VI BRATI ON SYSTEMS AND METHODS CROSS- REFERENCE TO RELATED APPLI CATI ONS

[ 0001] This application clainms the benefit of U S. Provisional Application
No. 60/684,720, filed May 25, 2005, entitled "Aerosolizer System Wth
Reusabl e Conponents And Methods 5 For Malting," the conplete disclosure of
which is herein incorporated by reference. BACKGROUND OF THE | NVENTI ON
100021 This invention relates generally to a vibration systemthat
efficiently transfers radial vibration froma vibration-inducing nmenber to

produce axial vibrat W ugh a support nenber
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pi ezoel ectric transducer in the formof a ring are well-known in the art.
For exanple, in Maehara U . S. Pat. No. 4,605,167, a vibratable plate having
at | east one nozzl e opemagrtReNgyd grsTeecuedthiona rigid housing and a
plezoelectrlc ling is secured to the vibratable plate for inducing therein
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vibratable plate is directl onded to the piezoelectric ring and covers
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conpon t .be carefull aI| ned conce ically with each 30 ot her when
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over t he thafpaniongrihg aﬁah&llﬂdn@%@d @elaftl Cof &daghpic, in Machara U.S. Pat. No.

4,605,167, a vibratable plate having at least one nozzle opening therein is secured to a rigid
housing and a piezoelectric ring is secured to the vibratable plate for inducing therein a

20 displacement to discharge a small quantity of liquid through the nozzle opening. In other
devices described in the art, a circular vibratable plate is directly bonded to the piezoeleciric
ring and covers the central opening in the piezoelectric ring; for example, as deseribed in
Toda U.S. Pat. No. 5,297,734, As other examples, Humberstone et al 1.S. Pat. No.
5,518,179, Ross et al U.S. Pat. No. 5,261,601 and Davison et al U.S. Pat. No. 6,062,212

25 describe vibrating devices wherein a circular vibratable plate is mounted over the central
opening of a thin annular member, or "washer", which is bonded to a piezoelectric ring.
When actuated, the piezoelectric ring vibrates radially to cause the washer to operate in a
"bending mode" that vibrates the vibratable plate in the axial direction. When these types of
devices are manufactured the components must be carefully aligned concentrically with each

30 other when the vibratable plate is attached to the washer and the washer is positioned over the

opening m the piezoelectric ring.



1 [0004] Installing an ultrasonic transducer directly onto a rigid frame or
housi ng, such as taught by Maehara, is also problenmatic. The reason is
that the entire body of the transducer vibrates, with some portions
vibrating at a small anplitude and sone portions vibrating at an anplified
anplitude. Wen the transducer is installed on the rigid fixture, the
oscillation 5 anplitude is reduced. Another problemwth prior art
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[0006] Generally, in a piezoelectric transducer that operates in a fluid medium, such as
those used in aerosolizers, there is a need to separate the piezoelectric element from the
vibratable element so that the vibratable element can be submerged in liquid and the
piczoelectric element can be electrically insulated from the liquid. In some cases, such

25 insulation may be provided by encasing the piezoelectric element with elastomer material.
Such material, while providing electrical insulation, also has energy-absorbing characteristics
that dampen the oscillation amplitude of the piezoelectric transducer and therefore has an

adverse effect of the efficiency of the device.

[0007] There are currently a wide variety of acrosolizers and nebulizers. Of particular
30 inferest are those which vibrate an aperture plate or other element to produce the aerosol.

Examples of some of these acrosolizers are described in U.S. Patent Nos. 5,169,740,

5,938,117, 6,540,154, 5,586,550, 5,750,647, 6,467,476, 6,014,970, 6,755,189, 6,814,071,



30 interest are those which vibrate an aperture plate or other elenent to
produce the aerosol. Exanples of sone of these aerosolizers are descri bed
in US. Patent Nos. 5,169,740, 5,938,117, 6,540, 154, 5, 586,550, 5, 750, 647,
6, 467, 476, 6,014,970, 6, 755,189, 6,814,071, 2 6,554, 201, 6, 732,944,

6, 615, 824, 6, 845,770, and 6, 851, 626, each of which is incorporated herein
by reference in its entirety. One issue with aerosolizers (especially those
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coupled to the tubul ar nenber. The vibratable plate nay be concentrically
may be reused for other applications. In addition, other arr angemcms of the present invention
20  effectively isolate the vibration-inducing member from contact with liquids and is therefore
particularly adapted for operation in a fluid medivm, ¢.g. in an acrosolizer enviromment. Still
further, the present invention provides a method for self-aligning the components of a
vibration system comprising a piezoelectric ring and a circular vibratable plate so as make

manufacture of the system simple and inexpensive.

25 [0009] Inone or more embodiments, the vibration system of the present invention
comprises a thin circular vibratable plate, a tubular member holding the vibratable plate and a
piezoelectric ring coupled to the tubular member. The vibratable plate may be concentrically
disposed within the lumen of a thin-walled tubular member; and a piezoelectric ring may be
concentrically positioned about the outer circumference of the tubular member at the location

30 of the vibratable plate. The piezoeleciric ring is expandable and contractable in the radial
direction, which in turn causes the walls of the tubular member to expand and contract in the
radial direction. This movement of the tubular member walls expands and contracts the outer

circumference of the plate causing its middle region to oscillate (i.e. vibrate) in the axial



di sposed within the lumen of a thin-walled tubular nmenber; and a

pi ezoel ectric ring may be concentrically positioned about the outer
circunference of the tubular nenber at the |ocation 30 of the vibratable
pl ate. The piezoelectric ring is expandable and contractable in the radial
direction, which in turn causes the walls of the tubular nenber to expand
and contract in the radial direction. This novenent of the tubular nenber
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20  permanently bonded to the tubular member to form an integral unit.

[0012] In one embodiment, a tubular member containing an aperture plate may be operably
coupled to a reservoir of liquid, or the reservoir may be an integral part of the tubular
member, so that liquid is supplied to the aperture plate within the tubular member. In this
way, when the aperture plate is vibrated in accordance with the invention, liquid droplets are
25  ejected from the aperture plate in the form of an acrosol. Optionally, a ring may be disposed
aboul the outer periphery of the piezoclectric ring to assist in vibrating the aperture plate at its
resonant frequency. In embodiments wherein the tubular member and the piezoelectric ring
are not integrated with the reservoir, O-rings or other seals may be provided between the
reservoir and the tubular member to serve as liquid-tight seals that prevent contamination of
30 the piezoelectric ring, and also provide damping the piezoelectric ring and the aerosolizer

housing, thereby increasing the efficiency of the system. In another embodiment, the tubular



way, when the aperture plate is vibrated in accordance with the invention,
liquid droplets are 25 ejected fromthe aperture plate in the formof an
aerosol. Optionally, a ring my be disposed about the outer periphery of
the piezoelectric ring to assist in vibrating the aperture plate at its
resonant frequency. In enbodi nents wherein the tubular nmenber and the

pi ezoel ectric ring are not integrated with the reservoir, Orings or other
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an "interference fit") with a discharge opening of the reservoir. [00131
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[ 0015] Exanples of products that” may enploy the vibration system of the
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devices that utilize uftrasonic wave transmssion in
system.
[06015] Examples of products that may employ the vibration system of the present invention
20 include ventilators, continuous positive airway pressure {CPAP) systems, hand-held
nebulizers and the like, as well as devices that utilize uktrasonic wave fransmission in a fluid
medium, such as, for example, various sonar devices. As one example, a ventilator circuit
may comprise a length of tubing, and the vibration systern of the present invention may be
operably coupled to the tubing to introduce aerosol generated by the vibration system mto the
25 ventilator circuit. As another example, an aerosolizer may be constructed of a housing
having a mouthpiece and the vibration system of the invention may be disposed in the
housing so that liquid droplets produced by the vibrating aperture plate are ejected through

the mouthpiece and into the respiratory system of the user.

[0016] One embodiment of the invention provides an exemplary method for making a
30 vibration system comprising the steps of inserfing a vibratable plate into a support structure

that surrounds the plate; surrounding the support structure including vibratable plate with a



medi um such as, for exanple, various sonar devices. As one exanple, a
ventilator circuit nay conprise a |ength of tubing, and the vibration
system of the present invention nay be operably coupled to the tubing to

i ntroduce aerosol generated by the vibration systeminto the 25 ventil ator
circuit. As another exanple, an aerosolizer may be constructed of a housing
havi ng a nnuthpiece and the vibration systenlof t he invention may be
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radial | o @HindthiMahkRber thitgs Vidzalel MexpstSin@nIRARAR A0 RAU6S: 1 adi al
expansi on and contraction against the support nenber that causes axial

vi br at i ehvisratipréndppiye sreanice ipiraduse rqdod gganpian arbttdrcEmpsanieht , a met hod
of t reaslﬁi)ﬂgt BBl LR CaksSs REAWIGESm d’fﬁﬂﬁé:hblﬁﬁmrﬂ?ﬁgs the steps of providing

a vibrat system conprising a circular vi brat abl e aperture plate

[0019] In another embodiment, a method of treating a patient is provided, which comprises
the steps of providing a vibration system comprising a circular vibratable aperture plate

20 having an outer circurnference, a tubular member concentrically disposed about the outer
circumference of the vibratable plate, wherein the tubular member has an outer
circumference, and an annular vibration-inducing member concentirically disposed about the
outer circumference of the tubular member, wherein the vibration-inducing member is
radially expandable and coniractable to cause the aperture plate to vibrate in the axial

25 direction; supplying a liquid medicament to the aperture plate via the tabular member;
actuating the vibration-inducing member to vibrate the aperture plate and aerosolize the

liquid medicament; and supplying the aerosol to a patient’s respiratory system.

