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VETHOD AND APPARATUS FOR DRI VI NG A TRANSDUCER OF AN
| NHALATI ON DEVI CE The present invention rel ates

specifically, to inhalation devices that utilize
vibration to facilitate suspension of particles of a
nmedi cation into an inhaled gas stream (e.g., of
inhal ed air). The invention will be described in

det QT HAD QNI APPATA TS FOREDRYING Af TRAWEBIRER OF AN
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powder delivery system needs to address a number of issues:

(1) Small size particles may develop an electrostatic charge on themselves
during manufacturing and storage. This may cause the particles to agglomerate or
aggregate, resulting in clusters of particles which have an effective size greater than 5
microns. The probability of these large clusters making it to the deep lungs then
decreases. This in turn results in a lower percentage of the packaged drug being

available to the patient for absorption.
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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 1Gs of
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it is not necessary to rely solely on the inhaled air to suction powder from the capsule.
For example, in U.S. Pat. No. 2,517,482, a device is disclosed having a powder
containing capsule placed in a lower chamber before inhalation, where it is pierced by
manual depression of a piercing pin by the user. After piercing, inhalation is begun
and the capsule is drawn into an upper chamber of the device where it moves about in

all directions to cause a dispensing of powder through the pierced holes and into the

inhaled air stream. U.S. Pat. No. 3,831,606 discloses an inhalation device having
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For exanple, in U S Pat. No. 2,5 17,482, a device is
di scl osed havi ng a powder containing capsule placed in
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by manual depression of a piercing pin by the user.
After piercing, inhalation is begun and the capsule is
drawn into an upper chanber of the device where it
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the needles pierces the capsule. Further rotation of the chamber allows the needles to
be retracted by their spring mountings to their original positions to withdraw the
needles from the capsule.

The electromechanical vibrator includes, at its innermost end, a vibrating
plunger rod which projects into the intersection of the inlet channel and the outlet

channel. Connected to the plunger rod is a mechanical solenoid buzzer for energizing

the rod to vibrate. The buzzer is powered by a high energy electric cell and is
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mounted in a trochoi dal chanber. Upon hand rotation of

wo b@ogizober, sinul taneous i nward radi al noti oPCDUS100%035305

O X 3 Y B W N =

Rt o ™ B \ S O T y© B O R v R NG SR SO TN N6 R N SOy

needl es pierces the capsule. Further rotation of the
chanmber allows the needles to be retracted by their
spring nmountings to their original positions to

wi t hdraw t he needles fromthe capsule. The
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powder fromthe capsule and carries this powder
tMestigh the outlet channel to the nouth of the user.
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because of lack of consistency in the deaggregation process.

e Large energy requirements for driving the electromechanical based
inhalers which increases the size of the devices making them
unsuitable for portable use.

e Loss of medication from opened or topped capsules.

e Deterioration of medication in open or topped capsule due to exposure
to oxygen or moisture.

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

reference, and assigned to the common assignee MicroDose Technologies, Inc., there
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being totally deaggregated and hence adversely affects
the dose delivered to the patient. [Inconsistency in

wo b@ohinavai l ability of the drugs from dose-t oPADEE2009/035305

because of |ack of consistency in the deaggregation
process. Large energy requirenments for driving the
el ectronmechani cal based i nhalers which increases the
si ze of the devi ces maki ng them unsuitable for
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and a secondary resonant frequency of the piezoelectric transducer. The preferred
drive signal to the transducer should be one that comprises a waveform that has a
fundamental frequency equal to the primary resonance frequency of the transducer
and, in addition, significant energy at harmonics of the fundamental frequency.
Secondary resonant frequencies of the transducer are excited by the harmonics
of the drive signal resulting in a more complex motion of the transducer face. The
transducer face moves similar to the vibrating surface of a drum. This includes a
considerable number of modes of vibration. The more complex movement of the
transducer face causes the contact area between the engaging surface of the blister
pack or other flat bottom container and the transducer face to be reduced, and in turn,

