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APPARATUS AND Al R CONDI TI ONI NG APPARATUS | NCORPORATI NG THE SAME 5

TECHNI CALWBIoBloE31The present invention relates to an i on geaariaoaI7s34
conprising an ion generating element for generating substantially equal
amounts of positive ions and negative Lons according to the application of
a high-voltage AC 10 driving voltage, arnd also relates to electric
apparatuses and air conditioning g 2s-—j ncorporating the ion
generator. Exanples of the above-mﬁ’gﬁiﬁ; ﬁUectri c apparatuses and air
condi tioning apparatuses include air conditioners, dehumidifiers,
humdifiers, air purifiers, and fan heaters, and they are used mainly
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hospital s, car s,Igﬁr@% aneé?%imchmﬁm nt years, as

t he airtight nesgONDITIONINSPAPPARKTESSBRCORPEIBATING: PEENSANENCT easi ng
demand for the devel opnent of a technique to realize 20 clean and

confort@abl e living space, particularly a technique to purify the air inside
the living Far._, purification of the air, conventionally, there
are w del ymmpﬁpﬂ BkPers which are desi gned to produce a circul ating
air flow by sucky Lr L RSl f- i ing:the air
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this kind of air purifiers, floating substances are renpved only fromthe
ai r suckedldns gndheegabivie gy aceordinghide the applitiatidrcof ta high-goltege HCai r
purifying gffect throughoyt, the,living,space. For exanple,. there are
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above-mentioned electric apparatuses and air conditioning apparatuses
include air conditioners, dehumidifiers, humidifiers, air purifiers, and fan
heaters, and they are used mainly inside the rooms of houses, the rooms of

15  buildings, the wards of hospitals, cars, air planes, ships; etc.

BACKGROUND ART
In recent years, as the airtightness in living space increases, there
has been an increasing demand for the development of a technique to realize
20 clean and comfortable living space, particularly a technique to purify the air
inside the living space. For the purification of the air, conventionally, there
are widely used air purifiers which are designed to produce a circulating air
flow by sucking the air inside a target space and discharging the air through
a suitable filter, and to catch floating substances present in this circulating
25 air flow successively with the filter.

However, in this kind of air purifiers, floating substances are
removed only from the air sucked into the main body, and thus it is difficult
to give the air purifying effect throughout the living space. For example,
there are problems that the air tends to stagnate behind furniture in a room,

30 at the corners of a living room, or the like, and a sufficient effect cannot be



WO 03/ 028179 PCT/JP02/ 07834 2 expected in areas where air purification is
necessary. Moreover, in order to maintain the satisfactory perfornmance,

cl eani ng wod3negiracenent of the filter are essential, aneCrarexaesnt|y
there is a problemthat conplicated naintenance work including such

cl eaning and replacenment nust be 5 performed. Furthernore, the floating
substances in the living roominclude %articul ates such as dust and snoke
particles, and bacteria such as fungus and coli bacteria. Air purifiers
usi ng a fidxpectedsimerddsonkercahioveurifieatiaf fsacddeseanyyaiMateovhe iharder tovat t er
(particulates) and_can give a 10 predeterm ned renoval effect, but have a
probl em i AeitigEn dher patisfaciory parormanceaelearing ang ae acﬁ’éleﬁ&n#nﬂkf‘ody,

that is, asufficient rem ect a t. be '
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returned iffhehfeR8nté Vivdgk SRATE @I YR cwahihgbh@nd Ciéldb@hene @iukt fhow. |1 n
recent years, air purifiers that 1nprove the bacteria 15 renoval effect by
usi ng a fipaedormetie of anti bacterial material have been put to practical

use, but, in actual_circunstances,.satisfactory. peyfaormnces are .not
obt ai ned. In or dEYrtheragrs,eths, %%%Isé’i?é’?antcﬁ% ]é‘pgf’?g[émn%ﬁo?lﬁe”bﬁl\é‘g"ent
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substantially equal anounts of positive ions and negative ions, in the
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(Ht) or oxygenot basbtAidell, bdcadse tthe bacteria breed under the condition of being

caught in the filter and are returned into the living space together with the
circulating air flow. In recent years, air purifiers that improve the bacteria

15 removal effect by using a filter made of antibacterial material have been put
to practical use, but, in actual circumstances, satisfactory performances are
not obtained.

In order to solve such problems, the applicant of the present
application proposed a purifying method based on a new concept, in which

20 the air in a space is purified by discharging ions into the space. This
method is implemented by positioning an ion generator for generating
substantially equal amounts of positive ions and negative ions, in the
middle of a passage for discharging a flow of air into a target space, and
discharging the positive ions and negative ions together with the flow of air

25 into the target space.

Positive ions and negative ions are generated by ionizing moisture in
the air by plasma discharge, and have a form in which a plurality of water
molecules attach around hydrogen ions (H) or oxygen ions (O2), i.e. the
form of cluster ions. The ions discharged into the air gather around the

30 floating particleé, mutually cause a chemical reaction, make hydrogen



formof cluster ions. The ions discharged into the air gather around the 30
floating particles, nutually cause a chem cal reaction, nake hydrogen WO
03/ 028179wWB@3h3R0O2/ 07834 3 peroxi de H202 or hydroxy radi ealr/JP@AH783t acti ve
species, carry out an oxidation reaction for renoving hydrogen fromthe
floating particles, inactivate the flogting particles, and disinfect the
floating bacteria. Air purification as nentioned above is carried out by
the function of 5 ions which are discharged into the target space and
spread thrpeugrtde By ozphydroxynaadived e Oldnas axtiven speees, ocatiyngubaaneri a
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since the cluster ions ar ge e space e 10ns which are

present in the nAhupatifiestidnl ashaeintiessd abové ivrearrisddyuaby thbdagetibr ofi20
(wat er). by oxidation reaction, there is no possibility that the cluster
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t not ohly to air

been great demand for the application o e 1on generator

purifiers,odnrless| sod thartdless, Whereby abysindhg el satisfactayppuicifivatsn deadck ng
with a flow of _air, such as air conditioners, refrigerators and cl eaners.
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This ion generating el enent can be construcfed in a conpact

shape i n vimssibiliie thajothel dusteodess anesdesyosenentaliprdlwgni.er of the axis
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performs the function of disinfecting floating bacteria, the function of

15 making foul-smelling substances odorless, and the function of making
harmful substances harmless. Therefore, there has been great demand for
the application of the ion generator not only to air purifiers, but also to the
whole range of electric apparatuses dealing with a flow of air, such as air
conditioners, refrigerators and cleaners.

20 This ion generator comprises an ion generating element which has a
discharge electrode and an induction electrode disposed to face each other
with a dielectric therebetween and performs plasma discharge by
application of a high-voltage AC driving voltage between the electrodes.
This ion generating element can be constructed in a compact cylindrical

25  shape in which the two electrodes are disposed on the center of the axis and
the circumferential surface of a cylindrical dielectric, or in a compact plate
shape in which the two electrodes are disposed on both surfaces of a
plate-like dielectric. However, when this ion generating element is to be
operated as the ion generator, it is necessary to provide booster means and a

30  circuit substrate to increase the input voltage from a commercial power



shape in which the two el ectrodes are disposed on both surfaces of a
plate-li ke dielectric. However, when this ion generating elenent is to be
oper at ed wo oBloz817ON generator, it is necessary to provi dePo@adRoxI78weans and
a 30 circuit substrate to increase the input voltage froma conmerci al
power WO 03/028179 PCT/JP02/07834 4 supply and generate a driving voltage
havi ng a predeterm ned driving wavefor and al so necessary to ensure that
their installed positions are nutually insulated. Thus, there are problens

that it igugplyisd fgeheratepby drivihg voltnggehavialy mg pebdstenmined ahsvingi c
appar atuses ot her than those which 5 were demagqeid on the supposition that
the ion gavesrefoimgasiementndcessarybto enpevsy phatathairiinsnliatkppsitionstae
application range.is,ljmn . DI, SCLOSURE THE, | NTI Th r t
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capable o el ng-constructed 1 n conpact size by conbining an ion

gener ali ngvealeed@ign édbnodre sabdp oxitipn sihiak \the iion Lemedatiegatlement asdodecor di ng
to the application of a high-vaqltage AC driving vol.tage with booster means
and a ci r éoserpsudiedriate them, gaddhgianpdicatignirangg 1¢ 5y as a unit and of
15 being readily used in a wide range of application, and also to provide
el ectric apparatuses and air conditioning apparatuses using this ion

gener at or DIIROHREIRR DR ATRINVENITEgeNt invention is to provide an ion
generator capable of generating positive ions and negative ions in a

stabl e nmanner, Trdpadseattimvpntvndeae been mhadeapyish dhesaign afdscdiing the

condi tioni ng apparatuses _ 20 using this.ion generator.. An ion.generator
accor 80ng ahevemaobleazs pnd Hs ag; Qr’}?ie?fs(’fs eipgﬁge e‘ﬁ‘é(ﬁﬁ{lﬁn ORI YO on
generating_ el enent f J Ny I i | :
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generating el enen and a housi ng (common case) having a storing room

to the application of a high-voltage AC driving voltage with booster means
and a circuit substrate for generating a driving voltage as a unit and of

15  being readily used in a wide range of application, and also to provide electric
apparatuses and air conditioning apparatuses using this ion generator.
Another object of the present invention is to provide an ion generator
capable of generating positive ions and negative ions in a stable manner,
and also to provide electric apparatuses and air conditioning apparatuses

20  using this ion generator.

