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LETTLE N TR T 5 10 15 FLOW CONTROL AND  FI LTRATATI ON METHOD AND
APPARATUS Thi s application clainms benefit and incorporates b ref erence
the entir VQPEWHFsure of U.S. Provisional 20 Applicati onpﬁa%’SBﬂ?sf?)%, 647,
filed Septenber 13, 2000. FIELD OF THE | NVENTI ON The present invention

relates to flow control and filtrati aninmethods and—apparatuses—appticabl.e

to 25 nedical 'devices, drug delivery devices,. foodagi pe i ng' ., Jdeyices,
aerosol generation devices and the.-like. BACKGROUN
Fluid di spensing devices are used for a variety of 30

0

i ncluding, for exanple, the delivery of nedicanents; f
food stuffs, the WD 01/19438 PCT/ USQQ 25145 2 di spensing of cleansers or
hair sprays and the |ike. Such devices may typically include an aer-osol
generation surface and a channel for- conveying fluid, wth the channel
havi ng an gnlet'in fluid communication 5 with.a reservoir and an outl et
posi ti oned”above the aerosol generation surface. The fluid to be delivered
is contained in the reservoir.

10

15 FLOW CONTROL AND
FILTRATATION METHOD AND APPARATUS

This application claims benefit and incorporates by
reference the entire disclosure of U.S. Provisional
20 Application No. 60/153,647, filed September 13, 2000.

FIELD OF THE INVENTION

The present invention relates to flow control and

filtration methods and apparatuses applicable to -
;-25_1m¢dica1'devic¢s, d:ug-delive;y'devices,'foodjdigpensing-; R

devices, aerosol generation devices and the-like.

BACKGROUND OF THE INVENTION
Fluid dispensing devices are used for a variety of

30 applications, including, for example, the delivery of
medicaments, the dispensing of food stuffs, the



Conventional fluid dispensing apparatuses, however, 10 |lack cost effective
and adequat e nethods and devices for controlling the flow of fluid.
Moreover, winy®si onal flui d di spensing devices, especi al pgTaiseogsiadel i very
devices, suffer fromlack of effective nechanisns for controlling
evaporation and 15 contam nation of the fluid reservoir. Mechani cal

devi ces are not considered a viabl e opfi6ébnTdue to their high cost and

unreliability rate failure Thus, there exi to devel op
a cost effectié%ﬁékp |9%ﬁqgs§ 6t OFf Palh SREIGY 4%§'f|UId f1 ow
and preventi ngsgyRPEwided mid t§picanilpaihoDuaé ameae:fdsuld reservmr
SUMVARY AND DESCRI PTI ON OF THE INVENTICN 25 The present jnventi,on presents

new and uniquegﬂ%§¥EEEPnaﬁﬂ?@ﬁﬁia@&@uéeE FBFeklfgﬁrﬁFQﬁqY¥ﬂﬁjQ%ﬂﬂﬂﬂolI|ng t he

fluid flowin g | RIS @ YAEEt | Pn "Bl L8 contftif icR% i o Ug
delivery systens food I spensing, “aerosol generation and the like. 30 A

porous mat ebi aWitk aseeBenVQite andesanoutAetnpeshticred\@lmve diws
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dependent shut 2 I spensi ng. orous material may

al so be used tbspcmmﬂnes:eragﬂxeofresfeh:wndrtrom a pressurized fluid source,
mnimzes 5 evaporation of fluid contained therein, and/or to prevent
cont am nat i on.

Conventional fluid dispensing apparatuses, however,

10 lack cost effective and adequate methods and devices
for controlling the flow of fluid. Moreover,
conventional fluid dispensing devices, especially drug
delivery devices, suffer from lack of effective
mechanisms for controlling evaporation and

15 contamination of the fluid reservoir. Mechanical
devices are not considered a viable option due to their

high cost and unreliability (high rate of failure).

Thus, there exists a need to develop a cost effective
20 and reliable shut-off valve for controlling fluid flow
and preventing evaporation and contamination of the

fluid reservoir.

SUMMARY AND DESCRIPTION OF THE INVENTION

25 The present invention presents new and unique methods
and apparatuses for closing off and controlling the
fluid flow in a fluid dispensing system used in medical
devices, drug delivery systems, food dispensing,
aerosol generation and the like.

30

A porous material is used in the present invention for



The present invention presents a closure and/or a flow control valve for
fluid dispensing systens and the 10 |like. The fluid nmetering and di spensing
system ag ghﬂhﬁp to the present invention delivers a flp' mﬁkg a source
reservoir 1o | spensing | ocation by application of a pressure drop. 15
To protect the source reservoir and mnimze evaporation, a shut-off valve
in the fluid conveyance path is estabBished. Mechanical shut off val ves
such as check val ves, poppet val ves, flapper valves, duckbill valves and
others are tbotkoztflowmbntael2geghiatenbird/oths prdssupeesent i nvention

provi des novg%%g@&é}ggsskgc{lﬁ_oﬁpplggi@gug&s_ migi&s%ﬁqgi%tés. mi.g'éa inserted in

the fluid conveyance p I SpeNSI ng 'S ens “acts 25 as a
shut - of f val perods makdrtiml oayt adsonbe hased nyo gnrkverxiniseepagei ofh

i Lcg. Th .nedi ' .edet.er n ned i i
b1 cesur o i obL OIS (TH R MLIR SFPRTAPY Thost: Aty FAALHEo80 of [lui d AL

any pressgreebgporvativh st ifdaliidosoptasned cchddelint, \&ind/orotof | ow. Thus, the
pressure drop WO 01/19438 PCTI.USOQ 25145 4 of the porous nedia acts asa
shut - of f val RESV#RN GIFAPNELAQRe drops bel ow a certain level . Such a
pressure drop occurs in an inhalable drug delivery device upon the

inspiratory effort of a user. 5 The size of pores, overall pore volune, and
to a The present invention presents a closure and/or a flow

control valve for fluid dispensing systems and the
10 like. The fluid metering and dispensing system

according to the present invention delivers a fluid

from a source reservoir to a dispensing location by

application of a pressure drop.

