SPECI FI CATI ON At om zer 5
Technical Field The present invention relates to an atom zer
that sprays out liquid utilizing a piezoelectric el enent.

Background Art An atom zer of interest to the present

i nvention is disclosed in, for 10 exanpl e, International Publication
Nos. W)93/20949 and W97/ 05960. The conventional atom zer discl osed
in these publications has a nmetal horn conbined with a nesh nenber
with many small holes to spray out |liquid at | ow power consunpti on.
In this atom zer, one end of the netal horn is i mersed in the
liquid in a reservoir. The nesh nenber is arranged at the 15 ot her end
of the netal horn. By the ultrasoni SPEOIRICATION t he ul trasonic

vibrator attached to the metal horn, liquid is absorbed fromone end of the
metal horn. The absorbed liquid is atom zed by the synergistic effect
between the netal horn that is vibratedAtdrizasonically and the nmesh

5 Technical Field
The present invention relates to an atomizer that sprays out liquid
utilizing a piezoelectric element.
Background Art
An atomizer of interest to the present invention is disclosed in, for
10 example, International Publication Nos. W093/20949 and W097/05960.
The conventional atomizer disclosed in these publications has a metal horn
combined with a mesh member with many small holes to spray out liquid at
low power consumption. In this atomizer, one end of the metal horn is
immersed in the liquid in a reservoir. The mesh member is arranged at the
15 other end of the metal horn. By the ultrasonic-vibration of the ultrasonic
vibrator attached to the metal horn, liquid is absorbed from one end of the
metal horn. The absorbed liquid is atomized by the synergistic effect
between the metal horn that is vibrated ultrasonically and the mesh
member.
20 However, such an atomizer has problems such as: @ positioning
between the mesh member and metal horn; and @ stability of atomization.
As to problem @, the atomization action will become insufficient if the
distance between the mesh member and the other end of the metal horn is
too large or too small to degrade the atomization efficiency. As to problem
- 25 ®, the structural distance between the mesh member and the metal horn is
apt to become unstable to result in an unconstant atomization action.
There was a problem that stable atomization is difficult.
Disclosure of the Invention
In view of the foregoing, one object of the present invention is to
30 provide an atomizer of favorable atomization efficiency.
Another object of the present invention is to provide an atomizer that
can effect atomization stably.
In order to achieve the above objects, an atomizer of the present
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menber. 20 However, such an atom zer has problens such as:

['err] positioning bet ween the nmesh nenber and netal horn; and [err]
stability of atom zati on. As to problem[err], the atom zation
action will becone insufficient if the di stance between the nesh
menber and the other end of the netal horn is too large or too small
to degrade the atom zation efficiency. As to problem 25 (2, the
structural distance between the nesh nmenber and the nmetal horn is

apt to beconme unstable to result in an unconstant atom zation action.

There was a problemthat stable atom zation is difficult. Di scl osure
of the Invention In view of the foregoing, one object of the

present i nveplietidSidPudés a pid¥oRldctic alerAb i cahb ity eRRARREHEBAE! ON
efficiency. i nvention is to

provi de an aPBaielestradeand ﬁg‘g}’t e‘% g‘lé‘?ﬁg‘i%grgi%ﬁ?ﬁéﬁf%g s feppspitlator to

In order to deivieathe pibfocdéutvie ebérnent,ss nreshahembee having hearpy smailitholes
arranged in close proximity to the piezoelectric element, a reservoir storing a

5 liquid, and a liquid supply device supplying the liquid in the reservoir
between the piezoelectric element and the mesh member. The vibratory
wave used in the atomization of the piezoelectric element by the oscillator is
a wave that travels mainly through the piezoelectric element (bulk Wave).

In this atomizer, the piezoelectric element with comb-type electrodes

10 having electrodes formed alternately are combined with a mesh member and
uses the bulk wave that travels through the piezoelectric element.
Therefore, a great oscillatory displacement is obtained with a small
electrical energy. The atomization efficiency is favorable.

Preferably, the material of the piezoelectric element is lithium

15 niobate with a 41 + 15° rotation Y cut and Y axis projection propagation
direction. The oscillation efficiency is improved by the usage of a
predetermined propagation direction of the material.

Preferably, the piezoelectric element has a thickness so that the
oscillation frequency of the surface wave and the oscillation frequency of the

20 bulk wave differ from each other. The comb-type electrode of the
piezoelectric element is arranged so that the oscillation frequency of the
surface wave differs from the oscillation frequency of the bulk wave. Asa
result, the oscillation frequency of the bulk wave is stabilized without
rendering the oscillation circuit complicated. '

- 25 Preferably, at least the end portion of the piezoelectric element
crossing the advancing direction of the surface wave has a configuration so
that the wave reflected at that end does not interfere with the surface wave.
As a result, no intexference of the vibratory wave (surface wave or bulk
wave) occurs. Oscillation is stabilized.

30 Preferably, the piezoelectric element has two opposite planes. The
comb-type electrode is provided only at one plane side of the piezoelectric
element, opposite to the plane facing the mesh member. Since the comb-
type electrode does not come into contact with the liquid (liquid reagent),
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i nvention includes a piezoelectric element with conb-type el ectrodes having
one el ectrode and the other electrode forned alternately, an oscillator to
drive the piezoelectric elenent, a nesh nenber having nany small hol es
arranged in close proximty to the piezoelectric elenent, a reservoir

storing a 5 liquid, and a liquid supply device supplying the liquid in
the reservoir bet ween the piezoelectric elenment and the nmesh nenber.
The vi bratory wave used in the atom zation of the piezoelectric

el ement by the oscillator is a wave that travels mainly through the
pi ezoel ectric el ement (bulk wave). In this atom zer, the

pi ezoel ectric element with conb-type el ectrodes 10 havi ng el ectrodes
formed al t er ppdctofeddoRras@sw) dleétrivial BodrosRBhanik BRRtriedlkhorting byERslighrl bul k
wave that travels thr ugh t he géezoelectrlc el ement . Therefore, a
great osci | | BRSSO PERLEREMCRS obtained with a snall el ectri cal

eﬂer gy. TheI at oni z According fto @neticer a@d:auﬁtbeb})msent invention, an atdnireer ﬁbl Y,
the material ; l: {r] ' i1 hi | with a
41 16err] FOVHRE ARSI FEuEE IR chibi e lbistotos hRVARYR

directi én. Tietectsadd and the otiferi eleeimede chmeﬂpahemﬂ@ly,tmos;ﬂég@r&n‘ang
predet er m ne | | i '

Pref erably, '? hg Ibg%%géec:tggteﬁééﬁf e::lorrlgl r?gﬁ r%%ﬁg@?hﬁgtﬁéegnsang osr?ﬁlélth%l_%se )

osci | | ation PrEagadin dese proximitykodt zeghectricelement) 1¢s8RVIir SHUIEAS R of
the 20I t buﬂiqulﬁa,v@n@iafli@ﬁdfsﬁﬁiplgal@bicﬂ]m&)t lyihierhe | ftﬂ_siaetlﬁl RBbFRAL o; E Ee
pi ezoel ectri enment i s aryanged,so tha e oscillation frequency o e
surf ace vvave%&f‘i”P%‘F Eﬁ? Pb‘?ﬁﬂ?@gg%lqni‘%?ﬁ %d&ﬁ%gﬁi’c?embqrhe&(m%e%ve. As a
r esgl t,10 hehmahb_éiﬁisj ofha hoesy uamjﬁgurﬁtidﬂlnm liiéh vhe erdss seteibnl slm;bp ef/\bﬁﬂﬁjt
rendering t i Cir . , referably,
at | east gt he%gg%fhgire‘taﬂ%o(%%&e dt%céb%qlgl%or{gltggfo is?ﬂlagfogln%ﬁguency of t}%:er ossi ng t%e
advanci ng di rpe@adegectrif: eléroestiand dhesaundispsed of the flyid at Strcesthe cross  t hat

the wave ref |s@€€i5’ﬁialast}} ftﬁ@%frx%ﬂ?howﬁfﬂmﬁ%éﬁ&ﬁe bePid HEa Bgkhace wave.
As a result, no_Inter renc,eé) ,ttae Vi &atory wave_ _(surface wave ?r bul k
configuration that is defined according to'the oscillation frequency of the

15 piezoelectric element and the sound speed of the fluid, atomization of
favorable efficiency can be achieved with a relatively small power.
According to a further aspect of the present invention, an atomizer
includes a piezoelectric element with comb-type electrodes having one
electrode and the other electrode formed alternately, an oscillator driving
20 the piezoelectric element, a mesh member having many small holes
arranged in close proximity to the piezoelectric element, a reservoir storing a
liquid, and a liquid supply device supplying the liquid in the reservoir
between the piezoelectric element and the mesh member. The piezoelectric
element and the mesh member are arranged so that the planes facing each
25 other cross at an acute angle. The liquid from the liquid supply device is
provided from the opening side therebetween.
Also, there are provided a piezoelectric element with comb-type
electrodes having one electrode and the other electrode formed alternately,
an oscillator driving this piezoelectric element, a mesh member having a
30 plurality of small holes arranged in close proximity to the piezoelectric
element, a reservoir storing a liquid, and a liquid supply device supplying
the liquid in the reservoir between the piezoelectric element and the mesh
member. The piezoelectric element and the mesh member are arranged to
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wave) occurs. OCscillation is stabilized. 30 Preferably, the

pi ezoel ectric el enment has two opposite planes. The conb-type

el ectrode is provided only at one plane side of the piezoelectric

el ement, opposite to the plane facing the mesh nmenber. Since the conb-

type el ectrode does not cone into contact with the liquid (liquid reagent),
- 2 - el ectrode corrosion, electrical corrosion and

el ectrical shorting by the liquid reagent can be prevented.
Accordi ng to anot her aspect of the present invention, an atom zer

I ncludes a piezoelectric element with conb-type el ectrodes having one 5

el ectrode and the other electrode fornmed alternately, an oscillator driving

the pi ezoel ephib ¢heiraBie plants ehossBiHeBIothay hb eniite 2iBld. Mh&seservoir
r.eservolr

arranged in ¢lqgs roximty.to the .piezoel ectri,c el. ng, a
storing a mc(i“ﬁ?$ aﬁiu@ghé\é@eae’ﬁe&g%&g g‘h ngc%&ggﬁbﬂ'%%@% he liquid in
the reservoi piezoelectric element and the mesh member.

As a result, the remaining amount of liquid in the reservoir can be

5 minimized. Also, atomization is allowed of a liquid of low viscosity such as
an agent dissolved with alcohol or a liquid of low surface tension including a
surfactant.

According to still another aspect of the present invention, an

atomizer includes a piezoelectric element with comb-type electrodes having

10 one electrode and the other electrode formed alternately, an oscillator
driving the piezoelectric element, a mesh member having many small holes
arranged in close proximity to the piezoelectric element, a reservoir storing a
liquid, and a liquid supply device supplying the liquid in the reservoir
between the piezoelectric element and the mesh member. The piezoelectric

15 element is characterized in that the circumferential end portion is pressed
and fittedly held by waterproof packing. As a result, water resistance can
be improved while minimizing the oscillatory attenuation of the piezoelectﬁc
element.

