; e3eXzz{} 4P} ~~6TXv~? SPECI FI CATI ON At om zer 5 Technical Field *~2* The
present invention relates to an atom zer that sprays out liquid utilizing a
. piezoelectric element. Background Art An atom zer of interest t©4MPE2mZ
present invention is disclosed in, for 10 exanple) International
Publ i cati on Nos. W93/20949 and W97/ 05960. The conventional atom zer
di scl osed in these publications has a netal horn conbined with a nesh
menber with many small holes to spray out liquid at | ow power consunption.
In this atom zer ) one end of the nmetal horn is imersed in the liquid in a
reservoir. The mesh nenber is arranged at the 15 other end of the netal
horn. By the ultrasonic-vibration of the ultr asonic vibe ator-attached to
the netal horn) liquid is absorbed fromone end of the netal

The
absorbed liquid is atom zed by the L St fect betvvei me ﬂm
horn that is vibrated ultrasoni cal I@ygﬁiﬂ(ﬁ&rﬁg menber. 2 m H”H‘ ch
an atom zer has problens such as: 0 positioning between the neshisfiesrber and
metal horn; and O stability of atom za%'%)n. eAs to problem t he
atomi zation action will becone insuffiCreRtdf the - di stawﬁwmwmmm he
mesh nmenber and the other end of the netal horn is too |ar |1

to degrade t ' hon efficiency. As to problem--25 ~, ttwecstructural
di stancg bet\;\q‘g(él?lﬁfta F?néégh menber and the nmetal horn is apt to becone

e
unstabl e to resul t Tha prasenidaventian rglaigs o encomizenthatpaags aas bauidobl em

that stable atipidehigfiBzdelediicidlémehnt. -Di scl osure of the Invention In view
of the foregﬁi ng oneé gﬂ')ect of the present invention is to 30 provide an
26 perannd

atom zer of m zation efficiency. Another object of the present
invention is to prAwi gtendpesfinitarest ttéhe passenftfineentioniis didclasedsnaldy. | n

5007 i Mlent | SIATRLT daietighal FtlicalBaPE WRloR0d A aR 7B I08960. /g 27
havi ng one eTbetcondentional atomizerdisslasedindbesepnblications has @l metalrhorn
oscillator tondbined fi¥h #naltRfilckGrith GIRAY snfbl'BBIRS T HBEAY BAY LAY
smal|l holes arranged in close proximty to the piezgoelectrzc el enment, a
reservoir st W RGWET SopsympHonandnghis granzer,mneend of the metpl borpyis he
liquid in thanhRSSEX M EhOHHWEE hResdiveiroe T mieSh ¢hemBeE i ahipedmIhe
SR T AT TN R e e R
pi ezoel ect ri vibrhtoreattadhad to tlemmetal 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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In this atom zer, the piezoelectizc elenent with conb-type el ectrodes 10
havi ng el ectrodes forned alternately are conbined with a nesh nenber and
. uses the bulk wave that travels through the piezoelectric elenenﬂ4APR2m2
Therefore, a great oscillatory displacenent is obtained with a smal
el ectrical energy. The atom zation efficiency is favorable. Preferably, the
materi al of the piezoelectric elenent is lithium15 niob ate with a 41 ~ 15
rotation Y cut and Y axis proj ection prop agation direction. The
oscillation efficiency is inproved by the usage of a predeterm ned
propagation direction of the material. Preferably, the piezoelectric
el ement has a thickness so that the oscillation frequency of the surface
wave and the oscillation frequency of the 20 bul k wave differ from each
ot her.- The conb-type el ectrode of the piezoelectjzc elenent is arranged so
that the osci |mazten}éﬁnfmehui@ﬁ@pr@fw%lﬁ@tl%w]#at@tw@ camil-type ¢lesiredpghaving

Freduency of 1 pe o e oo By Al eIt te. 1 on

circuit >clonrpl i@%Y%gbe piezpplectiic plepent; 3 mesh %%b%ﬁa}?&&‘?laﬂycﬁmméokes

Ei ezoel ectri c siranged ik clyse prgxinhity o tlanpiezgeldctive elemrent| atrbservoirf stosingaw e
as a configur@at i.gn t . Ve : .

M ert or & w t IOHE 2BBed BEbid DR Rick s GIGth Find Haky EHE pROReeRg

vibratory waveetsieendbe niazaslestrisglemany epddbeunesh mambent i Bhe vibratory

stabilized. 3%5@@5@5@'&}1 Yhe Qb6 R7RCoREE Fiez G166 elBARnkt Wy BRAREIIftor is

pl anes. The conb-type el ectrode i rovi ded only at one _plane side of the
pi ezoel ecti zc &WVAYE ?téﬁ}'&iﬁphalpfy oY ?‘éﬂ‘@ mazqelectricelament (ewlkewave). nce

the corttype el ectr %@gbggamger,tcmgemem detaativith eonl fipklbtirades
reagen - . Z ecuLhLr e CORI oSl on el e r.LlyCa cQrrosi,on an
L aOeT 10 2 dhving ehtroes Puaed Etnafal 2k Shubih el witta mednaRi 4

anot her aspectussls thedylkessvd thatweavelsthreughntiompiszoelestiici dement.

pi ezoel ectric Iowith e £l . | E n I rode and
the other el ec@%&g&eo\éﬂréﬁag?@%g#gl@%@%&éﬁg_@? f%@ﬂg?g%‘?l“&t}gﬁesﬁ@i
pi ezoel ectri ¢ eleeimsal energyes Theeatomizationrificienyy ssfavorablees arranged in
close proximty to tﬁg‘%f&awetb%%étéﬁﬂhﬁrfﬁ_@tpie elék '&‘é?éﬁeﬁ{?srliﬂﬁéﬁ‘n' i qui d,
and a | |g5Leu d su,pglzq eyl ce sui)gl yi gggt hfrél lqui.d, I n the reservolr between
the pi ezbBl ectiippa Witht 4k 8 1E0tAESR WERbaRd YrakisRIgeckion BYARAEAEOTo! o
horn confi gur adiredtiod) Whe bsdilation @fBciency ivimpraedlsy tHe hbgesobal hole is
defi ned accordi ng EFO' t.ne ;osci | I%ﬁi o!a#er gﬁﬁe&@ﬁ of _the.piezoelectric el enent
and the sound glergiingd Prppagariondizec the s onal shape of the
smal | hol e of the mBdeferablyrthepiefoededivicrelement as at thickndésstso thadehened
accordi ng to thensed ' £AHE i ct d
t he sound spee %&Jﬁ%eh?h{dlggg} gt om glg%f?%a;wgpeé@o@ggfsgﬁieégﬁﬂcﬁ%ﬁ%ﬁ%gf %%p
achi evec®® t h kulkevave defer znmy eachowdier- ATBe camigtyme eleetzpdeof thépect of
the present inpignddledtriclemeflid 8franged 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 interference 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 ncludes a piezoelectric elenment with conb-type el ectrodes having one
el ectrode and the other electrode fornmed alternately, an OSCI||atqj4gpkﬁh?g
. 20 the piezoelectric elenent, a nmesh nenber having many snmall hol es
arranged in close proximty to the piezoelectric elenent) a reservoir
storing a liquid) and a liquid supply device supplying the liquid in the
reservoir between the piezoelectric elenent and the nmesh nenber. The
pi ezoel ectric el ement and the nmesh nmenber are arranged so that the planes
facing each 25 other cross at an acute angle. The liquid fromthe liquid
supply device is provided fromthe opening side therebetween. Al so, there
are provided a piezoelectric elenent with conb-type el ectrodes havi ng one
el ectrode and the other el ectrode forned alternately, an oscillator driving

this piezoelectyic elenment, a gesh ngnber havin rality of maIJ

hol es arranged® eﬁtr@ﬁéé’énﬁﬂsb%’ ?‘W‘Fgf F?‘Féoi}PBzat%\g %]@FPP‘E?BQ%QF@HE%Ya

stoning a Ibi qu'magealﬁcéaﬁ Be prevénsedpl yI device supplying the |i qU| din the
resei voir between t ectr t

pi ezoel ectric el enengc‘g%g"‘? k) gpéfr@%g? eggng?{hﬁ%lb an ﬁtéorﬁglzfaﬁel r
faci ng pl anes mdgde%ameznewnatel%meatmﬂl ngbetypméeote@tes\angmwdes a
supply pi ge ex | [ ment
and the m§sh rr%ﬁela&jolagéﬂ aéépoﬁggwé}%g@egﬁéﬁ%vg}?%ﬁ%&%ypo gﬁl b d&‘ﬁ'ﬁg
reservoir can bee piezpplestniealementon meshmembemhaving MERIF éloﬂ‘?sqw d of

| ow viscosity §i=h‘-‘di1g|@ﬁ iA1t] Gaaoxith & to \tBE K‘i‘éidél@'tﬁ@@ém@ﬁt & tdseivdlr Sforioa