15 To protect the source reservoir and minimize
evaporation, a shut-off valve in the fluid conveyance
path is established. Mechanical shut off valves such
as check valves, poppet valves, flapper valves,
duckbill valves and others are too costly and too

20 unreliable.

Thus, the present invention provides novel methods and

apparatuses wherein a porous media inserted in the

fluid conveyance path of fluid dispensing systems acts
25 as a shut-off valve, fluid flow control mechanism, and

contamination preventative device.

The porous media requires a predetermined activation
pressure drop or threshold pressure to establish a flow
30 of fluid. At any pressure below the activation

pressure, fluid will not flow. Thus, the pressure drop



certain extent the hydrophillic/hydrophobic balance of the porous
material, determ nes the anount of pressure necessary to initiate flow
(i.e., thewomass®l d 10 pressure). These vari abl.es  al so dRGIVUSIPRSIHHe rate
of flowin the material. For exanple, sone porous nmedia pronote free-flow
- after the threshold pressure has been _rgached. The flow pronoted in other
porous nedia, once the threshold pressure has been net, increases as the
15 pressure i e chi [ el ' ore size
al'so [imite tRE ShpopopbfigcaLath Taildl B WHAELRETVATde WL end I 0 o
medi a. Thus, thressure d26psfbeébew parcextiain |leaneilng Shehf Aupdesisepensi ng
apparatus are Jimted to a _parti ulfr iz as |1 _as, substantially
el i mi nating f9FOP CFSUTEAR: 87 HNE atf)]?ees %dﬁﬁé’ﬁﬁ’aﬁ%ﬁc‘afu?%’é fluid) in
the fluid res@evdnspifacordi egfort té Parsets val ve may be 25 considered a
filtration device as well, filtering the fluid to dispense only fluid
particles of a certain size. The particle size linmtation also results in
30 substanti algpe @il 62t bbges Préver4El igdredfvdimel,! dhd £8 athe fluid
reservoir. Biological contam nation is WO 01/19438 PCT/USOQ 25145 - 5
ef fectivel y proertaisd extentt £he h¥drrphilisihyidrophebiei hplanee cof he
bi ol 0gi cal " CORAMPEYS HakbriBl !adredd U GnBARES off pUgsRPL OUS
val ve. The poré si'zé can be manlfactured to a particul ar Bore Slze to
necessary to initiate flow (i.e., the threshold

10 pressure). These variables also determine the rate.of
flow in the material. For example, some porous media
promote free-flow after the threshold pressure has been
reached. The flow promoted in other porous media, once
the threshold pressure has been met, increases as the

15 pressure increases, reaching a maximum predetermined

value.

Pore size also limits the size of the particles
entering and leaving the porous media. Thus, the size

20 of the particles leaving the fluid dispensing apparatus
are limited to a particular size, as well as
substantially eliminating fluid loss due to vapor
pressure (evaporation of the fluid) in the fluid
reservoir. Accordingly, the porous valve may be

25 considered a filtration device as well, filtering the
fluid to dispense only fluid particles of a certain

size.

The particle size limitation also results in
30 substantially eliminating contamination of the fluid in

the fluid reservoir. Biological contamination is



5 prevent a particular type of biological cell from contam nating the
fluid reservoir. For exanple, pores can be sized to prevent the follow ng-

bi ol ogi c ' fromentering the fluid 10 path or re i L...- Viruses:
o RO Seifiohing °

fromO.0 m crons; - bacteria: fromO0.5 to 1.5 mcrons,; ed

bl ood cells: 5 mcrons; and - |ynphocytes: from5 to 8 mcrons. 15
Additionally, sizing of the particles beaving the fluid reservoir is

i mportant in many fluid dispensin systens. For exanple, in drug delivery
systens, esettectivelnmremented érom traversfinottiben pggousi or 20 di spensi ng
into a pati |.S: vOr M e i r reicle size.
The hydroph?‘ﬁ%?%:%h%r%ﬁl{]%zgg %gﬁg%gé?g?it%@tpag;& gl%gﬁ'tsna g‘?i gpga% Eporosi ty
can be adj ustixough nile mHores25fethpopatrows wElved.ui dhler porehsizseur ce
reservoir thr oug%h t he AQLOUS rrggl vali\__/ecu]IrDor Qus val,ves_ _according to the
pr esent i nveht? eﬁ%a\}'éuré:a:ﬁlfgg va%o??\’flJ\'/e ¥S§@§eb>§1z§0 o over nechani cal
val ves. 3§ Thtevery « haidichlaketppeadttiviclaictalagelllefirbinckness of the
porous naterial, t he . pores, the pore WO 01/19438 PCTI USOQ 25145

the sjize of
6 vol une, dﬁﬁPYqﬂ}WﬁﬁhQﬂﬂﬁﬂq ELPAGIFBRFOYRAE bal ance of the material, an
infinite nunber of activation/closure pressures and/or flow rates can be

achi eved. .
For example, pores can be sized to prevent the

following biological bodies from entering the fluid
10 path or reservoir:
- viruses: from 0.05 to 0.1 microns;
- bacteria: from 0.5 to 1.5 microns;
- red blood cells: 5 microns; and
- lymphocytes: from 5 to 8 microns.
15
Additionally, sizing of the particles leaving the fluid
reservoir is important in many fluid dispensing
systems. For example, in drug delivery systems,
especially inhaler devices, the medication dose for
20 dispensing into a patient is more readily absorbable at

a particular particle size.

The hydrophillic/hydrophobic balance of the porous
material and porosity can be adjusted to minimize

25 evaporation of fluid from the source reservoir through
the porous media valve. Porous valves according to the
present invention have reduced evaporative losses by

60% over mechanical valves.

