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08R01490/ (WD, ) TH 908639 TITLE OF THE | NVENTI ON | on- Gener ati'ng

" Device and El ectrical Apparatus TECHNI CAL FlI ELD The present invention
. relates to an ion-generating device and an el ectrical 5apparatus, and
particularly relates to an ion-generating device including an

i nduction el ectrode and a di scharge el ectrode having a needle-Iike
tip, for generating ions by discharge, and an el ectrical apparatus
provided with the ion-generating device. BACKGROUND ART Many

i on-generating devices that utilize a di scharge phenonenon have been
10 conmerci alized. These ion-generating devices are generally
confi gur ed WHIE af THHIYEFRATAONg el enent for generating ions, a

hi gh-vol tage transforner, f sup i ng.a high voltage to the

i on- generati ng gﬂ’&' W{atlagﬁedwe@%é&g&zcgbﬁ%%e%g circuit for driving
the high-vortagReapngtEpper, and a power supply input unit such as a
connector. An exanple of the comercialized ion-generating el enents

i ncl udes t he oneThe@mbsehbinvemmonaelates ab anmionegenarativg devigd afdeanhdadtigl an

acut e-angl ed portion, a.n e?l e-like metal, or the |like as a discharge
el ect rode, ¥R a&;ssegndép%ggy Splektes to gn ghn-genepiting evipe jagluging angnrdigtian
pot enti al ' ' - _ r t. ne
Phat uses the g BALE LGl Es SRRt el BE Y £ Bhropfne'iOR &
parti cul ar | disdhbrsgepal aneléondest bpparated grotided evithl tAe Idhezdnemntige Beiad. i ng

el enent of this type, the air serves as an insulator. This ion-
20gener at i n%AQKQ%E #RiTzes a schenme to produce a discharge

henonmenon by c ] e 1 c.{)el opecent r.ation at a tip,of an
gl ectrode, W|¥1i cﬁ“%%gggeggﬁéf&%?‘ie@%ﬁg‘?%&ﬂ%%e& ?5‘8??&5%? eﬁ%m%flcﬁeh@&? gg&fni ke
porti ol to cmiN@cialized. dTheddb@SeraflcRIRes WaQRNARR) ¥nfgud Rkl an ion-
voltage to the el ectrode, and causing an el ectrical breakdown of the
air in cl os&engqa@pg]plpyle@ﬁf‘c)f Benerating 1BAm highanolipge tansforeer fr-sgpplpingtai high
el enents t ilize this sche i .devi.ce disclosed in, for.
exanpte. ol 8 forPbrird AR SRR, «Ricl B e eada ot on Ploing v
di scl oses ahi@ﬁ%l@@e‘bﬁh%nhél?bx?tﬁ@ﬁo@er‘%hﬁﬁ]?%ﬁﬂl% ufth 86dH RdCophQY¥bded with
e

a needle-like nmetal, and a cylindrical electrode provided to face the
di schar ge el ect r&aexammsRDthe gomnaesializgdHionoBB63eing elements includes the one that
15 uses a metal wire, a metal plate having an acute-angled portion, a needle-like metal, or

the like as a discharge electrode, and uses a metal plate, a grid, or the like at a ground
potential as an induction electrode (counter electrode), or the one that uses the ground
as an induction electrode and does not particularly dispose an induction electrode. In
the ion-generating element of this type, the air serves as an insulator. This ion-

20 generating element utilizes a scheme to produce a discharge phenomenon by causing
electric field concentration at a tip of an electrode, which has as an acute-angled portion
such as a needle-like portion to serve as a discharge electrode, when applying a high
voltage to the electrode, and causing an electrical breakdown of the air in close vicinity
of the tip.

25 An example of the ion-generating elements that utilize this scheme is a device
disclosed in, for example, Japanese Patent Laying-Open No. 10-199653. This
publication discloses a device which includes a discharge electrode provided with a

needle-like metal, and a cylindrical electrode provided to face the discharge electrode,

-1-



" and serves for extracting negative ions generated 0§l§0%%9r06(n\7g0ai]ggh%or88g9

occurs, to an outside of the device. For anot her exanple, there
. 1s a device disclosed in Japanese Patent Layi ng-Open No. 2003-308947.
The publication describes a configuration in which an induction 5

el ectrode is disposed rearward (in a lateral surface position) with
respect to a tip portion of a discharge el ectrode needle. The above
publication discloses that the shape of the induction el ectrode may
al so be of a stick type, a plate type, a nesh type, or the like, and
that the key point is not the shape of the induction el ectrode but

t he di sposi aridoserdeh €dragtracdRgUvENelibi e eheREENToRAUIMeh sPAL&NRS, to an
Docunent 1: Japanese Patent Laying-Open No. 10-199653 Pat ent Docunent

2. Japaneseopafenf thedoving- Open No. 2003- 308947 SUMVARY OF THE

I NVENTI ON PROBL ED BY. THE | NV | . 15Posi ti,ve ions and
negative ions g@\%raa& élgﬁﬁ’?%é’:%??%? 5 Vécﬁd%%gqs%l?]]gg?r}‘?ée #@tggt,}?ﬂ}?fgjaa?n
a nonent of Npramec308947. DhdiRibhgatioaHes@HbeZ & GoNfiRRatfn in which an induction
positively-applied or negatively-applied electrode attracts the ions

havi ngda r edlestende podispased reapyarg fintrdlpisral wetfaaegidisition) With cesbbdt$o antip portion
bet ween positiye,ions.and.ne ive,ions in spacg, .and . the |jke. The
i on- gener at ?é\agall é\g{ggeelegﬂﬁge ?%%&en g OWL@%FQ}E? ‘ﬁ?‘?&”@?ﬁhﬁt ﬁ‘ﬁé HedeéQe
space. 20A @mbadtloaneRtbe Ry hids kb 8fa kiftkl 9pLlAWILE 150 i
reconbi nation and neutral ?%ati on baet vveetﬁpp’o\gi) ti \);ep%l gﬁgsgﬁﬁe’n%r&g% %eé and
i ons, as dethettheéey pdiokie not the shaperad the indudienddactrode ttsthe dispekition thereof,

Japanese P%Sm%?pen No. 10-199653, the negative ions
gener at ed i'Scharge are trapped at a wall surface in the
cylingdgi cal pgrestrredeunsenthat i on em ssion efficiency is decreased.
25In the configuration disclosed in Japanese Patent Layi ng- Open No.

2003- 30894 Ratentidphinent i JefanasedPa¢ntiLayincaDpafNan Oel astsi ¢ fi el d,
which is di ectﬁgofrom e ti ortion, of the discharge el ectrode

needl e t owar HEHHEPFRGHCE i Br7nEtcate day e LPRandlio 203 VB (i n t he
lateral suré@rRiRRY &F alE WMTENTESRECt to the discharge el ectrode
S

needl e, becone
PROBLEMS TO BE SOLVED BY THE INVENTION
15 Positive ions and negative ions generated by discharge disappear by being
recombined at a moment of production, by being neutralized when a positively-applied
or negatively-applied electrode attracts the ions having a reverse polarity, or by being
neutralized by collision between positive ions and negative ions in a space, and the like,

The ion-generating device aims to generate more ions and emit them to a space.

20 A challenge to be tackled is to how to reduce the recombination and neutralization
between positive ions and negative ions, as described above.

Here, in the device disclosed in Japanese Patent Laying-Open No. 10-199653,
the negative ions generated by corona discharge are trapped at a wall surface in the
cylindrical electrode, so that jon emission efficiency is decreased.

25 In the configuration disclosed in Japanese Patent Laying-Open No. 2003-308947,
directivity of a distribution of an electric field, which is directed from the tip portion of

the discharge electrode needle toward the induction electrode disposed rearward (in the

lateral surface position) with respect to the discharge electrode needle, becomes
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the electric field distribution, noving directions of ions also

. becone nonuniform so that ion em ssion efficiency is decreased. In
addition, discharge at the discharge electrode tip beconmes unstabl e,
so that ion generation efficiency is decreased. 5As to the size of
the ion-generating device itself, if the ion-generating device
occupies a snaller area, it achieves a w der range of uses, and when
it is assumed to be nounted on an el ectrical apparatus, restrictions
to be inposed when it is disposed in the apparatus becone fewer.

Further, i magdiftriron Beatdefdictonugifienigsybs gects fidisidtihabnaboviag
the thickness of the ion-generating device is preferably decreased as
vel |, 10becHlrSHORO ignsialsy hespae apuauiormasethat ienemissioaieflicensyipdasteasssl.

In brief, n is t b n, t .em se that, positive and
negative i gIr?ggagirtéggﬁ% cfh\;}rs 2k eyﬁés‘ﬁgrg% Ie&}?ﬁ%gﬂlﬁ,’ %18%1%83 u?f%@fe’eso &JRAr ge
at the di schaakeiorklielchodi detigas@id | Nnprove ion generation efficiency,
by decreasing the rate at which ions generated by discharge at the

di scha® ge el ect rd8o the gize pbthereppgentrasyng dewice itdelt if the ic- ganeratidg davice
15neutralized and b { enera%i nl% a uni.formelectric fi %%d, .S0 as éo
eventual |y %%HPIE?/%S%? &ﬁiafﬁac AYTPYRE Fé’ﬁgg FHENUBED apd wheh & if gsspmed to be
emtted. mountEUbh R EIREFiBal abpAHhd, M5BMRSAND HRimPORASHRNG: iS Egg&%ﬁriﬁthe

a challenge is to inplenment an ion-generating device which
m ni mum t hi appastss benoméfgvean Fahergie nddisipn ng tlel aermtbeandupiedlas described

circuit integrated.therein in a conpact shape, i.n 20consi derati on of
fixed posi tHHE ! ??W%{@eﬁi@é%wg-e%ea?r}g% Derdcedn Brefarebly Aerreaseas weef,

el ectypde, RLEKSNbE HRvPbpfrRERE Avdi SHRAN 98 bRfw g&@%%enduct I on

el ectrode and the di scharge el ectrode, protection t he di scharge

el ectrode tip, dadriet acthalfenge b basedronntd prgmise tha pagifies aidisegatveions
ot hers. The present,.inyeption_ has bee de in view.of the )
above- descr"frgg IR h}’etﬁg gg’,"mﬁ%ﬁﬂ”ﬁﬁm&ﬁn&,‘?‘a@e af He discbargaelecodmtip and
is to provi; P Ba ' j ’ [ OV |

e s<i o ef firey orod BeeRh A ithcl ) &er GG Mol ar WIRHEONAS el by

i on- gener atdisuhabe\at the. dissharigh electbiietip anftrdpped py eediduction eRtirode il t 0

provi iig an Iile?lpr_ zee ea;g u/ I%gnecgaet\i/rLgCaeuniform electric field, so as to eventually achieve
significant increase in number of ions to be emitted.

Furthermore, from a viewpoint of shape and structure, a challenge is to
implement an ion-generating device which has a minimum thickness and has an ion-
generating element and a drive circuit integrated therein in a compact shape, in

20 consideration of fixed positions of the discharge electrode and the induction electrode,
prevention of creeping discharge of the induction electrode and the discharge electrode,
protection of the discharge electrode tip, degree of freedom in mounting on an
apparatus, and others.

The present invention has been made in view of the above-described challenges,

25 and an object of the present invention is to provide an ion-generating device capable of
improving ion emission efficiency, and an electrical apparatus provided with the fon-

generating device.

Another object of the present invention is to provide an ion-generating device
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efficiency and suitable for conpactness and reduction in thickness,

. and an electrical apparatus provided with the ion-generating device.
MEANS FOR SOLVI NG THE PROBLEMS One ion-generating device in the
present invention is an ion-generating device 5for generating ions by
di scharge, including: a discharge el ectrode; and an induction

el ectrode. The discharge el ectrode has a needle-like tip. The

i nduction electrode has a flat plate portion at which a circular
through hole is made. The tip of the discharge el ectrode penetrates

t he t hr oughcdpabie o tmprBink ieh il 1 '
wth respectd’ptﬁo an uﬁbpergsurfagg&of&hfaﬁ%éﬁlgtsug a? gfr%%wggﬁe%w E}égiucnon
i nduct i on eindbickenade and @Ackoiridilrappematus ipeoddel wah tpanematdraingddavicee i n

h i i i i h I trod trat
e P esent RMSEE b sl Uik Aeg i adhichar 45, el et ode penet rates
portion of the dbachALgfeBlESHEALSEN R %r:égén?mgﬁ?on%( ah Eb%-ga@&%gg@gwe

el ectrode. Therefore, 7t becones possible to generate an el ec

field $rom fongemeaitigsons tyedisdhpreef intlhdingi & disetiapee eb@nideost), anihdiaion
serves as tt]e cent eﬁ_ toward the ingucti on_ el ectrode al ong, t he
15entire ciTEqdsr edbedis slectipde hasg neqdie-lirefip- vi B, indyrdion glegiredsshas
nonuni f or m § YacHiat b’ Eit ' el ISt ibuti on,
Accor di ngly: Tripiatg BECihi E K dctler BROMABENE sttt 1B ol fiehdree

novi ng di r ededionis pendtiatds ths thrauhetsblddyf thh énddeisiél@rdte! Indoprotrli@es upward
electric field distribution, and hence it is possible to inprove ion

eni ssi on ef Vi1 fRES 1AAY URRES Swtace b the At plate persion of thedndiction glegode.

el ectiygde tip, r 1 i 0 in .ion .20generati o .

ef fi c?gncy. g%blrr{h%ggorr{ohr%g Flg?%neél%fqgﬂ%g de Ynlgggli tﬁ% %53’583 zgqegﬁ?x},(ga%np of

penetrat es thhdisthurgeigdbctralegenéirdibiethe Bideldid tBrbugh B6ler FdBs indhdionrictddes
upward with respect to the upper surface of the flat plate portion of

the i nduct i ¥\ a8 ks negion ofithe disehasge qu]ezcttoﬁe posidghded by ﬂheém@atlé@l elh@;ode.
o T . . ;
b are tr aoiatB iRESHA B & RSEPRERR e i bty Aol R Sl e

i ncrease andisghatggleldefroBeivwiHiGser @ as the centeABHART the AMGEAEERLERR along the
device in the present invention is an ion-generating device for

gener & i ng snsirscipndersntea naacly. avet 860°rig plaarvidvarend enpprassi mgusifemimtof tie
hi gh-vol tage_transfornmer; .a.high vol.tage-generating circuit; a power
suppl y i npu“ﬁre(?ﬁ?fﬁ'e%fa@?e?edr%@%ig’éﬁ%{“%‘}') &gforg\gglgg@ Is possible to suppress

nonuniformity of the ion moving directions, which is caused by the nonuniformity of the

electric field distribution, and hence it is possible to improve ion emission efficiency and
cause stable discharge at the discharge electrode tip, resulting in improvement in ion
20 generation efficiency.