BRIEF DESCRIPTION OF THE DRAWINGS
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20 having an outer circunference, a tubular nmenber concentrically disposed
about the outer circunference of the vibratable plate, wherein the tubular
menber has an outer circunference, and an annul ar vibration-inducing
menber concentrically di sposed about the outer circunference of the

t ubul ar nenber, wherein the vibration-inducing nenber is radially
expandabl e and contrastable to cause the aperture plate to vibrate in the

axi al ture plate via
het ubtr) " e e THBR Ao RRs T pratl s TP A b g B0 L Vi Br ot e th
apert urgvepliét.e and aerosolize the I|qU|d medi canment ; and suppl yi ng the
aerosol to a patient's respiratory system BRIEF DESCRIPTICN OFT HE

DRAW N2 130 16, b ngggﬂrnﬁ'cﬁﬁm sb@iopfld/idvPo AheaRX%RbIed ol rRhSPREE bYRigyilews of a
vibration Systémof the invention. [00211 Fig. 2 is a partial

cross- seéitbonal view of the assenbled vibration systemof Figs. 1 a and

| b. 5 [0022] Figs. 3a and 3b are cross-sectional side views of the

vi bsat i[oo22$ y StignB0dndRibgire @oss-{0033] sifd gewslef the vibrativnsysigref Fignal si de vi ew
of one enbodi nent of an aerosolizer according to the invention. [0024]
Fig. 4119&3@]611@@4&&@& cr64:sQ8&BELdiiOviak oY bientodinhet ataroanddorsn asdooiimg i n Fi g.
4a. [0025]. Fi 4c is a perspective view of the aerosolizer shown in Fig.
4a. 10tf§32@Tngwb 4d is a cross-sectional side view of another enbodi nent
of an aerosolizer according to the invention. [0027] 5a is a

per spedf9é J3&WW®$aa%@@wﬁﬁ&éﬁ%@dﬂﬂﬁﬁﬁoﬁ$eﬂﬂvﬁBﬁ%ﬁ1@%n§y§€éﬁ1accordlng to
the invention. [0028] Fig. 5b is a partial cross-sectional view of the

vi br at i[0823 y Stigrcshopmspiertivei gew Bhtht BapgdizeshFivy in Bigi 42.a per specti ve vi ew of
anot her enbodi ment of a vibration systemaccording to the invention.

[ 00301 {Boxp] 7Hgidg i@a aeﬁﬁ-pﬁmﬂavadwhewo(ﬁiama}mtehﬁbdimmﬁ ameatos@fzean

aerosoli zer acc%rding the invention. [00311 Fig. 7b is a

Cross- §€8Ppﬁﬁ§Tt§PH@IW¥bM/of the aerosolizer of Fig. 7a.

[0027] Fig. 5ais a perspective view of another embodiment of a vibration system according

to the invention.
[0028] Fig. 5b is a partial cross-sectional view of the vibration system shown in Fig. 5a

15 {0029] Fig. 6 is a perspective view of another embodiment of a vibration system according

ip the invention.

[0030} Fig. 7a is a perspective view of another embodiment of an aerosolizer according to

the invention.
[0031] Fig. 7b is a cross-sectional side view of the acrosolizer of I'ig. 7a.

20 [0032] Fig. 8 is a cross-sectional side view of another embodiment of an aerosolizer system

according (o the mvention.

DETAILED DESCRIPTION OF THE INVENTION
[0033] All publications, patents and patent applications cited herein, whether supra or
25  infia, are hereby incorporated by reference in their entirety to the same exient as 1f each
individaal publication, patent or patent application was specifically and individuaily indicated

to be incorporated by reference.



20 [00321 Fig. 8 is a cross-sectional side view of another enbodi nent of an
aerosolizer system according to the invention. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON [ 0033] All publications, patents and patent applications cited
herein, whether supra or 25 it f ra, are hereby incorporated by reference
in their entirety to the sane extent as if each individual publication,
patent or patent application was specifically and individually indicated

to be I pOI'E ngtqaetﬂy)igﬁ ) a?ragﬂ&ﬁ uaghé:[f sg:fg%ﬁ]:atioﬁ aﬁ&'ﬁlte a.Pﬁen'a % %gxf_\ hﬁ{fe .\ as" used in

this sdeC| I cation an ofns "a," "an"
and "tmaﬁmkm@hudé&fhafhmwﬁmﬁ’mnhéséwmheﬂamhﬁembcmﬁeﬁmkyﬂﬁﬁm&@ﬁes

othermﬁ 035] Ref erence herein to "one enbodi nent”, "one version" or
"one a shall include 5 one or nore such enbodi nments, versions or

aspects, unless otherwse clear fromthe context. [0036], 0 or nore
embodi RPN, Referenqedierty (9 ous apRadiBentt NBnGYBEFh 7| ‘AATPS ShéB#tf?‘id&es a

vi braat apl.e, RloAt Sch BmBIHIReLE, VRIS by z%&zlécrté)‘!iﬁ@bsr@hérﬂ%e\élem@élﬁ@l@&:oﬂ{eﬁi e, and a
vi bration-induci ng nenber surroundi ng the support member, wherein the

vib r ati [8{55?16'4 nd]ﬂ%'ng g]t Illgl%ggf%gdl!ﬂ%n&‘ Otﬂg 'v%?%f%gr gsg erh @fifh@llpae%ﬁelﬁ plq)nand contract

agai nst SO as fo uce ax atlon of the
vi br at a:loh@npd:sat‘abmfﬁbb pladd, lacubpog noket e Isladomtémgrﬂnqj\tlbiawbiesﬂﬁ%lae@tled to one

SR TR s A T B g

circul ar ar ¢éross-secti
menber (meathbardy ¢mdibured td rapeleekpand amnt @nisbhit agamsh: eecupeur memkmrtso at a)bl e plate

IS dlspos d, an he v a n- [ nduci nul ar di havi ng a
cent% alP™g ﬁlaﬁlﬁ{j‘“ﬁ’m@“ ?fb%‘l” E’%Eﬁl@b}e@éﬁq?ﬁe ]}ﬁ? ﬁglo“’ r’rgtdgﬁ\%ﬁ?g‘??c?%éo 1151%%16%0?0% menber
15 i s dbspeprredewsy@ment df tisdiguddiob &hkRaehs tzmdabumhtenmrmmem ion is not
limted to this, enbodj nent. £0037 The tubul ar qg nuf act ur ed
from a SUBPFDEFHRIES P SEHAT CFASE-8FCloP-¢ 8- ad “écmb§f(87( dé‘% OéfaBE‘I ¢ pref erably

grades Igt%ab/ln@lo@le@frolﬂi@ibldtﬁi)i%?\ﬂl‘tdimd dssea fdASvivahsemmhangembal kay (e. g.
Hastel l oy(D C276). The tubu Preferabl has relatlvel% 20 thin

wal | s tangblapdinc b ing & eakilpepying del @@9@9 BYicrhe Ploeryet BECFRROPPAE | n one

enmbpdi W?@ispogeheﬂotv@!ré%km&%ﬁqua‘e u‘hﬁ&st\é@ll It @f nhvRgidnubybamirmbess is in the
range of 0.1mm 5nun, preferably about 0.25mm In one enbodi nent, the

tubulaﬂmﬁﬁﬁﬁé@ﬂnay have a shel f structure di sposed

{0037]© The tubular member may be manufactured from a corrosion-resistant metal, for
example, stainless steel (preferably grades 316, 303 or 416), titanium, or a C-276
chrome/nickel alloy (e.g. Hastelloy® C-276). The tubular member preferably has relatively
20 thin walls that can be effectively deflected by the piezoelectric ring. In one embodiment, the
thickness of the walls of the tubular member is in the range of 0. 1mm to 0.5mm, preferably
about 0.25mm. In one embodiment, the tubular member may have a shelf structure disposed
around its inner surface to which the periphery of the vibratable plate may be bonded so that

it extends across the infernal lumen of the tubular member perpendicular to its central axis.

25 [0038] Various piezoelectric rings known in the art may be suitable for use as the annular
vibration-inducing member of the present invention. In one embodiment, the piezoelectric
ring may comprise any material exhibiting piezoeleciric properties, for example, a
piezoelectric ceramic material such as lead zirconate titanate (PZT) or lead metaniobate (PN)
and may take the shape of a disc of substantially constant thickness with a central hole. Such

30 piezoelectric rings are commercially available, e.g. from American Piezo Ceramics, Inc.
(APC), Mackeyville, Pennsylvania, and from Morgan Electro Ceramics (MEC), Fairfield,

New Jersey. The piezoclectric ring may be supplied with an alternating electric current at the



around its inner surface to which the periphery of the vibratable plate may
be bonded so that it extends across the internal |unmen of the tubul ar
menber perpendicular to its central axis. 25 [0038] Various piezoelectric
rings known in the art may he suitable for use as the annul ar

vi bration-induci ng nenber of the present invention. In one enbodinment:, the
pi ezoelectric ring may conprise any material exhibiting piezoelectric
properties, for exanple, a piezoelectric ceramc material such as |ead

zi r conatlected fregvaney T@zFponer o REPIRPEL LICPITORFCIIE HAE 8Y PEake the shape
of a d'e%%u-ﬁhg%&ﬁémmurys 16 QRS AN fhi GkRasImMEERRiE aRlckaty ol e. Such 30
pi ezoelectric rings are comercially available, e.g. fromAnerican Piezo
Cer ani espirdlgie. vibraideo)f thovpickaslepiricirag. Pennsyl vani a, and from Mrgan Bl ectro
Ceramics (MEC), Fairfield, New jersey. The piezoelectric ring may be

suppl i goh3m t hn acvoalahes wialt ihe gnvehtat, thecutslar memmtbeats posiogedswitae thedefitequency

froma power urce; for exanple, the.piezoelectric ri.
el o6t r NG LERHEEeE Tty Rl iaghiaRaBy BRI bk S T 2R e
el ect r QBhssllen SRR ring @RS ald@nithdi Atthomded dheopagisetiect ri c ring.

