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storage. This causes the particles to agglomerate or aggregate, resultmg in clusters of
particles, which have an effective size greater than about 5 microns. The probability of
these large clusters making it to the deep lungs then decreases. This in turn results in a
lower percentage of the drug being available to the patient for absorption.

(2) The amount of active drug that needs to be delivered to the patient may be of
the order of just a few (e.g. 10s) of micrograms. For example, albuterol, in the case of a
drug used in asthma, this is usually 25 to 50 micrograms. Current manufacturing

equipment can effectively deliver aliquots of drugs in milligram dose range with
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propeller means, and a self-contained power source for operating the propeller means via
external manual manipulation, so that upon inhalation the propeller means aids in
dispensing the powder into the stream of inhaled air. See also U.S. Patent No.
5,458,135.
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The vibrator in Wilke et al.’s disclosed inhaler is an electromechanical device
consisting of a rod driven by a solenoid buzzer. According to Wilke et al, this
electromechanical means may be a motor driving a cam. A disadvantage of the inhaler

implementation as disclosed by Wilke is the relatively large mechanical movement
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increases the size of the devices.
Another disadvantage of the prior art devices is the capability to deliver only a
fixed dose of the drug to the patient, while patient’s needs with respect to the dosing of

the drug can vary depending on the current status of the medical condition of the patient.
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In another of our prior U.S. Patent No. 6,142,146, issued November 7, 2000, also
assigned to Microdose Technologies, Inc., we provide an inhaler with piezoelectric
clements are designed to vibrate at different amplitudes and frequencies, i.e. so that, for
example, two different drugs advantageously may be dispersed simultaneously from the

same inhaler, without compromising performance or either drug. This permits delivery
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loaded’in the inhaler and dispensed in one shot. Thus, the inhaler of the present
invention provides for the simple and effective administration of varying quantities of a
medication without the multiple inhalations required by prior art inhalers.

In another embodiment of the invention, the inhaler contains two or more vibrator

mechanisms or piezoelectric elements each located in separate powder dispensing
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pouches. According to this embodiment of the invention, the dose packs comprise
multiple small cavities or micro-blisters on a foil or within a blister pack which is
continuously or intermittently moved during the single inhalation/administration of the
drug, passing over the vibrator or piezoelectric element or other mechanical actuator,
wherein the variable dose delivered to the patient in one inhalation is defined by the

number of the small cavities or micro-blisters which are opened or pierced and subject to



In yet another enbodi nent of the invention
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In yet another embodiment of the invention (illustrated in Fig. 17), a canister
contains drug quantities sufficient for more than one dosing of the drug. The canister has

an outlet communicating with a dosing plate which in a preferred form comprises



also utilized as the sensor to detect the quantity of
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Other methods, devices, features and advantages of the present invention will be
seen from the following drawings and detailed description. It is intended that all such

additional methods, devices, features and advantages be included within this description,



or piezo actuating of the drug pack or blister is
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incfifed § haqg Sla?ﬁcrdr ARt ﬁ&gldgq 8thQﬁné h éé'n‘érally L-shaped longitudinal
cross-section with a mouthpiece cover 11, Housing 18 includes four air flow openings
20, 28, 30, and 32. Inhaler 10 includes a main air flow passage 26 which extends the
length of the housing 18 from the front 22 (at opening 20) to the rear 24 thereof (at
opening 28) and has a generally square-shaped transverse cross-section, so as to permit
air flow through (denoted by arrow F in Figure 3).

Optional secondary air conduit 31 is generally L-shaped and runs longitudinally

from opening 30 in the rear 24 surface of the housing 18 to main passage 26. One-way
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enbodi nent of the invention of FIG 7; FIG 9 is a top
perspective view of the fourth enbodi nent of the
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the fourth enbodi nent of the invention of FIG 9; FIG
11 is a top perspective view of the pitcher and
secondary storage device used in the fourth enbodi nent

flof valhes( inuenticd o tb«]f inﬁél&l?f&feb@the rh;ﬂbaﬁ aksagk 86 ?iataﬁ.pring-biased
.ner t.iv i,ew the fifth enbod| nent of the

‘“.R evfﬁ“rjf?fg“d%m §‘r?\é s“t"%&s?ﬁ‘é‘gﬁ 1s %f%l@&igw taHse e val i) te complaigly

blFdkGer. flakBs fhfoughlthesdonadies 1ab tiRrmah baae8 b %Etﬂﬁﬁ%ﬁeséﬁfre Stk
i veEti n. Figures %:% illustrate a first enbodi nent

AL hat 1BF SYAESEhis PEIRW aARedetsraingd thieshald indisatie of

inhedtidn flrawsphi the fssa8BD6by HQdesi Ng 18 having a general ly
L-s i tudi nal cross-section with a nouthpiece

ed | on )
cov gﬁp\%lpfwdgdgye%ngl@amh@p I8 arcdonmediin hdusing 18 erholvigg a
Afdgcd 84, 330Q¢ i ink8ed L, &L
et B0t pa SRk Bkl DG ST oy
meGRRle PRyehmpTionotS, in e rear A forppmitiing teelistenpaeRy ortearttidyes 34,
r YRR, t i DO s.a qgenerally

PSRl haagelualy BT REER AT 500D ARSI
ang plapddionghe septirgw 52 lof vibigtion{ vlechatierds by 3 betoeerrebpectiicghe