According to a still further aspect of the present invention, an

20 atomizer includes a piezoelectric element with comb-type electrodes having
one electrode and the other electrode formed alternately, an oscillator
driving this piezoelectric element, a mesh member having many small holes
arranged in close proximity to the piezoelectric element, a reservoir storing a
liquid, and a liquid supply device supplying the liquid in the reservoir

- 25 between the piezoelectric element and the mesh member. The piezoelectric

element has a liquid sense electrode sensing the iquid from the resexvoir at
the comb-type electrode formation plane. A liquid sense circuit substrate is
provided sensing whether there is a liquid or not according to the signal
from the liquid sense electrode. The liquid sense circuit substrate is

30 arranged below the comb-type electrode formation plane of the piezoelectric
element. The liquid sense electrode of the piezoelectric element and the
liquid sense circuit substrate are electrically connected by a conductive
resilient body.



bet ween t he piezoelectric el enent and the nesh nenber. The nesh 10

menber is of a horn configuration in which the cross sectional shape of the
small hole is defined according to the oscillation frequency of the

pi ezoel ectric element and the sound speed of the fluid. Since the cross
sectional shape of the small hole of the nesh nenber is of a horn
configuration that is defined according to the oscillation frequency of the

15 pi ezoel ectric elenent and the sound speed of the fluid, atom zation
of favorabl e efficiency can be achieved with a relatively small
power . According to a further aspect of the present

I nvention, an atom zer I ncl udes a piezoelectric elenent with

conb-type el ectrodeg i'i‘é’sidlﬂ theistance be@%@éﬁ tRE % RRd s&ﬁ@e @IeB%d_@'of%é ode
f or med alternatel¥ sci || at
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I quli sSupp VI ce,.Su n 1 au | t r'vol . . ween
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el enent Sand tehectraskshame the liquid senseaciyeuit substrate cae bpiradueed twrimprasech 25
other cross ‘%Be"S?N‘?C'Ftﬁtﬁ&gillg:ee,gﬁé cb%ﬁblté't%fiéﬂiﬂﬂt&*b%t%b&&”tﬂe ﬁ‘d&?&‘éeﬂ%' ce s

provi ded fromthe openi 2}? er ebet ween there are
e

provi ded a piebecseadecand she Damidsense sirewisubstyate can be easured wle havi ng
one el ectr odenaffhizing HeRcilBltesd hidaubtioRRGudkbl dydb&rital contact. an

oscillator driving this,.piezoelectri,c el emept, .a nesh nber . having a 30
plurality of small A‘FGP’é‘gﬁgrtPé(ﬁ&@oft“ir{;h?'l @@CEP%Q}W’E%?BP IR A ect ri ¢
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e 0. Bk YR AR R B BRd BRI SRy 1o oo

- 3 - driving this piezoelectric element, a mesh member having many small holes
arranged in close proximity to the piezoelectric element, a reservoir storing a
liquid, and a liquid supply device supplying the liquid in the reservoir

15 between the piezoelectric element and the mesh member. The liquid
supply means is characterized in supplying the liquid in the reservoir by the

-press-operation of a diaphragm.
Also, an atomizer includes a piezoelectric element with comb-type
electrodes having one electrode and the other electrode formed alternately,

20 an oscillator driving this piezoelectric element, a mesh member having
many small holes arranged in close proximity to the piezoelectric element, a
reservoir storing a liquid, a liquid supply device supplying the liquid in the
reservoir between the piezoelectric element and the mesh member, and a
liquid amount sensor sensing the amount of liquid on the piezoelectric

- 25 element. The liquid supply device supplies the liquid in the reservoir by
press-operation of a diaphragm. The press-operation of the diaphragm is
controlled according to the output of the liquid amount sensor.

As a result, the liquid of an optimum amount can be supplied to solve
any inconvenience such as supply clogging or the like.

30 According to yet another aspect of the present invention, an atomizer
includes a piezoelectric element with comb-type electrodes having one
electrode and the other electrode formed alternately, an oscillator driving
this piezoelectric element, a mesh member having many small holes
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have t heir facing planes cross each other at an acute angle. The reservoir
I.hcl udes a supply pipe extending to the opening side between the

pi ezoel ectric el ement and the mesh nenber. As a result, the
remai ni ng anount of liquid in the reservoir can be 5 m nim zed. Al so,
atom zation is allowed of a liquid of |ow viscosity such as an agent
di ssolved with al cohol or a liquid of |ow surface tension including a
surfactant. According to still another aspect of the present
I nvention, an atom zer includes a piezoelectric element with
conb-type el ectrodes having 10 one el ectrode and the other electrode

f or med alternately an oscill ator driving the piezoelectric elenent,

h nmb nclose X|mtyto
? hreTe ;. eggel gct r cée'a]qerrrmésl%l ar estg'oé\?g?le plfzzoele&hg%rfgmenk aH?f&f‘ém ﬁ‘lfn&g a
li qui d suppl iauéd z Eqyidhpupplydeviee swpplying hhe hqulémethmeservou betiveeneen

t he piezoel e [ e
LTS %) Cihe s ofd sy R SR i LRt B
a{déi e mesh mem e mes mem er case 1s f01med of metal or
5 ceramic.

As a result, the absorption of the oscillation energy that propagates
through the liquid can be suppressed to improve the atomization efficiency.
Also, the shock strength with respect to impact such as when dropping the
apparatus is increased. An atomizer with a mesh member case that is not

10 easily damaged can be provided.

According to yet a still further aspect of the present invention, an
atomizer includes a main unit, a main unit cover attached removably to the
main unit, a piezoelectric element, an oscillator driving this piezoelectric
element, a mesh member having many small holes arranged in close

15 proximity to the piezoelectric element, a reservoir storing a liquid, and a
liquid supply device supplying the liquid in the reservoir between the
piezoelectric element and the mesh member. The oscillator is arranged at
the main unit whereas the piezoelectric element, the mesh member, the
reservoir, and the liquid supply device are arranged at the main unit cover.

20 Since the piezoelectric element, the mesh member, the reservoir and
the liquid supply device are arranged at the main unit cover in the atomizer,
the maintenance is facilitated by removing the main unit cover from the
main unit with the components as modular components. Assembly is
facilitated. Particularly the main unit cover or the circuit substrate

25 arranged within the main unit, when damaged, can be replaced easily. As
to the atomization mechanism portion at the part of the main unit cover that
requires critical adjustment, the accuracy can be maintained by providing
the same as modular components that cannot be easily detached.

According to yet a still further aspect of the present invention, an

30 atomizer includes, at a main unit, a piezoelectric element, an oscillator
driving this piezoelectric element, a mesh member having many small holes
arranged in close proximity to the piezoelectric element, a reservoir storing a
liquid, and a liquid supply device supplying the liquid in the reservoir
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and i‘ittedly hel d by waterproof packing. As a result, water resistance can
be inproved while mnimzing the oscillatory attenuation of the

pi ezoel ectric el enent . According to a still further
aspect of the present invention, an 20 atom zer includes a piezoelectric
el ement with conb-type el ectrodes having one el ectrode and the other
el ectrode forned alternately, an oscill ator driving this

pi ezoel ectric el ement, a mesh menber having nmany small hol es _
arranged in close proxinmty to the piezoelectric element, a reservoir
storing a liquid, and a liquid supply device supplying the liquid in
the reservoir 25 bet ween the piezoelectric elenent and the nmesh nenber.

The pi ezoel egétviden the p1ez6‘é1€6‘ﬁﬂ:t elegR dﬂrﬂ%éjm% I‘ﬁlb@ft r % %@Qﬁbﬂg the

liquid fromthe reservoir at peeectro
pl gne Ali qé\sala%ﬂ’é@ acyqltage megitor § ayqre PTOVl &g thiheeap mmnﬁ@mwfet her

there is a It}ggmﬁmliot 'Plé;é;ﬁﬁlsﬁlhﬁschﬂemti‘lﬁ iﬂibotas to aﬂofvsF%thf 'nlgggl gel ow
sense el ectr The | i qui nse cjr.cui a@f

the. comb- ty i aetion it A feSGHan sibsimBtiatYdanbiel tthectmay out drétifon

el enent 9 Tﬁgfrbnqthejnmnsmlm ectrode of the piezoelectric el enent agd t he
Lau d sense Circusin s RelhRk&ich BidHIR] ldale VoLt RShR: Wsla§ WAYE ' VE

resilient bod
egsﬂy visualized during inhalation of the spray, confirmation of the

conductive state during inhalation and confirmation of the warning display
when the battery is low can be carried out easily in the inhalation posture.
10 According to an additional aspect of the present invention, an
atomizer includes, at a prismatic main unit, a piezoelectric element, an
oscillator driving this piezoelectric element, a mesh member having many
small holes arranged in close proximity to the piezoelectric element, a
reservoir storing a liquid, and a liquid supply device supplying the liquid in
15 the reservoir between the piezoelectric element and the mesh member. The
main unit includes a projection protruding backwards at the rear of the
upper portion, an atomize unit at the upper portion, and an operation switch
at the front of the upper portion corresponding to the projection.
According to the present atomizer, the operation switch can be
20 operated while holding the main unit with a natural grip. The possibility
of dropping the apparatus erroneously during operation is reduced.
Brief Description of the Drawings
Fig. 1is a side view of an atomizer according to an embodiment of
the present invention.
25 Fig. 2 is a side view of an atomizer with the cover removed from the
main unit case.
Fig. 3 is a front view of the atomizer of Fig. 2.
Fig. 4 is a top view of the atomizer of Fig. 2.
Fig. 5 is a sectional view of the main part of the atomizer.
30 Figs. 6A and 6B are sectional views in a partially broken away form
of an atomizer with the cover removed from the main unit case.
Figs. 7A and 7B are a top view and a side view, respectively, of the
main unit cover of an atomizer.