Furthermore, the tip of the discharge electrode penetrates the through hole of the
induction electrode, and protrudes upward with respect to the upper surface of the flat
plate portion of the induction electrode. ~Therefore, it is possible to decrease the rate at
which ions generated by discharge at the discharge electrode tip are trapped by the

25 induction electrode and neutralized, and increase an amount of emitted ions.

Another ion-generating device in the present invention is an ion-generating

device for generating ions by discharge, including: an ion-generating element; a high-

voltage transformer; a high voltage-generating circuit; a power supply input connector;
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and a casing. The ion-generating el enent includes a di scé(ar gg

el ectrode having a needle-like tip, and an induction el ectrode having
.a flat plate portion at which a circular through hole is nade. The

hi gh-vol tage transformer is for supplying a high voltage to the

i on-generating el enent. The high voltage-generating circuit is for
driving the high- 5voltage transfornmer. The power supply input
connector is electrically connected to the high vol tage-generating
circuit. The ion-generating elenment, the high-voltage transfornmner,

t he high voltage-generating circuit, and the power supply input
connect or aand adiasipgs e@h¢ ivntgeacrating elgmerftiacltdgs aodischarediecstrbéde yeving a

el ectrode penetrates the through hol e of the induyction,electrode, and
protrudes u?ﬁ?glfad&ﬁ/i“tpha‘? Beyctieg e??ﬁtf ving 3 flaf flate pertion s whichta Gircalag

portion of &heohheieGE Hake e B i —@oliaé@qrajn%?ﬂgﬂgrf%sjﬁgﬁgﬁlkgﬁ voé%gg to

hi gh-vol tage tfansformer, the hrgh vol tage-genera curt,
t he power sthppinyganapting elzneect dhedigh whlapegenkratngcifhinafor AAMAL thamigl-
di sposed .in the casing in an _integrated

respect to one another, an _
man nerg Ac C@E@g@,gaqsgowé O'E%POW%-I’W@QYI ot coredey iscdegtiically sopiestedrip the

invention, {:he.tine.C -he..di sch e : es 1he
circul ar thlﬁlgﬁé ljca%(%I gn%r?ﬁt %If&:uﬁ'du?%l ‘?(;E)rﬁ1 %ﬁ%g{:#@gggg%gﬁgﬁﬁgﬁgé@a ¢
portion of trdmfouinsg ki iggh eblegercetdeaaiing Stuuki:oumbied powet Rgplynidp@tdoaector
el ectrode. Therefore, it becones possible to generate an electric
field fromahdispesdiatheiqang. plhsrtin pltharischrigg eleetredst nesetaatesylie ghrough

serves as t : the | cthon el ectrode alaqng the entire
ci rcunf er enﬁg%j gﬁggng{dif 06%§&?€g Elldl’(li r}%ﬁ%’%‘]‘ﬁe\?i“@v"ﬁar W&ggfﬁ?ﬁ?tce{ggn HpPper Su_rface
nonunif or ni dfytheflattphee FOdioheg thainiiyctioh eRRtrol€Ct TheCiohigehdl attigSdi&th&id! ihen.
Therefore, it is possible to suppress nonuniformty of ion noving

di rect i ons Hghrseltrgsyransfermesnthsibigly valtage-genesating destiti andfthe pelwer supply

di stributiao ce. it IS ,possible to i Qve i.on eni ssjon
effici ency Ig%u&%ggrﬁ%g&sa?%g%%ésag Encfhgll € néa(mlgwgzﬁ PPt 1P pae S?%th?faf“éije
el ectrode, digoutdiniBe tddingTRapVRERMed ninh&n generation efficiency.
25The tip of the discharge el ectrode penetrates the through hol e of

the induction elAeordiag taihd ofreptionigrasratipgalevicein the pespedivention, ke tip of
upper,surface .of. the flat, plate porti.on,of. the inductjion electrode.
Ther e}gor e, atlg? disgharge degiiode p nﬂ’éaé%etég girgular tP’éPtughéPg\M%id&%mfi‘bﬁ?n electrode,
gener at ed byddhSehar 86k of IR didcRarBl elebGodl i SHALURICE bS ¢h

trapped by 08R014_901;jk?TV‘l),)0 TH. 50%%38 th% ilnguctllgt;mr? e?gc{frag %ﬁjglﬁetljeamde'
neut r al i zedTheggtore fidbreemes pmssiblnty geneodte emeteb el fisbhfom the needle-like tip of the
Furt hernore

tr ansf or nerdss ?l‘%e hﬁgﬁgggf“?@%%&g@glég Pﬂ‘f?@t%nigwg% C? t?lévo tcg?q%ﬁel%g@e along the
LD DSOS s BT B4R By 53R
20 directivity of an electric field distribution. Therefore, it is possible to suppress
nonuniformity of ion moving directions caused by the nonuniformity of an electric field
distribution, and hence it is possible to improve ion emission efficiency and cause stable
discharge at the tip of the discharge electrode, resulting in improvement in ion
generation efficiency.
25 The tip of the discharge electrode penetrates the through hole of the induction
electrode and protrudes upward with respect to the upper surface of the flat plate
portion of the induction electrode, Therefore, it is possible to decrease the rate at

which ions generated by discharge at the tip of the discharge electrode are trapped by
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5manner, so that it is possible to nmake the |on-generat|n8N8@L|ce

thin and conpact. Preferably, the one and the other

- ion-generating devices further include a casing in which the

di scharge el ectrode and the induction electrode are disposed. The
casing has a top plate at which an ion-enitting hole in comrunication
with the through hole of the induction electrode is formed. The tip
of the discharge el ectrode is disposed such 10that the tip does not
protrude upward with respect to a top surface of the top plate. It is
thereby possible to suppress deterioration in ion generation

per f or mancethefindustonltlscthalegad abetcdlizod] end itcréase B alamiteRlenigEichs.
Furthernore, it %ﬁgpossible.to prevent direct hand contact with the

di scharge el ectr STBPTH His 9% cenasat - slemenigae Wt‘{o::égﬁjt_f?ﬂﬂ&rmfs th‘: high
i anl r. .ion-generating
evi ces. dosn PESEREEYE ALK ardind B BB nh R RBIGRT Al COSIRARITY

el ectrode pplatarmmserupitaradpett tdofiespadr, i difRsetPipghe Sddinbak B ﬁfteérﬂl%d
flat plate portion of .the induction electrode is shorter than a

radi us® of tWBMeRrBIBY hispessitle tq make ke donyepnssasingldevice thin endeenmpact.

di sch t hat i f the 20di scharge el ectrpde, .
Ut ot 5 tronk partraldhe Ble ind hiheflonatBents S Hipcicide s casing
di stance f riarwiittethe ddiubdri@tie@t@tanade ingudths &é&%ﬁ@&fe,d@eéed.t TH casing

possible to suppress decrease in ion emssion efficiency. Preferably;
the one andasRdopPifes atiwhichiamiensmitins dels io semfrunichten with thedhraugh hole of

i .1 he..i nd L on,. trode. The,
hatct i on anadn SR ERRRILENed CCrid S8 Bisgl B vt dspasse suoh
pl at el(por t i that ths tp JepPRstipREtnile Upheird WG EipeBGoSUBD tsﬁt%c%-of-{lliketog d)(l:af’%e‘

induction electrode is supported by the supporting subsprate
that a gap is neldé herehepessibietofsupprepd dateriqraticr innogenetution pdtfotrance of

el ectrode atﬂg d}sgﬁargéj 8&% .erzi%e ) %%Eﬁa%c%l imp%%tRo jFAﬁ?t?x{ar V(\gé,)it i-ls-lg:ossgt?ig ?c? ?
prevent direct hand contact with the discharge electrode serving as a high-voltage unit,
and prevent electric shock.

15 Preferably, in the one and the other ion-generating devices described above, a
length by which the tip of the discharge electrode protrudes upward with respect to the
upper surface of the flat plate portion of the induction electrode is shorter than a radius
of the through hole.

It is thereby possible to prevent discharge that occurs not at the tip of the

20 discharge electrode, but at a trunk portion of the discharge electrode, at which a
distance from the induction electrode is the shortest, and it is possible to suppress
decrease in ion emission efficiency.

Preferably, the one and the other ion-generating devices further include a
supporting substrate supporting the induction electrode. The induction electrode has a

25 bent portion made by bending the flat plate portion and supported by the supporting

substrate. The induction electrode is supported by the supporting substrate such that a

gap is made between the flat plate portion of the induction electrode and the supporting

subsirate,



"It is thereby possible to suppress creeping di schepr%{glé%%@g&)’)ﬁ}b{hao%”

surface of the supporting substrate between the induction el ectrode
.and the discharge electrode. An electrical apparatus in the present

i nvention includes: any of the ion- generating devices described

above; and an air blow unit for delivering at |east any of 5positive

ions and negative ions generated at the ion-generating device on a

blown air streamto an outside of the electrical apparatus.

According to the electrical apparatus in the present invention, it is

possi ble to deliver ions generated at the ion-generating device on an

air stream by th& iatherddl @ussibl fo subpREEtRESIng dischabed@mSédAlBng § Qlirface of
exanple, to emt igns to an outside of an air-conditioning

10appar at ustheHBPAHRE sybstiate betveesn ithesindiection elastrode sidite discharge electnore.
appar at us EFFECT THE, | NVENTI. As described above, .
according to t he%gég%nr?t% a}p%@ﬁggi “3?#1,3 RrRet inﬁfergfcntlﬂcé“ Ss%nrYac?fg@e lon-

el ectrode pgartdting Aevicéredebétiberd GboObed M ait BRW BT OV efhe of %QQ%nﬁ?lBﬁ

protrudes upward with respect to the upper surface of the”induction
el ectr8de, Besitivedens and negdtivsiions geberfedat ercipn@anerbiing davicevomch blBkh
DESCRI PTI ON THE DRAW N . Fig. 1 is a schematic plan view

t hat scherraftlei?g}{gfns%&\}/ée‘%@%F}F?tﬂﬁ?’légpgﬁmﬁf an ion-generating device
in an enbodi ment Aeforbing PR R rida¥SHak4t00in 1A BreferR Aivehdd Yt iE@&{é&’tﬁé&o
pl an view that shows a part of a top plate of "a casing in a Cut-away

manner, anddeliveOions génstptededithe ion-geeespieg tlewiee on an &i gtreath bystha air blow unit.
schemati c ciﬁss-sect.i onal . vi.ew t aken al ongqa line I]-11_ in Fig.