30 Thus, by changing the parameters such as the thickness

of the porous material, the size of the pores, the pore



5 Accordingly, in one aspect of the present invention, a pressure valve
for an outlet of a fluid reservoir of a fluid dispensing device includes a
por ous medivwo ol/vs4mnot her aspect of the present invention, gcpusesisigs 10
valve for a fluid dispensing device includes a flui'd conveyance channel
having an internal dianmeter, an outlet and an inlet in fluid comunication
with a fluid reservoir. The valve also PnCludes a porous media positioned

adj acent to the outlet. 15.1n t apot her ,aspect of the present invention,
a di spensing Y?&RF?%H?%&?qqﬁ &ggFgggﬁiiﬁﬁlhgé%QRPQQ*ﬂlhﬁ%?nQE pluithe
conveyance chafgedridy, th amfiRieenabmBeanst eict W o/t gehaanel i pel udes
an outlet positioned above 20 an aerosol generation surface and an inlet in

fluid communiRERSBHISE Fndfom Filgwr E3teGofan bmecachigmwadsi ng tube al so

i ncl udes a pressure valve adjacent to the outlet where the valve includes
a porous nedia. 25 In yet another aspect of the present invention, a
pressure rejuldeerrdinglah dum lose espect| of dthespressnt icivemtfioni,da

di spensi ng devj | a S La. el t. anot her aspect of the
present i nvent#%%,é%%égﬁ'}gulf% orguf 8{}@2&?" %?ﬁ%ﬁ%@ﬁﬁ%&rg&}%@%i ficl udes a
flui d conveyantiuidhahinsgensiniondesiceninchadesli & npdius/ \Rddli/al 9438

PCT/ US00/ 25145 7 wth an outlet positioned above an aerosol generation

surface and an inlet in fluid communication with a fluid reservoir. The
regul ator al sorn nedotiRer aspRicRUSE the present invention, a pressure

10 valve for a fluid dispensing device includes a fluid
conveyance channel having an internal diameter, an
outlet and an inlet in fluid communication with a fluid
reservoir. The valve also includes a porous media
positioned adjacent to the outlet.

15
In yet another aspect of the present invention, a _
dispensing tube for a fluid dispensing device includes
a fluid conveyance channel having an internal diameter
where the channel includes an outlet positioned above

20 an aerosol generation surface and an inlet in fluid
communication with a fluid reservoir. The dispensing
tube also includes a pressure valve adjacent to the

outlet where the valve includes a porous media.

25 TIn yet another aspect of the present invention, a
pressure regulator for an outlet of a fluid reservoir

of a fluid dispensing device includes a porous media.

In yet another aspect of the present invention, a
30 regulator for a fluid dispensing device includes a

fluid conveyance channel having an internal diameter



medi a positioned adjacent the outlet. 5 In yet another aspect of the
present invention, a porous nedia for a fluid dispensing device includes a
porous plastic having a pore size between approxinately: 2 mcrons
to 0.80 ﬁWQPB“%Pglo In yet anot her aspect of the presentpéﬁegﬁrggﬁ, a
pressure valve systemfor a fluid dispensing device includes neans for
conveying a fluid froma fluid reser~v@ir to an aerosol generation surface
and porous 15 neans in fluid comunication with the conveying neans. The
porous neanswathoas 6utlet tmositiwned aboHe aprapwPsolyaaNeRdtd®surf ace upon

the application_of a_pre s I POQL t of the
pr esent inveﬁPFSﬁ?eaagﬁegﬁg%%%?gdggEéﬁggngoéﬁ§?U|d #ﬁ{gﬁéﬁﬁﬁh di spensi ng
devi ce is presandedesbevein. t he Ineiqildtopeaisoginelidas iangoxdes a fluid

reservoir having an outlet posiiioned di.a an aerosol generation
surface, an QF#?FORP§5t+?Eﬁ§Eﬁ#IRﬁ§D fr %shpgggéj and a val ve conprising a
porous nea a positioned adjacent the outlet. The porous nedia includes a

predeterm ned activation pressure. T%% met hod, i pcl udes the steps of
appl yi ng t heIpr ¥ett apathen 28ReSk A% FhEr BEEEPRE ARV YNy forous 30 nedi a,

di spensing ! g, FRdi GAREA£0R1H 411 A WiapehsifgnEsA IO RIS s2nd
g aerosolized WD 01119438 PCT/ US00125145 8 .
porous plastic having a pore size between approximately
about 0.02 microns to 0.80 microns.
10
In yet another aspect of the present invention, a
pressure valve system for a fluid dispensing device
includes means for conveying a fluid from a fluid
reservoir to an aerosol generation surface and porous
15 means in fluid communication with the conveying means.
The porous means allows fluid to flow onto the aerosol
generation surface upon the application of a pressure

drop.

20 In yet another aspect of the present invention, a
method of dispensing a fluid in a fluid dispensing
device is presented wherein the fluid dispensing device
includes a fluid reservoir having an outlet positioned
adjacent an aerosol generation surface, an airflow

25 flowing over the surface, and a valve comprising a
porous media positioned adjacent the outlet. The
porous media includes a predetermined activation
pressure. The method includes the steps of applying
the predetermined activation pressure across the porous