surface tensio udj n urf act ant. CCO st.i,l.| .anot her aspect
of t he-pr esent DaHVEAtbA kid supRty Bfvicn shaRbang the didtunde BRdeSrmoBnt wi t n
clorrb-type el ecbemﬂwxI flﬁé/pf@@gél@cﬂﬂﬁel@hmntrmdhtmmetsh&neﬂm elThetmeste forned
al ter nat ano 1.1 at rivi I er
havi ng rrghy sn‘g}q 1550 ?i % %oogle roxﬁ%r#}{%/gﬁogs généﬂaelasgg%é%c gb
el enent, a reSQWBIhOISﬂ@IdBﬁg accmgtame98¢mqm0d %&@Mlycydd/ﬂ?@e suppl yi ng
the liquid in phs, I%%ﬁ‘ié’@leh&?ctmﬁxé E@ur?%@ﬁ@é‘d 6CtHd Aufd © e‘%ﬁg ckbig nmesh
menber. The piezoe I C @E IS gract |ze in t

circunferenti aPe“éHngéL@PGr‘P itgeﬁ bﬂleé%f& Plr{l? mers Q/\h?’é} pr oof

paC_k: Ingt As atté r,ati/ﬁiﬂ:[atﬁ@ﬂeﬁh%ﬂ%c@x?ﬁn@@olthﬁro@twﬁﬁtiﬁﬁ ﬁgqﬁbﬂt%yﬂbﬂﬂ:fé? Itlhe
oscilla attenu oel ec cqordi.ng.to a sti
Curther d8ect Paropsstls Elemelty SRERRS s oot F Bk Surd ate of

pi ezoel ect i zc- fdvarehle efficiencgrdant ypachikeed matlea mba)tnvejy(smalbbewlemde and
the other electrode ARLTRG2LS S ahRacyBl: ANl ke Aol Wl Stom

pi ezoel ectric el emen 51°6s arrange
cl ose proxi ni t ndadesa piezoetedtycelersent wntlhcomb -type @leasrodesthrving one qU| d,

The pi eral ect REUEIE ML el dirddetonidd Alterhat, aariibidor Bauggicen

has a Ii %@. d sélh%emér@ﬁ% ement; ﬁgm?%mqrﬁﬁ?ldh?ma mﬁéyr%%lﬁwﬁs at the

conb- g yge el echrmigeﬂanmsecmoﬁimm toAhblpqmaélamneelanénwatre%ub\?iﬁr atoa-mgia
rovi de sensi | cor Q e sl gha

1I‘O romthe |iqui Qﬂug; r}]g?@éfuflg pi?ﬁg‘gwgﬁﬁgasfé%ﬁgéhﬁ gtmsHSslleF%ﬁVgui g 30

arranged bel owbetweamths piegeeletie eledentandithicomeshanemdbert hFhpipiezpelentrici c

el ement. The | bﬁ%&é&s‘dl}gﬁxéhfééhrﬂgﬁl b aErQ%r é@?ﬁ&é& I‘E‘\E%Etfaé%g dadf -

liquid sense circurt strate are ec rica connect eq a condgctive
resi | i en€9bodyothez 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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0~ 4 APR 2002 As a result, the distance between the liquid sense el ectrode
of the piezoelectric elenment and the |iquid sense circuit substrate can be
~-mnimzed to reduce the influence of disturbance noise. Al so, the U4APRZMU
el ectrostatic capacity at the electrical connection between the liquid
sense 5 electrode and the liquid sense circuit substrate can be reduced to
inprove the SIN. Furthernore, the contact reliability between the Iiquid
sense el ectrode and the liquid sense circuit substrate can be ensured while
m nimzing the oscillation attenuation caused by el ectrical contact.
According to yet a further aspect of the present invention, an 10 atom zer
i ncl udes a piezoelectric elenent with conb-type el ectrodes having one
el ectrode and the other el ectrode forned alternately, an oscillator driving

this piezoel ec el.e mesh nenbe vin snal s_arranged
o bse. pr oxi hevS thel¥ RGg aBer Seqes cach LREhAL 28 HME Apels. oLl Fotgrao
Ibi qui d, aﬂd a Indwdes asppbly gips aa:eﬁd.nmwmoltmnkr:gcmddbﬁtwfémthegservoi r 15
et ween the pigzo er. The liquid supply
means i s char aﬁfeg?{al%@%ﬁ# §1e§% Igﬁeyl n@?ﬁﬁé}?“%ﬁ@eﬁ the reservoir by the
press-operation of aAdiaayssultyithe Aem@ining amount of liquid iritke zeservowehnde i c
el ement wsth coARih¥RE. e'ﬁﬁ@.& rﬁ@ﬁﬁzﬂﬁ&h“&aﬂﬂ%e&'o?@]ﬁ@@ﬁ ANdw P8cYifieSuch as
el ectrode forned alternat Whtg‘n CI|| wn&afthls |ezoeletr|c
el enent, a rresﬁnr?é”ﬁﬁéthﬁz?s‘f% %1‘39 ‘?”h argt BYDE Ry
to the piezoel e@ﬁhcml enent) a reservoir storl ng a I [ qU| d, a I i qui d supply
devi ce supplying the id in ervoir. b . iez electric
el enent and t he neshAﬁ‘é g,%%ﬁ%ﬂaa% ﬁﬁ’l 85%‘?%"6 ﬁﬁ\ggﬁg etg.gxxgpﬁgnt% anount
of Iiquid on thtormizer tetlades agpidsodtamemnlemene witly sonhbstypel electevdeschaving

I he | Th
suppl i es jphe bﬁ‘é’*aﬂeckfbdfg P&@Bﬁ&h elBY% B&fﬁﬁgfé‘ﬁgéﬁéﬁg toa%[ﬁécﬁi’ﬂ bgym 'he

press- operat|on (0] ra mils con ro cor e out put of
the liquid anod;wmtb,@plezxasleatmeglﬂmenm Rempskymember havisng mammn dolesan

be supplied toa80l, d%ﬂ%léd%%&ﬁﬁit?r%%h%%&o@k&%@léﬁ@h@%é&&ﬂfn sgidg ke
30 According tﬁ é‘i} T’@ &épec f thé B se ven i.on, an atom zer

i ncl udes a pi e2881& U EHPPW HRVIER Pﬁ'ﬁ%géhé é§th8\¥'ﬁ§@"’8ﬁ'e

el ectrode and bmesamafe pieecéleodﬁc élemmort aid ﬁrmteehyhemlbecscmé@ﬁaroetbrctm ng

Q PR 50033ar  abisutpitS Chacac R Ap Ty e FRLERG BRHA R bartiipndgeed ©

reservoir stonang frttebdlmha]d by Watpxpdodlmllqmg‘levd\.sa regplt, water résistiangeicani n

the reservoir IS4 08
mesh menber caggieﬁ‘g%\{%%%t g meshﬁ%{rﬁ) ﬁf’tehgbggﬁ csdggggyg% 8}%9
metal or - 5 celeEAnd: As a result, the absorptlon of the oscillation energy

that propagat es t hr OAGébx‘gflﬁig ko atsltm ﬁﬁmwpa@mbﬁm@gxé@ntr{nb@moﬁ hén
cLorizatgn of LLSonet, hag, o Aladk aLeansihot by SancalolSiaRach
menber case thate iehecumdek(hcbﬂse bthetalegedde fornteel alitesh atell;, atcosiliihtog t 0 yet
a still furt he&ﬂ@ﬁ?f%ﬁis%iei&?e&h%squﬁlehﬂvfHfésﬁ%eﬁﬁ:er 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 liquid from the reservoir 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.



atom zer includes a main unit, a nmain unit cover attached r enovably to the
main unit, a piezoelectizc elenent) an oscillator driving this

- pi ezoel ectric el enent) a mesh nenber having many small hol es arr 84gdf® in
close 15 proximty to the piezoelectric elenent, a reservoir storing a
liquid, and a liquid supply device supplying the liquid in the reservoir
bet ween the piezoelectric elenment and the nmesh nenber. The oscillator is
arranged at the main unit whereas the piezoelectric elenent, the nesh
menber, the reservoir, and the liquid supply device are arranged at the
main unit cover. 20 Since the piezoelectric elenent, the nesh nenber, the
reservoir and the |iquid supply device are arranged at the main unit cover
in the atom zer, the maintenance is facilitated by renoving the mai n unit
cover fiomthe - main unit the co onents s,modyl ar co nt
Assenbly is facilita st .tgercﬁrwc@ gtgem thi Lidvid senso plecHadeiat e
substrate -25 @ﬁémam&qwelémantt hed the hiquid tsenyd eirculizsmpethate aantbe repl aced

init tover | natoPRREE EROEIIARRRFLRR b kil il ) hla nd e I

mai nt ai ned by plest¥astatic capacitynet the ekedtrical coonpcim@mbstwm thehquid bense
easily detsache lecﬁ%rﬁic{‘ﬂaé Hﬂﬁgie s@ns%téﬂéulf HﬁBg’&étéiéﬁ?BE 1@auié:;:3ﬁﬁﬁfd'{;e

i nvention) an er inc mal.n u pl ezoel ect
SaRPher

to
el enent, an osm% or errrthﬁ%omhme 59%%&r@1&%bnﬁéwp&%mt he
havi ng nmany smléctmee@acaﬂr@nqam séhsﬂ mvsﬁbsmte/cémrab hesiteZ @dhRCt ri c

el enent, a reservoir .st i S evice suppl ying
the liquid in W&E& %cﬁlan % Bgs\égx #E@l%ﬁgﬁ%qa&rt ric
el enent and the rreshAraeasﬂnh:ng té\yebpéuatherras@esmﬁagheqmésenvni\temmnrmm t or

di spl ay_ae b ayl e ahoies WARRE o AR XfleBlod i TRt e oILBES e bRl S

are arranged o)
substantial |y preslé¢ctrade and the sthenyelecirode famedalternately, taareomllatqrm t.