. Ont 1 on n i rconduit is generally
tod ey @0 0 £ 708 HR N0 B s AR s s rpomealb
couied o ¢larcadddgen 84,860 pérmiithBaxiOus vibgatd:$ ch@eRILR tAAKSALE
f%%@h Che}ma flomzvalg 50 is. nmounted taq I%e i nner

o) hp FREFSE MeRBnITR 10 070 SR h 30 LUBPE G A 0B
608] fiearerdeipmad onallowahsyshewivh.of WMiicelidgss 84135 b8 daddr s e
e.50 to conpletely block air flow S through

th I
seqofiary BirRISE (591 16T Ao iop AL R 6 SPls ORseatingS 52 in the
tw ElIRSHEs 84095, tﬁ?ﬁet@bl‘& n(duglﬁ’lege «hﬂ/elt ﬂ%s géhlfﬁﬁeﬁzﬁ?fat%ghéd%
reshol d indi Eative o

bel ow a predeterm hed t
paehhal ati on through the passage 26 by a user. Two

0 ' ' h rs 54, 55 ar.e. forned in .
oD RS AR GIRTREL 2olonin 3HiGah AR Sl sniguiy
or pregiiieatnsont moled antbd @der shidacs iofithe 28ndul Ck W6l &Sto dense the
j | v. moveabl e panel rti 75 in.the rear 24 for
spe G oo AR fir BB . DR etaB. e B rjimtsagt srgge
loaﬁﬁfﬂ@bﬁiMd Wﬂmﬁaﬁn{@@lﬂgﬁﬁﬁblgafonidéfstﬁﬁa& Qléihﬁtibﬁﬂt@éﬂjb@&ﬁ
nto the cha S , ) an aced on the
andl QT pesHHIE 0 B B SR i Com i R enaBits osctsele
conti@HRE GétuMB O IHRE/itr Qb m&nhHih gasggﬁlab'% REBsi RHB, Aﬁ’?% vggj
C anlcalﬁy coup eg't

so that cartridges 34, 35 are ne(
sensgi &0 QY (CPIETGES PIOPSUrg 5eNses 05 e Ajoustivesisarandwonirel sughyas

s e vl S A
60Qrefgraplyathe consl gjrraiityt 48 inpmhbndicdas yn appdieationspecdic t he

inte%?a‘iédréirgﬁi?ali}?’gnd/&éoﬁg ota@ﬂgpef Jfg@y%?i%ly integrated circuit chip.
Alternatively, control circuitry 48 may take the form of a microprocessor, or discrete
electrical and electronic components.

The vibration mechanisms 36, 37 preferably are piezoelectric elements, formed of
a material that has a high-frequency, preferably, ultrasonic resonant vibratory frequency
(.., about 10kHz to 100MHz), and arc caused to vibrate with a particular frequency and
amplitude depending upon the frequency and/or amplitude of excitation electricity

applied to the piezoelectric elements 36, 37. Examples of materials that can be used to
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usep n@@haei zeda:tse b3, 6l 2 melt ;it3 6 a Snglapuffipst se@smg Qne or combining
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ses I n |n I VI [1ster packs 34, 35. Referring in
bliggenpacks M ats ale PHGonRIn atnrféecrrﬂ@m}lma mecltﬁmcgliwa%a@k%beé%

| I
o B PELT S A a8 AL, e bR vl
maglincinde asnevhaniims wgeafthia 1rdotynapm%m>@heq1rébht @latuscrrre@rveathe
Iiggid P{U%- Thg
correct dose of the Correct drug.

A second preferred embodiment 100 of the present invention is shown in FIG. 4.
In this embodiment, the inhaler 100 only contains one powder dispensing chamber 102.
Chamber 102 contains two vibration mechanisms 104, 106, which allow two blister

packs 34, 35 to be placed on the seating of vibration mechanisms 104, 106. The air flow
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| abel ed substrate 92 serves several purposes: it

provi des informati on about what type and the anount of
waeleag/1zr9hedi cation in the blister; it supportBCT/Kg82007/066005

blister; and it provides a handle for easy |oadi ng of

the blister packs 34, 35 into the inhaler 10. A large

nunmber or other indicia (in this case, the nunber
P itichiding)th@drug freml talhedartBi@ges Adli 30toesthiongh prysagewayz H)8 through

d.,in the blister pack. For exanple, the nunber
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! Wit Ihe34,
nedf6 PO ARrA hripb AR il B B e e
sanleQcrtrid @6 A%h éleallsevr b iobided, thelrespeatiye sthips ate adyaneedne. Hdikna

ﬁh{q ggentlerrall d s%%l% ugid l?i?stetrsn %ﬁfg@hl?;tgg g&%ﬁﬁ%%ﬁ%& g@l_p%?féﬂg gh
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ofthb pfébaniMeﬂtB)nS Thy\Ehrtrid fadtri@ P Bt doﬁﬁﬁﬂ biedultlplb oarmdgbs:ﬁ4 Wittot

sho ),i n,the baﬁk 204 of the inhaler 202. A

r]r%h?i S indii? RN hIBs- (shown covered) is hingedly

rot af Ry erﬁﬁddﬁﬁélﬁ do®¥Rhe FredRUhTRLEE Qs {HoMn i FIOUT)9, Pbrmits
the front of the inhaler. Each cartridge strip carries

theausgs|te;palget ingiviualilistsrssi0 qs serrlainalions therepielrorp pprotegfiye of
cargrlﬂﬁ_l bli & 1ﬁ§ertgﬁé:5r§e 03 & BlisBer PR Jeb&{élh%r onthd dd3e Gpcﬁhéfeﬂulred
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intel @selvmﬂ sldts Sy én ofinhaties 3AQ dsind mﬁxtme otltogh3 Wy A%@ﬁnﬂ?@d t wo

earrl%a)r rﬂgl%r ﬁl%% il‘{gﬁldg] g ﬁh& gel‘gblf EIl'lﬁ éﬁ%ﬁﬁacg lSlllC?ltag %élglgg nerator or

al"er, uttons 212
lights 3 I(hte nifoqmn thie usdmvhlemhmlnmdwﬁiaZS mbalatmstlyaamd when the dosing

in complete. Also, if the user is not inhaling correctly, the inhaler 300 can be

programmed to stop dosing until the user is inhaling correctly. The inhaler 300 also may
be programmed to sum the number of blisters dispensed and keep a running total for the

duration of the dosing event, and to display the total on an LCD 302 or the like.
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pi erce one or several blister packs on each strip.

