METHOD AND APPARATUS FOR DRIVING A TRANSDUCER OF AN 2INHALATION DEVICE 3The
present invention relates generally to the field of inhalation devices, and 4more specifically, to

. inhalation devices that utilize vibration to facilitate suspension of 5particles of a medication into an
inhaled gas stream (e.g., of inhaled air). The 6invention will be described in detail in connection with
delivery of powdered 7medication to a patient, and will be described in connection with such utility,
although 8otherwnilitiesjimcluding specifically delivery of liquid dropletgdg/centempiated. 9Certain
diseases of the respiratory tract are known to respond to treatment by 10the direct application of
therapeutic agents. As these agents are most rea.dity available | lin dry powdered form, their
application is most conveniently accomplished by 12inhaling the powdered material through the nose
or mouth. This powderetiform i 8resulis iy therbetietwiiNzatior ofidhe onedizament in that the drug is
deposited exactly 14at the site desired apgwhgekedts mstii: may be required; hence, very minute
doses of 15the3drug arerg)ften eg.uallry as efﬁcamou& as Iagg%r 991%%5 admlnlstergd by other means,

. £ resent inverttion relgtes generglly to the alation devices, a .
16with a consequent marﬁgé redlucéflon In cidence or unaesired siae e?Fecr{s and 17medicament

cost. Alternativily, e BRtE s HiItR A 68 Geet FeriPedtne st surees8L bther than those of
the respiratory systefewencthet drugtisidie posiieedsoruthe 2.9Vevy krge. SUrface areas of the lungs, it
may be very rapidiyvabisorbrd:inie ihel bliced20siream) heneaivthis rpetheeiof application may take the

place of adminﬁtr%@@a@ﬁ%u iﬁ&&k@ﬁm@hl%& &Ec@ﬁ@@(n@&ﬁ\!&!amﬂﬁ%ﬁ&%ﬁ%, 2lLis.the opinio_n of the
pharmaceutlca,t! m%strﬁ\t/ that the (.ploavall b”lt%gf E}he Bd[{udgglg%gp&m}ilrp \{\él;égln the drug particles

i ilities, inc - ; ] : :
delivered to the resp?Fé Eolrlfistrzg(ét ars Between 24110 B microns in size. When the drug patrticles need to

be in this size fange the- 8RB RRR IS RAAP S B AP HRRILY S Rt EsE Y TRImMber of issues: 26(1)
Small size patticlebaviey devieitp: ahtedsctrstativschatge ervithemseives BT auinl manufacturing and
storage. This mayisatseWire-particlasitaraggiomerate on28aggregatgisesuiting in clusters of particles
which have a@Qeff%gM% &Zﬁogﬁ%@ﬁmﬁa érough the nose or mouth. This powdered form

13 resuits In the better ntilization of the medicament in that the drug is deposited exactly

14 at the site desired and where its action may be required; hence, very minute doses of

15 the drug are often equally as efficacious as iarger doses administered by other means,

16 with a consequent marked reduction in the incidence of undesired side effects and

17 medicament cost. Alternatively, the drug in this form may be used for treatment of

18 diseases other than those of the raspiratory system. When the drug is deposited on the

19 wvery large surface areas of the lungs, it may be very rapidly absorbed into the blood

20 stream; hence, this method of application may take the place of administration by

21 injection, tablet, or other conventional means.

22 It is the opinion of the pharmaceutical industry that the bioavailability of the

23 drug is optimum when the drug particles delivered to the respiratory tract are between

24 | to 3 microns in size. When the drug particles need to be in this size range the dry

25  powder delivery system needs to address a number of issues:

26 {1} Small size particles may develop an electrostatic charge on themselves

27 during manufacturing and storage, This may caose the particles to agglomerate or

28  aggregate, resulting in clusters of particles which have an effective size greater than 5

29 microns, The probability of these large clusters making it to the deep lungs then

3¢ decreases. This in furn results in a lower percentage of the packaged drug being

31 available to the patient for absorption,



29microns, The probability of these large clusters making it to the deep lungs then 30decreases. This
in turn results in a lower percentage of the packaged drug being 31available to the patient for
absorption, WO 2009/111267PCT/US20091035305 1(2) The amount of active drug that needs to be
delivered to the patient may be 2of the order of I0s of micrograms. For example, in the case of
albuterol, a drug used 3in asthma, this is usually 25 to 50 micrograms. Current manufacturing
equipment can %effeetively deliver aliquots of drugs in milligram dose rarrgeswithaagseptable accuracy.
5So the standard practice is to mix the active drug with a filler or bulking agent such as 6lactose. This
additive also makes the drug "easy to flow", This filler is also called a 7carrier since the drug particles
also stick to these patrticles through electrostatic or 8chemical bonds. These carrier particles are very
much larger than the drug pasicies br Ssizembhedability, of tievelky povderinbaler to separate drug from

the carrier is ap 1Qjmporiant pRIfPImANGE Rarameterin he.efeetiveness of fne.design. (3) Active drug
particles with S{tzes %Srt(?ager than 5 [ricrons will be deposited 12either in the mouth or throat. This
t

introduces anothel IBVaI o GG HAIN y SRR SRiGAvAN AB! L%G%Iﬁl gaeﬁlélgpﬁ ioh of the drug in these
locations is differefffefoy v Ealings OAMBolaSF SR AT REeY G M ZEHH & drug deposited in

these locations to %Bheducerthediveertaimty tassueiatedwiith the bibaviaiabitityedf+he drug. 16Prior art
dry powder inhalerg«RPis)s usuplbnavesasneans fakintreducing the Lédrugikaetive drug plus carrier)

into a high velacity, ait. stream. e, hiah.valocity. ainl83Heam dsused-astha-imary mechanism for
breaking up th? cllsgsete,r L m cr%nlzed 19particles or seg)l%e}yrrlg_we ru% artl.cfgssmfrom the carrier.
" ! : ‘