00391 | ith the | ti, he tubyl mber..i s positioned
wi L hi n e oL EAYer MOBbBR A LB HPBLSAIGEEr (TG R L 04t o by

the al ternat bAgs 8lpacdsdnd dbnifdoRlklspdihady bhte varatabielplds, thetdbe fpic@zaed ectric
ring expands and contracts in_the radial direction against the walls of

t ubul arcentgntféhe vilratahis nlpleimpsciflatsrin fiivevcipl BieIaB1 - 1 P WPRI SOWBvenent  of
the,fu %“grﬂbﬁ %H’lﬁea{xﬁvﬁlﬂ SubiRaRgSH RANA HEARWIRChiszdeRirRe oA Ys00f T he

Vi brat ate, thereby forcing the center of the vibratable plate to
osci | | afigaiern theexiakiiadetich petmiongats a Fanwverspevéc praand g 2¢d! al ong the
central axk s, of (LDGitubyl tﬁé v'%?a%%piat@%% ?&%Qﬁhlmﬁmﬂbé.z QEIRGEL el | NG MRY
also VIBrate in the axial direction and may create a transverse surface
wave, ompspodienrefdbaicting Ghatipromodans timaingtai padkeffipient esiigr et abl e pl ate by
the tubyl ar menber. |1n, thi g td QRE o £BPhLkGE T NG
vibratﬁ%ﬁgﬁﬁg§§”¥§°§F¥%?ﬁg'gygéﬁ%ﬁg???%ﬁ@%%&??gﬁgﬁgﬁiQﬁ ofL el ectrical
energy iheenties hlanbitats thovieneioh syssenatdenmpititbdeidectThe piatbidyesish at He pr esent
15 invention also allows the vibration syst 088 SAifectly to a
rigid ﬁ?fm§58ﬂ“%§}¥ﬁgum? %ﬁﬁmd¥“5%ﬁgw%%%%ggéhaggggggﬁ%?g%sgﬁeﬁuIizer or
ot her dewvik@eio W shpebodyavibixgs hhalybdeadeitonends patisfi@nly onadber éndtr e body.
This is mainly because the

_ >cal ends of éhe.t bul ar ‘nﬁer'Qﬂo t vibrate and
t her ef oYi'éfaWa’Jg?Xf}éﬂ%‘éd“%Y&ei%ECP BT "'ﬂbb#lé’fliséﬁﬁens‘y% Eref e | gi d body.
[ 00401 The invention may be parti ularlxlusunl en the.tubqlar_nenber IS
enpl oy cl#04Q The invention may be particularly useful when the tubular member is eniployed to
20 hold an annular aperture plate or other structure having a plurality of apertures. When a

fiquid is applied to one side of the aperture plate through the tubular member and the

piezoelectric ring is actuated, the aperture plate oscillates in a manner that causes liquid

droplets to be ejected from the apertures. The resultant aerosol may then be dispensed out the

open end of the tubular member.

25 [0041] A particularly uscful type of aperture plate is one having tapered apertures that taper
from the surface contacting the liquid to the surface where the droplets are gjected. Also, In
some embeodiments, the aperture plate may be domed shaped, although the inveniion is not
limited to only such aperture plates. Preferred aperture plates may have a thickness in the
range of 20 to 100 microns. Examples of piezoelectric materials and aperture plates that may

30 be used with the invention are described in U.S. Patent Nos. 6,235,177 and 5,758,637,
incorporated herein by reference. In another embodiment, the piezoelectric ring may be

vibrated at a frequency in the range from about 20 Khz to about 500 Khz, for example, about

9



20 hol d an annul ar aperture plate or other structure having a plurality of
apertures. When a liquidis applied to one side of the aperture plate

t hrough the tubul ar nmenber and the piezoelectric ring is actuated, the
aperture plate oscillates in a manner that causes liquid droplets to be
ejected fromthe apertures. The resultant aerosol may then be di spensed out
the open end of the tubular nenber. 25 [0041) A particularly useful type

e L R LR N L

ej ect e@harMaSiicd, For S QB SRR AR WS abdIe 3 arlaenbtmfees Qiatte aiﬁmly 6 lpen, dotred
shaped, although the invention Is not J|im¢ted _to onl h aperture

pl at es hepigdamnpeke EFEPREAdE! prae wdhermpehBom AR R THis 1t?r S¥HE% range of 20

to 100 m crons. Exanples of piezoelectric nmaterials and aperture_pl ates
that m{tﬁ}ﬂﬁBD Befeusrarhon tolFighéa, inseafi o cabedigeste] thenrerent wvantionayiint  Nos.

errb di #érqgscng%d‘s JFI%hgg’gystetn{ p(?%n%q{sgst xggrat;é%fe%lﬂ li)yl h u?a[r% or Ldb ARot her

I'ézoe ricrin brate requency in the
range fplieamlaimwhngZI]Bl mmbuitammaimbutw%@s hGiter Ciromméfxcawpﬁ@@ arglroupne® 128 Khz.

I n anot her preferred, enbodi.nent ets v able for
use i ncnﬁ‘ﬁﬁ%r%&ee%r ghich %%Cﬂ’éaﬁg?%]le aﬁve:[%ﬁ L ¢ 11%M?r§’ﬁ‘1ﬁa ou% g'}ﬁlk”n onet ers
(PmM t @ thigetks i@ Han@om hb@ut 10l lquneb (Br&ymba‘haabbmIcemedlmenaofiabléau n the
range from about 5-20 mcraoli ter s/a ﬁﬁ : 41004 tlRef M L oW to Figs. 1
a, |b &anter [femunednRpREgT 110 E dppoe HEAC M5 e descri bed.

Vi bpat ispicts4t €Bank &@Qg@ﬁm@m&e ﬂfaﬁ%z@j%@ p@ﬂpaﬁ(ﬁmﬂi&ly fibmbibshear nmenber 102 and
pi ezoel ectric rl}(%}lOS Tubul ar 102 has_ an outer circunference 104

and an citAwBferenes FBurkdhehEen phBLURIERbEPEEhR oA RELGABERSEIRA y thin

cyl i ndni&ahn Wadween pgﬁlp%@qb$ Ynd B, PGezo@edthé ﬁﬁ%n%cdnﬁbr{shﬁad@mgﬁr dicosm about
0.1nnn to 0.5mMm | ow center &illumen tubul ar menber 102

ter mi nateselprriopeisindsvee carig 10y 1ef WihpesTIRfEhER HEPESIT B 6MA ng 10
struct yp g bl &QAEB{ﬂn%ﬁée ﬁ)4cdfru9ﬂlﬂ§5w[ﬂbglgﬁ)2t RabraRbRI [R5t 30 PeaRRNEi cul arly from

i nner circunterence l umen of tubul ar nmenber 102 at a

| ociat i o:npulplrcesﬂ@rfabgww e@enmrchmgd11m@w@nyil>w&w@e@ﬁt%meﬁwﬁdé0 106 and 107.

Pi ezoel ectric ring 103 conprises an annul ar disc of piezoelectric materi al
havi ng [aemntleondmbteodeﬂmakingvﬁ;xa@ion@ymdneﬂ@m@almqwbapiprltmbmatc@llywequal to

t he O-Ut éi h%!\}))govupglmu ’rm%Ld} 1é1g si ﬁlcmrcql[lgggbgﬁ E{Hfgﬁ%%)fl étgraﬂ}u?jg!uﬁlepl ate 101

conpri ange a thin circul ar
vi br at abkententer 0o I’dﬂd)@lfloﬂ 2idipBO4B]m bmisdne a.mbt(WodV ibfatavidaping 101 ramt i on
syst emt eon ber{;%;[lcaeln{i!cglhg H sposed wﬁ%mﬁé 1u%'noeg o?ﬁ%ular member 102 with the lower
20 surface of circular flange 109 positioned over the upper surface of mounting structure 111
and with the outer periphery of vibratable plate 101 abutting inner circumference 105, Outer
flange 109 of vibratable plate 101 may be sccured onto mounting structure 111 using a
suitable joining procedure, e.g. a metallurgical process such as brazing, welding, soldering or

the like, or a chemical bonding process such as adhesive bonding.

25 [0044] Inone preferred embodiment, a brazing ring of a suitable corrosion-resistant
brazing filler material, e.g. a mixture of 70% gold and 30% copper, may be placed between
the upper surface of mounting structure 111 and outer flange 109 of vibratable plate 101.
The entjre assembly of tubular member 102, vibratable plate 101 and brazing ring may be
held in place by a weight placed on top of vibratable plate 101. The assembly may be placed
30 in an oven and heated to a temperature sufficient to melt the brazing 1 and permanently join
the surfaces together in a conventional brazing procedure. In another embodiment, vibratable

plate 101 may be soldered onto mounting structure 111 using soldering materials, such as a

10



first be provided with nmounting structure 111 by bonding a ridge of netal
around inner circunference 105 at a | ocation equidistant fromends 106 and
107. Vibratable plate 101 nay then be concentrically disposed within the

| umen of tubular menber 102 with the | ower 20 surface of circular flange
109 positioned over the upper surface of nmounting structure 111 and with
the outer periphery of vibratable plate 101 abutting inner circunference

105. ! e%ilsi) (ﬁé\ﬁ%aljﬁgnal téa/%r %18 8}6‘3108'11%%%09‘ }96 uiie pfethé gs(s\éﬁlﬁga tlgtbg mount i ng

struct rocedure, i cal

pr ocesexpoket tagcidit pizdnngeenti@l gdicp g,auml d@md‘l’igm ennboddmenﬂ, Vllbﬁi,tabdn’ piatedhe m cal
bondi ng process such as adhesi ve b? ding 0044 (%n one preferred
enbodi FEtbe SSOBPRAAFOPIHG SERCEre il XYt "SBIB? POEFOR WS st ant  brazi ng
filler naterral e.g. a mxture of 70% gold and 30% copper, may be pl aced
bet wee {0043he Qrpfpe'rbleﬁhlr pleis 161 issawed Agostihulvpgh of 1oulanmambet W2, £ | ange 109

w R a@ﬁ&' el ?ggz 319#@ EEnEMithE: c%ﬁr%ﬁ‘iﬁ?é Y{)Soctfprléﬂ'géllaﬁﬁc Hﬁg’@@s’ 1;102

e plate Brazing ring my be place”by a wei ght
pl aced con empdlcfenfvmbulat mbllneelploétimﬁ@]piaﬁfﬂre’k @@g“en@tﬂll%ﬁ hﬁde tq@elaprr@a@@ 30 in an

oven a %g P@fa:r% and p1 0&8&}% Tl %%fmggﬁléhcd 1@1%11\1519@ W m},ﬁ‘@u ex%éﬂ%z and

per mane it conventional brazi
pr ocedutel p1bmeam@ichez|g 1®Brbmd:mummhp omeb maiuaifbrencepl()ataea m@anqm;n ebldy s oI der ed

onto nounting.stru e.1l1 sin g terr h as a 10

Cin | efdREnegP hogt%rrﬁ%‘r‘rna(r 1L 8\/@%@“" SE R R aﬁe et B abl e 1

t hejpas seathyeréie 1 05 @Hubxﬁarrp@aﬁm 102.a0u@t arqnhﬁrrameﬂn pﬁmlbu]rar gpmbati0dns. I n
anot her enbodi vi br at a at e, 10 secured o unting
struct @ C?Eﬂ“ggmﬁ? R itk q’t?? f 8&’“?%@‘? Cgﬁl“{‘f 489 BfL R Q‘?’%P 4tabl e plate
101 i s g@ahrese AGTIasSitinRe shiﬂé’@@héﬁhd hdHkiva br oﬁﬁﬂiheﬁunl:ﬁ@c ofcitcubdratcemenber 102
may be posrtloned wthin center

ol e 108 of 4ﬁ}‘gﬁ ic.ring 103. In one
enbodi n@d@nd ciigimigensreifepd sameths A HESHEE- S £t (iF AURRE UG dis
t ubul arqllgﬁm@'ba})aﬂag%f 'éi?:ﬁ,!&’ﬂ& irafdg iRk @fb@a@ioﬁ@oiﬂ Ge bie@@ié@@% ﬂ'ﬁﬁgyldQQoS| id
| engt hw se down tubul ar menber 102 until piezoel ectric ri ngﬁlQS surrounds

t helSouttalpula lrl?ﬂ]‘?ﬁé%n‘é@%h1‘5@“)&”136‘&5‘%5iv(9ﬁ”%441@é’f’ e medglysed 5 %y to the
locat i anQLtngFMQédhﬁg) ogt{tﬁéﬁﬁg}ge?ccgfr%]m%nfjp Vibdt 8b afph @GR PaseadOd Lmcimer 10

circunference 105 of” tubul ar . Quter circunference 104 of tubul ar
nmenber ud@atedpdsied of vilvdtionethises mqtzmérlblééwaér afhgpige.1 blpst srugiuey adicedet i ¢ ring