An ion generator according to the present invention is an ion
generator comprising’ an ion generating element for generating positive ions
and negative ions by application of an AC driving voltage; booster means
and a circuit substrate for generating a driving voltage to be applied to the

25  ion generating element; and a housing (common case) having a storing room
for the booster means and a supporting section for the circuit substrate, the
housing integrally including a mounting section for mounting the ion
generating element therein. In the present invention, the booster means,
circuit substrate and ion generating element are configured as a unit by

30 mounting them in the housing, thereby constructing a compact ion



for the booster means and a supporting section for the circuit substrate,
the housing integrally including a nounting section for nounting the ion
generati rgoaBezEm therein. In the present invention, thePo@adRI2I783eaNsS,
circuit substrate and ion generating elenment are configured as a unit by 30
nmounting themin the housing, thereby constructing a conpact ion WO

03/ 028179 PCT/JP02/ 07834 5 generator that can be easily used in a w de
range of application by connecting it to an external power supply and

control cigeabidtor Mi#0vah, beheasibusised (eoamwide asmpei of aaflicatiase bigavi ng
an opening in a part thereof,_ and includes the nounting section for the
ion 5 gecennetting d oramexiernahpoyer spprlyyanst canigol@geiify: the storing room
for the booster ans ing.an.nner side of the hhqusj f aci . unting
section; and t O@Bﬁ%rﬂ?%_&l%&‘?go_ OGN ﬁ@s‘_z)lhrlgu%?g%}ﬁb%%?%%%ggt \%}e}en t he
storing | loedl %ts?ﬁ)a!ﬁ’ttﬂbk&ﬁ, $@el {ruddsntie nfofifigs rdéstioANor Whehiohhe use
of the housing configured as a box case having an opening in a part

t her eof an@nardifing aldmeat imthapgaphoty uhidrecortdmengioth ggstoeiret faom Eirefent i s
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realized. Speci fi¢c réesrs
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construction, it is possible to ensure satisfactory insulation for the

housi ng, dndhsiyeneonfigurqibss i vex cameshandg regepeniagiions piant theyeebaed manner .
Mor eover, the housing is nol ded in}gga resin material .containin
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a e 10N generating enent conprises a discharge
el ectrode ofafb ABubidclaciy ¢heGhoeaEnphiectiohacadeded cotchélr subdthaie is

dielectric
supported therebetween, a compact ion generator is realized.
Besides, the volume specific resistance of the housing (common case)
15  1is set to be equal to or higher than 1 X10 Q-cm. In this construction, it is
possible to ensure satisfactory insulation for the housing, and generate
positive ions and negative ions in a stable manner.

Moreover, the housing is molded using a resin material containing
no carbon. In this construction, it is possible to ensure satisfactory

20 insulation for the housing and generate p.ositive ions and negative ions in a
stable manner.

Further, the ion generating element comprises a discharge electrode
and an induction electrode which face each other with a dielectric
therebetween, and is mpunted in the mounting section of the housing

25 (common case) so that the discharge electrode side faces outward. In this
construction, positive ions and negative ions are efficiently discharged by
comprising the discharge electrode and induction electrode which face each
other with the dielectric therebetween, using the compact ion generating
element, and mounting the ion generating element on the housing with the

30 discharge electrode side facing outward.



t herebetween, and is nmounted in the nounting section of the housing 25
(common case) so that the discharge el ectrode side faces outward. In this
constructwonz/opis¢ti ve i ons and negative ions are effici eRCinygred/eshiar ged by
conprising the discharge el ectrode and induction el ectrode which face each
other with the dielectric therebetween, using the conpact ion generating

el enrent, and nounting the ion generatiﬁg el ement on the housing with the

30 discharge el ectrode side facing outward. WO 03/028179 PCT/JP02/ 07834 6
In addition, theigadigRREr BHOioAOEPIGSEST wOMMBtidsnGommacting aneassipfolryi ng

el ectric power to the booster neans, integrally on the outside aof the

housi ng ( supplying aedtricReowéictarbhe boosier mpeains, igtesadlyoon the oukade s

generating, element }s provided suybstantially, in paral - ecting
5 directi ghe P Q‘Bﬂ”ﬂ@% icﬁﬁgrre r@ﬁ?ﬁlﬁl?ﬁ% ih"%%}h‘g‘%%%% S%%ta&{ ﬁ%ecggglﬁgcti ng
means for .gxtennal SaNBEEts QRolleRr AsEReti ANy 8" ghtallePtol the @intelagof the
housi ng sg as to tacilirtate connection with an external power supply and
controb cidisdtionats theptoanecting usanef Thethis rcopsterciions; . thadetinmieotiall y, t he
ion generating elenent is mounted on a suyrface suﬂstan jally.in 3a||e| to
10 the commeans fay extesesal epnRectioncts PEHALR iIRlp KOs 0 d %d?é’g t he

possi bi i that the Lo nerator_is placed w i ce of
the ion }éﬁéﬁﬁ isﬂgase%%%%ﬁt?tgcﬁ%ﬁgne glmonﬂvgfc' gﬁn %’%&E{?[ﬁn@ %&?;: csogplg}é% ?l(;ﬂn, and
t hereby pregyadl icRGuittiRdSiRbve e iR dfefey Rin feh &laesENtAdBEsh kg, thiche i on
generator conprises supporting nmeans for 15 supporting the ion generating
el enent atiom gdnstating elementismiduatibé oni mstiafacatsubstantidlic én paedllelHe i on
generator is installed on the instalJlation,. surface with the Fﬁ}ggttihrég
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construction,..in,.the ti.n . i i .
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circuit, ‘&’Gﬁn%érhﬁaitﬁfg grResR Gicihg doveiwht®ditothe thubt@btenreesival laatd on

surface with the nounting section for the ion generating elenent facing
thereby preventing damages of the ion generating element.

Besides, the ion generator comprises supporting means for

15 supporting the ion generating element at a distance from a suitable

installation surface when the ion generator is installed on the installation

surface with the mounting section for the ion generating element facing

downward. In this construction, in the mounting stage to various kinds of

apparatuses including connecting step to an external power supply and a

20 control circuit, when the ion generator is installed on a suitable installation

surface with the mounting section for the ion generating element facing

downward, the ion generating element is supported at a distance from the

installation surface, thereby preventing damages of the ion generating
element due to contact with the installation surface.

25 Moreover, the mounting section for the ion generating element is

provided on a lid plate for closing the opening of the housing (common case).

In addition, the ion generating element is connected to the circuit substrate

by lead wires passing through window holes piercing the lid plate.

Furthermore, the ion generator comprises fastening parts for fastening the

30 lead wires, on the peripheral edges of the window holes. In this



downward, the ion generating elenent is supported at a distance fromthe
installation surface, thereby preventing damages of the ion generating

el ement dwe oso2s1ent act with the installation surface. 25 Romrgeexz7s34 he
nounting section for the ion generating elenent is provided on a lid plate
for closing the opening of the housi ng7(corrrmn case). In addition, the ion
generating elenent is connected to the'circuit substrate by |ead wres
passi ng through wi ndow hol es piercing the |id plate. Furthernore, the ion
gener at or cgASRLLIEES, b3S beoviding athles nicmtimstsestioy fdretl3® loragendrating on t he
peri pheral edges of_ the wi ndow holes. In this V\tD 03{1028,179 PCT/ JP02/ 07834 7
const r uct iebementonitbeilit pkate her elosing the cpeningal the honangamdmeunting, g

el ement on,the lid plate for clgsi t he.openi f . S and.
mount i ng TSR GREEREPE ARt SlE dnrtite OsafeR B ghened ifen s, 11 ¢
plate, it oéfibPé)%? kBhBzd Qafi8Blct#§ SRhEhact OhYadiatiohi By pdsdimdthd lam by
passing the Tead 5 wres for connecting the ion generating elenent and the
circui b suhists dbe cohhedimgh thbeoni geherating edementehd the herduitd spbsirateand

connecting them satisfactorily and further fastenin he lead wifes with
t he faste%hﬁ@‘lgihrthi window shplss siogmed; B ftgéllll&t@@éet Pﬁﬂﬂ?%ﬂl%ftfl?ﬂ’e | ead

10 pui i n it fr g R G Rg BB 1o AP TRUAT Rt Deting BBltsy oy O

and the ijof geResIRtbTHcittatee tvndiRgWidhe adtisied Wi th a second filler
put in the space therebetween. Mreover, the volunme specific resistance of

each of the fi Buasidéd, |the hoasteeaoerhs is iulagosanoldedbwition fiestsfilemn 1 X

1013 SZ -cm , Further, the first. filler h a hi gher insylation strength
than tfe SHoWathes stquingrooy,whils the spacs,Retyqqrephe, gucy: 1bb,§§1pat1a|a5},£bi lity
than the fhrst fji Fasln LS ; g L I i AR G
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circuit supstpate thetkHebecban Mmeesvad thigveuenespedific rbsistanck ef each of
respectively, a stable operation under a high drivi n(};1 vol ta%elgi realized.
By setti ngthehBrstofiller seeal fidlersisaspteto be not less than 1 X101 & -cm.