Since the oper g ‘i'hfs%ﬁ!oél@?ﬂé@eﬁ@nttaﬁ%é@ﬂnteﬁibéi'wg 1fidfly B dzﬂPBbie‘é

vi sual i zed during | é' on o 'ti‘r‘?y) confirmtion of "the con tive
state during i AREATEY PRE RXAFITA WYRk0 the Tipzqalectiiselementi A FRSSY VIR StoRg a

Rat te & y i st I Othag%l L’&fhdl arqunﬁd s@%?lﬁdévic!! slu@pmﬁtgl thbeﬂcﬁ%lﬂ% thesileéBr0id O
ccordin 0 a i ti,onal as 0 ent_invention om,zer
ot udes 15a - bpPvesHRE BipgdRtece Slemoit BAE PR mash Beinke: ) The Rl T h o
driving this psapplyl means ¢s e]hmrwbéx)zead esip plyidoe thédBgiudyintiny resent dir byl the
arranged in cl %gssp&rfdéija@%ohyoftaodf oelectric element, a reservoir

storing a liqu iquid's devi ce supplyin he liquid in 15 the
reservoir between thélss, @Po%‘lO@@Zﬂ éﬂ ndegatpiegnelegtiic ent Mith combetypei n

uni t includes @l&%ﬁd@@%@@n?bﬁbre&'ébtﬂﬂieb@&&\ﬁﬁé eﬂlateléa@oa@%m@éd hiterappRey,
portion ),,an atom z nit per.ati,on svmtch

upper .porti
Dt he" a9 oeRihseiatte epant this BBr Bt sltend s Mt BiguiardsAvia
According to t beampy meﬂlhdbemMgedtMeclompMmﬁm)sw tlrdﬂpmaae]betxi@ehmxﬁt ad

dr oppi ng. ¢ he apheerapiotiRE A LRl Bt T AR TR e Hafidin the

Descri ption of resegviirdwitmgenrhe plezqeéecarlsredleneneandftharmaslmmembelamah ng
to an enmbodi MeflyuPd abdudt R2S6E séAiA rom@th@%m&f’nf ofdliq t%d'o%ﬂ@ Ie%i!h@f an..

atom zer with the cover re € main un| case I's a front
vi ew of tz\lgle at Sament. ofThy gD“EPS‘FP y GeVice supplie 1gid; W Eﬁﬂeﬂéqn‘

Fig. 2. Fig. 5pk‘§ssao§éiﬁuoﬁrbi1a Riaphrafnd. hel‘lﬁ@pfbs@adﬁelﬁﬁohhﬂ‘tﬁb%ﬁﬁfaglﬁ
Figs. 6A and 6B are

atomi zer with CHRY 889@%%%%%0 ??%ﬁ’rl&h‘gt mr i ll%i igtrgglég ganay, form of an

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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Figs. 7A and 7B are a top view and a side view, respectively, of the main
unit cover of an atomzer. _7_ 0 4 APR 2002 Figs. 8A and 8B ar ﬁ;ilcbht
side view and a left side view) respectively, of the main unit c f
Figs. 7A and 7B. Fig. 9 is a top view showng the interior of the main unit
cover of Figs. 7Aand 7B. 5 Fig. 10 is an enlarged view of a sol enoid used
In an atom zer. Figs. 11A and 11B are a top view and a side view,
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
enl arged sectional view of the main part of a main unit cover of an
atom zer. Fig. 14 is a diagram describing atom zation at the main unit
cover of the atomzer. Fig. 15 is a perspective view of a piezoelectric
el enment and auartgﬁddnldoseanmmtyr %temamle@w alem@nta yepeAVONiSERENE A g.

16 15 a per SEeRLdVELYLENaHAN Bdvite BLFFREAEERE I u?&?ﬂ‘%ﬁéﬂa'%‘}ohrbém/een

atom zer. Fi / 1s.a diagr he vi ratlon prgnm egg@s%
how

m des I Ng
pi ezoel ectri %p&z@ﬁlecaéeegqrﬂe% ééﬁ? mgsh pgnthers andgnnesgan

exanpl es of hbkliagithegtesh hyinbér. a Tieehrehrmembled casé inforpmd sfanetil or
pi ezoel %Ctl’l C eI enent used in an atom zer. Figs. 19A, 19B and 19C show an

exanpl e “of t (& 8Tty configuration of a no-electrode formation portion of a
pi ezoel ectric el eméista vesedt,itheaabsarpnon of thmosallatien ezergy ghaprapagates de

vi ew show ngy Eib‘?xggﬁée}feelri}'gﬁf&c@%'@ suppfek@th x.ﬁ%%vé“’tﬁe B'E&Yliz‘% fbnaéfﬁléfﬁrﬂ | des

of a piezoelectri I's an enl ar sect1 ona Vi ew of _the

main part deédsq, ﬁhﬁgshashﬁrlze@tgtg rawe&ﬂséﬁﬂ&l@@ctw as yohem deopppg dhew t he
case where ta pHPSsGE 9erea86d] OAnAofiRdr Fithoh ndésH ﬁleﬂibe% &@Bithat id ¥ and

of thel ?222%‘@%@%4@?% EBeoRAetr bod herei naf ter with refefence to
the drawi ngs. _g_ 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 elentent, 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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Referring to Figs. 1 and 2, an atom zer according to the present enbodi nent
includes a prismatic main unit case (main unit) 1, and a cover 2 attached
- removably to main unit case 1. Main unit case 1 includes a projedtd MR Joae
protrudi ng backwards at the back side of the upper portion, 5 and an
operation swtch 9 for turning OV 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 renoved fromnmain unit case 1. Main unit cover 10 is
detachabl e-wth respect to main unit case 1. A 10 piezoelectric el enent 50,
a mesh menber 40) a reservoir, and a liquid supply unit that will be
descri bed afterwards are arranged at main unit cover 10. Main unit cover 10
includes a liquid reagent bottle (reserv0|r% 20 storing a liquid (for
exanpl e, | i qubetweenghe piezpelgairic elempnitansbthe mesh meny gtm ‘mednodperatigpper
part 21 and ad.{%‘l‘@i aﬁaré v&@agé—&%’ito@ﬂﬁsm?ecﬁeﬁﬁfoﬁrﬁe%lla@ﬁxéiﬁ p@lzﬂé‘ft?orf bf t ed

to each ot her cap 2 ent i.nl at can be

se
opened/ cl osed liesn’a“t‘PMEd e ‘giéplfﬁ’érﬁu zq_nagg S8 3544 W(Y’eﬁﬁ‘ahe
i ntroduced i néenfiimation ieagdirecthod stibstahtiallyndengicalits tagsmiay altedirddtiorby

openi ng gap 2 A hra 24 is attached at the bottomof |iquid reagent
5701 ofbopt it RIS

bottle 2 | o qui d supply pipe 25 is attached at the 20
slanting | ovver si deSuifcel epatlonmSPHih@n the voltaggymomiiag displayrcanybe | n

the atom zer Qéﬁﬁfgxsﬂ'éﬁi tdp}z'l'fl'}’geiﬁﬂﬂgtloﬁ of! 'tH? ISP0€V§ Sdg?}ﬁxmét?&? bf thesuch as

chem cal s di sso in a ILquid o t ensi on i nc| udi ng
a surfactant eflusdivesitate ueegmhaé%ﬂl@hapé@eﬁw i%pég‘be WATRHE y

