer member according to
15  embodiments of the present invention.

Figure 16B is a top view of a clamping brace that may be used to secure the
cover member (Figure 15A) and flow channel member (Figure 14A) according to
embodiments of the present invention.

Figure 17A is a perspective view of an alternate embodiment of a dispensing

20  and/or dry powder flow evaluation apparatus according to embodiments of the present
invention.

Figure 17B is a section view of the device taken along line 17B-17B in
Figure 17A.

25 Description of Embodiments of the Invention
The present invention will now be described more fully hereinafter with

reference to the accompanying figures, in which embodiments of the invention are
shown. This invention may, however, be embodied in many different forms and
should not be construed as limited to the embodiments set forth herein. Like numbers

30  refer to like elements throughout. In the figures, certain layers, components or
features may be exaggerated for clarity, and broken lines illustrate optional features or
operations, unless specified otherwise. The term “meted” is used interchangeably
with the term “metered.” In addition, the sequence of operations (or steps) is not

8



features may be exaggerated for clarity, and broken lines illustrate
optional features or operations, unless specified otherwi se. The term
"met ed” iwousewhoesver changeably w th the term "neteredPCTiUsS2@0d@edsypn, the
sequence of operations (or steps) is not 8 WO 2004/002394 PCT/ US2003/ 020842

limted to the order sent ed cl ai s unlesseificll . I ndi cated
otherwise. ViR 1 tsQr ‘Fef HES?‘E?‘L’& tﬁ%@e&eﬁe@ss SpEC Pﬁ?&&?’@g‘“’ g2€ting",
and the |ikewgadys@afe tegink h@rfacﬂéd”e%hxe&éd”' %hfaeﬁﬁé yandlmkﬁz@ cﬁﬁﬁfeaﬂi
otherwi se. Further, the term" ElglE)per is broadly used for ease of

descri ption tmh@egﬁglyaaren@wtln ass statetl otheswisnt Fyrtheri thaiteomn “Bopnst tis ng
portion of t th in dIS st mand an .include, but are
not |im ted%f &dly - 5065?,55' r@eﬁgg § ‘ﬂﬁggﬁ%ﬁdf‘é‘ﬁe %@Slfpt&g%%]t% and/or a
reservoirs bO(ﬂMldl@%rtﬁdiﬁ)ﬂthé@owEEtﬂ 1ﬁ b AibpESsif /sRRY andees fohidel Uutah:qm to
scale. In the description of t resent invention that fol certain

terns are eHpl6géd 3@@9?@*@}10(36(51 r@epogm Qﬁtbmﬁvwmetha@mdé@rsqrﬁeaermu badyt ai n
t t d h the t
s ruct ures r?xlxcﬂl’fe\{ and %ﬁ@s arg,gotsﬁecgi%%gl&gg?w@g%&%e erein, e terns

"front" or orwar erivatrves & to the general or

primary directionliihatedchiptioit of thopisent inveigdisthasfollows, cethiapansak -t hese
ternms are intended to be synonynous with the term"downstream"™ which is

often used i AMpioNEd WIelsF 1 CBP“M%WI%}OHFWBW AL SRITBRESTClg Ve Ithdt e t hat
certain %Lre &lelt 'Bgreﬂ{ ﬂﬁgo F%r“%ﬂwdrﬁ”&?d&é?%n@és edfn that
an ot a nverse and

process mat eri the terns "rearward
"upst ream' angdferde ltha/@nembsr prhmredfrectroefthm thaodry Ipewder teevielsaas st 1o pispsised,

respectively t he forward ownstream dj rectiong used. herein, .the
term "non- | i HES§ te“ﬁ%%rﬁém?rf'fga ﬂ%syé’BBYrP%‘GF \‘/”iﬂbﬁ’ﬁttm d&é"f“iSA%?fm’oWhé‘ﬁ%d?\al has an

i rregul ar shapg, andhPmafetGring &Rh&eﬂlémomv%m&aen@w inldRa® tRMREHRAiAPOS ed
frequencies and/or a vibratory frequenc I ne shape that has varying 20

anpl i t udes ( patics) traweling enheing aitddsuponds %/an}lptl deng iotthatdreagsy thmeqothen s ( per

second, nut verqatine n contrast to conventio t he
non- 1 i nek regxta.g @01)"5881?{35}1(3 ter’l'gﬁt fe&B@%fgt A BPPHEtE fc%e%?e’ s?ls ﬁ’éfeé’ or
steady stat ereff@ﬂea.ﬁd digcasmlopbosie, RbpeRtivély, nﬁdfdrwmm@bmm&ym@cuaﬁu S
non-|inear vibratory i nput can, thus, transmt a variable nplitude notion

(as either a one, ABWES dwenua)ﬂhwvéenm-h@@s.eﬁwstwﬁhea@myd H@Ea}t@'ﬁ)ac?@l 25 the

powder. The dIEe be
particul arl ygg%h%?g?%q | sp dpdd}%gr et lggla}’s @ggllhg%net ed quantl ties of
dry powders, supmhipdsadgfrdqus ahd)’lorrm Wibtatoryafsequeenatiyd aneeshaye, thatrics mrymg

phar mac e% ca plat%ge t(?)esz(s))r an%rpaelak %?c?t(xs ovelr tnyr})?é stancpard intervals (per second,

minute, etc.) over time. In contrast to conventional systems, the non-linear vibratory

signal input operates without a fixed single or steady state repeating amplitude at a

fixed frequency or cycle. This non-linear vibratory input can, thus, transmit a variable

amplitude motion (as either a one, two and/or three-dimensional vibratory motion) to
25  the powder.

The devices and methods of the present invention may be particularly suitable
to dispense discrete measured or meted quantities of dry powders, including those
formulated as medicaments, and/or pharmaceutical agents for oral and/or inhalation
delivery. The dry powders may be those approved by a regulatory agency for

30 dispensing as a pharmaceutical product, or may be dry powder used in a drug trial,
drug discovery, clinical, or pre-clinical evaluation or be the subject of other

commercial or non-commercial scientific, research and/or laboratory evaluation. The



delivery. The dry powders may be those approved. by a regul atory agency for
30 dispensing as a pharnmaceutical product, or may be dry powder used in a
drug tri avp 20awoog3odi scovery, clinical, or pre-clinical ecalusatisomser be the
subj ect of other commercial or non-commercial scientific, research and/or

| aboratory eval uatjon. The 9 WD 2004/ 002394 PCT/ US2003/ 020842 dry powders
may incl ude SREPYYIeHTRRY BEtids anpALMAEASHYS PharmasHte! corsiituenisaswefljas o

bi oconpati bl ; L Lk : h j.an or bl end.

Enbodi ment s ?*O%lg ﬂgétlib\rflé\iidrgtﬁ:;?rsl tﬁrfdgg emgg?s?%ggﬁg}l{l@{c}% ?) gelg?'e for dispensing

| ow- density dry pobddinentsHdueymventohmery erpacitubeiytsnitabie fardiésppnsigelesi ng

unit density 5 and/or di density powders. Th erm"lowdensity dry
powder " neange%ﬁ‘ty%’yp@k%fsslﬁ]%‘@?‘ﬁé %Xeﬂéﬁggg‘w%ﬁﬁ B Pr@‘???“@ﬁ(‘:‘ﬂ‘ég_%‘?s‘t ess. In
particul a5 eghae HEdiup deh§i§y pdvitrdenRitkyn AGWIRRsiFPYy PaWAeR miaRsady Of about
0.5 g/cnB or less. The term™unit density dry powder” means dry powders

havi ng a dengpwyerphaanpa dersity o€ agout Ti8ez/¢ret onless miulparticw ansnbodirdents, prewder
means dry powder,s having a density greater t .8 10 g/enB ang lLess than
or equal to 5 denss §°8ﬂ%‘rfﬁ?yeﬁ¥eeeqﬁﬁ%fyn°f€ﬁ%‘83*f§;%@% or gﬁg iﬁ‘&tm&‘r‘fsi ng, the
dry powder i geds@ dH) @mr'a@eaxﬁaﬂ% POWSHDRAVERY 4 @didsiy BNABOLONG/@H®. MRE @rACti Ve
phar maceuti cal constituents, substantially w thout additives, such as

exci pi ents. Amediyadiensityedrii powden) sneans duyipoy/dexsiherioga deogivgroatertharedids t hat
the dry Q@\Ad%/trcg{%?a %ﬁﬁ‘hﬁ{{g%‘ﬁﬁ g%}J?IOXt Pgrgﬁmactl ve 15 formulation with only

m ni mal anou er non: arndcologi cally active ingredients. The
term"mni mal anoiidestaineeRlirhéas, duligg dgpensi] the disngovedd éyfosmiiiaged abe
present, but are present in greatly reduced amounts, relative to the active
i ngr edi ent ( s}1aviagsapsRREAIY LY ORGPFIAPTE @CH ERPATRAGEILIS RRSEBSRSand pr ef er abl y
ess than  aboilndly Hindd) BadllivRCOREds ehpiBRVCRS ulaf KAl ARty | 1
certain enbodi nents,” the 20 non-active m%redl ents are present 1monly
trace anount svithbut addiyives/en¢ans ithad thei dity pbWyer d inlansubstaigdly puspestisabl e

SVara | 920t gl om0 S b S 2 °
I ngredi ents gaRedidnd. UR r@edlidhintas &Mﬁ%”%aﬁﬂﬁ%@n&ﬁ-@é”tﬁ)@iﬁxé&&ent@ﬁxa%g dry

facilitate aeorolization delivery to the desired systemc target. T
powder 25 dr bepfesanimbubatepresentan gready neflucedamaunty sglativeup sheeactivees that vary.

e e e T R SR o PRI A L s i o
50um and t habowdb%, bi/fhe dbknsed dryt fBvder formulation, and, in certain embodiments, the
20  non-active ingredients are present in only trace amounts.

In any event, individually or unit dose dispensable quantities of dry powder
formulations can be a single ingredient or a plurality of ingredients,Awhether active or
inactive. The 'm_activé ingredients can include additives added to enhance flowability
or to facilitate aeorolization delivery to the desired systemic target. The dry powder

. 25 drug formulations can include active particulate sizes that vary. The device may be
particularly suitable for dry powder formulations having particulates which have
particle sizes that on average are less than about 50um, and that are typically in the
range of about 0.5-50um. In certain embodiments, the dry powder formulations have
particle sizes in the range of about 0.5pm -20.0pm, and more preferably in the range

30  ofabout 0.5 um -8.0pm. The dry powder may be a respirable low-density dry
powder having average particle size diameters between about 0.5-0.8 um.
The dry powder formulation can be dispensed alone or also be dispensed to

include flow-enhancing ingredients, which typically have particulate sizes that may be
10



range of about 0.5-50p.m In certain enbodinments, the dry powder

formul ati ons have particle sizes in the range of about 0.5.im-20.0p. m
and nore woeber@bioy in the range 30 of about 0.5 pm - 8. @amUSTés/0disy2 powder
may be a respirable Iowdensity dry powder having average particle size
di ameters between about 0.5-0.8 }im_ The dry powder fornul ation can be

di spensed al kar@rdranah@@tmnwr%w@cw@te S13%81 LoRETRITGAPRASHRRR e flow-

i ngredi ents, %%dg%%%?hgﬁ\{gdeo&rc ﬂ‘%ggnﬁ%' Tk axlﬁtg'gitzes”@ryth@%rdml@f VO

2004/ 002394 arger | ve I ngredi ent

particul ate ghotes0- 10®1uﬁerﬁ>ah1plamiﬁeﬁhxpiems$ncmd‘¢€1acftbsavmdemhdnsn @;hcrrtgpesdi ents
can incl ude eXC|p|ents havi ng particul ate size 3 on the order g about

50- 100 um EXEGRSIEEntHTanalsd; bicamieyeinich ab bubpqtdispiiediin, SSHR TR O her
Lypes ~Ols eXghdRA'HY GE0MP a@.@ﬁs%@g g d‘lﬁllﬁxsﬁ%norp{-“FDlQ{EXai' mted to,

sugars Wwhi ch ppr ove at es Food and
Admi ni strat i enyogrotebin)s (ag., rrran;zqu]; ot ascbhubilgty €ehagcers lﬁmncxméexmmeh@

sol ubility enhancers . C e e . other generally recognized
as safe (" G@@@gg@;@%g@%ﬁ@léé@ﬁ%éé@% %JF%%%EE@% conditions or disorders
that may be treat Eﬁad%lééﬁomééasegoa&eﬁﬁmﬂbﬁw}a&gt%%&%m&ate@wemjdl ments of
the present invention include, but are 10 not limted to, asthma, COPD

(chroni c obspowddrs dispgsttramardingdiv sewediments i thepresent mVIe@twi igelude; Pyt are

nsut i HEe afdeied s g EOPTR G Fontoin P IRET RRRsPlnds” 1 o

adm ni strati gmerpRY, ?ﬁlc fiksy8dls A &Bérlrvﬁﬁra{o@ﬁéﬂrhb’mﬁ%ﬁ ﬂglbaﬁ§ﬂﬁc’50tﬁmhla&ﬂ
antim crobials, protease inhibitors, and nuclejic acids/oligionucleotides

as well as swulenﬁeélsag@flﬂ@fé@é hinsadditians feyeRowdek mhaigny BT PISITRURR TBHEPr ot ei ns
such -as insul 'at% {l?{ o gﬂgy}gcrtmg E%lt?guégﬁg&xﬂ?ﬁl’db\(ﬁg ﬁ:cﬁgase%ﬁlbl r§ra9 ' aI

agents such 5% eins s i nsu
di abet es t hepaic @dsldybl‘@bnud&tiﬂesmsrmi astsqstemlcr@baﬂseublrhsmpd@sé&e pept | des

such as |euprolide acetate for tre of prast r an
endomet r 1 Dsi $£uBIEde aRd OIS FUFRRS | ’Gf’u °§18¥ﬂi’éﬁ ﬁ%‘gbaf’%‘fgegvgﬁyl f| br osi s
gene ther apyéﬁﬁﬁcﬁ)‘%xeﬁ)ﬁég J fRA a?ﬁ’tﬂ:tul?egcﬁarg:o mp¥@hdsf pl%'%eu?é such EEMEIAL fopn '

of Aerosol i ze eroso pp 8 -106 1994). See also U. S
Pat ent Appl i dabetemthmby ncelhemnsxﬁm-remmnmﬁlafkdldlsowm peplitles paahtasd f or

T SRS e R B3P0 i 5Dy JBBLERL A, B oot o0
fgg: fg; | tnheaéiep&edgu %cen?iecllegﬂumoaéﬁub Eibedass deRe ﬂfemiyaﬁ@cbetperfoaﬁect eSwee as if
20 e.g., Wolff et al., Generation of Aerosolized Drugs, J. Aerosol. Med. pp. 89- 106
(1994). See also U.S. Patent Application Publication No. 20010053761, entitled
Method for Administering ASPB28-Human Insulin and U.S. Patent Application
Publication No. 20010007853, entitled Method for Administering Monomeric Insulin
Analogs, the contents of which are hereby incorporated by reference as if recited in
25  full herein.

Typical unit dose amounts of the dry powder can vary depending on the

patient size, the systemic target, and the particular drug. ‘Conventional exemplary dry
powder dose amounts of inhalation drugs (with excipients) for an average adult
(human) is about 10-30 mg and for an average adolescent pediatric subject is from

30 about 5-10 mg. Exemplary dry powder drugs include, but are not limited to,
albuterol, fluticasone, beclamethasone, cromolyn, terbutéline, fenoterol, B-agonists,

salmeterol, formoterol, glucocorticoids, and steroids.
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Typi cal unit dose anobunts of the dry powder can vary dependi ng on the
patient size, the systemc target, and the particular drug. 'Conventional
exenpl ar yworyo4/oessder dose amounts of inhal ation drugs @EeTiUS2e0802¢84ENT S)
for an average adult (human) is about 10-30 ng and for an average

adol escent pediatric subject.is from 30 abou -10 . enpl ar ry powder
drugs incl ude, buﬁn ‘éﬁr@mné&ebopiwqt%&eﬁﬁmméf%ﬁ@?ﬁ or dﬁ%ﬁ%ﬁ?ﬁ%‘fﬁteg

becl anet hasoRgsh £&iR¢FBAsY n cdnbéritatioh '(:{he'mgrfe%b@tf%fdéhba { SrRO0OESHsHmentSPovERt er ol ,
fornmoterol, glucocorticoids, and steroids. 11 WO %004/ 002394

PCT/ US2003/ 0208#ationahbleads: diurthermthsdiryrpowdsr formeulations masthsceafiggrdiss or dose
e cont age P Buic Ao LRI L0 B MR A A IERERREY, e

ma
per cent age O]s dctl've constituen er, the

dry powdes f egdihplateacinanitidry pperdedtist enaye@d cash@orden®t léss thaadibond 60 0%albke dose
conpared to the conventional 10-25 or 30 ng doses. For 5 exanple, each unit
dry powder d&weohepnventiogal dosgs. dp getaip partisylar embordimeutitthewuivdnonewdet nat of

convent | onal 46aSERn ab hotPhdeldinhRlel G GIDHN TR dheed (30! doflf ¥5 POWdeT

dose, such as those used In inhalers, an a ose my educed 1o under
about 15 nymgamet may bobetlvednubent ElRUIOng, Oggedlly@rgyech wpow Sl0Ly-1beicWdda about

50g- 10ng. The ,active constituent(s) concentratjon be bet ween about
5-10% In ot ﬁ@fvemnﬁmﬁ?“é{ua‘%@f F\%%E(%ﬁ%’fqeflé}é‘?ﬂt Sglzrx(&elﬁtqﬂé‘?i ons can be in
the rangegy of hghRRAsARAVE conjslgt'ugﬁ)t%ﬁn tratdhs Gh HeVE the rHA R betwBeR Ak CUl ar

embodi ments, such as for nasa I nhal ation, target giose anounts may be
bet ween aboufl0-22%6 Q0§ 0% ar evien dargawIn paficglar enbodimantp.euch anfoofiasal di spensi ng

system 10 is.sh . .The ,system 10 c rises [ sing hopper 25 with a
di spensi ng pBﬁ’f’Pagg’b:tar etq‘l?_é%?‘f‘?‘ﬂ}’ts Téyﬁggatwc?wag%&dz'%q}ﬂg'can be di sposed in
the hopper 25 for Tginsens RFighie 1US ADIESEsh disfrasihebent! 1§ isRBWART 'Thé s used
i nterchangeably with "dry po_vxfjer‘forrml ation" and neans the dry powder can
conpri se onesy¥enalPreompiides ¢ dispensiigshappercdft witlyp dispepsengi RO 25D Vi geD8HE or a
plurality, of er I C U | n po . be a

dry powdg? wof%&?’cﬂ%gg%{/g?%# b%?é@érgreedﬁgt%ﬁ eolﬁl gﬁfeﬁgp@%ﬁ? iA\éH%F%gg%ﬁbm, t he
20 di spensi ngheawsit &y pOwadrs i \Godimirsemgaablp withi“deagoveieg framulpeios’ aidor 20
that is operably associated with the hopper 25. The non-linear signal
gener at or 20MedNHAH ATYRAEIET 338 COPREF QRLOTA RIEHIET oy cpnstitifingy oraperedingte

o123 Vi bk aralruh nsisha bl drocmpntss lipoariones 25
vertical ly adiygidwdet with agiesivher pgglomeratioh tandencies? 2ys,is @5q shown, the

20 dispensiﬁg system 10 also comprises a non-linear signal generator 20 that is operably
associated with the hopper 25. The non-linear signal generator 20 is configured to
generate a vibratory sigﬁal 20s that facilitates the flowable dispensing of the dry
powder 15. The.hopper 25 and port 25p define a flow path for the dry powder 15.
An axis 25a extends vertically axially through the port and hopper, 25p, 25,

25  respectively. The system 10 may include a valve 25v operably associated with the
pbrt 25p to controllably and/or selectively open and close the port 25p (and, thus, the
dry powder flow path) during operation.

| As shown, the signal generator 20 may be operably associated with a control
module 21. The signal generator 20 may be configured to transmit the vibratory

30  energy either locally to a limited site (shown as position “A” with lateral arrows
representing lateral movement) or distributed along a major portion of the length of
the hopper 25 (shown by space “B” with a plurality of distributed arrows along a
portion of the wall 25w of the hopper 25).
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25 respectively. The system 10 may include a val ve 25v operably associ ated
with the port 25p to controllably and/or selectively open and close the
port 25p werdo4/dob3eg, the dry powder flow path) during epensesn20s4s shown,
t he signal generator 20 may be operably associated with a control nodule

nergy i ther 1 ochiEng: £ IRHTRY PO PEmONH B8 PoaTe 1 eh SR A ot er
arrows repr laB&brdiaf 6 @hbIURMENTE 6f the YfeselitIhventivh el pahdegspcifiajdey portion
of the length of the hopper 25 fshown y space "B" wt uraljty of

h
di stribut ed pewesnyibaMETIFDSIEYSige] ¢ern h?fgetlﬁétedébllockSO\P)c{FOIF%SOIF%#pﬁ)‘@ﬁheZ5). 12
WD 2004/ 002394.. j i
oper ati ons t%%l&%&gggﬁgéer%& %%Fgg%ééég % %%)Lg&ggiéﬁgéﬁﬁogﬂt&%%%%odi ment s

of the prssepdnetaiy@nltiphdifféreposigieils Gbeki 15y, afld yas spehydersighiabgakaror cemer gy
signal can be generated (bl ock 100) (correspondi n% to the arti %ul ar dry
powder bei ngbeefirsis fopunu fiepeeipplar sigaal comemrnding %@e@&w@@ﬁré‘&nt 5

generate mnul i i [gipal %‘ , 188 arsd; t he signal
gener at or ca?nllslpébnge&;d%?{()gg&{%Jegl&%ﬁr&?hgﬁ a%ﬁtﬁegsggilgn%ﬁ orresponding to
the dry powdesmpriséiy bplurajity off ssjeeted édquéboies intacle 1 18)p bk fbx- hiriehr agmt yansi gnal

may be a non-line signal conmprisjng a plurality of selected frequencies
(bl ock 110) . flyidize Ogiéﬁ%?CE?WIth%gr?o Fhif&%%?mc%dﬁé@e_“}t_ such a way
that a p%ﬂem}ﬁmgye@gmmfe diSpedSRE bt/ GG dbid, hitibifEg REP6H ;ﬁé\ﬁéﬁﬁxﬁ% owabl e

di spensi ng and/ or " reducing, inhibiting and/or preventing aggloneration. In
particul ar eaggbaitneretitrs t he signal generator 20 can include a transducer

that is driven by, an _anplifier. to provide the vi t ory: | .

transducer can be™ Qﬁni“glgﬂ ef’i?_"ﬁi‘é’?ﬁé‘tsrté? %@@F%er%t%? r%f)l%(lfl{iﬁgggrgaq%gt such as
about 100 nMmngfisldeisen byl n bl feaihd Frdvﬁﬁ&héﬁﬁfht&? g, Bhehram3dedRs tal be

enbodi nents, about 1 mmor less. In other enbodinents, the signal

gener ator 204w thdavoisiatiyely small gmphise ot sisp g& RDBY 1@9 F&R ot lgBrti on of the
f1ow pat PS \(mm?ygnﬁcgff}r/ le‘é@{hla{lsle ] Tanll$h E%ﬁ;r?émgédiﬁlgﬁs,da%\éhgﬁ%ﬂrnt&%sg. rotidrher

conponen ansm € vibratory energy to t y powder) to nove,
defl ect andégbodiimenta}the vighdl geadratot 2etan twnmhfigaepka fonckabe béppeesothdran about

1 mm In certain 2Q _enpodi nents of systens that enpl oy at.l|east one
t ransducer, P%Oﬁpg%gf?@d?aﬁhﬁvheﬂ&”@li %WRE‘FWWS%%P"@?% ‘?foél?rl ess than
about 100 M., b RAT Whick kahsnB RRRALBRMLS endiB§ (Sihe38Y pSaderP® rvef dedieeed to

generate a

and/or vibrate with relatively small amplitudes of less than about 1 mm. In certain
20 embodiments of systems that employ at least one transducer, the transducer may be
driven with low energy such as less than about 100 mW.
| In particular embodiments, the signal can be configured to generate a
downwardly oriented force vector on the dry powder during flow that can increase the
apparent bulk density of the dry powder to simulate or cause the dry powder to flow
25  in a substantially uniform fluid-like manner.