As a result, the distance between the liquid sense el ectrode of the

pi ezoel ectric elenent and the liquid sense circuit substrate can be

m nimzed to reduce the influence of disturbance noise. Al so, the

el ectrostatic capacity ‘at the electrical connection between the liquid

sense 5 el ectrode and the liquid sense circuit substrate can be reduced
to i nprove the SIN. Furthernore, the contact reliability between the
| i qui d sense el ectrode and the liquid sense circuit substrate can be
ensured while mnimzing the oscillation attenuation caused by

el ectrical contact. According to yet a further aspect of the
present invention, an 10 atom zer includes a piezoelectric elenment with

conb-type el ect rod%rig%ag/A d]SaI? are aqq&?gi?g‘é?ﬁeaﬁgsﬂﬂ%i&é t;,[%%v el ectrode

fornmed alternately, 0SCi i ) ] iezoelectric
el ement, a mIehRpemtiusdy, fdhiergaimnpitsoxer ofibigs 7TA and 7Barranged in cl ose

proximty to the pi i G . Al Ci :
oo s PSECSLEF G Slng ond SSERUEH U R e o of i

bet ween the pie2BEI@tric el ement and the nmesh nmenber. The liquid
supply reans is cha@igCl@is g8 @nlar bW 6fh bélenbidiusell ihah BRom@saY voi r by

t he. press-opgr atj of | aphr.agm. . . Al so,. an atom zer
i ncl udes a pi ezoel gﬁg?'i jcﬂglagﬁeﬁt W?ﬁtgﬂﬁ%@f’fﬂ’éla side Vle@@é@??%’é’?&r iy
one el ect r odeatemdzé haitodthe mainaotit edeer of adtahizernat el y, 20 an

oscil lator driving ﬁ&%ﬁ%&?ﬁﬁ?{%é&é% c‘?‘b%&i&og%% %&paﬁﬁ@f@c?ﬁw ng

many snal | hol es arrange ] ) r OXI ) _The  piezoe I'C el ement,
a  resaespeqtivalprofithednterion of the atoqure vaibphywadniligs slbbapidnblB he
liquidjm the Fig. 13 is an enlarged sectional view of the main part of a main unit

cover of an atomizer.
Fig. 14 is a diagram describing atomization at the main unit cover of
the atomizer.
Fig. 15 is a perspective view of a piezoelectric element and a liquid
15 sensor circuit substrate used in an atomizer.
Fig. 16 is a perspective view showing a piezoelectric element used in
an atomizer.
Fig. 17 is a diagram describing the vibration principle of a
piezoelectric element used in an atomizer.
20 Figs. 18A, 18B and 18C show examples of the configuration of a no-
electrode formation portion of a piezoelectric element used in an atomizer.
Figs. 19A, 19B and 19C show an example of the end configuration of
a no-electrode formation portion of a piezoelectric element used in an
atomization device. '
25 Fig. 20 is a side view showing the case where comb-like electrodes
are provided at both sides of a piezoelectric element.
Fig. 21 is an enlarged sectional view of the main part describing
atomization of an atomizer.
Figs. 22A and 22B show the case where the mesh cross section
30 configuration is of a conical type and an exponential type.
Best Modes for Carrying Out the Invention
Embodiments of the present invention will be described hereinafter
with reference to the drawings.



reservoir between the piezoelectric element and the nmesh nenber, and a

| i qui d ambunt sensor sensing the amount of liquid on the piezoelectric 25
el enent. The liquid supply device supplies the liquid in the reservoir by
press-operation of a diaphragm The press-operation of the diaphragmis
controlled according to the output of the Iiquid amunt sensor.

As a result, the liquid of an optimum anmount can be supplied to solve

any inconveni ence such as supply clogging or the like. 30

According to yet another aspect of the present invention, an atom zer

I ncludes a piezoelectric element with conb-type el ectrodes having one

el ectrode and the other electrode fornmed alternately, an oscillator driving

(11 e e 1| xR o R HPELES AR RS ADRA BB,
el ement, a r esdrodainentineliidgs a prismatic main unit case e/main unit) F1), and a cover 2
attached removably to main unit case 1. Main unit case 1 includes a
projection la protruding backwards at the back side of the upper portion,
5 and an operation switch 9 for turning ON/OFF the power at the front face of
the upper portion corresponding to projection la. |
Referring to Figs. 4-9, a main unit cover 10 appears at the upper
portion of main unit case when cover 2 is removed from main unit case 1.
Main unit cover 10 is detachable with respect to main unitcase 1. A
10 piezoelectric element 50, a mesh member 40, a reservoir, and a liquid supply
unit that will be described afterwards are arranged at main unit cover 10.
Main unit cover 10 includes a liquid reagent bottle (veservoir) 20
storing a liquid (for example, liquid reagent). Liquid reagent bottle 20 is
formed of an upper part 21 and a lower part 22. Lower and upper parts 21
15 and 22 ave fitted to each other. A cap 23 that seals a liquid reagent inlet
21a that can be opened/closed is attached to upper part 21. Liquid reagent
can be introduced into liquid reagent bottle 21 from liquid reagent inlet 21a
by opening cap 23. A diaphragm 24 is attached at the bottom of liquid
reagent bottle 20 (lower part 22). A liquid supply pipe 25 is attached at the
20 slanting lower side of lower part 22. The liquid reagent is arbitrary. In
the atomizer of the present invention, a liquid of low viscosity such as
chemicals dissolved in alcohol or a liquid of low surface tension including a
surfactant can be sprayed out.
A solenoid 26 is provided at the lower portion of liquid reagent bottle
25 20 to urge diaphragm 24 to supply a liquid. As shown in Fig. 10, solenoid
26 is attached to a solenoid holder 28 where a solenoid shaft 26a pushes a
pin 27. Pin 27 is in contact with diaphragm 24 in the normal state. Upon
actuation of solenoid 26, solenoid shaft 26a pushes pin 27, which in turn
urges diaphragm 24. Asa result, the liguid in liquid reagent bottle 20 is
30 appropriately discharged through liquid supply pipe 25.
According to this liquid reagent supply structure, an optimum
amount of liquid reagent can be supplied by appropriately setting the
displacement of diaphragm 24 caused by the urge of pin 27. Thus,
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quuid, a liquid supply device supplying the liquid in the reservoir

bet ween t he piezoelectric elenment and the nmesh nenber, and a nesh
menber case hol di ng the nmesh nmenber. The nesh nenber case is forned
of nmetal or 5 ceramc. As a result, the absorption of
the oscillation energy that propagates through the liquid can be
suppressed to inprove the atom zation efficiency. Al so, the shock
strength with respect to inpact such as when dropping the appar at us
Is increased. An atom zer with a nesh nenber case that is not 10 easily
damaged can be provi ded. According to yet a still further
aspect of the present invention, atom zer includes a main unit, a

mai n unit CO‘iﬁEoﬁéxﬁEﬂ@@sﬁ&i@é’ %#?ﬂgé%%%‘ﬁglcantbe g{@}e[ﬁtg&” tpgﬁv&{nﬁ&g%m ric
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pi ez?el gct ri GtileoRtte caﬂ:}[ﬂlﬁ f)}i@hbnﬁh@h'tggtrng%ﬁe ?\?mﬂ p112ét‘ﬁo§h th%hquldl i qui d
e su
o1 bposl ot 11 FeBERRIANI natliee WS o oay ehimce S8ah dapeBiins ugepdhged a
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by upper and 10we1 cases 31 and 32. At lowe1 case 32 are provided a mesh

15 member 40 with many small holes and a coil spring 34 urging mesh member
40 against lower case 32. Spring 34 has one end engaged with upper case
31 and the other end engaged with the perimeter of mesh member 40.
Accordingly, mesh member 40 is held constantly, urged against lower case
32.

20 Mesh member 40 is formed of metal or ceramic in order to suppress
the absorption of oscillation energy conveyed to the liquid reagent to
improve the atomization efficiency and increase the shock strength when
main unit cover 10 is dropped. More specifically, the liquid reagent is in
contact with mesh member 40 during atomization and also in contact with

25 the mesh member case (upper and lower cases 31 and 32) holding mesh
member 40 at the same time. Conventionally, the mesh member case is
formed of resin, so that the vibration of the liquid reagent and the mesh
member will be attenuated by the resin mesh member case. By forming the
mesh member case of metal or ceramic as in the present invention, such

30 problems can be eliminated.

As shown by the enlarged sectional view of the main part of Fig. 13,
a piezoelectric element 50 is positioned in an oblique manner in close
proximity at the lower portion of mesh member 40 positioned oblique with
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30 atom zer includes, at a main unit, a piezoelectric elenent, an

aosci | I at or driving this piezoelectric elenent, a nesh nenber having
many smal |l hol es arranged in close proximty to the piezoelectric
el enent, a reservoir storing a liquid, and a liquid supply device
supplying the liquid in the reservoir

- 6 - _ bet ween the piezoelectric elenent and the nesh
menber. An operation di splay and a voltage nonitor display are
provi ded at the upper portion of the main unit. These displays are
arranged so as to all ow visual confirmation in a direction
substantially identical to the spray out direction 5 fromthe main
unit. '

di spi ay can [Lespect to the 'be?}ztomalo@‘aaﬁ% dﬁ‘ﬂr lﬁlﬁgﬁl}'eﬁﬁtquaﬁ@gné’z%}eie% Yhc %Pér}ha)g/l?{

confirmati on &} haye their famngmiane% Fxess §@§]El Other ahagniasube angkmtodwe Liqud
confirmation yehgbheL Wb liguidi UPAY pipe 25 supplied from the open side

therebetween. By the above structure, the remaining amount of liquid

5 reagent L in liquid reagent bottle 20 can be minimized. Also, aliquid of low
viscosity can be atomized. When the remaining amount of liquid reagent L
in liquid reagent bottle 20 becomes low so that liquid L supplied from liquid
supply pipe 25 is reduced, liquid reagent 1. will be atomized by the surface
tension with mesh member 40 up to the last drop, as shown in Fig. 14.

10 Liquid reagent L can be used for spray out with no waste.

Although not shown in the drawing, a liquid amount sensor that
senses the amount of liquid reagent on piezoelectric element 50 can be
provided to control the urge operation of diaphragm 24 according to the
output of this liquid amount sensor.

15 As shown in Figs. 15 and 16, piezoelectric element 50 includes
comb-type electrodes having one electrode 51 and the other electrode 52
formed alternately at one plane, and liquid sense electrodes 55, 56 formed on
the same plane and at a position in contact with the liquid reagent supplied
from liquid supply pipe 25. Piezoelectric element 50 is arranged so that the

20 plane (no-electrode formation plane) opposite to the plane where electrodes
51, 52, 55 and 56 are formed faces mesh member 40. This is because the
vibratory wave of piezoelectric element 50 used for atomization is a bulk
wave 61 traveling therethrough, not the conventional surface wave 60. By
arranging the no-electrode formation plane of piezoelectric element 50 so as

25 to face mesh member 40, the electrodes will not come into contact with the
liquid reagent. The apparatus can be protected from electrode corrosion,
electric corrosion and electrical shorting caused by the liquid reagent.

Thus, reliability is improved.

Although not particularly limited, the material of piezoelectric

30 element 50 is preferably lithium niobate with a 41 £15° rotation Y cut and a
Y axis projection propagation direction from the standpoint of utilizing a
bulk wave as an vibratory wave.