Once the user has selected the desired dosage and the
whkogtizrg? 90 have been pierced, and the pi ezoeP@rUR1007/066005

vi brators deaggregate the nedication. Preferably, a

fl ow sensor and feedback such as a noi se generator or

one or nore lights 210 may be provided, e.g., as
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thegsegopdaty g P%}%ﬁievmﬁé gqg‘ﬁ%wé R %‘801&&}?5 Smg&gis“m
or b RY. FReurd&Ehol A3 pfeﬂmdlfﬂmluam paf P parhliol &a&d’s Blzpsmaae
advanced, e.g. like a filmcanera, past the used

gropys terellew eaSPrCémtéﬁe&ébkysterf he 2 QKPé?CPYF‘gShE?éFB3 Lo thrgfogtieiop tool
3 142%8‘(&:@ (TR Sted g@i@%ﬂ@&%ﬁ)orﬁa HRfvebPth |c!1r9'YMgE Qﬁ‘d ﬂﬂl@ &Jol fnQuse.

erve when the strips 214 are enpty. 6 shows, a

The fixturejog ol $14rip pnserted it thyi caxtagpe 4P f}ﬁmtghélof ﬁ?Qrtﬁ grab a blister
34. pf}glﬁélgﬁgl @mmmgﬁxtgxfe ok BRI Plaesg ﬁ{ovésrwﬁ)rhtnﬂ %ertsThﬁto an

artridge strip 214 consists of nultiple cartridges 34
openiittgt3 12 héthle athales 3¢} Thadixairgorged! Al bis lethiamdasa while the dihaler
t { In
o G P 83000 SRR B BB R Sl
featird sidawdgan@i@e of usinythe firtitean soot i3elrad odntdmioatioa op passiblet | ve
cartrld

, an nsert e one listers 9
cargsihbe JiMierrov e DS G et 57 e dr et
S| oA Fifi8 kbbdim@ht of HEer&EntIMRnti Res zaspf)bl)ﬁr gsreusel 402a6|
314. As descrlbed earljer, the @ may in
profqcblisiegn e orn nER Bl veloe %J?né. g, ¢ 8H¥fé¢d? or
mouht8fios stQ04 th th&fnRAIB 400€ THS ErousIEN? lishetafw% @d1Rer d Wister
i nhal ed correctly and when the dosing in conglete

90 fq epgning #1Q. Hehebdiatersiod thesran dipp frrrghevetA8e thrqughitgeopening
mu @goﬁhggmggﬁ%@@mwc&rb%%@ggggs%@?ﬁ ARs g%an‘hU Bilididrs t he

correc al er al so may
cmhan@hngmapmﬂdmbmwSunhtmmnmuhbsmwabﬁmbpﬁaéms fihepensed
run for. t
po B et OO I prc REing A b B8R s 112
8 r Réferring kew Itanfrgh [ 13 Aend om nm rinpodimswed théeplrgserp anlkentinng
evi ce or prot cartri dge rot stores
incKlES ResaAY AR SUB|cRRaple; a%wﬁglfn% & cisine ¢ g?%%{%s?y
froR AR AL EdHBn AFHIER 53@  Qp6i0RtinakiBSs bisthe b braid S 30 csubloé ﬁwidﬁ e
blisters 90. Movenent of the blisters 90 fro

actyatergr dFansusrRCKbieh 18 §owRisd; te eesat qity FD- Arfless ni(@b isfeg

del%f}psmﬂhb@ kbeglis ti&)’ov‘rk&li '?(9 d@p(fsit?ﬁ% k&ﬁx%b@qubﬁ’tﬁ& oBdrflg subistshderifto
or tool 312 preferab éﬂ@.c udes a pair of paral]el

thetrespo i c@m tHister pe odlbis eeeaged WWVWS‘B@IH mischpnism
56? 161%_9'5 § %ﬂv}n rl’gi‘ Brdgglﬁ%{ol b}‘iﬁé ﬂmlgeclogtax%iln% B . ikttt & Or

tects t as’it i's transported
conitadt with ithet dehverga whindowf20.dn ¢his ¢érebadirdnt,iarselgeted nupaker pf Wisterse

inserted into the £ ggh E; h
55 @PIE)? 8%%{1’8 3 ‘g@ &5 PISToSH 08 PRSP e(gtﬂ TSt eglqueF r deﬁ?eg & dp? g%s
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51n|1url]ttar(1)eouﬂy by being opened and exposed to resonant cavity 520 at the same time
prior to the administration of the drug, thus enabling the delivery of a variable dose of

the drug by ejecting the drug from the resonant cavity, for example by synthetic jetting.
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openi ng 312 of the inhaler 300. The fixture or tool
314 is left in place while the inhaler is used. The

WO 2oov2®9Dr tool 314 is then renoved, taking tPET/ERM®NT066005
blister with it. A feature and advantage of using the
fixture or tool is that contam nation or possible
damage to the blister caused by contact with the
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enmho e pr.esent .i nventjon or
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dosage “of er packagi ng techni gues and
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w ndow 520. In this enbodi nent, a sel ected nunber of

padkh b} epegedsmd %wnéa%mt% the ﬂ)le?%%umdua%t h dgg dglhivepy event.
Acgér}glg § % Hhe ehl% tdogltﬂe ietticH, d@se%ﬁ&s 3@6’ oxd&%ecoﬁﬁfm&nﬁultlple

ose pack are
smalt tavit@s ecimizyo- blus&rmnba ‘apemr fBiB0r within b bhsterpadd ‘yhlblylsb ei ng

d t
N i e
dn@n}éd@élhg@vet the vﬁﬁdtth(&rpyezm‘lecmwaid‘rnmbble)tlﬂan mck&ﬁuqa]'mtlqu

ect ] rug, from resonant. cav
wh@%%gn,{:b ‘851%&? %gﬁr%d t]oélfetﬁahgﬁ R & na o bswefMédl‘-byqf1 L4A,
nuinBerdA the RBA11 €AVARA ioPBiro-Blistérii@hich wem)lpem ofipiered ar sabﬁctSe
of a drug is deliver eﬁ ;gg a, pa]giaent B%/ usi n%ﬁﬁ | east
ad@’flilé?trﬁ‘il%’rtﬁtﬂt?rpaé% durdng{he waalpfion, eng eppediment Picrhi ch
b11's°térr81j lst%Ea%ﬁ%’?OXnégf coﬁﬁ&%ﬁ@%hﬁlah%uﬁ%tf uNR! B8 exiMipld, Dl5@ng of

sel ecte acks or 635 so as to result in the
thedlizbg. Verdelingry 20 @p petient @f Igag pf theldiyeJemisfo-blifterypre gpened or

pleg eﬁfs%ﬁ ferle b%é 8t O Bru Téf‘l%m@&l;lhs‘{&ggrg oﬂ&é@oﬁan

e varied’according to"t epalent needs
pieseetlecti ng one or nore of dose packs 630 or 635 Dose