F_ort ! gn of | Ih Gliel thedgedr @tlbwecanzﬁe a&zmai uweasﬂ;aghttl@amlzﬂlah@nspmhd x :zlyeda

i quid. shown i ched to_ a_sol enoi ol der
28qvxher éés sol enoi dAgng]{.ngZ alﬁ?%?“fg §PIesent ipyentipn.an i b

di aphragm 24 atorhizer mmelodks, sataat prishiziic meinamitra piezeeleetric dledtdnts ahenoi d

haft 26a t he

Viquid in FFZQ@?‘@SQ%%W%%%“ ﬂéﬁé%ﬁﬁlﬁyp?ﬁﬁ%@?%%ﬂscﬁﬁr SRy

|i quid suppl ysmiaBehalas arvanged, imclose pmrenm)qtn the piegeelectipplement; act ur e)
an opti mum anpidatv&k s'téx‘ilﬂg‘i ﬁ@\ﬁﬂeﬁhd%ﬁ f‘d W i &by s@pp g?xli’%'tﬁ‘é ﬁ'q)ludm

setting_ the djsplacenen ragm by

Thus) E hfwsm%%ztw.%%me%ﬁ %bi] éwcmg BiRgmOEH: b@he
prevent ed Comtuxﬁt\ﬁidludes heplbjeawod mmﬁﬁﬁglbaeﬁwtaaas g thevaak afitheof the
wei ght of the %lgl dtrea%ent it.sel ﬁ t he cap %{‘ﬁ’e nre‘,ilgorrenon t hr ou hha
thin pipe fi OHPP PPy nr%té)é%lﬁ?upé g* ‘éP% %%r THIRAT RS VHER
dependi ng upoat th&aﬁiéntoﬁthmhpnm pmtammlcsnasnmdlhgtﬁoethlelmmettmagent an
appropriate amount ﬁwﬂfg’io h't%‘éoxﬂize%“&?é ¥p &l Q&t@?%ﬁﬁr&d As an
alternative to sol en0| ; an be opera u5| ng a no or._pin 27
can be 8éBer at erengyed whi b@@m&th%ﬁl%mdmliém&hlam%@l%gm)@vﬂélwp@ﬁSl ihigy

| ower part 220pa1dypswg@hée amtu%oerb@ﬁédlelﬁamﬂgoa%aetwfs 1%9.ulﬂé’(§ a
structure as %n FI% z_éﬁe%bap view)) Fig (side view), Fig. 12A
(sectional vi gw)e CHpLon( O WAER Wit h upper case renpved). Atomi ze
unit 30 incl udes anFLgoaars a:asle iéwafcinnatommzer aecordiizg vé anlenabedifidrited t o
each ot her. é{%gﬁ is formed by upper and | ower cases 31 and .
32. At | ower cas are pI’OVI ded a nmesh 15 nenber 40 with many snall hol es

and a c8Pl spring 3BigiZgisragsideshewentiser atomizgnath thegeverceseoved fropy they 3
has one end epgageGhivthde upper case 31 and the other end engaged with the

perimeter of mesh noer. 40, Accordi ngl nmesh er 40 is held
constantly, urged a nE 3 et V&%’%ﬁ@“‘%&ﬁﬁ%r 40 is formed of
metal or ceram c i nFiy deis dmrsmwcﬁﬂldmmbépbfm‘ig)m of oscillation energy
conveyed to the |IC]EI d rea;ﬁe to | the .atom z?ih n.efficiency and

i ncrease the shock St& 8§ %&I]@ eBb%rP% ALHBLEET Mor e

speci fi 88l 1y) the |Fgsi 6Araaig68ta1;essectmnahtrmwts i 4 lpartialiyrtaeken adfaydforimg
atomi zation apfl, gl.$8mi b, $9thatk WvEPremoved 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.



25 the nesh nenber case (upper and | ower cases 31 and 32) hol di ng nesh
menber' 40 at the sane tine. Conventionally) the nesh nenber case is forned
.of resin, so that the vibration of the liquid reagent and the nBSWPREifper
will be attenuated by the resin mesh nenber case. By form ng the mesh
menber case of netal or ceramc as in the present invention, such 30
probl ens can be elimnated. As shown by the enlarged sectional view of the
main part of Fig. 13, a piezoelectric elenment 50 is positioned in an
oblique manner in close proximty at the |lower portion of nesh nenber 40
positioned oblique with -10 0 4 ~~J~~ 2002 respect to the horizontal
pl ane. Mesh nenber 40 and piezoelectric elenent 50 have their facing pl anes
cross each other at an acute angle to have liquid reagent L fromliquid
supply pipe 25 supplied fromthe open side therebetween. By the above
structure, the renai Higs &heodi8Bare aqught sdesaewrand aileftisidgiigw,eagent
bottle 20 can besgddRlyqd th!rifin antt'fdtyhfdophésomvm&% ty can be

atom zed. Wen e remd ni ng anmount eagent L in_ liquid rea ent
bottle 20 becoiries Kag %tﬁ%ﬁ‘&tﬂ%@hwgs texaoy plothe mgin vuigevey obF
25 is reduced, 7A guddB.eagent L will be atom zed by the surface tensi on

w th mesh nber 40 thelat dr as. shown i.n Fi 14. 10.Li quid
reagent L can be usetjﬂ"pgofo ésp%f ‘E%erga\/\ﬂg?’émd&l‘?er%’d’gﬁnﬁﬁ?m&%m in
the drawi ng, a |iqui FigsmiA andnlslzB ardattop emeve anidhe sateoviety, eéspdctivielly, of an

reagent on pi ez I b to control the urge
operation of di g@h%é m@fet gaggtﬁﬁtﬁgv h@&%?f’dxﬂﬁ% this |iquid anmount
sensor. 15 As shown FagsilgA and ayesa cpo@zsﬁsnenalmveaedmtomemm udes
comb-type el eCtrééiS’é?:ﬁv'éPy/'ﬂgh@ﬂﬁteﬁiﬁcéﬂt‘h@eatﬁﬁnﬁé‘qnim&m% F%@Ctmﬁﬁd&ata

formed alternately a Iane ense ectrodes 55, 5G .forned
on the sde plane an I%ﬂ Sp%%le%ll finseggﬂtl Y1eW ?fﬁtb%@@?ﬁﬁiﬂoﬁ'%gb%ﬁt“m
supplied from kowen Gfauapdrmmpe 25. Piezoelectric element 50 is arranged

ner o el boyr ogel. o) T8 TELCEHERHEn] REUNAR ApARZA:GRETPhi fuif JE Rl

because the vi tbhatamm.tmve of piezoelectizc elenent 50 used for atom zation
is a bulk wave GL tr I{ i I ve
60. By arranging t he sb- t“%ct PELPREDUtow 1 o hiRFo BRI LIcONAl U A BERAAT:
50 so as 155 toSERsY GraHt fubse atmesedneaewéeméfaes will not cone into

contact with the Ircm? I@?sg@@blspﬂaavan&@h%wﬁnﬁ?& Piezélet8ed ementised in
el ectrode corr05|on ectizc corrosion and el ectrical shorting caused by
the |iquid reaé‘é‘rﬂ reliability is inmproved. Al though not

particularly Iim tedF1ghE7Imadm@ianoﬂesﬂrﬂzimglbh@tﬁbﬁaﬁ&l phieple 8@ i S
preferably "tgté%‘efuc?ﬁ te?e ﬁpugetﬂntafx %Pgélj on Y cut and a Y axis

pr oj ectlon propagation |re ndp0| nt of utilizing a bqu

wave as vi br at or y Figs .8 A0 18Foand 186 slm@pueaam es of the cdrifiguinagion of a no-
pi ezoel ect ric Ql@tFde foPmhddon ﬂé‘lnonoof“a pidZ20éeGiceldhent used in an atomizer.

Figs. 194, 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 pi'ovided 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.



its circunferential end portion pressed and fitted by waterproof packing.
I n piezoelectizc elenent 50, the conb portion where conb-type el ectrodes 51
-and 52 are fornmed oscillates. The oscillation of the circunferential end
portion of piezoelectizc elenment 50 is smaller than that of the el ectrode
formati on portion. By press-holding only the circunferential end portion of
pi ezoel ectric elenment 50, the oscillation attenuation of piezoelectric
el enent 50 can be mnimzed. Also, the liquid reagent supplied to the
no-el ectrode formati on plane of piezoelectric elenment 50 Mows outside
pi ezoel ectric elenment 50, so that corrosion, deformation, discolor or the
li ke inside the atom zer can be prevented by the waterproof packing. A
liquid sense circuit substrate 70 is arranged beneath the el ectrode 15
formati on pl ane of piezoelectizc e nt 50. Liquid sense circuit substrate
70 is electizcally Seferatngto i Eﬂalc%ﬁr‘:‘g 2 ppatamizer yrarding tofdesresemt | i qui d

senlse el ectr ?m&ﬁmt g Bﬁgbﬂ'ﬁes im Iﬁﬁﬁﬁhﬁ@tmaﬁx ©hitFasé (I?Qm E.l’n@ﬂ)@l[] a@%@mtz ve
coi | spizng (r nt bo i qui.d sen r.cuit. substr.a is
nounted with & é’:}h@ rtereq 1%% qﬁ@%ﬁ%"eice%@smé: agf ﬁﬁﬁdtfsa?ccor di ng
to a signal fpeojectignilh lsmmedmlgehaokmmls% thed dsk. sideiof th@uppgx portien,
I nserted 4 nto h Hﬂ&o
struct ure5I g%él%gﬁ%/]éaﬁ?ron‘]v{l qU| lgg%se %{hgégw% Egﬁ% Q)%\éga%%o
pi ezoel ect i zc the axpper p@@nonmlﬂeqnpdd%@d’mﬁmmn laubstrate 70 is mnim zed
to reduce the infl ug&g&ﬁa&%% Fi%b’ Qa@C@n{HRhiﬁuQ @am Y0 aapésxscévﬁfedupg