Although not depicted in the drawing, piezoelectric element 50 has
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when the battery is |l ow can be carried out easily in the inhalation
posture. 10 According to an additional aspect of the present
i nvention, an atom zer includes, at a prismatic main unit, a

pi ezoel ectric el enent, an oscillator driving this piezoelectiic
el enent, a mesh nenber havi ng many smal | holes arranged in close
proximty to the piezoelectric elenent, a reservoir storing a
liquid, and a liquid supply device supplying the liquid in 15 t he .
reservoir between the piezoelectric elenent and the nmesh nmenber. The
main unit includes a projection protruding backwards at the rear of the
upper portion, an atom ze unit at the upper portion, and an operation

swi tch itsHirdulfifelbR1h1 %tnd g)laf’tlblﬂ E’)?Es#h rIA PR rlgyg W’gﬁgf ! O(‘ékt_'lh &

pr Oj ecti on. € presen BSEI‘ ation
switch can bén mezoelesaserc@il@aenhﬁﬂethﬁﬂmh@om@n eherewointh-typrehelactrades 51

grip. tThe pO%ﬁdtBZ hie/formed oscﬂlat‘é’sogg‘h@?)lsﬁl?atﬁpﬁf ﬂ#}eﬁ@%ﬁ?@fgﬂﬁi ¥nguring
ration is reduc

o O L phHabs PEpiegoelestuit blamsert S0 thbupllgr than dhahphuia Satrode

the present fowveatiowporiZén. By press-holdihg.only tlse girsimiferenitl th%lﬁbﬁrﬁfzer

5 1o & front DREBAE iR SF the gsoil I attBintialiS G piesoelogtyic element; Ty

vi ew of the 8f®aines manimmizgd. 2 Also, the liquid reage supHliedstotieent-cbovtdods ew

of the main PR a@hn b %@5%&3551 %@c element 50 ﬂowg 'o%mdgél@%%lfc@ i@l €

sectional vie arti omzer with
t he cover ﬁﬁ%‘e‘l‘f Q)Eﬁotq]i'@t SEF4PSLA, tde@q;g@atmn dlSCOlOI‘ or the likedusideAband 7B

are a top v avorafidr dafiiepveted B§ RBE WattldrooPhatkimig. main unit cover
of an atom zer. A liquid sense circuit substrate 70 is arranged beneath ’Eh7e electrode
formation plane of piezoelectric element 50. Liquid sense circuit substrate
70 is electrically connected with comb-type electrodes 51 and 52 and liquid
sense electrodes 55 and 56 of piezoelectric element 50 through a conductive
15 coil spring (resilient body) 71. Liquid sense circuit substrate 70 is mounted
with a circuit that senses the absence/presence of liquid according to a signal
from liquid sense electrodes 55 and 56. Coil spring 71 is inserted into a
hollow shaft 72a of a support panel 72.
By the above structure, the distance from liquid sense electrodes 55
20 and 56 of piezoelectric element 50 from liquid sense circuit substrate 70 is
minimized to reduce the influence of disturbance noise (mainly noise caused
by vibration drive oscillation signal). Also, the electrostatic capacity of the
electrical connection between liquid sense electrodes 55 and 56 and liquid
sensor circuit substrate 70 can be reduced to improve the S/N. More
25 specifically, the electrostatic capacity causing a change in liquid sense
electrodes 55 and 56 is approximately several pF since the liquid reagent is
in contact and spreads at the backside plane (no-electrode formation plane)
of liquid sense electrodes 55 and 56. This change is sensed by liquid sense
circuit substrate 70. The usage of a conductive coil spring 71 ensures the
30 contact between electrodes 51, 52, 55 and 56 and liquid sense circuit
substrate 70 while minimizing the vibration attenuation of piezoelectric
element 50 caused by contact with electrodes 51, 52, 55 and 56.
The oscillation operation of piezoelectric element 50 will be described
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Figs. 8A and 8B are a right side view and a left side view,
respectively, of the main unit cover of Figs. 7A and 7B. .
Fig. 9is atop viewshowing the interior of the main unit cover of Figs.

7A and 7B. 5 Fig. 10 is an enlarged view of a solenoid used in
an atom zer. Figs. 1 1A and 1 1B are a top view and a side
vi ew, respectively, of an atom ze unit at a main unit cover of an
atom zer. Figs. 12A and 12B are a cross sectional view and a
top view, respectively, of the interior of the atom ze unit shown in
Figs. 11A and 11B. 10 Fig. 13 is an enlarged sectional view
of the main part of a nmain unit cover of an atom zer

Fihg- 34 is a H@r@ﬂfﬁf@rﬁjew&{)&gl&l@&% %@%ﬂg?@lgg%ﬁrg%h{hfg&é%?&g&%ﬁz,
:)i 2zgelocranctz rer doxexavmnle. Ackoss ¢lﬁ%ft%bélesl§1 andséqgfgpiegwlgcﬁﬁc eepentdile aused in
an atom zer. surface wave propagating at the surface (resilient surface wave) 60 and a
bulk wave 61 that travels through the interior are generated. In other
5 words, the electrical energy of piezoelectric element 50 is converted into
oscillation energy. More specifically, electrodes 51 and 52 convert the
electrical energy into mechanical oscillation energy.
In piezoelectric element 50, the oscillation source of piezoelectric
element 50 is comb-type electrodes 51 and 52 formed alternately with

10 respect to each other. The generated vibratory waves are a surface wave 60
and a bulk wave 61. As shown in Fig. 17, bulk wave 61 travels inside
piezoelectric element 50 obliquely with respect to the longitudinal direction
of piezoelectric element 50. When the direction of the normal line of the
equiphase surface of the excited bulk wave is 6, 8 is represented by the

15 following equation. The advancing direction of the bulk wave depends
upon the frequency.

0 = sin! (Vb/P-D)
where Vb is the phase speed of the bulk wave, P is the pitch of comb-type
electrodes 51 and 52, and fis the frequency.

20 The bulk wave is propagated while being reflected at the boundary
plane of piezoelectric element 50. The oscillation frequency of the excited
surface wave at comb-type electrodes 51 and 52 is determined mainly by the
sound speed Vs of the surface wave and pitch P. The oscillation frequency
of the bulk wave is determined by the thickness t of piezoelectric element 50.

25 When the oscillation frequency of the surface wave approximates the
oscillation frequency of the bulk wave, there is the case where the frequency
is not stable to cause piezoelectric element 50 operate at the oscillation
frequency of the surface wave or of the bulk wave in response to a slight
change in the oscillation load. The structure of the oscillation circuit

30 becomes complicated to prevent this event. It is therefore important to
select thickness t of piezoelectric element 50 so that the oscillation frequency
of the bulk wave differs from the oscillation frequency of the surface wave.

The bulk wave and the surface wave are reflected at both end
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Fig. 16 is a perspective view showi ng a piezoelectric elenent used in

an atom zer. Fig. 17 is a diagramdescribing the vibration
principle of a pi ezoel ectric el enment used in an atom zer. 20

Figs. 18A, 18B and 18C show exanpl es of the configuration of a no-

el ectrode formation portion of a piezoelectric elenent used in an atom zer.

Figs. 19A 19B and 19C show an exanple of the end configuration of a
no-el ectrode formation portion of a piezoelectric elenent used in an

atom zation device. 25 Fig. 20 is a side view show ng the case
where conb-1i ke el ectrodes are provided at both sides of a

pi ezoel ectric el enent. Fig. 21 is an enlarged sectional view

of L1 o1 0SSR b wave u PRI, 0B B8 BbETY e pterterence
conf i gur at i o/THis ivhohdesinallel fromtheatandnoiot wf vémtatidn stabality. Itis Best
bresent | nvelt Ladbfao i%%‘é?*é“?’{%ﬂ?%ﬁwéfé}sngfssel?g the wiVEBIBEEGR, | 0%
the drawi ngs direction asymmetric or at least the side face of the end portion igonplanar.
5 Examples thereof are indicated in Figs. 18A, 18B, 18C and Figs. 194, 19B
and 19C. Fig. 18A shows an example of a tapered no-electrode formation
portion 53a of piezoelectric element 50. Fig. 18B shows an arc-shaped no-
electrode formation portion 53b. Fig. 18C shows a waveform no-electrode
formation portion 53c. These configurations cancel the reflection of surface
10 wave 60 or bulk wave 61 of Fig. 16 to eliminate vibratory wave interference.
Thus, oscillation becomes stable.

In addition to altering the configurations of no-electrode formation
portions 53a-53c of piezoelectric element 50, the end plane of no-electrode
formation portion 53 can be set nonplanar as shown in Figs. 194, 19B and

15 19C. Fig. 19A shows a saw tooth end plane 54a. TFig. 19B shows an end
plane 54b with one stepped side. Fig. 19C shows an end plane 54c with
both stepped sides. Similarly in this case, reflection of surface wave 60 or
bulk wave 61 can be cancelled. The configuration of end planes 54a-54c¢
may be incorporated, not only at the end plane of no-electrode formation

20 portion 53, but also at the end plane portion at the side opposite to no-
electrode formation portion 53 (the portion where electrodes 51 and 52 are
formed). Alternatively, these configurations can be provided over the
entire end plane of piezoelectric element 50. Also, the configurations of
no-electrode formation portions 53a-53c in Figs. 18A, 18B and 18C can be

25 combined with the configurations of end planes 54a-54c in Figs. 19A, 19B
and 19C.

At upper case 31 of atomize unit 30 at main unit cover 10 in Fig. 4
(also refer to Figs. 6A and 6B), an operation display LED 80 and a voltage
monitor display LED 81 are provided. LEDs 80 and 81 are arranged in a

30 direction substantially identical to the spray out direction from main unit
cover 10 (the direction perpendicular to mesh memory 40) in a viewable
manner. Operation display LED 80 is lit when operation switch 9 is turned
on. Voltage monitor display LED 80 is lit when the remaining battery is
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Referring to Figs. 1 and 2, an atomizer according to the present

enbodi nent includes a prismatic main unit case (nmain unit) 1, and a cover 2
attached renovably to main unit case 1. Main unit case 1 includes a
projection | a protruding backwards at the back side of the upper portion,

5 and an operation switch 9 for turning OV OFF the power at the front
face of t he upper portion corresponding to projection |a.

Referring to Figs. 4-9, a main unit cover 10 appears at the upper

portion of main unit case when cover 2 is renoved frommain unit case 1.
Main unit cover 10 is detachable with respect to main unit case 1. A 10

pi ezoel ectric elenent 50, a nesh nenber 40, a reservoir, and a liquid

. | be "
ot Lover 19" Acdolinetl e oulReive 188 € ARGy BEELALEAY T e Ag on
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21 1 t t h
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opened/ 8l osell. i s attached to upEe{tpart 21. Li f]:,ll SI (rje?g:ngm tczémI ge
I nt-rod d i I 0 e
by, openi ng cap 23, TH BrEsAR Aypmaey twtides 4 Sifmad bSO st g e
reagent bot tin@iebofy ofhe ppparaids.sushldsquiih anppdased, povas2 | endiniainhadt at
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arbitrary. Ip  fiited to such,
vi scosity subackizg to ensure meatprnnost abﬂ%tﬁlatébeuﬁitad@ohbonw 1ldiegr@ﬂlyd of |ow

surfacgt ensfopmedtel o4& dihoth of the formed components. More specifically, in Fig. 5,
packing 90 is integrally formed at the fitting portion between main unit case
1 and main unit cover 10, and packing 91 is integrally formed at the fitting
portion with the battery storage unit at the lower portion of main unit case 1.
Accordingly, the watexproof reliability is improved as well as the assembly
15 property.

According to the present embodiment, the comb-type electrodes are
provided only at one side of the piezoelectric element. However, the comb-
type electrode can be provided at both sides of the piezoelectric element.
Such an example is shown in Fig. 20. Referring to Fig. 20, comb-type

20 electrodes 51a, 52a, 51b and 52b are provided at hoth sides of piezoelectric
element 50. In this case, the comb-type electrodes are arranged so that the
phase of the vibratory wave (bulk wave) generated by the comb-type
electrodes provided at both sides is maximized according to wave mechanics.
As a result, an oscillation greater than that where only one side is provided

25 with the comb-type electrodes can be obtained. _

Atomization of the present atomizer will be described with reference
to Fig. 21 (enlarged sectional view of the main part). By conducting an
alternating current across electrodes 51 and 52 of piezoelectric element 50,
surface wave 60 out of surface wave 60 and bulk wave 61 generated at

30 piezoelectric element 50 (vefer to Fig. 16) is canceled by virtue of the
configuration of no-electrode formation portions 53-53c shown in Figs. 184,
18B and 18C and the configuration of end planes 54a-54c shown in Figs. 19A
19B and 19C. Only bulk wave 61 is propagated to mesh member 40,
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surfactant can be sprayed out. A solenoid 26 is provided at
the I ower portion of liquid reagent bottle 25 20 to urge diaphragm 24 to
supply a liquid. As shown in Fig. 10, solenoid 26 is attached to a
sol enoi d hol der 28 where a sol enoid shaft 26a pushes a pin 27. Pin
27 is in contact wth diaphragm 24 in the normal state. Upon

actuation of solenoid 26, solenoid shaft 26a pushes pin 27, which in turn
urges diaphragm 24. As a result, the liquid in liquid reagent bottle 20 is
30 appropriately discharged through |iquid supply pipe 25.