RSl R a8 o BE0LA, fn RERNAGT 0Pl Bt P BRtin iiH0un

Frows as Fat ed 14B
whafeth alsblected nomba h@e @ficky ar ma;bd bhmidna@'ﬁ)sa,re epméﬂ spieroma df
thedtgg ceovlie)ra gfk d%se%?’a(c)k C’H;us engbh%g ejectlon of the drug upon contact with vibrator
690 (piercing mechanism not shown). In this embodiment, a plurality of micro-blisters or
dose packs 690 are in contact with vibrator 690 during the dosing event. The ejection of

the drug proceeds only from pierced or opened micro-blisters or dose packs 690, thus
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dose packs 635 as illustrated in Fig. 14D. Dose packs
630 and 635 are preferably blisters or simlar
w@ompartoaents formed in the carrier tape 600, BAODUS2907/066005
620 capabl e of holding a predeterm ned anount of drug.
In one enbodi nent, tape 600 is being noved across the
surface of the vibrator 690 continuously or
salqgtient ¢fi the mmbey ofgli¢rbed drepéried diiorg-btisipre o6&Be pakb 690 defiaes the

indi Wi 30. by .t he peelin chanj sm
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dir ' f e 0 he ejected and aerosolized
ar ug s Ry BRECT A 1 ot B S boHrenirote Brsethe
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ﬂﬁunﬁ?ﬁ'Of‘gesﬁﬁﬁaCks 630 opened and in contact with
Ch&™ T 828 R CTULBRECUIY PFERS Pe dmagr drse Parks Y1 e Fgmumber of
acARE0 dokepgchsavill Qe@rmanbod kg AbseQfeli {1 b MESRliLR Fig dase
1 acks gso or. 635 conprise nmultiple snall_caV|t%es or
! ﬁﬁ“@ o8 dgfi Vel A dargauantity 0 drye fiows 4 plerelitkiof hiersedotipienddatose
aPIaCH O\WAKICAbrdsSLiA0A hrid ' |
guring the Sigle R BieR e A KOEACRIY oYY ltows
73 rug, passing over the vibrator or piezoelectric
Fiehs ; I cal r, wherei,n the
e RV GY oy iy BE b Bl PR Gl B 585 dose
Pap R with emosolization andeledsipn bhide duglieschafiatichity showh by arrow
it | ' - bl i St ich are opened or pierced
720V ol B St S8 B e P BB Bl ook
pagksor blisteas k0 velrich 4ra pierved endgedédrent , each mi crobl i ster
or do c 30 may, contajn the sane anpunt of drug,
F or PEREBRGroagitser BT SRt Grcrdon B b1G it e
delbaty efMerishle do¥g obfhe thg igﬁsdﬂﬂméﬁ & le@inlthShfdtRr 8 ifidividu
opened f pierced. Simlarly, for delivery of 2 ng o
dogerpacksoy E istors i} vl pre piceqed obonsneshrnd at abircoppled tedbrator
706 L1 5 | iR i &
TORR L et b i Gidutbne P PINRIHIE T Rl s
indiridyghdaese paakk 21 withiagtosplizhtiontasd gje@RA ofithe dapexkaindbyally
shdArBSyCrides 950 t he top cover of dose pack, thus enabling

ej ection of the drug upon contact with vibrator 690
( pi e ilfgy and teRhillusimtaabtshowkodimdnnof the preembindéntenin a

| ] - bl i .or d K . '
RN &l § PRl B Bipine T RRRE ab 9B ERT anipne

Thedreg tsibeingefectet rodr 1idbs@pak @eplick OWhixh Edredih B @GBSI Me drug
| isters or dose packs 690, thussel ection

i cr.0- d : .
ex< B ARG s g RarE Bt or o gonet oflrdupissparoner
theGOSEsaPadvss isGQ0vedal th RRSalife aNPthé %Maﬁli%@g Rfqise e 59

elivered to a patient. Arrow i ndi cates the

Lo he ] L1 € . :
re‘aé‘?efig%ftﬁc’j% FminisAsRRHesulme ineeliypry of e varthle das ofdld drzed
Theéldeligerl BPhe AfigUdt L kA ib) to
el er RO ARSI B ANCAIRLALachBon B bR, 0%
piegy BRIRIQE, Praviding the jibragory andrgsblodhatbysepask omblitendThesensor is

i . ' | I b
pref‘?igi(l))!yva\?l\;??)g%atl |8r &h ef&@ﬁd&u{? géns : r#la} at%ien(% dgttg(f’%}l%%g% ﬂlge{l]l fy\éxigea{e%{so '

{ ] S use S aneou
paripgbesenayinpghpaglkthe 7109 .chainel oftintiatialaibn device.

As illustrated in Figs. 16A and 16B, plume of aerosolized drug 800, which can
also be a drug mixed with excipients, is moving through the inhaler flow channel 810 as
shown by arrows 804 and 802. Referring now to Fig. 16A, aerosol 800 passes by an

optical, acoustic, or other physical sensor or detector capable of measuring the properties
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actuated dose packs will determ ne the total dose
delivered to the patient. Fig. 15A illustrates .
walelorirzrog7 of a |arge quantity of drug froma pPCI/EEI00%066005
of pierced or opened dose packs 710, with _
aerosolization and ejection of the drug schematically
shown by arrows 720. Fig. 15B illustrates delivery of
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acoustic sensor is used to detect acoustic properties of the blister or measure the resonant
sonic waves generated in the blister and thus monitor the quantity of the drug still

remaining in the blister. In still yet another embodiment, the sensor optically detects the

quantity of the drug remaining in the dose pack or blister via measurement of optical
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aerosol 800. The attenuation of the signal, integrated