Il ['at1 on sighal y_ of

vi bration drive osc t he el ect rfg atic capac
the el ectri calPoEBARSEMaIR w\ﬁeéwhwfqyegéﬂéée@q%flr pRsIgEn Jndt easeshq

l'i qui ]gi selnlsor Lg%incuhit etwbﬁtloaé detathudle hath ﬁéﬁp@@ﬁité mmﬁmmveaséw SAN. More
speci fi : e c r ac change ui.d sen
eloect rocC)lZ’ gS pé?ﬁfe g% g} hsxégg&) @gagleﬁ%g @nlra %:lﬁ%b‘ 8@3@3 t
is in contact uam:ltlsa:ﬂ*&ﬂhbealestmhedaafﬂeswded@hman(angedl oo @nfipeoveti 100

| ane) of | d se
Fl qui 31 sensiaqg: I’CEI m%nb‘hﬁlﬁatoggﬁzoﬁ'ﬁmra%Q%q%P lseag@ﬁ?%%ﬂég %&?Vl%qrgg 71
ensures the ceteung adiquideforexample digusd res&en% &rmndc;eagqnt bejitlel @éthse
circuit substioahed Zpa}’i’fliﬂpf‘errﬁdilt P1ZddW allbRey pASt 221 ONoRlet ARMALH S¥Y PArts 21

B The WBsci | mad b e Bhieds oash %béﬁ?éﬁéc%p%%%% °§wﬁhea§énfd§§e€.”ﬁed
frlg uegc4 gwljlzkl’dﬁih&thghéwwdwd/clmsmmhhﬁ toguppersp Axtr3tat Imwwté@g’éntof
ol oot Bo. ncap R e iphs (AR FeftaHoile 21, A0 Raul rPlsEAOSuiF 208°
wave) 60 and zbyl:n;ielnm\guapaﬂ tiﬁadlarrla\ag‘ns%m atigchedatithe dotwm af Equid
oo 5o | SxEuR RulatToubbonfl e} EBbuatSig Ao PR il o

el ectr odds 515&4&115& lavoer,side oa”ll@wewaﬂr?%al bﬁi\qug mﬁxe}ltrﬂécaabmlw In
oscillation efBé a@ymide? d@'tﬁé%b@@dﬁh@eﬁh@ﬁﬁﬂﬂlqﬁﬁd dffl@waﬁ&dsi@ts&h gpurce of

D e208 ect) 2 R TEIL deotiod o BLoHSE b SSAGE o betEe opbi ek
are a surface swefaetditt 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. As a result, the liquid 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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and a bul k wave 61. As shown in Fig. 17, bulk wave 61 travels inside
pi ezoel ecti zc el enment 50 obliquely with respect to the Iongltudlnab
- direction of piezoelectric elenent 50. When the direction of the noé#@ﬁzwz
i ne of the equi phase surface of the excited bulk wave is B, Bis
represented by the 15 follow ng equation. The advanci ng direction of the
bul k wave depends upon the frequency. 8 = sin 1 (Vb/P~f) where Vb is the
phase speed of the bulk wave, P is the pitch of conb-type el ectrodes 51 and
52, and f is the frequency. 20 The bul k wave is propagated while being
reflected at the boundary plane of piezoelectric elenment 50. The
oscillation fiequency of the excited surface wave at conb-type el ectrodes
51 and 52 is deternmned mainly by the sound speed Vs of the surface wave
and pitch P. The oscillation fiequency, of.the byl k wave is ggpirnlned by
the thi ckness WCGRVERIERGE FUER AS BEE Carp Be WAEYER1S6: o SiOnVERHOBALLY,
frequency of tiis Byguidwas mppha&mahﬁngmﬂmﬁage ofishe Weighoof ttlree]qq:mkmeacgtent he

iesoetect 1 ¢ rehantheaaRNabHoithod BHRREYS (fiminbs ThAR Bentufid
surface wave oreagent hankul Tham/wasttheesmwemeaﬂtatl themhaggmamthme

ooCl 12180 | CtheadhuR 54 Ui or 1E1RREA L AR o ibbr0e BERARRSoula

conplicated to pre S t ere or é sel ect
thi ckness t of nef ke sepplie¢ pr supplyetiogsginesscurned. t he oscill ation frequency

of the bulk wave di fAghs dtaMative t8oled@li2e) pin 2quane Hertalbed %B{rfgaﬁe
wave. The bul k ve and %ge :jrface vva%ﬁgare reflected at both end -

~ ~11Ji~ port|’6‘t9 0T 04 PR QAR AL DX A PLESSHBect i on to cause vvave
interference. This iAnrbmigsanitiBlis praviddbat tieenthwdnaxaf22vfli @idareagent

or opagat 10n o bEEE 5 APkabNrRe 0 S 4 MERCRL AR 1 29571 PR AdlfieRnT

porti on nonpl afig. 11B Ekderpiess, Figridak @peonahm&t)emd Rigmi1g8 (tepAiewsrith18C

and Figs. 19A g. ﬁﬁ{ggl 20es
no- el ectr ode foéﬁnga)rt?dc?%l%%rﬁt‘,leg?t ‘%if:ég%ﬁggpggm C ﬁggltESO Qnd a18B

shows an arc- shmcfaﬁeé Sehichgae htq eaf ronAgs ss megnb qlst@sgné fermed

\tNﬁvef o][ Im no- el W?bﬁdﬁ aflﬁflﬂ?gi easdy031 kAl F23c Atlleese é:%@@tsagwea}ﬁ?gmdcamﬁh
ere I on OT ,sur ce wav e e 0

Ll et S5vi by e ACETnaPy arasll bolesind adoi pRing 34 wlingBesE member | ,

addi ti on to al 4@agamsthewenodsegd.at Springd4 has eheehdmixgafgedrmﬂthmpnmrc’asens

53a-53c of pi e§PSh§?h’é'o(Ehgi~ SHE%hﬁﬁgégRJlﬁl ?Héjpe 'fﬂ'&e? f E?esﬁlﬁ§g{k%g%é)8 and 15

formati on portion
19C. Fig. 19A Aeexdinsl samesbawnbﬁa49|lah@1¢>a@nstangly, mw nswslsa&m@mcase
pl ane- 54b wi t h3dne stepped Si de Fig. 19C shows an end plane 54c with both

st epped des Siml ca f |on of surface,wave 60 or
R e 08T  can Do MHat onfiahtt 3058 B5imed B Meraibh ferantic i Qraer HsHeRRSsay
be incor ggr aL ethe zfiﬁorpnbn r?ﬁtos<t1ltie1:xsi.a|ttclemd1gjptezzoﬁf/eymt aihfb;d ligarl fengentiton 20
ortion SO t the.e n.at t SiLge 10 oSl e 0
Poel ect rode oG pclipRiFREeT RRTeRY bnd indieans thy shock BERRELT yifn,
are formed). Amngenmaitcsiey)lOtisaboppeds | Moratspecifically, the hiquid tegent és in he

t d pl $29 g&?ﬂ‘ﬁn f.
(ra]g :alrgcep()dg %ﬁgéﬁﬁt por%g}l?g%ésﬁlggiehg C mégltogﬁ?za%é’& gﬁ%&&r&n}%‘%@g can e 25
conbi ned2Wi t h theemeshmerubar cases(wipes daddoves sases 35 4ad 32)felding meshiop

Zn? |19C A]E UPRRMBEASH) 3iLtl saheRime. UCohveRtiehallii thelebh a9 berd faddlisFi 0.
al SO rerer

vol t age noni to’ﬁoomeélp%&fg@ﬁ%ggkggﬁe &%ﬁ%ﬁr@atﬁg &qlgglrgﬁgelg&)aﬁaéﬁggp%ed in

a 30 directi onmenisramil bé¢ httendated bypkhe pesihenegir memlwertcader eByiforming the

i uni ¢ COvehedf iBefLA a0l AR ARRGNGY bty Yho BRALISIDENUO0) ldh 2

vi ewabl e_manner operatron s
turned oA® Vol prehdemseande Qhrgpl%bﬁ LED 80 is lit when the remaining battery

is - 14 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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| 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
- off during inhalation. In Figs. 5, 6A and 6B, a control circuit Babsrriille
85 to control the ONIOFF of solenoid 2Gis arranged vertically in main unit
case 5 1. The present atom zer includes a forned conponent constituting the
mai n body of the apparatus such as main unit case 1, cover 2, and nmain unit
cover 10, and another forned conmponent fitted to such conponents. Packing
to ensure waterproof ability at the fitted portion is integrally 10 forned
to one or both of the formed conponents. Mre specifically) in Fig. 5,
packing 90 is integrally fornmed 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 batter stora ni t the |l qwer portion. of nain
unit case 1. LRSBeFt teutiig?sﬂ)\mné ?\i‘b‘g’f qla‘gq PP&W%‘) eRtNicAlment
wel | as the aphab Yhdid faciapailhlies cm%@cefai:ﬁlomheﬁ at hhmdwte?mg}]e thavk leqmd

of the .,piezoelectizc

th nb- t | ded
ol oront . HondgBECR haran bR dle Bipaes suRbLEA T ot thetongr! BB, 5 des o
t he pi ezoel edﬂmezebastiweﬁant BySihehakovesstangtivee, thestemaining RingouiOof IRgsdidr r i ng