Again referring to Figure 1B, successive meted quantities of dry powder can
be dispensed using the corresponding powder-specific signal (block 120). The
succéssive quantities of dry powder can be captured in a desired receiving member
(block 130). The vibratory signal may be a low energy signal. In the past, other

30  attempts for fluidization use either airflow or vibration with linear frequencies that
may cause aggregation. For example, in the past, others have proposed uniform
frequency systems (using vibrating orifices, ultrasonic systems, and the like) to
generate sinusoidal, square, or other uniform (period/cycle) signals.

13



downwardly oriented force vector on the dry powder during flow that can
increase the apparent bul k density of the dry powder to sinulate or cause
t he dry pweocees/doessitl ow 25 in a substantially uniform fl ecaaiszéos/onmsaner .
Again referring to Figure 1B, successive neted quantities of dry powder can

be di spensed using the correspondi ng powder-specjfic signal | 0 120).
The successive qﬁ%?‘?"i’ %5%?438‘?8?“5%&5“53?}3 BeeCraRst ?}F@geTF’ Wé?%?ég ed

receiving nef?éﬁ{'oirs(,%ﬂggse]@mer g&ﬁ@ ééio?rc?%s‘rﬂf% SHadRelikdrapheRBy Bow@W 80BE 9Y

signal. Int past, other 30 attenpts urdization use either airflow
or vi brat i onawivw-Hedsitn pharnfacelggiealty adive et powdey (dacdls £22gJhe getddopantiEpr

le, inth t th h i f. f . SJV.St
Cuai g vi br afiids Rt aBoutl P RiReye ! uHe W esao PR g Sylner at e
si nusoi dad , RGUARE ab&h SOWDS(HIGKN 1235 MIK BEHAP HnEYGhRhts Sthe Ratibilit) Ban¥e

2004/ 002394 PCT/ US2003/ 020842 The powder can be di spensed into suitable
recei vi ng nelesethen e ¥e rThsamoun spghsed, dry ppwdetse bp Hispensed weactiagres or

oot mcol ogr canpedERyss BRs ¥ RS hes Bhue Bl ARk e as i, o e
uni t dose angdmbsticial profsolshan about 15ng, with a dose-to-dose variability

of 5 less than about 5-10% (bl ock 124). |n certain_enbodi nents, the
variability can bBigures ilysrates posmethog of pentepigblytiiibng @retep amenrts af y powder
can be djspeps i I C I t

requiri nlg(?vo ofﬁgﬁl{rsﬂ%aﬁfé%& ﬁget% ﬂ&%tgﬁ{%(}gsﬁ%% | %ﬁ&g?p% ;ﬁ)%%)% %‘?@@““H@Er e 1C
illustrates anethedispetdinfposinteladtivaly opefidd dnidrgosed tegtedarammine tofesi®

| ow-density dry. E)ovvder. The, dr owder. fl ows through a dl&’?fpﬁz sin ort
(bl ock 160) ceig! tisempuabfiing e fiom patlsisoper and. sy th gk RIWBEEd at

predet er m neg . tl It ; : fheld 8@ td oW uRRHBse S open
and, thus, t ?%ﬁ%bg&&ﬁg?y%o%mﬁgﬁglggﬁebg d(Oglﬁ%crk 16%1%. The ?:Ii spensi ng
Spe

port may be amodritsofless than ghost tomg (hlodobes). dhetimescoptrolled haRe pdsbut  15ny
(block 166). The tinme-contraolled.dis sin ort, 15 .be operated to
yield preti sF’Gﬁgﬁﬂ?"éﬁtegg%ﬂﬁ@sprﬁ‘?s@?'g%%g\ﬂﬁ‘écgmgr? 61%8%%(%&0“ brf"r%r and in
certain enbogiARnna ibedrBeimBdimbntt GAUebBboul MEud-Mm\) 'TRhE BEinshRBisionmeans

| ess than about 5% variation froma planned dose anmount, and/or dose to

dose, and nmgaisdessdhan abauindatysuationszam p planperhdostigEoyits prcier dose 9eddse:may be

reL G 10 5B P SEl B AERgRly 0, 2 20, Undr | v o i pesi o

The dispensing head may be held in a static position with respect to an

20  underlying dispensing location. As such, the underlying receiving member may be on
a moving surface (such as a conveyor with a controlled conveyor speed) that causes a
different receiving member or location to be placed under the dispensing port at each
open interval for successive automated filling. In other embodiments, the dispensing
port can be placed on a moveable head with the receiving member(s) static, and the

25  head can be translated to overlie different receiving regiohs at different dispensing
times. -

Figures 2A-2C illustrate three different dry powders 15y, 15;, 153, each of
which can be analyzed and/or characterized (20ch;, 20chy, 20chs, respectively).
Custom or corresponding individual (non-linear) input signals with frequencies

30 selected from the corresponding characterization that are specifically targeted to that
dry powder to facilitate fluidic flow during dispensing can be determined for each dry

powder 15y, 15,, 15;. The drug-specific signals are shown by the signals 20s,-20s3,
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a noving surface (such as a conveyor with a controlled conveyor speed) that
causes a different receiving nenber or |ocation to be placed under the
di spensi ngopoedooatsseach open interval for successive awconsted/okossti ng. In
ot her enbodi nents, the dispensing port can be placed on a noveabl e head

with the receiving nmenber(s) static, and the 25 head can be translated to
overlie different [Pe8gPdiSHYTE Q)ﬂgg‘é‘fe ]eﬁ)fm@f@nﬁroaﬁaénﬂé%s ap{uﬁ?’@é? Fi gur es
2A-2C il | ust 188 dFietdnt; ,:;]:gg.i? A9 3 e whi ch
can be analy?gﬁﬁgﬁg§§r cﬁafadgg??g%%Ofg%%%?ﬁdz C f%é§%€h3,mP§gp£%? 3e|y).
Cust om or cosmgkplondowder; thelsighal gaherftoo 20 maydarprodrapuied svidieadinglowighal
frequenci es sel ected fromthe.correspondi ng characterization that are
speci fical | yz’g%ré%%a“%t%?% 'Sp?frléc ﬂ%@ég?a“t éFE’inI“?ega?f(EerW?ﬂtﬂB'cmfiﬂ’Sw during
di spensi ng Capgmp@aticiagy o HEOEMYr LARIH Mte RBWGINardeddo bd Bput dmo3. The
drug-specific signals are shown by the signals 20s1-20s3. 14 WO 2004/ 002394

PCT/ US2003/ 0208amingHystewsh giraglectenesesitey (vROcqnEiugermpeogran cags theedipacoige anmed
with a pluralit t%f (ﬁreqﬁﬁgrggned di{fe.reri signals 20s, or if a

manuf act ur i néeré%%blna G s oy dromaier signaldy 1ol 4y y powder, the signal
generator 20 may PeupbdN-IEMRGb0M e b ckafmiphddfRopsiafiB thatdlsy bARRR@t & ©
powder -specific signals can be determ ned experinental [y and/or 5 '
conput at i onaBeserae a dry Rdesspesifin signal-of micrasloananalysiswd thecdry PewBer tbRput ont o

e e e o R R

direct t

il lustrate amaesadmp flowgrofiiper e zmalysishat beeatribé oatao seleet pogdontinant gener ate a
dry powder-spegjfic signal. A mcroflow analysjs of the dry powder to be
10" di spensedoatateRy frgpensiender a RarQdarddsy Rowasthati W nrapakﬁfﬁ)%otﬁ? PR¥deing; or

other sut abligrinM34did Bpdolid h&S unifBen mRARAHNKS tSachfRe RIGAL K €d out
to sel ect prgg%n nant o‘gﬁglial Ila?{o%?’?rﬂé%ggﬁlm es for a pa?ti CEI| aru drly powder
t hat, when afipi extntfor Ioiedepsityddy poddeisng f | owabl e di spensi ng, can pronote

i or |lowdensity dry

ggifvfjg; ;n Erg;s N]l;lt (r)\\cl)v %?leg Q%cg%e"é%§ fﬂl?rtL:ililPa- %fglésiﬂialag&lgﬁi eng’{%ﬁ&er’?qnﬁﬁemasur ement
are descri bagsctiBedn@Rlered alllSignabPebtaksify BRESRING AtplicBrePysie Applied to
Powder Behavior in a Rotating um_ Part. Part. Syst, Charact. 16, 191-196
(1999) ; Cr owdehavéar iau,RomﬁingmtnuthaftoSysta@wa%o\éé?l-11 PS8R Srevdrent and
terporal {1l 2l 4y ARBLYS| Sor Bl oot} ASIHEAED e Bt Spackh999) - and
analysis, Part Syst Charact 16, pp. 32-34, (1999); and Morales-Gamboa, et al., Two
- 20 dimensional avalanches as stochastic Markov processes, Phys Rev. E, 47 R2229-
2232 (1993), the contents of which are hereby incorporated by reference as if recited
in full herein. See also, Ditto et al., Expei‘imental control of chaos, Phys. Rev. Lett.,
65:3211-3214 (1990); B. H. Kaye, Characterizing the Flow of Metal and Ceramic
Powders Using the Concepts of Fractal Geometry and Chaos Theory to Interpret the
25 Avalanching Behaviour ofa Powder, in T.P. Battle, H. Henein (eds.), Processing and
Handling of Powders and Dusts, The Materials and Metals Society, 1997; B. H.
Kaye, J. Gratton-Liimatainen, and N. Faddis. Studying the Avalanching Behavior of a
Powder in a Rotating Disc., Part. Part. Syst. Charact. 12:232-236 (1995), and Ott et
al., Controlling Chaos, Phys. Rev. Lett. 64: 1196-1199 (1990), the contents of each of
30  these articles are also incorporated by reference as if recited in full herein. Using the
princibals and relationships described in one or more of these articles with signals
derived from analyses of mass flow and/or microflow, one can determine custom
powder specific signals that may be able to achieve uniformly flowing dry powders.
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20 di mensi onal aval anches as stochastic Markov processes, Phys Rev. E, 47
R2229 2232 (1993), the contents of which are hereby incorporated by
ref erencewaoosooemaited in full herein. See al so, Ditt®Cetusado3/020842
Experinmental control of chaos, Phys. Rev. Lett., 65: 3211-3214 (1990); B.

H. Kaye, Characterizing the Flow of Metal and Ceranic Powders Using the
Concepts of Fract &S sttt Figuss,3A dhe smetisswey avdanches fpracparti¢rdar sy

Aval hi . . .
Pracessi ng_and Chand e P BbvaratdadRnef@ll e frod il i dpe

Soci ety, 199nfoRnatidn madgeheesonderteGitatiequenty spat draygBncyadutnai) dsaliehsin St udyi ng
Syet. . Char actigurs 355 g JCrunrieser < bron” Te Rt A0F FAPchacs,  Phys.
Rev. Letts G4etedd@Ba debBPulali@My orViEc ARG HRiel ?ﬁ&haﬁFsiﬁg nufiBsFoar ti cl es

are al so I ncorporated by refer))gnce as it recited in ful erein. ing the
princi pal s aselested fiequensibd e adantifieéd Thafrequeencies sebeceedohay spas @ dasitdde| es
with signals eriyed from anal yses ss f.low and/qr mcrofl ow, one can
det er mi ne cu§1ia_g?ﬂ° %m@ﬁcgﬁ&{cﬁ%{t@gg?éﬁgg@tﬁw&pn AT tgﬁ%ﬁﬁ‘lleéw{eénﬁ’éhi eve

uni formy fl Quiereeddh YheR@WESE Speckam/\OTRORAN 0823 Uhs AL UBCRRHJ0842  As

shown in Figure 3A, the tinme between aval anches, for a particular dry
powder of i nfiggesacies peguring e gregteseninebep of fimeshinghe disuibuhion. aFarekampkg dr um

hi [ i nf ' . d f f
dormi n) 38 SRR SRR n e O et G FA e S PRET b aP VR on

of frequenci difeéH: fireqienbies andled SiFfidi AR dreqaaERY tdtepRdadtlay least a¥bwa S00NBRUL er
nodel s). Then, a desired nunber of selected frequencies can be identified.

The frequenciédigabdionedn paipinprabodimgeisi the aumbergen 8¢ pidgast goait §rand; cant
per centage obydidifly haki's! B4 bRl suffRiehi LHEMIPATLRP P y30s QPRI ved 10 the
ru Ine ose

anal ysi s spe term "nost observe nmeans reguenci es
occurring théegquenay dstribotioheTo sdledt itheammber, ttive, ties tot fduuior arore dftthe axanpl e, 10

t he nunb of different frequencies selected nay be at_| east the three npst
obser ved% di PPt eﬂP?é}fftFéﬁg? g%u_ ﬁéi‘? g‘?’mé’g? f’%&t’é’%tsf qﬂ’éﬁ_&? hds epr esent
at | east aboya1pRite eﬁéﬁéaeauglaﬁa BHBHbLD Preqhdhcfes e bR aﬁm&ﬁ@éﬁn?ofiﬁdhe nunber

can be at |east” about 5, an typically about 6, or a number su cient to
represent at nprelintar sigoaitto tBpEowe fltidee fldw pepdamemceadi st ri bution. To sel ect the

be used o form ¢ REEITYAElSeEY bisf: oHIE Bl thPe R R sl °° °"
experi nent al ¢ dddhaiddipldt Q0ftanibeagleeide] EisurE3E hRseatdetat tBe bdigetedmbi ned
non-linear signal to inprove fluidic flow performance,
20 frequencies can be superimposed to generate a single superposition signal (that may
also include weighted amplitudes for certain of the selected frequencies or
adjustments of relative amplitudes according to the observed frequency distribution).
Thus, Figure 3E illustrates a derived non-linear oscillatory or vibratory energy signal
that may be used to dispense a particular dry powder.
25 Referring again to Figure 3D, the signal can be created digitally by computer
code means employing mathematical or numerical computation techniques and
relevant equations. For example, for a signal 20s having representative freciuencies
“f1.a,” the cumulative signal X gigna (20s, Figure 3D) can be generated include a
plurality of signal components, xf-xf; (shown as 20f;-20f, in Figure 3D) at each
30  desired frequency, f,, each component having an amplitude “a” at its frequency as
described below. Using the spectrum shown in Figure 3D noting that the most
observed frequency in Figure 3D is 20f;, the following equations may be used to

generate the non-linear signal.
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Figure 3D illustrates that six of the nost observed frequenci es 20f1-20f6,
in the distribution plot 20f can be selected. Figure 3E illustrates that
t he sel ecwedo@Mobssequenci es can be superinposed to generaTaSa0SI0REUE
superposition signal (that nmay also include weighted anplitudes for

certain of the selected fr@quen0| e a nts_of Aoplitudes
according to the %‘H & éﬁ‘ﬂﬁ%‘?ﬂ:éor&l st ?% ‘f genrals ﬂ% @%h&&?@%gﬂé
illustrates a deri ved non | i near oscillatory or vi bratory ener gy si gnal

that may be used to di spense a particular dry powder. 25 Ref erring again to
Figure 3D, the simmBl1398A] be created digitally by c@ﬂféﬁt‘@r( ) code means

enpl oyi ng nmat hematd cal ical conputation tec rel evant
equations. For ><’éifl (Q’fnér i gnal 20s havi ng repr@gsentz(t?ve frequenci es

"fi_n," the currul}ag,a;a\fps@(ma(fz)msmogggl (20s, Fi gure EytionsB) be gener at ed
include a pluralify of signa onents, xfl-xfn (show gs 20f1-20fn in

Fi gure 3D) at eachﬁ@ffid@s@F’é&f‘t)ﬂr@n&éﬂ Y, fn each c&ﬂﬁ%tfﬂ@t{ ) havi ng an
anplitude "a" at its frequency as descri bed bel ow. Usi ng the spectrum
shown in Figure 3D noting that the nost observed frequency in Figure 3Dis
20f 3, the foll ow Tigs eladtionrean bayomiauedstod atdesiraganertat of frévpenoes tbirersiar
signal. 16 WO 2004/002394 PCT/ US2003/ 020842 For, an i ndex,. ' n" g from
0-15, 999, useEpreserfant efasufiicient pgmpen of dreguencies /spanpige 254EkK} enfza‘t}'&?’i?Bﬂ (1)

Kl 3= ST 21 B L0090, Eh R (R)ifc o Bl Benditad Bl dd 800006HY))

Equation (3) 27r 4)/16000(1T3)) Equation (4) This

eval uati on cmasblected)mdmdnmlifrfaqmenayckﬁspcnedtsnunber of frequencies to render
a representation of a sufficient nunber of frequencies /spanning a ~
sufficient portion of 10 the spectrum The powder-specific, non-I|inear

signal can be gen)@raa]_ byrsypming the sel ected i ndiBguatital (55 r equency
conponents. Xsi gna fé + xf4+xf4.... Equation (5) 15 In certain
enbodi ments, the overall power in t he signal, xs,g"ai, can be increased by

1 e L B8 S B TR P 0, S

for conp €d “signal “co Ion’ cAN - be adjusted by

the follow fgreassdaty @iding20phake2shift & srieror (mZdra of ﬂﬁ)sﬁﬁnﬁ&ﬁ@@ﬁnsq»neﬁtsrﬁﬁor/ nf)
Equat i on (6)
example, for component xf,, the associated signal contribution can be adjusted by the

following equation:
20 xfh=af, sin (27 (£2)/16000(f3) + mn/ng) Equation (6)