103 MaYig SRR ¢ E%(}?ﬁm qnociu%%f%%@her@rg e ﬂ@t@ﬂﬁ' \;Vhllagn?ay%@'dpﬁﬁl’?%ﬁd quid

adhesi ve arou uncture of ci I’CU erence and ci rcunference 112
and curandghcptﬂéba@ihe‘b,he\f@ theprgseriviny btigv 1f ¢ugerd to amgxrgr@ﬂﬁ@g thpbstif§wep. As

20 examples of suitable adhesives, mention may be made of various epoxy and anaerobic

adhesives, such as commercially available UV-cured epoxy adhesives sold under the

trademark Loctite,

[0046] As previously described, piezoelectric ring 103 is configured to radially expand and
contract when alternating eleciric fields are communicated to it via electric lines. For

25 example, as illustrated in Fig. 3a, piezoclectric ring 103 contracts radially towards its center
opening {direction D) when actuated by a first electric field. This radial contraction causes
piezoelectric ring 103 to push inward along outer circumnference 104 of tubular member 102
in the vicinity of mounting structure 111 and thereby pinch the wall of tubulay member 102.
The censtriction of tubular member 102 causes flange 109 to also constrict radially and, as a

30 result, the center portion 110 of vibratable plate 101 moves axially in direction A. When
actuated by a second electric field, as shown in Fig. 3b, piezoelectric ring 103 expands
radially away from its center opening (direction "), thereby releasing the inward pressure

along circumference 104 of tubular member 102. This release of pressure allows flange 109

11



shoul d be capable of efficiently transferring vibration fromthe

pi ezoel ectric ring 103 to 15 tubul ar nenber 102. Although ideally the
adhesi ve woul d have the nodulus of elasticity ("Young's Mdulus") of the
pi ezoelectric ring, i.e. about 60 GPa (G ga Pascal), to achieve the
ultimate transfer of vibration, this is not possible for any adhesive. Mst
structural adhesives (such as epoxy) have a nodul us of elasticity of

plasti¢c mate 0 sui.t.ahl e for the
Py esento TRVGHERBHA YRgtria s aanrtn ARyt RolBRy i mdle ShAY S amp cs
of sui yapbdtienadhe s Uﬂ@nalrﬁemtwmrﬂmuh@ amdﬁumg the alecoisSickls pxoduagschnanaer obi ¢
adhesi ves, such as conmerci al | ai | abl ure hesi.ves sold
under PHfailatiop AybTREPR) Qfﬁﬁ%‘?rtpéltl%ﬂgéé)ﬁ%nﬁ}eéw ﬁﬁ’éﬁ OHB %(}lgﬁgs %¥ zoel ectric
ring 103 is configured to radially expand and contract when alternating

el ect r 1Q04F] eldramieusbioneniionedatheditration syviear Athsaipsent inyspden isFor 25 exanpl e,
as gl gﬁl&ﬁgﬁgu%e@ul%lgamcﬁghza%g@ecﬁﬁ d 14£ 45'39@4 1081004 RedRnisadhal |y

towards its center opening when actuated by a first electric
field. sitans (refedied to h@mnma@texo@wlma@@aw mp@mlveﬁtmﬁ@drmw@e a8 pesPlsh

| nviar 4,800, oML e EUNTAERER 0o Bln LU AL PIRIRGS k04, tclahiBe Vicinity

of mouh i'ng sty ucturé &reb |nc menber 102.
The constipdmehi. dtefa&;ngmbwltfahgnwbabscﬂﬂﬁl @mmsctsllamgémwgg t’r@l aI so constrict
radi al

I ,..the cen rtlo 1 | ate
101 rrogé@a})ﬁg]ea{fwyﬂ?or\‘s‘&g @ ?I]dVbl tloW&%m At S ]ﬂaQ}fsﬂér%{éoﬁl %’tsﬁ%ec r Pc
; | gbd, tca;aplsébt@wmm nfengber ﬁidaz pzl@t(:ﬂm&'loaﬁ)ﬂgflfﬁ andl agelﬂzeeaﬁnmpand@f%armusamg 3(; away
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pr essuf@! CUPRIGE bfi%?lé’ﬁlﬁgg%(' gndigured jo Bﬁdtadﬁh‘t‘%ﬁﬁﬁé Hley& 1 %IIHF‘gcarnécfn ase of
pr essungd AkbhOus phiRnaes 4Q8e bivek alde@ma@dvomamza&rwnatm@ ﬁxﬂdisdhatgﬁelsaeoﬁ)ﬂt er
portion 110 of aperture plate 101 to Y alaI(L}%/ ]L“g to its
ori gi n&Ffigsgdivtayipdrcebyeisfial ﬁ;}gzéqepa@phtgn& %74( &t yc‘lflfha‘: rary &p? oduces an
osci | | aph@moliddh Ji@ltlls%ﬁce@tfmﬁl | §losQOAbNmd LOmPRINESRoIPSs @ABichk@ds shown

in Figs. 3a an [0047] previously nentioned, the vibration system
of ¥heHreedént | nvent| on is 5 particularly useful for aerosolizing Iiquids.
Figs. 4a, 4b and 4c illustrate an aerosolization system (referred to

her ei n ({481 adfibaitibi st U i aflaptelde be datelsbly wragstom wermsuans ¢Ab present
| YNt LAl thd [P AR of 6F 85 ARCRC ALY B¢ AhRuidR @ﬁtanm@a%h 10f sdcign Ff gures to

refer to t nmponent rring now to 43, aerosolizer 40
conpri $tém}ammubchd)%ahmge pdgclectiistrachEB) écxilg)vaewﬁgh@d$@ h@?l&@&fitdﬂﬂmw bration

syst em diz thgrge glbé 46}? gnd: wgh plzegoele\{{lgr ﬁ{[g A 0?3615&251%11 js?stem 10 being configured to

20 bepress fit with engagement tube 407. When assembled, the upper section of tubular
member 102 of piezoelectric ring 103 is fuily encompassed by discharge tube 404 and the top
surface of piezoelectric ring 103 abuts the lower end of discharge tube 404. This press fit
mating of tubular member 102 and discharge tube 404 forms a liquid-tight seal that prevents
liquid discharged from reservoir 402 into discharge fube 404 from coming in contact with

25  piezoelectric ring 103.

[0049] Lower housing 405 comprises receiving tube 411 defined by cylindrical walls 412,
annular flange 413 concentrically disposed around the base of receiving tube 411 and aerosol
chamber 414 defined by cylindrical walls 415. Lower housing 405 may be adapted to be
detachably engaged with vibration system 10 and upper housing 401, with the lower section
30 of tubular member 102 of vibration system 10 (i.e., that section of tubular member 102 below
piezoelectric ring 103) being configured to be press fit within receiving tube 411 and with

annular flange 413 being configured to be press fit within engagement tube 407. When
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10 conprises tubul ar nmenber 102, piezoelectric ring 103 and aperture plate
101. Upper housing 401 conprises reservoir 402 configured to hold a vol une
of liquid, e.g. aliquid nedicanment, and a conical portion 403 at the

| ower end of reservoir 402 termnating in discharge tube 404 defined by
cylindrical walls 406. Engagenent tube 407 defined by cylindrical walls 408
of upper housing 401 is concentrically di sposed around and conpletely

enconpasse i scharge .15 404, i n 10 .1.s. adapt ed
Co be’ dRTaTHabRS B s ar TR T Rero it AR b KB R ki 2CEPI OF
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t ube 40dectribhiusrentrbessirdsi4l6 andid 1 higero batteglosibagnothsnbeversoRcamgt diosehar ge t ube

404 for a.liqujd-ti seal -that. prevents. .l gui L. :
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411 def j ned cylindrical walls 412  anpul [l ange 413 ¢con rically

di sposetf 3 ?\%@%Ré’?ﬁggéﬁgfm?"&t& ?ﬂgﬁ%eni‘ei%gl%ﬁ%é? L{’ﬁ%u i Eﬁclﬁgf%%ler 414
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over SBEARbATEEe bF7 Tan GHeE ngsmHL %%@zf‘ﬁ?f“{ﬂ“ﬁpgﬂeé‘ﬁ?w@ﬁﬁ‘&% UPe. |t hat
sect i om@fing WOLARMARERRErichObnRel Wik theileraelarde dfpidzbdgtidH)g Tsi ng
configured to be press fit within receiving tube 411 and with annul ar

flange bed Bgk; GOk 946 BEaTPuRGIRE BFSmb be Wb HihpeNBAgERNERY, t ube 407.
When 12@%‘45‘%&&? the | owe?ﬁcsgc?)i on ofmt{/JbuI ar rregber a%02 P% fully
enconpagtewibyhe ghapiey inay bt uird. M1 centrd pPoionsl 18 nppad sy ars BRIRBFY i nt o
aer gsol ) i Oty P P St e, RNEAQBISALES ® 1 hRgedid3 abuts
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416 and 41% ?lfi‘%ér)n 3%{ 7 ejg}%ﬁ%ﬁﬁzgﬁ\g&g&m s%eur cl?r? néot sﬁm}\}n .16 °

radially expand and contract when actuated by alternating electric fields supplied by wires

416 and 417. In so doing, the wall of tubular member 102 also constricts and expands. In

20  this way, center portion 110 vibrates axially so as to ¢ject liquid droplets from its front side

and out the opening in aerosol chamber 414.