LO Fig. eht/ Bﬁn%&nﬁh%ﬁ%g&ﬁeﬁo@%&ao @ﬁfihe ﬁﬁﬁ1ﬁ'ﬂé’e<i52bAIs6 hagll?d’ bRy at
oth si es o p ezoelecttic e I'S case,
el ect rodes ar@sepsityrrpadbe atamiged: hdVhemdhe semapping wua 9 qumv{ave)

generated by mhfq\ﬁa%afguﬁebsitpé:izo %@e&n@s ww @sdhat hlamal Iﬁétﬁﬁﬂlé@ﬁﬁﬁ%h&iﬂ&

di t t th t hat
there only oPATETE 2ais M bad Reasdl do Rell B atoariaBR b e
ob]E ai ned. At aghsidhl withohethen@nberr0 \qulwnlmehasm?hbp s simnmé?)igmgt h
referen eqg sectiona of. .1t i,n part
conductﬁﬁg rﬁggf% %éﬁ@f&%??’& segctgsggr%}f g‘\é\ﬁ %@eggﬂ %ﬁdp52 of /
pi ezoel ectri c el enéAdthadgh sot Ehownwa\ﬂéle@wﬂngoa Lywifl caopowaiy ser@or 4hdt bul k
wave G 1 genef, ﬁ%g%tlg% ?ﬁ)u@t%f u‘i&tlbé Ffécfﬁc gie‘?{;eﬁ%& bGn bk6) 1S

cancel ed by vir ur at | ectro ornmation portions

53-53c shown Rugvidegsto er@B%%@aﬁ@ mgng@ﬁaqqcmg taft@epl anes
54a- 54c showbutﬁu{?bgﬂusjl_&ﬁudlﬁﬁo@ﬂﬂsér%l Onl y bul kK wave 61 is propagat ed to
mesh mepber 40, -15 ZOO&%H%%) tﬂ? menber 40 gg s. The

plural ity of snall %?lé%wﬂin le79e St ohepent 3 stepped
type horn corfonthityie electradenhasinppre elegtmwidess 1 andgheditheetlectratetti2e si de

of piezoel ectg, h@eﬁla‘igﬁﬂtaltglg a?%%eﬁ{laggeﬂ(fﬂqﬁid Ser: ﬁ[@all, k-:ct%& 5@ rSCf'foghﬂ%l op

opposi te side SYprese et ween "p1 ezoe 'ZC
mesh menber 4be same pland and iaba Rosttioy mfcomayz caitbdhe |1m13deﬁeien15mm§1ed

propagat ed t Cﬁbx‘n‘l&ﬁ\ﬁd@uﬂfﬂy ‘f:)'fbé Q5t UPibz'oéleEfx‘i’@@E%@x@t 5@1%%@%&136 rthé’t@theBy

the vibration  of shrre 41 of
mesh er 48ane 9@%&@%98&%3{&@9@%@%@? epiﬁﬂ r% ﬁkec St ude
di spl acenent 5f, 52n65urid 86 @ié fonthdd ﬁéde@l”mé.fh aibee40 heThis)i@lie%huemhe

ff d
0l trasont & norR SRR, AR MRl SRR SneRl B nstd By AbamMiARER F Bl "
f-requency andwave63 dvancelingtrbrethirouwghl, nthie cdxweartumairqmirﬁactemawﬁp t By
cross secti 0%13%??%%&‘8%%1&%&%% %%ﬁspl e%f?g%‘i’?ctg%fége 8ht'50 so as

configuration e sound spee ray Spra

particl€ L") to q%wsmrgemb% 40, the elnstrodss ovill met eome into consget wi t he
wavel engt h i Siquid rel enﬁ”p.’[‘hé ug ﬁﬁtlu@rc %‘@Pﬁotécﬁﬂ%@ﬁl él@éﬁbd@cbﬁo%ha' ned

by setting st osi tion ai n atom zation
of favorable 928%[2 "é’l’ib‘iﬁl‘&ﬁ‘laﬁ

BisFicel ShpPiesRueikby the gty derustital | v
mesh nmenber %whehabﬁlﬂyhs imipgbeed. at om zation efficiency by the follow ng
condi ti ons. f | 41 v:
sound s eed of i qU| gh? golh no¥ba1ﬂcula'1w ﬁﬁn&ﬂﬁ%}f’g%géglfarla({%ng%z%?ecaﬁgncy S~
(D d)2 element 50 is p1efe1 ably lithium mobate 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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s :anplification rate D. inlet hole dianmeter of small hole 41 d : outlet
hol e di anmeter of snmall hole 41 The cross sectional configuration of snal
- hole 41 may be the horn shape of a conical type, a catenoidal or U4APR2MZ
exponenti al type. The cases corresponding to a small hole 41 of the conical
type and exponential type horn configuration will be descizbed hereinafter.
Figs. 22A and 22B show coni cal type and exponenti al type hornshaped snal
hol es 4l1a and 41b, respectively. In the drawings, Al and A2 - 1G U
a,J,r Q02 represent the cross sectional area at the end plane of each type
and a represents the depth of small hole 41. In Fig. 22A the fiequency
equation is represented as below. tank'e= (~-1)zk'Q (k' e)z~ + (~ -1)z 5 k'
=2~ : f is frequency a A2 : v is sound speed Al Referring to Fig. 22B, the
cross sectional area Ax at .a distance x fr ne Al is represented by
the fol | owi ngtegugrmberentsal ens ReptionOPIRTE? o fsttadga;i@ateémm: king this

case, the fr eﬁypiéweleeuﬁ él@ihén‘t 5(Enhe%6ﬂﬁﬁ§lmﬁmbﬁh@yé cdﬁmb“tyﬂe %ldéttiodes 2nf a
9 1 Pz ove R[orn i ons | ifjcation
rate and anDLﬂﬂd QE F%’l‘?ﬁ@ 0 %5 gr’ﬂéﬁ &ﬁﬂéﬂg 3&% %F“Pﬁ%fe{@ﬁe% onal
strai ght 15 ghapen(dtpiazaiéctrizsiement 80 issnealiet tham diatdf thé eleckrodat her
wor ds, a om Zf%Hn%@io?lprr%l%?lr. a%fpxeésfsi-}%lﬁﬂfé' oﬂl?r the¥it&Siferential end portion of
piezoelectric element 50, the oscillation attenuation of piezoelectric element
50 can be minimized. Also, the liquid reagent supplied to the no-electrode
formation plane of piezoelectric element 50 flows outside piezoelectric
element 50, so that corrosion, deformation, discolor or the like inside the
10 atomizer can be prevented by the waterproof packing.
A liquid sense circuit substrate 70 is arranged beneath the 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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- 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
- 0 ~ ~ PR Z002 operation switch 9 is provided at a fiont face opposite to
projection la (taking into account the human engi neering natur APR)maz ation
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 being dropped during handling is | ow. Since the present
atom zer has liquid reagent bottle 20 and atom ze unit 30 fornmed integrally
at main unit cover 10 as shown in Figs. 6A and 6B, piezoelectizc elenent 50
I s 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 _elenment 50 (no-electrode formation pl ane n be
easi |y cl eandteigina{ter. c JYPem oy u‘éﬁmé RE 3iteDating QH%'\‘RPBP* gﬁgﬁFﬁFX %Mﬁ? t he
e>r<]pos ed sEr f afoe eﬂgnﬁ:{le,zm'b%?letztrodbe 3erindb62 iof poexdelectrio nlmﬁmtas@,?b due to
the attachnent and cliying o I qui .al s e e t,
mai nt enance issur?%%% vaa?’élpégp%at%ggg%égEﬁskt%?_%é&%ﬁé&ﬂﬁ%lﬁig%uﬁgog)e%g Hg LE’got tle
20 (upper andbuldveavegitthap travels doughdheriaterionahergeneyasedi on other

pi ezoel egti 20yl aTRAL RAALA &fiBLCH ek ficWdMeh 3058 bokh PerddE g her by
being attr acted by a magnet 1\z;icc @zﬁtzﬁg@é? a palr_o HH% storage units
82 provi ded opsbsatien gReTE e MVpEy sPEIOC eftEedasH } g nyert e Fig. 5,
Cg””;" ci r cuglectyitad ehiat @y Bitoaneckithiasl esedldtied blﬁ_érg%%.(erUit substrat?a (tz(r)ot
shown) are arranged. i n. mai,n unit, cas ereas, |Liquid reagent til.e :
reah henber 40) b dPoRIERTERIFlefER: o9, thf pSERa oA P E SR RaRERAE e
unit cover 1Celemenpridvisdiomb-tiye elecfrodentd asudcH2 fornpede aliereatety eith ement 50
t hat hayge the i hi ity bej . ' [

form of odul SPaa 5 AshiotRby. SLRE g RERAER il b BEOLS alP B sk, ol 60

i nproved by rambailvdkmave Ghi t Asshewnym Figsh7mhubk wrivie Clatravels instdexanpl e)
Mai N unit Covge,delRétrRAGBmRHO GBlfqidly Wk rbfidct $8$Re longiheindd@ReRdoncan
be easily ex&l&anged. As. t(i t he sgam&chﬁm sm &grtlo (mesh g}g]ne?&r 40 and
the Iike) rediiigeoslestriclement S0q; YEperihs dixestigncafitheynarmal i theai ned
3 i nceht heyTﬁraqmphnbﬂbgThﬁ@% af thr?éxdieqrd b@nmgee}m gt bag r@fme@ﬁtle;aebyg_dfe ly

et ache asse t her i & inproved. .l n i za i cability
Accor i 1y 1 o PHeVARE Fiudrons  Te 4dvanihie HiGaripR gh the B e détdnds! )