1.
Fig. 3is ah @&ToddyPpisbls,fnexgmols @iemik ians &p aneutside sben girrcandiganiag

an i onggenegaaldigs SheBRRA fork ROWR insflefh 98 outsi ' Fig. 4
is a per speclt?%ave assenbl y0 Vi ew %ﬁgteolg%gv?ggstl er&ggcr?ﬂl%?%af%%s'of t he

i on- 25gener BFFIRGT 8 I0FEHE INMEMITION Fi gs. 1 and 2. Fig. 5is a
functional bl ock di asgr.g?ra%f t he i on- gener at gﬁ%g device in_the )
enbodi ment of t h&S BFPEERTH BNONGATEPIHIS taribe RisewS inveniion e tipoplthe discharge
el ements ar Qe&hﬁﬁtpreh&ﬁzjtés%hgﬁﬁ&?g%tlﬁﬁie of the induction electrode and protrudes upward

with respect to the upper surface of the induction electrode, so that ion emission
15 efficiency can be improved.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic plan view that schematically shows a configuration of an
lon-generating device in an embodiment of the present invention, and a partially cut-
away plan view that shows a part of a top plate of a casing in a cut-away manner, and a
20 molding resin in perspective,
Fig. 2 is a schematic cross-sectional view taken along a line II-II in Fig, 1.
Fig. 3 is an exploded perspective view that shows a configuration of an ion-
generating element shown in Figs. 1 and 2.
Fig. 4 is a perspective assembly view that shows the configuration of the ion-
25 generating element shown in Figs. 1 and 2.
Fig. 5 is a functional block diagram of the ion-generating device in the

embodiment of the present invention, and shows how functional elements are electrically

connected.
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schematically shows a configuration of an air- cleanlng unit that uses
. the ion-generating device shown in Figs. 1 and 2. Fig. 7 is an
expl oded view of the air-cleaning unit shown in Fig. 6, showi ng how
the ion-generating device is disposed therein. 5Fig. 8 (A is a
cross-sectional view for describing an electric field generated

bet ween a di scharge el ectrode and an induction electrode in a corona
di scharge nechani sm shown in Patent Document 2 (Japanese Patent
Layi ng- Open No. 2003- 308947), and Fig. 8 (B) is a drawing seen from
a direction of aFiga8 isQWeSbettiveNi@y thht 6éhemalitdly sBoték cbfigiration of an air-
cross-sectional view for describing an electric field generated

10bet ween t%@nmwab@éxsei @etlmbg@emgtdn@w shoyot indfige 1 eod r20de in the
i on- generating f .t he resent dJ tian

and Bro. o (B) i HEq Rematpistgs BRRRT U A e pite PR MERLh £ o Riedh pow
Fig. 9 (A) .the ion-genkfaling HBvibNs disposeddh@@imanmatic illustration for
describing a behavior of ions in the case where a needle-like tip of
the di8charge el¥8t§ Ohds psrosstsectionalview fitr deserpiring an decttie figdigeeratedon

| ectrod d Fi 0 (B | l,ust r at f
Ceocr oy @t Yshbofath AR b it Al e ¢
of the di SCﬁ@d&ﬁsﬂ'sﬁ&%ﬁQ{jﬁa@ﬁt%éd&%ﬁt Maaar{egép%ﬁtﬁ idl® érrrNHCﬁoo@D
el ectrode. Fig. 11 is a diagramthat shows resg l'ts of

measur enent38P4¢handBg. B (B) s dronngsterafromon dmebaaameﬂanmmw 81 iraBligu8 (A).
of the through e the inductio 20an rotrudln
length f of t heh@ s%ﬁ%)rléé Cé‘?sééf’?ti?ﬂ‘ép‘é?‘@ Fﬁ[fﬁ g}yng e ﬁ%t”‘é |E§H‘T'ré%fjon
in whigh t h@et@s&ﬁh@ dlsbiitod aectmde g gl lﬁ&mlrosa@e%trs&%fnq'ﬂs %aﬂgr%'nhé oned

to protrude wth respect to the upper surface o e In
el ectrode. e ement in the eRibgdiniedt Dﬁtha peisagiriavantibatand GHg r%(rﬁanm dalwing seen

represents g@l e for t he | atjon between protruding length f and
radi us r of ?Yﬁra @ﬁtl%‘P n|aéro £ 8hFigs? bt ai ned fromthe 25results in
Fig. 11. ?an%ﬁ eI | '

shows a confi guragl oolné:(c}'&\g on-g%nera%tﬁggﬁg eﬁgﬁﬁé‘é{l)?%\hgwd?##op ginetrl%

pr ot r udi ng daemghh-e@fne’edﬂe-lﬁe siphdtigedisdhecdereiataods haeirdged Hith séspee tohigy e
the t %tg of 1&1&1?01:1%21%&2‘35 ee azexll %fgt r18 c(ig) graocitlégligrgglagg Yl\ﬁrstcriat\{gntfgr describing a
behavior of ions in the case where the needle-like tip of the discharge electrode
protrudes with respect to the induction electrode.
Fig. 11 is a diagram that shows the results of measurement of changes in ion
concentration obtained when a radius r of the through hole of the induction electrode
20 and a protruding length f of the discharge electrode are changed in the configuration in
which the needle-like tip of the discharge electrode is positioned to protrude with
respect to the upper surface of the induction electrode.
Fig. 12 is a diagram that comprehensively represents in table form the relation
between protruding length f and radius r of through hole 1a, which is obtained from the
25 results in Fig. 11.
Fig. 13 (A) is a schematic cross-sectional view that shows a configuration of an
ion-generating element having a different protruding length of the discharge electrode,

showing the state where the tip of the discharge electrode protrudes upward with

-8-
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08R01490/ (WD, ) TH 908639 respect to the top plate. F}g. 3 ()BT) is a

drawi ng that shows the state where the protruding |length of the

. discharge electrode fromthe induction electrode is |onger than a
radi us of the through hole. Fig. 13 (C) is a drawing that shows the
state where the protruding I ength of the discharge el ectrode fromthe
i nduction electrode is shorter than 5a radius of the through hole.
Fig. 14 (A is a schematic cross-sectional view of the ion-generating
el enent, showing the state where a distance e between a flat plate
portion of the induction electrode and a supporting substrate is O,
and Fi g. 14ref®rt icsthatgrpletwat Fig. ¢3 (Bpis selrawmgahat\shews tife stdte where the

i on-generatin | errent,, oW the state di stance .e i S ensured.
10MODES FC]R""T@:%F‘Q%W E{%&ﬂﬁ%@swcﬁq 6‘%0“_1 theinicHerFlegfrdeds langer than
G ot ngs. | TAGABE M drddEh BbRA) B 1 PECTRSbREE (AAONO e Bl where the
shows a confibgudiag lengttodf thedisciargesetaide figndtheiinduction alectesdedsl ke tdr tigh

the present invention, and a partially cut- 15away plan view that
shows par%faémsé’ff}@ﬁh{ﬂugbéoﬁ’f a casing in a cut-away nmanner, and a
mol di ng resin ingpe ' ks ' h I:C :Cl 0SS- tiona
vi ew t aken al ongF lg' {‘?ﬁ@q% Héﬁe |alrclug ﬁeég-%{gt%@ég&”g%glgéd&}ig%}egﬁ@% eﬁemen&,
expl oded peshepaey thy etawd wheraadistarRe & bpRedch Welag PRETIUrMoN beMe induction
respectively, that show a configuration of an ion-generating el enent
used in t hetlpcrodg apd p sernegtingesyibsieate duangd Figmilg<B) i agehematzoypsstsectional
reference t i : n_ioan- ting. deyice 30 in the present
enbodi nment ﬁ%\?r?%heﬁg%—%grhér%}{ggsﬁé}@%gi sllr}g%%?%%ﬁta}eo?%ta]écﬁeerlé? f%ﬁl@e el enent
10a fo0 genIODESNBOROCGARRYENGODET BHE INWHReN@at i ng el enent 10b for
generating negative ions, a high-voltage transfornmer 11, high-voltage
circuits 12a, 1261 embediment efithppigseit invgntion wilghersiniften e dgrenibedibisad on
circuit) 23 %nd .2%5power supply i nput connector 22. 25l on-generating

el ement 10atthraéflvm osed on one end side (on the left in Fig. 1) in

outer casing 21, FianisiZORh&RNRS i View eha ¥BREmaRRlY dhotlls 3IRBAGLLrSort Han
other end side (on the right in Fig. 1) in outer casing 217 By
i nt egral |y idh-geesriting deyicege e embodigert| ditenpresdd avedn, ahd glpanielly age

tr ans{g ' n‘erw}a%,,pkf&{ Q\Rr\{ga!ttsﬁ s & Ipzru% oF ;[1 ?oplpzlgt’e ) %bc’asi g a cﬁya%y){nanner, and a

molding resin in perspective. Fig. 2 is a schematic cross-sectional view taken along a

line II-IT in Fig. 1.  Figs. 3 and 4 are an exploded perspective view and a perspective
assembly view, respectively, that show a configuration of an ion-generating element
used in the ion-generating device shown in Figs. 1 and 2.

20 With reference to Fig. 1, an ion-generating device 30 in the present embodiment
mainly has an outer casing 21, an ion-generating element 10a for generating positive
ions, an fon-generating element 10b for generating negative ions, a high-voltage
transformer 11, high-voltage circuits 12a, 12b, a power supply circuit (high voltage-
generating circuit) 23, and a power supply input connector 22.

25 Ion-generating element 10a is disposed on one end side (on the left in Fig. 1) in
outer casing 21, and ion-generating element 10b is disposed on the other end side (on
the right in Fig. 1) in outer casing 21. By integrally disposing ion-generating elements

10a, 10D, high-voltage transformer 11, high-voltage circuits 12a, 12b, power supply

-9.
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connector 22 in outer casing 21, and by di sposing high-voltage

. transformer 11, high-voltage circuits 12a, 12b, power supply circuit
23, and power supply input connector 22 in a space between

i on-generating elenents 10a and 10b, it is possible to achieve high
di sposition efficiency and nmake ion-generating 5device 30 conpact.
Further, by disposing ion-generating elenents 10a, 10b, high- voltage
transfornmer 11, high-voltage circuits 12a, 12b, power supply circuit
23, and power supply input connector 22 in outer casing 21 in a

pl anar manneirquiti 13, asd posaishpely ipuitdeton 20 éneittat tRkhgdaY heEbBishdbiny:
Bot h of posjtjve high-voltage circuit 12a and negative ﬁigh-vplpage
circuit 12b gbﬂPBa&egfﬁ&éfOEféﬁ bln highevaliage ceaistiZat %bmoww@slppltv\percmt 23,

hi gh- vol t i rcui i.s. di : dsid the |eft i
E Oy | Sl et e SRR Pl R AN e b o
el ement 10aafdrobgnepaibiGo petsittd Meh HidPssitidlesBtiENS aRb Ghiky 9bd-88Rrating

circuit 12b_is disposed on the other end side (on"the right n Fig.
1) in asi néevice ¥eompertat Furthers by djsnesng ionegenentine elements A ga,elObnizgh-

10b for gengratin ti dons. A part ubstrate 14, whjch
supports ° hi ‘S 1%51% Frt%résg@%%r :JX&”-EIEV?LE%%G CFi)rfBI,tS %A’ I:I[g@eﬁoé’%?r BYRRAE ‘é‘ﬁcqltér?a ancli
gener ating ghwsanpsly kat cdiBetot 2 irﬁo%i&t efdineMtin @ pRABSIE AR, B HARRLbIERY

positive high-voltage circuit 12a and a substrate supporting negative
hi gh- vol t ag@aks oggeneraidis davicet3® thispar at ed from each other. Wth

reference to Figs.,3.and.4 . .pon-generati el enent.s 10a, 10b are for
20gener at i ng pogg?ﬁh\f)é POYHYe Qﬁ@vﬂg% Gyt ﬂgﬁ §?‘$P%g§’ﬁ§% {]ﬁgsmoétggq)g;r@grl@ha
di schpgge, RRuspcrRlot th@QshdAUGrAL 13 NAPELiHANiS)- it 19 is di

di schar ge electrode_f, and a supBorting suést#gﬁgg%#ﬁﬁﬁgé%gg%ﬁdmpmwd
el ectrode 1on sneverdesidsf(on therleft pi Eige 1 niptcabing Ratech thaidt Bagjaaemitoial-i ty
of (e.g. tvvo% through ho] es. 1a each hav.i.ngia shape of approximately a

perfect cirfE5BE SFBGMULY Taf Seerating PRFikiveiqnsr « Nesritvs highryaliage Aiacuitl2b
he nunber Qi nZhe 1 { Sadieie
the nunber pligdbsahange gbesld éé’c?eg@ %he }[i\é}lﬁtgflg?%m ak H%%lf%nglggi g? % hg

it is possible'to generate an tric orm over
tip of di scihacget telieegeredsing ehamiene alis forPeatthind oipative dhschapgr.of The
f!at éate g@rtign4of.induction,%[e trode 1 is nade of a sheet qetﬁl
with hol e>UPstHt & =p‘6li”91? Sjpports high-voltage circuits 12a, 12b, is located between ion
generating elements 10a, 10b. It is noted that a substrate supporting positive high-
voltage circuit 12a and a substrate supporting negative high-voltage circuit 12b may be
separated from each other.
With reference to Figs. 3 and 4, ion-generating elements 10a, 10b are for
20 generating positive ions and negative ions, respectively, by corona discharge, for
example, and have an induction electrode 1, a discharge electrode 2, and a supporting
substrate 3.
Induction electrode 1 is made of a one-piece metal plate, and has a plurality of
(e.g. two) through holes 1a each having a shape of approximately a perfect circle
25 provided at a flat plate portion to correspond to the number of discharge electrodes 2.
With each of through holes 1a, it is possible to generate an electric field uniform over

360° at the tip of discharge electrode 2 and cause stable corona discharge. The flat

plate portion of induction electrode 1 is made of a sheet metal with a hole, and a portion