[0052] One advantage of using vibration system 10 is that aerosolizer 40 may be
constructed so that vibration system 10 is removable from upper housing 401 and lower
housing 405. In this way, vibration system 10 (which contains relatively expensive

25 piezoelectric ring 103} may be reused in other applications. Upper housing 401 and lower
housing 405, which may be able to be produced relatively inexpensively, may be discarded
after use. Another advantage of using vibration system 10 is that the ends of tubular member
102 may be connected directly to rigid bodies, such as wall 406 of upper housimg 401 and
wall 412 of lower housing 405, without affecting the oscillating amplitude of aperture plate

30 110. This enables aerosolizer 40 to more efficiently produce liquid droplets.

[0053] Referring now to Fig. 44, acrosolizer 40’ is similar to aerosolizer 40 and comprises

upper housing 401 containing reservoir 402’, detachable lower housing 405” containing
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Each of wires 416 and 417 nmay be shaped in a "c-clip" arrangenent and
respectively nestled into grooves 418 and 419 cut around the periphery of
wal I s 415 of upper housing 401. Termnal end 420 of wire 416 may enter
engagenent tube 407 through opening 422 in wall 10 415 and make el ectri cal
contact with the upper surface of piezoelectric ring 103. Term nal end 421
of wire 417 may enter engagenent tube 407 through hole 423 in wall 415 of

upper _nousi cﬂgmétglll% 0%15@?%8%%%% f@l wike E(ﬁﬁ]gris\% ﬁlﬂufapﬁeﬂngmr@ils urface of

pi ezoel ectric rin Center portion 110 of aperture plate 101
may be pdmale@hapagll@fﬂﬁ agtbmmwplatamm@wgmqmlﬂér Hovapyss thagotsizaded. Al so,

center ort| on Q rear side
(faC|né ¢ WPSE 6 ?1%g§¥ﬂ¥5n? Olflron sPd%Sheﬁéﬁkgggreh#%;@%{H%Qggmplaced in
a genapaid ya)yaﬁtmtncalo-aﬁgseemnaﬁam posttiendd teillch fapdetwees drewpper sé@Rnmay be
dellvered to and rest r side. of .center rtion 110, by force of
gr avi t oI ey gupuber H42c a‘ﬁr‘}ldh?fﬁ %1 §’4§6n‘§| s Inq% Wikl vmél}(dp 5 and

cont r acdea Wk ﬁiﬂm@@ﬁlﬂ@{r@@nﬁmq@idt Béh adskiRgir QDE’Cﬁd’nh Corftdxcﬁﬂn@ piegtgdbicathdy W res
416 and 417. In so doin the wal ] of tubular nenber, 102 al sp caonstricts

and exdé)ﬁdssmﬂﬁﬂz@ FiRg YW@P“W&P@W@P@W‘?N@{% BUEFLIUNY 5o as to

ej ect |i,G4k0ndhoRh €4 Snd tQRBNideSubd ANt oSloder hdBRgAUs” tbAgmOPRAIiMgghin aer osol
chanber 414. [00521 One advant age of using vibration system 10 js that
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fr O p?%%flv\gﬁwﬁlhg%fo%c@&% fez?(—,h&%}?drlﬂ% AR5:mal Be bivketi@ibm Vi br ati on

sys ontains re y expensive 25 piezoelectric ring 103)
may be aoewsenhtuon that iney pl&ppﬁlltdmm beisz ragppble afeusinagal 4om agerolisidf’s housi ng

405, whi, ou %Et ﬁ%ellsﬁglgegwe&?% s Kel, ghés\éﬁéae fhnsxRensivaly, may be

di scar dét use ra va a e 'of using vibration system10 is
that t he:rcanhla:r af. SiubuDamegmebard 42102¢ Imytlolued m@bmb@memddvpﬁmtbﬂﬂ%ctﬁ@frl gid
bodi es, .suc

up I
housi ng‘”ﬁ’é’ggcm‘mﬁ%u{) 3?(?561 TR Se%ﬂ?n lé%felmﬁg §a1 %é\?lud et ? n@%e‘%‘? ure plate
30 #510.upphbi Isouezli\gb()ESmam'\mdlbuszm4%0, (Dmngaﬂi@ mﬁfﬁtizuramtalsy hpvegodreeehingui d
dropl ets 53 err Jow t Fi aerosol j zer ' pmlar to
aerosol‘f%@?&ﬁ d}{'}‘f L‘ 4?@%%“@3%&&%8{}&0%& OH’d?EpZOSSH“éiFﬁ’gASf” ﬁe@@%oir 402",
det achaf)ugink @veTant Gked RGuskIDA0scont ai ni ng 13 aer osol chanber 414', and
vi bration system 10', which conprises tubular nenber 102", pi ezoel ectric

ring 10[%0541”(1 ap%té#ﬁﬁg 1@\7@-%@“ 1%@'35@{1(1 POLhHRE (ﬁﬁ)@duﬁdﬂ@&ﬁﬂ‘ﬂ@]’)i,wdﬁﬂ aerosol i zer
40' secti on of ular menber 102" is not res%oﬂlml nt o

dis C har @@cxtt\gbévluquese@geds ﬁfdwlartlon systern 50 comprises a piezoeiectric rmg nga
20 central opening 504, Piezoelectric ring 502 may be constructed of a piezoelectnic materjal

that radially expands and contracts when actuated, as previously discussed. Tubular member
506 is disposed within opening 504 and is adapted to hold aperture plate 508 within its
internal lumen 509 using any of the technigues described hercin. Tubular member 506 may
be constructed of a rigid material, such as a hard plastic, metal, ceramic or the like. Tubular
25 member 506 may optionally include projections 510 to provide a good mechanical contact
with piezoelectric ring 502, As an alternative, tubular member 506 may be tapered to assure

a good mechanical contact.

[0055] Tubular member 506 may include one or more resilient segments 511 radially
extending from locations on its inner circumference to corresponding locations on its outer
30 circumference. These segments may be constructed from an elastomeric material and
positioned in various Jocations. Resilient segments 511 permit tubular member 506 to be
constructed of a rigid material {for securely holding aperture plate 508) while also permitling

tubular member 506 to radially expand and contract with piezoelectric ring 502. More
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in Fig. 4a), but rather Orings 420 may be positioned to fill a gap between
the upper section 5 of tubular nenber 102' and di scharge tube 404' of

housing 401'. In this way, a liquid-tight seal is formed that prevents
liquid fromreservoir 402' f Tom contacting piezoelectric ring 103".
Simlarly, Orings 421 may be positioned to fill a gap between the | ower

section of tubular nenber 102' and receiving tube 411' of | ower housing

405' tQchﬂszm? ok Rt%ﬂlagirfeingglISOS%?@Jnsﬁﬁ%ﬁ RRMeAb& I @8AOS®, reneduced from
aperture plat€ center portion 110' from contacting 10 piezoelectric ring
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aerosol i zer imensions required f a press fit, as
descri Bedcd, mecmmmetdiﬂe@pnnmohland amtr@st@m ey befGuicEbaee pary Cn“gtbe 420 and 421 are
posi ti oneg on é gl ng a&)@ﬂ éurfaces of piezoelectric ring 103" and
serve PBREEANd Cﬁl FHUPE ATRISYRG 103 fromdirect contact with 15 upper

housi n 401' and |.ower housing 405, Orin 420 an so have a
danpenil Mol ef o8t eITN: ViPTaHRRY: leprd) lﬂ%‘é‘é?‘wg%ﬂé‘)?Fcﬁ%‘?‘éP} Bt a%‘?sﬁl"%ﬁrl on from

pi ezoeleathbbn)ith Bﬁhrﬁ-@a?llqu‘icptolbl%@?phehW?eﬂﬂre‘i@ﬂt& 5@ dA kO Weter liguigi ng 405" .
[0054] Referring now to a and anot her enbodj nent of .the present

i nvent ide¥veRy pYsidyes cgeld de |‘1l’fé1d3‘3 W lpsush s ke e 286 HerliFee SEMBH W bel ect ri ¢

ring 5Q&, hayld ?Qoﬁ 5090k )%WRJO%JO%&QPC?FI&&%& stcinh, 82QLAseRblLrs! VdiRQe My be
constructe a piezoelectric material that radially expands and contracts

whef aendighiedke. as previously discussed. Tubul ar nenber 506 is di sposed
wi thin opening 504 and is adapted to hold aperture plate 508 within its
i nt er nab037¢ metig. S0 Budisicn gibanipn gfstdrh 601 s chmingneS g 68 and Bewitheneixisr riMubul ar
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proj eCtdﬁ@ﬁ&d&i@mﬂ@ulﬁhmw@dﬁeﬁ(@oCﬁdng’rérmamy b@é111plomdaoudquthmowzeazxgeI ectric
ring 502. As an alt rnatlvg bul ar %r 6 Oga ecredto assure a
good néiccﬂ‘éﬂcé’é? PEEMSAET 8 8%5;] “f‘ﬁ%?pé’ 1 %é?ls ¢f'ide one or nore
resisl i @zosegEAhS 5621 arfddiialcl ¥ atext XK g whidim llﬁ@iﬁpﬂoﬂmmtmscbﬁaﬁca nner

ci rcunf erence to correspondlvﬁﬁl ocatjons .on 0 circunference,

These JEgHERY ! MgfPHE TR r 1@6‘371°F]8?H18H“%Isgil‘gc?ﬂ’éﬁ“i“@e {81 al and

posi t i giedcdrimiahit@is, ils0Cadn@N S inResdy hRPoriisRg MBI Siabhdikr pRerd t t ubul ar
menber 506 to be constructed of a rigid mat erial (for securely holding

aperture plate 508) while Is / er)[} t ubul ar nenber 506 to radially
expand and contract with p ring 502. More

[6058] Hence, if the diameter of the piezoelectric ring 502 is made larger to reduce the

20 frequency of the piezoelectric ring, the piezoeleciric ring 502 may be too large for certain
applications. A low operating frequency of piezoeleciric ring 502 may result because the
piezoelectric material is “soft” and heavy. To increase the frequency without increasing the
diameter, outer ring 512 (which may be constructed of a stiff and lightweight material, such
as silicon nitride) may be added. The combination of ring 512 and piczoelectric ring 502

25  serves to increase the frequency to the desired range.