Where “m” is the number at this frequency and nr is the total number of
frequencies contained in the signal.
Figure 4 illustrates an example of an amplitude-modified vibratory signal ofa
25  dry powder that can include a kHz carrier frequency (such as between about SkHz-
50kHz) modified by low modulating frequencies (typically between about 10-200Hz)
that may be generated by certain embodiments of the present invention. The vibration
signal may include a plurality of frequencies (applied serially or concurrently in a
superimposed manner) that are selectively applied to the dry powder formulation
30  flowing through a hopper and/or nozzle so that it is modified to match or correspond
to the flow characteristics of the dry powder formulation to reliably induce a fluid

flow state to promote uniform non-aggregated flow.
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VWhere "m' is the nunber at this frequency and of is the total nunber of

frequencies contained in the signal. Figure 4 illustrates an exanple of an
anpl i t udewondisfdoexd4vi bratory signal of a 25 dry powder pChmats2@an2isazl ude a
kHz carrier frequency (such as between about 5kHz- 50kHz) nodified by ow

nodul ating frequencies (typically bhetween about, K 10-20Q at. may be
generat ed by certépﬁxérﬁélsd’gﬁﬁpﬁ’g%ffﬁaﬁ{yﬁé’aﬁ@%g’ﬁ%“qgrﬂf%rﬁtlf .?S%‘E‘é“}\?if%rati on
signal may i pgldifgwAMRTor@t] pawéaé Irfsfr@zﬁ@ﬁ@/%.r% 2RRLAC MRS, I BHid devile

i
concurrently in a superinposed manner) that ére selectively applied to the
dry powder f provideappwder3Dw infamimatjont by deretiing thopperremasdfend reoording tho t hat it

i dified t t ch the fl . terist] f the d
bowaer f or muSE PE B SHURRET T hrred o Hhrsieeh fgeg ottt onot e -
uni f or m non- agresl At iREvdeh Yowddr MNP PRBIAR2 g%rﬁf&’ﬁéé@? 0RSMaRABE2 Thé\

exanpl e of a commercially available rotating drumis the TSI Amher st
Aer o- Fl ow ( TIstrument usesy z phottecell deteetardon its Avatmohs deteptidramechanism) A fights devi ce

provi des powger f i pf LO et ecting.the.aoccurrence of and

recor di ng t\tg\geiumfsidﬁrr%w%ﬂépj\ﬁggé?%lé%&gnﬁcﬁ?gés gqsﬁgreg\go -@F@W’Fﬁ)\oﬁ S 4e®%h utilized
t o denonst r afigréesGrpo@idat dodmitkrl iMERMrpBWIEIthé iR Rtded, allppivdeithdap k& mance
for like materials. The instrunment uses a photocell detector for its

aval anche detibthegrtaien aaghihsmhotesl] daiectorgmppeoyereds Jthen anisalpnehy ogtws dr um
and is opscu t r i r t ai ned
in the dBﬁm {niﬂ@;e P%\&&@é?ﬁ?ﬁ,‘ﬁ%{lﬁé%ﬁg%ﬁﬁ%&%g?ﬂﬁgc%géa‘ra@j?& d\?\nlq\tﬁﬁgtcﬁg& otation
and t he phot ncledht imetserg stoikingsheipitooscet] édintddfrereddry they ddtapalretiacsofitvarelds i n t he
powder heap, .the light |s again blocked by the cascadi owder .. The change
o Ght |t B SReyTRes Pl B ey Harase ot e R TOP AR G TR e

col I ection sfdd@meneamd/or BRaQEE WALRES d%fng%eﬁéiﬁlr@ﬂx%?@phohé‘/a&%fé%meter

enbodi ments, the powder can be evaluated to determ ne and/or neasure
aval anches uthaheandesequiead ongherratatoyglionrs/ dvekzheres van be determavedemsnudticalippunt ed

on the rptatin rum ,Aval anches can be.det erm ned.acousi.ically 15 fromthe
Sound golr B S Shg YRR BF Fe St NanGure P " i S ARk Bt oy
al l'ow for regusefbr adduded Sméintd bfahéldyy foaddethat 9 Absited foleSke fng e use during
the aval anche evaluation to mlligramquantities, such as about 10 ng or

| ess. | n anyavabapehs evaliafion i miligem quaatitissnaiches o 1 Avigl didesheln W be
determ ned angd, Qtaﬁ&?és%?ﬁﬁ%imdéal%é;&%egﬁgﬁﬁn&%%% ﬁée Qéaerﬁﬁﬂedbﬁdgﬁ ’Agehi‘ﬂic%g- 20 A

useful nmethod of presenting scover ynam cs systemis
t he time phase space plot can be generated.
20 - A useful method of presenting data to discover the dynamics of a system is the

Poincaré phase space plot. This phase space approach is one in which variables
sufficient to describe a system are contained in a single vector. The state of the n
variables at an instant in time is a point in phase space. Plotting the time evolution of
the system in phase space can map its dynamics. As an example, a simple harmonic

25  oscillator can be pictured in phase space by plotting fhe position versus the velocity,
variables that completely describe the system. The phase space plot of the harmonic
oscillator is a circle reflecting the periodic, but 90-degrees out of phase, exchange of
maximum position and velocity. A damped harmonic oscillator would appear as a
simple attractor with the trajectory encircling and eventually collapsing to the origin

30 asthe position and velocity reach zero. The correlation dimension provides a measure
of the space filling properties of the phase space representation. A hypersphere of

dimension D and radius r 1s centered on each data point. The number of data points
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Poi ncare phase space plot. This phase space approach is one in which
variables sufficient to describe a systemare contained in a single
vector. TWe e4toe3saf the n variables at an instant in PCTUS2E3A2(BAL Nt in
phase space. Plotting the tine evolution of the systemin phase space can
map its dynam cs. As an exanple, a sinple harnonic 25 oscillator can be

pictured in flbrevishiadeat phept %Stifuﬁ@tiqnlflft?ﬁ)@ﬂiuﬁmﬁﬁ%?rdéiﬁaﬁﬁ@ yordes ty,
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space filling properties of t e space representation. A hypersphere
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determ ne. an appropriate vibration signal, a suitably sized dry powder

sanpl e can b@®H)i Sposbeiween avatanghesrangd shectoltage cliange uBm avialapehippeaneie) . The

drumcan. .5 be allowe 0 tate through a single r.evolution,. re data
ol Tect | bh nagies RS forldte Hede! 24 PR pfingh BOLFe SEUR ARG B
simlar. ThedfidAnGadbrd theppiraicLsh itfotdedin thedamltA Fﬁ& cebe placudtt@hind thed

m nutes. The photocell voltage siO%naI can be sanpled at 25 Hz using a PC

based data aéGuh3vitosiobseniing thophotoell, pareilitatedatsropmation of teagale obihe ™ Ti ne
bet ween aval 3 4 j G

acquired froﬁl&?%z%\:}o tatgte&(?e s%loginzgﬁt.ng@% Qggxmgg@e&r\gxgdéﬁtgﬂsg?ﬁg@%g%%@

per pendi cul apowderthbap carbereaadedraad diicdargleccap badetermmed using that tegoriometrive dr um
A grid can be placed behind the drum w thout obscuring the Qhot ocell, to
facilitat® dealetion haprambsighthasyn Heteranatipns offhgjmstantapeops powdsrgnglge

hori zont al . View t ) : S I t peywer heap
can be recorg%‘%fﬁg%%%g%r%g?gy%g%&%]gm&gﬁvggmﬁggsggﬁgsﬁg%ﬁggttore?glgr?onetri c 15
relation, O fame of the(videogddiérhrsel) preDatsty by reavidinpsthe tourtmgiofis smpwanieous
powder angle can

corresponds to evéggle ggézti%enggag‘teanczﬁ%glﬂ%‘l’ %Izlgagg?%log‘élls Q¢ ﬁ?rt\églagﬁrogg b@ugﬁ;eby
recor di ng t he.5odNtddaghuehiod of b FBUBL Howe Gt Butl @b b b@f@or%_%ﬂiugﬁg @RN_conprise
at | east about 500 dat'a points or 100 seconds. Conputation of a Fourier
power sp2et r Waldamethed m;ﬁ fad2&pding Kiaisgr window and zero padding to 1024 data points
for the FFT calculation; Other suitable methods can be employed as is known to
those of skill in the art.
The avalanche statistics can be presented in terms of the mean and standard
deviation of time between évalanches. A phase space plot can be generated by
25  plotting the n™ time to avalanche against the (n-1)™ time to avalanche. For the angle
of repose, phase space plots consist of the instantaneous deviation from the mean
angle versus the first time derivative of the angle. The rate of change of the angle_ at
each data point can be approximated from tﬁe preceding and subsequent data points
using Newton’s method.
30 The uniformity of flow can be discerned by examining the frequency and the
amplitude of the oscillations. Certain dry powder signals may exhibit a higher degree
of variability in frequency and in amplitude relative to others. By use of the Fourier
transform (FT) power spectrum, energy distributions can be obtained. Energy
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apparatus can be enpl oyed. .Far, exanple, as. shown.in Fiqure 1 an exanpl e
of one appar d’é’nteiWﬁ?’ %togﬁﬁgiwéﬁg?’oﬂ%af %dl%a?%%?ﬁo“ﬁgr't ﬁ.aeexci tation
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and t he adj usIt)ments altered until reliable fluidic flowis out put. The

oper ati onal pwragfithedevicksdapendiag on thetdeaireddativery ceparityg Tkisdpnamtaevilne t he
non-|ine cgstom‘ gq%%a;tbgibd'\[?%f | ow signal for dispensing that powder. The
appar at us” sh ﬁ\ﬂlsflﬁ igure may al so be used during active dispensing
using one or norRefefridgtRckleviigase {Alehe Mbragryeneigysigab2Osatdn He béneeitad
capacity). This apparatus will_ 15 be discussed further below Referring

back to Fi gufed aprlied ipethe Aprramistey 12 prothglths g waends epAsaddo gdores ¥t  and
applied to t vaqu’ ¥ ABNIEE olientifod Phs & BEvdS %Q&Bﬂeﬂorﬁén @P‘tﬂ@ﬁ@ﬂ)ef 85 ahd lor ce

vect or

exits the dispensing port 25p (in the same direction as Fg). During dispensing, the

20  apparent bulk density of the dry powder can be temporarily increased over its real
bulk density without (irreversibly) aggregating the dry powder thereby allowing the
dry powder to flow in a more uniform fluid like manner. The non-linear vibration
energy signal may be supplemented by other vibration energies as will be discussed
further below. '

25 In certain embodiments, the signal 20s and/or the vibration of the energy
transmitting surfaces in the channel 25 may concurrently or successively rapidly
vibrate the dry powder at a pi'urality of different frequehcies (at similar or different .
amplitudes) in the range of between about 10 Hz-1000 kHz. In certain embodiments,
the frequencies are between about 10-200 Hz, such as 10-60 Hz. In other

30 embodiments, they may be in the range of between about 7kHz-100 kHz, such as
7.5kHz or more such as frequencies between about 15 kHz to 50 kHz.

The vibration signal 20s can be generated by any suitable vibratory source,

including electrical means, mechanical means, and/or electro-mechanical means.
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having a downward orientation Fv as it travels through a portion of the
hopper 25 and exits the dispensing port 25p (in the sanme direction as Fg).
Duri ng diwpeneig3v4+t he 20 apparent bul k density of the acy/ysesdeeossan be
tenmporarily increased over its real bulk density wi thout (irreversibly)
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PCT/ US2003/ 020842 - That is, at least a portion of the hopper 25 can be
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based 5 sources (above, bel ow or at audi bl e wavel engths) that can be used

to i nst ant anBewgah axigiiay; 496 (d) aspidlatingeralsed @as (AHFANYAVECR B dry powder
15; (b) el ] =han i ' he h
or di spens: nioEfe Shnd GG Hore SElolfE AR, Bhed WIGSHAER oL Bredhund "2, TOPOR!

(such as, buExamaples oftnéchdnital anploy slectad-mechmidah gibearoryalevicekedrt dederibed por t i ons
such as sol enoi ds i ez ctrically active portions and the |ike) 10

non- | i nekt | yUshéaten TH@S-3%22’6§@é’f@@%v%8r@§i5ﬁj‘7&ﬁ8’ e coagrs 8£W§‘€‘l‘§{ﬁ ably
control | abl e;,.a0BHdSoyHefdrdrdY 8¢ iflrébifel $ RIMHefQAt @l , vertical , and/or

di agonal directions reélative to the flow path axis 25a); and (d)
oscillating or puRsfetingegainad Figured@sin cenhincmbpaimerits 2t sasie@ovivanddlse i n one

o o o Rk oph Rk R BB BT , 1
U.S. Patent p@smed of dgibz&etiricallP&iv@29atarmd s 1184 ZpplifeBtior fex @enMigedrs of whi ch
are 20  powder specific voltage signal generates (non-linear) flexure of the wall 25w which
can be transmitted to the dry ﬁowder 15 during dispensing. The piezoelectric material
may be ceramic or an elastomeric (such a polymer and/or copolymer based) material.
If the piezoelectric material is located on an outside or inner surface, the surface may
be configured to transfer the energy to the dry powder while inhibiting loss of the
25  strength of the signal. In other embodiments, the inner surface may be configured to
actually amplify the signal while in yet other embodiments, the signal takes into
account the loss of the transmission through intermediate mediums and materials.
Figure 5A illustrates that a major portion of the length of the walls 225w that
define the interior chamber of the hopper 25 can be piezoelectrically active. In other
30 embodiments selective portions (illustrated by the cross hatch markings in Figure SA)
can be formed to be piezoelectrically active. The selective portions may be
continuous or segmented and spaced apart along the hopper 25. In certain

embodiments, a series of radially and/or longitudinally spaced apart portions, other-
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incorporated by reference as if recited in full herein. Referring again to
Figure 1C, in certain enbodi nents, at |least a portion of the Ilength of the
hopper waWb=0@%w39ei t her an inner, outer or internedi at ecsursbasmrosany be
formed of a piezoelectrically active material so that application of a

(non-1i near) Zowgowder specific voltage signal generates (non-linear)
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cross hatch markings in Figure 5A) can be forned to be piezoelectrically
active. The sa¢ative poBioppensidsssnayy confligwed forflrxusTherintsBemompoderi@dSspaced
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PCT/ US2003/ 02618 f2flexf inQ¥épehsane @ppli@olt&ftSor cQfreil Tt aittdict doyhpbhent apdd r e
perimeter of a flow channel, can be rmade to be piezoelectrically active.

| n addi ti on, ardsthe paHed&W MRk bpcentindled by istnglectignsb sansFdtel: diffiereat signaly, east
Dol cast i . : e ) b
i sposed 1 n 1 ERTR AL L e B IRAIRIIr S 6fadlt SEO RSty SEABILEY D0 Pe

pl anar, sphediffeednt loeyptionade thatithe non-liaear vibraery eesgy wdunahtivelyeffectorly |t may

be fixed jn the_cavity of the hopper.so .that it_is held. n a static

verti oal 13 pBESTEH iy PHRIGH heilisat AR P ROy, The
entire peri ”}%Eﬁv‘i-qc%finé %tdg@%i%ﬂélcﬂ’att&ﬁmﬁ%ﬁls %3@&8&!(&?%&?%@”‘1 able to
flex, or  selecCtive portions or sides may be configured to flex. The -
interior conggments o22savesDthaaytetmeediate earapinentoandtarfagisg salblosn(plify thdown,

angul arly,- ang tthe |like) while also being able to flex in response to
applied vol t YGE'YY Sy ent . The interior conponent 225a and the walls 225w

may be control | edThysignab 20:ag b intMahcdlieieha babuntldf hiereantfasd 4dahs,
i ncluding signal |ine shapes, anplitudes of voltages, and the_|ike may be
appl i ed 729 excitation voltage pulses applied thereto as well as the channel geometry. During
dispensing, the hopper channel can be vibrated by providing a voltage across the
piezoelectric layer. In certain embodiments, the voltage provided may be at about
100-200 volts peak-to-peak. In other embodiments, the voltage can be applied at a
different level and at other various frequencies, such as at a higher frequency of
25  between about 25kHz to about 2MHz.

In certain embodiments, the piezoelectric material, shown generally as
element 225w in Figure 5A can be formed from a piezoelectrically active material
such as PVDF (known as KYNAR piezo film or polyvinylidene fluoride) and its
copolymers or polyvinylidene difluoride and its copolymers (such as PVDF with its

30  copolymer trifluoroethylene (PVDEF-TrFe)). The piezoelectric material can be a thin
flexible layer or film. The term "thin film" typically means that the layer has a |
thickness that is less than about 200 microns thick, and more typically less than about

100 microns thick (such as about 28 microns).
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different |ocations so that the non-linear vibratory energy is cunulatively
effectively 15 transferred to the dry powder to facilitate fluid flow In
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piezo-electric materials can also be employed as long as they have sufficient structural
20  rigidity or strength (alone or applied to another substrate) to provide the desired
vibratory motion for the dry powder.

In certain embodiments, the hopper 25 can be .shaped and/or sized to define a
resonant chamber or cavity to generate a desired frequency of oscillation of the
piezoelectric material and/or a particular dry powder formulation. That is, each blend

25 or formulation of dry powder may exhibit different flow characteristics that can be
accounted for in the geometry design of the hopper 25 and/or the applied signal. The
height, depth, length, or width of the hopper flow path channel may be adjusted based
on the particular drug or dry powder being administered.

Metal trace patterns, where used, can be provided by applying a conductive

30 pattern onto one or more of the outer faces of the piezoelectric substrate layer. For

depositing or forming the metal, any metal depositing or layering technique can be
employed such as electron beam evaporation, thermal evaporation, painting, spraying,

dipping, or sputtering a conductive material or metallic paint and the like or material
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connections can be used to apply the electric excitation signal. In other
enbodi nents, the piezoelectrically active material can be a ceramc.

Exanpl es wbh 2po#moe39aer ami ¢ materials and el ements are avachrastesfocasar EDO 15
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over the sele faces o prezoelectric substrate (preferably a
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material in a manner.that ovides separatjon. (4h | races do not
connect or cBNtRe EXENHE E%‘Fr)e!’y ESY 1@% Ieiee?{}lcco%eéc&@%%g%ipfge?% Etxagt% elxﬁﬁe (such

as silver  the piezoelectric substrate). Of course, the polarities can also be rapidly reversed

20  during application of the excitation signal (such as + to -, or + to -) depending on the
type of excitation signal used, thereby ﬂexihg the piezoelectric mafen’al in the region
of the receptacle portion. For a more complete discussion of the active excitation path
or configuration as used in forming blister packages, see U.S. Provisional Application
Serial No. 60/188,543 to Hickey et al., and corresponding International PCT

25  publication WO 01/68169, the contents of which are incorporated by reference herein.
In addition, the piezoelectric polymer material may be configured as two sandwiched
piezoelectric polymer film layers separated by an intermediately positioned pliable
core, all of which are concurrently deformable by the application of voltage
thereacross. »

30 Figure 5B illustrates an alternate embodiment of the present invention. In this
embodiment, the bulk density of the dry powder is (temporarily) increased along the
flow path during the flowing dispensing operation. As shown, the hopper 25 includes
a permeable member 325 that forms a portion of the wall segment in the flow path.
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or gold) can be applied onto the major surfaces of the package about the
el ongated 10 channel s and associ ated netal traces such that it does not
ext end ovwp 2bwoperi neter edge portions of the piezoel ecariseoswbesuz at e
| ayer, thereby keeping the netal trace patterns on the top and bottom
surfaces separated with the piezoelectric substrate |ayer therebetween.
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be such-that the u r trace. operates with a positive polarity while the
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provi di ngst hgn@k&gd ftiafard ég?%g/pﬁﬁiotn@ﬁge L bt ttﬂe%‘lecéiﬁngﬁ&gig%r?ﬂﬁ Othat the

pi ezoel ectric substrate). course, the polarities ¢ so be rapidly
reversed 20 dercéhgpsdraptls ecrossahe dfy pdveleead fiaw ipath asittgrdrly powdehis dspensed -, or

+ to -) depending,o he of excitation signal, used,, therehy flexin
t he pi )ezoef)egf?ﬁcgllyn&téer?oé‘f ﬁ/‘ﬁe{}ﬁé’r?séqued’%theﬁrcteﬁgasré‘&‘@bﬁﬁ&h"é 2 e dilsh. Forga
more conpl et @.bShHs &l thdleBbsstdIVuaGirt)ibn 823 tadid &Bsspéédlal px%’irildfé%‘ feQifrat i on as

used in formng blister packages, see U S. Provisiona plication Serial
No. 60/ 188, s5dpntthatislighttsycompresses thadry povdeetopinemdaseghe apparemabilbdahsitPCT 25

publ i cati@n he contents of. which i pcor.porat ed by

refer encgeheylgaj%%é ﬁl%%gg%fd‘ih T %Fr?,rgetrﬁgwﬁ}’v@rfwe?rée&terﬁv%%#naﬁﬁ%&e F?E{[egri al may be
configured agispuiriarsletredieembedifens) Be bérnfeable muiider B24 M doafigied fepar at ed
by an internediately positioned pliable core, all of which are

concur rent | ydHest 3R SEQFCEOUS Pressarizag Ras (eh avaipfio flgmta gebstantial e a¢ degsees 30

Figure 5B il : i . i tion. In
this enbodi Aaaps e RS B8LG RERREL TR hok e AR B Hack BERY |

i ncreased al omgpitstaggrepatoon. (Tl drad verhpugall heonipressithgdi opdasiorigeregetigt | on.  As
shown, \t,vgf hg er 25 ir&cezl des .a perneabl e nmenber 325 that fornms a portion
of the whll @Sﬁéﬁiﬁyﬁﬁ PPOGFhat h. 24 WD 2004/ 002394 PCT/ US2003/ 020842