-10 -
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t hrough hole Ia has a uniformthickness. | nduction el ectrode 1
. has a bent portion | b at each of opposite end portions, for exanple,
bent portion Ib being nmade by bending a part of the netal plate at
approximately a right angle with respect to the flat plate portion.
Bent portion I b has a 5large-wi dth supporting portion and a
smal | -width inserted portion. The above- described supporting portion
has one end linked to the flat plate portion, and the other end

|l i nked to the above-described inserted portion. Di schar ge

el ectrode 2oftthsflat plete gbidni dtRertthdh thfsibaiold Nohas Uhifoah erickrBas a
t hrough hol e 3a for al | ow ng di scharge electrode 2 to be inserted
B

t her et hr ough, and@dactiontelgctiogn 1Aes @ bel Hostiomil @maﬁlgOfmosmmdmlons for

i f b h
Reedl or1 | ke i Bk pORr i B S beiste ol Bt plesept
substrate 3apphodi@ateRi A vdetit AL vath r@Epepl &StHe flht §18€ doRidh. t fyeaﬂﬁd;meﬁ 18 hdda

and penetrating supporting substrate 3. Consequently, one end
di scha? ge elm@tw@avesuppommg@nrticm and rpesaniillewiditisasted, popiiat. r alav@gzbom -15a

substrate ForbemubBRibePalERERe ik it EeL0i Rl h? e other

protrudes oghddinRecto tﬁuhf;@«ﬁeede%bﬁt%d(lﬁse&eh 8ftigag surface side) of
supporting substrate 3, it is possible to electrically connect a |ead

wire or a Wri ngDdea[@afﬂeWCtdh 2Uwe agicedoflite tip( nBepimdngmiubsiFite Jihaser t ed

rtion of rode 1 rtin
Dosubst  at P adphaldREE fEekenelBiiade igbe BREa i etroueh, and o
penet (@t i NGHEWHRRAAGTe! %E’foﬁ b!lw&gﬂfe idserttd rtﬁdnpof%fen Oﬂﬁtlbﬁ'?l‘?f(ﬁ)ﬁ@m@&f&d‘ on,
whi ch protrudes on the back surface 5| of supporting substrate 3,

it is possitherethroughl ectrically connect a | ead wire or a wiring

pattern with use_of . sl der (not . sho .. Furthe in the state whe

i nduction el ect ?%%F@l%ﬁf%fﬁéﬁk%%ﬁeé&ro\é\@éﬁwaw?%y gippertingsebyrate 3 while

di schar ge i

| ocat ed apgér ox”%%?%d%r ?tﬁa Stgi 'ﬁ?@%éﬁ?é@klﬁh %ﬂ?gﬁéﬁéﬁéﬁﬁﬁ% ﬁleﬁ’\b%’ﬁglgéhg t}zfgee}
of appr oxi rﬁmrsbqueatlmmnfeend of dischaegd ¢lequtaie 2y vbivhds a abalidrlikderid, grotdudes on

Ther epy, the_distance between the needle-]ike tip of di scharge
el ectf%de 2 GoRt suracs ¥ds (apdey- SWFaélngp’&%ttSidéhOWPQPH%ISH?SU@F\&%)ugTiOHWI e

la is kept GOOShAWE dRLGe LBGGIRY, Whid SrotTE&E ENEG R Tsulel0 s%'c%rtagoﬂdering
surface side) of supporting substrate 3, it is possible to electrically connect a lead wire
or a wiring pattern with use of solder (not shown).
The inserted portion of induction electrode 1 is supported by supporting
20 substrate 3 while being inserted into through hole 3b and penetrating supporting
substrate 3. To a tip of the inserted portion, which protrudes on the back surface side
of supporting substrate 3, it is possible to electrically connect a lead wire or a wiring
pattern with use of solder (not shown). Further, in the state where induction electrode
1 is supported by supporting substrate 3, discharge electrode 2 is disposed such that its
25 needle-like tip is located approximately at the center of through hole 1a having a shape
of approximately a perfect circle in plan view as shown in Fig. 1. Thereby, the distance
between the needle-like tip of discharge electrode 2 and an outer peripheral portion of

circular through hole 1a is kept constant along the entire circumference of through hole
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i on-generating el enent 10a for generating positive ions serves as a

. positive discharge el ectrode, and cooperates with induction el ectrode
1 in ion-generating elenment 10a to configure a positive
ion-generating unit (positive 5 electrode pair). D scharge el ectrode
2 in ion-generating elenment |ob for generating negative ions serves
as a negative discharge el ectrode, and cooperates with induction

el ectrode 1 in ion-generating elenment 10b to configure a negative
ion-generating unit (negative electrode pair). Furthernore, in each
of 1on-genetating el ements 10a, 10b, there is provided 10i nduction

el ectrode 1 common to the plurality of discharge electrodes 2 for
generating i ons ‘grcharge degieods )i iqrtgenerriing elemeahlOafor gensoagingippsitive ions

larit i ity ifically. ien- f :
oLt 1Y, S PR AR e RESE LRy MBIt i
el ectrode liof@eh@mtingOelémént DOStd totEigtlieSChAIBR i@i-g&%eﬁ&ﬁ@%nﬂ,(pé’ﬁﬁve

exanpl e, and induction electrode 1 is provided w two through hol es
| a to 2orr edgréinge pairk hdisdhargstptactrofe pirsionigeserdiing lamgat Kibdot godemging.

As such, ion-generating elenent. 10a for generatin ositive .ions is
confi gured %eggﬁvetxﬁrgﬁ SEF%SPE &.(98%)6&"3[3. 18 qarg%%g&éﬁcﬁznancgggqpﬁ% W‘ghlé‘glé(t'tmé‘
plurality ofledt®dg ik mﬁ%&eﬁtihg ¥RmeRATOBRD R0AfiE I a YREAtRve ion-generdtfdg unit
ion-generating el ement 10b for generating negative ions, There I's
provi ded i naegativenleeiredapasle 1 common to two negative di scharge

| ectrod 2, f | e, d 20i nduct i | ectrod [ i d
W th (ot hr ough HEREED e GO o P e IR ERE Ui PO o SR ey e
di schag ge ah@ekibRERStréde Peoiimeh ;cc_) HHRINGERS 'R HishEh B ?g&%dgggq%{ %é'ngating

generating negative ions is configured such that™it 1s capa

gener at i ng inegeftthy eanoprdarity, mnelyasy of ¥ poditieepodarity wod a negaitve pelarity.
OO MIR A £ SNSRI ACR -
S e, ARSI s g o
of inducti andwities eleodledel] isqmavipedwithi thes thipuglt holed 1ator@sResdndtto e
pr)glr,]bf Er ; arglgnl%;h gﬁg?gsét%yg%isfclxgr%e Ec)llegttroeders)(f)lr t IAOsnsugli, ié)r?-cgiglgrétgag e?érr?e%% rl(())z? feorl'
generating positive ions is configured such that it is capable of generating positive ions
at a plurality of (e.g. two) positive ion-generating units.
In 1on-generating element 10b for generating negative ions, there is provided
induction electrode 1 common to two negative discharge electrodes 2, for example, and
20 induction electrode 1 is provided with two through holes 1a to correspond to the
number of negative discharge electrodes 2.  As such, ion-generating element 10b for
generating negative ions is configured such that it is capable of generating negative ions
at a plurality of (e.g. two) negative ion-generating units. It is noted that one ion-
generating element may have one discharge electrode 2, and may also have three or
25 more discharge electrodes 2. ‘
With reference to Fig. 2, the needle-like tip of discharge electrode 2 penetrates
through hole 1a of induction electrode 1, and protrudes upward with respect to an upper

surface 1c of the flat plate portion of induction electrode 1. A length f by which the
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protrudes upward with respect to upper surface 1c of the flat plate

. portion of induction electrode 1 is shorter than a radius r of

t hrough hole la. The needle-like tip of discharge electrode 2 is

di sposed such that it does not 5protrude upward with respect to a top
surface of a top plate 21b of outer casing 21, and the needle-I|ike
tip of discharge electrode 2 is |located at a site retracted fromthe
top surface of top plate 21b by, for exanple, a distance g. It is

t her eby possible to suppress deterioration of ion generation

per f or mancengfiledikeahasiaischArgs Llefgisde SR Vi '

prevent direct handfp(a:%nt actlgvm'th di sc argdg@%@??%gﬁffﬁ&vﬁ%peﬁ%aw
10serves aslaohhgRaveitepgeianmfinductopelevteode blsshonérchahocdius r of through
Furt her nmor e, i@ducti on electrode 1 is supported by supporting
substrate 3 %lﬁ f that a gap having a dinension e is formed between
the flat plate pppd hé%ﬂlleke'tided{QﬁécﬁﬂggEﬁﬁﬁﬁ@@@isldigﬁgecﬁﬂﬁﬂgﬁz&'i es not
substrate 3. It is thereby possible ™t o prevent creeping discharge
causeddal ongfotrudenpaed with sepmpbid 4 vy smofasd ofd wpPldie Lk efoltereiing@1, and
el ectrode 151 an j scharge el ectrode 2. Furthernore, on the

sol deri ng s@‘?flﬁﬁcﬂe“gi‘%gp 8%8115%%3?‘?9?@3% 36%[;5&'&3@ a8 sifgsfracted frgniige top
provi ded a i i 1.0l .S SUkfL i for
Pt event i ng S aer dor bt 2 BRTOSGARY, b dkalsd of 1 Hiity SRR O
contact w téuppresedeterdsnation &flion gheerstinderfongasier sfaisehape elebiode 2 due to
supporting su strglt.e 3 (i.e. the space having 20dinmension h in Fig.
2) is nol dedesirpedmpattaiigreest dirget hgnd awté%o&lgh digchpigp elpptrode 2hwhigh
not shewn, it J f.ef.e : 1 Qh= tage transfornmer, the
hi gh- \b/gl tagéee}‘(r:éisﬁcs:8ihghe%ﬁ%bgﬁéﬂg%ﬁé%ﬁgﬂ%%%gﬁorcgui t are al so nol ded
with a nol di ng rBstiermér, indoetim dddtidge Qb suppbited By BipportRcsudltrdtoB such

plate 21b of outer casing 21 above discharge el ectrode 2. By power
di st ri but i o2t & s kaving alimensigreelisdarresdeatveen the drtiplats portiercefduddatiom

th dl e- in,.af. di | gct 2 1o | ] | ect r.od
1 an the SpfodenlisuMoENELBERE S0 YO8 el OpshiliTh pPVst EfeAEE g
hol e 2la. Bjisdhetde\ensedalongll savcebf subPefak Qubditatd Shfeest Rt ef@éﬂtltode

positive and negative ions on the blown air to an outer space o
i on- gé‘T’ler at | mfl diealiacae edggtrode 2. Furthermore, on the soldering surface side of supporting

substrate 3, there is also provided a space having a dimension h that is sufficient enough
for preventing a soldered portion or the like of the parts from being in contact with
outer casing 21,
The soldering surface side of supporting substrate 3 (i.e. the space having
20 dimension h in Fig. 2) is molded with a molding resin (e.g. an epoxy resin) 31.
Although not shown, it is preferable that the high-voltage transformer, the high-voltage
circuit, and the power supply circuit are also molded with a molding resin.
An jon-emitting hole 21a is provided at top plate 21b of outer casing 21 above
discharge electrode 2. By power distribution, there is generated an electric field
25 directed from the needle-like tip of discharge electrode 2 to induction electrode 1, and
the electric field also expands to an outside of ion-emitting hole 21a. By delivering a
blown air thereto, it is possible to emit positive and negative ions on the blown air to an

outer space of ion-generating device 30.
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the entire ion-generating device 30 to be as small and thin as
. possible, so as to be nounted on wi de variety of electrical
apparatuses. Therefore, ion-generating device 30 preferably has a
thickness T (Fig. 2) of 10 mmor less, and an area L x W(Fig. 1) of
approximately 100 mm x 20 mm 150 mm x 40 mm 5Next, description wll
be made on how respective functional elenents are electrically
connected. Fig. 5 is a functional block diagram of the ion-generating
device in the enbodi ment of the present invention, and shows how t he

functional el enehtisadagtagb@nttt isiaht Yiz€ 0Nthe ch8} ioMbERbratRicelRRE B0 be as
Fig. 5, ion-generating device 30 includes 10outer casing 21,

i on- gener at $AY! @ddhiars posuie. spais to he gieuntsdoageide vamety of efestrital appargtuses.

vol t age ciregl - r ly _{nput c¢onnector .22 ower
suppl y ci rcﬁ%{éfr%%é%%%gg%égaélrng@éﬁcgggggqurrably?lgs ?1&%‘ efsh'gﬂF ‘Eo%@e‘?ﬂgdg‘ﬁﬂ?
i nput connerégs;aneanmamuc(mg.ego‘fla@t}o ei?l_@@h{m&%r@ﬂilslosmﬂléﬂ?& ,
in outer casing 21, and another "part thereof Is exposed to an outside
of out®r casing Dext, desctipieorewill el hade an powesspsativp fiynctiondl elepmntzect ed

thereto 15via a lonnect r. froman outsi de. Power supply i nput

connect or Zﬁle'tgciypﬂ?@ﬁc Sl for receiving a direct-current power supply

or a comer ci al gl ¢1\ahkBGRIEILEN aBANEL URALYeng IS HeiEd HER 25 an

i nput power supply. Power supply I nplt connecto ctrically
connect ed t empwismentsyiph present oweticdh3 andPshoers HupE Yuretiosdl ielenats e

electricallg cannected to a _primary 20side of high-voltage )

t ransf or ner li%mqrﬁiy $ARRRSTGda g &V iR g‘%%’ﬁ%‘?er?@rm&ﬁ, a-geperasing gpyipg3 Qmehides
oltagg in th ' : ' t i t.he st - u