According to this liquid reagent supply structure, an optinmum anount
of liquid reagent can be supplied by appropriately setting the

959! 20T g oA AT S led "OHE B Sl g T a1 st

prevent ed. Conemberdfzhopwn herein are of a stepped type horn configuration having an
opening of a large diameter at the side of piezoelectric element 50 and an
opening of a small diameter at the opposite side.

5 Liquid L is present between piezoelectric element 50 and mesh
member 40. The oscillation energy of piezoelectric element 50 is
propagated to liquid L, which in turn is propagated to mesh member 40. By
the vibration of mesh member 40, liquid L is diffused from small hole 41 of
mesh member 40 as atomized particles I'. In order to increase the

10 - amplitude displacement of the ultrasonic vibration to improve the
atomization efficiency, the cross sectional shape of small hole 41 corresponds
to an ultrasonic horn shape that is determined by the ultrasonic oscillation
frequency and the sound speed of the liquid. As an example thereof, the
cross section of small hole 41 corresponds to a stepped type horn

15 configuration. Assuming that the sound speed of spray liquid (spray
particle L") is 1500 m/s, the ultrasonic oscillation frequency is 6MHz, the
wavelengthis 1, the amplitude enlargement rate of (D/d) 2 is obtained by
setting step position h to 62.5 pm equal to A /4 to obtain atomization of
favorable efficiency with a relatively low power.

20 More specifically, mesh member 40 exhibits the highest atomization
efficiency by the following conditions.
h=1/4, 1=v/f
h :inlet hole depth of small hole 41 v: sound speed of liquid reagent
A : wavelength f: oscillation frequency
25 s-(D/d) 2 ' '

s : amplification rate  D: inlet hole diameter of small hole 41
d : outlet hole diameter of small hole 41

The cross sectional configuration of small hole 41 may be the horn

shape of a conical type, a catenoidal or exponential type.
30 The cases corresponding to a small hole 41 of the conical type and

exponential type horn configuration will be described hereinafter.

Figs. 22A and 22B show conical type and exponential type horn-
shaped small holes 41a and 41b, respectively. In the drawings, Al and A2
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the'liquid was supplied taking advantage of the weight of the liquid

reagent itself or the capillary phenonenon through a thin pipe from
the liquid reagent tank. There was the inconveni ence that, depending
upon the 5 concentration and status of the liquid reagent, an
appropriate anount coul d not be supplied or supply clogging
occurred. As an alternative to solenoid 26, pin 27 can be
operated using a notor, or pin 27 can be operated by air pressure.

An atom ze unit 30 is provided at the |lower part 22 of |iquid reagent 10
bottle 20. Atom ze unit 30 has a structure as shown in Fig. 1 1A (top

Vi ew) , Fig. 11B (side view), Fig. 12A (sectional view and Fig. 12B
(top view with upper case r.emved),; At omze unt i ncl S an
upper case 3YeByegent the &%SSISS nal arga ieéﬁnpo\]%é‘equltetaéﬁq%egg other. A
mesh nenber egmesenty thendepth of smalbholppér and | ower cases 31 and 32. At

| oner case 32 are ?’éﬁ%dﬁ*‘\ﬁtﬂﬁ%ﬁng%‘?‘é‘my edﬂ%(g{ié&p%%&ffga%W[ hol es and

a coil spring 34 u nes e agalns wer case 32. Spring
34 has one end engaged vvit#k.ygper(ﬁcageke 31 and the other end engaged
with the perineter of nes

rrentﬁgr!f)%(ﬂ—l)z Accordingly, nmesh nenber 40 is
hel d constantly, urged agai nst | ower case 32. 20 Mesh
menber 40 is forned of net aéﬁ&r ceram c in order to suppress t he
absor ptigon of oscillatiop £ gy: figfyeyieshcyo the |iquid reagent to

i nprove the atom zation effiwiency and i ncrease the shock strength when
main unit cover 10 is dropped. Mre specifically, the liquid reagent is in
contact with mesh nenber 40 ing atom zation and also in contact with 25
the mesh menber case (uppes,/and |:avsrsovaslespe@d and 32) hol di ng nesh

menber 40 at the sane tine. V@&hvent i onal ly, the nesh nenber case is

formed of resin, so that the vibration of the liquid reagent and the nesh

menber will be att ufaiess byFid @28 3he cishenonal aivaskx abBy distatico& frb@
mesh nmenber case of netal or ceramic as in the present invention, such

end plane Al is represented by the following equation.

Ax = Alehx
10 where h is a taper constant.
In this case, the frequency equation is represented as below.
., T
k't=—
q
o 22
v

q =41 - P?

h
T
By any of the above horn configurations, the amplification rate and
amount of atomization are greater than those of the conventional straight
15 shape (straight round hole) or a reticulated hole. In other words,
atomization of favorable efficiency is realized.
As shown in Figs. 1-3, a projection la is present at the rear of the

upper portion of main unit case 1 when the present atomizer is used. Since
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30 ~ problens can be elimnm nated. As shown by the enlarged

sectional view of the main part of Fig. 13, a piezoelectric el enent
50 is positioned in an oblique manner in close proximty at the

| ower portion of mesh nenber 40 positioned oblique with

- 10 - respect to the horizontal plane. Mesh nenber 40
and pi ezoel ectric el enent 50 have their facing planes cross each
other at an acute angle to have liquid reagent L fromliquid supply
pi pe 25 supplied fromthe open side t herebet ween. By the above
structure, the remaining anmount of liquid 5 reagent L in liquid reagent
bottle 20 can be m nim zed. Al so, a liquid of |ow vi scosity can be

SRR RGPS TR R NN R
s uppl y pi pe 26Gakimg ardoeecount e iumaagngineering nabera)t operzabnbywitok Ssemf ace
be operated with main unit case 1 grasped naturally. Since main unit case
1 can be grasped with a natural grip, the possibility of main unit case 1
5 being dropped during handling is low.

Since the present atomizer has liquid reagent bottle 20 and atomize
unit 30 formed integrally at main unit cover 10 as shown in Figs. 6A and 6B,
piezoelectric element 50 is exposed when upper and lower parts 21 and 22

_ and upper and lower cases 31 and 32 are removed from main unit cover 10.

10 Accordingly, the exposed surface of piezoelectric element 50 (no-electrode
formation plane) can be easily cleaned with a cotton bud or the like. In
view of the fact that the exposed surface of piezoelectric element 50 is easily
contaminated due to the attachment and drying of liquid reagent and also
adherence of dust, maintenance is facilitated by the above structure.

15 Liquid reagent bottle 20 (upper and lower parts 21 and 22) and the
attachment portion of piezoelectric element 50 are coupled and held with
respect to each other by being attracted by a magnet accommodated in a pair
of magnet storage units 82 provided opposite at lower part 22.

According to the atomizer of Fig. 5, control circuit substrate 85 and

20 an oscillation circuit substrate (not shown) are arranged in main unit case 1
whereas liquid reagent bottle 20, mesh member 40, piezoelectric element 50
and the like are arranged at main unit cover 10. By providing the
components such as piezoelectric element 50 that have the possibility of
being damaged by erroneous handling in the form of modular components of

25 main unit cover 10, maintenance is improved by removing main unit cover
10 from main unit case 1. For example, main unit cover 1 or each substrate
in main unit case 1, when damaged, can be easily exchanged. As to the
spray mechanism portion (mesh member 40 and the like) required for
critical adjustment, the accuracy can be maintained since they are provided

30 as modular components that cannot be easily detached. Thus, assembly
thereof is improved.

Industrial Applicability _

According to the atomizer of the present invention, a piezoelectric
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tension with mesh nenber 40 up to the last drop, as shown in Fig. 14. 10
Liquid reagent L can be used for spray out with no waste.

Al t hough not shown in the drawing, a |iquid anmobunt sensor that

senses the anount of |iquid reagent on piezoelectric el enent 50 can be
provided to control the urge operation of diaphragm 24 according to the

output of this liquid anbunt sensor. 15 As shown in Figs. 15 and
16, piezoelectric elenment 50 includes conb-type el ectrodes havi ng
one el ectrode 51 and the other el ectrode 52 formed alternately at
one plane, and liquid sense el ectrodes 55, 56 formed on t he sane

plane and at a position in contact with the liquid reagent supplled

f | d 25 P | 0 t hat
the 20 " pi SlfBheRovuPCAEDS SRAROER KAV FICBR0es Fehel AHETRRANE Sinor o

el ectrodes combin&dwifia xﬁés}ﬁminﬂﬁeraméldlelmdhuﬂhmmmehngbdthﬁﬂthahi S

b h { f
atom zat i on Prezpelaspiic et RS B PRFAAEY At e sRERBIEAR e 1"
convent i onal propdgatingvat thé&eurfiye defined byrthermginday typme}egtmdg(mt@d@f the
formatign pl ?‘E@z %iec'i’h‘%i’e%gﬁré r "Hxéi’ fireNbtable ﬁ‘c'bxﬁ?zﬁ%fbﬁl mﬂlofaﬂrﬁf?olg‘“spgaﬁﬁ mber

40, the el ec €S W (0 contact w't
reagent ) Theoappﬁqeu@ tsmbtaqu ot ect ed from el ectrode corrosion,

el ectric corrosion and electrical shorting caused by the liquid reagent.

Thus, reliability is inproved. _ Al t hough not particularly
limted, the material of piezoelectric 30 el enment 50 is preferably
lithiumniobate with a 41 15[err] rotation Y cut and a Y axi s

proj ection propagation direction fromthe standpoint of utilizing a

bul k wave as an vibratory wave. Al t hough not depicted in the
drawi ng, piezoelectric elenent 50 has

- 11 -
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its circunferential end portion pressed and fitted by waterproof packing.
In piezoelectric elenent 50, the conb portion where conb-type el ectrodes 51
and 52 are formed oscillates. The oscillation of the circunferential end
portion of piezoelectric elenment 50 is smaller than that of the el ectrode
5 formati on portion. By press-holding only the circunferential end
portion of pi ezoel ectric elenment 50, the oscillation attenuation of
pi ezoel ectric el ement 50 can be mnimzed. Also, the liquid reagent
supplied to the no-el ectrode formati on plane of piezoelectric

el ement 50 fl ows outside piezoelectric el ement 50, so that
corrosion, deformation, discolor or the LA&fié nsi de the 10 atom zer can
be prevented by the waterproof packing. A liquid sense
circuit substrate 70 is arranged beneath the el ectrode formation

pl ane of piezoel ectyi CAE&%EE%@NE&MQH d sense circuit substrate 70

Is electrically connecte “electrodes 51 and 52 and liquid

sense el ectrodes 55 Biegoglgcigic pllemllééhdmg@Dmbehwemecﬂnodesghammmm ive
15 cB | spiledtgods 8adlanRihePOd¥iroded folrh8d altesfAREy CI rCUi t substrate 70 is

mount ed oscillation means driving said piezoelectric element,

a mesh member including many small holes arranged in close
proximity to said piezoelectric element,

a reservoir storing a liquid, and

10 liquid supply means for supplying the liquid in said reservoir

between said piezoelectric element and said mesh member,

wherein a vibratory wave of said piezoelectric element used for
atomization by said oscillation means is mainly a wave traveling within the
piezoelectric element.