The bulk density ﬁg@ er%aﬁlf@ﬁxeﬂfb\ér@ﬁ’&%@eﬁée@ &Ylgntomh% mw?fitﬁe figguced

(shown by fewer pers of spaced apart particles) to the bulk density
bel ow or at pithéo prxyrdentsubstapially soroimmotscoatawmmbenweld. $he inbet remeredlsi

coneent ot | oy BEpS 55 ol SR IRIR SR AR AR BN RSE,
?n egr ess potheiflov Path 25K Sdwil) o Mayhe véﬁfé@]icl?'bﬂﬂat (RO sRwB2Rich 39 with e t he
orced gas travels across the dry powder and flow path as the dry powder is
di spense#d  egress portion below the inlet portion. In any event, the permeable member 32§l s
configured to generate a predominantly cross-flow forced air pattern. The desired
entry pressure and pressure drop can be selected as a function of particle size, size
distribution, porosity, and apparent density. In certain embodiments, the pressure can
be provided at between about 1.10-5 atm and the pressure drop across the flow path
25  (measured at the exit or egress region) can be less than 10-20%. In certain
embodiments, the bulk density may be increased by about 10-100%.
In certain embodiments, the permeable member 325 can be a filter or stainless
steel frit that is sized and configured to allow gas or air flow thereacross with a pore
size that inhibits dry powder from exiting from same when exposed to the pressurized
30  gas cross-flow. Other suitably configured materials and structures may also be used.
Preferably, the permeable member 325 and the components defining the dry powder
contact surfaces in the flow path of the dispensing system 10 are configured to

dispense in vivo biocompatible formulations and to withstand periodic sterilization
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vertically at the port 25p. The pressure of the forced gas flow is higher
at the inlet region than at the egress or outlet region 325e. This
cross-trawelo@woyisdes a pressure drop that slightly comprass@s/obdse2 dry
powder to increase the apparent bulk density 10 (nmaking it heavier with a
| arger downwardly oriented Fv) to facilitate nmeted dispensing. In certain
enbodi ment s, clelenpponeibdse ImethbeemBRhmests,gronidng wf 8w flay path magtoean exogenous
pressuri zed gas uch as air) to flow at. substantially, 90 .degrees across
the flow pat 3159\%%‘518 a'%?fedslmm B hguirat; @WWE@OSS%MV%TVWUF% R&er t hat

i nhi bits aggfRGatddmMbw dikt/Sr eadtel IRNRNERrkY sEQMy ess the dry powder to
increase the '15 bulk density of the dry powder. The perneabl e nenber 325
can define a por tingertain enthedinagnts, 3Reétiple Vibrateryfitmis casderempoysdovi de a

substantial ly continugus contaur.inner . | . The inpl region 325/ ., and
outlet r egi o%o@ﬁgﬁnt&a%oﬁ%%%ﬁo%magﬂ Va SRR Poyﬁ%ﬁs's ggsségo rae%%hPlet he
axis of thettelhappd ahd drpeénsinaSposi e in BdsodiBiEd Beis éRtehdiag hloyg Hefgaeflonot
shown), such as wth the 20 egress portion below the inlet portion. In any
event, the ppatheabihe siwemenrn BeBide ¢ rapgptionymedgniss theifaoves &t lsashp@apiornant | y
cross-flow f L T L red . ressure’
drop can be SUPERpHt IBPAFED ol HAFL Bbe AL hoRER SOUER LR RT FOPLCE
porosity, angortippaf tehopisstsbdilated felatioe taths acigbadliinepdratior, geneprtesssioree can
be provided at between about 1.10-5 atm and the pressure drop agross the
f1 ow pat h0 25WithBglonmpardiorqerempenent §F veriprdaal is ‘éﬁ,’l%ﬁ?adctﬁﬁh%‘i‘ylp&” % han
10-20% In cgrtai di , : i t sed by about
T0- T00% 1n B depe R o oY 2 R P71 o
or stai nl essindbtidel dispénsirighhasd #25hs seectigara?)oaa)f hegpupestdito cedtiivngalgas or air

flow thereacross with a _pore . size. that inhibits, dr wder . fromexitin
from sane \/\h%??egf?ﬁ’%@ﬂmthgr THitabls mation 1o ?BWIQ@ %g%yégé?}%?xﬁwhe er sui tgbl y

configured nptRadrAbR (ROBnSthEMSY MtRRIuBBY datviRaldorts 8€etorsPFefoafoaht sy t he
per neabl e nmenber 325 and the conponents defining the dry powder contact

surfaceslin powddridoringpgow totompresuithe pevdérhgd &/inceeaseltbe aprareh Relkglarey t o

di spense in vivyvo. bioco tih formylatio Uﬂgil jxodi ¢
sterilizati oﬁ“azl %%ﬁ%ﬁ’&z@“ﬁéﬁﬁw&ﬁ%@%ﬁé&?ﬁea %wg%[c dures. In
ot her enbodi pendes, portions of the flow path may be disposable after

di spensing a suitable nunber of doses to_pronote anti-aggregation inproved
f1 ow and/ or reducBigurs$ HiusHatss that(hs dispgnsingsystepy 1Y %né’ﬁﬁggﬁggig‘ﬁ{@,c’pﬁ‘iﬁfeti pl e

vibratory i n%%o&%ngﬁxéﬂm{a&ﬁgg energy and centrifugal motion 20m (represented by the

20  arrows dispersed about the axis 25a). The motion may be accomplished by moving,

or oscillating, the hopper 25 about its axis 252. In operation, the motion 20m can
generate a force with a downward force component or vector that is transmitted to the
dry powder during dispensing. .
Figure 7 illustrates one embodiment whereby local non-linear vibration

25  energy can be applied to the dry powder 15. As shown, the hopper 235 includes a head
portion 25h with an insert 31 held therein. The insert 31 can be configured as an
elongated insert that is held in the flow path in the hopper 15 such that the insert 31 is
pivotally and/or floatably held in the flow path and extends a distance out of the
dispensing port 25p and rotates relative to the hopper 25 and the axis 25a during

30 dispensing to transmit directional acceleration to particles of the dry powder 15. The
dry powder 15 may be dispensed through the end portion of the insert 31. Figure 8
illustrates that the insert 31° can be configured to define a flow path 25f and a
dispensing port that is translated in a predetermined motion 20s about the axis 20a,
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5 concurrently, alone or in conbination with the non-Ilinear sources. Thus,
for exanple, the hopper and di spensing port have an associ ated axis
ext endi ngweal2omgpoedve gas flow path and the system can i mciruseoms/otosans| ati on
mechani smthat noves at |east a portion of the hopper in a-desired notion,
such as an eccentric notion, so that at |east a portion of .the hop B,er

10

oscillates r8FERE QRETINOTy i Othey embadiments, thewpert ?’bri”l’ B‘@Mé’f?’&?@%‘" ey
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powder during dispensing. In oth er exanp por |on t he hopper 25
(and/ or eachtrahsiationi(detshowhs pensi ng head 425h see Figure 9) may be exposed

to centrifugal cel erat n.or h tabl nto | an angul ar
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powder bed to increase the apparent bulk density i nhi'bit aggregation
wi t hout requrydlisg consianiaerioh onperioe Thwm“giﬂ(,lsdmehs osqiljatehesiatiere to Fi gure 6

illustrates t i em 10 ¢ be conf i gu t perate
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(represent eduhysniihed to2he afypowsled] Sheirmpelspahans. Theinsert $1,23%8nay Ake noti on
may be acconplished by mgvin or oscillating, the hog@er 25 about its axis

25a. |n oper &¥Mpfise Hoﬁéonﬁtg‘? aOQBWQeé?Pm@@ﬁéFTaYeemé{ﬁeﬂ@irt iR bhexritgdithwar d
force coppon is transmtted to the dry powder during

di spensi geg E%ngﬂér%evf‘??aqtoﬁust@gt es one enbodi nent whereby | ocal non-I|inear

vi brati on 25 ener Biguea$ 11hstralppyetadother dofitdiinynt péwdesperdsing shsteshtdwms t he
hopper 25 ingl ude a hea g é 25h th.an insert 31 held therein. The
insert 31 caffoye- r?fVFt@‘E} d ‘gg BP‘B ghatds P14 CORAEUIES A RfRTRh t he
flow path i npdhe: BEDMSS fedd SpERIL AN it 435h. | Bibrabiol Qhétel ¥arPtldl/ OF

fl oatably hel cﬁ%n t he feowaf)fszgthli;}tlnhtﬁ g??xgsﬁ S a g|§5';lhanclerout % g%he

di spensi ng pmheé;'&'pa gadll of beadls f8lingframi asnglohepper #29ip eFhe2Bnaaldopper caxi s 25a
during 3 gens tOtI‘@P 1 di ectlo acceleratlonto articles of

the dry At ek g o S e

portion Of t therdoNGRE noBdn sHovéibyearfowsl dnll eRinient AsmbdraRsmeThosRAMdwAL' can be
configured to define a flow path 25f and a dispensing port that is

transl ated iheads Q%@@WWW#@@M@@%@%@@ axis@r Boved poglowrs WO
2004/002394 q&gén ¢ 0032 QRd addéEWm%RF@%g el Igalﬁ%pefn @2@&? i ments, the

Insert 31, 3 nmay-”‘conpri sé ‘out wa ers Aove up and
down cor r espenbdigeiits, thdkréads dmeﬂapbe translated to generate an angular velocity that is

20  sufficient to give directional acceleration to the particles. The extremes of motion or
travel of the hopper 425 and/or the heads 425h may be very small, particularly when
carried out at high frequencies. Thus, it is contemplated that the vibration generation
energy output can employ a high frequency motion applied onto a selected portion of
the hopper 425, with the outer bounds of the physical motion of the hopper being

25  small. The term “high frequency” means frequencies in the range of between about 1
kHz-1000 kHz, typically at between about 10-100 kHz with the small bounds of travel
including movement in the range of Between about 50-500 mm, and typically about
10-100 mm, or even less.

Figure 10A illustrates a dispensing system 10 that cooperates with a sheet of

30  receiving substrate material 500 that employs elastomeric piezoelectrically active
material that can be used to measure small meted quantities of dry powders 15. As
described for the piezoelectric material for the hopper 25 above, the piezoelectrically
active substrate 500 can include a PVDF material. The PVDF material can be treated
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transl ation (not shown). In any event, the insert 31, 31' can be transl ated
and/or oscillated with a 5 selected notion that has an associ ated

non- constwot2opkoo2syd or periods, or may have a cyclical pcanstento2sazi od or
periods. The insert 31, 31' may be oscillated relative to the-axis 2ba to
generate a force with a downward conponent or vector Fv that is
transmitted tohavhe rostsilippaittat SO08 thicam detditshemess mya defred elgsteical 31, 31' may

al so conprise portigns. f.or of piezogelectrically. active.paterial that
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di rectional eatelsepmdiri member (bdiash@su)t iTHeaheetd hay dxte eifesnsofnimpmembersr

travel of the hopper 425 and/or the heads 425h ma ery small,

par t 1 cul M|y aGR DoBaF RSPt SOoRRGR IeRTa e B ALdds § Fomeane |
cont enpl at edsirhat Oifr WnbibAihk RIRCKHERG o ko HRREIHIYy Q'S RAl bE AFhr&FmEPYy @ hi gh
frequency notion applied onto a selected portion of the hopper 425, with

t he out er boomedef skfll inike hySthrslatd weighimg tedhnidues weld spewibtsi these2s skibldh| . The

term "hi gh frequency” ans.freqguencies _in.the.range of ,be en about 1
kHz- 1000 k F%ﬁ?%%}fqm%‘gfd eqee eatggﬁ” 1%9§%%}gﬁ@5@{1fl%et e smal |l bounds
of travel i ncludanaleeieintseictted R nitaRA]RiridAEpIRABeRdALE ikle&Oy MM  and
typi cal Ii/fgabout 10-100 mm or even less. Figure 10A illustrates a

di spensi Ky sthstweaghtgesidiag onbéqse regienscan herdesecisdaand agpetedmagseaksulatedpy

ooens! . ! reet e .
rateri al -t hap elRupedtnie e S P EL LA GeRlFE B S I 3 1E
15. As descabsbhik draount (defiping aged-embuntynmdatibration hombéfie hopper 25 above,

The PDF mat er| al ACTHE DRl 7 baerisnbo2s THEF RS oDEe

on the sheet 500 or to simultaneously engage all of the dose regions and selectively

20 activate the detection to measure the desired location. The detection system 510 can
be in communication with the dispensing system control system to provide dynamic
real-time feedback data regarding the meted quantity that can be used to control the
operation of the dispensing system. The data may be used to control the open time of
gated flow paths that can be controlled to mete the desired amount. Over or under

25  amounts, or departures from predetermined variability levels, may be indicated when
detected. |

The detection system 510 may be configured to detect a change in capacitance

or to obtain a plurality of voltage values (which may be transient) over time, during
dispensing. Alternatively, the detection system 510 may be configured to detect after

30  the dispensing. The induced change in the selected parameter or parameters is
generated by the flexure or strain associated with the downwardly generated force
associated with the weight of the dry powder on the stretched (tensioned)
piezoelectrically active foil region 500d. Thus, the capacitance change and the like
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to have a netallic pattern 500e that can detect changes in a desired

el ectrical paraneter. One unitary sheet can be used with electrically

i sol at ed wodowi/des dose regi ons 500d or separate sheetrsTamaoi®2ssed for
each dose (not shown). The sheet 500 <can be held in tension (along the

| engt h and/ or wi dt h of t&% sheet) while a cluanti ty of 5 dry powder 15 is
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t ensi oni ng nmechani sns can al so be énployed as w1l be appreciated by one

of skill in inemasadisengtivihdameasolsioghi ng t echni ques wel | known to those of
skill in the art_ma so .be .used to_ .deterni ne .the i of the di spensed
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neted nass cal cul ated by the anmount of shift. The shift n?#/ be nmeasured in

a rel ative (picerdanet Witk embedimgats of the pagssn inventigno dhe pragespidiy a pre- anount
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ot Ty SnobERuRiiEe i off HERES W8V LU BRD IR BRBLLEDO 0,

engage al | ofartfeang@smimeeghlnnsvaiifitle setitin Midrypro2dsac tTheatendrh 14t ect i on
to neasure the. desired | ocatiﬁ?gn., The detection system 510g0tﬁanq£$ in
conmuni cat i offPHiSETHat e dresqyieradl higrarcp cE MERORY ABIces PoRTBIMASFNS FUDY ARy nani ¢
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control the operation o I spensi‘ng syste data may be used to
control the mpsoryt4idecaofinclgdet bat i§ hondimisedits, thefsllovang typecafidevsks: egthep net e

b edet or H neROBLARANY EPp O HoNRg R e iy SR AR R PHAN ccred. The
detection system RJehdmyinHe®@Nf1l Semendrd 418 hRGinAudRNge] dafegbaRATl t ance

or to obtain a plurality of voltage val ues (which nmay be transi entzmover
time, duringsoftvaspandsdatgusedlin thedlataipredeysing sisteaed @y thepesyjisg systgu d52my be

configured tg det.ect. a . 30,4,hg di ns| The: | . i.n the
sel ected pargﬁég’%l%c%?n éé)%éarxrnest‘g“s&leén Pﬁ’g@‘r‘]‘é’?{; (9(? ?/lck %U%?g)s(ﬁ?@goﬁv dseP rain
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foi | regtn Bobde 2 PHiality ohdryopuier daindel eqmespendingiioagIquag ar target Sign

parameters for each dry powder, which may be obtained from an operator or stored by
the dispensing system 420 and/or timing data that defines the meted dose amounts,
flow rates, and open time for the dispensing port (allowing automatic control of the
dispensing operation, dependent on the dry powder being dispensed). As will be

25  appreciated by those of skill in the art, the operating system 452 may be any operating
system suitable for use with a data processing system, such as 0S/2, AIX, OS/390 or
System390 from International Business Machines Corporation, Armonk, NY,
Windows CE, Windows NT, Windows95, Windows98 or Windows2000 from
Microsoft Corporation, Redmond, WA; Unix or Linux or FreeBSD, Palm OS from

30  Palm, Inc., Mac OS from Apple Computer, LabView, or proprietary operating
systems. The /O device drivers 458 typically include software routines accessed

through the operating system 452 by the application programs 454 to communicate
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28 WO 2004/ 002394 PCT/ US2003/ 020842 correspond to the deposited wei ght.
The signal nay be used to weigh or neasure nasses in the range of under
about 30myo 280ucbopsvef er abl y under about 15ngy, and still Proorus2@sebesably in
t he range of between about 10g-10ng. Ot her electrical paraneters may—al so
be used such as, but not limted to, resonant frequency, and the 5 |iKke.
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i ncreased sensitivity esplution. Figure 11 is a bl ock di agram of

exenpl ary enﬁ?fﬂ???ﬁﬁ??n%rﬁ?td%pﬁ?s&%?ﬁ Oystens that illustrates systens,
met hods, and conpuhespplc o prandys §rellﬂustﬁﬁeeb%e%og%hm@m@@emm s of
the present invention. The processor 410 comuni cates with the memory
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As shown in g%lg[t% usedprhgﬁf'ﬁ%%a ag%s‘%d%%hé&% y§g4f;ver al categories of

sof tware and processi ng system 405: the operating
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drivers 458; th E’T—%fe g%fBeCI fic (vihratory) signal ?enerat or rmdul e 450;
and the HitaP 1qsiens! aseeraprmoduly 489 hﬁ@ganamhca 101 programyinFigiigd e r
data 451 cor @%r%é r.s..har each
dry powder, ?gwlabgg%ﬁ@% tai %mgg?é%%ﬁg%ﬂggg{ta%%bﬁ tor a%la%SOb%

di spensi ng sytsltnmwtﬁ’le saﬂdibmﬂﬁtmgmongthdaaa}ungsaof e brasers mmnmathm dose

anount s flo n t rreforthedsensn ort
autgmatl c co?ﬁw e?’ﬂ@“"'g&gﬂéﬁlﬁsﬁae B5erPRrgienh ‘E:l@ﬁié’ﬁ BE B ‘Lﬁdﬂ’g‘? powder

bei ng di spenﬁgdi)ewcé@nwrk 4s®8: ARerANEK RElca! @iskh 3RS €atPbroskdsink skqlerhhe art,
the operating system 452 nay be any operating system suitable for use vvlth

a data ptoce4@. nhusytbe preserns ivienten HGuR, nonbxcoraghedas umitedSpshenB90 f rom

I nternationa r n, _Arnonk

W ndows NT, %ﬁ“ﬁgﬁﬁg’ggf%ﬁgﬁ%dﬁ“ orlg\ﬁt 38 WO G HRPRRRY l\ﬁonfr‘%i%ﬁn

Cor por at i on, cdgablewfdarryivg oMﬁthopEEatighﬁlﬂe@cﬁbedzlliéiaBSD Palm OGS from 30 Pal m
Inc., Mac OSfrom ple Conputer, LabView, or_proprietary operating
systems. The I/ O]éé?\?ftélé emom%ltmﬁ)a PoyidrTRerific stenal genesipTmRdule 48ut i nes

access ed includes computer program code for automatically determining the type of vibratory

20 input desired to generate a non-linear vibratory energy signal directing the selective
operation of the vibratory energy in and/or along the flow path according to the dry
powder being dispensed.

The I/O data port can be used to transfer information between the data
processing system 405 and the dispensing system 420 or another computer system or

25  anetwork (e.g., an intranet and/or the Internet) or to other dévices controlled by the
processor. These components may be conventional components such as those used in
many conventional data processing systems which may be configured in accordance
with the present invention to operate as described herein.

While the present invention is illustrated, for example, with reference to

30  particular divisions of programs, functions and memories, the present invention

should not be construed as limited to such logical divisions. Thus, the present

invention should not be construed as limited to the configuration of Figure 11 but is
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t hrough the operating system 452 by the application prograns 454 to

comuni cate 29 WD 2004/ 002394 PCT/ US2003/ 020842 w th devices such as I/0O
dat a port¥e)2004dmba4st orage 456 and certain nenory 414 eoraonensiozosand/ or

t he di spensing system 420. The application prograns 454 are illustrative of
the prograns_that inplenent the various features of the data processing
syst em 405 aHdengediQrFneRMmpass ey gerfiguration £3pableolfigary g Ayt E5tOPSTRUGRS ch
supports opeg%ghgéf@ ha&ror di ng to enbodi ments of the present invention.
Finally, the data 456 represents the static and dynanmi c data used by the
application pr ogr dhs fldwdharts lard bioek diagngms&;f&émnéﬁﬂm fignees he@imidubtese dri ver s
458, and ot of t war hat may resi the penory 414. Wil e
t he present %}‘%W“i g‘mlc “P%i‘fyr’ &lgci‘aperqt&n %)P&ﬁ%?@lm ’Enﬁmraa‘?r@roéﬁ&% to the

10 powders spg&hadrospedifle alspGRHE 848 'EPQMJy R d rogram
in Figure E asr \I/)\n 1 gpappgem a{\éld by %ﬁégg eg&dggfl%aﬁﬁ tchlg%artte@hegt her

confi gurat i opssmW’vahts@l bl thigitagaidz e@bh\hﬂwdken ¢hei flow bbm’@fqrtbimb diagomsg he

t hi f th t 450 I b
| noor por at od" PREGE RIS SeFY- 8 aorift aESHET Bicn bpBP R e OHRPYor & 455 or

ot her such | ggicGabledhsthiiiom f@iuﬁm@n@iﬁhgﬂws@e@ﬁsa RgicaY finePdrkS). 40douilihus, the
present invention should not be construed as limted to the configuration

of Figure 11alsova aofed thay intsomg altemati enigwhgraentationy, thofmcgensaoiednn theapabl e of
carrying; put lle?srg éﬁactul- Oor o%érl?x geldqu}% g'ulrclesn For & >tt§nc%1 e GIBGU ENt s, the

powder - speC| iC Sl ener a el 0dEs Mputer pr ogram code
for automati ﬂa;hinyind&msmrrmmgmtfaa He)éﬂ&:u@éd subﬁmiamryxconaﬁrmﬂput thd®sdcked to
generate a non-linear vibrato ener g n directing the selective

oper ation of mhéom?wa%e}e%@@m WV%Fﬁ%IP’%P QPWHXgﬁ@OPIWBﬁt%a]&Wcor di ng
to the dry poudes being dispensed. The I/O data port can be used to
transfer information between the data processing system 405 and the

di spensi ng syst emlid2§tamr crapastimnents dbﬂmtearlmg/maemmmseﬂﬁpmrmxdmgﬂhe(e. g., an

nt r anet d/or he | nternet) ,or er devi ces,.co ol | t he
:or ocessolr Q}Qré’rﬂ?&ﬁl@h}?e’én pﬁﬁ‘ée éﬁftFIB\r/}g?lcagé’ﬁﬁ%‘# %de‘Ql?E%/Fpés t hose

used in nﬁnﬂlaﬁtwﬁﬁélbét%iﬁd mﬂ@ttﬁdﬁfﬁet%&i BHaciRY S RITheVabicdd dFay tdag configured
in accordance wth the present invention to operate as described herein.