over the tine of aerosol passing through fl ow channe
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17¢ shomhibe Hosingtpdate 33tclesadipamior fibing ik pqwderd1Pyang operrfer
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cisflihdhvder SRRy, Bt [ Blo Tk of o el o hing
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sur nenI of op t rough
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to mﬂa?erqg L(?VQI} in Fig. rl%lfl ﬂmaféF?o% S owrg in lpg 4, but with only one vibration

mechanism 36 or 37 or 104 or 106. The delivered dose from a single cartridge 34 or 35

coupled to vibration mechanism is estimated from the delivery time and an appropriate

calibration curve, wherein time of the vibrating or piczo actuating of the cartridge 34 or
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remai ni ng quantity of the drug or quantifying the
aerosol particles noving through the flow channel, the
W@ 200302108ENnds a signal to the controlling circRECT/US07/066005
stop the drug delivery to the patient. Referring now
to Figs. 17A-17F, in another enbodi nent of the
i nvention, a canister 900 contains bulk, i.e.
35 witich barﬁhmlmglpmk ot & Bléstapfis @rtdlawg to AR ddp/teredrdaise In this later
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delgzlzﬂ%g atxlia?iaﬁlg ﬁgse%m fl bl Héh Elcli®d %Ya"i’llel‘{teARérﬁ&tﬁ/e@ZlQ

S opening to a se ecte nunb cavities for
variablel dosfgofvdﬁ dwg ben ttrdelvefeddone phieentbynepstating %Glbrﬁmg@lﬁewat

ch. in r fo es a
witg oo B inmny ol ot R o SRt B TRL
vibpdt@y eleant wittea ko@spdmmycmamdrmmﬁtlmnchhg Itlarvﬂﬁratom amkpue h

%&g grug delivery is perforned using a vibrator
ongad¢fbni sm or pi ezoel ectric elenent to aerosolize and

del Tt dIgeseined embbditets bithe prictest invéltioe alfelmarey PdBibles
opened so as to select a _specified nunber  of

examplgsef imRlpmensations meaedy pek &5t hejear yndeptandingiof thy pripeiples

of the SvefldaC 'i\)ﬁﬂy GaYdtioh MRl ABhs hay 168 thatié RNhé Adve-
canl ster as schematically shown by arrow 970, The

descrlb@itembaﬂwnm)anf thedupgniian wiont dopasagsibsantialy fiopthnepirit
an(%’ ?\11 eglo‘ﬂ ngégtldrﬁ AP&LE ﬁo@i%(:amo'iﬁ hfGatifMEond b GntbiRe® ® be
erre as schematically shown by arrow 980 to the
inchelsdheein within thy scopoof thikdisplpsukoendales pressht invgntighansnd
r to the. patient by ejection of the drug from
p“%ﬁ§d¥ gﬁﬂ@ﬂ?w%%cmpg for exanple by synthetic jetting.
Figs. 17B through 17C show the dosing plate 930
cl osed, open for filling with powder 910, and open for
di schargi ng powder 910 respectively. Figs 17E and 17F
are top plan views of dosing plate 930 shown with
first valve plate 940 open for selecting a variable
dose of the drug powder 910 through selection of a
vari abl e nunber of mcro-dosing cavities 960. In stil
anot her enbodi nent of the invention, there is provided
an inhaler simlar to inhaler 10 showmn in Fig. 1 or
i nhal er 100 shown in Fig. 4, but with only one
vi brati on nechanism 36 or 37 or 104 or 106. The
delivered dose froma single cartridge 34 or 35
coupled to vibration nmechanismis estimted fromthe
delivery tinme and an appropriate
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calibration curve, wherein tinme of the vibrating or
pi ezo actuating of the cartridge 34 or35 which can be

w@2adraglopack or a blister is correlated to thePCT/US2007/066005

delivered dose. In this |ater enbodi nent, the

necessary dose is delivered by controlling the tinme of

the delivery of the drug or nore specifically by
Whabisichohddiisig the time or duty cycl e of activating the

vib ator m t

with th éAnmrS%% 1on5dﬁv19{ fo¥ I@'(ﬁlv&ll thgraﬁglﬁ? E%Gn{]th %?pghﬁ(f
whepe@rthe myrap)a‘uut h@ndts dgapggaigbtad bedvibratamand pidikediupuabn a@r ug
swgier Qi Py T PSR i FomPaR AT oo
seléciiclély b@hpﬁhg oith gv@aakore doda Iphakis ebnuuﬁmg ﬂiel sume erljifferent dase

| awe the drug. By s e vi brating
st S e P R T et a8 i S et
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vibgaiers Viprl & thfsame drduehey ﬁ’@ ag delivered to a
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vibggsqre, sibragaat %szer%@ie(menw anfer yppiitedesry el ement with a
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vibatore tdmaize e]bmqstaueeﬂhyalhmnsa;ﬁmimmdl ficati ons may be
made to he a ove escri bed enbodi nent (s) of .the .
oy e S ST aprsing Sk Ant T ye FsRpe seent
is 1ﬁﬂ1erfbﬁn@Mrpmmpfmhmnﬁbﬁanmant| on. Al such
nodi ficati ons. and varlﬁg\ﬁoﬁgns are intended

b
i ncl-uded ha&thalatogfiqvige g0 S5 & Wihespg S‘H?E 8%“16 g@‘aﬁse
corﬁmée Bﬁﬁerﬁfaﬁé @Bhtainh V\%%Egaf&éﬂ (?'suaﬁ’uti%% of @ed tﬁ&alkmué E%

| ow ng cl ai ns. ai med : alatlon
dev$ ce f'lglﬁ nd)@latlvredqvmg ageordies taystair |7cW]éﬁj@h@ Ph@ial’éy plseident
bhg@g{g{g Jaggh %R utic agent is deaggregated by a
6 an up in an air streamfor delivery
to 9.he rTalturénatatlowlmomamom@ el d, woergin thealosapackeast
cotwoS \1/1{ br@ua%oss fgcrkssel ectively coupling with two or
e CkE¥Cont ai ni ng the sane or different dose
quartit |Téhs nﬂi‘alasan devidear@pding toclagé nwvhdrein thekiosapiclks
desi red dose of sakjd t{tl ut| .c _agent. 2. The
COMpE g PrgRoTg dQiedacks oL d % g T55€%ai m 1, wherein said

at {eastThe\haltib adviveSicdordifi@fo@laath 10 Nehesdirtheldogpasiacy
and/ or anplitudes. 3. The inhal ati on_devi ce_accordi ng

compyise dasersizes sojggisd &tom the prgupsonsistng oftlng 3y f Bach$ dpse units.