15
2. The atomizer according to claim 1, wherein said piezoelectric -
element is of a material of lithium niobate, and has a 41 + 15° rotation Y cut
and Y axis projection propagation direction.
20 3. The atomizer according to claim 1, wherein said piezoelectric

element has a thickness so that an oscillation frequency of the surface wave
and the oscillation frequency of the bulk wave differ from each other.

4. The atomizer according to claim 1, wherein comb-type electrodes
25 of said piezoelectric element are arranged so that an oscillation frequency of
the surface wave differs from the oscillation frequency of the bulk wave.

5. The atomizer according to claim 1, wherein an end portion of
said piezoelectric element crossing at least an advancing direction of the
30 surface wave is of a configuration that does not cause interference between a

wave reflected at that end portion and said suxface wave.

6. The atomizer according to claim 5, wherein the configuration

-20 -
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with a circuit that senses the absence/presence of liquid according to a
si gnal fromliquid sense el ectrodes 55 and 56. Coil spring 71 is
inserted into a hol | ow shaft 72a of a support panel 72.

By the above structure, the distance fromliquid sense el ectrodes 55 20
and 56 of piezoelectric elenent 50 fromliquid sense circuit substrate 70
S mnimzed to reduce the influence of disturbance noise (mainly
noi se caused by vibration drive oscillation signal). Al so, the

el ectrostatic capacity. of the el ectrical connection between |iquid
sense el ectrodes 55 and 56 and liquid sensor circuit substrate 70
can be reduced to inprove the S/IN. Mre 25 specifically, the

el ectrostati g .capacity, causi. C I QUi I rodes
55 and 561 s BpRos hlk ERYRTeRaetRR slrReh of HrolEARpusd an bR 000, |
contact and pprtansnd saideubfack svake eerleothrandspleates adpmiaetric/ a1inayingras)

of liquid se r@ﬂ% ' a‘ﬁgf;p ' ensed by liquid sense
circuit subs':l]e:agsttghg&tn eil?g]gé)g@gsﬁgegg?ﬁgﬁpve (%lhﬁalzpri ng 71 ensures the
30 contact between el ectrodes 51, 52, 55 and 56 and liquid sense circuit

S :Jbst r ?t5§070 whi ge T I'I'Hét aﬂo?ﬁzbf ﬁccqrarx?g toodlarhtig mélgéﬂeﬁg s@i‘ddpiiggaélehﬁm ric
el enen cause cont ac W el ectr oges . . .
She ooci 11 as espeka 8k dpodite Pigh &S shif EanBiim Slertig R Keing wrovidedo

- 12 - only at one plane side of said piezoelectric element.

8. The atomizer according to claim 7, wherein said comb electrode
10 is provided at a plane opposite to the plane facing said member.

9. The atomizer according to claim 7, wherein said piezoelectric
element includes a liquid detection electrode detecting absence/presence of
said liquid, provided adjacent to one side of said comb-type electrode.

15

10. The atomizer according to claim 1, wherein the vibratory wave
used for said atomization is formed and generated by said piezoelectric
element formed to reduce effect by a surface wave traveling through a
surface of said piezoelectric element.

20

11. The atomizer according to claim 1, wherein a cross sectional
configuration of said small hole is of a horn configuration determined by an
ultrasonic vibration frequency and a sound speed of said liquid.

25 12. An atomizer comprising a piezoelectric element including
comb-type electrodes having one electrode and another electrode formed
alternatel&, oscillation means driving said piezoelectric element, a mesh
member including many small holes arranged in close proximity to said
piezoelectric element, a reservoir storing a liquid, and liquid supply means

30 for supplying the liquid in said reservoir between said piezoelectric element
and said mesh member, wherein a cross sectional configuration of the small
hole of said mesh member is of a horn configuration formed according to an
oscillation frequency of the piezoelectric element and a sound speed of the

-21-
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herei nafter. Upon conducting an alternating current of frequency 6Mz,

for exanple, across electrodes 51 and 52 of piezoelectric elenent 50, a
surface wave propagating at the surface (resilient surface wave) 60 and a
bul k wave 61 that travels through the interior are generated. In other 5
words, the electrical energy of piezoelectric elenment 50 is converted into
oscillation energy. Mre specifically, electrodes 51 and 52 convert the

el ectrical energy into mechanical oscillation energy. _ In

pi ezoel ectric el ement 50, the oscillation source of piezoelectric

el ement 50 is conb-type el ectrodes 51 and 52 forned alternately with 10
respect to each other. The generated vibratory waves are a surface wave 60
and a bqu As shown in Fig. 17, bulk wave 61 travels inside

pi ezoel ectri cC @?1 nt 50 obliquely with respect to the |ongitudinal

di rection of piezoelectric element 50. When the direction of the

| f th eis O,
015 repr osent e ﬁy ¥ eA‘1@Wi’r‘&qﬁ%ﬁ‘@%ﬁ%ﬁ&°@mtﬁﬁé‘ i
of the bul k trodes havmg)gn@ gle c Lt qnother electlode form _
sin[err]5(Vb/ aﬂtéﬁnately, oscillBtiof nYBans$ dh'%n%?é‘ﬂ%ﬁeﬁ@ﬁ@c&ic dge! K Pis

h h of t | ect 1 and 52, I.S .t he uency
bo° PN O etk ding gy s AranEed el Age pRpBR P 84l
boundary piezgdlacteicodlemient o resdrvoir stbrngnt 1igRid, Bl Rgeid é@pl?rineans

frequency of [ ve at C ectrodes 51, and
52 i's deter métﬁ)g) %@nﬁth%q%%mtdﬁn saidl Yt 5GPt wdbn sm@plégaeclllc element and
said mesh membe1 wherein said piezoelectric element and mesh member
10 are arranged so that their facing planes cross at an acute angle, and the
liquid from the liquid supply means is supplied from an opening side

therebeween.

14. An atomizer comprising a piezoelectric element including

15 comb-type electrodes having one electrode and another electrode formed
alternately, oscillation means driving said piezoelectric element, a mesh
member including many small holes arranged in close proximity to said
piezoelectric element, a reservoir storing a liquid, and liquid supply means
supplying the liquid in said reservoir between said piezoelectric element and

20 said mesh member, wherein said piezoelectric element and said mesh
member are arranged so that their facing planes cross at an acute angle, and
said reservoir includes a liquid supply pipe extending to an opening side
between said piezoelectric element and mesh member.

25 15. An atomizer comprising a piezoelectric element including
comb-type electrodes having one electrode and another electrode formed
alternately, oscillation means driving said piezoelectric element, a mesh
member including many small holes arranged in close proximity to said
piezoelectric element, a reservoir storing a liquid, and liquid supply means

30 supplying the liquid in said reservoir between said piezoelectric element and
said mesh member, wherein said piezoelectric element has a circumferential
end portion press-fitted and held by waterproof packing.

R R e



sound speed Vs of the surface wave and pitch P. The oscillation frequency
of the bulk wave is determ ned by the thickness t of piezoelectric el enent

50. 25 When the oscillation frequency of the surface wave
approxi mates the oscillation frequency of the bulk wave, there is
the case where the frequency is not stable to cause piezoelectric
el enent 50 operate at the oscillation frequency of the surface wave
or of the bulk wave in response to a slight change in the
oscillation |load. The structure of the oscillation circuit 30 becones

conplicated to prevent this event. It is therefore inportant to
sel ect thickness t of piezoelectric elenent 50 so that the oscillation

f f, ot he, bul k ' fr. t Ll ati. ff f
(1S e, 10 P Sefl 52 o SORAA L BB T ©
reflected at cbmbatsmajelectrodes having one ele_ctrode _and another electrode formed 13 -
portions crosgidigatdl§ YaYRaR60RIGH @Avilld S0 Bzl bR 1¢58eMRUE, a mesh

i-nt erference. ] ) . . )
- member including many small holes arranged in close proximity to said

5 piezoelectric element, a reservoir storing a liquid, and liquid supply means
supplying the liquid in said reservoir between said piezoelectric element and
said mesh member, wherein said piezoelectric element includes a liquid
sense electrode sensing liquid from the reservoir at a comb-type electrode
formation plane, a liquid sense circuit substrate sensing absence/presence of

10 liquid according to a signal from the liquid sense electrode is provided, the
liquid sense circuit substrate arranged below the comb-type electrode
formation plane of the piezoelectric element, and the liquid sense electrode
of the piezoelectric element and the liquid sense circuit substrate are
electrically connected by a conductive resilient body.

15

17. An atomizer comprising a piezoelectric element including
comb-type electrodes having one electrode and another electrode formed
alternately, oscillation means driving said piezoelectric element, a mesh
member including many small holes arranged in close proximity to said

20 piezoelectric element, a reservoir storing a liquid, and liquid supply means
supplying the liquid in said reservoir between said piezoelectric element and
said mesh member, wherein said liquid supply means supplies the liquid in
said reservoir by urge-operating a diaphragm.