30 media, dispensing the medicament onto the aerosol

generation surface and entraining aerosolized



particles generated by the surface into the airflow In yet another aspect
of the present invention, a systemfor dispensing a fluidin a fluid

di spensi ng veo@dpwssse i s presented. . The fluid di spensi ng deviecgusommshasdes a
fluid reservoir having an outlet positioned adjacent an aerosol generation
surface, an airflow flow ng over the surface, and a valve conprising a
porous nedi a positioned adjacent the outlPef. The 10 porous nedia includes a

predet erm ned actjyation ressuye. e stem co i ses means for applying
the predeternPREES ??v%?rpﬁﬁ?iﬁrd(;?gu}g’ea%}r/' %?Fh’é’%%r%ﬁ% AediY " neans for
di spensi ng sai d nedi canent onto the aerosol generation surface, and neans
for entraining 15 aerosoljzed EPart i cl e%lhgenerat ed by the, surface into the

airflow 1In yanaHBFh§?°EEﬁﬁxﬂ Hﬁcﬁlﬂg s@ﬁﬁsﬁﬁ5eh Yiﬁﬁl?P* ifet hod of

di spensi ng a_nggbg@ﬁ955r|aﬁgbéksghdha|fyaﬂd 20 deyiaedi digpasHgd. The drug
delivery device includes a nedicanment reservoir having an outl et

posi ti oned Sadfevige &8 peesenfiedyendhex fdnidudigpensing MAeViqRy f| owi ng
over the surfa a,Vv (ofoTys ST WIYE iR8" QHSoRELL ' Jdﬁyaj

adj acent the ogﬁfzé?.&g?hg gislyfo%r ous fn@&ggh%gépgdgg g pr e%ll er r#llne

activation predjacentTar astdsnl igenlexddsonheusfeps, oén apitfliow the

pr edet er m ned tivation pressure across._th Qus . nedi a. dispensing the

medi canment ont gif’ﬂénge?gggl&egle%%%dl’edn aélgr %agrgﬁ.vgnaorg%pr%:}r}ﬁ rﬁ) aerosol i zed

30 particles gpbebaseflelyatpesBiidmer adilagehlte ther dhdlet WO THe 19438

PCTI USOQ 25145 .. ) ) )
10 porous media includes a predetermined activation

pressure. The system comprises means for applying the

predetermined activation pressure across the porous

media, means for dispensing said medicament onto the

aerosol generation surface, and means for entraining

15 aerosolized particles generated by the surface into the

airflow.

In yet another aspect of the present invention, a
method of dispensing a medicament in a drug delivery

20 device is presented. The drug delivery device includes
a medicament reservoir having an outlet positioned
adjacent an aerosol generation surface, an airflow
flowing over the surface, and a valve comprising a
porous media positioned adjacent the outlet. The

25 porous media includes a predetermined activation
pressure. The method includes the steps of applying
the predetermined activation pressure across the porous
media, dispensing the medicament onto the aerosol
‘generation surface, and entraining aerosolized

30 particles generated by the surface into the airflow.



9 The above aspects of the present invention will beconme nore clear with
reference to the following figures and witten description. 5 BRI EF

DESCRI PTI E DRAWNGS Figs. IA-1F illustrate views enbl ed
three- sevPi m$$hld di spensi ng system Figs. 2A-2F |IIus§£g?e"§f§ms t he
end section of the 10 fluid dispensing systemshown in Figs. 1A-1F. Figs. .
3A-3Gillustrate views of the center -ss&ction of the fluid dispensing
systemillustrated in Figs. 1A-1F. 15 Figs. 4A-4F illustrate views of the
rear sectionTbk ahevefaspects s;ﬁenmm@rgysnbrrinvmnsimatveid.li helcioge. 1A- 1F.

Fig. 5is a side-s e} V, s S aV| or ous
material val F&* Sc‘c‘g%f a¥h Jf%x%rnggée%t lggg #ﬁg]éé# I(1)"71 ustrates a
vi ew of the ﬂ@&euénvaésﬁripxxnun ng to the present |nvent|on 25 Fig. 7
shows a chart illustrating efficiency of a fluid dispensing systemusing a

porous val ve according to the present invention. Fig. 8 shows a chart

I || ust r at isng pgRREFPEESER TRFEEN OF rHESORAGTRES val ve according to.the present
i nvention. WD 01/19438 PCT/US00/ 25145 10_ Fig. 9 shows a chart

i | | ustratingPLHE- pdht BF et trafehyilpvsr o8 GFu@F%EWb¥R§3Fh£9ﬁ ce using the

por ous vaIvgeegggﬁdffglachigggdygﬁgp@&stgﬁent|on 5 Fig. 10 shows a chart
illustrating water flowa

Figs. 2A-2F illustrate views the end section of the
10 fluid dispensing system shown in Figs. 1lA-1F.

Figs. 3A-3G illustrate views of the center section of

the fluid dispensing system illustrated in Figs. 1lA-1F.

15 Figs. 4A-4F illustrate views of the rear section of the

fluid dispensing system illustrated in Figs. 1A-~1F.

Fig. 5 is a side-sectional view of a dispensing tube
having a porous material valve according to the present

20 invention.

Fig. 6 illustrates a view of the porous valve according

to the present invention.

25 Fig. 7 shows a chart illustrating efficiency of a fluid
dispensing system using a porous valve according to the

present invention.

Fig. 8 shows a chart illustrating the performance of a

30 porous valve according to the present invention.



versus tube dinmension. Fig. 11 shows a chart illustrating the tube pressure
drop for the inner tube dianeters listed in Fig. 10. 10 Fig. 12

i |l ustrat egyd fipogessure calculation for an inhaler devi ceer/SvoeaPTI ON OF
THE PREFERRED EMBODI MENTS 15 Figs. |A-iF illustratie various views of an
assenbled three-section fluid dispensing system2 having a porous valve
according to the present invention. The Stem includes rear section 4,
center section 6, and spout sectiQ cont ai ni_ng %gput 10 and spout tip

8,
12. 20 Figs. 2t 9 |9heMs & ehagt DhLUSHERRLRG e PETEOTTBACE!  the f1ui d
di spensi ng sys$GMSRPWE i) dEugS deldvdly GOPLEd Nidithe? thieOWorelibCh i ncl udes

the porous material = valve according to the present invention. 25 Figs.
3A-3G i | | ust r N@L¥aaraasierding\doothehpreseRierineanbiot of the fluid

di spensing systemillustrated in Figs. IA-1F. 30 Figs. 4A-4F illustrate
various views of the rear section of the fluid dispensing system

il lustratedsi FD (0 & RCThESEOi2bugtrating watieys flowrake Fig. 5 is a

havi ng & por ottt e LRSS 2% fie end 16 of the di Spensing tube
14 which
Fig. 11 shows a chart illustrating the tube pressure
drop for the inner tube diameters listed in Fig. 10.
10
Fig. 12 illustrates the pressure calculation for an

inhaler device.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

15 Figs. 1A-1F illustrate various views of an assembled
three-section fluid dispensing system 2 having a porous
valve according to the present invention. The system
includes rear section 4, center section 6, and spout

section 8, containing spout 10 and spout tip 12.