Whi | e the préispamsed)soehe idenfifies gver asalecsedeperiofl of tlmeaanélsi'éved\ﬁmtautqmdt@r ence to

?gvgﬁ'[ |t Io(r:l ul ag te(;ro\élai?on%thggoﬁo? WA upfoH re]:él:c:hI n%r\!vsbaatlald slr{‘l?tngrr 6tﬁgr desxre% {hES e nt

interval.

20 In certain embodiments, the present invention can provide computer program
products for operating a flowing dry powder dispensing system having an associated
dry powder flow path with a dispensing port and a vibration energy source associated
therewith to facilitate fluidic flow. The computer program product can include a
computer readable storage medium having computer readable program code

25 embodied in the medium. The computer-readable program code can include: (a)
computer readable program code that identifies at lease one, and typically, a plurality
of different, powder-specific vibration energy signals, (where a plurality of signals is
used, there is a respective one for each of the plurality of different dry powders), each
of the vibration energy signals correspondin‘g to individually predetermined flow

30  property data of the plurality of dry powders; and (b) computer readable program
code that directs the dispensing system to operate using the powder-specific vibration

energy signal associated with a target dry powder (which can be selected from a
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shoul d not be construed as Iimted to such |ogical divisions. Thus, the
present invention should not be construed as Iimted to the configuration
of Fi gur ewbdkobmio2sos 30 WO 2004/ 002394 PCT/ US2003/ 020842 pciTrntsesidmdosun
enconpass any configurati on capable of carrying out the operations

descri bed herein. The flowharts and bl ock diagranms of certain of the
figures her eilibrary pfpreridanéified pdeciatdversionuofehe pluradity ohdifferept vibretionper at i on
of possible ie”&'?"%ﬂﬁl tions of dry 5 powder-specific dispensing and/or -

vi brat ory ene?g§ &%Citati on neans accor di ng to the present invention. In

this regard, eachlbtetia émbddirerits,ak¢ sdvadet SpeRifidliBakotbggpsignaly #pnesent s a
nodul e, segnent, or portion of code, which conprises. one_ or

: nor e
execut abl e i HB¢F udhF SARPYIET PIPFAMGIER EFIRFCERM S pBRYL Y NIy fhe dry Fowder i on(s) .

It shoul d als j DBl E" ' I - Al t he
funct i~ons5 no{b gl 5 :a%p ?&%&%&E%@k@r ?Q’r‘rgﬁ occoﬁlrg t%ﬁ%htéﬁatlﬁggﬂygﬁgé%\%?ﬁ%t? n the
figures. For tlexanmpit ef thewibridancdosrgysigmahbdsad su theddaitidied deyypowdet eihg be
execut ed substanti Ijrg concurrently or the blo i nes be

ks, nmay. soneti
executed i n FHBEIEGel SeViBraHER ?n%%%ﬁavtﬁgg%béﬁr&ﬁéw%%i% Pg digpensitl ol ved.
|0 certal n eqROASIEH daa (liBaSY RORN H:f A PAGE AbaYSCEr SBAihRORLM A e

15 type of dry powder being di spense systeni 10 can be contigured to
accept manuaf thediffdrenstdrppdwdern plite disptnging dystsn emd onmitgsofmplidn ndydedesi r ed
drug to di spensed)., can,be identi,fied ,over sel ected period of tine and
saved fo?&au%ﬁgﬁaﬁy S‘i)uﬁﬁé‘? F’éﬁ%ﬂsfgor’fv'ﬂ?lspﬁg%%‘?&él modul e upon each new
batch, shift, or %@Eﬁtpﬁ’t%ﬁrfaﬁ%%l BeBincludd fr¥at two2@nd frpeRlY aiphurgitpedhaent s,
the present invention can provide conputer program products for operating
a flow ng drieagcimgersugerpputiened gnasiptatiagnficauensiss and aseexieheasder foaquensowder
flow path w ' ' nd_.a vibrati r.Qy: as ] at ed
therewith to %%}Oﬁ!”t%gﬁgﬁ% u|n£)|g§(’:éal‘nlaogvlvl.1 He™ %eonr%%[r}ée?a% r(tg’élrc an%»I %ér%glaeunc% %g{an

include a copP00 &z),ra@ddabéais enbadifmenB Ghdiinlads adesothpis! aid typialtbl e
program code 25 enbodied in the nmedium The conputer-readabl e program code

can i ncl ile: apoy fows sHpsIRasitiongd meRHlating Bequsasieniddhe rage plesivess abeuil-| ease
one, and ty pyg@kﬁﬁd fhobd H’B{éhﬂ}t,Bfourc%fx%%bcgs?tg%gﬁgncidgﬁ‘ﬁgggrg,atpéﬁ%ieg ity ket 1 on

energy signa ere a urality ere1s a
respective ongbdteecreaboht U132 plurality of different dry powders), each

of Lhe Vi bration e o Proeram 23a¢ SRR anaoNibly Sishehieshed udniReSget e m ned
dry powder independent of volumetric evaluations by considering flow rate of the dry
20  powder out of the dispensing port and controlling the amount of time the dispensing
port is open during dispensing.

Figure 12 illustrates operations that can be carried out to evaluate or selected
desired dispensing signals and/or system configuration parameters that can then be
used to dispense target dry powders according to embodiments of the present

25  invention. These operations can be used to determine the powder specific (vibratory)
signal(s) of different target dry powders, the powder specific signal can then be
implemented in a vibratory signal generétor computer module for operating signal
generators for dispensing a dry powder of interest.

As shown in Figure 12, a flow channel housing having an angularly

30  adjustable elongate flow channel therein is provided (block 600). The orientation of
the flow channel is adjusted so that the flow channel is angularly offset (with the
dispensing port located lower than the input port) in the axial direction with respect to

the horizontal and vertical axis (block 610). In certain embodiments, the flow
32



30 property data of the plurality of dry powders; and (b) conputer readable
program code that directs the dispensing systemto operate using the
powder - sp@oi20040023%r at i on energy signal associ ated w t pca/usaogmosde y
powder (which can be selected froma 31 WO 2004/ 002394 PCT/ US2003/ 020842
library of pre-identified selectable versions of the plurality of different
vibration epmngsl ispdjnsted o bel g diféarens seleatehbaglesehuring theryvalygliereto aopsidérf i c

vi bration engr si.gnal r n-_linear. The c uter program code can
accept user ﬁﬁgéﬂ’aﬁtghq%ggena?ﬁg%yﬁ?%%av 5 eoﬂl/!fﬁpeef’sm%%r? ing di spensed, and
conput er program gqie pbWwadr ofiitermtis Badotivced GhiB&hd sehgataflpwishamti®dloekt put of
the vibration energy signal based on the identified dr%/H;Bovxder bei ng

di spensed. THEviTbe 8ty pvdsn erpylhe alovpdansity drvanoyvdes (bleeked i)y Thofedr s bei ng

di spensed: a : 1 f f Lysis or
ot hor st abf A oF SIEHEER (P BEEEY Pl By bBET) RERe P RORRR S
Isystgm and cfjiﬁi}dl;tiécﬂwoamfrtﬁé tieannetaya élﬁexiﬂ;fbr@(ébﬂddkcﬂl' 0 Isalrﬂlye%mi/t:mlntlcnadi spense .
owdensity dry powder.. The output signals may be_inc e at | east two, an
typically a gqcﬁ&dsp' It piggoelscizieatol et er ‘é’h’ﬁéﬂffo@?’ﬂ’w gdlqmsatheat i ng
frequenci es g e £l reguenci es
can be in t h@@rgoa%gce n}g(g1 %ﬁgfhﬁd?é{eﬁ%%@%?ﬂgﬁﬁﬁxﬁgfﬁggﬁg%ﬂ? t ?%{Sébtggl—h), and,
in certain eniboxé thempos/demas thapdwdbe travels alasg andithemighdmdflowy phapatkl. yAs15 about

f iti. dul ating f ies in th f. bet bout
100" 100780 PRk TBEA O T YAoR G AP L YSE A GHE R IR R b quencl es
in the rangen, e p@ém&eﬁe@gg%mﬁ(&-xﬂédﬂzaﬁo}i][ﬁ%qgmqb%kmwpqﬁ@k&a@ﬂe can

control |l ably di spenses neted ‘quantities o ry powder i'ndependent of _
vol unet ri ¢ ecmbodimeninsthp partienEeqhendyragnibe batvegn @beit 2tft¥é12d—‘r(§d’£20dpov\der out

of the dispensing.port and controlling..th ' t di spensi ng
port is openmaﬁﬂgtﬁ(g" ﬁ?%“ﬁ@%i“ﬁg“ E‘?“ﬁ’ﬁ?}gabfﬂ?}?Sﬁ@%’a?‘ggﬁ},o%rrna? :Svgns t hat can
be carried otHardcgerRYad ¢hatte evtlusel agpiedlly clessgveth diffepai sipagsighganal s and/ or
system config%éati on paraneters that can then be wused to dispense target

dry powdéls ot {Tagransics MBe @f lsathoBe Bequeney (Fndos ARZYY orishiatien ehthe These
operations c gl i fd: I t&;,)@)e
signal (s) of ﬂ%‘l”?’% tg?lg% Ct%gﬁogﬁgél?ﬁf%gﬁg%?tg?ggﬁguﬁg Ilelfrdlés:%ée‘giofl Si gnfal can
t hen be i npbae®oh & flow eharadweratior axhivigd dhrigethenvdltretingoerpiark a20piul e f or

operating signal ener at or or .di nsi ng.a dr wder . of. i nterest.
P g g Tg generate sugic{ent flow 1Snp t%e ?lowgchannel Yo ﬁ?ow evaluation and/or

reliable dispensing, a dry powder mass input of between about 2-50 mg or greater

20  may be used to provide fluid flow through the dispensing port.

| The apparatus can be configured to generate a reproducible flow rate (less than

about +/- 10% variation) for dispensing reliable amounts of dry powders. The
average flow rate generated for certain low-density dry powders may be in the range
of between about 0.001-5 mg/sec. In certain embodiments, the flow rate may be

25  about 0.028 mg/sec. In other embodiments, typically for unit density and/or medium
density powdérs, the flow rates may be greater, such as greater than 5 mg/sec and up
to about 50 mg/sec, typically between about 10-30 mg/sec.

Several parameters can influence the dispensing flow rate, such as, but not

limited to, the amount (mass) of dry powder input into the flow channel, the angle of

30  the flow channel, the size of certain components, such as the surface area of the
piezoelectric material that contacts the dry powder, the channel and/or orifice

volumetric size (particularly the depth and width of the channel), the dry powder
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As shown in Figure 12, a flow channel housing having an angularly 30

adj ust abl e el ongate fl ow channel therein is provided (bl ock 600). The

ori ent at iwo 2064/00239e f|l ow channel is adjusted so that thecTlhwachasazel s
angularly offset (wth the dispensing port |ocated |ower than the input
port) in the axial directign with respect to the horizontal and vertical
axi s (bl ock 839 as pgll @etheibraoppignahinpusio exhide thePaWagr MM DEI4LOORB e

PCT/ US2003/ Oﬁgﬁg annghuémead usted to be at different selected angles
during the evaluation to consider the inpact that the angle nay have on
t he di spensi ng f| Bigurdl3liljuspaasledrygiowidet éisgsisinigipparhtie A0 et danthe ukdie

el ongate fl ow %hannel (bl %ck ?‘14). The_dry powder can be a lowdensity dry
powder (bl ock GRFPSE G POM dhe aensrasys T00rFap de st aledabrgon @@y vi brat e

the dry PoWdRlsed:eh Gt iRt BYmARNOLichRls el KhAboheld MK o B3rg hannel

via an exit port (block 615). The ow-channel ¢ |l e
pi ezoel ect ri poywddrpifenteroste in vihecémiddemehty; tixoapparanisl W0z an bhesed i 2zoel ectri c

pol yner can be electrically stimilated to f]lex upwardly to cause it to
Viblate the FORIE ae_éeaﬂaw%m@e%gﬁﬁ AEAPETILC ad&fgowrflgﬂrgsagﬁmt %@rf! ow
channel . As dnds hd LRALADO\En bd 1224 Vi QHﬁIg'd?&o%’z’}éﬁ@g‘rExh%?cﬂH&al‘tﬁdlng a
non-|inear excitation signal having a carrier frequency and a nodul ation

frequency (bipmiat@aiyher i iz desitad v previde di disprnse refiable dase dngyunfsrwithoshcy can
be between about. 2. SkHz- Hz and dul ation frequency be bet ween
about . 10/ Booret fpgmaiEoK ity BE RSt a- B peb R, THEY 4 aPRgrEs.
typical ly ovego seybe ateddd pfi@tischeidddses indalred AlliaBle afoliite (9pikally @qmeNCi es,
and at | east _one frequencg@(}and/or angul ar orientation of the flow path)

sel ect ed forI91e&10me rangs), b lereprar smalleredpsesdeapialiodernrenideds typicgly &r dawg
wd o . _ e e . ot
e (bl ook EgbibB At EIRIBTNENC LiRaRIOL S AR R B OE  HRRE LIS

eval uati on athdf 9ot labdr iatehsiveli Bpees em@odimetitsy the appettusffBcanheuisedio bet ween
about 2-50 of greate 20 may be used to provide fJuid flow through the
di spensi Iy g%?VF{OP'FFE’é‘aL?&%ﬁ@%ﬁ‘E}%tC OBé’aE‘%?H#aFSD’r%V 5 Genuenn@ canthenRsduci bl e
flowrate (I LERE ﬁ,@é{m@ 5 } @k dhnof i ' eliable
anount s of dfr??/pq%omderg. hesaaﬁ\}ee?i%%/ﬁ%ﬁ%gtv&%%%gﬁégg{é?g%lg’ggﬁérsr{g%%et ain

| ow- densi ty desyribegvabers ahany desiréddispessingingetiorof bet ween about 0. 001-5

et o R BRRERTER! Pl ol P AR 0. 7,
powders, the71(, @boverinREnbERY20)Qnd bie Bk@ med Bt p@itidhee FeLiblelgiddelectiiB/ sec and
Hp 20  polymer layer 730. The channel member 710 holds an elongate powder flow chanﬁel
710f that has a depth, width, and length. The piezoelectric polymer layer 730 can be
positioned to overlie the channel 710f and the sidewalls to hold the dry powder as it
moves through the flow channel 710f. Suitable materials for forming the flexible
piezoelectric polymer layer 730 can be obtained from Measurement Specialties, Inc..
25  located in Fairfield, NJ. One example of a suitable material is a 28 micron |
piezoelectric film sheet, silver ink metallized PVDF, identified as Part No. 1-100-
4346-0. The piezoelectric polymer layer can include additional material layers
attached thereto and/or coatings disposed thereon.
- Figures 14A-14C illustrate one embodiment of a channel member 710. As
30  shown in Figure 14A, the flow channel 710f has two opposing sides 710w, 710w;
and may be cdnﬁgured with declining sides (each side converging toward the bottom
of the channel from top to bottom). In particular embodiments, the flow channel 710f
may have a sectional profile that is substantially a “V” shape, with the walls 710w,
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to about 50 ng/sec, typically between about 10-30 ny/sec. Several
paraneters can influence the dispensing flow rate, such as, but not

limted twp 2oéwnosmunt (nmass) of dry powder input into trhe/dskaareisannel ,
the angle of 30 the flow channel, the size of certain conponents, such as
the surface area of the piezoelectric material that contacts the dry
powder, the cHiWmerglmgde BiecHRg Fiacommas esntst ticeted avalowsamest paftiwnlof thehe dept h

e/ Us2003/ 0S0RRS" Tk a sebB Y iR o b Roulfa Ol S35 Siglt abenci o

t he powder t@&.6rawmgoriever lesou@thet tunfightativh CorannBbw chammeNéanbRNGE], sidhodr e 13
illustrates d% powger di spensi ng.apparatus 700 that can be used to
di spense dry%b‘b AHted{ CORCAYS, SerUirpar, @amiaheval gpprtal eiinteior at ory and/ or

5 research si i A I te fluidic
Fllow for 8 aryChaus, S BEL ORLFURoRl BhACRL) kiR AEMARIERAE. s 00
can be used ion the scalp gnd off domponergairy howder baink|disperded aad/adarslyzed gl or
conmer ci al pr.ogram, For exgﬂglis, the_device 700 can be used in a drug

di scovery pr Y0 SR Yipragon. ?)F‘?‘@éfqea‘rli’%\%'é]r’éw?e rugsired to
provi de or dia@&ﬁcﬂ'ﬁ%@lf eliabl e dose amobunts wi thout 10 need for mass

production ranmp-up for scal ed comercialization. Thus, the apparatus 700

may be used to prduk deandelsoember 740wy tercodfgiredwithahioptn ®paurtiont 0t
(typical by in the 50g:,10 [ ange u arger or | 1 er gl_(l)ss an al so be
br vt dod. Sey And APy agicE P Re ARG TAIRY A0 H sl of iobles i B 4l ery
expensi ve eqléh;ﬂﬁﬁnﬁaSQQﬁﬁﬁl Pt QiridsRlchgMBORESth of BRtflovecHaahel ARPTAd Nt ensi ve.

I n ot her enbodi nents, the apparatus 7(%0 can be used to 15 devel op signals

that are nat Ghes.ts deepest pprsian of therflovpehudael DiThpossiiqed Prajmetatherdren be
those ™ descr PRLEShake BARFRED, Aufl it R0l RRENN s PRRLAnGSHRD %5k

t hose descr ove, esired dispensi n.

to Figure 13thedispeagipapert U35p/Figurecl3ydThe deptihafthe flowaiibete] 770¥Qan fargQyer
menber 7%3, and an internedi ately positioned, flexible piezoelectric 20
I

pol ymer Hayep Erstyal menpep susas ineary Bp a srarehiding with agrredegaedsippfnder 1 ow

channel 710E thajy BardeoRimdMtd il bmg e HEBO Ry
pol ymer | ayer 730 cg%ﬁ%e posi %r?one’gtk{cg%%\%r e tﬁg %ﬁ%@ﬁgpl glfggag!r)] t he
si dewal | s t o Aot at the irdetypopondEi0i afthe tmember 8K drdrtemujhatedws afdeptly Dithatriel

710f . Suit abl terials. for.form t fl.exibl t ezoel ectri ol ymer
| ayer 730 caﬁg%’é eﬁgﬁ”ﬁ‘%ﬁ?ﬁ}@g?ﬂp%&g}?ﬁﬁ%&%ﬂiﬁg@é,aVFr'i‘ f’r?g&?@a{)’écat ed in
Fairfield, Ness@afaBxaIDlch. dh carisinehBbdithefR! BE tRdnnkPhad a3éhgth 61 4but 13.1

20 cm. The width may be less than about 5 cm, and typically about 2 cm.

Figures 15A-15C illustrate one embodiment of a cover member 720. As
shown in Figure 15D, the cover member 720 is sized and configured with a tip
portion 720t that, when assembled to the flow channel member 710, enters a distance
“L” into the flow channel 710f of the chmlﬁel member 710. As such, the tip portion

25 720t is sized and shaped to be able to be received into the flow channel 710f. As
shown, the tip portion 720t includes sidewalls 720s;, 710s; that decline at the same
angle as that of the walls 710w;, 710w, of the channel member 710. Because the
cover member 720 has a flange 720f of substantially constant thickness that sits on the
upper portion of the flow channel member 710, the length of the tip portion 720t

30  defines its penetration depth into the flow channel 710f. The tip portion 720t can be
sized so that, in position, its lowermost portion does not contact the bottom 710b of
the flow channel 710f so as to provide an open flow orifice and inhibit pinching the
piezoelectric layer 730 between the two members 710, 720.
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pi ezoel ectric filmsheet, silver ink netallized PVDF, identified as Part

No. 1-100- 4346-0. The piezoelectric polyner |ayer can include additional
mat eri al wayeess02mitt ached t hereto and/ or coatings di spoged/ush@smes42 Fi gur es
14A-14C il lustrate one enbodi ment of a channel nmenber 710. As 30 shown in
Figure 14A, the flow channel 710f has two opposing sides 710wl, 710w2 and
may be confi gur ed AsishpwnéxFigura iR thesoveeaembsi 720 molwdes gbatpnt pwtiod t he

T ow channel JUBHE Hay TR b 8aHE ok Prisidd e Raors Lo H DAt y o v
shape, w th thanebmbksbarl00ko pd<tidiOhe @84oRAIDHt BATE LS FRnB20 8 ZesireiOV2

angling to neeting at a common center located at a | owernost portion of the

channel - 710bdistagee gépthg dspthiad éhectinwm plnnela 06 e Thespace erdendigbetweendhs tip

typicallyzab . | ess, er. configurati-gns of .the flow
c%gnnel Zan %glt‘{?é‘g’%,@‘ %ﬁgélg?%%gﬁfe t ﬁ@tm&tﬁﬁ ?lgﬁoﬁl%:}rgcglgﬁ%ggg,extgﬁqﬁlg &Y cul ar,
partial oval tierbopant 118b Flthd Mivotlhnnél F100sim0mirGad as @B doWh@ifdelrgp. Ot her

channel depths may al so be enpl oyed, depending on the scale, size of
conponent s, Jhys’ﬁé\ﬁﬂéﬁseﬁ@i%thﬁi°§?}bﬂ%‘é@f1§ﬁ@7@9P@ﬁﬁﬂ%}?@&,dlmnﬁmg eplet oused to
carry out th ioradd ' - J MSt accordingly.
The channel ﬁ%fr%(ge}r fgﬁﬁégﬁlﬁ%ﬁg%%ﬁl%ﬁ?%ggwjg %eéﬁ%@ﬁo%gor@ ?’ollé Cﬁ%&f]i on 710t 10
and opposi ngesbddmedgethp vatidtiongs Fafabout72LORR7 nirh Gikden dther éthbodshemt es t hat
the flow q:hanglel 2hsas a depth D that varies along the length of the flow
channel 7 Of.a%_g “SHBwn, the deepest portion of the flow channel DI is
posi tioned proxi MpjgRirt WSD_(ill'hYstraQQ‘ﬂQecbvér%%ﬁeﬁ(ﬁm BLitiB¥dlover ﬁ‘(@'ﬂlogf c%;gxﬁ-t re
t he drp 25p

shal | ow depth D2 is positioned proxinmate _ spensi ng port i gure
13). The deptismber THewith the ni¢rasiaettic Tayef 73bireld theyebietwetb. Thegrsembled manner ,

such as |inear| [ -t rai ght li.ne jth a predefined slope. In

particul ar e%%ﬁ%eﬂ??ﬁ)t% mgﬁzgﬁ?'ngllsm}?‘i%qmgﬁw q%gf}:g) boletggmtﬁe%gwetrwaft i s about
17 nmm at t hepbmibgbf e tip pofiohl0t 6f the BeverRREIer 730 atthe | AIHRBR RSt ora dept h
D2 that is about the sane at the exit portion 710e. The channel 710f may

have a | thgt fhetflpat chagnel|7d8k. Thissapdisiancoemndnadjusteddytstifingshiesdement s, t he
channel has . i be | ess than about
5 cm and tyg}elgg’%ﬂa%%?ggy%:eﬁ]w%%g&u&lgg{%%cwl%@fgﬁ%te one enbodi nent

of a cover- menmber AY ZfbowrAn Figine#5, theRiegtitaborlinlard prejeciveleng® et tip20 i s

si zed and confi.gu (9 wth a ti portion 720t that, when assenbled to the
1 ow channel quggxbé? t-£9h vary Qg e axigl length of the cover member 720. This allows for

the device to adjust the size of the reservoir defined by the coupling of the cover

20  member 720 to the flow channel member 710.