Several inhalation"dévices 20 useful for H)l%ﬂpl%ﬁss?ﬁgv his powder %i}rtﬁeéi ABdicament are known in the
prior art. For 241 ex#ffigie: 0. S st NeEds B0 et g 9897 §16951919913,795,244; and
223,807,400, ihhalatondevicesiarerdiscits 6drating nrearishfoiepircing of a capsule 23containing a
powdered medicament,3yhishupansihalatian dscslpaan au Dhthens witl be deposited

12 either in the mouth or threat. This infroduces ancther level of uncertainty since the

13 bicavailability and absorption of the drug in these Jocations is different from the

14 lungs. Dry powder inhalers need to minimize the drug deposited in these tocations to

15 reduce the uncertainty associated with the bioavailability of the drug.

16 Prior art dry powder inhalers (DPTs) usually have a means for introducing the

17 drug (active drug plus carrier) into a high velocity air stream. The high velecity air

18 stream is used as the primary mechanism for breaking up the cluster of micronized

19 particles or separating the drug particles from the carrier. Several inhalation devices

28 usedful for dispensing this powder form of medicament are known in the prior art. For

21 example, in U.S, Pat. Nos. 3,507,277, 3,518,992, 3,635,219, 3,795,244, and

22 3,807,400, inhalation devices are disclosed having means for piercing of a capsule

23 contalning a powdered medicament, which upon inhalation is drawn out of the

24 piereed capsuie and into the user's mouth. Several of these patents disclose propeller

25 means, which upon inhalation aid in dispensing the powdor out of the capsule, so that

26 it is not necessary o rely solely on the inhaled air to suction powder from the capsule.

27 Forexample, in U.S. Pat. No. 2,517,482, a device is disclosed having a powder

28  containing capsule placed in a lower chamber before inhalation, where it is pierced by

29 manual depression of a plercing pin by the user. After piercing, inhalation is begun

30 and the capsule is drawn into an upper chamber of the device where it moves about in

31 alf directions to cause a dispensing of powder through the. pierced holes and into the

32 inhaled air stream. U.S. Pat. No. 3,831,606 discloses an inhalation device having



24pierced capsule and into the user's mouth. Several of these patents disclose propeller 25means,
which upon inhalation aid in dispensing the powder out of the capsule, so that 26it is not necessary to
rely solely on the inhaled air to suction powder from the capsule. 27For example, .in U.S. Pat, No.
2,517,482, a device is disclosed having a powder 28containing capsule placed in a lower chamber
before inhalation, where it is pierced by 29manual depression of a piercing pin by the user. After
piercing, inhalatvom28%egan 30and the capsule is drawn into an upperrchaisthayoaisthe device where it
moves about in 31all directions to cause a dispensing of powder through the pierced holes and into the
32inhaled air stream. U.S. Pat. No. 3,831,606 discloses an inhalation device having WO
2009/111267PCT/US2009/035305 Imultiple piercing pins, propeller means, and a self-contained
power source for ZameratigiibeiRIeRaNeE MeansViasexigraal-mnandalmantpulation, so that upon

3inhalation the,propelier means.aids, 10, dispensing.the. Aowdetipio.thestigam of dinhaled air. See also
US, Pat. No, 53458, 5. SIhese rior art d]gsv{lc S prese tseveral‘ﬁroblems ?nd possess several

. nialation the propeiter meansa TPONS he powder ipte the stream of . . .
6d|sadvantages WhIC are reDm% |ednby ‘fhe In aﬂi IOIP]g e\ﬁ%es Of‘t e presen invention. 7For Instance,

these prior art HeVi@&tagdretial the4idr 2% tonsiderable effort in 8inhalation to effect dispensing
or withdrawal 6f powdeffrerararpiercedece apsuledrte Sthkrmhededsais stream. With these prior art
devices, suction ofipewaerthraughdhe.dfpiercrdhalas.nthescapsyleseauseddy inhalation generally

does not withdsawgalhQr. leyanJmest of the ROWASE auti0f4he capsule. LouS RAYsing a waste of the

medicament. 1Alsg, slich prior art devices result in ncantiolled amtints,pr.glumps, of powdered
13material being inhaled into the users ouﬁn rathériRan a constant inhalation of 14controlled