[0059] Referring to Figs. 7a and 7b, an embodiment of an acrosolization system in
accordance with the present invention will be described. System 80 includes an aerosolizer
that, for convenience of discussion, includes vibration system 50 having ring 512, as shown
in Fig. 6, although it will be appreciated that other vibration systems of the invention could be
30 used as well. Coupled to (or integrally formed with) tubular member 506 of vibration system

50 is a container 802 for holding a liguid. Conveniently, a lid 804 may be provided to close
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14 specifically, as tubular menber 506 is constricted by piezoelectric ring
502, resilient segnents 511 conpress to reduce the dianeter of |unmen 509.
When piezoelectric ring 502 radially expands, resilient segnments 511
expand to increase the dianeter of |umen 509. Hence, the anmount of
expansion and contraction may be varied based in part on the size, 5 nunber
and types of resilient materials used. [0056] Conveniently, vibration

system C%Qtldﬂ?é}’ 8 afﬁe? gﬂln?it \R'l?n Q%ﬁlﬁé eh¥%Bichuftd ﬁ%%’f%hﬂﬁ; 866 is (aH%EtE@Lh OWn) to
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many apfPel atPempartiguarifentee of sestsplizatign s)5da fR 5Bt picgodettde ting V5 ¥a3g 502 at
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t he pi ezoe Feétrrc rin 'S ma arger to reduce guency of
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iy g 1|d agg@égg%eoﬁ may be 2 ﬁ%@treﬁu I?cgre a%l@&?%?& er VBB{? ?rfa? gﬁﬁg'b% ring 502

may res piezoe rc na avy. To
| nc I easdisjobe] 4frfeljaieing ysan All;m wystann 80 eng |cm31ytblaencoq10aa’ml |iQ otbftrtseﬂerm,ng 512

d | i ght wei ght materi al , h
T e R
D e dhir ag s e b ee San s BB en 2o desi red

aer 950l pizafol @SS BMid Nid AGCRLARRE LOMIdIARE oPdresRiM: hddenEd@NAM | | be
descri bed. System 80 includes an aerosolizer that, for conveni ence of

di scussHefEc FRERLEEEPRICH IQRFESICEYis T 88 IhAF iy G PRIPETS COUGEhBVE  in Fi g,

6, al E hasigh hhﬁlg‘%dt is ReRRANEH RbRd e bhad saatibefectvd BY Bfui Pfopieliedmunét t he
i nvention coul
806. Following use, container 802 may be refilled, or may be discarded while saving

piezoelectric ring 502.

20 [0062] TFig. 8 illustrates another embodiment of the invention wherein aerosolization
system 90 includes tubular member 906 comprising a sharpened end 901 and a discharge end
903. As previously described, tubular member 906 also contains an aperture plate (not
shown) across its internal lumen. Piezoelectric ring 904 is disposed around tubular member
906. When aerosclization system 90 is not in use, sharpened end 901 may have a cover (not

25 shown) that protects it from damage and contamination. When ready for use, the cover may
be removed and sharpened end 901 may be inserted through the membrane top of a vial 902,
which contains liquid 905 io be acrosolized. Liquid 905 is then delivered through sharpened
end 901 and the Jumen of tubular member 906 to the aperture plate contained therein.
Piezoeleciric ring 904 may be actuated to vibrate the aperture plate and thereby acrosolize

30 liguid 905 in the manner previously described. The resultant aerosol is then dispensed

through discharge end 903. After use, vial 902 may be removed from sharpened end 901 and
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30 used as well. Coupled to (or integrally formed with) tubular nmenber 506
of vibration system 50 is a container 802 for holding a |iquid.
Conveniently, a lid 804 nmay be provided to close 15 container 802 after
filling it with a liquid. Al so coupled to tubular nenber 506 is an outl et
806 t hrough which an aerosol produced by aperture plate 508 nay be

di spensed. 0O-rings or gasket seals 805 nmay be di sposed between contai ner

500 ¢ o sbhObALIOGAYRL S AR m AN reRELAGRI, Hlo B2 XORMINENT OUL] o

806 to equa e eall |on|ng meen f e conponents.
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whi | e sawingiiscpidgezoel ectric ring 502. 20 [0062] Fig. 8 illustrates another
enbodi nent of the invention wherein aerosolization system 90 includes
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damage reﬁhdhz@ommmswa% iuoh. howkiag couwdadyio fio perprpdizertiigasisparcivggy cB@Senoved and

shar peﬂa%%sa@glu%ﬁ&l npsglgh DSgklBeky aasemgéa ih e&ﬂa@t@r@ma&@mp& 4 vial 902,

whi ch contal ns be aerosolized. Liquid 905 is then dellvered
thr oughshghamp@gedd 41) and 4c, mcludmg a reservoir for holdmg a liqud medlcament that 1s to

be aerosolized and a vibration system according to the present invention having an aperture

20  plate with a plurality of tapered apertures extending between a fixst surface and a second
surface, as described in U.S. Patent Nos. 5,164,740, 5,586,550, 5,758,637, and 6,085,740, the
entire contents of which are incorporated herein by this reference. The nebulizer may also
have a mouthpiece coupled to the main housing. At least a portion of the tubular member of
the vibration system of the present invention may be disposed in the housing so that liquid

25 droplets are ejected through the mouthpiece to penmit a patient to inhale the aerosolized
medicament. The apertures in the aperture plate may be sized to produce an aerosol in which
about 70% or more of the droplets by weight have a size in the range from about 1 to about 5
micrometers. Following use, the aerosol housing may be removed from the main housing.
The liguid may be refilled, or one or more components may be replaced. For example, the

30  vibration systern may be removed and reused with another nebulizer.

[0065] Onc embodiment of the present invention provides a method of treating a patient

that exhibits one or more symptoms of infection or other respiratory disease or disorder. The
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end 901 and the lumen of tubular nmenber 906 to the aperture plate contained
therein. Piezoelectric ring 904 may be actuated to vibrate the aperture

pl ate and thereby aerosolize 30 liquid 905 in the manner previously

descri bed. The resultant aerosol is then dispensed through discharge end
903. After use, vial 902 may be renoved from sharpened end 901 and 16

di scarded, piezoelectric ring 904 may be renoved fromthe assenbly for
re-use nd the . rennini e .di . 31 LA, viously
ment i or%g}‘)%tgr?lew%lg 08 1{lgézsgfg% %@f@i’%@@é&%?ﬂﬁﬁ&nﬁ{ﬁg@g} Cr%%rg)?lg%f’ 5@23&%llent 0 ot her
syst enwibritxidapheetued plate hivih@toouteydtcanicrarce, desdan hedberfconceatmaliy e, in

co-pendi n 5 U.S. Patent licatlon. ..10/ 828, 765,. filed April 20, 2004,
t he cogﬁlpgﬁeg ah?xggrpeoo&ﬁrélrg.}m eln(cf%of @e H@lf\ég?brlue If’qatgb‘g%%?lﬁtﬂéeot u{))@alrné 1%f?eernce. The
syst empdestait@egcliRiQis) ahd ap antulgulitdhiton-useiig memberremeenaically and i nf ant
continuous positive pressure ai I’V\EP{ E)r essure éngP% tﬂgr i €8S.

Accér didkgpsrd ahept Sy crgepicgce pethp byl peibge HEPGH HAaY HE°Roupl ed to such
a vent il ARk n¥mbeCRARIAlY SiphidabR SURPAYcRABIQS fdusZ 8 MBAIE ARG tO0 a
patient's réspiratory system e.g. through 10 a patient interface device.
Waen t yébrate dnthaeriel dikctigny sappdng ¢ Hguidencsismentdp thesribiaden HS¥™ conponent s

t her eof HENPY 4 =l : J r ,Ofhet he system
may be ac&tlu%tﬁgéﬁ: 01\66411@1%2 né%é#ﬁgt?wg%gnt%‘%@hgﬁep %g%g%l%%gr of the present
i nvent inoxdicrengntend oplyjpartixt edodohto the pattsul’$ wenirabyy Bydegndescri bed in
co-pending U. S. Patent Application No. 10/833,932, filed 15 April 27, 2004,
t hesoconpdes esndicssblogueretonin avhdrdhndesviliethe presdnhooepomdtae thelapilitefoer ence. The

bul i ' [ ' | ed Lizer, housing, which
oy conpreen hah T Gaprrdarin Gyt anain: So B ORRr AfkelfBhES, " ©

connectsbRfio{2%h Na€l @SeHkil, 2R¢ 1140 rats bOWsodon hbiigsa vodametdib naudthn taymeditarcl udi ng a
reservoir for holding a li gui,d di car{ne(mh that is to . be.gerosolized and a
vi br at (SN RiCEREE BRAPRG MYCOHETHiE SR 6ipﬁwn%f’r’%‘ﬂmm%Oﬁg‘*ea%%ﬂ%{ﬁé’ft ure 20
plate whdyhes Rhtiral ity of tapered apertures extending between a first
surlféace and a second surface, as described in U S. Patent Nos. 5,164, 740,
5, 586, 5,058,637, and 6,085,740 he entire contents of, which are

i ncor pi&‘g@éd PR AU BPY BegY g?s«gﬁgee({ ’H%ﬁtéﬁzf’erﬁ)ﬁlﬂjlog%srdﬁ:li}ﬁ% o have a

mout hpiwgaesaadpg edot evct, iewBianphoidiitadghat Atridiedsinge qpdmidddivadénstthey t ubul ar
menber of the vij bra*ti‘on ?f}l,stem of thga,gr esent invention may be disposed in
the holSiPRFUSH! ViR tejsgonePr e WPepiedic e ej ect ed through the mout hpi ece

to permit a patient to inhale the aerosolized
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medi canment. The apertures in the aperture plate nmay be sized to produce an
‘aerosol in which about 70% or nore of the droplets by weight have a size
in the range fromabout 1 to about 5 mnmicroneters. Follow ng use, the
aerosol housing nmay be renoved fromthe main housing. The liquid may be
refill ed, ors(g e or nore conponents may be replaced. For exanple, the 30
vi bration sy y be renoved and reused wi th anot her nebulizer. 100651
One enbodi ment of the present invention provides a nethod of treating a
patient ,that..exhihi . qpre synptons of infection or other

respirat ér;t}a‘gﬁjggélgégy%%n%glgg&gg? The 17 nethod generally conprises the
steps of. provi di vigraaabl¢ praat i on system conprising a circular vibratable
aperture plate having an outer circunference,, a. tubular nenber -
concentrical |y #HfUWPPER &emalss shrrewdigg hg M ?@E@ﬁ*@?éﬁ‘&é“%mtlﬁ‘émwrkﬁh%%I e