Vol t age 10 {e Cehl 2t Py ch Rt SREns TP RHLRLLY:RES ReRugROE i

hi gh- vol t ageoltagansfuitsrigs, I2b, pswet @pblyi iapht! consaenerst afd E@wérnﬁjﬁﬁlyi Heuit 23,
el ectrode 1 of e CH of ion-generating el enents 10a, 10b. The of her
end of the ﬁg% #oevee Ihi meiegiheictomes supninmpibeanaecten 22 s structured such

el ectrical | y.25conpact ed vl it Lgh-volitage circuit l2a to
posi tive di s%ﬁa&ge efégc'?s raé%]%ssgcgﬁloc%k%gcﬁghg2%@%“&@?%%‘%?@&% eo%ffa‘?xfpf}?ed to
gener ati ng posittidy ef owrascasihg® 1eteibirebe alldy aGORRESIRY 16 1R Ddab&téd/ Bereto
hi gh- vgl tage circuit 12b to negative di scharge el ectrodes 2 of
i on- g&Per at Yihg canssintronpan ﬂ'éiﬁl%gener ating negative ions. It is noted
t hat i nduction r -1 1n_ion: 8R01490/ (MD, ) .TH. 908639
generating el err:ﬂrjl(?‘gérfggﬁ?i%lt g?rglegﬁoé(%?ﬁ %B?Ig n%%rrrﬁé%‘t“&%l adieelaeiregt her
to have thep@aseupsly enk cdmmercial alternating-current power supply, which serves as an
input power supply. Power supply input connector 22 is electrically connected to
power supply circuit 23.  Power supply circuit 23 is electrically connected to a primary
20 side of high-voltage transformer 11. High-voltage transformer 11 is for stepping up a
voltage inputted to the primary side, and outputting the stepped-up voltage to the
secondary side. One end of the secondary side of high-voltage transformer 11 is
electrically connected to induction electrode 1 of each of ion-generating elements 10a,
10b.  The other end of the secondary side of high-voltage transformer 11 is electrically
25 connected via positive high-voltage circuit 12a to positive discharge electrodes 2 of ion-
generating element 10a for generating positive ions, and electrically connected via

negative high-voltage circuit 12b to negative discharge electrodes 2 of ion-generating

element 10b for generating negative ions. It is noted that induction electrodes 1 in ion-
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Positive high-voltage circuit 12a is configured to apply Qo 8o§$t?ve 2

di scharge electrode 2 a high voltage having a positive polarity with
. respect to induction electrode 51, and negative high-voltage circuit
12b is configured to apply to negative di scharge el ectrode 2 a high
vol tage having a negative polarity wth respect to induction
electrode 1. It is thereby possible to generate dual -polarity ions,
nanmely, positive ions and negative ions. A high voltage is
appl i ed between induction electrode 1 and di scharge el ectrode 102.
Wien the tip of discharge electrode 2 reaches a certain electric
field intenginemptiog elatments 104li 1Dbhae glectdcallyrcnnected to ekl bhegto have the same
i on-generating device 30 descri bed above can emt single-polarity
ions, the dF§%EW§ enbodi ment is based on the prem se that bipolar

ions, nanely, posdd:d ;0 : i i i : Sli.Lve
ons’ are gener atad by TG ReBE CARER Y Bl MEe NGB b pB iy BB
of positi veeletitmdhdrageglelatipe hadsg 2 positide pelgrdyiwith teppst &7 RdgaRAIRcadde
by caugi ng egg\ti ve C {ggﬂpa di sc_hargﬁe at the tip of negative discharge
el ect rddes b 2NANGEANE AlefrobasCiEgys| 12k ds sentigated g 2pply (0 apgajive dischasge

herein, andyg.di4E Q%h\;@fg&lﬁg& Bﬁﬁg%g\%\lg%retﬁgﬁth giycx%{tfé ?%g%(\ﬁ?ﬁ\a/ ‘ief u{:/ I%ﬂl? (ialggheo%e

positively or negati I‘ase

negat i vel y, 1.orlt tshtherebk possibRvio@nératel Al @b §36nd, Sas§hosthiveaniiagm
havi ng 20a high voltage nay be of any form “such as an

al t er nat i ngl°8ai¥edARs wavef orm a direct- current waveform a pul se

waveform or a . i;nat.ion .t her.eof, an a vol tage
that causes an \éi@éghs{oc é)gl léfég%ﬁl{% é%lvg? anﬁ%é?n &lesie es{rg?fga(%%@[ﬁer%ﬁg@_de
of a 10 schar gewhéaethenprddischurkokleaesicVhtddthds s RhRERH I Beld Mrdnsity HAI N
a voltage range that sufficiently causes discharge and enabl es
gener at i on BPVydissharEgpeecirsn speci es. 25Here, positive ions intended
by the inventor are cluster ions .each,of, which.is identified ag a .
hydr ogen i on (H+’?mh°é1§| ﬁ()gn'%erﬁfé\%f"ﬁldp‘flﬁe %¢ ds\%flb?y?hﬂv&‘fﬁ? @té{“ggé@@ty 1oms,
t her ear oundhe pREeAMbEERIASRBLAY RSthEdiath Ml BibdiSr RnhalHlRl phYRS
Negative i onsgar%_ gl_uster i ons each.g‘?5 whi ch iﬁgbi dentif eg@'{,ﬂg an bis
oxygen i on qndZzepativavonsgracpitigdal Positicf iond 8RQEEAGGIe(\W chushirg p@RBEIBrona

wat er | ecul es attached t her.ear,ound nd are_represented as

0. (o0 n® CafieRdred BB Akt GBS sty dGroteng. SBreataigns sre generated
appr oxi mat &yeah . 1:S+18 G ,

whi ch are i a,ecr?t ?f%g a\si@g@o}g?% ?l\%haik%egdg%?% %gh%%}l% glﬁﬂﬂ 5@2&&%@%% sAa
nat ural nurisaveformyihibeapplied i detyparficubatlyaemineigeer¢in canid andirecncirbet, ainr ,

both types of ions attach 5fo and surround funguyses and viruses _.
floating i ﬁ??ﬂ@gﬁg?‘?”wwv? é‘ng’&SF‘gﬂo%‘:ﬁV%Qﬁ‘Eﬁg fively, a pulse waveform biased

positively or negatively, or the like, having a high voltage is used. A waveform having

20 a high voltage may be of any form, such as an alternating-current waveform, a direct-
current waveform, a pulse waveform, or a waveform of combination thereof, and means
a voltage that causes an electric field intensity that enables the occurrence of a discharge
phenomenon. A voltage value is selected to fall within a voltage range that sufficiently
causes discharge and enables generation of prescribed ion species.

25 Here, positive ions intended by the inventor are cluster ions each of which is
identified as a hydrogen ion (H") having a plurality of water molecules attached
therearound, and are represented as H'(H,0)n (m is a natural number). Negative ions

are cluster ions each of which is identified as an oxygen ion (O,") having a plurality of
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‘radicals (OH) generated at that time, which are ic?esrlitoilﬁ?oég”gs) Té%i?%gg”
species, the floating funguses and others can be elim nated.

. Next, description will be made on a configuration of an air-cleaning
unit, which is an exanple of the electrical apparatus that uses the
above-descri bed ion-generating 10devi ce. In an el ectrical

apparatus such as the air-cleaning unit, a fan nounted on the

el ectrical apparatus is used for air blowing. The air-cleaning unit
is for allowng the air, which has been taken in through an air
inlet, to pass through a filter for cleaning, and supplying the

cl eaned ai rwhteomoleteleobfrdchitd fRidardudashdtt $éptesehid QY @ (#1,ORMn §85 hitlral
15 Fig. 6 is a perspective view that schematically shows a

conf i gur at i BH0ker). t Hertier, by igerantting appraximately the eame srecumof HFEERO8L (ngs a

device shown.in, Figs., 1.and 2., Fi.g.. 7 is.an.explqded view of the .

ai r-cl eani n‘&f“ﬂfﬁl ?“@%M*?“ﬁ‘ 9EF flentificdas positiye ng\ﬁ/‘?ﬁ@ ai“@ﬁn‘gghg[ﬁé?}p E‘bls a

device i s Oh$RasQnd b arNdepiiff of £ t: [ :

air-cleaning unit 60 ’ggﬁdgl %r%&ﬁ?tl%ﬁinaglﬁg%%gﬁgnﬁhg@%%g$%gﬁﬂ% (?ﬁe}%r}s att%aﬁh

portioh of tocdy sé@ousi fangusesient vintshs Avatingtih ete 401 tWEB thetdation ghhyaabeh

clean air cogi %glcﬂ% ionsg_gre supplied to the room An air intake

port 64 is POFAEYHD gonerated it hat Smepyhirhape idenfifiedias aptivessperies, the farging

air intake ont of air-cleaning unit 60 is
RREIseb4nd ﬂ‘rﬁé’rts%gn gé Fllﬁriqi(ﬁatfeﬁ.

cl eaned by passing throug ter not shown. The cleaned air is
suppl i ed from ouNesf dgonipticidwilibetraicont StatEghiation ghadaif-ARaGAS 1fig Wiich

251 on- gener.at i n)? d?VI fiﬁg’f shown in Fistgs. 1 and 2 is attached to a
part of fars@REXPI®ST tstectisahapraragdlaigises therahave-flessribad igngenerating

| on- ggmer atdygedevi ce 30 is disposed to be able to emt ions through
hol e 21a, Ich serves as an ion-emtting unit, onto the flow of the

above- descri bed Iaian.eldcxtoabhppayatel SRR SS tHeomsclednidORnig TRl Abied B8 YiL e
30 08R01490/C&_[1\/‘0 ) TH. 908639 may include a position Pl relatively
close to ouflgcsicabaprargys isasebBr pirdiovengr eThe hiv-elegnihgnnif isdor dlaving the air,

t 63, : e Lt hin .t t [ B
1 owi g ¢ R BfrbeB Blieh At ah s hieF 5B BaR e 2h oifee s leanifs and
i on- gener atsupflyii@\hededdd af fidie the dutleDB&GOEE S BASRL PhrBuiPa BMRALMg | ONS,

along with clean air, through outlet port 63 to the 5outside.
Wth 8 r-cl eani g uhista BOspaetivsr\dew ghat schematipallysborws e ehufifunaivn, ofitionair-

ener at ed .Qn- ting device 30 can be delivered on_.the. aLr,
gt ream by ﬁ%hﬁgr&gﬁgﬁ%ﬁﬁ e&cgil—genséagxggglgy{ce g@%‘&tﬁgﬁ jagd 6psgigbi7és )
emt ions wxpldoded eRnesH thd air-cte@njagu@mm\ﬁﬁnqﬁg.té]%hmn hobtthé ﬁmt-gbﬁlg&*a}{g

possible to allow the air-cleaning unit to have an | 0n-gener at

function. 1BFgeindspospbthetpimer ating device 30 in the present

enbodi ment s t hWﬂh rf:sf%retmt,]é’:1 tto P%\g/se % and 7, an air~cleaning unit 60 has a front panel 61 and a

20 body 62. | A rear top portion of body 62 is provided with an outlet port 63, through
which clean air containing ions are supplied to the room.  An air intake port 64 is
formed at the center of body 62. The air taken in through air intake port 64 located at
the front of air-cleaning unit 60 is cleaned by passing through a filter not shown. The
cleaned air is supplied from outlet port 63 to the outside through a fan casing 65.

25 Ion-generating device 30 shown in Figs. 1 and 2 is attached to a part of fan
casing 65 that forms a passage of the cleaned air, Jon-generating device 30 is disposed
to be able to emit ions through hole 21a, which serves as an ion-emitting unit, onto the

flow of the above-described air. Exemplary dispositions of ion-generating device 30

-16 -



o . . 08RO1490/(W H: 9086
if it is nounted on the above-described el ectrical appara ugj)I;t c?oegg

not interfere with the blown air. Accordingly, it is possible to

. suppress noi se generation and air volunme decrease, and enable the

i on-generating device to be nounted on and applied to nmultiple types
of products. 15l n the present enbodi nent, an air-cleaning unit has
been described as an exanple of the electrical apparatus However, the
present invention is not |limted thereto. The el ectrical apparatus
may al so be, in addition to the air-cleaning unit, an
air-conditioning unit (air-conditioner), a cooling apparatus, a
vacuum cl eamey incladbampositibn Bi relativdBiulosedn foudet, paneB, tahsitiok @2 rakativeéln Gar

as it is an_.electrical appgrzﬁeus that has. an air bl ow 2Qunit for
del i veri ng FORSUBR ROESHhiand gther Besitiousxwithigdhe passigeds the 4. KRy allardng the

functi onal ent: ﬁ%q ' . il .
accordi ng t%g{vﬁ%ﬁg? gésgﬁ%ﬁ%g 5’3‘. 6qrrll\i:r?\tt ; %ﬂéeirfalqp Rl g?ﬂeg%ﬁgrdtge{él%e?é%% o] e‘tz
penet r at es twcomud possibler ouwgpplidne, dlengoivith RIS bir OrRigB GltladRriles Anthean

out er £orti on _St he entire outer peripheral surface) of discharge
el ect rode PY'8d%yrrounded by induction 25el ectrode 1, so that it is

possible to inpr o) ]SS J n nd_ion ner at i on
efficiency. Thi sﬁ’;{tga ruég%a%\fl’\ﬂ;gﬁ%t%@rag%ﬂgﬁggp %%%Sﬁg%né%nggﬁmme tons gﬁpa§§ed§t
(A) and 8 (iB)-gefi@atgadsvarBBicat bk Hblistddadn BB irfsteartl 8§ €ld £F PG wAit (air

electric field generated between a discharge el ectrode and an .
i nducti on ebasgagebde than itds pessireto cpgRons 9dth clawnyd Jikito 8088B8le cditrctrat. gdt

hani i.n. P t at 2 (J Pat ent Layi.ng- No.
2005. 3080475 ey hoHE NG o RE MR sl G E P B een BB RGP
and Fi@. 8 (B) iBurthedlliongibraRRMelicOTD ﬁfeﬁﬁ@s{ehpé?n&fdirﬁéht@'{] hWsSkhak Bven

Fig. 8 (A). Wth reference to Figs. 8 (A) and 8 (B), in the corona
di schar ge nEthampunted an (8 sbduedessnbed dettrion eppfiatus,st doespos ederddre avith the

rearward | ateral . surface.wth.res t to a needle-like tip, of
di schar ge e]'@¥P ragdeAfﬁff,ﬁ‘ WI(¥ ¢ ﬁsalfosglﬁér@_Sngrﬁ%gri@r‘SStg@Heréﬂo%i‘rgj&W Y%“’Wel d
directed fromdabe aneesHbe: the Kﬁl—éénﬁra@iﬁ%@bﬁﬁé‘ﬁf%gﬁﬁgﬁ bR %}?%gﬂ %o multiple

i nduction electrode 101 |ocated at the rearward |ateral s
Ther eby di rtgpesiofiprgdusts.an el ectric field distribution becones