amounts of finély Hisparsed sbiRtler” 1isiiie s b BiSE USSR BFNEBISr St TS taken largely from U.S.
Pat. No. 163,948, 284 4b"WWilkeletcabswiha digdlopég:dad eviee! fotkaoibitatingainkadation of a 17powdered
medication that inelyglgssabady-Paction HampgpIiasyAna:SeceRAaNE aifdicament.
12 Also, such prior art devices result in uncontrolled amounts or clumips, of powdered
13 material being inhaled into the user's mouth, rather than a constant inhalation of
14 controlled amounts of finely dispersed powder.
15 The above discussion of the prior art is taken largely from LS, Pat, No.
16 3,948,264 to Wilke et al, who discloses a device for facifitating inhalation of a
17 powdered medication that includes a body portion having primary and sscondary air
18 inlet channels and an outlet channel. The secondary inlet channel provides an
19 enclosure for a capsule containing the powdered medication and the outlet channel is
20 formed as a mouthpiece protruding from the body. A capsule piercing structure is
21 provided, which upen rotation puts one or more holes in the capsule so that upon
22 vibeation of the capsule by an clectro-mechanical vibrator, the powdered drug many
23 bereleased from the capsule. The piercing means disclosed in Wilke et al includes
24 three radiaily mounted, spring-biased piercing needles mounted in a trochoidal
25  chamber. Upon hand rotation of the chamber, simulianeous inward radial motion of
26 the needles plerces the capsule. Further rotation of the chamber allows the needles to
27  be retracted by their spring mountings to thelr original positions to withdraw the
28  needles from the capsule,
29 The electromechanical vibrator includes, at its innermost end, a vibrating
30 plunger rod which projects into the intersection of the inlet channel and the outlet
31 channel. Connected to the plunger rod is a mechanical solencid buzzer for energizing

32 therod to vibrate. The buzzer is powered by a high energy electric cell and is



18inlet channels and an outlet channel. The secondary inlet channel provides an 19enclosure for a
capsule containing the powdered medication and the outlet channel is 20formed as a Mouthpiece
protruding from the body. A capsule piercing structure is 21provided, which upon rotation puts one or
more holes in the capsule so that upon 22vibration of the capsule by an electro-mechanical vibrator,
the powdered drug many 23be released nom the capsule. The piercing means disclosed in Wilke et al
includes 24threavragiallyimounted, spring-biased piercing needles moumtsdssmardrashoidal 25chamber.
Upon hand rotation of the chamber, simultaneous inward, radial motion of 26the needles pierces the
capsule. Further rotation of the chamber allows the needles to 27be retracted by their spring
mountings to their original positions to withdraw the 28needles from the capsule. 29The
electromechanical atbeaiosincbidas: alits inermestand, vibrating30piurgsr rod which projects into

the intersection, of the, inlgt channglangd. dhe.ou) Aﬁ%&ésm@m% &9@9&9%9 the plunger rod is a

mechanical solfnm buzz?wor ene ‘/glzmg 32the rod to vibrate, The buzzer is powered by a high

energy electric celf Sha IS WG DOUETE 1 g’fﬁ’&?ﬁﬂ%%ﬁ@%%?ﬁ@?5%‘?&/&5{1&86 5&/ an external button
switch. Accordihg f5UIRE BEat StRBHIh NI D tRESU as  ButesErranigErd concurrent pressing of
a switch to actiVate'the:SeleCromechariical ibratingdmeans;vakris:sudk@ddheough inlet channels and
the air 4streansthrewgh-a seeandantdnietchanmnel raisesthe: capsme-upagainst a vibrating 5plunger

rod. The capsuje is. (s ibieischigaidly withpawder heing Dhisized and dispgpsed from the pierced

holes therein. (Q'nrm c(pznl ue is common dﬂamu me anu facturin dis ensm powder through a

aer flet The pieroed B
hopper where o Ber IS ibrated B HG owder and m \'/eécﬁ thtSugH the hopper outlet.

The pierced holes ‘I?Pftﬂ‘é*%ﬁﬁéﬁﬁ}fé '?@ﬁ%"é%‘l‘ﬁ fH‘é‘ﬁb‘ﬁ]@éfr Biltret yatee st ditiy t6"Witke et al, the air stream
through 10thelfnletichamnisisidids!innwitiidrawal‘ob powider fronythiecapsutetsind carries this 11powder
through the outlet gharneldgithe mouth.ohthe useiuVVike et alncRLINN Siumn 3,

12 lines 45-55), Wilke et al further discloses that the electromechanical vibrator means
13 may be placed at a right angle to the inlet chamber and that the amplitude and

14 frequency of vibration may be altered to regulate dispensing characteristics of the
15 inhaler,

16 Pricr art devices such as above described have a rumber of disadvantages
I7  which makes them less than desirable for the delivery of dry powder to the fungs.

18 Some of these disadvantages include:

19 e The performance of the prior art inhalers depends on the flow rate
20 generated by the user, Lower flow rate does not result in the powder
21 being totally deaggregated and hence adversely affects the dose

22 delivered to the patient.

23 s inconsistency in the bioavailability of the drugs from dose-to-dose
24 because of fack of consistency in the deaggregation process.

25 e Large energy requirements for driving the clectromechanical based
26 inhalers which increases the size of the devices making them

27 unsuitable for portable use,

28 e Loss of medication from opened or topped capsules,

29 ¢ Deterioration of medication in open or topped capsule due to exposure
30 to oxygen or moisture,

31 In prior U.S, Patent Nos, 7,318,434 and 7,334,577 incorporated herein by

32 reference, and assigned to the common assignee MicroDose Technologies, Inc., there



12fines 45-55). Wilke et al further discloses that the electromechanical vibrator means 13may be
placed at a right angle to the inlet chamber and that the amplitude and 14frequency of vibration may
be altered to regulate dispensing characteristics of the 15inhaler, 16Prior art devices such as above
described have a number of disadvantages 17which makes them less than desirable for the delivery of

dry powdey to %epmg&dl%%gﬁ@iem@&@oqﬁaagﬂaptﬁ@%@%c%satl&ﬂﬁe pRAmARFe.efifg prior art

inhalers depends on the flow 20generated by the user. Lower flow rate does not result in the

powder 21BeingHBEyAealpraatEdoat Hbaled savetam Mdcrdink HBKaco ZqBIBRES t6ttie patient.
23 Inconsistengy.in e Dipgy ARRIpRIhevasHam Aaseriredose 2dhr caRe Ablack Ll oonsistency

in the deaggregation process. 25 Large energy requirements for driving the electromechanical based

26inhalersivhiciigirdised tHe 4i¥e sidHe ddbvicédhersimpraiads Dz v mesplertsrhabitdBangse. 28s

Loss of meslcatian JafaRS0ad A BRREF SRS 6B A BRIBTA RIORALHICi63tan ApaR o topped
, 434 an

capsule due to exposure 30to oxygen or moisture. 31In prior U.S. Patent Nos.