25 18. An atomizer comprising a piezoelectric element including
comb-type electrodes having one electrode and another electrode formed
alternately, oscillation means driving the piezoelectric element, a mesh
member including many small holes arranged in close proximity to the
piezoelectric element, a reservoir storing the liquid, liquid supply means

30 supplying the liquid in the reservoir between the piezoelectric element and
the mesh member, and liquid amount sense means sensing an amount of
liquid on the piezoelectric element, wherein said liquid supply means
supplies the liquid in the reservoir by urge-operating a diaphragm, and the

-23.
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This is not desirable fromthe standpoint of vibration stability. It is
preferable to set the two end portions crossing the wave propagation
direction asymmetric or at |east the side face of the end portion

nonpl anar. 5 Exanpl es thereof are indicated in Figs. 18A, 18B, 18C and
Figs. 19A, 19B and 19C. Fig. 18A shows an exanple of a tapered

no- el ectrode formation portion 53a of piezoelectric elenment 50. Fig.
18B shows an arc-shaped no- el ectrode formation portion 53b. Fig.
18C shows a wavef.orm no-el ectrode formati on portion 53c. These
configurations cancel the reflection of surface 10 wave 60 or bul k wave
61 of Fig. 16 to elimnate vibratory wave interference. Thus,
oscillation agdi ti o alterin

Cont 1 gur at 1 on e ReIURR of i diamlyeage i conti S fidor e fof bE Gl SHia

pi ezoel ect ri dioplid mmourtiosenskeneanis.pl ane of no- el ectrode formation
portion 53 can be set nonplanar as shown in Figs. 19A, 19B and 15 19C.
Fig. 19A shows a saw tooth end plane 54a. Fig. 19B shows an end

pl ane 54b with one 18t eppeatomiger cmm@nsl@g:aﬁmlemmmiemeahmdndmgt h

both st epped cshﬂﬁme%laéﬁ@désvhaﬁn@mfe &ReGodé GhlaenidthBy Blecti, gm ve 60
or . buIaE wave .61 ¢ be cancel (ha confl gurati on o anes
54a- 54c texnately, o toR means Ym&wﬁsﬁ Rieze ecf&fde gmens, %mes

no- elhect rgde ni@nbet irhudihg map§rsm sl heles @%fan bd@n%los*eftﬁoﬁﬁﬂl |t6'”tﬁep0ft I on
at the side eecroe n rt|o

portion wher ﬁ%&&ﬁ%’&%&e@ﬁnﬁﬁdmffr (PBS oring thy i}flﬁ\‘a‘#j% ‘ﬁat iY t hese
conf i gur at i osupPpbrngdiguidundbd reseavoirbetween theQ)mzmeie&tm: glemeataind the

pi ezoeljgetri %@élﬁﬂ%ﬂibéoané‘lasﬂesﬁ %elﬁ%Mb%%% mesh mexé]%%r %ﬁgiﬁ%ﬁde

formation port 3a-53Cc in é can be ned
with the conﬁ?{jﬁm&ts dne léﬁ%f”gﬁ [t ansf@éomemrgsc 19A, 19B and

19C. At upper case 31 of atomi ze unit 30 at nmain unit cover
10 in Fig. 4 aIA%o refer to Fi 6A and 6B), an, operation display
LED 80 and a vol tadd AR atomigey CONDYSLE 4MEETHBE, ABal BUHEONET LEDs 80

and 81 are amttached remoxably to the main unit, a piezoelectric element, oscillator

15 means driving the piezoelectric element, a mesh member including many
small holes arranged in close proximity to the piezoelectric element, a
reservoir storing a liquid, and liquid supply means supplying the liquid in
the reservoir between the piezoelectric element and the mesh member,
wherein the oscillation means is arranged at said main unit, and the

20 piezoelectric element, the mesh member, the reservoir and the liquid supply
means are arranged at said main unit cover.

21. An atomizer comprising at a main unit, a piezoelectric element,

oscillation means driving the piezoelectric element, a mesh member

25 including many small holes arranged in close proximity to the piezoelectric
element, a reservoir storing a liquid, and liquid supply means supplying the
liquid in the reservoir between the piezoelectric element and the mesh
member, wherein an operation display means and voltage monitor display
means are provided at an upper portion of said main unit, said display

30 means being arranged in a direction approximating a spray out direction
from the main unit in a state allowing visual confirmation.

22. An atomizer comprising at a prismatic main unit, a

AT



30 ° direction substantially identical to the spray out direction from

mai n unit cover 10 (the direction perpendicular to nesh nenory 40)
in a viewabl e manner. QOperation display LED 80 is |lit when operation
switch 9 is turned on. Voltage nonitor display LED 80 is |lit when
the remaining battery is - 14-

| ow. Accordingly, the conductive state and whether the battery is | ow or
not can be confirmed visually by the lights of LEDs 80 and 81 turned on or
of f during inhalation. In Figs. 5 6A and 6B, a control circuit substrate
85 . to control the OV OFF of solenoid 26 is arranged vertically in
main unit case 5 1. The present atom zer includes a

or e COmpOBE SRS WSO M eron mea P RRE b B SRR HERF £
formed conpomesh menthert indusling aqdapalignofssmall holes arranged in close

proximity to the piezoelectric element, a reservoir storing a liquid, and

liquid supply means supplying the liquid in the reservoir between the

5 piezoelectric element and the mesh member, wherein said main unit

includes a projection protruding backwards at a back plane of an upper

portion, an atomize unit at the upper portion, and an operation switch at a

front plane of the upper portion corresponding to the projection.

(AR AR 5.



Packing to ensure waterproof ability at the fitted portion is integrally 10
formed to one or both of the formed conponents. Mre specifically, in Fig.
5, packing 90 is integrally formed at the fitting portion between
main unit case 1 and main unit cover 10, and packing 91 is
integrally fornmed at the fitting portion with the battery storage
unit at the |l ower portion of main unit case 1. Accordingly, the

wat erproof reliability is inproved as well as the assenbly 15 property.
According to the present enbodi nent, the conb-type el ectrodes are

provi ded only at one side of the piezoelectric elenent. However, the conb-
type el ectrode can be provided at both sides of the piezoelectric el enent.
Such an exanple is shown in Fig. 20. g%f Jyégg to Fig. 20, conb-type 20

el ectrodes 51 a, 52a, 5 1b and 52b ar Sﬁf ided at both sides of

pi ezoel ectric el ement 50. In this case, the conb-type el ectrodes are

arranged so that t ttoxmzel Bﬂﬂﬁ&eé) gtl e}’éclﬂhete?éxﬁgﬂ\@gﬁ V&IEH lcﬁ ﬁz

generated by the co ({ des prOV|
maxi m zed ac@MngStI@W@nﬁekq@&m the oth eAglqﬂlfmp#meér@lwéamlxﬁton

great er st han ohB%idéMaEfn%erﬂaymgeﬂmlmung n@axgvsﬂ@m KEfles aridnd dh'ihet}@nb type

el ectrodes can he

zatian of t
atoni zer Wil PrB’é‘nH@é @f ?the]\‘f?ﬁrﬂdla dpumatien plane g}che&o e§ n‘?ile("é‘ﬁ?tg(g
sectional vi tgued réﬁ@ﬂtﬂidttl@:’ml Storityg « tigdidLi agda{lsolenmd 2@ kipplyang the

Curf ace wave IRYIS TORER RAcBRERGRICE0 Bef R BioablocBiC EMent i0and 5

pi ezoel ectri mes}xammb@mq r Flee viboratory. waes of piezaeleetricielementriluby ah t he

fi gypat F 18A,
168 andUisc SalpRdnaRaht A8 phok WRvedh g RVt Sutin e Fiedthicr, O Ton
19B and 19C. etgmlgnibmow tb.a\ﬁurmelvwfﬁm@sa@agtai theswrfanendthepiezoelectric

- 15 - element defined by the comb-type electrode pitch. As a result, an atomizer
can be provided improved in atomization efficiency and stabilized in
atomization.
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wher eby mesh nenber 40 vibrates. The plurality of small holes 41 in nesh
menber 40 shown herein are of a stepped type horn configuration having an
opening of a large dianmeter at the side of piezoelectric elenment 50 and an

opening of a small diameter at the opposite side. 5 Liquid L is
present between piezoelectric elenment 50 and nesh menber 40. The
oscillation energy of piezoelectric elenent 50 is propagated to
liquid L, which in turn is propagated to mesh nenber 40. By t he

vi bration of nesh nmenber 40, liquid L is diffused fromsmall hole 41 of
mesh nmenber 40 as atom zed particles L'. In order to increase the 10

anpl i tude di spl acenent of the ultrasonic vibration to inprove the

atom zation efficiency, the cross sectional shape of small hole 41
corresponds to a?q&étrasonic horn shape that is determ ned by the
ultrasonic oscillation .1 frequency and the sound speed of the Iiquid.
As an exanpl e thereof, the cross section of small hole 41
corresponds to a stepped type horn 15 configuration. Assum ng 'that the
sound speed of spray liquid (spray

2




particle L') is 1500 m's, the ultrasonic oscillation frequency is 6M1z, the
wavel ength is [err], the anplitude enlargenent rate of (D/d) 2 is obtained

by setting step position h to 62.5 [err]mequal to [err] /4 to

obt ai n atom zati on of favorable efficiency with a relatively | ow
power. 20 More specifically, mesh nenber 40 exhibits the

hi ghest at om zation efficiency by the follow ng conditions.
h=[err]/4, =v/ f h: inlet hole depth of snmall hole 41 v:
sound speed of |iquid reagent [err]: wavel ength

f: oscillation frequency 25 s (Dd) 2 S:
anplification rate D: inlet hole dianeter of small hole 41

d: outlet hole dianeter } smal | hole 41 The cross sectiona
configuration of small may be the horn shape of a conica
type, a catenoidal or exponential type. 30 The cases
corresponding to a small hole 41 of the conical type and exponenti al
type horn configuration will be descridge ereinafter. Fi gs.
22A and 22B show conical type ad§ expohe a 6type hor n- shaped

smal | hol es 41a and 41b, respectively.

raw4ngs, A and A2
T 81

22
31

—1a




represent the cross sectional area at the end plane of each type and [err]

represents the depth of small hole 41. In Fig. 22A the
frequency equation is represented as bel ow [err[

5 k'=[err] : f is frequency

[err] [err] v is sound speed

[err] Referring to Fig. 22B, the cross sectional area Ax at
a distance x from end plane Al is represented by the foll ow ng
equati on. Ax = Al ehx 10 where h is a taper
constant. In this case, the frequency equation is represented
as bel ow. [err]

FIG.3




[err] [err] h
2K’ By any of the above horn configurations, the

anplification rate and anount of atom zation are greater than those
of the conventional straight 15 shape (straight round hole) or a
reticulated hole. In other words, atom zation of favorable
efficiency is realized. As shown in Figs. 1-3, a projection
la is present at the rear of the upper portion of main unit case 1
when the present atom zer is used. Since

- 17 -
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operation swtch 9 is provided at a front face opposite to projection la
(taking into account the human engi neering nature), operation switch 9 can
be operated with main unit case 1 grasped naturally. Since main unit case
1 can be grasped with a natural grip, the possibility of main unit case 1
5 bei ng dropped during handling is | ow. Since the present
atom zer has |liquid reagent bottle 20 and atom ze unit 30 forned
integrally at main unit cover 10 as shown in Figs. 6A and 6B,

pi ezoel ectric el enment 50 is exposed when upper and | ower parts 21 and 22
and upper and | ower cases 31 and 32 are renoved frommain unit cover 10. 10
Accordingly, the exposed surface of piezoelectric elenent 50 (no-electrode
formation plane) LG IF easily cleaned with a cotton bud or the like. In
view of the fact that the exposed surface of piezoelectric elenent 50 is

easily contam nated due to @Qe&ﬁttachnent and drying of liquid
reagent and al so adher ence of sf2 ntenance is facilitated by
t he above structure. 15 ReHH epgé@ita bottle 20 (upper and
| ower parts 21 and 22) and2 he a ortion of piezoelectric
el ement 50 are coupl ed and<fel &/ w tjh to each other by being
attracted by a magnet acco tedfin a pair pponet storage units
82 provided opposite atggo a 22. According to the
atom zer of Fig. 5, control i bsiratle 85 an oscillation
circuit substrate (not amged ijn mai nit case 1
whereas |iquid reagent r 40, ezoel ectric el enment 50
and the like are arra r : ﬁ?ﬁﬁjding t he
conponents such as pi i | ha tieggoossi bility of
bei ng damaged by erro uls nyW/ 1 h tihe)f pr ay conponents of 25
main unit cover 10, tle S v e i \N unit cover
1a 3
31
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10 frommain unit case 1. For exanple, main unit cover 1 or each substrate
in main unit case 1, when danaged, can be easily exchanged. As to the
spray mechani sm portion (nesh nenber 40 and the like) required for
critical adjustnent, the accuracy can be maintained since they are provided
30 as nodul ar conponents that cannot be easily detached. Thus, assenbly
thereof is inproved. I ndustrial Applicability

According to the atom zer of the present invention, a piezoelectric

- 18 - el ement with conb-type el ectrodes having el ectrodes
formed alter natelp‘(}G GA™ined with a mesh menber, wherein a bulk wave
traveling within'th€ 'pi'ezoel ectric el esgntof s used as t?g vi bratory wave,
not the surface wave 21a D

FIG.6B




propagating at the surface defined by the conb-type el ectrode pitch of the
pi ezoel ectric elenent. Therefore, stable atom zation with favorabl e spray
out efficiency is obtained.