T SR L M NI R N T —
so that | onfm 8i8tABal apparatus. However, the present invention is not limited thereto.
The electrical apparatus may also be, in addition to the air-cleaning unit, an air-
conditioning unit (air-conditioner), a cooling apparatus, a vacuum cleaner, a humidifier,
a dehumidifier, and the like, as long as it is an electrical apparatus that has an air blow
20 unit for delivering ions on the air stream.
Next, description will be made on functional effects of the present embodiment.
Initially, according to the present embodiment, the tip of discharge electrode 2
penetrates circular through hole 1a of induction electrode 1, and an outer portion (the
entire outer peripheral surface) of discharge electrode 2 is surrounded by induction
25 electrode 1, so that it is possible to improve ion emission efficiency and ion generation
efficiency. This feature will hereinafter be described.
Figs. 8 (A) and 8 (B) are diagrammatic illustrations for describing an electric

field generated between a discharge electrode and an induction electrode in a corona
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el ectrode 102 becones unstabl e, causing decrease in ion generation

. efficiency. Figs. 9 (A and 9 (B) are diagrammtic
illustrations for describing an electric field generated between the
di scharge el ectrode and the induction electrode in the ion-
15generating el ement in the enbodi nent of the present invention. It
is noted that Fig. 9 (A is a cross-sectional view, and Fig. 9 (B) is
a drawing seen froma direction of an arrow S2 in Fig. 9 (A). Fig. 9
(A) is a schematic cross-sectional view taken along a line I X-1Xin
Fig. 9 (B). diViHalgermdécidfg ehdvwn inl Mient Q)c(cﬁ?neﬁt’@(ﬁ dfBe Pﬁ@l‘ﬁq;agirlggoﬁéh e
present enbodi ment, 20the tip of discharge el ec rode 2 pen ates
circul ar th?QQ}g-’rpgﬁfW)e IIhiséﬂtﬂdﬁhﬁ(ﬁlg dn(4eliee crassleectionagindevgrand g8 (B) is a

t t hg,.ent | f h | ectrod
DO < o oA fo®y R Rl B 51 1 e Bhal e on Shectric
fieldis generatWiithfréi@anb@ﬁb rged (%)'ah&% (1) Pin ke %ré%%@&ﬁr@lﬁ%ﬁfﬁgﬁ fn

whi ch serves as the center, toward i nduction electro long t
entiredci r cinduasionrslestrodabR i i disposrd aB6Gedrmwap] laterd Suifenw, wikh relspedt hcea eby
possible to for f rect|V|ty of an el ec

field dist r?eﬁafq %p‘fﬁ ct's[ab?rge rqef’%?‘ge ]p(%sé? Hhat thege is gspsrated apg Hlofﬁﬁl%
i on novi ng dlferc?e%tﬂd?ﬁ‘%e%@@i@@ik@ﬁgto?@m&%‘g@blte&?dﬁeel(ﬁ% idichibf bidetrode 101
distribution, so that it Is posSible to”Inprove m sSion

ef ficiency lamied:auber@mdu‘déatdliahahﬁmge ﬁherél{iyedxtecnvmgf oflirselbuafi@eld

el ectrode 2 8 90/é rP TH 908?39 resulting in inprovenent in

i on gener at $iSHORIGY kecamesnoruniform withrespect tPr‘i“%ﬁhﬁBe oleelfipdenl 02 pag this ng
t he negdl e ter., of. through
ol & T havi PR Gl S e n R b 1% Bofthe bt EcoHiR B pflfoh SRS
di st ance be&iﬁemyuhéemecﬂ and disobatgept cife ti (Sftdiﬁih@z%e%leeﬁbd@ﬁj@z Becdifdst he

outer peri pher%l ortion of circular through hole la is kept
constant al‘Bi§ th "é’ﬁ‘gld@%feﬁﬁerlﬁEﬂﬁ&qnéﬁ@@@néﬁictembugh hole la. It is

t her eby possi bl f M=lo ner at ed
bet ween the nee %é)lgltt%g ait?ii g(%imtc?i s%ggar gtgﬁ% 1(51(5: g‘é\ﬂf d&ﬁ%“b%%’c PEHC

el ectrode Hielbyarerid&Dbetaneh thy disokires bl@@tﬁ'&t&sanﬂ(lﬂélﬁﬂf)&fdﬂ distt@te @Nthe ion-
electric field distribution. Further in the present enbodi nent, by

al | owtthg t hEEngEEag glemptdn ttheppr@:fodgp@g [ thpepresent invention. It is noted that Fig. 9

(A) is a cross-sectional view, and Fig. 9 (B) is a drawing seen from a direction of an

arrow S2 in Fig. 9 (A).  Fig. 9 (A) is a schematic cross-sectional view taken along a
line IX-IX in Fig. 9 (B).
With reference to Figs. 9 (A) and 9 (B), according to the present embodiment,
20 the tip of discharge electrode 2 penetrates circular through hole 1a of induction
electrode 1, and an outer portion (the entire outer peripheral surface) of discharge
electrode 2 is surrounded by induction electrode 1. Therefore, an electric field is
generated from the needle-like tip of discharge electrode 2, which serves as the center,
toward induction electrode 1 along the entire circumference, namely, over 360° in plan
25 view. It is thereby possible to suppress nonuniformity of directivity of an electric field
distribution.  Therefore, it is possible to suppress nonuniform ion moving directions
caused by the nonuniform electric field distribution, so that it is possible to improve ion

emission efficiency and cause stable discharge at the tip of discharge electrode 2,
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10el ectrode 2 to protrude upward with respect to the upper surface of

i nduction electrode 1, ion emssion efficiency can be inproved. This

. feature wll hereinafter be described. Fig. 10 includes a
diagrammatic illustration (A) for describing a behavior of ions in
the case where the needle-like tip of the discharge electrode is
retracted with respect to the induction electrode, and a diagrammatic
illustration (B) for describing a behavior 150of ions in the case
where the needle-like tip of the discharge el ectrode protrudes with
respect to the induction el ectrode. Wth reference to Fig. 10
(A), in theesdieg whepmvementriaéatl generakion effipienty.di schar ge el ectrode 2
is retracted with respect to u t surface | f i.ndyction el ectrode
1 by a distance Uﬂhe&ﬁ%P\taaﬂgev@@ﬁ %P%Hgﬂvw@eﬁk? ge o diFgres pledraded
blown air ] i i i : i raw ng,
ni o9 11 pag SR b B b A pRRR Y eftel Mok A
However, whistatdedetvoren the sectie-ljash dfiahglae thenodh? bod theloatedfperipheral

i nductjon electrode 1, they are attracted toward inductigon el ectrode
1 si ded by tREHeRPlregler thioughlhqle g istkept epnsizntialons sty clichafRrencsrof

el ectrode 1151 3Gl L | 5W.t h

ref erence 31, (i)xr d[‘—"%g .hgi%loﬁ( B?tf}s ﬁ]ef’%‘ﬁe"%g%lglé‘;? &E%E%Ytgggg?@%ﬁdhgégﬁwelgl i ke
tip of di scleaegeeddletrschabendtdp-lifte tipdefSdistbuae &lesirblle 2 @8 aEhictich dlérode 1,
upper surface of induction electrode 1 by distance f. Therefore, the

i ons gener &V8H38Y, andinhenBippess powtwiforaithofnareledtric Seld distritfutioni ng i n

di ti f in the d ] if th ..not .
OsR01460/ (Vo) Terisheas Pishel PRl i A unenr Ede B el itsharee
el ecty@de loleclidge th@bﬂgtrﬁet@%&hwﬁﬁﬁs E&f%o *tﬁH"@png seRR L MRlubSelectrode

generated in the vicinity of the need i ke tip of discharge
el ectrode 21,aprecrassipmeffiegneyocanrieimpioynd el ‘Ehis faatiee Wikt heteinbftert beadeanited.

Chat they are. erieZHntS% AdaGaRtin gusirali (h) (6 despaeingg SrwtLasiof s
el ectrode Iy tfd cas® whBRnBdNedARSHIL Eo htﬁe 8i¥thar tébétfo‘ﬁ% i@fetr@@tggt&iﬁlere%ﬂ%%

on the blown air to a space before they are tracted by 1 nductio
el ectrode ltodhelindectionaldcirede, add aatiafiramghytic dinstaation(B) 6dr deseribirgni béhadior

L0 3, BPace hshncisased, and, oL Lpanoy 1or SIILIS, Lone Lo, & Seare
whi ch the negfler thkhdhédbridlectrode.
With reference to Fig. 10 (A), in the case where the needle-like tip of discharge
electrode 2 is retracted with respect to upper surface 1c of induction electrode 1 by a
distance f1, the ions generated by discharge cannot ride the blown air stream flowing in
20 a direction of an arrow in the drawing, unless it passes through through hole 1a of
induction electrode 1. However, when the ions are to pass through through hole 1a of
induction electrode 1, they are attracted toward induction electrode 1 side by the force
of an electric field, and trapped by induction electrode 1.  Ton emission efficiency is
thereby decreased.
25 With reference to Fig. 10 (B), in the present embodiment, the needle-like tip of
discharge electrode 2 protrudes upward with respect to the upper surface of induction
electrode 1 by distance f.  Therefore, the ions generated by discharge can ride the

blown air stream flowing in a direction of an arrow in the drawing, even if they do not
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10di scharge el ectrode 2 protrudes from upper surfé@gﬂﬂﬁx%gvpﬂdﬂ%i$%ﬁ3g
el ectrode 1 (hereinafter referred to as a "protruding |length"). The

. details and the results thereof will hereinafter be descri bed.

Initially, as shown in Fig. 10 (B), in the configuration in which the
needl e-like tip of discharge electrode 2 is positioned to protrude

Wi th respect to the upper surface |Ic of 15induction el ectrode 1,
measur ement was conducted on changes in ion concentration obtained
when radius r of through hole Ia of induction electrode 1 and
protruding length f of discharge el ectrode 2 were changed. The

resul ts arepsheoughnthfdugh hdlk. 1a of inducfléecle@setel B i TheFiflre, AithowBRWodlve
ion concentration ratio at a certain point in the sgace when t he

prot r udi ng PBhER IPAREYS IoAasRIeTIGinthy weinity eptheinsedladike ¢jp of disgharge

al'so changeder o RBgeuReRa e IngfRi B Begome by e sRe o 2 eschis e
"smal 1", they rid&@ wirRBby h8adsBf Hetbhlowd ai¥ hAWhh @by Wikt &ficUSsgac@vithout
through hole la was "small" and "internedi ate",” | onger protruding

| engt W5 f capieitranpgh &y mduatieroslessradedt | dhis thevelyopassiblettp emlitgrositivdions r

of through haole l.a was,,"l.arge"., the io oncentration rdly 25
changed gv 5PV PR ?%mer@mﬁbﬂb{%a fpa\‘i&%Bet%’ﬁ%ﬁ’@é@@o@tfr?%e‘g?%@pe{%ncfé‘?miofie
was found thaid nai@izddhr Qesrdhalye ah AmBaE SHIBS ekl Hoa Spac@} incgeased, and

ion-increasing effect becanme significant by increasing protruding
| ength f, wiiBeienny fahemitting iongtie dxphee ¢am Hedohptawede radius r, an

" 0BR014507 (ol fHeEs S Bis3eRs ivertor g T6teck R wHBne Sectle e G
the rgpati %s&@%@é@%&tr@&@ﬁ?y%hﬂgs fr@ﬂlg}p?e{)fxﬁfhge hadk beulidfelddiogegh hole
n-table wn in kFrg.

la is conprehensively represented | ormas sho 12.
W t h ref er efherinaberiefprretizo as héprotbing ddriget) of Tharddthilsrzad ithsresulaf thereof
t hrough hol e. l.a and short ofruding length f (the upper |eft
direction iWiheEen Fgﬁd%ﬁﬁé%% the strongest 5discharge at the tip of

the discharge elgghiPdg shédn Hloftig.l fy‘ @’aﬂl tHE cbnehurkidh %}C@qgtf??%eﬁlge@ﬂ% tip

protruding length fare excessiv creased, “excessi ve

di schar ge oxfolischarge eoiroda@jisipositibadd topacicuds with agspectiBYheQGHYF surfade 1c of
contrast, the conmbjnation of large radius r of through hole Ia and

|l ong fotr ua?wgopé frpds 1,messuneniil was emdueied es changes 1 ipheoncghiratjon

rvsee,(he agaksond agbac el Porl U SR
excessi vel Ylengik f efdiechargh dehadge way ci@ige®C Chle results are shown in Fig. 11.

The results in Fig. 11 show anion concentration ratio at a certain point in the
space when the protruding length was changed in three steps including "long",

20 “intermediate", and "short", and radius r of through hole 1a is also changed in three
steps including "large", "intermediate", and "small".