(~ ~ A~' R 200gpmi tnefitequenty.conb-t ype el ectrodes having el ectrodes forned
alternately is cony neg 2w sh nenber) wherein a bul k wave traveling
wi thin the pi ezoertéjct %g% e(lvg/nIEQ{mi s used as the vibratory wave) not the

surface wave Wheymyhts the ahaspspeed phthe bulk wayenD is the pateb-afygembstyme r ode
pitch of the defired&h e ahnidzs2, elRIER! thelheg@diye, stable atom zation with

Favor abé& spray OUtTﬁ; {Jluﬂ Wavh is %rggéé‘a{e@ﬁ while %eing~réleAc|:§d %9 %e 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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CLAIM5 1. An atom zer conprising: a piezoelectric elenent including
conb-t'ype el ectrodes having one el ectrode and anot her el ectrode forned
. alternately, oscillation neans driving said piezoelectric el ementl aritviigh
menber including many snmall holes arranged in close proximty to said
pi ezoel ectric elenent, a reservoir storing a liquid, and liquid supply
means for supplying the liquid in said reservoir between said piezoelectric
el enent and said nmesh nmenber, wherein a vibratory wave of said
pi ezoel ectric el ement used for atom zation by said oscillation neans is
mainly a wave traveling within the piezoelectric elenent. 2. The atom zer
according to claiml1, wherein said piezoelectric elenent is of a materi al
of lithiumniobate, and has a 41 t 15 rotation Y cut and Y axi s projection
propagation direction. 3. The atom zer according to claiml, wherein said
pi ezoel ectric BPEHRRT CYPSEINE E0Q WRYR BEORAS &ALy é’égc%%% 0 PR aye syieatrrgnee. o
surface wave amhié {ienesdeédit-4ble drorhthdseacdpsiht af Pibrativavaabilityer If fom each

O it 1o AL 5oL oAb NGB e SO0 ReRbERLLoes

of a surface wdirectibhfasysrhetric ohat teast thesidenface ef tkeepdgfortiohuidnplanar. 5.

bl ezoel oGt ¢ SRABbId therdol 3 lsaichVe &1 Figh 1885 1B 18Ca FIA, doA, 108 |

wave is of a cenfliff.atFign 18Aashareean exampla9E 3 tapered nerrdectpedeamationy e

reflected at t gt SRE3RYrisdebdric @lémENE 50CEFIRVIBB 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. Fig. 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 oppdsite 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. 194, 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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20 0 4 APR 2002 6. The atom zer according to claimb5, wherein the
configuration that does not cause interference between said wave refl ected
at an end portion and said surface wave have both end pl anes asymetric/ or
havi ng at | east the end plane of one said end portion nonplanar. 7. The
atom zer according to claim1l1, wherein said piezoelectric elenent has two
opposite planes, said conb-type el ectrode being provided only at one pl ane
side of said piezoelectric elenent. The atom zer according to claim?7,
wherein said conb electrode is provided at a plane opposite to the pl ane
facing said nenber. 9. The atom zer according to claim7, wherein said
pi ezoel ectric elenment includes a liquid detection el ectrode detecting
absence/ presence of said |iquid, provided adjacent to one side of said

conb-type elegtrode. 10,. The atom zer .. accordi ng, t laim !, wherei.n the

vi bratory mvgowseéxcpwdlggfm tﬁf—‘GPﬁ‘ ‘é?q‘%s'iaée%‘%rﬂgegﬁﬁf @@r@%@’é’d‘sl}ﬁ?ws‘&i d
pihez oelhect ri Cfxﬁiteaﬁ][tie mx(rjﬂmbd oisuedlydsy elielf Hghtdyf hEmﬁ@aademmedmi ong

t hrough '‘a sur of sai L. ezoel egt I e 1. The atom acc i ng
to ol aim 1wtk rfing IBPRUGECTHERLES. B, BAHETER, Seoptd S ANsREREET
of a horn conftogontaol time ON/EFF nfsolenpoian2bis mxenged vertically omnfaisquehcgseand
a sound sgoeeddqu said liquid. 12. An atom zer conprising a piezoelectric

|

el enent including conb-type el ectrodes havi ng, one el ectrode and anot her
el ectrode forned al {lveexesept atpmmizer anclydesafesmed; comppnantcopsabyiansdhei ¢

el ement, a MeshafERSBF of tHd Alsh HAtARBNCIS BB nhaiROh B cake AN Ebri ) 28ldoSQin unit
proximty to sald phezaghechlcclement, a resarvolr shoring a liguid. and
liquid suppl ycﬂl‘é%ing » and ano p
Packing to ensure waterproof ability at the fitted portion is integrally
10 formed to one or both 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 waterproof 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 both 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 (refer 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. 194,
19B and 19C. Only bulk wave 61 is propagated to mesh member 40,
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21 0 4 APR 20D2 for supplying the liquid in said reservoir between said
pi ezoel ectric el enent and said nesh nenber, wherein a cross sectjonal
- configuration of the small hole of said mesh nmember is of a hom 04 APR 2007
configuration formed according to an oscillation frequency of the
pi ezoel ectric el enent and a sound speed of the liquid. 13. An atom zer
conprising a piezoelectric elenent including conb-type el ectrodes having
one el ectrode and-another electrode fornmed alternately, oscillation nmeans
driving said peizoelectric elenment, a nmesh nenber including many snal
hol es arranged in close proximty to said piezoelectric elenent, a
reservoir storing a liquid, and liquid supply neans supplying the liquid in
said reservoir between said piezoelectric el enent and said nmesh nenber,
W ~erein said piezoelectric elenent_and nesh nenber are arran ed so t hat

their facing prherebyemeshsmember 4bwibsatasyl dheanarality of sl biolemd e meshui d
supply nmeans 'ﬁeﬁB@f’hO%ﬂoWn‘&@éf@ﬁm QPERF H%tébﬂﬁi Ey‘%%f}ﬁﬁﬁt&%ﬁ%m&ﬁon'ﬂ”av%ﬁg%zer

conprising a piezoelectric el enent |n ectrodes having
one el ect r ode CRABLIM Bk #&3TEE| 8?%9(9%# ft%??‘ﬂfhéqt}/lc edement 58 ad’rf?ﬁ%ans
driving sai d ppeantt efs simalbdriieter a&th’é&ﬂppﬁﬁlﬂb@i’dd ncl udi ng many snal |

hol d I i.m

Storing a iiqud. ataeHeiG Pt P ek oSG o T B0 an o e gE g
reservoir bet weembsnif. pﬁhzmt@mqmemmtplm ecdiid elemhntéfer, wherein
sai d pi ezoel e%&&b&g@c‘eﬁ%'ﬂqu‘i‘&!i %1%@5%&1%%%%@{6 ﬁ@%%eﬁﬁb%ﬁ‘&é the! r

facing pl anes‘cros “nacute apgle Feservoir inc
l'iquid supply b?ﬁ@@&@n@ﬁmgsh@%b%égi hguid bds geffysashirem smalldyl él4écqfr| c

el elrregt and “‘ﬁébl’f@l‘é?{ﬂjm 4](5%5 é‘fbﬁﬁiz@@ hcf&lrﬂr'LthQﬁd@l gd ﬁ?c@t@z{rl]%EHél c tel egent
i ncl udi ng co odes ha ne el ectrode and. anot her el ectrode
formed al ter néi“é‘%gu s‘f‘ {%?Wﬁtﬁééﬂg “SVPWWQ ‘g{&l"ﬁlcﬂ} O HRPERVEDE el enent, a
mesh nenber i ramém@hatgamaﬁﬁmml théatosg sectiome athaps otfbﬁﬁﬂl holeﬂm&yeépmnshl d

|
et o )RSt L VNS LA A PO BB
pi ezoel ect ri c frdanesgy aadet edeofsbe Ligyidr eids aaraeuampheztiweof the
el enent incl u@@@ssasekheﬂlo@sﬁ@ansﬁol%l@pw&dgpo%fdsseorwsdelp%uqybémﬁhe reservoir