Further, the first filler has a higher insulation strength than the second

15 filler, while the second filler has a higher flowability than the first filler. In

this construction, ‘by providing insulation molding on the periphery of the

booster means and in the space between the circuit substrate and the ion

generating element by the fillers, respectively, a stable operation under a

high driving voltage is realized. By setting the volume specific resistance

20 of each of the first filler and second filler to be equal to or higher than 1

X 1013 Q -cm, positive ions and negative ions can be generated in a stable

manner. In addition, by attaching great importance to the insulating

strength when selecting a filler for the periphery of the booster means and

attaching great importance to the flowability when selecting a filter for the

25  space between the circuit substrate and the ion generating element, it is
possible to realize satisfactory filling without creating gaps.

Additionally, the ion generator comprises a receiving room, provided

beside.the storing room for the booster means, for receiving/storing mounted

components on the circuit substrate supported by the supporting section.

30 Moreover, the ion generator comprises a bulkhead for' separating the



20 of each of the first filler and second filler to be equal to or higher
than 1 X 1013 SZ -cm positive ions and negative ions can be generated in
a stabl e womntezs179 | n addition, by attaching great inportamrCe/JIPew/i78st
insulating strength when selecting a filler for the periphery of the
booster neans and attaching great |rrp%mance to the flowability when
selecting a filter for the 25 space be en the circuit substrate and the
ion generating elenent, it is possible to realize satisfactory filling
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receiving ro and thereby preventing application of stress to the

mount ed carmbtisreby dueveriing applieatial bfitresatd tind stouintédgempbneris dud | er.
Besi des, the_ positive ions are HH(H2O m.(mis a natural nunber), and the

negat ile itorihesoliddpcatimuyhrinkage Oﬁﬂﬁaﬁﬂﬁﬁl number). In this const ruction,
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emtted, thereby satisfactorily purifying the space. Furthernore, in_ the
present i roomstiuehionarthe don generatiog eldmaent generates cluster ions surrounded

by a plurality of HoO molecules, and the ions inactivate floating particles

15 and disinfect floating bacteria in a space into which the ions are to be

emitted, thereby satisfactorily purifying the space.

Furthermore, in the present invention, an ion generator that is
compact and easy to use is mounted in electric apparatuses and
air-conditioning apparatuses having an air passage for a flow of air, such as

20  air conditioners, air purifiers, refrigerators and cleaners, so that the ion
generator faces the air passage, and thereby purifying the air in the

respective air passages and spaces into which a flow of air is emitted

through the air passages.

25 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1is an exploded perspective view showing the first embodiment
of an ion generator according to the present invention; FIG. 2 1s a
perspective view of the appearance of the ion generator shown in FIG. 1,
seen from the side on which the ion generating element is mounted; FIG. 3

30 is a perspective view of the appearance of the ion generator shown in FIG.



conpact and easy to use is nounted in electric apparatuses and

air-condi tioning apparatuses having an air passage for a flow of air, such

as 20 ai rwoandegironers, air purifiers, refrigerators and eCearexes34so that

the ion generator faces the air passage, and thereby purifying the air in

the respective air passages and spaces into which a flowof air is emtted
through the air passages. 25 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is an
expl oded perspective view showing the first enbodi mrent of an ion generator

accor di ng 158 R tRE @ppokity eftd @6in FIG 22F1G. 2 is pajapeadtiveariviveof thie t he
appearance of the ion generator shown in FIG 1, seen fromthe_side on

whi ch t he apprarmmesr af angos! genenating elementdFIG & is3a phan yiew wéthsaon ve

vi ew of the appearapnce of. | on_gengerat gr _shown.in FI G 10 79
PCTI 102/ G7BSRIGHE SLaBRny A (e L OCTEESr o TrbRRal Wov L RAnegie°,
per SPect i ¥a-vi mﬁ@fm@?w iLRRSA a@Bséeeét%haaeﬂ@w%dtnaoﬁg%ﬁemm-ﬁle 5is
a plan view of the ion generating elenent; FIG 6 is an enlarged cross
secti ofal LiteeWICH] & angerbpectivd vivly sdemefrobl Ghe Teasfae wdé af gdid plats
sectional view cut along the VII-VII 5 line; FIG 8 is a perspective view

seen fromhohdingstire foac gererasings elameny therea HE. ) Hyatoiess wstigaaesta ng

el ement thereon; FIG 9 is a eross,sectional: si Vi ew ' anpl e
of the apﬁF?Wa&i‘%W ath SFFRPGR R r%eogpgﬁcg%%ﬁ %fglslelr?tn g%@%r%&gr??& (%lee)e(m air
condi ti Ohgfrésgﬂﬁné&tiqﬁl o P8 8&fditienal; FIQNUO i £Wrsiovdchidnal fexapl e of
the application of an 1on generator of the 10 present invention to an air
purifier; vidws sHdwire ampexample iofethd epplihatibngof theicmpgeneratce off thene
second _enbodi nent of an ion generator rding to the%. present. i nventi on;
FIG 19 i praseny yﬁ&m%wwmw@%&ﬁgr%&a%ﬁpeq SRS R oW si de

of FIG 11; FIG 13 i r i | I ng.a .

arr angene#beoarppaeaggggé é)? t@%iﬁ%&%ﬁ% eﬁle"&ﬁ‘?gf‘? %g\%ls%rnag%n%g%%&ggqlg{gﬂgousi ng

(common cape)prekbit invertord TEY. SIPER! 4 YpersiRWvehavvnef thie fppraphtcebeert he

structure of "a wi ndow hole for nounting the ion generating el enent;
from the lower side of FIG. 11; FIG. 13 is a perspective view showing an
example of the arrangement of a booster coil and a circuit substrate inside a

15 housing (common case); FIG. 14 is a perspective view showing an example of

the structure of a window hole for mounting the ion generating element;
FIG. 15 is a perspective view showing another example of the structure of a
window hole for mounting the ion generating element; FIG. 16 is an
essential circuit diagram of an ion generator according to the present

20 invention; and FIG. 17 is an electric potential waveform view of the ion

generating element of FIG. 16.

BEST MODE FOR CARRYING OUT THE INVENTION
The following description will explain the present invention in detail
25  with reference to the drawings illustrating some embodiments thereof.
FIG. 1 is an exploded perspective view showing the first embodiment
of an ion generator according to the present invention; FIG. 2 is a
perspective view of the appearance of the ion generator shown in FIG. 1,
seen from the side on which the ion generating element is mounted; and FIG.

30 3is a perspective view of the appearance of the ion generator shown in FIG.