7,334,577 dncofseratedhaaress Byasritdrikntie Sing s53BRe (B AR READAYEGITEE WHErdDose

Technologies, In¢,Mei& FRravidrdAD RRYemantxer Rihasiiehalersithalditiizgyibration to
facilitate 2suspension ofﬁpower into an inhaled gas stream and which utilizes a synthetic jet to

3aerosoliz€ drigBeNHEH EPaKHetde Baskior theiiraonis eaugidrianeedbrdedw s hphieht Nos.
7,318,434 g@nd 4,334 7 MhereysRoWded:3idky RowvdsEinhalsriaving anafifstchamieraugh as a

blister pack or other container, for holding a dry powder, and a 6second chamber connected to the first

chamber Vth a pausisy dnaytherdeeahanpysynthetic jetting.

11 The medicament for dry powder inhalers is commonly contained in a blister
12 pack or other flat bottom container that is placed in contact with the face of a
13 piezoelectric transducer or vibrator, whereupon the vibration energy of the transducer
14 is transferred to the medicament particles. However, frictional losses between the
15  engaging surface of the blister pack or other container and the face of the transducer
16  may constrain movement of the transducer face and reduce the overall efficiency of
17 the device.

18 Embodiments of the present invention seek to provide an improvement over
19  the prior art devices such as discussed above by providing an inhaler having a
20 piezoeiectric transducer for aerosolizing medicament contained in a blister pack or
21  other flat bottom container, wherein the drive signal to the transducer has a waveform
22 that excites both a primary and a secondary resonant frequency of the ptezoelectric
23 transducer. The preferred drive signal to the transducer should be one that comprises
24  a waveform that has a fundamental frequency equal to the primary resonance
25 frequency of the transducer and, in addition, significant energy at harmonics of the
26  fundamental frequency.

27 Secondary resonant frequencies of the transducer are excited by the harmonics
28  of the drive signal resulting in a more complex motion of the transducer face. The
29  transducer face moves similar to the vibrating surface of a drum. This includes a
30  considerable number of modes of vibration. The more complex movement of the
31  transducer face causes the contact area between the engaging surface of the blister
32 pack or other flat bottom container and the transducer face to be reduced, and in turn,

33  the friction between the two surfaces also 1s reduced. This occurs primarily because



7aerosolized foul' of the dry powder from the first chamber and for delivering the 8aerosolized dry
powder to a user. A vibrator is coupled to the dry powder in the first 9chamber. The vibrator is
energized and coupled to the first chamber and drives the 10powder from the chamber by synthetic
jetting. 11The medicament for dry powder inhalers is commonly contained in a blister 12pack or other
flat bottom container that is placed in contact with the face of a 13piezoelectric transducer or vibrator,
whereupon theofitiratimdegrgltbé esteansdoveidisottansterrsl tothe neakiicaitend gatiddas.
However, frictional los between. th engagin a} of the bl ntainer and
the face ogthe ]fraa%r%% Sséete?elg%nasifuccgﬁg?%égl n réggl\%rt% eﬁ”&%%ﬁ%%%}%ﬁ%%@ f%%gga%gﬁ%gﬁée% tﬁ%gz)verall
efficiency &f 17théhdeviceld8 Embodimentd afttieprebthst inlashviomeeak hetpesndecalifigprovement
over 19the,priof afl devices o a5 Senssed. ARua oy Rreiling andafialendauing adRpigecctectic
transducer for aerosolizing medicament contained in a blister pack or 21other flat bottom-container,
wherein thé drivieasigngl tediab tanscicer taghe weansthienr2 fabat exditesvotbsaiprimahyestiona
secondaryf esor%g;ptﬂc&zec%lﬁnt%ytﬁé %‘%%gﬁéeﬁw %@Pﬁ%ﬂ%@% SoPLEIRUEI ArVE Signalge the
transducer should bé one that ¢ prises 24a waveform that has a fundamental frequency equal to the
primary re§onasigei#&fneceremgy dbshethainsdassrcanted invatidhipngsignifosedierlsy gytutdhartionics of
the 26fundgmepial{Iadie e pERR RIIANIRSRNANL edyensien.alhedianaduce’sale angled by the
harmonics 280?1'[?1e rive signat resulting in a more complex motion of the transducer face. The
29transduéer faocefrmovesimitamisthdivibiatdhesedfseeiof. dnlemtaThisithctbe dsnsdocerigigerable
number Ofdn()dcﬁfriﬁf \(} rlqig%q._ The more complex movement of the 31transducer face causes the
contact area betweén the engaging surface of the blister 32pack or other flat bottom container and the
transducerlface to be heducedpesicdfittanresathintriotion. bhevroie rpihe dab ssmdtheasdldo Vingduced.

This occufs pri@aanré

13 comprises providing a signal comprising a waveform that has a fundamental

Q’u@grc%lsgn inhaler having a piezoelectric transducer as a vibrator, which

14  frequency equal to a primary resonant frequency of the transducer to produce
15 oscillations, the signal exciting the primary resonant frequency of the transducer and
16  at least one secondary resonant frequency of the transducer.