the friction between the two surfaces also is reduced. This occurs primarily because
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The present invention provides an inprovenent over the
prior art devices such as di scussed above by providing

wa@pownheber havi ng a piezoel ectric transducer POF/US2009/035305

aerosol i zing nedi canment contained in a blister pack or
ot her flat bottom container, wherein the drive signa
to the transducer has a waveformthat excites both a
primary and a secondary resonant frequency of the
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act uatothe ﬁq&l&@m} eé%r%paarﬁ éence 1S ma e to th accompanying drgwings,

which form a part hereof, and in which is shown, by way of illustration, various
embodiments of the present invention. It is understood that other embodiments may
be utilized and changes may be made without departing from the scope of the present
invention.

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

or the like. The piezoelectric transducer is activated by a drive signal which excites
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with the present invention; FIG 2 is a graph show ng
the waveform of a drive signal for a piezoelectric
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FIG 3 is a graph showi ng the harnonic energy of the
pi ezoel ectric transducer generated by the waveform
shown in FIG 1; FIG 4 is a graph show ng the
adm ttance of a piezoelectric transducer at various
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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 above in a
25  piezoelectric transducer used in a dry powder inhaler by the assignee company. The
26 piezo-electric transducer (FIG. 1) is a purpose designed transducer comprising an
27  aluminum 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 a 0.25 mm thick piezoelectric disc 22 that in turn is attached to
29  the flat surface of a cap 24 that is press-fitted into and that closes the cylinder 20. A
30  positive lead wire 26 is soldered to the inside surface of the piezoelectric disc 22 and
31 is adhered to the interior wall surface of the cap 24 using a silicone adhesive to
32 provide strain relief. A negative lead wire 28 is attached to the aluminum cylinder 20.
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and not follow the conplexity of its deformati on due
to the conplex novenent. This enables relative notion

whedsaeret he bl i ster bottom and t he transducer PEEHURS009035305

the radial direction, sonething that we have found

necessary because of the changing radial dinension of

the transducer face as it vibrates due to the

el asticity of the material conprising the transducer

face, pgyichis glhaghl V@erﬁmbénbgg of i€ voéwé%m; gmnﬁpm@ Ofs

the transdu g e not to be bound
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resonance
transfer during a cycle.

Other waveforms may also be used. The primary requirement is that the drive
waveform produce sufficient harmonic energy such that a secondary resonant
frequency of the piezoelectric transducer is excited whereby a mechanical oscillation
at the secondary resonance occur. It also is possible to generate a waveform
comprising two sinusoidal signals at two different frequencies corresponding to the

primary and a secondary resonance frequency of the transducer. Any signal that has
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frequencies. In our observations, we found that the
af oresai d piezoelectric transducer was greatly excited

w@r0028512kHz, whi ch corresponds to the 8th har mpei/vSmn9/035305

the drive waveform O her transducers, however, nay
resonate strongly near other harnonics (2n, 41 , 6 ,
etc.) of the drive waveform thereby performng in a
manner simlar to that found with the exanple

thARRHUGR ey ot BORREAH DAy aRME s@¥RBF BRAkIRe MY &ncy such that
consi stently found that a drive signal with a _high
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icnGH& t Derdr6@Mhet R6pd sfansduaion a&f doemidnbel ®rvenigyted bxdepteas
i.nductor has been transferred to the transducer,

tiFf sy i RPsgd S 1RE Sraxi num energy transfer during a
cycle. O her waveforns may al so be used. The primary
requirenent is that the drive waveform produce
sufficient harnonic energy such that a secondary
resonant frequency of the piezoelectric transducer is
exci ted whereby a nechanical oscillation at the
secondary resonance occur. It also is possible to
generate a waveform conprising two sinusoidal signals
at two different frequencies corresponding to the
primary and a secondary resonance frequency of the
transducer. Any signal that hassufficient energy at
both the primary and a secondary resonance frequency
such that significant mechani cal notion of the
transducer face is created at both frequencies creates
the notion of the piezoelectric transducer face that
has the desired effect of mnimzing the friction