FIG 15 is a perspective view show ng another exanple of the structure of a
w ndow hol e for nmounting the ion generating elenent; FIG 16 is an

essent i alwoiosoes1r9 di agram of an ion generator accordi ng t@crheoy7esent 20
invention; and FIG 17 is an electric potential waveformview of the ion

generating elenent of FIG 16. BEST FOR CARRYI NG QUT THE | NVENTI ON The
follow ng description will explain the-present invention in detail 25 wth
reference to the drawings illustrating sonme enbodi nents thereof. FIG 1 is

an expl oded spen Siest itNe opipelits kR ik I 25t AendindimentFIGf 1aani on
generator according to the present invention, FIG 2 is a _perspective view
of the apgenerator Afaccorslingriogdeepressnt shyention omrises aglaketikeniothe si de

on which the ion generatjng el ement i.s, moynted: a FIG 3 '

per spect i génﬂéwgﬁil?lﬂgnégp%z’%%éc #%ﬂﬁ%ﬁ%mé@éﬁzga?oqrcs gaﬁb%tia% & wo
03/028179 Pgﬁ%ﬁﬂ%/cggé:”(ﬁoﬁgin 4 $68 Mol difD tHE aBBPOMdRicHede chr@Ohbhts 2. As
shown in Pl , an 1on generator A according to the present invention
conpriBes thepdiataes hiddt,i and adivhplage isnfyrélddiry the ion poeshngodemefilbdost er
means) 2, a circuit substrate 3, a comon case (housing) 4 for holding the
above- nentherron apdpondasdesthecerananggse4unit, and a lid plate 5 for

hol ding the ion erating el epent .1  there 0 08| n
case 4. FIG 4 .Fgﬁﬁ L{)ésrg E?Ifqyg%sivelﬁlwoqfﬁﬁe pe%ggrrléenéfeﬁ%% fdtxﬁgeé%%tﬁfgnm
gener at i ngle/8bsRIFTA 5K5 @ planiview oftBB oM B¥hSlatifiCelefRnYaNSIEL. i6rig &1 enment

1; FIG 6 1s an enlarged cross sectional view cut along the VI-VI |ine of
FIG 5; artl&tded drobs sestiamalevibwrgedalongdhesE VI dive ofFEw Zuandifdfy 1 he

PR I A R RO SN LTI
e o SSTFLEHIARE sk, R SRSARAT By AR bt ne
15 by i nt e@hatiukéion dfalerioRlgdherdthoyelenthie) BCtric) 11 and an upper plate
(upper The ion generating element 1 is constructed by forming a grid-like
discharge electrode 13 on one surface of a dielectric substrate 10 produced
15 Dby integrating a lower plate (lower dielectric) 11 and an upper plate (upper
dielectric) 12 placed one upon another in the thickness direction as shown in
FIGS. 4 and 5, burying a plane-like induction electrode 14 between the
lower plate 11 and the upper plate 12 to face the discharge electrode 13 as
shown in FIG. 5, and then covering the top of the discharge electrode 13
20  with a dielectric profective film 15 as shown in FIGS. 6 and 7.
For the lower plate 11 and upper plate 12 constituting the dielectric
substrate 10, with the protective film 15, it is possible to use resin materials
such as polyimide and epoxy, or ceramic materials such as alumina,
crystallized glass, forsterite and steatite, but it is desirable to use ceramic
25 materials having excellent heat resistance and strength, and more
particularly alumina.
The discharge electrode 13 and the induction electrode 14 can be
formed using metal materials which are ordinarily used for the formation of
electrodes. However, in the case where the dielectric substrate 10 and the

30 protective film 15 are made of ceramic materials, it is preferred that the



dielectric) 12 placed one upon another in the thickness direction as shown
in FIGS. 4 and 5, burying a plane-like induction el ectrode 14 between the
| ower pl awe od2eame t he upper plate 12 to face the di schar geTaPexi7sdide 13 as
shown in FIG 5, and then covering the top of the discharge el ectrode 13

20 with a dielectric protective filn1lalas shown in FIGS. 6 and 7. For the
| ower plate 11 and upper plate 12 constituting the dielectric substrate
10, with the protective film15, it is possible to use resin materials

such as padligchase ahdtiedexyd and tles andactiod edécttsles U4 haxes neddenohaetal
crystallized glass, forsterite and steatite, but it is desir bIe to use
cerani ¢ 25mahemplisahaving\a highe meelbingrpoinbagsuthess §ﬂagﬁ§éﬂaﬁ‘¥h‘§ ﬁh genimand

ti cul The .di sch lectrade 13_and duct
o ect r bde ipaoy e TaAd bR SRR Y Fafust of B e AR mA BRI 1 ) lsed
for the formtiomhpfion gkfeidiadeslomiieYels dédrtRd ARRE iR Siridachdlie) ect ric

substrate 10 and the 30 protective | m 15 are made of ceramic nmaterials,
it is preferampld, Ifetmhfgath&)xﬁﬁioﬂ)@&l@l@cﬁﬁﬂémmy PasB4n brmidng ehimgsten

el ectrode 13 and. t he_i nducti on ode are nma erials
having a HPghkestal epdge Pw‘t faC§ h qucﬁaﬁgej]@é% 1&&&6&6 03 ﬁi}}ﬂimamfl%%er to
wi t hst and e c A r

generati ng‘5 gﬁnféﬁlg%éé) scr| ? %‘a eo{)/ggfls g’%@n%nggéeg ﬂo kével eeeégﬁ%) e,
form ng thanifaedief kRe fanesd tdittidh bhécﬁ@ﬂber@aﬁﬂlbbhdmg ghbmnggletier bt eri al

on the front face of the lower plate 11 nmade of an al um na sheet, | aci ng
the upper gpelieatich rrﬁduee:ﬁumn addithen ©mwéngttihec dischargee eée\:ttm@ 18ub¥ ace of

the fqQrned i nduct I 0 ctrode 14 and bondin t i cation
of predsurRAtIEHRPE @Wﬁ@%ﬂ@l%%‘éﬁ’éﬁ@ﬁ Ioé’cﬁ}“oﬁé’gg aB%/ %he “%%
pattern-pr ng t n t f he,, upper
Pt o 10" WAbE2. "PRRREE (i BRORR TR £k o5 BhddBL ol Olink 6 SolinclBy |
coating tocoxauned 16 beve@thb atiat eacuhdicrctihe dsdeiras gkcetorlet IDHas Formed,

formed, and finally they are baked at ' 1400 to 1600C under a
non- oxi di zamg finally they are baked at 1400 to 1600°C under a non-oxidizing
atmosphere.

15 As shown in FIG. 6, the discharge electrode 13 and the induction
electrode 14 are connected to the rear face of the dielectric substrate 10
through an electrode contact 16 piercing the upper plate 12 and lower plate
11, and an electrode contact 17 piercing the lower plate 11, respectively, so
that a high-voltage AC driving voltage is applied between the discharge

20 electrode 13 and the induction electrode 14 through the electrode contacts
16 and 17. Note that the electrode contacts 16 and 17 can be formed
integrally by filling through-holes formed in the corresponding positions
with an electrode material in the processes for forming the electrodes 13 and
14, respectively.

25 As shown in FIGS. 4 and 5, the reason why the discharge electrode
13 is designed as a grid-like electrode is to increase, as quickly as possible,
the amount of ions which are generated with the application of a driving
voltage. Moreover, as shown in FIG. 5, the induction electrode 14 is formed
as a strip electrode whose length and width are smaller than those of the

30 discharge electrode 13 and whose center coincides with the center of the



at nosphere. 15 As shown in FIG 6, the discharge el ectrode 13 and the

I nduction electrode 14 are connected to the rear face of the dielectric
subst r at ew0®3/021irough an el ectrode contact 16 piercing thecuppexopisate 12
and lower plate 11, and an el ectrode contact 17 piercing the |ower plate
11, respectively, so that a high-voltzge AC driving voltage is applied

bet ween the di scharge 20 el ectrode 13 d the induction electrode 14

t hrough the el ectrode contacts 16 and 17. Note that the el ectrode contacts

16 and 17 gadhdigefcdectdde 18! 8ad atd yhiye id Hbdipged kb algh thelpesjetwdnaeba n t he
correspondi ng positions with an el ectrode material in the processes for

form ng tiof Bleectisdungelslegivade 143 isebangeri thany th25pme@ndmrqan ofld® 4 and
5, the reas s e elec r.ode des rid-l1ike

el ectrode 1P§u?td°¥ﬁi?°z§&® £§° Bite £PY rg%utﬁo@sargb"f‘%me? Wt?i&ﬁ alfo’%n]‘sons whi ch
are generated wi t , oS
showmn in FIG 5 1:ﬁdt%h{ed}‘?% t:h%?]ﬁéﬁg%:% ggséﬂlﬁg‘% s%gecgl\f/drggdmglsavgﬁ%?f:égiee?ect r ode
whose BHengibouantl) Wi fhivh &r QSSnfmi lveas tfaned Hos arnfngihg 825 dinsc ivadgedieéect r ode

13 and whose center coincides with the center of the WO 03/ 028179
PCT/ JP02/ egBandizulaly erarerizamdally sdea nidch ghf.8 wan endpe frantdass ghthe so

h h d he d h h
Lo oot oa GiflsEiE SpitbEse 3h HaVEne i B2 bBELSLE ThGREE X 37l 1K OBio, hpgn e
bal ance ofyw Lt Wagl MenRld hPREackiRE m@%w&?lﬁy gdﬂ&itlllé kpdic Splﬁ?é ge

el ectrode 13 having a size of 5 about 10 nm was f or nmed
arr angi ng ¥btR5hawing de thickasss pér plendi Oudsamhm. arldeamowhdentthe| plaae lakepl tch

of abdll GBUmRIFIEHRPIE 3 IOTIE HAIEPIERONH FU By Sk BRI ERE buer
banani | e Detpige HRRCT10ReR) Gidte, 10 k0 1R MpRel hgfégeeaﬁ.of WheUt 45 M

Meanwhi | e, I nducti on electr aving a size of about

S\h m ;<n24 iﬁﬂf&@ﬁnﬁ@&?@(& K ipsagny416e) h@wvomgaé Acldﬂan@ ¥dleagiopavingl @t e 12.
frequency of 22 kHz was applied between these electrodes, it was confirmed
that positive ions and negative ions, both exceeding 200,000 ions/cc, were

15 generated at a position 25 cm away from the ion generating element 1 by
the function of plasma discharge that occurred between the electrodes 13
and 14. This yield of ions is sufficient to perform the function as an air
purifier for an ordinary-size living room.