17 In another aspect of the present invention, there is provided a circuit for
18  driving a piezoelectric transducer in an inhaler comprising a piezoelectric transducer
19 for facilitating suspension of particles of a medicament into an inhaled gas stream the
20  inhaler using a flat bottomed medicament container substantially in contact with the
21 face of the transducer comprising: a power supply; a diode; an inductor; and an
22 electronic switch, wherein the power supply, diode, inductor, and electronic switch
23 are connected in series, the piezoelectric transducer is connected across the switch,
24 and wherein the switch opens and closes at the lowest resonance frequency of the
25  piezoelectric transducer.

26 In another aspect of the present invention, there is provided a method for
27  minimizing friction between an oscillating face of a transducer and an element in
28  contact therewith, which comprises driving the transducer at two or more frequencies
29  corresponding to a primary resonant frequency and at least one secondary resonant

30 frequency thereof.



lof the tendency of the blister or container bottom to ride on the peaks of the deflection 2pattern of the
transducer face and not to follow the complexity of its deformation due 3to the complex movement. A
portion of the relative motion between the blister or 4container bottom and the transducer face is in the
radial direction, necessitated by the 5changing radial dimension of the transducer face as it vibrates in
a direction 6perpendicular to the plane of the face. This relative motion is necessary to avoid the
7significant energy logsittiat i aisseciatd ddvithttagding fiepbrdidically ofribte hriisen8 matatiaintvat!
comprises.the Eottom surfaceof the, container, or blister pack such that it 9conforms to rt%hmains
thinly adhezﬁed c()i, f%e.qnyé%%ltg&ewfﬂil “g%angt d%egr aeggﬁfé;l&?l’in%}k\ﬁ%ré%o%qq&?ﬁ{g)ﬁe ‘ggs%ecteof the
present indentiocdtihgra ysngrdsadeakzs, mbthad:of driving a 12transducer in an inhaler having a
p'ezoe'ec”f transducgy axsvébé%é’sﬂ’s‘é‘é?fcl?aﬁ?e%mo‘%' PHRIALS }?cgaactﬁ'%?lnc@?{ 'gé%%éa%’caeveform
that has a fundamental T4frequency equal to a primary resonant frequency of the transducer to
produce 15osciltétichs ptleecsignabexeiting the primary resonant frequency of the transducer and 16at
least one secondary rgsonant frequency of the trans .1 her SPe gf t{%g fesent
invention,stéﬁere is proa?é%d3 a]Scﬁc%ﬁﬁgr%%ﬁ%ﬁn%%‘%%ﬁ?é&%nﬂﬁ%ﬁgﬁd(E%rPin%n [ aF[e%r comprising a
piezoelectiic transddwer 19focfadiitatingtstispersion wivparicles of a medicament into an inhaled gas
stream the,20inhaler ysing.a flat botto medicament container stantially in ¢ Lith the
21face of the transdulcﬂéﬁégrﬁsp?i i ?1;5"%%0%63% %J%p%?ﬁn g%ﬁ%g%?fgx %%%gt%lré%r?\ide gﬁgg{ﬁ}ggﬁ}nic switch,
wherein thg pogaresipplyy thedesviatiuctchoamdie lelétrchic switch 23are connected in series, the
piezoelectjo ransducgfds gonnedienRinseile A iehriand Wherai NaSich aRasAn] closes at
the lowest resonance frequency of the 2 plezo%lectrlc transducer. 26In another aspect of the present
invention ltherevisiproigietbaimBtgpdnfoe aminimizing friction between an oscillating face of a
transducer,and an elepentsin 28caniackharswitly 14iKh CRMRIESS ARG LanarigesALwo or
more frequencies

13 accordance with the present invention.

14 In the following description, reference is made to the accompanying drawings,
15  which form a part hereof, and in which is shown, by way of illustration, various
16  embodiments of the present invention. It is understood that other embodiments may
17  be utilized and changes may be made without departing from the scope of the present
18  invention.

19 The present invention provides a method and device for delivering
20  medicament to the lungs of a patient from an inhaler by using a piezoelectric
21 transducer to deaggregate and acrosolize the medicament contained in a blister pack

22 orthe like. The piezoelectric transducer is activated by a drive signal which excites

6a



29corresponding to a primary resonant frequency and at least one secondary resonant 30 frequency
thereof 1Further features and advantages of embodiments of the present invention will 2be seen from
the following detailed description, taken in conjunction with the 3accompanying drawings, wherein:
4FIG. 1 is a cross-sectional view of a piezoelectric actuator made in accordance 5with the present
invention; 6FIG. 2 is a graph showing the waveform of a drive signal for a piezoelectric 7transducer in
accordance witlwthaqnresent invention; 8FIG. 3 is a graph showing therhatmomnigsenergy of the
piezoelectric transducer 9 generated by the waveform shown in FIG. 2; 10FIG. 4 is a graph showing
the admittance of a piezoelectric transducer at 11various harmonic frequencies; and 12FIG. 5 is a
schematic showing a drive circuit for a piezoelectric transducer in 13accordance with the present

invention. 14In;thefollowing: descrrtion.Jeferapegds Magdad-dhe aeeempanying drawings, 15which

foul, a part hergof, and in %G&%QJE,%%'? MRy Ao isiration, various 1eembodiments of the present
invention. It is understood that other embodiments may 17bé Utilized and changes may be made

without departihg ffoRi tHEECEHEGF HEPFEBent 18invention. 19The present invention provides a
method and dévice for défve iy 2O praidfcagit Mt tié Rt SR PAIREPIEASGmM an inhaler by using a
piezoelectric 21itraisdecer totdadggeegateranduae rosblizé themedicamert contained in a blister pack
22o0r the like. The piezesleciiigdranssuserisactivatadymadrive.signadovhich excites WO
2009/111267PLTIYS2Q0Q(Q32309, 4 the JARRIYCELIgMRbIate al ineQr Melg different frequencies

including its primary - )
8§ sorface area of the contact between the flat surface of the blister bottom in contact