vi byat e @k ifHafalish 8¥icefEQIURNG BIm AN RS ciR MR hdapdaR 4.
The inhal ati on devi ce according to claimi, wherein

agevhampaises insudin, andthevdops acky a9mMps it 1iiedqse Backepldpguling unit
dos\élpggléto?{n%hn, 3 unit dose packs of insulin, 4 unit dose packs of insulin, and 5

unit dose packs of insulin.
13.  Aninhalation device for delivering one or more therapeutic agents to a
patient, said device providing access to at least two dose packs to make up a desired dose

of said one or more therapeutic agents in a single inhalation.
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5. The inhal ati on device according to claim1l, wherein

said at |east two vibrators conprise electrostatically
wa@letovamosi aphragns. 6. The inhal ati on devi ce aRCDOU810ATY066005

to claim1, wherein said therapeutic agent is in the

formof a dry powder or in the formof a liquid. 7.

The inhal ati on device according to claim1l, wherein

sai th, dog@e paBlstorc vk ias@rdihd B tcbim 8,0Msrdi0 stidddst parks are

_msasu,re?l quantities qf said therapeutic agent. 8. The
delivigred putulighrodely PESIUCEYRdi ng to claim 7, wherein a

pl ural i tAn @halsiRindeltd SbBpridpcks are carried on a
strip. 9. The inhal ation device according to claim1,
whet Bbnaptitevilose packs conpri se indivi dual dose packs.

10. , JiB&tdr BOBh&tth Oid B/ ce according to claim 1,
wherei n the dose packs conprise two or nore dose packs

of ablpfalivend drugaseksspiaiging piherapsutiq et wid GHe ek weanged
ongg&g&qg&g to claim10, wherein the dose packs conprise
ose sizés selected fromthe group consisting of 1, 2,

3, wharid s&d tespeutiviagent from onFlempretedbaid tiya paieky iscdeposited

. accor di to.clajmill, wh in j gent
in QPSR Gk e REE B AR B M BnOET
dosehgpéisi kibrafon ioNsid vibrato? rasalistin daoselipaiok andéjedtios of sand 3
uni t. dose .packs of insulin, 4 unit dose C of ..
thepsRenticiagent SR SCLFopa SOAD giiioad dhersral gett iy jn one
inhalf@d. ati on device for delivering one or nore
t her apeuti ¢ .agents to a patient, i d device providing
accHss tTélea%haFa@a% eVﬂ%mC“ng@’ég ﬁ?a?i"i@si?o‘” @R S HETaRAC o g
agdPR8n B fGR o AR RIdePBY i tHelTBimAPRUIJued. agents in a
singl e inhal ation.14. The inhal ati on devi ce_accordi ng

to Bl ai rhheguhalgtien evicegasoadinpios]aimd Rswharan spid g paks
. . | . . ' _ . Con

coffffe i AHTRUS dhn Rl TRERL Mehlfics Lora bRy Herl)

coup. ed The ishalatior deviideyaccaadipg torcidimtly, whereln thy dpusatagks

cont ai .\i,.(rlllgt1 gostehgcrkgpeuti c agent, said drug packs
conprisg indivjdugl dose packs "o t ape. wherein said therapeutic

agem. frowidngtion deviveacakdisgiodtlanUg, wixeds thesinggpolsi t ed

in said resonaq{§ g 't}{({fg make up a desired dose of
corprisq TV, o RS RRTSS © g‘ﬁ?ﬁe,t @' ier ei n vibration of said

Vi by@t orrHe@sHalation béviRacQsdhd ®atdian 9 ankbréh eRtdng paoits

sai d therapeutic agent from said resonant gavi ty with

comypriisg doseesizgpealacicd feoyuthe Sroup FRRSISEER ¢fl> dnke 4 and 5 doseunits.

21.  The inhalation device according to claim 20, wherein the therapeutic

agent comprises insulin, and the drug packs comprise 1 unit dose packs of insulin, 2 unit
dose packs of insulin, 3 unit dose packs of insulin, 4 unit dose packs of insulin, or 5 unit
dose packs of insulin.

22.  Aninhalation device, comprising:

a plurality of drug packs containing a therapeutic agent, said drug packs arranged
on a carrier tape,

a vibrator coupled to at least one said drug pack,

wherein said therapeutic agent from one or more of said drug packs is aerosolized
and ejected from said drug packs upon vibration of said vibrator, and

wherein said drug packs are advanced on said carrier tape to make up a desired

dose of said therapeutic agent delivered in one inhalation.
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i nhal ation. 16. The inhal ati on device according to
claim 15, wherein said therapeutic agent is in the

WO eromiizfooa dry powder or in the formof a |iqupdr/usZ07/066005
The inhal ation device according to claim15, wherein
said drug packs conprise blister packs containing
nmeasured quantities of said therapeutic agent. 18. The

i nha@Bat i @he thhalbtien RoROLELIIG!O cl@inﬂ@%@reﬂ@ﬁlrtﬁérﬁrbehh@
rise |nd|V|duaI dose packs. 19 he

a%e?ltﬁg\na{ﬁ‘? %ﬁm ﬂg?/ OO i el A pHAWALS, wherein the

dr ug4packse ﬁlﬁﬂﬂ[dn&ﬁvf&é!‘&c@trdlﬂé‘?(ﬁ BlaPEX Snefcintiaf fcﬁﬁ t(:ks
dose %lzes The i nhal ation devide accor

copPEs st pi‘ﬂli%?‘léﬁtaﬁmf‘&@eﬁf’{?d qpaikes ong ﬂh%@e@rme@ z es

sel est edThe iaRalitha MR GRS IS LILRI O fvhdreindhe %u%gacﬁgd 5
dose unlts 2 1. The inhal ati on devi ce accor

coppEseindiidugiaseapks he t her apeutic agent corrprl ses
sabi N TROA ARG E: RAGHRS FPLRN 2 hordl de GIR8PapRCKS

of insulin unit dose pac |néu
0091@519@ 159 o1 theye phgks Oﬂdlﬁfment Chbsssazqsacks of | nsulin, or 5

uni b7. dos?heﬂﬁﬁeha?t ogfde e accor ma? clalgl%kgngr!aﬁttlgqo gga\ékc ©

conprising: a p ural
comprsealoeatizes selepeet fons me @rmhp ugnspsaﬁg sf B2 BAGAA 5 A0seAunits.