Note that the yield of ions increases with an increase in the size of

20 the ion generating element 1 and also with an increase in the driving
voltage. However, when the driving voltage is increased, the yield of ozone
also increases, and therefore it is not desirable to increase the driving
voltage excessively.

Moreover, the shapes of the discharge electrode 13 and induction

25 electrode 14 and the size and thickness of the dielectric (upper plate 12)
interposed therebetween are not necessarily limited to those used in the
above-mentioned embodiment and can be changed suitably as long as the
ion generating element 1 comprises a discharge electrode and an induction
electrode which face each other with a plate-like dielectric therebetween and

30 Thas a plate-like shape as a whole.



approximately 4.6 kV (peak value) high-voltage AC driving voltage having a
frequency of 22 kHz was applied between these el ectrodes, it was confirned
t hat posiwbDwe/028ams and negative ions, both exceedi ng 200, @0@/JP@AERBIC, were
15 generated at a position 25 cmaway fromthe ion generating element 1 by
the function of plasma di scharge that %,curred bet ween the el ectrodes 13
and 14. This yield of ions is sufficie to performthe function as an air
purifier for an ordinary-size living room Note that the yield of ions

i ncreases with dbheneon easerator Aheecerdiagab th2@resmntiinvegtinanatinggheienent 1

and also with an increase in the drjvi ag vol t age. How?ver, when t he
driving voSRREFEUINE eifiretsddas tmeniiosed abovs; 6pBDTISPS dhien dpewst scoilh R

th f 1, 1 [ tQ | b Vi |t ively.
vor cover . R EHtAR { Pl LIGIRARG0ET"S, 00 AR AP TsRRABEE' V!V
el ectrode déownd AhghswaeimBIG. hi,chieHostertdogl di @nestibes a HREPHORhabe 12)

i nterposed therebetween are not necessarily limted to those used in the
above- PentiegmadabBodi gnonndatedrinal Bd amdiageairifiinpot femnindaRZsvititde i on

generating el enen .conprjses a discharge el ectrode and an i nduction
el ectrode WW"F%%%%%E’EO{&Wﬁé‘FgWQW% T ape sidef AR ERFS-c t her ebet ween

and 30 has a pltgchicks %g%gf%tgsst ﬁsemb%tratwvﬁ%ﬂ %[Zﬁh?fﬁcg %ﬂ%&é&&éﬁé‘l 13

The ion generator A accor present invention us

gener at i ngireFéGen) oh whidheatcinedfabssrratngrd deisitd v hedsie fof ghé ida
circuit substrate 3, common case(housing) 4 and lid plate 5 as deseri bed
above. As gensmating Element 1tisefoieed eand sitcut componeets 30h{aqgiy vana age 5

AR R MR R TN N O ML R N
o e 91 shasieut U A RGR (il feeroyia 71O
gener at i ngteelramah® 1landstHeoinmd t@othinhtsc2® of Coepoostat 803@ Hodlcynabeting
parts 32 for connecting the ion generating element 1 are provided on one
side in the longitudinal direction of the circuit substrate 3 so as to

15  correspond to the driving waveform generating circuit formed on the lower
face, and a window hole 33 piercing the front and rear faces is formed inside
the positions of the connection holes 31. Furthermore, provided on the
other side of the circuit substrate are four connecting pins 34 for external
connection, protruding from one surface.

20 The common case 4 is a box case having a rectangular opening for
allowing insertion of the circuit substrate 3 over the entire surface on one
side, and a bottom section with a semi-circular cross section on the other
side. The bottom section is divided into a coil storing room 41 and a circuit
components receiving room 42 by a bulkhead 40 with a predetermined

25 ' height, placed laterally to cross the longitudinal direction at approximately
right angles. Moreover, on the inner face of the common case 4, a
supporting edge 43 to be a supporting section for the circuit substrate 3 is
provided over the entire circumference to protrude inward, at a height
position level with the upper edge of the bulkhead 40. Furthermore, in the

30 peripheral edge of the opening of the common case 4, recesses 44 (only one



10 shown) such as a capacitor and sem conductor are nounted. Four
connection holes 31 for connecting the high-voltage term nal 20, the ground
term nal RO oanzBIrhe i nput termnals 22 of the booster coilPC2/Jaeb78BINNect i ng
parts 32 for connecting the ion generating elenment 1 are provided on one
side in the longitudinal direction of L&e circuit substrate 3 so as to 15
correspond to the driving waveform generating circuit fornmed on the | ower
face, and a wi ndow hole 33 piercing the front and rear faces is forned
inside tReddasi SHERS) For h&kiesNRC lidomliiel &S add .folmethat toe mytuadiyded on
the other side of the circuit substrate are four connecting pins 34 for
ext ernal separafetnasitions bt eadi ofgherlonegensidea facing eagh other. common case 4 is

a box case havi rect angul.ar .opening for allow ng i.nseftion of. the
circuit substr art% g‘%?@te{f fn, phisec f B En ]?‘(els Igﬁeteg?%_!a%h) e]%gf fom
sectlon Wrbgnﬁxgsﬁsriﬂ MOV 4 QScest | dfcteftal NRsaldie pibP8rty.TheRHOL tom
section is divided into a coi 41 and

storing room a circui conponent s
r ecei vbng exa@ipld2 abinahleuldsh edteréOtha tdloa tqiedétes kbmeb? baseed ghttp @ aced
|l aterally to_cross the |l ongitudinal directiaqn approximately right

angl es. Mnadedlaclowher the pepnronceasss 4 ihaelg BAYEE A PIEMHIPE ng
edge 43 to be a supportin ection f.or Cl Lt t rat LS rovi ded
over the éfitth @%@?’@E’n‘g?ﬂ%ﬁ‘ﬁ% (iagBB?(F ralfféie%%i %%/\/gl(r{%ﬁ%rgggéhel?lg_ ch %é:sals i on
level W t W& dsPERIce QU8 S 0PAmE P ebitickherdlaftbe of thd Beimecade IN18HSEY

peri pheral edge of the opening of the conmon case 4, recesses 44 (only one
WD 03/ 028117 9XROT/ QRAA/ GT 8i34 ipossblie tos essiawen )sufficiend cinisniptidre for dthe ate 5

are formed at two mutually . separate positions in eiach (%f t he |.onger, si des
f aci ngVeadiespegitye sEEICEWESSHISEHS dhefigh gepara n laagmtyast; o fhe %%8‘? erabl e

g N L e ——

property. as’i case e color tone

case 4 is 4fohiftdRdRObaEieithiaBulditorr eRBurak a&hd yisldof ded fshorakédg a

pignment into a resin material, generally, carbon is added as the_ pignent.

| n such a lgashe ion generating element 1 at this time is 10,000 to 180,000 positive
ions/cc and 200,000 to 430,000 negative ions/cc, causing a problem that an

15  extremely large amount of negative ions are generated.

Hence, when the common case 4 is molded using a resin material to
which carbon as a pigment is not added, the volume specific resistance of
the common case 4 is about 1 X101 Q-cm or more, thereby ensuring
sufficient insulation for the respective structures inside the ion generator A.

20 At this time, the yield of ions is 190,000 positive ions/cc and 180,000
negative ions/cc, and thus substantially equal numbers of positive ions and
negative ions are generated in a good balance. Note that examples of the
resin material that provides the case with a volume specific resistance of 1
X 1016 Q -cm or more are PPE and PPS.