9 with the transducer face to be reduced, and by such a reduction, the friction between
10 the two surfaces correspondingly reduced, This may oceur because of the tendency of
11 the biister bottom to ride on the peaks of the deflection pattein of the transducer face
12 and not follow the complexity of its deformation due to the complex movement. This
13 enables relative motion between the blister bottom and the transducer face in the
14 radial direction, something that we have found necessary because of the changing
15 radial dimension of the transducer face as it vibrates due to the elasticity of the
16 material comprising the transducer face, such elasticity enabling the vibrating motion
17 of the transducer, While not wishing to be bound by theory, our observations support
18 the notion that such relative motion is necessary to avold the significant energy l0ss
19 that is associated with frying to periodically streteh the polymeric material that
20 comptises the bottom of the blister bottor such that it conforms to or remaing firmly
21 adhered to, Le. in contact with the transducer face during vibration.

22 According to an exemplary embodiment of the present invention, the

23 piezoelectric transducer is driven by a signal having a waveform as shown by in FIG,
24 2, This waveform is preferred for driving the motion described ebove ina

25 piezoelectric transducer used in a dry powder inhaler by the agsignee company. The
26 piezo-electric transducer (FIG. 1) is a purpose desighed transducer comprising an

27 atuminum cylinder 20 that is 12.24 mm tall, and has an o.d. of 13.32 mm, that is

28 closed at one end with & G.25 mm thick piczoelectric dise 22 that in turn is attached to
25 the flat surface of a cap 24 that is press-fitted into and that closes the cylinder 20, A
3¢ positive Jead wira 26 is soldered to the inside surface of the piezoelectric disc 22 and
31 s adhered to the interior wall surface of the cap 24 using a siticone adhesive lo

32 provide strain relief. A negative lead wire 28 is attached to the aluminum cylinder 20



2resonance frequency and at least one secondary frequency which is near a harmonic 3of the primary
resonance frequency. 4That is to say, the drive signal is chosen to excite secondary resonance
5frequencies of the piezoelectric transducer resulting in a complex pattern of 6deformation on the face
of the transducer. Without being bound by theory, our 7observations suggest that the complex
movement of the transducer face causes the 8surface area of the contact between the flat surface of
the blister bottom in contact 9with the transducer face to be reduced, and by such a reduction, the

friction between 10th o,surface respondingly reduced, This 0 cai#se,0f fhe tendency
of 11the bfister botto:ﬁ f[}g ES) qf%eo peilgkﬁsgtoqEl e d%lﬁg%)ﬁgrf%gt%ér% o%ﬁé%%%ggiuger'fqée 12and not
follow the gomplaxity sebitstietormationiduebic the cormpldamousnceatg T i aB3taddiiidbirelative motion
between the blister pottom and the transducer face in the 14radial direction, something that we have

ch of the Rasno

found nec ssaWB‘é@gl?s% SHthec §ng|ng P8tsidial dimension of the transducer face as it vibrates due

to the elasticity of the HiEmétériatcthmphisingthadtransscef fecpicgoclewtistiohydanabliseg the vibrating
motion 17qf the transducey. While not.wishing to he bqun theory, Qur ohseryations support 18the
notion tha?> sucﬁ"?g}gﬁeg\?’ngﬁ%)nn ?seﬁ'eg& eréy}%o}%\%)?c? %ﬁ]el%?g%?f?c% ?ﬁesr%ergfl loss 1 the}%is associated

with tryingdo periatiicatly stcetein thdqpahaenisdnateridktbat POsomplisesattstsnamanthelblister

bottom such that it.conforms to or remains firmly, 21adhered to, i.e Ll %égg@@ycer face
during vibration” %ﬁ%acrgr |‘ra’1%1 olg&}lli 5%(58%%13%}%%%11?(%%%8%? S%ﬁgle ag?exs%g(r?é?ﬁvehti&, thé
23piezoelettrickifanddifteris pikver doyr i sigmaluranngoa ovavaioryrhaseohdlireby ¢RoBIISA 2. This
waveform js preferred for dyiving the motion describe i jezoelectric ransducer used in a
dry powde inh%l%c}%f/’%%‘a%is?d%gg Scegvrﬁéglﬁ?i. %ﬁé@g%%%g}lge%%g%gﬁégucep(FIG. ) is a purpose
designed tfansdusearentyprisiteg ah23Bditinimduekglingdep@gistatths Sthdheamienialbfdhelditig an ad. of