car kg er i;br.at or st one said
dr ugg pac &H% (lear%é)l}{ qevics a&"‘ifﬁl@?g) Cifﬂ’tnlzg ‘gb?gfﬁ‘fl the therARFMEC or
agm n@nmfsesmsdmdmo,hmg packs c@gﬁﬁé 0lhiz @(?se @a&csj ef ﬁgﬂﬁ?z unit
id dr vibration of said vibrator,
dole AR e, ISR 3G g B SR inbins. & o ok ek shingigor s it
dosgratkser tape to nake up a desired dose of said
gent_ delivered in one inhalation.23. The

t he eu
i nh gt i‘%hmag?rti“@éle&‘&%(?f”ap%%n& o claim22, wherein said
t heg gty cffd?@%ﬁbks' c%maﬁulgfa%ér%{e &{ oft, dry powder or in

t he form of I'i qui d . The’in atlon devi ce
ac C%YIHT"FP@ coup @I tg imfﬁfezt@an vmv@zf &dighdrig ﬂ)@lckd,r u g packs

COMPdrSA ol bh&E oPAEKFuf PREELE Gl guantL L
of said therapeutic agg ? g@ Q%% r@% g
accwhatéin gald theralpantm a2a1t fmdmsaﬂlapeﬁeﬁ er phemgd @;ﬂg loscke @pr | se
aerb{&ﬂke C?géf t e pa &;ﬂ nha Lion dlygvtl Cef id
osolizc g]e% 8 rfng gene lépl rﬁ%p YPIBadination of sai
v1bcatm‘pm mslesupt aMesived doe¢ 6 sﬁﬂctkcﬁra[@ﬁudjdgfeﬁtﬁfeﬁfgrediﬁ 28e mhd8fon.
The nh 6EIO deV|c%iacco[ |n HP clauthG
vvhe 2 él n ér%a Y IeR &ccording to claim 29, wherein said therapeutic
agent is in the form of a dry powder or in the form of a liquid.
31. The inhalation device according to claim 29, wherein said drug packs
comprise blister packs containing measured quantities of said therapeutic agent.
32.  The inhalation device according to claim 29, wherein the drug packs
comprises individual dose packs.
33.  The inhalation device according to claim 29, wherein the drug packs
comprise two or more packs of different dose sizes.
34, The inhalation device according to claim 33, wherein the drug packs
comprise dose sizes selected from the group consisting of 1, 2, 3, 4 and 5 dose units.
35.  The inhalation device according to claim 34, wherein the therapeutic

agent comprises insulin, and the drug packs comprise 1 unit dose packs of insulin, 2 unit
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conpri se dose sizes selected fromthe group consisting

of 1, 2, 3, 4 and 5 dose units. 28. The inhal ation
waelewrazioaccordi ng to claim27, wherein the thePEpEsS0T066005

agent conprises insulin, and the drug packs conprise

lunit dose packs of insulin, 2 unit dose packs of

insulin, 3 unit dose packs of insulin, 4 unit dose

dosp p&dkS oﬂ'ﬁsﬂliﬁi&l hihifdose packs ofinduliel OSlﬁntpﬁﬁé(lSacks?& insAfin, or 5 unit
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ej ect ed fron1sa|d opened or pierced drug packs upon
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evi ce accor ein said drug packs
condt i sdhb Ilnhalaeon qlracck scavohingionlaimy 3federivshidiherapdutic es
d.thera eutlc 32. T nhalatlon devi ce
ageﬁ&ébt} Fﬁoé“’t oa Fyal?oﬁﬁ’dfﬁ (hh‘érf hotn guélr ug packs
comy. i Sade iindiasotldaice daedipaioktim 38, whbken saidhérug padhs
devi ce accarding to claim?29, wherein the acks
corgigi PRaE PRGIS COR MRS BRERL BRI P BHLHERryBE D o
34. 39The Tihe fdaRtibOdevile Gt DRIIRECB @16t 136, Wikkreth tic rcmigqqacks
wherei n . the drug_ packs conprise dose sizes selected
comprisgrindhddugt dasp Pedtsi sting of 1, 2, 3, 4 and 5 dose

unifes. 3o nﬂaﬁtlbﬁ]ﬁ@flic%tab&ﬁilﬁ’gewc%n 36 Gtk he ldRugGPadlism
34, wherein the therapeutic agent conprises insulin,

corapree twieoninerg ppekes kEdifoiprdosesizesuni t dose packs of
| nsgl i npyg 1&%}&18@ §e3/10%%8%%§%9%t0 cihid |4b e%e;lﬁJ {Hetdn%cb%gks

packs of Tnsu packs’ o I nsul 11,
cortprisk que_s&ep&d)dc&ddffom the giloup conSthngGQf 1i Aljattand BlZQJI@\ﬂiSC e,

si.ng:. .af .| east one nt aj
O ot s Sice SPEr SR BRE 1 SOMEN Beteeutc
agdﬁﬁgdﬁnprﬁad 1ﬂsu‘1ﬁh{jlfnd&lﬁbrdr6gjmkﬂﬂ)nipﬁse/1 tmiadase a;wgs gfsnud;lol 2 wt
and eject said therap e om sai r
dofeghheRE T o Bk e PACS Gh OB Ta ALt S° PELheLBOTE 3
dmg%@agbkﬁmghlsald therapeutic agent in said aeroso

wherei n said sensor provides a signal to stop
vi bttt i on ihalatigndgleyiceosprdingd9 slaim 3p, wherein said sensor is an

optical sensor or an acoustic sensor.