25 The lid plate 5 is a flat plate made of a resin material, and has a
rectangular recession 50 corresponding to the ion generating element 1, on
one side in the longitudinal direction thereof, and oval window holes 51
piecing the front and rear faces are formed in the recession 50, at positions
corresponding respectively to the positions where the discharge electrode

30 contact 16 and induction electrode contact 17 of the ion generating element



however, since the volune specific resistance of the conmmon case 4 is about
1 X109 S2 -cm it is inpossible to ensure sufficient insulation for the 10
respect i weogBnegIrures i nside the ion generator A |n cont Pa3tyPox78hie fact
that positive ions and negative ions are generated in substantially equal
anounts when sufficient insulation is Egsured, the yield of ions generated
by the ion generating elenent 1 at this“tinme is 10,000 to 180, 000 positive
i ons/cc and 200, 000 to 430,000 negative ions/cc, causing a problemthat an

15 extremsl yrd fr@ge®NMOMBtedvbr, e Gatiatgul @nsviadewgkelers8 eibrchencles fidren t he
common case 4 is nolded using a resin material to which carbon as_a

pi gment i andoteaaddess istthemedonthegpber side incieiongiiadyral directiopneiihecase 4
i s about 16_S2_cm.or nore,. there ensufi ng . suffici.ent d gsukati on
for the r bé%(@thq“rev% sFPg@’teﬁr%% h%iﬂ@et_ epan Bb%g’rlg@br‘hr&pja‘?ﬁ %{taf%:h? tine,
the yieldpphsd 8fdidnd Wad083AGRIY ot HiABSGhARY AE0MRRHLA BPFRLItiGhS

i ons/cc, gn t hus substantially equal nunbers of positive ions and
negatiye iconespordaeneesicedvely, o ghodedeabendé fonedin biad¢ pexiphptalsedde t he

resin material that provides the case with a volune specific resistance of
1 X 1016 oftkeropening ef thecopprongaspps. 25 The |id plate 5 is a flat plate

made of a resin terial, ,and has-a  _nrecta e i r ondi ng
to the ion genepgg?ﬁﬂiéﬂéﬁﬁﬁf %Fﬁ%ﬂn?gngssggggﬁ%x{ﬁ%ﬁﬁgngpfﬁgiEgé gﬁfection
thereof, ande.pyahs Wadew 1abas: ko thbatcasiths0! tRsiehnrbdtegallyladdmar e
formed inTthe recession 50, at positions corresponding respectively to the
posi ti ons thbeva gdeeraimghaenent| kct Fastendiy obrhadon genanating dlemienh 1

el ectrode contact. 17 of the |[on generating el eqent 3/.0281.79

pCT/ JH)2/ casde achieyed by méomeeNEl AS JOpaR ng@eg%ﬂtm% 8%F Abike 52

o ere v e A, AN STl R L 05 bRl
the wi dt h \gith ae8lkion Qhwhhgot dhbwibl @loeided b0 eké periphemsofibe(:eobysions0si de is
shown) are forned at positions 5 corresponding, respectlveuy,léﬁhéhil
recesses 44 forédtd thahaéhpdid pHetal5 dugeshort leg projections 55 g
circular cross section on the four corners of the peripheral edge of the
15 recessionl50. When the lid plate 5 is mounted with the surface holding the
ion generating element 1 facing down, these leg projections 55 ensure a
predetermined clearance between the mounted surface and the ion
generating element 1, and function as supporting legs for preventing
damages of the ion generating element 1. This function can also be
20 achieved by forming the recession 50 with a depth greater than. the
thickness of the ion generating element 1 and using the peripheral edges of
the recession 50 as the supporting legs.
FIG. 8 is a perspective view of the lid plate 5 holding the ion
generating element 1, seen from the rear face. As described above, the
925  window holes 51 formed in the recession 50 correspond to the exposed parts
of the discharge electrode contact 16 and induction electrode contact 17 on
the rear face of the ion generating element 1, and the ion generating
element 1 is connected to the circuit substrate 3 with lead wires 16a and 17a

welded to the electrode contacts 16 and 17, respectively. On the peripheral
380 edge of each of the window holes 51, a pair of hook-like projections 54 are



of the opening of the common case 4. The |lid plate 5 configured as

descri bed above allows the ion generating elenent 1 to fit into the
recessi orwb®3/oed1ed eby i ntegrally holding the ion generatipag/Jebxzoreit 1.
Fastening of the ion generating elenent 1 10 can be achieved by suitable
means, such as bonding to the bottomfi e of the recession 50 and | ocking
the peripheral edge of the ion generatiig elenment 1 wth | ocking claws,
not shown, provided on the periphery of the recession 50. Note that the lid

plate 5 hasostdyd id €lge Rhidihedireetion Sondalé Mehdwirds 184 anddi7assreskeeldilpn on
the four corners of the peripheral edge of the 15 recession 50. \Wepn the

lid pl at e thej Boololikeeprojctionshad sandk guideadoding distancenbefarrenathadead enent
1 facing down ese | proj.ecti. 5 ensure a edeter mi ned. ¢l gar ance
pet ween-t RELRS uftqod fatie "Hie Wil GRetahararhgng) Sients 2voigha®nct  on
as suppor tv_\rﬁﬁidv@%l% 85 iREMRARH IS cofRBRYGS 1O thd REchRANsALIRLS BY 8ligrent 1.
This function can also be 20 achieved by formng the recession 50 with a
dept h §r ealeeribeddatdrhe thickness of the ion generating elenment 1 and

using the peripheral edges_of. the recession 50 as the supparting._|egs.
FIG 8 is a perspaceithe haokalile prejectipas praprovilashonithg nerepherl edener at i ng

el ement 1, en_frqmthe reagr.face. As SCE | bpve, t 5 W w

hol es 51 fogfﬁ%edwilﬂaf’?{el“ﬁg%??sf%%@& E%rtggts? porg%g(r)t%t O\g %(ep%;%éid%%%%\rgt g@%f t he
di schar ge gl @athofeisGRREBI td Bndmid 4 RUGELESNIRNES P destaans detwden dhe the

rear face of the ion generating elenent 1, and the ion generating elenent
1 i s conndehddwirest béa andclTd asudbsasibt euB thiet Witesddadi wees18n and 17a

wel ded to the el ectrqode cont actﬁqg 16 and 17, respectively. On the peripheral
30 eddf ofwhgBiopretre fhemdw theicacuat substeaters.of hook-ii ke projections 54

are VO 031 028179ypCTLIPORLOZERA, 18 REBKGAES b chiep ML) ol ane

0
the lead wires 1ba an 1§a are € projections 5isand
gui ded wi tdymstelicgbansg behpaenct HRe! aBove-vhifegurbda banstek7@oiln 21 hersuidt h

direction toward the side on which the
substrate 3, common case 4, and lid plate 5 having the ion generating
element 1 fixed thereto in the manner as described below.

15 First, the booster coil 2 is inserted into the coil storing room 41
provided in the bottom section of the common case 4 so that the protruding
side of the high-voltage terminal 20, ground terminal 21 and input
terminals 22 faces up, and insulation molding is performed by filling the coil
storing room 41 with a filler 18 while preventing mixing of bubbles by

20 vacuum suction. As the filler 18, it is desirable to use a resin material
having an excellent insulation strength, such as an epoxy resin. Note that

" the filler 18 made of an epoxy resin is a resin material having excellent
insulation properties with the specific volume resistance of about 1 X 1013
Q-cm. Moreover, if a part of the filler 18 is put into the coil storing room 41

25  prior to the insertion of the booster coil 2, it is possible to satisfactorily mold
the outside of the booster coil 2 at the time of insertion of the booster coil 2
and effectively prevent occurrence of insulation defects due to mixing of
bubbles. Furthermore, the filler 18 should be put into only the coil storing
room 41, and care must be taken to avoid leakage of the filler 18 into the

30 circuit components receiving room 42 located next to the coil storing room 41



w ndow hole 52 is fornmed for connection to the circuit substrate 3 as to be
5 described later. Since the hook-like projections 54 provided on the

peri pher aWwo oa@g39 of the w ndow holes 51 function as fast®PemiJrep/as4 s for
the lead wires 16a and 17a, it is possible to ensure a sufficient

I nsul ati on di stance between the | ead \ﬁngres 16a and 17a and easily run the
wres lead wires 16a and 17a 10 when nnecting themto the circuit
substrate 3. The ion generator A according to the present invention is

const r uct egh dytHohilikhieRQ 40hgh cabipmsydeanf | gur ed booster coil 2, circuit
substrate 3, common case 4, and |lid plate 5 having the ion generating

element 1 fixed t3vest, affer wading foretheaBllged8rtoisasr wed solidif§ thieradrcuit he
booster coi l | S itsnserted ipto thﬁ coil storing rﬁfm 4 I ovi deg.(iln t he
bot t om sectHUTRe PHs Hbﬁ‘?ﬁbe?d SAL0p the (HmMOn ¢35 fir HHOYErn e HRPETHRIS he

hi gh vol t -2 rm - ) ] [ r&g Qak faces
up, and i ﬁ%ﬂé@ ?bnqﬁéﬁ lc?i{l%ﬁaﬁ?gq%gre %@?%%%%%QW?%gﬂg Lﬁtgrf:%ci%l ¢ g?%cra} ﬁ%e room
41 withh a dirdhier cdBpohehies BEvard | meuiited ndowhwhaudpl esitiyn2 vikeu dour
suction. As the filler 18, it is desirable to use_a resin material _having
an excel | eganuagiondialens & foreepuectioncte he haesteysril 3 above theobeostpreoll t he