FIG.7A
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1. An atom zer conprising: a piezoelectric el enment

i ncl udi ng conb-type el ectrodes having one 5 el ectrode and anot her
el ectrode formed alternately, oscillation neans driving said
pi ezoel ectric el enent, a nmesh menber includi ng many snal
hol es arranged in cl ose proximty to said piezoelectric el enment,
a reservoir storing a liquid, and 10 |l iquid supply neans for
supplying the liquid in said reservoir bet ween sai d piezoelectric
el ement and sai d nmesh nenber, wherein a vibratory wave of
sai d piezoelectric elenent used for atom zation by said oscillation
nmeans is nmainly a wave traveling within the pi ezoel ectric el enent.
15 2. The atom zer according to claim1, wherein said
pi ezoel ectric A:ﬁt§g§nt is of a material of lithiumniobate, and has a
41 [err] 15 rotatio and Y axi s projection propagation
direction. 20 3. The atom zer according to claim1l, wherein
sai d piezoelectric el enent has a_jf hi ckness so that an oscillation
frequency of the surface wave 24 an%éthe oscil l&tion frequency of the
bul k wave differ fromeach ofhert i 41—The atom zer according
to claim1, wherein conb-%;ﬁéaf ddes 2F [ sdid P\\ezoel ectric
el enent are arranged so aj” an i i llenqgy of t he surface
wave differs fromthe os¢||fati he
5. The atom zer accordin e f sai d
pi ezoel ectric el enment cr C dir i of the 30
surface wave is of a con —eqNse | rence between
a

) :
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wave reflected at that end portion and said surface wave.
6. The atom zer according to claimb5, wherein the configuration

- 20 - t hat does not cause interference between said
wave reflected at the end portion and said surface wave have both
end pl anes asymmetric/or having at | east the end pl ane of one said
end portion nonpl anar. 5 7. The atom zer according to claim
1, wherein said piezoelectric el enent has two opposite planes, said
conb-type el ectrode being provided only at one plane side of said
pi ezoel ectric el enment. 8. The atom zer according to claim
7, wherein said conb el ectrode

G.10
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10 is provided at a plane opposite to the plane facing said nmenber.

9. The atom zer according to claim7, wherein said piezoelectric

el enent includes a liquid detection electrode detecting absence/ presence of
said liquid, provided adjacent to one side of said conb-type el ectrode. 15
10. The atom zer according to claim1, wherein the vibratory wave

used for said atom zation is fornmed and generated by said piezoelectric

el enent formed to re?e.lié;ifect by a surfacgovvave traveling through a
surface of said piez th1A el ement . 11. The atom zer
according to claim1, wherein a cross sectlnnal configuration of
said small hole is of a horn confi gurat \ned by an

ultrasonic vibration frequency and_# df said liquid. 25

' i Si [ G i ncl udi ng

conb-type el ectrodes havi ng one £l 3 er electrode forned
alternately, oscillation neans i i i e ﬁric el enent, a nesh
menber including many small hol g P é oximty to said

pi ezoel ectric elenment, a reservir\y 7 , and liquid supply
means 30 for supplying the |i\guiQ . oi r between said

pi ezoel ectric el enent and i wherein a cross
sectional configuration of the sm E::::j hol said nesh nenber is of
a horn configuration formed accordi ng™&Q oscillation frequency of

fhglp[ezoelectrlc el?gﬁﬁg‘f?fba.sound speeg1of t he

o !

A\
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l'i quid. 13. An atom zer conprising a piezoelectric el enent

I ncl udi ng conb-type el ectrodes having one el ectrode and anot her

el ectrode formed 5 alternately, oscillation neans driving said

pi ezoel ectric elenment, a nesh menber including many small hol es
arranged in close proximty to said pi ezoel ectric elenment, a
reservoir storing a liquid, and liquid supply neans suppl ying the
liquid in said reservoir between said piezoelectric el enent and sai d
mesh nmenber, wherein said piezoelectric elenment and mesh nenber 10 are
arranged so t”g?cgtyigr facing planes cross at an acute angle, and the
liquid fromtHe!MM-gwWd supply neans is supplied froman openi ng side

t her ebeween. 14. An atom zer conprising a piezoelectric

el enent including 15 conb-type el ectrodes havi ng one el ectrode and

anot her el ectrode fqrned alternately, oscillation neans driving said
pi ezoel ectric el enen a nesh

FIG.14




menber including many snmall holes arranged in close proximty to said

pi ezoel ectric elenent, a reservoir storing a liquid, and liquid supply
nmeans supplying the liquid in said reservoir between said

pi ezoel ectric el enment and 20 sai d nmesh nenber, wherein said

pi ezoel ectric el ement and said nmesh menber are arranged so that
their facing planes cross at an acute angle, and said reservoir

i ncl udes a quuifg{gngg pi pe extending to an opening side bet ween
sai d piezoel ectr ! nt and nesh nenber. 2 15. An atom zer
conprising a piezo€lectric elenment including pnb-type el ectrodes

| alternately,
oscillation neans driving said piezoegle : Al menber
i ncludi ng many smal |l hol es _grrangee )
pi ezoel ectric elenent, ar wotlr .
nmeans 30 suppl yi ng the | Lelj ?
pi ezoel ectric el ement ang” i

)

\
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16. An atom zer conprising a piezoelectric elenment including

conb-type el ectrodes having one el ectrode and anot her el ectrode forned
alternately, oscillation neans driving said piezoelectric elenment, a nesh
menber including many small holes arranged in close proximty to said 5
pi ezoel ectric elenent, a reservoir storing a liquid, and liquid supply
nmeans supplying the liquid in said reservoir between said

pi ezoel ectric ey nd said nesh nenber, wherein said

pi ezoel ectric elenment includes a |iquid sense el ectrode sensing
liquid fromthe reservoir at ®2conb-type el ectrode formati on pl ane,
a liquid sense ciraoit|BOCH e senglﬁ%’: bsence/é)resenc oof 10 liquid
according to a signal qui ode |izprOV|ded t he

a
liquid sense circuit : %NB&REE&-VSOW t
c nt—and. the |

formati on pl ane

pe el ectrode
wid sense

el ectrode f ic e the liquid sensefcircuit
substrate are ¢ éﬁggqyﬁ' conductive resili¢nt body.
15 7. SOUNP SRERBRO& ectric el emeft

i ncl udi ng nh-type el ectrodes having one el ectrode and _ano her

el ectrode fornmed alternately, oscillation nmeans driving said

pi ezoel ectric elenment, a nesh menber including many small hol es
arranged in close proximty to said 20 pi ezoel ectric elenent, a
reservoir storing a liquid, and liquid supply neans suppl ying the
liquid in saidfFpcRry84 between said piezoelectric elenment and sai d
mesh nenber, wheré&i'n sard |iquid supply nme supplies the liquid in

said reservoir by urge-operating a dgqphra%?? 25 53a 18. An

atom zer conprising a piezoelectiic elenent |nclud|ng | conb-type

el ectrodes havi ng one electrodearm—mmotirer —eiectrode med

alternately, oscillatign neans| drijvihgl|tHh i el pctric enent, a mesh
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menber including many snmall holes arranged in close proximty to the

pi ezoel ectric elenent, a reservoir storing the liquid, liquid supply neans
30 supplying the liquid in the reservoir between the piezoelectric

el ement and t he mesh nmenber, and |iquid anbunt sense neans sensing
an anmount of liquid on the piezoelectric el enent, wherein said

i quid supply neans supplies the liquid in the reservoir by
urge-operating a diaphragm and the

23 - urge-operation of the diaphragmis controlled
according to an ut f sai d | i qui d anmobunt sense neans.

19. An atom zer )é; a piezoeleggtric elenent including 5

ode and anot her el ectrode forned
t he _'ezoelectric el enent, a nesh

close proximty to the
S54a

conb-type el ectrodes haV|ng one el ec
alternately, oscillation neans drivin
menber including many smal |l hol

FIG.19B .

54b
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pi ezoel ectric elenent, a reservoir storing the liquid, liquid supply neans
supplying liquid in the reservoir between the piezoelectric elenent and the

10 mesh menber, and a nmesh nenber case hol ding the nmesh nenber, wherein
said nmesh nmenber case is formed of nmetal or ceramc. 20. An
atom zer conprising a main unit, a main unit cover attached

renmovably to the main unit, a piezoelectric elenent, oscillator 15 nmeans

driving the piezoelectric elenment, a nmesh nmenber includi ng many

smal| holes arranged in close proximty to the piezoelectric elenent, a
reservoir storing a liquid, and liquid supply nmeans supplying the liquid in
the reservoir between the piezoelectric elenent and the nesh nenber,
wherein the oscillation neans is arranged at said mainXgnit, and the 20

pi ezoel ectric elenent, the nesh nenber, the reservoir d the liquid supply
means are arranged at said main unit cover. L 21. An atom zer
conprising at a main unit, a piezoelectric el enent, ] oscillation
means driving the piezoelectric elenent, a mesh menber ¢35 i ncl udi ng many
smal|l holes arranged in close proximty to the piezoel getlfic

el ement, a reservoir storing a liquid, and liquid suppl ans suppl yi ng

t he: liquid in the reservoir between the piezoel eotffi c el enent and

t he nmesh menber, wherein an operation display and vol t age
noni t or di spl ay means are provided at an uppef o) of said main
unit, said display 30 means bei ng arwanged i nua—d{s i approxi mati ng
a spray out direction fromthe ﬁ%in unit in apsta | om ng vi sual
confirmtion. 22. An cyUH. er conpris|n prismatic main

unit, a

o o—L
o o
o
o)
o)
ﬁ1

|
© o | KN
o | Ll
N
o °° HHI
o ° |

O
@]
0]
o
d—ti=

TR

AN

AN

o

FIG.21




- 24 - pi ezoel ectric elenent, oscillation means driving

the piezoelectric elenent, a mesh nmenber including a plurality of
smal | hol es arranged in cl ose proximty to the piezoelectric el enent,
a reservoir storing a liquid, and liquid supply neans supplying the
liquid in the reservoir between the 5 pi ezoel ectric el enment and the nesh
menber, wherein said nain unit i ncl udes a projection protruding
backwards at a back plane of an upper portion, an atom ze unit at the
upper portion, and an operation switch at a front plane of the upper

portion corresponding to the projection.
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