20
Figs. 2A-2F illustrate various views the end section of
the fluid dispensing system shown in Figé. 1A-1F
containing a spout which includes the porous material
valve according to the present invention.

25

Figs. 3A-3G illustrate various views of the center
section of the fluid dispensing system illustrated in

30 PFigs. 4A-4F illustrate various views of the rear

section of the fluid dispensing system illustrated in



Is in fluid communication with a fluid reservoir. Fig. 6 illustrates
various views of the porous valve according to the present invention. 10 -

Fig. 7 sh art illustrating the efficiency of a fli | si ng
system us%\%o@wégr ous val ve according to the present in\rggﬂ"lsg%’fs\?grﬁlsus
particle size. The x- axis represents the size of particles allowed to pass
15 through the porous filter and the-ylaxts represents the device
efficiency in percentage. The graph illustrates that as the particle size
i ncreases, s&idises 1AdF.efficiency of the device. In regard to the present

I nvention, efficiency increases with the porous valve 20 according to the
present invention over sinply using a |ong tube average. Average

ef ficiency imdgease iissaosdde-géctionpl &ishows a dhapensingistube ildg t he

per for mance q%ﬁg %g pﬁrﬁus val ve %gcq{din% t.0 tge grgseqﬁiéggation when
used with an el FOUEApFARREFHIG S SFhAAYARg AGRPTORY P ARKA @S ver sus

usi ng the sarR1deVilIgeadi thenend VB W athedldispéheiggaphibé | 14isttriaites
respirable fractiaon in gercentqgeﬂ reapirablj dgse i n ug, and 30 devi ce
efficiency i ASpdfc&ddge COMRRALEFE PR RafF8id; Te8QEVOKch cat egory
shows i nprovenent. WO 01/19438 PCTI USO0/ 25145 12 Fig. 9 shows a chart

illustrating the performance sumary of a drug delivery device using the
porous val v&isgocér dlAystsatee YaeiQif vigwenefokheTReredy ryalve

according to the present invention.
10
Fig. 7 shows a chart illustrating the efficiency of a
fluid dispensing system using a porous valve according
to the present invention versus particle size. The x-
axis represents the size of particles allowed to pass
15 through the porous filter and the y-axis represents the
device efficiency in percentage. The graph illustrates
that as the particle size increases, so does the
efficiency of the device. 1In regard to the present
invention, efficiency increases with the porous valve
20 according to the present invention over simply using a
long tube average. Average efficiency increase is over

7%.

Fig. 8 shows a chart illustrating the performance of a
25 porous valve according to the present invention when
used with an open mouthpiece, inhaler-type drug
delivery device versus using the same device with no
valve at all. The graph illustrates respirable
fraction in percentage, respirable dose in ug and
30 device efficiency in percentage. When the porous valve

is use, each category shows improvement.



lists a particular specification, the target value, the 5 original val ue
whi ch was obtained by using a long netal tube with a fluid dispensing
system thewowagessed val ue when using the porous filter acwuvusongsi® the
present invention, and a benchmark whi ch was obtiained froma best in
chass - nearest commercial product. 10_ij,is clear fromthe chart of Fig.
9, that placenent of the porous valve in“the fluid conveyance path yields

the foll ow ng: gz i ngr ffd cl L Ui [ LN 15 system -
delivers the fFﬁ?d %nggé‘g%niiéﬁ%rﬁqgﬁﬁgkﬁﬁfﬁégm%% é%?%gs’é‘[‘%}%‘? mechani sm of
an inhal er desummatpi efozl|diug idelioery, deviiceeusinyatios ahdmmad osses by

approximately _20 60% - _enhances.netering,accura by approxi mately 4%
and - is relat V?gf'? F%%\PF%‘%%&? ﬁ‘é"? ﬁrg?.se%fi &HX&B%“&nar ¢ 1F%% Y at i ng

wat er flow at eliwessaspaheicilansipatidicateohybendi saeqet ngaldie, fdnd d  from
the fluid reservoir. hart includes_colums. for tube inner dianeter

(in inches nd°Ei‘r?fm"E‘gB§a PRWRAGR Was obgpingdqby wsing arlgnemehadnet er
(incm, 30 thabaEGEStRat MLl QBlsenifglE§EEim aeﬂefmé@%%ﬁ’% orce
(in grams) required to pass the dropl ef through WO 01/194 / 0/ 25145
- when using the porous filter according to the present
invention, and a benchmark which was obtained from a
best in class - nearest commercial product.
10
It is clear from the chart of Fig. 9, that placement of
the porous valve in the fluid conveyance path yields
the following:
- increased efficiency of a fluid dispensing
15 system;
- delivers the fluid more consistent and
uniform to aerosolizer mechanism of an
inhaler device (piezoelectric horn);
- lowers evaporative losses by approximately
20 60%;
- enhances metering accuracy by approximately
4%; and

- is relatively low in cost.