filler 18 de ;,of an epgoxy.resin is,a resin terial havi excell e

| nsul at on? propar RecS bRt B rri Biitaas he Rel e R Gl iAR 1010
SZ -cm  MofROYSKer fhceltiRakbf Ritst e ulkBEad &0 sn®Uhe Mﬁdﬁﬁ;gceﬂée Sf30r1 ng
room41l 25 prior to the insertion of the booster coil 2, it i's possible to
sat i sf act oAftley thelinsertion, tut sipd ®f ahe thiieh tvohtape teraminal 20agroloed térmeinad

i nsertion of the booster coil 2 and effecfively prevent occyrrence of
i nsul 40 on2 §eand iBPHL deriRglRi 3% WOtruliBe| fafgr.n ﬁmm&nﬁ@m@fl@ﬁ@s 44 &g 18

o avoi d | BN Y8 88 dork i S0 S0 Wy wnPR ST, KB PR

room 42 | oggh&Kdafrext to the coil storing room4l W 03/028179
PCT/ JP02/ 07834 17 w th the bul khead 40 therebetween.
With this welding, the circuit substrate 3 is supported from the

lower side by the supporting edge 43 and the upper edge of the bulkhead 40,

15 and the high- voltage terminal 20, ground terminal 21 and input terminals

22 are fixed as the supporting legs by the booster coil 2 fixed by the filler 18.

At this time, the circuit components 30 mounted on the circuit substrate 3

are received/stored in the circuit components receiving room 42 provided

beside the coil storing room 41, while the four connecting pins 34 protruding

20 from one edge on the same side protrude toward the outside of the common

case 4 through the openings provided in the corresponding positions,

thereby constructing the connection terminals 45 and 46 (see FIG. 3) for

connection to an external power supply and an external control circuit.

Note that the distances between two connecting pins 34 of each of the

25  connection terminals 45 and 46 are made different from each other so as to
avoid occurrence of mistaken connections.

After mounting the circuit substrate 3 in the above-mentioned

manner, the lid plate 5 holding the ion generating element 1 as described

above is mounted. The mounting is carried out by aligning the window

30 hole 52 formed on one side in the longitudinal direction with the position of



Then, after waiting for the filler 18 to dry and solidify, the circuit
substrate 3 is inserted into the common case 4 through the upper-side
openi ng. Whiog/oes13®ertion. is performed by directing the surfacgrao7si ch t he
5 circuit conponents 30 are nounted downward, positioning the four
connection holes 31 for connection tonige booster coil 2 above the booster
coil 2 fixed to the coil storing roo 1, and inserting the circuit
substrate 3 until the |ower face thereof hits the bul khead 40 and the

SUppor ti ngh 4R dds: holdf §Pforbdi 1) g6 tirentit Subilat®S whidhhwabifgbteneldtiage
termnal 20, ground termnal 10 21 and input terminals 22 protruding from

t he connec¢héeannhobescade e adweindedpositioheng the dishplatey opothe tenisider om t he

upper face of the.cjrcuit substrate.3,, Wth.this | ding, the circuit
subst rateoﬁepy%ﬂﬁﬁh? capmony case & with,the sprface, Olcﬁﬁgs@ﬁglgﬂ PHRFIEEYS 43 and

t he upper f1the: hul khe hehigh- I e i@l 20,
gr ound tereg‘léjrﬁgflpzll %ﬁﬁn Gt%g}a(#%gngl}(g lgggare Fi )I‘%g% Eziais{&'t %?s%%ggﬂiib%g | egs

by thesbogghetratifi! eldmlened tniting Alohkethel Bear Micet bf sthiei e, pldte Fiascuit
conponents 30 nounted on the circuit substrate 3 are received/stored in
the circuidescohpdrahove nespentiviely te ddve crmnseiion geetion S2deravaded §p the or i ng
room 41, while the ur connecti i,ns_34,pratrudi 2 e on
the sane é’rIH)éBTJIPB?P ﬁée F%W&uﬁaﬁgx%gt?’éia gt D témcgoﬂ%oﬁig pfééé;eg% Zﬂfohrough t he
openi ngs Vi b REAAEAG ROSAL itBRSHme! HBEQBkiGENEARE@BI Ng the
connect i o%B?e%gngﬁgkgu%g&aﬁ%g%ﬁ(seeb%G 3) for lI(]:ac()%nnecti on tgo an ext ernal
power suppirpvald e bewi eideaddgesndifrible led platiets ardNdefbedthdtdefdrenetl, doekrares

bet ween two connecting pins 34 of each of the 25 conneciion termnals 45
and 480ar avithddedpamesnanding seeren 4k BEavided 48 ¢ PeBRErd@ge enths of

st aken CSRARES b oAbkt ST S, L08R, BHEVER AL IS,
L o5, SoSes Ryenen AmumtbnTigaa o, U ggpts Sgennojosabion g

t he positisabstfatt\@ Bg/028itT6lePdiFtaRE2{0FBR4 the opening of the common case

4.

15 After the mounting, a filler 19 is introduced through the window

hole 52 formed in the lid plate 5 to fill the space between the lid plate 5 and

the circuit substrate 3 with the filler 19, and the space between the circuit

substrate 3 and the ion generating element. 1 is insulation-molded. Then,

after waiting for this filler 19 to dry and solidify, the ion generator A

20 according to the present invention is constructed as shown in FIGS. 2 and 3.

As the filler 19, in order to perform satisfactory filling through the

window hole 52, it is desirable to use a resin having an excellent flowability,

such as a urethane resin. Note that a part of the filler 19 is also put into

the upper section of the coil storing room 41 storing the booster coil 2

25  through the window hole 33 of the circuit substrate 3 which opens at a

position below the window hole 52, and functions to assist the insulation by

the filler 18. Moreover, at this time, although the filler 19 tries to intrude

into the circuit components receiving room 42 located beside the coil storing

room 41, this intrusion is blocked by the bulkhead 40 between the two

30 rooms 41 and 42. Accordingly, the mounted components on the circuit



18 the window hole 33 forned in the circuit substrate 3 which was fastened
in the commopn case 4 in advance; positioning the lid plate 5 on the

t op- si de wopesn2sige of t he common case 4 with the surface helCaiJnge/a78st i on
generating elenent 1 facing up; welding the | ead wires 16a and, 17a of the
ion 5 generating elenent 1 running alogg the rear face of the lid plate 5
as described above respectively to the”connection sections 32 provided on
the wupper face of the circuit substrate 3; and then fitting the |id plate

5 into thgubkRRAts BA@cOReN/6red il fige et TosGRMchis Abcdibing tdome 42t he
| ocking cl aws 53 provided on both side ques of the |lid plate 5 are

def | ect ed/feksf Gromestressorsisedly the shuinkagoef Swaler 49 dustes seldifigalenyi ded
on the peri}gh r al edge.of t he openin 8f t he coymon case 4 b?/. resinld' ent
return, ark s RESYRRHDE 105CyrTEncy) gt deferts  SHGHR &f ASCOSEIPP o R

separ at ed {5 QM hbgi upper face of the circuit substrate 3 by a suitable

di stance to cover the opening of the commobn case 4. 15 After the nounting,
a filler 19 is iOw tlesutieg ihidubk sthaswansadby the ahbit agenddhe diltareld i d
plate 5 to fill the space between the Iidélc%g@@?_ and the circuit

subst r at e 18 ahpo #pnlirsl fo thedeadgyirgndbapadsh IRBegenekating ebement 1,

substrate and, the iaon ner at.i ng. el 1S ] I QM- . en,
after wai tq‘}ﬁ@’m & H?%loé”efl%echr&f eg?)&gf%}%argnd]lg%ﬁ%ﬁglé?%@ehe |S§§£%(Zgg¥% or A
20 accor difyy o HeaPLRsS YA BY e BBok JikeOPSHELEHRS B prooilddi BnHHS. 2
and 3. As the filler 19, in order to performsatisfactory filling through
the wi ndgwriyierabadgés of thedwiidablbeldsod Life dravasigrashdedcmpedraboveethent
flowability, . such as a urethane resin. Note that a fgart ofnihe filler 19

i s al 48 puveldedoseqtinn ipkwieenetlhe oonogeppating |elewsning ABERTRE WY ng t he

i ah oportibsfad® BaREERE BRRE ARG oly nldf Rk st PREALE °

assi st thegphewtcdtdtge by the filler 18. Mreover, at this tine, although
the filler 19 tries to intrude into the circuit corTmPi)oner_lts receiving room
42 | ocat ed besi déh¢ fim gendratonA cupstrusted s deseitibed mboveiis designldsk@ed by

the bulkhead A et atking tW% the ion generating element 1 mounted on the

compact configuration wit

15 outside of the common case 4 including the booster coil 2 and the circuit

substrate 3 therein, and can perform an ion generating operation by

connecting the connection terminals 45 and 46 to an external power supply

and an external control circuit, and can be easily incorporated for use in

various types of electric apparatuses which require air purification.