The results in Fig, 11 show that when radius r of through hole 1a was "small"
and "intermediate”, longer protruding length f caused higher ion concentration. In
contrast, when radius r of through hole 1a was "large", the ion concentration hardly

25 changed even if protruding length f was increased. In other words, it was found that,
when through hole 12 had small radius r, an ion-increasing effect became significant by
increasing protruding length f, whereas when through hole 1a had large radius r, an ion-

increasing effect was small even by increasing protruding length £
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Large radius r of through hole la (the right di recQ[SngM?q{(WQe) Tgb?%g)sag
means that the distance between di scharge el ectrode 2 and induction

. electrode 1 is increased, so that large radius r has an influence on
intensity of discharge at the tip of discharge el ectrode 152 as
descri bed above, and al so causes decrease in anount of ions trapped
by induction electrode 1, which ions have been generated at the tip
of discharge el ectrode 2. Large protruding length f (the | ower
direction in the table) nmeans that the distance between the tip of
di scharge el ectrode 2 and induction electrode 1 is increased, so that
| arge prot rudi ngBhsed@hhhd resalss iamid. Nl | hREBLHSNbetRANSOIMdRE 1&15&?!"%96
at the tip of 20di scharge el ectrode 2 as described above, "and al so
causes decr®Ba8E riohthy olpia ismesprebeppeey bgpresediedtin tablecfoentas obiewd in Fig.
whi ch ions v er at. at. the tip of .discharge el ectrode 2.

Do Vo R NEREO T e Do fieR s SRR BT o7 ot ige Ta and

In the conbination © 1g3)

protrudi ng dhengrbirhdifg agihdEe dprmt lefidiREHAOM thd'tably c&%Qé&lk,str'gB est

protruding length f is excessively long 25 with respect to ra |%s r

of thrdugh #esheraeat theitirofthe dischacge deqiondeat If bveh of pdik rof srbagtgiole 12
ortion of discharge .electrode 2, at

| ectrode 2, b . t :
whi ch the dgthrRling ot e PR BhERa e Fxrasteis sapie diadirse ocours

resul ting iRsdtfon-tRiahskadBarst #la5-ocBRt N Rkok i Y,
protruding |ength f ang radfu?gr 3 %fhrougﬁcﬂd%%tR@%ﬁ%@ﬁ@%ﬁ?V@%¥E#H:
908639 | a, mfwsebf teoughddlota amidoegpiotgding [eamh € Gihe &var aighdirection in the
However, larger radius r of through hole | a causes decrease in anount
of §ons t r aBHELet e Her oSBT Ao G OfiG LT ERREHTodR! JEDR 0L

| ar geig t he QLSS b AoidhGRAR] g i %{T%‘ L
Based on the 1r esul tsoigri:l Igi gs. 1lﬁgﬁ%&ﬁig?%if%g%gﬁs%%gf%gfeﬁg e Ischarge
conbi nat i ommaf n@ragdarus r of through hole la and protruding length fin
association with the size qf the entire ion-gener.atin device is

ef fective for i _"%?r@t‘?l‘%sr‘ié’?itl?{e‘ﬂ%f;\ e il# (he righbsicastion it the fablgddneans that the
o et T RS QIRRCh O SRPLELADN JEUAE el
thin and cdagactdiusmheagenéifhiehergordietensiey 3dibdhartdeaivtiaf tig dRE&harge electrode
o o ent A GRS R UD R0 555 SeOacreas iy st af ions trepped by induction
electrode 1, which ions have been generated at the tip of discharge electrode 2.

Large protruding length f (the lower direction in the table) means that the
distance between the tip of discharge electrode 2 and induction electrode 1 is increased,
so that large protruding length £ has an influence on intensity of discharge at the tip of

20 discharge electrode 2 as described above, and also causes decrease in amount of ions
trapped by induction electrode 1, which ions have been generated at the tip of discharge
electrode 2.

In the combination of small radius r of through hole 1a and long protruding

length f (the lower left direction in the table), if protruding length f is excessively long
25 with respect to radius r of through hole 1a, discharge occurs not at the tip of discharge
electrode 2, but at a trunk portion of discharge electrode 2, at which the distance from

induction electrode 1 is the shortest, resulting in a non-preferable state.

Both of two parameters, namely, protruding length f and radius r of through hole
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excessively long protruding length f results in tRat the needler I ke

tip of discharge electrode 2 protrudes fromouter casing 21 of

. 1on-generating device 30. In this case, ion generation performance of
di scharge electrode 2 is |owered by a nechani cal inpact. Therefore,
the needle-like tip of discharge electrode 2 is preferably di sposed
such that it 15protrudes with respect to a surface of induction

el ectrode 1, and that it does not protrude fromthe upper surface of
top plate 21b of outer casing 21 of ion-generating device 30.
Further, as shown in Fig. 13 (B), even in the case where the

needl e- | i kelaf afe effectilieohmegasieg e iohadacehtidaes ndbwpve]letderddigmdrhe
upper surface of top plate 21b of outer 20 casing 21 of

i on- gener atthryghaoleda canses decrpgsetn aapPwy af irgtrppedlaciviediansirsiode Aagnd

di f | i . dl e-li
tip of di oy yEeRelP) ey, B3 M RASEE OBl shOG Mehlas ol
el ectrode 2, at BWk€bn tharedliiStiRPRe. 1M 12)eHaGinbon phepiaRARmbidaSoh bE

shortest, resulti nrgd;n a non-preferable state. Therefore, as shown in
Fig. 18 (Cradips vofihetugh hobnbr dndiprpsuding tenpihdiie assotigtiemwith dhe sireaof the

impl'y det PIHIEH iy ARt Rl Tstva it Tanls RSP aREE ‘DaTgaeaton
el ectr odes.anih@pRfehthg g{m%m ddnibhaef ioHigeahafigedsi@ct rode 2 has no

acute-angl ed portion, discharge occurs at a portion where the
di st ance bet weenWhe@siR0jgtoontivgelpments 109868 ar¢ tochectispmuedhmtanfigered imthih

di scharge electrode.2 is m.nin zed, However, if }téhe ti.p. of, di scharge
el oct rode 2" 0TRASTERIYF S CSHIGH 30 e of fosen chiaceriHies degeeragries
an el getri qefdiRF nORC&ALE 26hRSe0Bn kB ehirRid d{oﬁw@f,%sﬁé&ﬁh{ﬂgﬁ ~A),

and corona discharge occurs between the tip and induction electro

1. | n ot herexegssiosly 1dmg @mbtroding dengtief tesyitsof ttad iteateadigdike tipatfdodiarge t o
have an acute angle, a potential gradient  (electrjc field intensit

at the tip @H@H@é P&%ﬁ%@ Tromoytrrtasing rf dersgensrrivssieniop $0cat@s cald
corona dis irA; I . ol

i nducti on gplggiaﬁg e Yﬁg\?g{r]]ﬁiﬁ:fe to'ltf Elesgﬁ Irgé[ (ZI%%? %ﬁ/&%@%écﬁgﬁ? ?rbe%g%%cal tmpact.
i nducti on ellecdéforegdtheheedlehie tiplofidistizeege clbigrele 2t iberaferable misposmdesntiothat it
has found that, .if the tip of discharge electrode 2 is_ 10allowed to
have ]aélneecﬂret-m‘ilqﬁé"’lghr&ﬂ?°§ tp Fha&r@caﬁ? ﬁu@t&naerk@tr@ée Poftid 1At it dpes nof

ot 10 A U T Aot DLAHDE DO i
el ectrode Zleaizd 30nduction el ectrode 1. Therefore, by setting
protruding length f to be shorter than radius r of through hole |a,
it is possible tiyrther, asshowninFig 13 (B), even in the case where the needle-like tip of
discharge electrode 2 does not protrude from the upper surface of top plate 21b of outer
20 casing 21 of ion-generating device 30, if protruding length f becomes longer than radius
r of through hole 1a, discharge occurs not at the needle-like tip of discharge electrode 2,
but at the trunk portion of discharge electrode 2, at which the distance from induction
electrode 1 is the shortest, resulting in a non-preferable state. Therefore, as shown in
Fig. 13 (C), protruding length fis more preferably shorter than radius r of through hole
25 la.
The discharge phenomenon is simply determined by an applied voltage and a
distance between electrodes. Therefore, if the tip of discharge electrode 2 has no

acute-angled portion, discharge occurs at a portion where the distance between

-22.



08RO1490/(WOQ,) TH: 908639
occur corona di scharge between the needle-like tip oP d9 % I)

el ectrode 2 and 15i nduction el ectrode 1, and prevent dlscharge

- between the trunk portion of discharge electrode 2 and i nduction

el ectrode I. It is noted that the protruding length is, for
exanple, 0.5 Mm4.0 mm and preferably 1 nm2 mm The di aneter of

t hrough hole [ a of induction electrode 1 is, for exanple, ?12 nm ?13
mm (a radius of through hole lais 6 M 6.5 mm). 20Furthernore, the
present inventor studied distance e (see Fig. 2) between the flat

pl ate portion of induction electrode 1 and supporting substrate 3.
The det ai | sindmdiohleiectredel tsd tikeraegf elatitiode Rds mirmimfiedr Hewdeapifiﬂlme@b of
Fig. 14 incl cross-sectional views of

i on- gener at ngl &Eﬁ?ﬁgg‘%l% phaneesdlsdlike ghapgandds HP@i%gngcﬁé%érﬁW%@mC
subst Fat e | L boEn®ied el ey EELE GG 2R BRI SHRRP Y

The nost ef petweanthe vipynd inddetiqgosdectiodedUct I06thel RotdspBe alloving t}ﬁJ tﬁﬁé‘tar ge
el ectrode 2 on the sane supgé)rtlng substrate 3, allow the ti

di schaPge efisdergsdgiectrode? by \fewa@cwtﬁwagl@ v\p@wnﬁifégp@hqntt(@eqjmgeld intensity)

oaro1as0) (v, e oPlss J6PUE a8 Rk k e RHEleief DGRk dhrcbiven | <

to closely itiveaithe fig o€ tischinred €6dtfddde ahdtifdicien slEfade] BfenSPRRAskdH28
substrate 3 as shown in Fig. 14 (A). In this case, however, a

cr eepi ng dlmﬁﬁ%ﬁfﬂtlm apd mdgcmneelmﬁrpﬂades ot mmplpmdl ng substrate 3

bet ween di schar ctrod .2 and,i nduct,i

appr oxi mat el y 52%%a1 F 8rer55 iifyen Or(;llasfl 86%# ‘ﬁ%ﬂe i %td(?%%ﬁ‘ig@ﬁle\?gf’g%@és
is apppied QE)W&QQ@hé’\}e%?ﬁ”@ﬂﬁﬂlk@|s§ﬁ5e&@@§v@a@£lﬁ’1té-ﬁh‘i§l€é pXBog| RALF ﬁ}gﬁu&mg
and hence if creeping distance j| is short, there may be a risk o
creepi ng di 1§@g‘fhf feshotTercthar mdels rtof @reugthioelt da mremsdisahdren ommrg ﬂantﬁe@n the

whi ch ar o dRERELEs B AREraERgeSUgor tiuine clededal *TwERes ove,
as shown i nsehrir@ prédudifd) lengﬁl‘l fRb B¥ kKt tRENRIROT bf BRoldh e B S BBssﬁtﬁ‘@to
occur corona discharge between the needle-like tip of discharge electrode 2 and

15 induction electrode 1, and prevent discharge between the trunk portion of discharge
electrode 2 and induction electrode 1.

It is noted that the protruding length is, for example, 0.5 mm-4.0 mm, and
preferably 1 mm-2 mm. The diameter of through hole 1a of induction electrode 1 is,
for example, $12 mm-¢13 mm (a radius of through hole 1a is 6 mm-6.5 mm),

20 Furthermore, the present inventor studied distance e (see Fig. 2) between the flat
plate portion of induction electrode 1 and supporting substrate 3. The details and the
results thereof will hereinafter be described.

Fig. 14 includes schematic cross-sectional views of the ion-generating element in
the case (A) where distance e between the flat plate portion of the induction electrode

25  and the supporting substrate is 0, and in the case (B) where distance e is ensured.