As shown in Figures 15D and 17B, the piezoelectric material layer 730 can be
tensioned across opposing sides of the flow channel 710b so that its center portion is
free to flex in response to the applied excitation (vibratory) signal. The outer edge or
perimeter portions of the piezoelectric material 730 can be pinched or clasped |

25  between the overlying members 710, 720.

In operation, the piezoelectric layer 730 flexes upwardly in response to the
input excitation signal(s) to vibrate the powder positioned above the piezoelectric
layer 730. When non-conductive cover members are employed (such as those formed
of DELRIN polymer), aluminum foil can be positioned over the tip portion 720t of

30  the cover member 720 to inhibit static build up in the dry powder. In other
embodiments, the cover member 720 may be formed of a pharmaceutically
compatible conductive material, such as stainless steel, and/or the appropriate surfaces
can be coated with a desired metallic coating, such as gold. In certain embodiments,
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"L" into the flow channel 710f of the channel nmenber 710. As such, the tip
portion 25 720t is sized and shaped to be able to be received into the flo
channel 7AYOf2004®2398hown, the tip portion 720t includes ecdamadd3n2widsl,
710s2 that decline at the sane angle as that of the walls 710wl, 710w2 of
t he channel nenber 710. Because the cover nenber 720 has a flange 720f of
subst ant i al | gn emirst bartcar ke plaprssd onhat meiet posisions ethe flopehamnsd td desregse t he

fl h I , h of the. ti | gef | '
penot rati on HBOERC R Se it SRRk Bt I AR MR el SR e

si zed so thatslandN§osition, its |owernost portion does not contact the
bottom 710b of the flow channel 710f so as to g@rﬂovi de an open flow orifice
and i nhibit pi nchFigyre kB ilpsEateethacthe pever meaber 320 eanthaveAn elRagatedrymenber s

710, 720.:35 %&ﬁ RPCT/ 4 ?ﬂﬂ:' Fi 15D, the
cover nmne erp%&?xgog{tg esgélgﬁtlgﬁégggﬁi%cﬁgﬁéﬁwﬁ S écl:%l?lff Fg‘u&gr gld to
resi de on t hepagtpey tieiddgpesdpe caobd inpusat dddiel, lodstiosRoet tHelvhanmeh dAt0falvesrember

710 to positjion the ti ortion. 720t of the coyer_ nenber the _desired
di stance int§ ﬂﬁ%“eovabﬁf’ﬁb%ﬂzp oSl (R ApraIdra dlafhrecesoaarctge dQveh

bet ween the & for RRsthan o?&gg’lo‘g&f ork 1R s%%’ﬁﬁe %g ; gorrt]"1 ﬂ;e%g%lﬁg%glﬁ)lﬁzz]f QSlot

pi ezoel ectric |layer” 730 extendi ng over e ow channel
710f can be @xifs) may bast lehst abdud R 9omi.f As ehoréOin Figiuees 17 Maad 1585 theiflosd, t he

open floy orific r.oxj.mat e 1 he di spensi out | et or ort . (or

o spenst iy ettt TAEBR dafedialy Hurgoar huelt g et AoRHESo
enbodi ment s, jehp@ 1 aThatdseRoir %n%&ﬁg‘t}?abgb&ttipﬁ offe AldWthaané ih heQhle€fegion
enbodi ments 10 about 2-5 nmm Figure 15D illustrates the cover nerber 720

posi tioned oV&kthetis definpd betveagnéwvo insemo @2, 799 hhe insertse/ 98i Bdowet siged foc | ayer
730 hel d therebetween, .The assenbl e nbers, 710, 720 defln ap

di stance (or e’&?%%/vmc;orulg%l f[hc:ee%v%erﬁ %%eﬁ Sﬁ)ﬁ giffso erpi%g]t%o mﬁ&%ﬁngﬁ ‘%% S%toﬁlé’q?i p
portion 720t Fighré BBl st OfUPe€EanT 2erd M hixen frosver leBgh tip@rthe wmatredd t he

fl ow channel  710b. This gap di stance can be adjusted by sliding the cover
member 7D fEswRr Y ¥1d ip eenfigared tp axtepdiorqoptactpralnrre thhpistrsley st B0 tagogRown i n

Figure 15C, g YehL bbb Af MR PIRIR il LERADK BPlnd a8, del f meOr L on

720t can vary over the axial |engt e cover nenber s al |l ows
for the deviessvoiosae§ tndbld hdry powderafatehia suppleriv tierinldefegioad2bynd he coupl i ng

of the cover 2 er. 720 to the flow channel  ne r 71 shqwn in
2 gt os So0 SRy Becd e an RoSvelet B e donrarre (REl i Thsgloptshapes

length L can be described as that portion of the flow channel 710f that is located

w

20  downstream of the reservoir (downstream of a major portion of the input region 721,
shown as downstream of the first bracket 746).

Figure 16A illustrates one embodiment of a configuration 6fé piezoelectric
layer 730 that may be a piezoelectric polymer layer. It is noted that the term
“piezoelectric polymer layer” is used for ease of description, but the term “polymer”

25  asused herein, can also include co-polymers and blends, mixtures and derivatives
thereof. As shown, one long side 7301 of the layer 730 has a flap portion 730f with
cut outs 730n;, 730n, which are configured to allow upwardly extending attachment
members 742, 743 (Figure 13) to extend therethrough. The other side 7301, can be
substantially straight and configured to be substantially flush between the aligned

30 portions of the cover member 720 and flow channel member 710. The attachment
members 742, 743 can be used to attach upper and lower bracket pairs 746, 747,
which clamp the cover member 720 and flow channel member 710 together. The
cover member 720 can be formed with sufficient weight to obviate the need for
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t ensi oned across opposing sides of the flow channel 710b so that its center
portion is free to flex in response to the applied excitation (vibratory)
si gnal . TWe 2oatm@e3skedge or perinmeter portions of the pi erxodalseaBrnzes4zat eri al
730 can be pinched or clasped 25 between the overlying nmenbers 710, 720. In
operation, the piezoelectric |layer 730 flexes upwardly in response to the

i nput exci t atiampingi grethgraftachaent meansecan e upasitdaroidsthe desied ha ordse

pi ezoel ectric . | ayer, 73Q.,, VWen. non-conduct i ve cover e enpl oyed
(such as t hoSeksFBHA T 470 Béf_o&nlﬂnpgﬁﬁ@gf‘ﬁe%?@ﬁ%ﬁ%‘%l%%ﬁ%gar? Se positioned
over the ti ppR&srde@Br fo2kd of sidQo it RY comEsieto thethabe of theiuhddrlysiat i
build up in {)he dr owder. In qother enbodinents, the cov&ﬂFmenb_er 720 may

be formed of chanpelaflfhcBignosision pf thesapenmember /A ane theJengtihodpr aisociaisdh as
i nl ess. L, . i f . d with
Geai red. nbt aff P2 P2or QE BRRAAARE BE P ARGPGInG RORELAANET 1117 B

2004/ 002394 E¥5Petd5dh0B8he 2684230 ard the odvee andAswchmnbempinbere G2&1t716ne or nore
positions in the flow channel to decrease the static charge, suitable
i oni zer bar sTAPEUNHYi | abl e from NRD, LLC, located in Grand Island, NY.

Figure 158 i 11Ut hathsul MafigdiB930OXEL T PIPRIIIA PR AR AMamhoRgat € dry

5 powder input region 5§ open to the channel neénber 710 bel ow.
Thus, in opp¢rahétamportidre Moweventielayardi30hiehdld puthe handekTh06do thatids i ons over

t he channel 710f eve i f e cover nepber. 720 i lid (rearward o
forwar d) 1% dPRPER : ?Fé:afetah’ge oty o & [fh@ﬂi‘ﬁ?‘l’e?‘%‘ifmgaﬁgﬁwl‘gfo e f1ow
orifice siz emeyaﬁidnedgsgﬁéﬂla% 7506 {n8 Bl (HREhA r716f2di1~, férsédio vithaksi tHERIpwWAR] at

cm

| east about 2. shown in Figures 17A and 17B, the flow 10 channel
710f can be diredtided AisishovminrBigered, thel siqngl(s) dan bgsaplied digrtdc®rthe f | ow channel

| ength Lf. The reservoir th i.s that porij of channel in the
inlet regi onP**%¥1¢ Ca]lay?s*’@%%frh%&‘gﬁ%tgﬁg%rgmf %\ggianasé%ta{s]ﬁ%zg}%%. The inserts
792, 793 are sizeHefefringtaghiang Fidiireo U8 arl difpliRy 20 Aebeopesaidlel yraddscigediept h

into the channel. As shown in_ Figure 17B, the firsf. or upstreaminsert 792

has a grbat ewithdbryignal BeneraioreOcroansed ©arodutate theesignalpiors ignsmaitting 1pitheir ed t o
et 00 L CoBEE I SE Wi orl el ey B Sl it e
reservoir soc@ii embalitents,dhe/sipmhgdenerant 20 isal woepfEnyl genetatre thatkat r egi on
7l and oradually ! &8% don2uly LML LK & LSkl Othe BEMNGknd 0030 LT+ The
may be combined into a signal processor or provided by other configurations of
20  electronic circuitry. In certain embodiments, the ground connection can be via the top
surface of the polymer layer 730 with the positive contact via the bottom surface. The
metallization can be removed from the region to which the ground connects.
Positioning the ground connection on the top surface (where the dry powder resides)
can act to inhibit the dry powder being exposed to voltage during operation. The
25  electrical contacts can be made via a central portion of the flap 730f, although other
locations may also be used. _
Valves or other “on-off” configurations can be used to dispense discrete
amounts of the dry powder. In certain embodiments, the flow dispensing can be
controlled by terminating and/or electrically decoupling the input signal from to the
30  piezoelectric layer 730 such as by using a timer 20t (which feature is shown for
example in Figure 13) that can be in communication with the layer 730 and/or valve
member (not shown). As described above for other embodiments, the receiving

containers may be translated under the dispensing orifice at a timed rate to provide the
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| ength Lf can be described as that portion of the flow channel 710f that is
| ocated 20 downstream of the reservoir (downstream of a major portion of
t he i nputwpege4mn2321, shown as downstream of the first poraskzes/ zess) .

Figure 16A illustrates one enbodi nent of a configur ati on of a piezoelectric
| ayer 730 that may be a piezoelectri c@fol ynmer | ayer. is noted that the
term "pi ezoéﬁsé@ﬁlldp%? A UPHe rin cgaip emp é@,ﬁblﬁlf%léfé@f@@&i’éf‘sﬂ‘?w phanaels but

the term "polymer. ngdé dpgtr%l daedhat %{,ﬁygrr %21?1_15?‘@8%4]5(@)3\”?9@&981 BECHAE éiél and

bl ends, m xtures a vatives one |l ong si 7301 of
t he Iayer 73Powés (aotfshapn)por t i on 730f with cut outs 730nl, 730n2 which are

configured to al lgéﬁﬁlf?%@ﬂd‘lg ex éggggé%aggge%gtleg nberslﬁ?é{%ﬁ’gqél?, (Figure
13) to extend the SRR
strai ght 9ndnﬁ91%asmaﬂ AQS%W%%%X@H:I Rbtent Hééﬁkan@&ﬁ ﬁﬂé@&ﬁ{g g8 30

t o

portions of e cover nenber 720 an w channe
attachment nporbwhish 7 $2rtion4d tieamdbmsideE thet foovathambl mppba:r 7dAdad e Ther acket

[ 746, 747, ' h cl. d ch | nmb
770" toget her SPPARRS (\Aaf Tedsen BB ek RO TGOS ¢ RISTPH SPRHE AT ght Lo
obvi ate the p@aanapfhe%mam%&wmmopm%m4 ). © pipia, o

ot her attachnent neans can be used provi de t he desired holdi ng orce to
keep the Iayéle br3Be| 180pean be omsedpng 1¢W®&d mdethpﬂezvaéalaexml memueazflé)rpwcse can be

Cnaer! yi 1 Sy bl egRe R ottnl B AHBAS L0 45070 Re" o

I engt h of th@ppaaﬁasdByeﬁboﬁsknmtﬂé@jteﬁﬂdr@ﬂglzaﬂﬁhs@xmt cotffigueions dah®esi ze of
the flow orifice provided by the cooperation of the |ayer 730 and the cover

and flow chafmBloyefknbterangtedgjusiment chmgfi%arymdp@eéﬁmmcmormtbme 13,
the | ayer 73 e I &Q?H‘}; portion.
However, theg}gaiaégbd;gg) glow%ﬁ%& n t lg]tghagcnne i&#léle“n Bh{@{dtﬁé 10 primary
surfaces ar ern‘aindumnh@ltfH‘gpucaltmﬂnﬂrbgevaﬂaﬁo:poézzmk@lwhm ﬂhaypparah’ﬁﬂ(mas hel d so
that the portlon of the |layer 730 ntheflo 710f forcdto
vibrate ih tHE &%m‘ﬂﬂamglo eé"%?fers ey phasne &?G‘i‘?”@l OSILUHB" L§NSF4s) can
be applied dyjRednt ¥n dgq& tIH%ertaHh BAB6AiRRAS) he bagiesre\?amta‘dr&mbepﬁixgﬂﬁé tgJener at or
20 via a signal |ea Referring again to Figure 13, an anplifier 20A

can be oper abmt\mthr the st@‘ci angiglof mﬁom(mﬂet beovsr §6 dbgrg@)amdtmﬂy 2Cegad used to
i gnal - gener GBI BEMSa O HRIOR Tab BetfEnal genorator. In o
The frequency of the signal generated to cause the selected vibration to obtain
20  the desired fluidic flow is typically influenced by the voltage amount per frequency
per given capacitance. As the polymer layer defines the capacitance, the size of the
layer or sheet will influence fhis parameter. In addition, the amplifier selected may
also limit the operational frequency of the wave signal generatbr employed. Off the
shelf units (such as a 200V amplifier) may limit the amplitude modulated (carrier)
25  frequency output to between about 2500-7800Hz, while customized signal processors
may not be so limited (capable of generating increased carrier frequencies in the range
of between about 15kHz-50kHz, or more as described above). An example of a
suitable waveform generator is Part No. 33120A from Agilent, located in Palo Alto,
CA, and an example of an amplifier is Part No. EPA-104 from Piezo Systems, located
30  in Cambridge, MA.
The apparatus 700 can include a stationary mounting frame 790 that holds the
angle adjustment mechanism 780, the hinge bracket member 745, and the flow
channel and cover members 710, 720, respectively.
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certain enbodi nents, the signal generator 20 is a wave signal generator
that can incorporate or be operatively associated with an anplifier. The

si gnal geweraoé402®@ may be conbined into a signal processars2as/opisayi ded by
ot her configurations of 20 electronic circuitry. In certain enbodi nents,

t he ground connection can &i vig the top surface of the polymer |ayer 730
with the positiveAsshevwein Yigure b thsepparatus P9 may inciude 2 hesps1 23 Wik 2on can be
removed fro L 0rtop Wk &1 Pasidimpbagzsne

gr ound'connglé%)ligk%ﬁBg%ét?he tgp surPacgi%r\}ﬁg@gcéﬁgqg%ﬁg&?\de?ﬁ%%%@;ipcan
act to inhi bikat tdrecomtiyuqulyde episedical yefegbdrgbotnaer mitd thg dlosuchiamue! Gt at i on.
The 25 el ectri cal nt acts.can be. made via a central portion of the flap
730f, al t hough otﬁi Ou%&@ﬁqug%}é’ Sﬁﬁéﬁ%ﬁg&hﬁ@aﬁg‘é&ﬁa{ %‘a’lig’&deﬁrmﬁﬂ‘?&o on- of f°
conf i gur a4 i 0BsrGANafIRIVREcInCrthISBEDS the P SERERE t@mao;i& BEd fBspdpge powder .
In certain eﬁ%sodi ments, the flngﬁw di Q%eﬁgjirng canerbe controlled Wé

termi nating amddesireedecpowdenlsush ajdompnpindtye like i nput signal fromto the 30
pi ezoel ectric | ay 730 such...as Si a tinmer 20t i.ch.feature is
Phoun Tor  exampt oot iR i FSy Rediierti Ty ol besfhin i AR n ¢ o

| ayer 730 anﬁ{r@ﬁng\/@a&@esnenber (not shown). As described above for other
enbodi ments, the receiving containers may be translated under the

di spensing orifice at a tinmed rate to provide the 38 WD 2004/ 002394

PCT/ USZO@OQ’/ 020842 desired dose anount §%‘4}§Pﬁ ain enbodi nents, a

plurality of elongate flow channels ¢ nged to concurrently and/or
serial ly di spenseTh¢ bfta §eMEbley 2 aid 3 @erriblaitkd/usinzome @pparatod illaktewe)in As shown

in Figure 13, the_apparatus 700 may incl ude an angrl e adj ustnent. 5 nmechani sm
780. As showfigurpd3ahhe senl genarsenvasadiihasrlificic Ihgsamsr BFalERSt 780b  upon

whi ch a portj I 10 .can rest.
The appgr at Eéggb}%{)fo(}:g% I#ﬁ%ﬁ?gddzy ﬁ%ﬁ%%?%wgmm%n@ewg%q%%f is pivotably
attached t o #aspobirgoGernfany tbatfHapa2dhmestesizewhbesieveliby(thetvaoufaguneer menber
720). In_operat] the bracket 780b c he rai sed and | owered and the

{1 ow chaler WAbASDY i ol 1igt GaarsTizd doram uPyALL el TiBres 106 Pl ot
inclination ghiytRelabansehagnted 430br exftesibd LisibEondRh&eoaEgEhtRYs pae Of

skill in the aft, ofher "angle adjustment configurations can be enployed.
The angl e adhersinmdie exeroplani exmtat®o sigaal inplodestbe augsrrasitwatod fous maogulating
angul ar scalg_to allow a [ able to ascertain the angle wthout
undue rreasurg'ﬁ%%fl?leﬂfﬁigglgﬁfognl(gg? ?ﬁg eval uation of a powder, when the
apparatus 700 is

20 Mass Flow Rate Data for Inhalac 230
Conditions
Mass in reservoir (mg) 350
Channel Angle {(deg.) 24
Carrier Freq. (Hz) 7500
- |Signal arb2
Powder Inhalac 230
rimed (s) ~60
25
mass flow
deltat (s) |mass (mg) |rate (mg/s)
3 9.57 3.190
3 9.77 = 3.257
3 9.74 3.247
3 10.86 3.620
3 10.46 3.487
AVG 3.360
ST DEV 0.184
RSD 5.5%
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15 used to ascertain flow paraneters, the flow channel 710f will be
positioned at several different angles. In certain enbodinents, the angles
eval uat edwoanof®2proxi mate to but under the static anglreTafS2e03possa2 (under
or over 90 degrees), and may, in certain enbodinents, be between about
10-75 degrees. The frequency of the signal generated to cause the sel ected
vibration to obtain 20 the desired fluidic flowis typically influenced by
the vol tage anuntrhp@jreddifglisantstratiness ot gx%glen@ ﬁﬁ@ﬁﬁé@ms n&stouab@m&@fhymr

| ayer defines the capacitance, the size of | ayer or sheet w |

i nfl uence this hmaﬁmfg@re‘@f Alﬂloeléhlatffrvonxermmayanmomms csféhlecm\@dtlmlyave al so

limt the op rat requ of, the nal . geperator e ed. Of

the | shol 1 aratdenBihed LSRR R e oy AR it e BA RS

nodul at eds ( caferpogglme:z&ﬂfereaemgmﬁ)yerﬁwmémg ithelRas ARitbartia BofB@OHZ, whil e
custom zed signal processors may not be so limted (capable of generating

i ncreased canpye teaphiagyancadyantpgesofhiy immepsionofAds Isueh modifiFptionek Hz ,
d | f t
o nore"as i e dhovg o auEmL 0o LGN A0 g SERET

of an anpli fihe{heic&nﬁﬁ,rrﬁeahbpltﬁ%ctibﬁélaﬁxﬁ&ﬂw%reZl@ecﬁy(ﬁehﬁtéﬁdedl te@awdhe 30 in
Canbri dge; MA. The apparatus 700 can include a stationary nounting frane