bet ween the transducer face and the blister bottom It
shoul d be enphasi zed that the above-descri bed

enbodi nents of the present
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devi ce and process, particularly, and "preferred"
enbodi nents, are nerely possible exanpl es of

w0 pgvanmenst ati ons and nerely set forth for a clP&r/uUsS2009/035305

under st andi ng of the principles of the invention. Mny
di fferent enbodi nents of the invention described
herein may be desi gned and/or fabricated w thout
departing fromthe spirit and scope of the invention.
Al alvigse and ot her such nodifications and variations
are rntended to be included herein within the scope of
this di sclihas lllfﬁléil%iﬁ@l“@ﬂ oieeestesticypnsciecrias b VEV#Lpiga 1elioRS
f [ d
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transducer el u g'ng pr Ing a signal to the
transducéfmmnmhmdmﬁﬂmmndswhhhanhmmgwlshGWHﬁ@nmbompnsmgtwo
tskngls,] %auglénalg %t &wg t yeﬁlréegléfég g%tresfg ;ngg% 2% p?xgsa WA r%sonant frequency
hh@qmeanmdm&r&hmmtﬁam&duper 2 . The net hod of claim

o1 g aatPeergidl € Gm g B RrLEST et Bnti R 1 o

tnitdichmeMRbYtaines Onablistd: paguency and the secondary

resonant equenc 3. Th f cl aim
et Bans SOG40  BraBr uaIor REERHE SR, pock and he

¢QRddatdade ionh@oRhliaBib®yis RAsikized. The nmethod of claim 3,
wherein friction between the blister pack and the

t r ansélucerhedughqdy fichem dswherpigithegpedicagicnt s divzravdes

The ngt hogeQfietifd M 3"‘@/9&@1‘1}%4rﬁ@dnéﬁ%@hﬁ@mﬁaﬁld' s adry
powder. 6. The method of claim 3, wherein the

medi canenkheimetzod ofginin 1. whergindhafenpdigergpsoapias #han nth
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its primary resonance frequencies, ereinnis a
Wiool tbe pwnbernsstheet 2d. 6 rahd.t he group consisting of 2,

4, 6 §nd z§ cm§ut A &‘IJI\{]I%JA éle%cﬁ—:fecg{c t%hgagcﬁllpéxgég?%rg%glké‘s a

transducer 'in an ses a
mbdumanmmhwdmmhanWGMamubmbamﬁmhwhymnMMDmﬁﬂhcﬁmmpfmethe

R T e e
MSrepﬁMB posatRPbply, dibdedigdudtdidaelcdscirodnewidhect camneged in
Eemeg Ctpe S]igzeoe egtrglncetgatnse ucérnls connected across the switch, and wherein the
switch opens and closes at the lowest resonance frequency of the piezoelectric
transducer.

9. The circuit of claim 8, wherein the electronic switch is comprised of at
least one transistor.

10. The circuit of claim 9, wherein the electronic switch is comprised of two
field effect transistors that open and close at the primary resonance frequency of the
piezoelectric transducer.

11.  The circuit of claim 9, wherein the inductor is sized to dump

substantially all of its energy into the transducer when the switch is open.

10
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series, the piezoelectric transducer is connected
across the switch, and wherein the switch opens and

waeh@sasi2at the | owest resonance frequency of tPE€T/US2009/035305

pi ezoel ectric transducer. 9 . The circuit of claim8,
wherein the electronic switch is conprised of at |east
one transistor. 10. The circuit of claim9, wherein
the electronic switch is conprised of two field effect
transi;st of &iRak 09991% @%ei“él@ﬁl@ cAduit REyRE bMEMtial encrgy at
resonance frequency of the piezoelectric transducer.
Tarmorties af itfredaivest efsorsinafrerugneydhearansduser and duleisvend s

Q f Lant; ¥q@le) of its energy into the
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