25 Fig. 10 shows a chart illustrating water flowrate
versus the dimension of the tube dispensing the fluid
from the fluid reservoir. The chart includes columns
for tube inner diameter (in inches and cm), tube
flowrate (in cm’/s and uL/s), droplet diameter (in cm),

30 the mass of the droplet (in grams), and finally, the

force (in grams) required to pass the droplet through



the porous material. Fig. 11 shows a chart illustrating the tube pressure
drop for the inner tube dianeters listed in Fig. 10. 5 For a given inner

tube dia e pressure drop, or pressure required Ve the fluid
t hr ough Pﬁé%%gyggs material is listed (in mllibar and %§TE$“¥§5& 12

Il lustrates the maxi num pressure calculation 10 for flow through the
porous nedia. As shown, the nmaxi num-fdBce generated is 20N, and the

maxi num pressure generated at the tip of the cannula is 2,571 |b.f/int.
15 Exanpl es &hepppsqus materdadk. i ncl ude pol ysul fone, pol yet her sul fone,
cellul ose acetate, nylon, polyvinylidene fluoride,

pol ytetrafl ouoroet hyl ene and polyolefin. Specific exanples of porous

mat eri al thaFigna}lbshoweda arlaSarildusdurating the Otulbe pmesEuree! | ul ose 20

acetate CA 12587, ;M I|ipore 0.20.m cy.Qn PH 2935, . MIlipore 0.22 mcron
GSW P096 or PAPP 69§2Lh$c+%rher %Hboen medis .erlgoi SErd rféfgé)'b& et ween
appr oxi matsel yogbaugideSinmer 2uble @inmeterns, thadpr@ssufy eimpabloy bet ween

appr oxi mat el about- 0.15 to.0.90, microns, _and nost preferably between
appr oxi nat el rSﬁﬁHFeOF?ﬂplrﬁﬂiﬁ?rﬁ§ﬁ¥€h§geAf€Pé¢e$?¥ﬁﬁ%ﬁnﬁhﬁsPREPV§

configurati opaterigl dislglisedefin i 1de¥rcanacseifing to the present
I nvention includes a fluid conveyance channel having an internal WO

01/-19438 PCTI US00/ 25145 14 dianeter of 0.5 nm a 0.5 mmgap, wth 2.0 mm
above a Fig. 12 illustrates the maximum pressure calculation

10 for flow through the porous media. As shown, the
maximum force generated is 20N, and the maximum
pressure generated at the tip of the cannula is 2,571

1b../in’.

15 Examples of porous materials include polysulfone,
polyether sulfone, cellulose acetate, nylon,
polyvinylidene fluoride, polytetraflouocroethylene and
polyolefin. Specific examples of porous material that
may be used are Sartorious 0.2 or 0.45 micron cellulose

20 acetate CA 12587, Millipore 0.20 micron GVPH 2935,
Millipore 0.22 micron GSW P096 or Pall 0.22 micron

nylon media.

Pore sizes may be between approximately about 0.05 to
25 1.0 microns, and more preferably between approximately
about 0.15 to 0.90 microns, and most preferably between

approximately about 0.20 - 0.80 microns.

A preferred porous valve configuration for a drug
30 delivery device according to the present invention

includes a fluid conveyance channel having an internal



pi ezoel ectric aerosolizer device (device for producing aerosolized
particles froma fluid). 5 Medicanent is dispensed in a drug delivery
device aceeydinpgsto the present invention by applying a prEpesioRstdsr op
across the porous nmedia of the medi canment dispensing tube. Such a pressure
drop- may be applied as a result of the_inspiratory effort of a user of the
10 drug delivery device, which also caudds~an airflow within the device.

Concurrently, or shortl -hereafter he appl i cat;iio f the.pressure drop,
medi cament is do’(ﬂ'“!%@iﬁé% E’n?’omﬁ‘m 3epbéo’f"“g %’e’ré‘f’i%ﬁr&s‘&r . 8P8VSt Re  dr ug
del i very devi gfiezbidtadiicamerbsbliser osericed ddviard fidrepreaucanged in the
airfl ow which was created by .the ins iraﬁaéé-effort. The foll ow ng exanpl e
i s illustratiRexAsQYiEss ﬁf"‘:lﬁﬁvgﬁg‘%‘ﬁ: 9 comercial, porous
filtration material was inserted into a small dianeter cannula in a drug
delivery device. The material included hydrodynanic pores having

di aneters o5 Mesbiqamgning s gispengpfyinoa |dsug delivery devidicer ons), and a

total thi cknesgcéd;%%e&i% +2e0}esedp §n\9@ﬁ€{3r§"lb§ r%r%i%ﬁglg?%eappropri ate

surface area an ure drop characteristics to drug
del i very apparptessune dixpeaceod3s0thecporous enedipaf sheomedicament| ow at a

L0, PSRl B SR ThER B S Y Bhatat,
PCT/ USO0/ 25145%as a result of the inspiratory effort of a user of the
10 drug delivery device, which also causes an airflow
within the device. Concurrently, or shortly thereafter
the application of the pressure drop, medicament is
dispensed onto an aerosol generation surface of the
drug delivery device. The medicament is aerosolized
15 and then entrained in the airflow which was created by

the inspiratory effort.

The following example is illustrative of the present
invention:
20
A commercial, porous filtration material was inserted
into a small diameter cannula in a drug delivery
device. The material included hydrodynamic pores
having diameters of 0.45 microns (preferably no less
25 than 0.2 microns), and a total thickness less than
0.010". This material included an appropriate surface
area and pressure drop characteristics to enable the
drug delivery apparatus to dispense 300 micro liters
per second fluid flow at a 10 psi pressure drop. The
30 porous material allows particles and fluid with mean

diameters less than 200 nanometers to pass.