The most efficient way to dispose induction electrode 1 and discharge electrode
2 on the same supporting substrate 3, allow the tip of discharge electrode 2 to protrude

upward with respect to upper surface 1c of the flat plate portion of induction electrode 1,
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opposite end portions of induction electrode 1, aé)Rgﬁ?%%pﬁ831}1!MB639
supporting substrate 3 to support induction electrode 1 at bent

. portion I b, a gap having dinension e is ensured between the fl at

pl ate portion of induction electrode 1 and supporting substrate 3.
Thereby a creeping distance j2 along the surface of supporting
substrate 3 between 15di scharge el ectrode 2 and induction electrode 1
becones | onger than distance jI shown in Fig. 14 (A . By always
ensuring a distance equal to or |longer than a certain distance

between the flat plate portion of induction electrode 1 and

suppor ti ng sulbstieabe-gdnastirpuieiicei30 thia ipnsdoddyeattach fdpptieeectrode 1 to the

unnecessary cfeepjng discharge. Dinension e of the gap is, for
exanpl e, 0.?3'“{%? %W%Hﬁﬁ't%lsgbﬁ?@t%%ﬂmmdﬂ,1:19«3>14c{i°‘é-posi ng i nduction

el ectrode 1 and i t . - rti .
Substrate 3, 11 TLAEIBLORoRLRE!S ARG ahne SRR BERRRCE of hungpriing,
al so mi ni mi sbstzatd Betveeanischarbe elactiedghindlinde&ionafecabde | Rprd:BRately

el ectrode 1 and di %charge el ectrode 2. It is thereby possible to
reduce’t he ¢RaseTagps RAl Breugh hete tane Abighiviobnaed is epplisd iberwesa disskarge

i nduction e : ol | rode 2. .25As descri hed

above, acco‘%lgl&%\c’gg? gan ﬁtgdhgpgllé gl%%}%eo%glogflﬁé%?qe 1ﬁre?pén %‘gtépcfﬂlg 1% %‘Oéte fhess e
stabl e i on geyks atibloof crdQiiedstatde TRLRIGE, ﬂﬂ@fe@ﬂoﬂ@%@%ﬁilﬁgdﬁﬁﬁ?%iﬁ’f&
neutralized_ by induction electrode 1, and efficiently emt i1ons Trom

t he appar at 8 distange Beravsen flischargs eentfode randyindustige eleatnadent, vHictnare
conventi onajl. 90/ (V) TH 90863 Furthernore, it is
possi bl e pgéllspr?ﬁ‘g)(g%%: S&T%ﬁ’i”?\‘?o&'i%g_ %‘2’6&5‘&8& on-generating device in

whi chi@ hi gh vol Tiegerosl by shovin 8 Fid, la"{BJ,tﬂ}reperi'air%%ﬁtr %i@ﬂl?h@éﬁ%ﬂtof?ﬁee

integrated, so that it is possible to increase the range of uses o
an el ect ri capogippendanartionsmimdugtion elactrorde 1, and ghomeing sippprideysubstratatdo

increase the_degree of freedom of the sit 5where, the i on-generating
dovi ce 1 s taPBET iR bEaRRT ekt IR <Hipardradimean &ingnured
enbodi ment_ihwednane datei@inBriich drlihdishbAL] L ik Ay § al !
aspects. The scope o?ﬁ?he ppresent1 cil’!%f/lgﬁﬂegtﬁo?é;ggﬂﬁ%bﬁﬂn@%&ﬁ%{%&é:5‘_
descri pt i onltehebyer dreepitg/disthncese ajpagdhie surface bbumportmgdubsratas bawednt o

inclu al | ,.mpdi fication it hin, the equival ent nmeani ng and scaope of
the off: on iBaeclede? Abbineslis seryode | becmes ongardian disivasat hown
can parti cuhatd ¥438YankRaReYs by ARe 2R | (3 L0 q
devi ce i ncl udigng gnyi ndgct I gn esluec r o%dngggﬁ‘galgé]gtﬁggég}gﬂé{%%%r%%mame
havi ng a nédetiveenl thk8attplgte phoiongdiieiuatibmgletioode byndliupphiaing substiack Rag

el ectrical appar.atus .@{{Eovi ded with the ion-generating device.

15DESCRI PTIERE: ¢S PRESIREFERIPRESES SIERESsary qrefding disshargee c Dirgension| eof the gap
through holig fol Sanlp®)o PRKLE OFym! C: upper surface, 2:

20 It is noted that, by disposing induction electrode 1 and discharge electrode 2 on
the same supporting substrate 3, it is possible to control a planar displacement of, and
also minimize a displacement in a height direction of, induction electrode 1 and
discharge electrode 2. It is thereby possible to reduce the causes of an error of the
positional relation between induction electrode 1 and discharge electrode 2.

25 As described above, according to the present embodiment, it is possible to
achieve stable ion generation, decrease the rate at which generated jons are neutralized

by induction electrode 1, and efficiently emit ions from the apparatus to a space in a

significantly larger amount than conventional.
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: 08RO014 :
di scharge el ectrode, 3: supporting substrate, 3a, %%115%¥%ﬁgﬁfﬁ%ﬁ§§639

10a, 10b: ion-generating elenent, 11: high-voltage transfornmer, 12a,

- 12b: high-voltage circuit, 21: outer casing, 2la: ion-emtting hole,
21b: top plate, 22: power supply input connector, 2023: power supply
circuit, 30: ion-generating device, 31: nolding resin, 60:
air-cleaning unit, 61: front panel, 62: body, 63: outlet port, 64:

air intake port, 65: fan casing. O08R014901(WD,) TH 908639 CLAI M5 1.
An ion-generating device (30) for generating ions by discharge,
conprising: a discharge electrode (2) having a needle-like tip; and
5an i nduction el Botheodere( it)s grasiblego implemientd thireargarolripact iah-gehérafing
circular through hole (1a) is made, ., . said tip of said discharge
el ectrode p‘iﬁ'h'écgr‘%f“’?"r?g aslégalthlﬁ% dgYe Fieud avd theion-generating elamentease r ode,
and protrudi AP . I . of i
et pl at o ogritanas fhflifod SERAE indk P Iud RREE ofilll 8P Sdltjod gl

i on- gener atiagtedwith cheioaeririgng devidenhnd ihcrehstith d6eré@ P éloRtofahe sites
casin%%(Zl) in which said_discharge el ectrode (2) and said induction
el ect rdde (Wheraithe igngpessaing demiceds 9 beaneuntedsi ng has a top plate (21b)

at which an ion-i)@qié@}]& DO RRSoSP the b BRI Bl GBI B oth LG ond,

t hrough hole (la sal I‘onelectrode |

of said di sehdingrtied Bllraesketd. S The SBEREST the!fRrsdd dlvefiiditis khdwd a8SHAE
protrude upward with respect to a top surface of said top plate.” 3.
The i on- gendaserintiog alieva e badhoicgpa gl the cldime.rand js inteaded 1o iaclidngt h by
whi ch modifications within the equivalent meaning and scope of the claims.
10 INDUSTRIAL APPLICABILITY
The present invention can particularly advantageously be applied to an ion-
generating device including an induction electrode and a discharge electrode having a
needle-like tip, for generating ions by discharge, and an electrical apparatus provided
with the ion-generating device.
15 DESCRIPTION OF THE REFERENCE SIGNS
I: induction electrode, 1a: through hole, 1b: bent portion, Ic: upper surface, 2:
discharge electrode, 3: supporting substrate, 3a, 3b: through hole, 10a, 10b: ion-
generating element, 11: high-voltage transformer, 12a, 12b: high-voltage circuit, 21:
outer casing, 21a: ion-emitting hole, 21b: top plate, 22: power supply input connector,
20 23: power supply circuit, 30: ion-generating device, 31 molding resin, 60: air-cleaning

unit, 61: front panel, 62: body, 63: outlet port, 64 air intake port, 65: fan casing.
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20 said tip of said discharge el ectrode (2) protrd@ 16%%E?E¥%I¥h90&ﬁ9
respect to said upper surface (1c) of said flat plate portion of said
- induction electrode (1) is shorter than a radius of said through hole
(la). 4. The ion-generating device according to claim11, further
conprising a 25supporting substrate (3) supporting said induction
el ectrode (1), wherein said induction el ectrode has a bent portion
(I'b) made by bending said flat plate portion and supported by said
supporting substrate, and said induction electrode is supported by
sai d supporting substrate such that a gap 08R01490/(W),) TH. 908639
is made between said flat plate portignghfsaid i nduction el ectrode
and said supporting substrate. 5. An el ectrical apparatus,
conprising: 5the ion-generating device (30) recited in claim1; and

an air blow unit,for _delivering at. | any of positive jons and _
negative ions ge%‘eré?godj"%qne?gpg die‘G_Fﬁ §§§i‘?r e%ﬁr@“ﬂélﬂnééyéﬁc B% GRRPHSIRS:
streamto an out gHideha eéi&eroale?@)tﬁalvﬁ@aﬁe@eﬁnﬂ&lﬂ%; &39)- 106. An
ion-generating device (30) for dgenerating ions by discharge,

conpri 8i ng: an iagudtion-efpstredal) hgvieg erflanplatelfatiod MXoyhitin e kirclilmghrough

di scharge e] ec de having a needle-like tip, and an induction
el ectrode (ﬁ‘?ekulg?\sl)ilsrfagcézflat pl ate portion at which a circular through

hole (la) is madgidtip of said discha_rgeaql&itl‘aﬁéégﬁétlaa@iﬁ% %}%@gﬁéﬁéﬂﬁie é,%s"%d L?éh

supplying a high voltage to said ion-15¢enerat
vol t age- geniedadtionglecirodeiand pR8Judingrupdvard iwith regpect toi sghuppet suafaee (1c) of said

connect ed (B EFabHTigh o i igBCHurRERRg ci roul t: and a casing (21)
in whigh said ion-generating el ement, said high-voltage transforner,
2. The ion-generating device according to claim 1, further comprising a casing
(21) in which said discharge electrode (2) and said induction electrode (1) are disposed,
wherein
said casing has a top plate (21b) at which an ion-emitting hole (21a) in
15 communication with said through hole (1a) of said induction electrode is formed, and
said tip of said discharge electrode is disposed such that said tip does not

protrude upward with respect to a top surface of said top plate.

3. The ion-generating device according to claim 1, wherein a length by which
20 said tip of said discharge electrode (2) protrudes upward with respect to said upper
surface (1c) of said flat plate portion of said induction electrode (1) is shorter than a

radius of said through hole (1a).

4. The ion-generating device according to claim 1, further comprising a
25 supporting substrate (3) supporting said induction electrode (1), wherein
said induction electrode has a bent portion (1b) made by bending said flat plate
portion and supported by said supporting substrate, and

said induction electrode is supported by said supporting substrate such that a gap
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20sai d high vol tage-generating circuit, and said 6@&&#4%%9¥nyﬁﬂﬁﬁﬁﬁ39

connector are disposed, said tip of said discharge el ectrode

- penetrating said through hole of said induction el ectrode, and
protrudi ng upward with respect to an upper surface (1c) of said flat
pl ate portion of said induction el ectrode, and sai d

i on-generating el enent, said high-voltage transfornmer, said high

vol t age- 25generating circuit, and said power supply input connector
bei ng di sposed in a planar nanner with respect to one another, and
di sposed in said casing in an integrated manner. 7. The

| on- gener at ismgadd @vivaen 3gid Gatplag Jodtisd & s dBndVHEh @icdtro @8 RILAL N the
TH. 908639 sai d discharge electrode (2) and said induction

el ectrode (&I)bs%té di sposed in said casing (21), said casing has a top
plate (21b) at which an ion-emtting hole (21a) in conmunication with
said through hole (la) of said induction electrode is fornmed, and

5said tip of saisl diselRatrigs a@b%ﬁds?&ﬁnﬂrﬁsh@ sposed such that said tip
does not protrude upward with respect to a top surface of said top

pl ate.b 8. thy en-generajieadevict (i) dwited & egioot;dindg to claim 6,
wherein a length b ich.said . tip of said discharge el ectrode (2)
protrudes upwar darﬂl\%ﬁf %Fvelg'&e%f 9?116’6. ng ¢ leashany ci%’ﬁiil‘f"gws@P&,Pe%WVE g
flat plate méiaté?lrht@ﬁidS@d-geﬂe%Hﬁ%tdeQi@e gh %‘Eﬂ&\ﬁgﬁr Cheant B a?ﬂﬂft%i@é of fhgn a
radius of said through hol'e (Ila). 9. The 10n-generating device
accordi ng tdedtical apm@irathsi(éher conprising a supporting substrate (3)

supporting said induction electrode (1), wherein 15said induction
el ectrode has a bent portion (Ib) nade by bending said flat plate

10 6. Anion-generating device (30) for generating ions by discharge, comprising;
an ion-generating element (10a, 10b) including a discharge electrode (2) having a
needle-like tip, and an induction electrode (1) having a flat plate portion at which a
circular through hole (1a) is made;
a high-voltage transformer (11) for supplying a high voltage to said fon-
15 generating element;
a high voltage-generating circuit (23) for driving said high-voltage transformer;
a power supply input connector (22) electrically connected to said high voltage-
generating circuit; and
a casing (21} in which said ion-generating element, said high-voltage transformer,
20 said high voltage-generating circuit, and said power supply input connector are disposed,
said tip of said discharge electrode penetrating said through hole of said
induction electrode, and protruding upward with respect to an upper surface (1¢) of said
flat plate portion of said induction electrode, and
said ion-generating element, said high-voltage transformer, said high voltage-
25 generating circuit, and said power supply input connector being disposed in a planar

manner with respect to one another, and disposed in said casing in an integrated manner,
7. The ion-generating device according to claim 6, wherein
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portion and supported by said supporting substrate, an sai
I nduction el ectrode is supported by said supporting substrate such

- that a gap is nmade between said flat plate portion of said induction

el ectrode and said supporting substrate. 20 10. An electrical
apparatus, conprising: the ion-generating device (30) recited in
claim6; and an air blow unit for delivering at |east any

of positive ions and negative ions generated at said ion-generating
device on a blown air streamto an outside of the 25el ectrical
apparatus (60).

said discharge electrode (2) and said induction electrode (1) are disposed in said

casing (21),
said casing has a top plate (21b) at which an ion-emitting hole (21a) in
communication with said through hole (1a) of said induction electrode is formed, and
5 said tip of said discharge electrode is disposed such that said tip does not

protrude upward with respect to a top surface of said top plate.

8. The ion-generating device according to claim 6, wherein a length by which
said tip of said discharge electrode (2) protrudes upward with respect to said upper
10 surface (1c) of said flat plate portion of said induction electrode (1) is shorter than a

radius of said through hole (1a).

9. The ion-generating device according to claim 6, further comprising a
supporting substrate (3) supporting said induction electrode (1), wherein
15 said induction electrode has a bent portion (1b) made by bending said flat plate
portion and supported by said supporting substrate, and
said induction electrode is supported by said supporting substrate such that a gap
is made between said flat plate portion of said induction electrode and said supporting
substrate.
20
10.  An electrical apparatus, comprising;
the ion-generating device (30) recited in claim 6; and
an air blow unit for delivering at least any of positive ions and negative ions
generated at said ion-generating device on a blown air stream to an outside of the

25 electrical apparatus (60).
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