at a conb-type electrode formatjon UI ense"circuit substrate
sensi ng absenCRRPBEREARRD Sf‘}rﬁlﬂ%l kg‘"@ t&eoqohx&dt%) sqsfg?ﬁé?y i‘ﬂ&h&ﬂ%aﬁ’l qui d
Eelnse elhect r opartistedi'pid U0 ni/fl,et}iel mxﬂmws&m?ﬁw%ﬁemay Ii@BMEIﬁrﬁ{Eged
el ow the co ect or n_plane of .t ectric_el.enent,
and the quwngv ‘éﬁ%%& '8¢ r“o gﬁi’ég eﬁ%@??&ﬁtﬂé‘&e%m éﬁ& e[H'w d

sense circuit sstiisg stepepasigor hetot 62 5alm}ethn@2cu’éuo blytaancammmmmaceof

resilient bod é%&f& Qﬂ%fﬁq el ectric el enent

i ncluding co Y@%@l ec%ro estﬁgggﬁah§b§ggﬁggb§§gde and _anot her el ectrode
formed alternat el y, Mazeispegiicglly mhes f0seihibis dhe dushestiatomizaiaon, a
mesh nenber i @ﬁ@dnmbymnyfawng@rﬁﬁnaﬁganged in close proximty to said
pi ezoel ectric elengp{ 8 ?erv0|r storing a liquid, and liquid supply
nmeans supplylng q irdTn said reservoir between said piezoelectric

el enent and sai d nedh miatﬂmle deptir ef smaHikblé dduivd ssupdispesdafiigaithpéagemtt he
liquid in said reserypoig e-operating a di 17, om zer
conprising a plezoelectrlc é#%gl i ncl udi ng coﬁggﬁégghg é%?éﬁké} havi ng
one el ectrode angdmatdiér electrode fornmed alternately, oscillation nmeans
driving the piezoel gctmpliftfi6iFated rt@sﬂﬂe@mrdlhﬂféwfibﬂ&naﬁrwo1érm” hol es
arranged in close proximty to the p|e ctric enent a;riﬁamivmr
storing the liquid, liquid supply nea %'ffg‘f:ﬁ Q?Iﬁgﬁ?ﬁ’@tﬁ ef5ma

reservoir between t Taepiregosdctonal corfignratiomofishal hols i 1nmap de, theritbrni qui d
amount sense i n i ezoel ectric

el enent, wher gﬁ%@g?g'ﬁ%h{'&l%@@?ﬂen%adn% g% Pl gﬁﬁﬁgpq qU| din the
reservoir by urge- oﬁ‘@emansaagcmesmnm:agrtpm Heleddeofdbercanicah tyge ahd

di aphragm i's eopbhadisthaedghtl ar?glffg%aaoﬁ%me fbsciiel hihdrgrount sense

means. 23 tom zer rrsing a prezoelectric

el ement incl udi ng cEMs t%ea@d@@ﬁm Cﬂawahgvm@n@eénwmalawedmmher

el ectrode for ghdpad sarAPhEleY 41856Md 4abi QR eBFdly driiyitRg dagaqﬂgsez@phﬁatmc
el enent, a mesh nenber includi ng many snapl hol es arranged I n close
prOX|n1ty to the piezoelectric elenment, a reservoir storing the |iquid,
l'iquid supply neans supplying liquid in th? reservoir between the

pi ezoel ectric el enment and the nmesh nenber, %nd a nesh nenber case hol di ng
t he mesh menber, wherein said nmesh nenber case is formed of metal or
ceramic. 24 .AH A A Ny. ALa& As9. A A9. AN. A; . A9(y. A[. A9. A A" . A

CALLA LAY AL.A 2. Al9. Ase. A r. A9[ 97[ @
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Referring to Fig. 22B, the cross sectional area Ax at a distance x from

end plane Al is represented by the following equation.

Ax = Aleh=
10 where h is a taper constant.
In this case, the frequency equation is represented as below.
T
Ke==
q
s
v
q =v1-P?
-
P =%

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 1a 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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operation switch 9 1s provided at a front face opposite to projection la

(taking into account the human engineering 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 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 (mot 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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element with comb-type electrodes having electrodes formed alternately is
combined with a mesh member, wherein a bulk wave traveling within the
piezoelectric element is used as the vibratory wave, not the surface wave
propagating at the surface defined by the comb-type electrode pitch of the

5 piezoelectric element. Therefore, stable atomization with favorable spray
out efficiency is obtained.
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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 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.

" 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.

3. The atomizer according to claim 1, wherein said piezoelectric
element has a thickness so that an oscillation frequency of a surface wave

and the oscillation frequency of a bulk wave differ from each other.

4. The atomizer according to claim 1, wherein comb-type electrodes
of said piezoelectric element are arranged so that an oscillation frequency of

a surface wave differs from the oscillation frequency of a bulk wave.

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

wave reflected at that end portion and said surface wave.
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8. The atomizer according to claim 7, wherein said comb electrode
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.

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.

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.

12. An atomizer comprising a piezoelectric element including
comb-type electrodes having one electrode and another electrode formed
alternately, oscillation means driving said piezoelectric element, 2 mesh
member including many small holes arranged in close proximity to said

piezoelectric element, a reservoir storing a liquid, and liquid supply means
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hole of said mesh member is of a homn configuration formed according to an
oscillation frequency of the piezoelectric element and a sound speed of the

liquid.

13. An atomizer comprising a piezoelectric element including comb-type
electrodes having one electrode and another electrode formed alternately, oscillation
means driving said peizoelectric 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 said mesh member, wherein said piezoelectric element and mesh member
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 therebetween.

14. 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
supplying the liquid in said reservoir between said piezoelectric element and
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.

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

22



10
103<- 10%&' ()-! 4R “y2 $10%<& ()--1> "y2 $1090T& ()--!>H y2' $109%& ()--8" "=xV

4dY: 11" Y(10988& ()= . 1) Y(10%& ()- .!. Y(10%& ()- .!.  Y(109% ()- g4 APR 1002
“Y(1098& ()- . !<Y(109& ()- ._ !xYNC8!! 10" 10" 10°3=-10%& ()-'h
“Y(10% (& ()- . “Y(10%{& ()= . ! Y(10%6{6& ()- .! Y(10%V& ()- .10 uj _@!

10" ' Z210% & ()- 10-u 10-u 10-u =-10% u& ()-!-#10% u-u& ()-g

10% u& ()-%Y10% u& ()- ndg _@!

10°10%& ()-s10%& ()-s10%-& ()-s10%& ()-s10%u& ()-10%& ()-)h-DdEj _@!
10" -10%& () -sﬁplilg)ﬂig&hé Diqui® Uy Kid yeserlOfb8twWeen lsdﬁ%ie&oél):etih@%&lem andBaBj _@!
10°f, 10%& ()-* 10%& () ) 10%2 & (d) %W10% & g) $210% & () -

" 10%0C& () - 3@3@|:_:pes@member wherein said piezoelectric element includes a hquld

10°910% &' () %z &, ()-610 (z&' O‘V & | 110 ‘Va&' ()-sbC!
10 7z 10% & (S?“S%? c "i“} Aqud(‘%‘) &St gl @p% elelc% Y& () sadEbq !
10" &10% & ()fo hﬁl@%ﬁm&{ hq&@"s’éx&e @)rcﬁlﬂ-%&atékerﬂsﬁ{’éa%séﬁce réséfldg¥ () - 7dEbC!!
10 9ML0%N & () -# 10% & & ()- 10% & ()-,10% & ()- 10% & ()-2dEbCl!

liquid according to a 51gnal 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.

16. 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
supplyiﬂg 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.

17. 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
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
urge-operation of the diaphragm is controlled according to an output of said

liquid amount sense means.

23



100 310% & ()-/
10 & ()--10%& ()-@-10% & ()-('10% & ()-9'10% & ()-& b@!
-10° IsY9I109%& () -10%& () - &Z10%& () - 10\ 10\ 10\s=10% & ()-410% & () -AFR 340
1010% & ()-&Z10% & ()- 10 10 10F>Z10%&' ()-!410%& ()-!sl"109%& ()- {\:!!

1 910%& () - Y9Z10%& ()- 10: 10: 10:=10% & ()-!)10%: & ()-110%:& ()-{\:!!
1910%&' () -99Z10% ()- 10: 10: 10:=10% & ()-!')10% :& ()-!<109% ()- Normal"
"Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Headi ng 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default
Par agr aph Font . S"=+84AalatéhhigOzddpridtigtaPeaselee(ricielafenyidBding . 1Y7-; =a?_@
CFGKOQW [ % acf knot gv| n~k758! Ds~6Ti nes New RomanAri al Couri er New'h Root
Ent r yWor d Docugembstype elegtmpuies having ong elactrods grdanother electrode formed

<=>? @BCDEFCH, K MY, AL lirivinB WEAREAU el SRR SE ey 2Ll 3~
member including many small holes arranged in close proximity to the
piezoelectric element, a reservoir storing the liquid, liquid supply means
supplying liquid in the reservoir between the piezoelectric element and the
mesh member, and a mesh member case holding the mesh member, wherein

said mesh member case is formed of metal or ceramic.
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