- 15 WHAT IS CLAIMED IS: 1. A pressure actuated valve for an outlet of a
fluid reservoir of a fluid dispensing device conprising a porous nedia. -
2. The v rding to claiml1, wherein said valve uid to an
aer osol g%%@?gfégn surface. 3. The valve according to c?g¥ﬁ$§ﬁ“&kerein
sai d porous nedia conprises a porous plastic. 4. The valve according to
claim3, wherein said porous plasti€ ®mprises a pol ysul fone or polyether
sui fone material. 5. The valve according to claim 3, wherein said porous
plastic conpWHBEsI& CBAIMEDSKS:acetate materi aI 6. The val ve according to
claim3, whetein gsaid QLOUS Sti onp n r.al.., 7. The
val ve according t feséﬁ é%%%Ed ggﬁge E us [ﬁéﬁgﬁ 4£a thég a
polytetrafluoroethyhermn;rnﬁﬁﬂa &unla.dIbpeneiN@ d&nxudﬂdumphasihgin13,

wherein said porous P|aStIC conprlses a polyolefin material. 9. The valve
according to clai hB® &ai d porous plastic conprises a nylon nedi a.
----------------- 1111 11 i i | i 1112111221722 1 11 111 CLS WO 01/19438

PCT/E180C¥25145 16
The valve according to claim 1, wherein said valve

provides fluid to an aerosol generation surface.

3. The valve according to claim 1, wherein said

porous media comprises a porous plastic.

4. The valve according to claim 3, wherein said
porous plastic comprises a polysulfone or

polyether sulfone material.

5. The valve according to claim 3, wherein said
porous plastic comprises a cellulose acetate

material.

6. The valve according to claim 3, wherein said

porous plastic comprises a nylon material.
7. The valve according to claim 3, wherein said
porous plastic comprises a polytetrafluoroethylene

material.

8. The valve according to claim 3, wherein said

porous plastic comprises a polyolefin material.

9. The valve according to claim 3, wherein said

porous plastic comprises a nylon media.

L



10. The val ve according to claim 3, wherein a pore size of said porous

pl astic is between approxi mately-about 0.-15 mcrons to 0.80 mcrons. 11.
The val ve @g&r@ndsssg to claim1l, wherein a pressure drop appi/usm2s@ssai d
outlet causes fluid to flow fromsaid reservoir and through said porous
nmedia. 12. The valve according to claim,11, wherein said pressure drop is
a predeterm ned value. 13. The val ve acd rding to claim1, wherein said

porous nedia aGts a_fiLbtration.el enent . oThé.val v cg ing to claim
11, wherein aﬁﬁhnngﬁf M vga?ﬁc%F%%s%r%ékﬁ%ﬁg%éPVO%Pﬁge%ﬁusdpgggfIom1is
determ ned by a porsdize o€ ehidapdrpws oplkasieidi ds betwéea val ve according to

claim1l, wherein an anpbynt f said pressure drop allowng.fluid to flow
is deternined by ZPREFPEIPAFE 6?°§%i@‘ﬁ%ﬁﬁ&§“ﬁ§d¢8.olgb %ﬁErQE?Ve
according to claim 11, wherein an amount. of said pressure drop allow ng
fluid to flowis determ_ned by a _hydrophilljc/hydrophobic bal ance of said
porous nedi a. llz fhe valye accerding 9 laimmly, WREEPEPNASRFESSBER ous

medi a i nhibits seepags, abphkHidebr QLS Atk 1 SRR £1514141414411
11111111111 S . 11111 V\%p01%194 8" BT/ U800/ 25145 - 17 1%. T%e val ve
accordi ng to cl ai mfromysevidi peservoir and through said porous media.

12. The valve according to claim 11, wherein said

pressure drop is a predetermined value.

13. The valve according to claim 1, wherein said

porous media acts as a filtration element.

14. The valve according to claim 11, wherein an amount
of said pressure drop allowing fluid to flow is

determined by a pore size of said porous media.

15. The valve according to claim 11, wherein an amount
of said pressure drop allowing fluid to flow is

determined by a pore volume of said porous media.

16. The valve according to claim 11, wherein an amount
of said pressure drop allowing fluid to flow is
determined by a hydrophillic/hydrophobic balance

of said porous media.
17. The valve according to claim 1, wherein said

porous mgdia inhibits seepage of fluid from said

reservoir.

-
L



porous nedia mnimzes evaporation of fluid from said reservoir. 19. The
val ve according to claim1l, wherein said porous nedia prevents :

contanin said fluid reservoir. 20. The val ve ac claim1,
. ggdi,gﬂlfgﬁj ( . PO ddBS}Q

wher ei n Bid isa medi canment, and wherein said fluid pensi ng
device is an inhalable drug delivery device. 21. A pressure valve for a
fluid dispensing device conprising:=a%Hkuid conveyance channel having an
i nternal dianmeter, said channel having an outlet positioned above an
aerosol genergy i arhes wallreec agpdrdingntetclain |1y dmeaﬁﬁunbaaaion with a

fluid reservoir; and a por,ous nedi a S|t|one e sal outlet. 22. A
di spensi ng tube fRATORS B\ffi&ad%f}éﬂé?%ﬁ %‘é?ﬁocr@ gﬁ'ﬂ FePui d

conveyance channelailib\tegerabiri.nt ernal di aneter, sai d channel havi ng an
outl et positioned above an aerosol generation surface and an inlet in fluid
communi cation wth a fluid reservoir; and a pressure val ve adjacent to

sai d outl et 1g>0rmfneslv@qv@ aeeeyalﬂﬁdta clellm 311%hekrelih baka! 1111!
1111111111 M'S WO 01/19438 PCIT USQQ 25145
porous media prevents contamination of said fluid

reservoir.

20. The valve according to claim 1, wherein said fluid
is a medicament, and wherein said fluid dispensing

device is an inhalable drug delivery device.

21. A pressure valve for a fluid dispensing device
comprising:

a fluid conveyance channel having an
internal diameter, said channel having an
outlet positioned above an aerosol generation
surface and an inlet in fluid communication
with a fluid reservoir; and

a porous media positioned adjacent said

outlet.