e AT e
12 (2" 4™ 6™ etc.) of the drive waveform, thereby performing in a manner similar to
13 that found with the example transducer. Importantly, our experiments have
14  consistently found that a drive signal with a high amount of harmonic energy 1s
15  necessary to reliably create a strong synthetic jet for all combinations of transducer
16  types and flat bottom blisters types that have been examined.
17 FIG. 5 is an example of a drive circuit that is capable of generating the
18 preferred waveform of FIG. 2. The transducer 5 receives power from power supply
19 10. The field effect transistors 21, 23 comprise an electronic switch that is opened
20  and closed at the primary resonance frequency of the transducer. Alternatively, the
21  drive circuit may be constructed with a single transistor. Inductor 12 stores energy
22 when the electronic switch is closed. When the electronic switch is open, all of the
23 energy in the inductor 12 is fransferred to the piezoelectric transducer 5. The diode 15
24 effectively disconnects the inductor from the transducer after the energy of the
25 inductor has been transferred to the transducer, thereby insuring the maximum energy
26  transfer during a cycle.
27 Other waveforms may also be used. The primary requirement is that the drive
28  waveform produce sufficient harmonic energy such that a secondary resonant
29 frequency of the piezoelectric transducer is excited whereby a mechanical oscillation
30  at the secondary resonance occur. It also is possible to generate a waveform
31  comprising two sinusoidal signals at two different frequencies corresponding to the

32 primary and a secondary resonance frequency of the transducer. Any signal that has



30positive lead wire 26 is soldered to the inside surface of the piezoelectric disc 22 and 31is adhered
to the interior wall surface of the cap 24 using a silicone adhesive to 32provide strain relief A negative
lead wire 28 is attached to the aluminum cylinder 20. 1FIG. 3 is a plot of the harmonic energy of the
waveform shown in FIG. 2. As 2can be seen, there is a considerable amount of hainionic energy
generated by this 3waveform at each of the harmonics. 4FIG. 4 shows the electrical admittance of the
piezoelectric trawsduarnised in Sthe dry powder inhaler. The peaks inpthevashmistasnee response
indicate frequencies of 6mechanical resonance for the transducer. As can be seen, there are several
points of 7significant mechanical resonance in addition to the primary resonance frequency of 35
8kHz. Different piezoelectric transducers, however, may have different resonance 9frequencies. In our

observations, we faungthatihe.afarasaidiRiezoglecrisdtiansoiees ikowas graatly excited at 285 kHz,
which COfreSp%”d% é%f‘ica%@& m{m%@@% Wfr‘e%%ﬁu%é'r‘f!@e ?E?JJE@@ QUA%%E%&CGVS however, may

resonate strongly near other harmaonics 1 (2 'd, 4 hd 6th , etg? ﬁ) ] derv viyave{orm thereby
performing in & meff?ﬁt@? LRt S ARSI WABR IR SXAMpIE transt ucercclmportantly, our
experiments hédve TSt ?&&’hﬂ“?ﬁh‘f‘s‘ﬁﬁ\%‘@lé’ﬁ%ﬁ%‘ﬂﬁ Yififg P &tfount of hainionic energy is
15necessary to reliably trsatld e stiohngisynthaticjet foikatl ted mvmationsthtrarnsducer 16types and flat

bottom blistersetypesithatdhayesheen examingdsdithle «ais anexanpiephagiyve circuit that is
capable of ge”?faEL@Q,ﬁﬂ&%ﬁﬂﬁ% ?e(&%t‘%‘o}é\_é%}{(?mé@y(éﬁl% r{% TG ansdHest o figceives power from

power supply 1910. The field effect transistors_2 rls n electronic swijtch that is opened
20and closed &t tﬁé”ﬁﬁ’r‘%%?@%é%%%e\ﬂaé&3@%&? ’f“tlﬁngr lﬁ‘:’&'}?w e f\]/ef!y, the 21drive circuit
may be constricteti it %‘iﬁ@ﬂ@'ﬁéﬁﬂé’f&ﬁ”ﬁ@f@fbﬁ?“i@"ﬁ’&‘é@ é?féﬁb%ﬁ@?k/\?h%ﬁ%ﬁe electronic switch is
closed. Whentthe etéctienicswitthhisopenihallsofithedZBenergy rnth@inductond@is transferred to the
piezoelectric transgiuigarbd ihadiada de L4rffectivaly discanneastadns, imdustendrom the transducer

after the energy of Faims Therefore the scope of the invention is not intended to be limited except as

13 indicated in the appended claims.
14



25inductor has been transferred to the transducer, thereby insuring the maximum energy 26transfer
during a cycle. 270ther waveforms may also be used. The primary requirement is that the drive
28waveform produce sufficient harmonic energy such that a secondary resonant 29frequency of the
piezoelectric transducer is excited whereby a mechanical oscillation 30at the secondary resonance
occur. It also is possible to generate a waveform 31comprising two sinusoidal signals at two different
frequencies corresponding to the 32primary and a secondary resonance frequency of the transducer.
Any sighatkbbY has WO 20091111267PCT/US2009/035305 Isufficient energy at both the primary and
a secondary resonance frequency such that 2significant mechanical motion of the transducer face is

created at bdth fréIHRRSS B FEdRSsAHERRSSHERT OF thie PREBERAURE FariEaeRIEF i EIRETHFES B5e
desiregdmiieet ofrfeninionzngsthefoativn betages thenttansadycendacerand thet blisterabaitambiitahould
be emphasized that the above-describ m I r [ ; ve

partio AP T e o ef e b G RLEP SE bR S AN TS sional
merel@xdtferthgopranaparasenarstiaansgof Ml ireRissr Ine RO M ARFUfRLAEsOnant
embodigesizphite:i ruasderedescribed 9herein may be designed and/or fabricated without departing

from the spiriy and_scope . 100f the invention. All these and.ather ificati iations are
intended to 1Tbe inclu ggl' ﬁgrgﬁc\[/\a/imiﬁ’tﬁvg %rcegfagﬁégf% ggc&iis%:lgs\’zéga% %é@&%@%ﬁﬂé ?gﬁ)v%g