44.  An inhalation device for delivering a pharmaceutical to a patient
comprising:

a canister for containing a drug powder having a valved outlet for said drug
powder;

a dosing plate having microdosing cavities selectively in communication with
said valved canister outlet by which a selected quantity of drug powder may be delivered
to said plate;

a valve plate selectively operable to deliver a selected quantity of said drug

powder from said dosing plate to a resonant cavity of an inhalation device; and
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desired dose of said therapeutic agent is delivered in

one inhalation. 37. The inhalation device according to
web@rme®8] wherein said therapeutic agent is iPCT/082007/066005

formof a dry powder or in the formof a Iiquid. 38.

The inhal ati on device according to claim 36, wherein

sai d drug packs conprise blister packs contai ning

measvib@thr qotpieditd baid resdnastaiadityt dndradqpeed to vibsayeatd ae®90lizFhe

j nhal aii on _de ir e Accor %inarl}gcgv% claim 36, wherein the
an ‘ffgsab AR PR TS I (M Y dose packs. 40. The

i nhad. at iThe ird@Mticredaie acadrdiag to@lairh d#.nvidfein thia phaimacdutieal

drug packs conprise two or nore packs of different
COIHH§€S‘§?"§‘QS. 4 1. The inhal ation device according to

cl ajgn 40he WHBLBHNIIVIRR ablod@nRClusm GO Wik &R thd @8ive Plakes
sel ected fromthe group consisting of 1, 2, 3, 4 and 5

comgprisgs 3 pfatable veive pife i nhal ati on devi ce according to

cl aign 4 Al inkhalgidevitd ohp@iapeut i c agent conpri ses
insulin, and the drug packs conprise 1 unit dose packs
of 3theast ang drug pagk ¢onkEuRe pHeRREUES 28595 ul i n, 3 unit dose

packsin@for tOBHd th said ddPiphckdose packs of insulin, or 5
uni t dosoé %\%Cks g?‘l ingglci n. 43. An inhal ati on device

ac cosediongdapteddd détent 3@uanfitierfepid thezpduticaagemsin pasd drrg pack,

optical. se . St ) . .

o0l 988 R AR PR s it
fropahideinig mokppdnsictigitioa ot Whretor foonake ap b aesiied dos of said)

owder havi.n .val v outlet for said dru owder; a
me%@%?tﬁﬁgﬁtg?lé‘%ﬁg\}? ﬂlbmﬁ?lgtﬂo&dosi ng cavities sgl gct ivel y
i/vlq _ ﬁ?ﬂi‘ﬂﬁ Bz'tii& éédtS@er(rjPrWidadrg] ta_S't%hﬁl é(]?’ &Igaﬁdnmmgfm of lSztbiﬂ eibrdoyr
ich a selec u i ] , may be
aftgyspid desited doss @é?‘@aﬁfaﬁ?‘g‘?%ﬁe’\trﬁl ({?E‘geﬁ%at e sel e%:/t ively
opeg@abl erpegnidfliby 85vi a8QkRd RAIAMAN! WhereiR Faid tlofhpélitidg
powder from said dosing plate to a resonant cavity of
agenhisiimha ferm ofie dawpawdst oipdhe fombeia i oupl ed to said
resghantyi Ma%)ﬁo@@g/i&qg&;rﬁg% Q1Y Ak Kerdh ShidBeRp&lic Z €

and eject said drug powder fromsaid resonant cavity.
agehbeonTivises ingwdihat i on devi ce according to clai m 44,

ot 5 B RRTBAR S g O 3P S e 0
optical 3e8sap) aatacousticEnb@as agidzotektablsensval ve pl at e.

51.  Aninhalation device, comprising:

at least one drug pack containing a therapeutic agent,

a vibrator coupled to said drug pack,

wherein said therapeutic agent from said drug pack is aerosolized and ejected
from said drug pack upon activation of said vibrator, and

wherein said vibration is continued for a period of time to make up a desired dose
of said therapeutic agent, and

wherein said vibration is discontinued after said desired dose of said therapeutic
agent is delivered in one inhalation.

52.  The inhalation device according to claim 51, wherein said therapeutic
agent comprises insulin.

53.  The inhalation device according to claim 50, including a sensor for

detecting a quantity of said therapeutic agent delivered.
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47. An inhal ation device, conprising: at |east one
drug pack containing a therapeutic agent, a vibrator

weowphz@9t o sai d drug pack, a sensor adapted tRPCTHES®O1/066005
a quantity of said therapeutic agent in said drug
pack, wherein said therapeutic agent from said drug
pack is aerosolized and ejected fromsaid drug pack
uposy. actlihe athatodeviaiactovdify @ictiim 58, wittken s4d @nsbesi r ed
dose of said therapeutic agent delivered in on

compfife] A PHFAL ST Wi 2<% 8% or provi des a signal to
di scontinue activiation of said vibrator after said
desi red dose of said therapeutic agent is delivered.
48. The inhal ati on device according to claim47,
wherein said therapeutic agent is in the formof a dry
powder or in the formof a |iquid. 49. The inhal ation
devi ce according to claim47, wherein said therapeutic
agent conprises insulin. 50. The inhal ation device
according to claim47, wherein said sensor is an
opti cal sensor, an acoustic sensor, or a
pi ezo-el ectric sensor. 51. An inhalation device,
conprising: at |east one drug pack containing a
t herapeutic agent, a vibrator coupled to said drug
pack, wherein said therapeutic agent fromsaid drug
pack is aerosolized and ejected fromsaid drug pack
upon activation of said vibrator, and wherein said
vibration is continued for a period of tine to nmake up
a desired dose of said therapeutic agent, and wherein
said vibration is discontinued after said desired dose
of said therapeutic agent is delivered in one
i nhal ation. 52. The inhal ati on device according to
claim5l1, wherein said therapeutic agent conprises
insulin. 53. The inhalation device according to claim
50, including a sensor for detecting a quantity of
sai d therapeutic agent delivered.54. The inhal ation
devi ce according to claim53, wherein said sensor
conprises an optical sensor or an acoustic sensor
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