790 that hol 8&uqies d%?ﬁ@‘l’%i hemsin 8t pefArmiRgctharcad fmgtion and ot ABYY sHugETabt
nmenber 74§ Over @ajgb]- ctively.
39 WD 2004 /og{’z?'glf)&l&gd'f%gé’o%g%%gig{a% el TPl 8&% S‘“d%gtg“’%{éﬁ?%%ar at us
700 may i ncl titegandispivestrai e of thépaesdnd ppenti aidndes npxaotbeZEthxmhcaas firgitedh fl ui d
comuni cati on th the cover nei r ort 721 that. can ii nuously or

epi sodi cal | y qgsapfiﬁ %@Rﬂ*é‘f]e’?*ﬁglgc 4 d&&ﬁdﬂ%‘ﬁﬁ‘éﬁ“"?m&e diRploRsL,

particul ar| Y e2¥bdiRRRhR, is%elpi’sadtﬁ@%ﬁi%&ﬁ@msdﬁﬁé i RENAERIS be Erﬁﬁﬂ&@hﬂﬁhﬁﬁm S

systems and devices contenpl ated by the present invention may be used to
di spense anycapesf thedppendeg olatins. , Theuiovension isdefingd by thetfhlowing glaims evith

inventio wi Ll .now. be. des detall in the follow ng non-
limting %xaﬁ%‘f“é entiﬁf%%ﬁ%ﬁﬁ %dbe’l’ﬂ?alu BF FR* Tables 2 and 3 were obtai ned
using the apparatus illustrated in Figure 13. The signal generator was a

200V anplifier. The carrier frequency selected for the Inhalac 230 dry
powder (a dry powder from Meggl e Grbh,
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Wasser burg, Germany, that has a 230 nmesh size when sieved by the

manuf acturer) 15 was 7500 Hz. The signal (identified as arb 2 signal) used
t o vi br atwoth@/q@emzoel ectric polynmer |ayer nmay be sel eetCedsand/oois42
expressed using one or nore of Equations 1-6 herein. The exenplary

excitation signal include erpositi-on of four nodul ating
frequenci es I%ﬁér %&@@‘&%Eﬁz{g 20 Mass Fl ow Rate Data for I nhal ac 230

Conditions Mass i{n re rrler
Freg. (Hz) 7500 gl gnaﬁq%%JOﬁmg?&W%gagjﬁ ri rreé&?l &zhaw%

flow delta dispspingpes a(ldg)drym\edarrlﬂbsvpa:&m Qomprifing90 3 77 3 257 3 9 74
3.247 3 10.86 3.620 %% 487 AVG.3.360 ST %V 184 RSD 5. 5% 40
VO 2004/ 002394 Pcﬂ‘?’@é‘é‘ééé B @gaimearhv Ao BBt e the sk RonstiReGEINBEL ¢ he
present iyveghig @oﬁBHst a ?R&alh? ob@ireRRBididtett R&ubhdts thiXtotB§og@h firdl t hough
a few exenplary enbodi nen his invention have been described, those
skilled in tﬁymmdemfdlmum;a@tl |y appreciate that many nodi f| cations 5 are
possi ble in the exe t hout . mat J rting fromthe
novel teachings afef dﬁ%%ég&?n&@ei‘rh‘? Rration IR Sdgf‘a?k’c gﬁsﬁﬁ E%Op%elrl such
nodi fi cati ongavim & 1é3t @edABShehsin®Fort Wall& BRI drit bbwi&EofifeRRonds flbWiry

invention. as defined in the clainms. In the clains, neans-plus-function
cl auses, whetheretisewgh; ap¢& i nt ended to cover the.
10 - dispensing a first meted quantity of the first dry powder through the

dispensing port to a receiving member.

2. A method according to Claim 1, wherein the selected frequencies of

the non-linear signal correspond to known and/or predetermined flow characteristic

15  frequencies of the first dry powder, and wherein the generating step is carried out to
cause the dry powder to flow in a substantially uniform fluidic manner without

aggregation.

3. A method according to Claim 2, wherein the dispensing step is carried
20  out by synchronizing the dispensing port to open for a predetermihed amount of time,
the time corresponding to the dry powder flow rate and amount of meted dry powder

desired.

4, A method according to Claim 1, wherein the first meted quantity is a

25  single unit dose amount that is less than about 15mg.

5. A method according to Claim 1, wherein the first meted quantity is a

single unit dose amount that is between about 10pg-10mg.
30 6. A method according to Claim 1, wherein the dispensing step is carried
out to successively dispense a plurality of meted quantities, the plurality of meted

quantities being between about 10pg-10mg, and wherein each of the plurality of
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structures described herein as performng the recited function and not only
structural 10 equival ents but al so equival ent structures. Therefore, it is
to be undeosboom2idat the foregoing is illustrative of PCTASPEBIISY2
invention and is not to be construed as |limted to the specific

enbodi nents di scl osed, and that nodifications to the disclosed

enbodi ment s, megdwehitities argtinskbstantialily ineserss ampentiwithenvasiition dpse th doseuded

wi thin the cope of appended cl ainms. The invention is defined by the
foll ow ng cl %ﬁ%@aﬂ%‘i‘%?@% equi valents of the clains to be included therein.
41 WO 2004/ 002394 PCT/ US2003/ 020842 THAT WHICH IS CLAIMED IS: 1. A nethod
of flowably dispensing dry powders from a hopper having a dispensing port
and a dry powder T.|ow padhodssagrdingtaflaigehahgraimthesloss fodtosngiatipmisar
vibration.in i oothe first non-linear input 5 signal conprising a
pl urali ty3 of %g%?@é%%lttsé‘él ected frequencies that correspond a first dry
powder fornul ation; applying the first non-linear vibration input signal to

a di spensi ng hopper. having at |east qgne dispensing port while the first
dry powder fornul&ti orrimetiadasrerdingta Sdamnl, ihgrein BSondingRspBRSiEAY a fir st
meted quantify. i 3 nr : di spensing port to a
receiving,ne%%gﬁﬁm%ﬁgﬁﬁﬁgﬁﬁ%%ﬁ%%%gﬁgﬁhgh?bﬂ%%%Pﬁgﬁ, wherein the sel ected
frequencies of the non-linear signal correspond to known and/ or

predeterm ned fl ow characterjisticg. 15 frequencies. of the first dry powder,
and wher 8 n the géner a%i“??éhogtaéﬁor ngdg 4‘@3‘%‘@?@’5}‘6%8"‘?’ fwﬁi Refer to

flowin a SUQ%\,@_E}&{SQ%MW(fepfcmnflﬂdﬁiogj c manner without aggregation. 3. A
nmet hod according to di'm 2, wherein the dispensing step is carried 20 out

by synchroni zing the di'spensing port to open for a predeterm ned amount of

i me, h i ' h f f
et ed dry powder Nes: Ral oSt St ey 18 S b R, he

first meted geanhietyubifontof oBEerséd itfuetidibs ofdRSEhbeRWR Yvalahdliesias diteded inhan
about 15ny. 5. A nethod according to aim1l, wherein the first neted

quantitylds amasy iy analysis ofdbe drynesidsr formulation, pet ween about 1 Og- 10ng.

11. A method according to Claim 10, wherein the derivation of the input
signal converts time to frequency space to render frequency distribution data of the

mass flow analysis of the dry powder formulation.

20
12. A method according to Claim 1, further comprising generating a
second non-linear vibration input signal, the second non-linear input signal
comprising a plurality of different selected signal frequencies that correspond to
predetermined flow characteristics of a second dry powder formulation;
25 adjusting the non-linear input signal to apply a second hon-linear vibration

input signal to the dispensing hopper while the second dry powder formulation is
flowing therethrough, the second input signal being different from the first input
 signal; and '
dispensing a first meted quantity of the second dry powder through the

30  dispensing port to a receiving member.

13. A method according to Claim 1, wherein the applying step is carried

out at a localized portion of the hopper.



30 6. A nethod according to Claim1l, wherein the dispensing step is carried
out to successively dispense a plurality of neted quantities, the plurality
of met ed wquasdoeises bei ng bet ween about 10g-1 Ony, andpéirarseios/oeemah of the
plurality of 42 WD 2004/002394 PCT/ US2003/ 020842 nmeted quantities are in
substantially the same anount with a variation dose to dose of [|ess than
about 10% 7. A nethod according to Claimé6, wherein the dose to dose

variation is 5 lgess than about 5% 8. A nethod .according to Caim1,
wherein the non-| earRi’ﬂ%tﬁ?ggﬁca’imgtoh%@‘g?’p‘p]ﬂﬁ’%fpi%feyapg}‘y’ PR B S oned
nmodul ating f 61%%‘;&%9?]51&@-tbé‘-ﬁ’ongl-ineﬁr IBLARE A6 aHin8 @ horPorich df thakasmion t he
dry powder fornulation is a Iovv-denS|ty_5r‘y powder fornmulation. 10. A
met hod accor temgppes, tot kengthdf thethopeerextdndingripthe direghen ofifiovderi ved from an

eval uat i ofpraof observed frequencies of tinme between aval anches as detected
in 15 atass flow analysis of the dry powder fornulation. 11. A nethod

according to C airg.10, A weeHodiadcdriRgde Olalat 120 Whedeird the nbi iitiéar irpufsighal converts
time to frequency space to render Tgre uency distribution data of the nmass
f1 ow anal ysi @r@nssmphnra}mp@ﬂm@@nmm%%&ﬂmﬂes St az2 selacigg thisaresgédr ding to
Caimli, fur&e@%@d Wgr'o?h{%%&?ggge?{e'd% e c?%qggqloﬂpﬂlﬂd}s{g??eﬁuéﬂc?r ation input
signal, the second non-Tinear I nput si gqnal? conprising a plurafity of

di fferent sefiggiatorsi gnal frequencies that correspond to predeterm ned

fl ow characteristics of a second dry powder formnulation; 25 adjusting the
non-1inelt input signal to apply a second non-linear vibration input

signal to the di spensig RIRRARELoHE S Cllifs 12 SHRAM Be YpPouatepliogamial | on s

f1 owi ng therethrough, the secon put signa ng different fromthe
first input owitgoalcnrrenity appbpebsiiogsl endrigy st mnkiplecselgagd fiegyengifest he second
dry powder through the 30 dispensing port to a receiving nenber. 13. A

nmet hod according to Caiml1, wherein the applying step is carried out at a

| ocal i zed portionpf tAeeRRARBErdthgIo Claim 1, further comprising increasing the
15  apparent bulk density of the first dry powder during the dispensing step without

evacuating the flow path.

18. A method according to Claim 17, wherein the hopper and dispensing
port define a dry powder flow path, and wherein the increasing the apparent density
20  step comprises directing a gas at a first pressure to enter, flow across, and exit the
flow path at a second lesser pressﬁre, proximate the dispensing port as the dry powder

moves downwardly in the hopper during the dispensing step.

19. A method according to Claim 1, wherein the hopper has an associated

25  axis extending along the gas flow path, said method further comprising moving the
hopper in a centrifugal motion so that it oscillates relative to the axis and generates a
force with downward component or vector that is transmitted to the first dry powder

formulation during the dispensing step.
30 20. A method according to Claim 1, wherein the hopper has an associated

axis extending along the gas flow path, said method further comprising moving the

hopper in an eccentric motion so that it oscillates relative to the axial center line and
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WO 2004/ 002394 PCT/ US2003/ 020842 14. A nethod according to Claim1,
wherein the applying step is carried out by applying the non-1linear

Vi br at i orwersesapp2miiong a maj or portion of the | ength of pcrhes26msppesaz t he
| ength of the hopper extending in the direction of flow 5 15. A nethod
according to-Claim12, wherein the non-linear input, signal conprises a

gl ur al ij ty ﬁ{)g@a@éqsiarfﬁ@§@Gﬂlﬁoéfc&m:d@@qnﬁ%{tora’%toééﬁ@éﬁ??s%e? éolp%ééﬁﬁt a
esired nunber Eohser . ! es in a flow anal ysis
frequency d‘lﬁ'gtp;a{)v %{1‘?88%@?‘3"6‘ @%&gxﬁr%%%g&gg%gr ding to aim1l, wherein the

applying step is carried out to concurrently apply vibrational energy at

mul tiple selected frequen%i ;s. 17. A nethaod ggx%or&‘i ng t].o Cl.aiml1, further

conprising i _ncrea7sli-ng A fgtho Sc%éégé‘hg%llk_w 4 1 DER-INRRE IRRYE SIE03r v powder

during tRe dpReRs! HShGR kidale oeAcualdhag: (012 bhovomaih. 18. A methad
a wherein t

according to Im17, opper and dispensing port define a dry

powder flow path, and wherein the increasing the apparent density 20 step

conpri ses di recti&g a“gas at, a first nter,. fl ow across, and
‘at

t :
exit the flow pat @g@gﬁﬂcqr@?%‘?e elg gl(ﬁ’ Sr,e?‘b&%)‘i‘f’?r'é‘f‘gartl?@ta’igg ensi ng

port as the dyy,rREVGefier FERNGRid oL IeNorbRvdRE aPARASKHE W 50Xt he
di spensing step. 19. A nethod according to Claim1l, wherein the hopper has

an associated 25 axis extending along the gas flow path, said nethod

further conpri si novj ng,the h [~ 0 centrifugal ion that it
osci |l at'®¥s rel ati¥’e tcAF%E‘OQ%F%m@ﬁg%ggké’Pir gg’era?m_ ’ﬁ’g??@’ e\fr(ng %Xﬁgﬁs&%ngnwar d
conmponent  orin¥&@eddifigtuRato teSidt irddhe Mokt gh 1r0tht Repder kisch tHAtt Guvtheidly .
formul ation during the dispensing step. 30 20. A nethod according to Claim

1, wherein texendspgistansaautah thestisenging gort.ridsmethed FthehCUNRIfAE he gas fl ow
pherel ' W _ 3 _
path, sai W?%n@ﬁﬂn%ﬁ{e.tx B SRAP e ndIBY i &%ele{%%@ﬁ:gﬂru@][eggfﬁl‘é tZZCm

notion so tha scilla e axial cen I ne an

2004/ 002394 foidebEr0BAi020842 generates a force with downward conponent or
vector that is transmtted to the first dry powder formnulation during the
di spensil?g step. 21. A method according to Claim1, wherein the non-linear

I nput signal 24. A method according to Claim 23, wherein the translating step is carried
out to oscillate the insert with a selected motion that has an associated non-constant

period or periods.

20 25. A method according to Claim 1, wherein the vibration energy input

signal is based on electrical stimulation of the hopper.

26. A method according to Claim 1, wherein the vibration energy input

signal is generated by mechanical stimulation of the dry powder.

25
27. A method according to Claim 1, wherein the vibration energy input
. signal is generated by electro-mechanical stimulation of the hopper and/or dry
powder.
30 28. A method according to Claim 1, wherein the vibration energy input

signal comprises imparting a high frequency motion onto a selected portion of the

hopper, with the outer bounds of the motion of the hopper being small.
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5 conprises frequencies in the range of between about 10Hz to 1000kHz. 22.
A nethod according to Caiml1, wherein the non-linear input signal

conpri seswoanod/me3dfir equenci es in the range of between alpoutusi@iiozosun 50kHz.
10 23. A nethod according to aim1, wherein the hopper conprises an
insert configured to resjde in the flow path in the hopper such that it
downwardly extend® a &Y BAWETGispeRting sistedt, SPEREFAY port, said met hod
further conprisin i j r i LSREDSI ep to
accelerate the pargth ?%Ffegg&lo té%gohp@é%?@ﬁ%e@ 9%?%,%%ﬁggb é%@%gggl'&%mt hod
accor di ng t oofi dispanRidg pofiencdi watllvdtl araingérauifage sideptdrsudaeri ed out to
oscillate the insert with. a, sel egf;?gg nmotion that has an associ at ed

non- const ant  per FGHAHHY e dry pow sposednine ReRPeEccor ding to O ai m 1,
wherein the vibraty TabvaLy! i 1 LG al

sti mul ati%n of th%“ﬁ%ég‘ﬁ‘g%%w%& yt%%%paglggg?‘ﬂ?ﬁgﬁ?%& a%!o%ﬁ{iﬁ'vﬁ et?eei n the
vi brati on enbopper,iwhsiin, is ppgration, thegt frastadne o/ itrgtioreeneeg)i geakragon saureetis on of
the dry powder.. 25 2t7' émaéhod according to Caiml \z\hngrejn t he vibration
ener gy i nput OISR 10 PUPYLH AT TP RO i Ftary RuerEy U EIfed {9 WRRH A on of t he
hopper and/ okngifiat veRRWH Gith d3AnABrd Orc@BIeBBEL 18 FKCH S IpBFdbCasCh@driPpbwdawher ei n

the vibration energy input signal conprises inparting a high frequency
nmoti on onto ﬁOWéFi@‘(Ytl‘é‘@rdBd@ﬁhe(ﬂismﬂslnzleortmgper, wi th the outer bounds of the

notion of,the hop in L1., 45 WD 200 02394 PCT/,US2003/ 020842 29.
A dry poiA%ler di spggé‘}“%gmé’%él? e%%era@gr‘?ﬁ?qcéalt%gwﬁégﬁﬁ’ﬁﬁ@?a@orq?el‘ﬁ%agﬁnto hol d a

dry powder t bigdrgy genetdiion BORES theiamirfiomadulé easprisigne di spensing port and a
wall with an inner surface and outer surface; a quantity of a dry powder
di sposed in the hopperSompuigr réadalle pesar) cpdaeandiguiea de giecy diverbretiom sour ce

operably associ at grg:}r/é'y %)larcte he outﬁf?tg;ﬂg berMﬁreﬁ%r%x fc-blqesguggﬁi?% kPfRe d{}{%a ;| east

one vi bration energy "generati oh source Is Igure outp esired
non-1inear vi bratorthe eysengy sufficient to inpart an angular velocity with
downwar dlg orce vectors to the dry powder as the dry powder
30. A system according to Claim 29, the control module further

comprising:

' computer réadable program code configured to select the output of the

vibration energy generation source from a library of non-linear energy outputs

20 associated with a plurality of different dry powders, based on a desired predetermined
dry powder specific vibration energy output associated with the dry powder being’

dispensed.

31. A system according to Claim 30, wherein the system is configured to
25  dispense a plurality of different dry powders separately, and wherein the control
module comprises computer readable program code that accepts user input to identify
the dry powder being dispensed, and computer program code that automatically
selectively adjusts the output of the vibration energy generation source based on the
identified dry powder being dispensed.
30 .
32.  Asystem according to Claim 29, wherein the computer program code

for the predetermined dry powder-specific vibration energy output for the dry powder
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fl ows downwardly to the dispensing port; and 10 a control nodul e operably
associ ated with the hopper and the vibration energy generation source, the
control myowbeymesypri si ng: conput er readabl e program cogeTasnéizguesazi t o
direct the vibration energy source to output the vibration energy
corresponding to the dry powder in the system 15 30. A system accordi ng
to O ai.m 29, bditedispemseddefivetian eutpuisighalrthate derivedi fram flewrdsia eperimemialbl e

program code .caonf i gured,t | ect- . he out put. vi bration energy
gener ati on s%tﬁ?‘B%d ?@rﬁﬂao"?ﬁ%a?}éls Sy‘?fé‘%eﬁ?ér?-"ﬁgﬁfe‘ %ee%?lelr?eé%i out puts 20 associ at ed
with a plurality of different dry powders, based on a desired predeterm ned

dry powder specific vibration energy output associated wth the dry powder
bei ng di spensed.331. Asksjen asroxdieniodilain 86 ‘@eé?lﬁ]t@‘?)‘for%m’éqrﬂ%ri“ﬂéo‘éyst emis
confi gur t 25..d] [ e | 2Nt arately,
and wher §Idn Oﬁgl e?%)ﬁ%:?{%?@l%ﬁg u%é%%ﬁo%ggis%g{%ﬁ{@r%?géa%éﬁe r‘%ﬂ"?g{% code

t hat accept sdrypeivderpid ddrived frentdatayobtdihel flon auoawddlovbaiahgisaif dpedrged, and
conput er program code that automatically selectively adjusts the output of
the vibrati d?P"é@?é?-gy generation source based on the identified dry powder
bei ng di spensed. 30 32. A systemaccording to C aim 29, wherein the
conputer program code for the predeterm ned dry powder-specific vibration
ener gy output for34.he Asystpoacerding® GGin2 094vHE8 e EEHoWER00319020842

bei ng di spensed. defi nes, an out put signal that _.is rived fromil ow data
exper i al #§psith Yé?oﬁi‘@l&r’fap‘gmthgre’fnl tﬁ?\?‘&?ﬁﬁ‘ Vs‘iogﬁg‘fregﬁ%se&agy S50ERSF 20 n t he
system 33. @M@m&&ﬁdamsﬁlcan@uﬂtsrrbs%%anvﬂb@ﬁemng.he conput er program
code 5 for the Iibrary of predeterm ned dry powder-specific vibration
energy outputs for the dry powders are derived fromdata obtained froma
mass fl ow anal ysis. of §{he.dr wder s, . 34 stem: i Cl aim 29,
wherein the dry p er‘L‘isgm%{n?é%%?&ﬁ%)%d%Wsn?t’?f ‘g}rleég%téﬁvﬁé?@gg%% a\%ﬁ)g}rlgllsn t he
systemis copdtivestf #dut D0upeIOngd. | y di spense a

15

36. A system according to Claim 29, wherein the system is configured to
dispense a plurality of meted quantities, the plurality of meted quantities being
between about 10ug-10mg, and wherein each of the plurality of meted quantities are
in substantially the same amount with a variation, dose to dose, of less than about

20  10%.