pl at e, | tupul ar nmenber has an outer circunference, and an

annul épg\?;ﬁjggg??%nm?rﬂﬁm ng nenber concentrically 5 di sposed about the outer
ci rcunf erence ofa vibeatioubindwningneeinber suntvanding thdywippp megmion, wherdisdheg menber

is radially expandabl e. and contractable.to cayse.the apert.ur | ate to

Ui br aPEOTHOT R e G oS a5 ARG SH Y 07 Some seenend bPbfe

Vi br ath 6Rs SR pradute@ihngblahsn b Healihabidislstel ng menber to vibrate the
aperture plate and aerosolize the nedicanent; and supplying the aerosol to

the patient's respiratory system 10 [0066] An aerosol generator in

accordance with the present jnvention has : 14t I hi gh
f1 ow of ge r‘%g’g’lrati'oélls Ftle]i?eastlg C{BHEelp%b?é?m?ﬁ%ﬂit%?a%@ggbig&e;%frg?la&/{%@%@? 3ﬁdar d
sal i neye®BlUdsQreidealdr NaGh-bedtion g8 Avhitih@elciroutar aibeatatfle proBsalispossd, agd the
vol unetri c nmedi an di anet er (VI\/D? of 4 microns may be 15 microliters/sec

and t habysdiner indueisg ppsmibsh isom anmslagdise hayise a cgalyalspeningante vhigsthegyBnqt The

inventljpglla Qxai% & Se%een described in detail for purposes of clarity and
unders angl ng. wever, it will be appreciated that certain changes and
nodi fications may be practiced within the scope of the appended clains. 18
Claims 1. A vibration system caonprisi ng: a vibratable plate; .

3. A vibration system as in claim 2 wherein the support member comprises a thin-walled

tubular member and the vibration-inducing member is a piezoelectric ring.

4. A vibration system comprising:

a circular vibratable plate having an outer circumference;

a tubular member concentrically disposed about the outer circumference of the
plate, the tubular member aligning the circular vibratable plate, wherein the tubular member has
an outer circumference; and

an annular vibration-inducing member concentrically disposed about the outer
circumference of the tubular member, wherein the vibration-inducing member is radially
expandable and contractable against the tubular member to cause the plate to vibrate in the axial

direction.

5. A system as in claim 4, wherein the plate includes a plurality of tapered apertures.
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a support nenber surrounding the vibratable plate, the support nenber
aligning the vibratable plate; and a vibration-induci ng nmenber surroundi ng
t he support nenber, wherein the vibration-inducing nenber is configured to
radi al |y expand and contract against the support nenber so as to produce
axial vibration of the vibratable plate. 2. A vibration systemas in claim
1 wherein,the vibratable plate i.s circular, the support nenber has a
circular fr 23%%3?&?% laﬁllq%ilb verm therdate hag o Fupkngrbindbarnge foa @aus 20

di sposeadicréiado bb&ut 19b Pyiabh@n- 1 nduci ng menber is an annul ar disc having a
central opening into which the support nenber is disposed. 3. A vibration
systemas in claim2 wherein the support nenber conprises a thin-walled

t ubul ar er and the vibration-indyci ng, nenher i,s a piezoelectric ring.

4. A vib?gtldﬁ$§§§?gﬂf%%ﬁﬁiwgpﬁ@9ﬂ§ WPE%@ﬁ?ggﬁﬁ?ﬁtable pl ate having an
outer circunference; a tubular menber concentrically di sposed about the
outer circunference of the plate, the tubular nmenber aligning the circular
vi brat abl & A ssem ghisrcddim §, Werthe somarising atyesertyasof Tapwidwhish is dapter tersepply;
and an ar. w b i on-i nduci ng menber concentrically di sposed about the
out er t@?? Jﬁ#%?gﬂg%£bf t he tubul ar nenber, wherein the vibration-inducing
menber is radially expandable and contractabl e agai nst the tubul ar nmenber

to cause the plate to vibrate in the axial direction. 5. A systemas in
claim 4, whéraskn sengsiame, wherde gy tabyrumamperinelpdespeaaenadend adapted 019

6. As : 4 l.Aai: " .0k .t hic in_the range
From anonr g e P P b b hilrs Bkl Wy Bl S BRERS el el 5.
wherein the plate is dome-shaped. 8. A systemas in claimb5, further
conprising.a,reservoir of liquid which is adapted to supply the liquid to
the plat e?o’g‘.b* SKSIEPAS M4 W%F%"H@,‘“W@r’é?’ﬁ s il tﬁw%%@ﬁhq MHegldes a
shar penggn epsli:adaRhad abou Bxhact liquid froma vial of liquid by piercing

a nmenbrane covering an opening in said vial. 10. A systemas in claim4,
wherein the tubular nenber has a wall thickness in the range

11. A system as in claim 4, wherein the vibration-inducing member comprises a

piezoelectric ring.

12. A system as in claim 11, wherein the tubular member inchudes at least one resilient

segment disposed therein.

13. A system as in claim 12, wherein a ring is disposed around the outer circumference of

the piezoelectric ring to adjust the operating frequency of the piezoelectric ring.

14. A system as in claim 4, further comprising a mounting structure disposed inside the

tubular member, the mounting structure supporting the circular vibratable plate.
I5. A system as in claim 4, further comprising a controller for controlling the radial

expansion and contraction of the vibration- inducing member and wires connecting the controller

to the vibration- inducing member.
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fromabout 0.1lmmto about 0.5mm 11. A systemas in claim4, wherein the
vi bration-i nduci ng nmenber conprises a piezoelectric ring. 12. A system as
in claim1l, wherein the tubular nmenber includes at |east one resilient
segnent disposed therein. 13. A systemas in claim12, wherein aring is
di sposed around the outer circunference of the piezoelectric ring to

adj ust the operating frequency of the piezoelectric ring. 14. A system as
in clai m 46 PuelsEr asdspimd wherainfbe Mibr#pndphudrgmembpes sosmavitig fige thee

t ubul ary, gRIDSEMLENE Mounting structure supporting the circular vibratable
plate. 15. A'systemas in claim4, further conprising a controller for
controlling the radial expansion and contraction of the vibration-

i nduci ng er an i res. connecting the controller to the vibration-

i nduci ng ﬁ-ﬁ%@p?tﬁgg Ofnﬁl.br%“&fsﬂq@ﬁlca@pf‘ﬁmglﬂéﬁ 2% Qfher ei n t he

vi bration-i nduci 4 ﬂgmnt . . A

nmet hod of vi brat P%éé}:gﬁ%gg!tﬂéétg@%ﬁ%?{rﬁga% st%ﬁgm%%{.ml& ?\lfsr{adrﬁt%iﬂgg{ee}J 1%/tigbr at abl e
plate into a suppdignirggtheeibpateble pkite suing Swisdppdrhgnpitate; al i gning the

vi bratabl e plate using.the support structyre; syrrounding t.he support
structure incl udiWgoyﬁ%lpg%“g’gwSNC%et‘ﬂéi‘a\(%vgB’ﬂ“«ii‘tiaﬁlﬁ-plfi‘tgd‘ﬁ@ %ﬁg%‘ﬁﬁér t hat
i s confihgui@dmiembexdand Btz aentd @phnd asH aldct @BRNaciH@ting the

vi bration-induci ng nenber to produce radi al expansion and contraction

agai nst the supportvategites vibrtioatsducang membetde prodnge odditlexpuisiorasrabl e

pl at e. .method, as in claiml17 wherein the.su rt. er.filters out
D1 br ot i ah i B8 sbalt Sribd v ARG e ARRE ViR ARy 2 b ace,
conprising: providing a plate having an outer circunference and a tubul ar
menber di sgosed about the outer circunference of the plate, said tubular
nmember havfné Hethedeen dpine Lhfvdreseia she suppprymamper fidters ant gibuationgotherethambul ar
menber ; prowl,di5g a piezoelectric ring concentrically positioned about the
outer <circunference of the tubular nmenber at a l|ocation coinciding with
the outer circunference of the

19. A method for vibrating a plate, comprising:

providing a plate having an outer circumference and a tubular member disposed
about the outer circumference of the plate, said tubular member having an outer circumference;

aligning the plate using the tubular member;

providing a piezoelectric ring concentrically positioned about the outer
circumference of the tubular member at a location coinciding with the outer circumference of the
plate; and

radially expanding and contracting the piezoelectric ring against the tubular

member so as to cause the plate to vibrate in the axial direction.

20. A method as in claim 19, wherein the piezoelectric ring 1s vibrated at a frequency in the

range from about 20 Khz to about 500 Khz.

21. A method as in claim 19, wherein the plate includes a plurality of apertures, and further

comprising supplying a liquid to the plate to aerosolize the liquid as liquid droplets.

21



pl ate; and radially expandi ng and contracting the piezoelectric ring

agai nst the tubular nenber so as to cause the plate to vibrate in the
axial direction. 20. A nethod as in claim19, wherein the piezoelectric
ring is vibrated at a frequency in the range from about 20 Khz to about
500 Khz. 21. A nethod as in claim19, wherein the plate includes a
plurality of apertures, and further conprising supplying aliquid to the
plate to der dsobthedas mecldinyi, aviwsein Hgulrdpldisdphet size 21th2 2angh fret hbehitds i n
claim2l. wherein_.the droplet ave Lze.in the.range fro bout 3

i or onabisr ARG K8 st R R B bt PG S e P0eB I Ped at
rate ofmrbglitersBecoRies abit 00 HisRA@NEIsdcBn@bout 20 mcroliters/second. 23. A
met hod as in claim2l, further conprising coupling a reservoir to the

tubul ar nenber to supply the liquid to the plate. 24. An aerosol

| y the liquid to the plate. 24. |
W th an | ahor Rand B ARLEL A RS RRR B S e RS g iren

el ect ritoalipply detliquad Rckhe platd. east one el ectrical connection to said
pi ezoel ectric ring for electrical actuation thereof a tubular nenber
di sposed within the center hole of the piezoelectric ring, said tubular

nmenmber hayhngﬂ%_Kggg%%eﬁkpggﬁﬁﬁéﬁgﬁgﬁgﬂggontact wth the inner

ci rcunference of said cen cylindrical wall defining an

internal |umen ext@ngichgtidng engida odntéi®lé whbilhainncrenhien forace bl Giiddto
vi br at abl e erture pl ﬁhagapted to aerosolize a liquid upon axi al