12claifignameriefuie R8RS oFAHESPRAHID H9s Nt RAMBANC (8 N FREPRRL tda e SFRERESRN in
the appepdsst sedmsck4 CLAIMS LA method of driving a transducer in an inhaler having a

piezoelectic yansgueel AR VI Blak: hISh camPiRes Mavidino.e sl s umAISIng auavsia that
has a fundamental frequency equa? 0 a primary resonant frequency of the transducer to produce
oscillaG@HaingkigigRisex &ty the primary resonant frequency of the transducer and at least one

secondary resonanidreencyreidne dransaluiedFiction between the blister pack and the transducer due
to the oscillations is minimized.

5.  The method of claim 3, wherein the medicament is a dry powder.

6. The method of claim 3, wherein the medicament is a liquid.

7. The method of claim 1, wherein the transducer resonates at an nth harmonic of iis
primary resonance frequencies, wherein n is a whole number selected from the group consisting of 2,
4,6 and 8.

8. The method of claim 1, wherein the inhaler comprises a drive circuit having a single
transistor.

9, The method of claim 1, wherein the inhaler comprises two or more transducers, all being
driven in an identical fashion.

10. A circuit for driving a piezoelectric transducer in an inhaler comprising a piezoelectric
transducer for facilitating suspension of pariicles of a medicament into an inhaled gas stream the
inhaler using a flat botiomed medicament container substantially in contact with the face of the
transducer comprising: a power supply; a diode; an inductor; and an electronic switch, wherein the
power supply, diode, inductor, and electronic swiich are connected in series, the piezoelectric
transducer is connected across the switch, and wherein the switch opens and closes at the lowest
resonance frequency of the piezoeleciric transducer.

11. The circuit of claim 10, wherein the electronic switch is comprised of at least one
transistor.

12. The circuit of claim 11, wherein the electronic switch is comprised of two field effect
fransistors that open and close at the primary resonance frequency of the piezoelectric transducer.

13. The circuit of claim 11, wherein the inductor is sized to dump substantially all of its

energy into the transducer when the switch is open.

10



2. The method of claim 1, wherein the signal is a waveform comprising two sinusoidal signals at two
frequencies corresponding to the primary resonant frequency and the secondary resonant frequency.
3. The method of claim 1, wherein the transducer is used to aerosolize medicament contained in a
blister pack. 4. The method of claim 3, wherein friction between the blister pack and the
transducer due to the oscillations is minimized. 5. The method of claim 3, wherein the
medicament is a dry powder. 6. The method of claim 3, wherein the medicament is a liquid.

7. The method of claim 1, wherein the transducer resonates at an nth harmonic of its primary
resonance frequencies, wherein n is a whole number selected from the group consisting of 2, 4, 6 and
8. 8. The method of claim 1, wherein the inhaler comprises a drive circuit having a single
transistor. 14, 9.Thaecimethsrtiafrelaimberehrerasrciicaiinlatilercoubptisés! tove gy midratransd otérs, all
being LD LAl B5 RO, ranslledt GlHGUL BELACBRIRZACIRRIIGHPRETHCRY IoAR T haler
comprising a piezoelectric transducer for facilitating suspension of particles of a medicameént into an
inhalebiagagusigeam the inhaler using a flat bottomed medicament container substantially in contact
with the face1ef therfiansidueempasiayisipigzecheersusilyea fiotke!ianingdustamsiod cpalidtooic
switch, whereln e RRS! ARl wsiode.JRducier, RRd BIRFIPINE SWHENAIA.CoIMERIGH I 3erifsqthe
plezoeélec?rlc ransducer Is connegted across the switch, and wherein the switch opens and closes at
the loWedglasbnance frequency of the piezoelectric transducer. 11. The circuit of claim 10,
wherein the elgctromiarswitehaisceomatisetbbh d6|edsiremetiieamsigitzment il 2 divheoeideuit of claim 11,
wherein the glpctippic mullshLlo camarinesah Yl silRethansisions thatgagn and close at the

primary resonance frequency of the piezoelectric transducer. ~13. The circuit of claim 11, wherein
the inductor i3siz8dRsBafh fPsumstRiamyriglien ikekrmeryphes titirantsacet AteRIfEEnARf Rlopen.
14. Thesitentitinf wlaisatlihevdnareinitig citouidedvere sy istantiat@ruergyt atvbasmonies fofdhentdvee st
resonant frequepcy of the tran e 0 y.[es

L A A R e B e G T
particl&¥ 694 medicament into an inhaled gas stream, a circuit for driving the piezoelectric transducer
as claimed imglaimnrklnethod 16 clBhe ishaieireis theimeddociaindtisemdteneintimamedicafignt is a dry

powder.i a r]égbrl_glnecé réi I%gg, C\I}%g}gﬂ g l&w&é M(J?%S}%é%{&?ﬁ&ﬂ & b?.lﬁé%gting of é,8' A
methotl or%lnlmlzmg friction between an 0sci lating face of a transducer and an element’in contact
therewAt!, @iéh comprises driving the transducer at two or more frequencies corresponding to a
primary resonant frequency and at least one secondary resonant frequency thereof. 19. The
method of claim 18, wherein the transducer is driven at an nth harmonic of its primary resonance
frequency, wherein n is a whole number selected from the group consisting of 2, 4, 6 and 8.
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