37. A system according to Claim 30, wherein the computer program code
of predetermined vibration generation source output signals is derived from selected
parameters of a mass flow analysis of the dry powders.

25

38. A system according to Claim 37, wherein the derivation converts time

space data of the mass flow analysis of the dry powders to frequency space data.
39. A system according to Claim 29, wherein, in operation, the vibration

30  energy generation source is configured to deliver the output signal and cause the dry

powder to flow in a substantially uniform fluidic manner without aggregation.
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plurality of single unit doses.in anmounts |ess than about 15ng. 35. A
system according to Claim 34, wherein the single dose anount is between
about 10gwbou002H436. A system according to Caim 29, wRaarEszen3tob@4syst em
is configured to dispense a plurality of neted quantities, the plurality
of neted quantities being between about 10gg- 10ngy, and wherein each of
the plurality of 4fetedAgysem iacioadingroeClaim 28 ufnsthamdomegirisingtaivalvs aperabiyount

with a variation, dose to_ dos of. | ess than out 20 10% .37. A tem
accor di ng toaséfl’cé?tﬁ?’s"éf,ﬁ %%ﬁ%aisﬁdqetéw&%?‘m_ G A e g " gft%&ee%f’é’?‘é ' ni ned
vibration gepgaat tREvAHbERg BotutedSd G?éﬂ ghdl Josdehd 166 phihartosethect ed
paraneters of a mass flow analysis of the dry powders. 25 38. A system

accor di ng t odispensing 3ort topeimillably Wesperse imesed @rantbesafrdrys peWdas by ppariftingat a of

the mass f| ow an sis_of d owders to frequ : a. 39. A
system aécor%vﬁﬁ?{% d@'ﬁ?‘ﬁﬁ%gﬁt %#1%? gi%‘?msf‘ﬁ%p8ﬁté‘;%%?%e§?t%¥w§QV| ?gf[a% on 30
ener gy generabkamiARUneRrrh Slotaiafel teflow faR e ldp¥e tinde tiditapigtdusingdrl and
cause the dry powder to flowin a substantially uniformfluidic manner

Wi t hout aggrédes sration zyye conerpradns Bshedrsingd ipensd dgsermapgt. A syst em
according to Claim?29, further conprising a valve operably associated with
the at | east one dispensing port and in comrunication with the control
modul e, the val vedlbei ng seserh iagesréidg tooClajie 29 awikreinabevibtatioh Eenergpmhh acr oss
the dispensing port to controllably dispense neted quantities of dry
powder bﬁ) peToRTeens FRpfguradd ouput Wéhg'Fﬂ'“eﬁ‘SMé’Fatl?&th‘fg?’t he di spensing port
for a predetermned tine at a substantially uniformflow rate, the flow
rate and open tine of the valve during the valve operation cyclte ‘
correspondi ng to 4he désysted adicsgiegellato, whaeintthe Hoppercomypsisesa accor di ng

to Caim?29, wherein the.vipration.generation. ource i.s nfigured to
out put high ?IF@?{FQHWT‘@FIBé 3t ShoRsHR g?f.soﬁﬁf’gﬂ'l%é& PS&?‘S?‘&‘% (fp89r0 ai m 29,
wher ei n t he QHRRPREeif MENibRESH Snerf g&@ﬁlﬁeﬁ béirge Fothgrideah pbiatsouee BRECAD! ¥
associated wth the dry powder in the hopper, and wherein_ the vibration
ener gy gkneraippbye ssigiedelastingt inpatssignabiovies pisaenlectric materigaivhasinsippl y a
sel ected el eg;}e;a{tl%%! the gpe%elgénqulatehgl c;d?&itg){h%%ﬁ?&eedcx;iﬁfaﬁoﬁ@ﬁe%); t%lthe éﬁ@er ern, 1n

powder.

43, A system according to Claim 29, wherein the vibration generation
20  source is configured to increase the apparent bulk density of the dry powder in the

hopper during dispensing in the absence of evacuation.

44. A system according to Claim 43, further comprising:
a permeable member attached to the hopper and positioned proximately above
25  the dispensing port and defining a portion of the dry powder flow path; and
a forced gas source configured to direct gas to enter a first side of the
permeable member at a first pressure, flow across the gas flow path, and exit the
permeable member at a different location at a second pressure to generate a pressure
differential across the width of the gas flow path proximate the permeable member.
30
45. A system according to Claim 44, wherein the permeable member is a

stainless steel filter or frit.
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operation, the piezoelectric material outputs the desired vibration energy
to the dry powder. 43. A systemaccording to Caim?29, wherein the

vi br at i orwgenevm@mbisgen 20 source i s configured to increa®eTitiseodppaaent bul k
density of the dry powder in the hopper during dispensing in the absence

of evacuation. 44, A system accordin 0 Claim43, further, conprising: a
per meabl e menber A4t achedtB af?‘fgd%&ggﬁauéﬁ"&’ Wg]grie’cnitaﬁgﬁppﬁf’&fi PFEF‘E‘I‘@G agove
25 the di spepginber, BRA thedpetiehd ﬁﬂrﬂ@eﬁﬁxe%ﬁ%&iaﬂ? eRfendiRE def povRRYEST phttow pat h;

and a forced gas source configured to direct ' gas to enter a first side of
the permeabhked wherbiay ingpeeptiphythe appacsns bulk dehdityvol doy &y powder igasrdabalaspat h,

and exit the er neabl e r_at different |l ocation_at a,second pressure
to generate g‘egilryeg%wureé mﬁ??@‘?”é% flg'lmé}&erlﬁ)?gert% a&/?eﬁftl{ngf“%f%@egas f1 ow path
pr oxi mat es t hgaRetnEpeseraRdbatsure BfeftialA system according to G ai m 44,

wherein the permeable nenber is a stainless steel filter or fit. 48 WO
2004/ 002394 PCT/ US2003/ 020842 46. A system according to C aim 44, wherein

Lhe hopper. the es Meakle Im e anBUschle 61 SREDSIA0NARLI aflefLag an axial ly

extendi ng dry powder f10 eréih, I'n operation, ar ent

bul k densi t ydiepensing pdtthaposwigssodisted acis easgdingalong fie gdt YloRPatts EaidBwesn
downwardly in the hopper due at least in part to the 5 transversely
gener at ed pr 8§9ET IRETSIMGAFANSition mechanisy, babmp¥esa FatgPordorcyidhehaorper

wher ei n e . I I ing; j d axis
ext endr n o) AASREEA0] rigbAh i he b3RR3 oP GiBAbns IRHoaMaRE RARHELS
transl ati on theekanndnnbhettion\geserates 4 fast with pdotvnwardofontpoeetioppentorl0 i n a

centrifugal tion so that the hopper, and/or dispensing port oscillates
relative to g’?ﬁé“&ﬂ?@ﬁﬁ!ﬂ&thF%r%B@?&W%auﬁ%@ﬁ Wea force with a downward
conponent or vector that is transmtted to the first dry powder during

di spensing. 48. A system according to Caim29, wherein the hopper and
di spensing 15 pot& hatéysiemaseodingtedlain 28, whareindhhbprpeoang dispengsg f | ow

path, said systemfurther. .conprlsi.n transl ation laasrpl,ism l?ﬁlt noves at
Paast o bort FObTEE P re RBisg e el B B BT Pl B0 OhEP et o
portion of tbenitRpes trasRiibh afeChaniai tHat MEOvdsat 1dast Hpdrion éfitble hbgpepREmAt i on,
generates a force wwth a downward conponent or vector that is ]

eccentric motion so that at least a portion of the hopper oscillates relative to the axis

and, in operation, generates a force with a downward component or vector that is

transmitted to the dry powder during dispensing.

20
49. A system according to Claim 29, wherein the vibration energy

generation source outputs a non-linear input signal comprising vibration excitation

frequencies in the range of between about 10 Hz to 1000 kHz.

25 50. A system according to Claim 29, wherein the vibration energy
generation source outputs a non-linear input signal comprising at least one carrier
frequency in the range of between about 15kHz to 50kHz and a plurality of

modulation frequencies in the range of between about 10-500Hz.
30 51. A system according to Claim 29, further comprising an elongated
insert configured to reside in the flow path in the hopper such that the insert

downwardly extends a distance out of the dispensing port and eccentrically rotates
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transmtted to the dry powder during dispensing. 20 49. A system according
to Caim?29, wherein the vibration energy generation source outputs a
non- | i neawoizopuin2®isgnal conpri sing vibration excitationpcrrusgueneises i n t he
range of between about 10 Hz to 1000 kHz. 25 50. A system according to-
Claim 29, wherein the vibratiaon ener gtyth generati on source outputs a

e

non-1inear i ripativaioghatxicehthe flermpthe! thehenpenduringdisnensing foteapamitcy in t he
range of bet . - a plurality of nodul ation
R

frequencies in et ween abou DHz. 30 51. A system
according to Claim?29, further conprising an elongated insert configured
to reside in the flow path in the hopper. such that the insert downwardly

extends a di st anc€?out ‘Ab?ys"teﬁbac&f”éir‘)%ﬁ"@iqwnbﬂhW@W@:é@:_@%ﬁi@?@’@ﬁlelh}seﬂé& ates 49
VWO 2004/ 0823%4.TA USRANEORAME 0nh B Al RillIendiiichell B | OW path of

t he hopper during dispensing to transmt Irrectional acceleration to
particles of the dry powder. 52. A system according to Caimb51, wherein,

in operation, the_nsert is 5 oscillagted with a.selegted notion that has
an associ at ed non-560ns%WPte&WB@m%S%MSW@He% MERTHYP T ESNRREOT 29,

wherein the \hbeabia: GRMRIsad 4 Bigh RAGIRY nfibRUbpIRRIBRMS 5 6Se:du ;gjﬁiémquency
notion applied onto a selected portion of the %opper, wth the outer
bounds of t héhamipper with theheutérdppeds dfehegpotiombdd the hOprsa beiag smalf.em accor di ng
to Cl aim, 29, further conprising a conmputer program product controlling the
di spensi r%é of dry powders, the conputer program product configured to

control the activati onAdfys@mvatirdge CIARENS finthdr 6dRS8ind Péorifugy path of
t he di spensing systemto control the anount of dry powder dispensed in unit

15 dose anpuRFegryp prasyst coptipllias s dissagng sbdry Rowgaisuthe compwer piagemoduct f or

oper (im0 2 Skt PG ek BREGEc BESRARLRS: A8 FLBRED) O DIRI 1 o
ener gy sour cgathsddei disredsihieysenh tdcontrof the ainbiusitof dAO0pdwder disperfsbdit, urithe
havi ng- coRpULEH FURB I REBAUGRE. enbodi od | n said medium sad
conput er -r eadabl e program code conpri si ng:
55. A computer program product for operating a flowing dry powder
processing and/or dispensing system having an associated dry powder flow path with
a dispensing port and a vibration energy source associated therewith to facilitate
20 fluidic flow, the computer program product comprising:
a computer readable storage medium having computer readable program code
e_mbodied in said medium, said computer-readable program code comprising:
| computer readable program code that identifies a plurality of powder-specific
vibration energy signals, each corresponding to an individual flow analysis; and
25 computer readable program code that directs the dispensing system to operate

using the powder-specific vibration energy signal associated with a target dry powder.

56. A computer program product according to Claim 55, wherein the
powder specific vibration energy signals are non-linear.
30
57. A computer program product according to Claim 55, further
comprising computer program code that accepts user input to identify the dry powder
being dispensed, and computer program code that automatically selectively adjusts
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conput er readable programcode that identifies a plurality of
powder - specific vibration energy signals, each corresponding to an

i ndi vi duawofZoemeoasval ysi s; and 25 conputer readabl e programusads/obésat
directs the dispensing systemto operate using the powder-specific

vi bration energy signal associated with a target dr wder. 56. A
conput er pr otheawinyF otilie vibetios casray sitaaldiassdws el%ﬁ‘é‘%é‘? (RewvdsehRRE specific
vi bration eng) S ghals are non-linear. 30 57. A conputer program product
according to ‘égﬁsm 55, further conprising conputer program code that
accepts user input to identify the dry powder being di spensed, and
conput er program code that autonatically sel e tive

s 50, WO
2004/ 002394 PCT/ UB2003* §POBRST PO ARTHRFCHE 290T lﬁ% t%hé“&t’?ow RS si gnal
based on 4 heyi %Bh 'eflér%i %ﬂt %r el ogﬂépﬁﬂﬁggtspéﬁed Are BT WnGHataPr 0gr am
product accor |ng to wherein the 5 Vibration ener gy output
signals for blbtmneliftomcwﬁtevmalbmsr@dilff&pmmowdasbased on data obtained
froma flow analysis of different dry powders. 59. A comrputer program
product according to Caim55, wherein the dispensing systemis configured
to dispense | ow depsi tA(chhPut@Pﬂ}G 8fam PRdRA acédrERFRYICRImBS OFh@BImRkOduct
according to Claimb55, further conprising conputer program code that
control | abl ydﬂpslpmgSESem@uﬁquraﬁm dispense fow-dengitp duteawdehdependent  of
vol urretrgﬁ eval uati ons by considering flowrate, of the dry powder out of
t he di spensing port and controlling the anount of tine the dispensing 15
port is open durigg dlAil@@xﬂﬁht@gpro@ihmﬁoﬂ@méuécﬁdm@wgra&m:ﬁrﬁﬂhat according to
Cl ai m 60, and wherein the nput er %ro gram product is configured to
control | abl ycmm@mu@r mogrm §ogsy thag mrrellah}miltsp%%@ets# IpFwtaeesi ty dry
powders in a r oduct
accordi ng to al m %@ﬁ?pmﬁﬁ;ér?)gp n @Hﬁm&g’éﬁaﬁugﬁ’%@%g anrr%gér? IS %fe%ié\z(g(ratﬁﬁgg out
10g- 10nyg. 63pov@deﬁ:oumﬂthfrdxspen@hgpbprandiumﬁrcﬂhmg)ﬂ:dlan@untmf@nmthe6i2pemimgrei n the
25 conputer program Br odu dc is configured to controllably dispense a
plural i t]yS of POfbisgypen during dispensing.

61. A computer program product according to Claim 60, and wherein the
computer program product is cohﬁgured to controllably dispense a plurality of single
unit doses of low density dry powders in amounts less than about 15mg.‘

20
62. A computer program product laccording to Claim 61, wherein the

single dose amount is between about 10ug-10mg.

63. A computer program product according to Claim 62, wherein the
25  computer program product is configured to controllably dispense a plurality of meted
quantities of low-density dry powder, the plurality of meted quantities being between
about 10pg-10mg, and wherein each of the plurality of meted quantities are in

substantially the same amount with a variation, dose to dose, of less than about 10%.

30 64. A computer program product according to Claim 55, further
comprising computer program code that automatically repeatedly actuates a valve
operably associated with the dispensing port to open and close the dispensing port
according to the desired meted quantities and filling protocol.
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gquantities of lowdensity dry powder, the plurality of neted quantities
bei ng between about 10g-10ng, and wherein each of the plurality of neted
qguant i ti ewoanerdoms4subst antially the sane anmpbunt w t h aPpecanisatizons4dose to
dose, of less than about 10% 30 64. A conputer program product according
to Claimb55, further conprising conputer program code that automatically
repeatedly actuates a valve operably associated with the di spensing port

to open and cl ose Ihe Si acc in i1 el ed
guantities and flﬁ i ng preﬂfgco(glngea%fl% c%%?%@éﬁ%%ﬁ?&?ﬁ%ﬁ 65. A
nmet hod of measuriRgsig@aesn ﬂﬁst&hynm%ﬁ%ﬂec&wwﬂeﬁhll witls metaliftpiondicaige

t ensi oni ng an el ast oneric pi ezoel ectric material with netallic conductive

portions t hepastpns thelgPBpensi ng a quantity of a dry powder onto the

o7 o T oy o Bk dking 8k ofd SNHSAN BRY dyPFRIdRRRIAKEIR RS0 R, | 02t

one of the netal | i'C" conductive por pensing causing t

flexing of tpedaberios lecat'ron(prdmxheuelaaleastrmaslﬂthengetalhc abridmecrive mmtions, the

sel ected electrical para ﬁ .associated with the flexure of the

pi ezoel ect r i eisprmsgicapsIngiRe lexng et Be pistrRlgcindaRi®s of the di spensed dry

powder based on 1 he,IRAsH AftratRhifhLIEARd eRbrich M& RSP AIih the T ai m

65, wherein the piez ctric materi al and wherein the step of
measuri ng |sﬂe>a1reoénﬂepw1zodt§ct1mmsuengl mhda voI tage 15 generated by the

Pher oon b7, - A FRTRUASBEETSF REEQ PR ieroRdreien PR SrpRlr o

measuring i sy&aidn ed out by sensing a change i n capacitance generated by
the piezoelectric material 20 due to the applied force associated with the
wei ght of the dry powder posi ti oned thereon 68. A nethod according to

Claim 65, wherein f surl Lrte change
in the resonant f? que’%&‘f%l%atcﬁor ’ﬁ?ige% 5r’ ?@e}r’% %‘F?%%Oggcgﬁgﬁg{epgl ?h

appl i ed for cpvaFsaed wb@ein\thd st dTanssSinghy 1sQim'ieH®udb)ysqnsmgdte yoitagd | oned
thereon. 69. A method accor di ng to G aim65, wherejn the di S‘Bger}si ng is

carried but gensrated quhépﬁégeéﬁ%m@m EespoRsite tathegheight of dhe dry po

positioned thereon.

67. - A method according to Claim 65, wherein the step of measuring is
carried out by sensing a change in capacitance generated by the piezoelectric material
20  due to the applied force associated with the weight of the dry powder positioned

thereon.

68. A method according to Claim 65, wherein the step of measuring is
carried out by sensing a change in the resonant frequency in the piezoelectric material
25  due to the applied force associated with the weight of the dry powder positioned

thereon.

69. A method according to Claim 65, wherein the dispensing is carried out
for single dose amounts about 30mg or less.

30

70. A method according to Claim 65, wherein the dispensing is carried out

for single dose amounts between about 10pg-10mg.
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30 70. A method according to Claim65, wherein the dispensing is carried
out for single dose anbunts between about 10g-10ng. 52 WO 2004/ 002394
PCT/ US20080280860239471. A nmet hod according to C ai m 65, \maarEsi2enstobes4zlry
powder is a |low density dry powder. 72. A system for neasuring doses of

dry powder fornulgtiong, ¢ rising: .means .for._tensi oni ng.an el astoneric
pi ezoel ectric mat Zil al M?tﬁ%c[c%dm%éo Cﬁ?ﬂﬂhﬁsgﬂk\??%g’lﬁﬁ%ﬁ%wé%ésr%@?ﬁ neans
for di spensi pensity db@pdwder. of a dry powder onto the piezoelectric material

about a predeterimned | ocation proxinate at |east one of the netallic
conductive portions to cause the flexing of the tensioned piezoelectric

material by 10 df spensing e, fry. paNest. | hPEeon. dur 1ag. bR, L SREnsi NG

means for measuring an arieration rna el"éctrical para

associ ategl with fleensfoedsieniaf ad blastpmerOpleesdl¢dutc mategal with manticmeans f or
determ ning the mass of the di spensed dry powder based on the neasured
al teration. ¢ondpgtiveposiiensdhsre?n;f| owabl y di spensing dry powders from a

hopper having a g{egﬁ%?%ﬁr@%n %g%_qlﬁlgigiet ofif Mg?ﬁé)%? ofito Qi ﬁ@ic@lec mpri si ng:

nmeans for generating a rvi tion 1nput” signal, the first
non- |inear mapwal shognapredeminingd Jogatonrottimlatet at leabt ahiefof dreangtalsiel ect ed

frequencies that 20 correspond to a fl ow anal ysis of first dry powder
f ornul ati on; C‘PFE‘&H%"WW‘%(E&EW%@ﬂ{eﬁ'@xﬂgr%vﬁh%tﬁﬁilweﬁé%?zos'eﬁtPﬁﬁafﬁﬂ’ay PHut si gnal

dry poney 1 o o B A R | "Toins. for di spensi ng. &
first meted quant megnsdbr tnkasufing st alttratiqpandeelettod alec@Balrpacasaié¢rmgsogiatdder . 53
with the flexure of the piezoelectric material; and '
means for determining the mass of the dispensed dry powder based on the
measured alteration.
15
73. A system of flowably dispensing dry powders from a hopper having a
dispensing port and a dry powder flow path, comprising:
means for generating a first non-linear vibration input signal, the first non-
linear input signal comprising a plurality of different selected frequencies that
20  correspond to a flow analysis of a first dry powder formulation;
| means for applying the first non-linear vibration input signal to a dispensing
hopper having at least one dispensing port while the first dry powder formulation is
flowing therethrough; and

means for dispensing a first meted quantity of the first dry powder to a

25  receiving member.
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