t
vi br at i BRC l?aﬁﬁéﬁé ﬁ%eﬁﬁ%W@%W@“bﬁﬁﬂé i s disposed across the
internal lumen ofyther §Jsl@tical Hﬁm@ﬁoﬁ”%cgak Jiggdgﬁe%ﬁﬁc %%ﬁr%ﬁ%trlc@pfc&uation
ciding w the I nner

circunference of the lumen at a location col
ci r cunftberentetubfilat embendispodad wathd thchenter bale of thegtiedoeletiriegingt bedd tubaidrar

menber i ncluding a unting.structure for. supporting the aperture plate;
and a rla%ﬁ?}giawngfaﬂﬂgﬁ%icac (Fpfis ' £0°tAS tiLE e _a£%03g¥ 1 spgl y
l'i qui d Hofe 4rt¥ea cytinkfiad]ablIEd SRR 4 iBtePh AT EmeVBAERDY, %qléngth ExBaRsep and
contraction of the piezo electric ring against t%e wal1l of the tubular
menber B@UREs the aperture plate to vibrate in the axial direction

a circular vibratable aperture plate adapted to aerosolize a liquid upon axial
vibration thereof;

wherein the aperture plate is disposed across the internal lumen of the tubular
member and in contact with the inner circumference of the lumen at a location coinciding with
the inner circumference of the center hole of the piezo electric ring, the tubular member
including a mounting structure for supporting the aperture plate; and

a reservoir of liquid coupled to the tubular member so as to supply liquid to the
vibratable aperture plate, whereby radial expansion and contraction of the piezo electric ring
against the wall of the tubular member causes the aperture plate to vibrate in the axial direction

and aerosolize the liquid.

25. An aerosol generating system as in claim 24 wherein the vibratable plate is domed-

shaped and has a plurality of tapered apertures.

26. An aerosol generating system as in claim 24 wherein the piezoelectric ring comprises

piezoelectric ceramic material.

22



and aerosolize the liquid. 25. An aerosol generating systemas in claim24
wherein the vibratable plate is doned- shaped and has a plurality of
tapered apertures. 26. An aerosol generating systemas in claim24 wherein
t he piezoelectric ring conprises piezoelectric ceramic material. 22 27. An
aerosol generating systemas in claim24 further conprising a circuit of a
ventilator system operably connected to the tubular nenber so as to

di spense,aer, ener.at: .Sai LD ARAR ¢ b : j id
circuit. 2?8582%03%%&2%%15@%%{%@ ?éng1 Cs%ls em as Lnlel?l C asltI% %%p(l' e(%edl \Fl%giaa?

pi ezoslystedrdperdbinghnnsatied td thb abtatar nenixe 8o as &l dspenbe airedoll gerdpated by eaipl at e
and said reservoir are . disposed within the housing of a nebulizer having a
mout hpildg@blerpertareplats ijfo §#1d ¢HkYiRg a vi brati on system conprising: aligning
a vibratable plate within a support nenber that surrounds the vibratable

pl ate; and placing around the support nenber a vibration- inducing nenber
confi gur 28l Aa acroadi gnkyatiex prateh anth daint 2Avhemyaianspiczdedecsuppog,tsantenipdar t o
produce ial .vibration of the vibratable plate. 30, The hod of,. cl ai m
Do whdeer, i MTEBEHIE Sn i P A S R PI RGN PrEt BHEST ool aci ng
the viQpatabheviRh ahtouhlibdsn the tubular support menber and in contact with
a nounting structure of the tubular support nenber. 31. A nethod of making
a vibration system conprising: providing a tubular nmenber having a

| engt hwi lLumen; .akigpin nd,.securing a ci.rcular vibratable plate within
the | urrezg'sé‘ 1Pﬁt§?d P h‘é’%&ng%evqbﬁagmbgs&é’hg‘?rBEﬁ'San‘t o and covers the |unen of

the tubul ar nemhgisnifQsiibi@bldglatengittibRYLggorBEReE: Wit diduhdiehs etanbibol e
of a piezoelectric ring so that the vibratable plate within the | unen of

t he t uBdikadndnenber is surrounded by the piezoelectric ring in contact with

t he outer circunfer e th |_ark 5 o.a ) i
pi ezoel ectric rﬂ%§5$%3¥ﬁ§&PﬁﬁﬁP@@Pﬁgﬁggfgggﬁﬁmﬁ ﬁg?ﬁ@g%g%m%%ﬁ?ﬁgggaim
Vi br atiaéinllg ¢spapnand comrat apdmsd the fuppdin @fenthenpy prothing dxhe vitraps effthe

vibratable plate.

30. The method of claim 29 wherein the support member is tubular and the aligning includes
placing the vibratable plate within the tubular support member and in contact with a mounting

structure of the tubular support member.

31. A method of making a vibration system comprising:
providing a tubular member having a lengthwise lumen;
aligning and securing a circular vibratable plate within the lumen so that the plate
1s perpendicular to and covers the lumen of the tubular member;,
positioning the tubular member within the center hole of a piezoelectric ring so
that the vibratable plate within the lumen of the tubular member is surrounded by the
piezoelectric ring in contact with the outer circumference of the tubular member; and

securing the piezoelectric ring to the tubular member.

32. A method of making a vibration system as in claim 31, further comprising the steps of:

bonding a ridge around the inner circumference of the tubular member;



bondi ng a ridge around the inner circunference of the tubular nenber; 23
positioning the vibratable plate on the ridge; and brazing or welding the
vibratable plate to the ridge. 33. A nmethod of making a vibration system
as in claim31 wherein the piezoelectric ring is bonded to the tubular
menber wi th an adhesive capable of efficiently transferring vibration from
pi ezoel ectric ripngiddhitd@eiRiable piREBRRe Bdbe; MdBbog oplvddifaticRGbtable
patient conmprising: providing a vibration sysfem conprising a vibratabl e
aper t uatepp theaidggvi ng an  outer circunference, providing a tubul ar

al i gnment nenber concentrically di sposed about the outer circunference of
the vibratable plate, the tubular alignment member having a nounting
struct ur 63f oY medbdiofighakhg avibratibakyeciplaatieclaier eihdrdilthetpibidleRitri dignigent
menber, has an _outer circunference, and a Plezoelectrlc ring concentrically

di sposkdsp suthe trhulgupanbeividus adhenive capable Hetficiputl niransfergResiratipmben at
a loc kmzé‘cﬁ{mﬁ‘g{&gem&ﬁr Ruter circunference of the aperture plate,
I qui

supplying a nmedi canen 0 the aperture plate; electrically actuating
t he piezoelectrlc ring to radially expand and contract the wall of the

t ubul ar nnment ggnber around the outer circunference of the aperture
pl at e, ﬁe ’B‘;‘?thé’g PRSP IS ¢UPRE'$P&t e to vibrate in the axial

di rection and a%&%mlﬁg,z;vsbhﬁmﬁ% LEANRMprisi 1ﬁfé@éﬂlé’§1ﬂb9t§}éggla?ee:{a9 fo the

patient's respiratory system A met'hod “of treatl tie s |n
cl ai m @denvhiengiferetérs paotdisgh nnimlarwhghmenlt thembéreconpattiiieatly’ Gsposspatrcat drey

system t hrough the C a ventilato r CPAP s e 36. A nethod of
Y ont rr RSl i vibrdinif aleRig SbRer Pinmdnt s e ReyiRR R B L e
pat i endimenir€ fHHodliRg mesamﬁmetﬁlateu\gﬂe@unﬁ@%uuuza@rahgﬁﬁbﬁgn@nﬁauﬁ@ah 8&Rr 37. A
vi bration system conprising: a tubul ar al i gnment nrenber having a

cyl i noeifaifensatd, adéfammm@e@tnbmgwpu@hmallyldmmmd ﬂwuatlmomtqtcabmquytrm@f
f the cylindri.cal Rsed

Sg?ggg(ﬁf ﬁar%@%‘gﬁ nShb8 % ¥18caBbn LOfcS ng wi f 1eoutdf mrcum’%erence St
aperture plate, supplying a liquid medicament to the aperture plate;
electrically actuating the piezoelectric ring to radially expand and contract the
wall of the tubular alignment member around the outer circumference of the aperture plate,
thereby causing the aperture plate to vibrate in the axial direction and aerosolize the medicament;
and

supplying the aerosol to the patient's respiratory systemi.

35. A method of treating a patient as in claim 34 wherein the acrosol is supplied {o the

patient's respiratory system through the circuit of a ventilator or CPAP system.

36. A method of treating a patient as in claim 34 wherein the aerosol is supplied to the

patient's respiratory system through a nebulizer having a mouthpiece.
37. A vibration system comprising:

a tubular alignment member having a cylindrical wall defining a longitudinal

lumen;
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means for inparting radial vibration to the cylindrical wall of the tubular
menber so as to produce axial vibration in the vibratable plate. 38. A
vibration systemas in claim37 wherein the vibratable plate is an aperture
plate having a rear surface in contact with a liquid and a front surface
opposed thereto, wherein liquid droplets are ejected fromthe front
surface to forman aerosol upon said axial vibration of the aperture

pl ate. 39. An aeroablatgdpbngertsecurddio cmounimy dtsichige of the gylmrdatcabivell phdit e, an
alignment nmepber for receiving and holding the vibratable plate in a

pr edet eFFH%E mﬁ%ﬁﬁ&?@ﬁ?”a a vi bration-induci ng menber in communication

with the alignmenheBIBSmpartffy radilBvidRYbE & Bk c§lidiiBaBRall Wheicalbular BehbEON
of the device is disposable. 41. The vibration systemof claim1 wherein

t he vi boasitopradneueiinlyibrehdrein the vibnatelde plathar  al i gnment with a peri phery
of the vibratable plate. 25
38. A vibration system as in claim 37 wherein the vibratable plate 1s an aperture plate having
a rear surface in contact with a liquid and a front surface opposed thereto, wherein liquid droplets

are gjected from the front surface to form an aerosol upon said axial vibration of the aperture

plate.

39. An acrosol generator device comprising:
a vibratable plate,
an alignment member for receiving and holding the vibratable plate in a
predetermined position, and

a vibration-inducing member in communication with the alignment member.
40. The device of claim 39, wherein a portion of the device is disposable.

41. The vibration system of claim 1 wherein the vibration inducing member is in co-planar

alignment with a periphery of the vibratable plate.
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