22. A dispensing tube for a fluid dispensing device
comprising:

a fluid conveyance channel having an
internal diameter, said channel having an
outlet positioned above an aerosol generation
surface and an inlet in fluid communication
with a fluid reservoir; and

a pressure valve adjacent to said outlet

comprising a porous media.

H"Illl IIIIII MII Il IHI



18 23. A pressure regulator for an outle t of a fluid reservoir of a
f1ui d di spensing device conprising a porous nedia. 24. Aregulator for a
fluid di spgsdiigusgievice conprising: a fluid conveyance cherumesooksMsng an

i nternal dianeter, said channel having an outlet positioned above an
aerosol generation surface and an inlet .in fluid communication wth a
fluid reservoir; and a porous nedi a pGSF?iUned adj acent said outlet. 25. A

porous nedia for a_fluid dispensi devj ce, sai d:;porqus diia conprising a
por ous pIasti@3havPnQrSSSHSPerggﬁggﬁﬁfvéﬂﬁ1Q§bﬁwgﬁ1 a Pl § gEBb 0.15 mi crons
to 0.80 microns. 28esfribeEsSdECaVelyed S¥Sdpndidly dAeilidedconppesshgy device
conprising: nmeans for conveying a fluid froma fluid reservoir to an

aer osol generati onasPPrYLE; Medad. porous neans in fluid conmunication with
said neans for conveying, wherein said porous neans allows fluid to flow
onto said aerosol generation surface upon the application of a pressure
drop. 27. A m2dhod2ofregudpsnsi igraafflaid idispersing device1111111111.

comprising:

a fluid conveyance channel having an
internal diameter, said channel having an
outlet positioned above an aerosol generation
surface and an inlet in fluid communication
with a fluid reservoir; and

a porous media positioned adjacent said
outlet.

25. A porous media for a fluid dispensing device, said
porous media comprising a porous plastic having a
pore size between approximately about 0.15 microns

to 0.80 microns.

26. A pressure valve system for a fluid dispensing
device comprising:

means for conveying a fluid from a fluid
reservoir to an aerosol generation surface;
and

porous means in fluid communication with
said means for conveying, wherein said porous
means allows fluid to flow onto said aerosol
generation surface upon the application of a

pressure drop.

27. A method of dispensing a fluid in a fluid

-
—
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11111112111111 s WO 01/19438 PCT/ USOQ 25145 - 19 dispensing device, said
fluid dispensing device including a fluid reservoir having an outl et

posi tione ' nt an aerosol generation surface, an ai W ng over
sai d surfggﬂﬂhgﬁ a valve conprising a porous nedia posf?ﬁgﬁg%hg | acent
said outlet, wherein said porous nedia includes a predeterm ned
activation pressure, said nethod conapk9stng the steps of: applying said
predeterm ned activation pressure across said porous nedia; dispensing
sai d nedi canent odispensingcenisie ,gsaddativhdsdispersinmndlevdieer ai ni ng

aerosolized parti %Sfud (Fﬁalg Zﬂqﬁé))‘:}égk oigirfjgggn;# n%@d%%%é__ai rflow 28. A

system for dispensing a Ina flui spenstn said fluid

di spensi ng devi cepositiomked gdyjddentd ancservsol genermtiom cuirifece,posi ti oned
adj acent an aerosol generati surface m.acrflow fl ow ng over said
surface, and a vaffle 15% Viéybﬁi%g Sﬁfguggﬁgd?%?%%%?tﬁ%ﬁ%éggﬁﬁggent sai d
outlet, wherein sabflppDsing aasbrousnmeddaspesipiened eidjavahtastaiidat i on
pressure, said system conprisjng: .neans for ag | yj ng sai d predeterm ned
activation pressuPBtieloseiergip POFR|E Je ﬁ%a&ﬁéﬁqﬂeﬁﬁispensing sai d

medi cament predetermined activation pressure, said method
comprising the steps of:
applying said predetermined activation
pressure across said porous media;
dispensing said medicament onto said
aerosol generation surface; and
entraining aerosolized particles

generated by said surface into said airflow.

28. A system for dispensing a fluid in a fluid
dispensing device, said fluid dispensing device
including a fluid reservoir having an outlet
positioned adjacent an aerosol generation surface,
an airflow flowing over said surface, and a valve
comprising a porous media positioned adjacent said
outlet, wherein said porous media includes a
predetermined activation pressure, said system
comprising:

means for applying said predetermined
activation pressure across said porous media;

means for dispensing said medicament
onto said aerosol generation surface; and

means for entraining aerosolized
particles generated by said surface into said

airflow.

T



onto said aerosol generation surface; and neans for entraining aerosolized
particles generated by said surface into said. airflow 11 1111111 I
L1 i | ii1'wot11194381 C L Ms WO 01/ 19438 PCT/ US0Q 25145 20 pczAisooesmas hod: o
di spensing a nedicadiit in a drug delivery device, said drug delivery
device including a nedicanent resehuurz&qying an outlet positioned

adj acent an aerosol generation surface, “an airflow fl ow ng over said

surface, and ayyal vg L&Y i sgeggﬁggzar@gé&%%zééirj?ﬂn%gﬁd' acent said

outlet, wherein said porous nmedia“Inc s a pr I vation
pressure, said nethdelivorpdesiicg,t Beidt dpsgodel gty idegrizad d predet er mi ned

Tedi cament. ont o sai PGRIPUY EREREPRENtoErTORESIE RAVILlR AR et
aerosol i zed parti clgssitgimidlacdabentaatl aUrdbS6E deticratdich auritaew, |
SELEEEERERERRS IIlIén\gigffgwIglbbi;gcsbekqggid surface, and a valve
comprising a porous media positioned adjacent said
outlet, wherein said porous media includes a
predetermined activation pressure, said method
comprising the steps of:
applying said predetermined activation
pressure across said porous media; and
dispensing said medicament onto said
aerosol generation surface; and
entraining aerosolized particles

generated by said surface into said airflow.
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