20 Needless to say, the range of the electric apparatuses includes apparatuses

which require purification of air to be emitted to the outside, such as air

purifiers and air conditioners, but also includes electric apparatuses which

require purification of air circulating in the inside (in the room), such as

refrigerators, and electric apparatuses which demand purification of air to

25  be discharged to the outside, such as cleaners. Hence, the ion generator A
can be used for a wide range of electric apparatuses.

FIG. 9 is a cross sectional side view showing an example of the

application of an ion generator of the present invention to an air conditioner,

and FIG. 10 is a cross sectional front view showing an example of the

30 application of the ion generator to an air purifier.



30 roonms 41 and 42. Accordingly, the nounted conponents on the circuit WO
03/ 028179 PCT/JP02/ 07834 19 substrate 3 received/stored in the circuit
conmponentworgoedive ng room 42 are free from stress causedPoy/IPi078%w i nkage
of the filler 19 during solidification, thereby preventing occurrence of
defects such as di sconnection and detiﬁhrrent. 5 On the other hand, the
stress caused by the shrinkage of the ller 19 is also applied to the

| ead wires 16a and 17a of the ion generating elenent 1, drawn to the | ower

face of the |idAgl ghewh. inHOWEN €9, afi di¢ econldéise@nde8dcomprses: 16a ialet Za are
hel d by the hook-like projections 54 provided on the perLEhergl edges of
t he w ndowlichds cever wctj;bawfmgnfasan@ls@l hpengBgvanben el shiswer belesswct i on

bet t i on. ti I t, 1 dth ' | bstqa at ' t
At ect ed 1pat MeisSPagaoPenaRamoIh At ahnng os ekt ot Pae EHR 5P B eh, g
state. Th%‘a{;@ih FEOC03 0P a Matl By Uh RIS BOI8R G tREB RO Re 16weephBNeM 10 a

conpact configuration with the ion generating elenent 1 nounted on the 15
out si d§ oftheheosiofien adast ekdhatlceditdgatide fano6s elacal sid2 tandideha dier cui t

substrate 3 therein, and can perform an_ion generatin perati.on by
connect i ngnidgie ©b meerednair passage foumed Apsue ¥ W%@Vﬁ%‘?u%g\@?} Quppl y

n C OBmEVCHh ¥ h 4 5 B , _
var i aus. 1 yoescer SRR, o “hitle oA S et AT e MITRRRS RS pR 5,

Needl ess tQy $hdn thRSnl@NER vAith t SotahRE! 6f theaBRABB! bS2S doRal bElbsakpiiay at uses
which require purification of air to be emtted to the outside, such as air

purifiers @indyatontachsiith therlsataxchahger béchudddowsanttrihe appaeat thees

which_ require purifjcation_of air circul atJj in the inside (in the room,
such &9 ratigtdsr as shewndydthe %I&Etnr%mé"ﬁdéféaftcgg%s whi ch demand purification

o 2110 25 00 SRRl g 5, 0o AR RGBT e Lo
i's a crossp&aehi ai@ntSires yosiislraniog amsidxanpl citbdt 6Beand mounted so
that the mounting surface of the ion generating element 1 faces a flow of air
in the air passage. After the mounting, when the connection terminals 45
15 and 46 (see FIG. 3) outside the common case 4 are connected to an external
power supply and the control circuit of the air conditioner 6, the ion
generator A ionizes moisture in the air blew out from the outlet 63 by
plasma discharge, and generates and sends out substantially equal amounts
of positive ions and negative ions.
20 Here, the positive ion is a cluster ion in which a plurality of water
molecules attach around a hydrogen ion (H"), and is denoted as H*(HzO)m
(m is a natural number). Besides, the negative ion is a cluster ion in which
a plurality of water molecules attach around an oxygen ion (Oz), and is
denoted as Oz (H20). (n is a natural number). After these positive ions and
25 negative ions are emitted from the outlet 63, as mentioned above, they
gather around the floating substances (particles and bacteria) in the space
into which they were emitted, mutually cause a chemical reaction, generate
hydrogen peroxide H2O2 or hydroxy radical ‘OH as active species, and
perform the functions of inactivating the floating particles and disinfecting

30 the floating bacteria by the oxidation reaction, thereby purifying the inside



application of an ion generator of the present invention to an air
conditioner, and FIG 10 is a cross sectional front view show ng an

exanpl e ovotob®28130 application of the ion generator to anprarIPmu7Bs4 er. WO
03/ 028179 PCT/JP02/07834 20 As shown in FIG 9, an air conditioner 6
conprises: an inlet 62, which is cover,gd with a front panel 61 having a
nunber of slits or holes so that it isfreely open and closed, in the
upper part of the front face (the left face in FIG 9) of a main body
housi ng 609f tre xon sthedd tha aiheonditienep@is imstaBedhe front face; a heat
exchanger 64 and,a fan 65 ed side by si.de jn the mddle of a curved
air passage forn®d § &%é‘l%n&’rﬁ%éﬁyp‘h’&ﬁ@?rjgﬂéé arpinleb speaedi wihi &) et 62

and the oug t: he ai.r | 1] r Kk i fr he inlet
62 with a%@gt?@nﬁggﬁtlﬁgiqean 2% ng‘?gq{d%d\ﬁn% rﬂﬁe%ﬂg ?hfeEﬁl éril(gt %&O%ﬁt act
with the haataked desgeéisidé frandhlfive Ut A Bpiral hif pBabbe2 i3QoaHbd ¢h 63 as

shown by the open arrows in FIG 9. In such an air conditioner 6, the ion
gener atdr &ontebitle Adtero’t pad conseetetl to mreouileh 78 fopued tin dhedippeeparhsi de

t he outl et and npunt ed so at .t he .mounting_surface of the i
generat i ngOfg%E%élh?mlnB? cZ’Q“&mfg flﬁf _o'frilﬁi"]” Hlﬂlﬁfﬁtg Tasycksaaafaem e °t he
nounting, wWAgNatReaGeREGhieMant 8hhERE: a gaé]lgbéltgnéésego aﬁed?’)_rtl QlLsi de
t he conmon case 4 are connected to an externa power supply and the
control ciaicuiithathetfilken7i, condistthorér téflotvhian ihenspigahgiraiadsade TRNAER@S

noi sture in the air blew out_fromthe outlet 63 by plasma discharge, and
gener at es Ss@rfo@leoﬁ‘}iff%§hﬁmtblﬂ7§- equal ampunts of positive ions and

ol traitly' of et Bt kG abUrEE DR AR T o it iin Se AR Gert POROTHRS  oafbe o
e o g HAHR A e Lo ok ol T e SRSl AR R
oxygen i onpg2age, 7amsd ihst thenotoechtar S2rfaed Of thénionsgendratingatlenismier ) .

After thes osjtive jons and_ 25 negative ions are emtted fromthe outlet

63, as merf@‘icg?lﬁie A HOWINg IR the air passage 72. After the mounting, when the

connection terminals 45 and 46 (see FIG. 3) outside the common case 4 are

15 connected to an external power supply and the control circuit of the air

purifier 7, the ion generator A ionizes moisture in the air flowing in the air

passage 72 by plasma discharge, and performs the operation of generating

substantially equal amounts of positive ions and negative ions. These ions

are emitted together with the air from the outlet 73, and perform the

20  functions of inactivating the floating particles and disinfecting the floating

bacteria in the space into which the ions were emitted as described above.

Accordingly, the inside of the room where the air purifier 7 is installed can

be purified by the synergistic effect with the catching of dust by the filter 71.

FIG. 11 is a perspective view showing the appearance of the second

25 embodiment of an ion generator according to the present invention, and FIG.

12 1s a perspective view of the appearance seen from the lower side of FIG.

11. Like the ion generator A of the first embodiment, an ion generator B

shown in FIGS. 11 and 12 comprises a plate-like ion generating element 1, a

booster coil 2, a circuit substrate 3 (see FIG. 13), and a common case 4 for

30  holding these components as a unit. This ion generator B is characterized



gat her around the floating substances (particles and bacteria) in the space
into which they were emtted, nutually cause a chem cal reaction, generate
hydr ogen woerogseslee H202 or hydroxy radical -OH as active spegiJes/07akd
performthe functions of inactivating the floating particles and

di sinfecting 30 the floating bacteria t he oxi dation reaction, thereby
purifying the inside WO 03/028179 PCT/ 2/ 07834 21 of the room where the
air conditioner 6 is installed. As shown in FIG 10, an air purifier 7 has
an inlet cbygedidihghaamotintingr sectiondéap theSodegeneraitingdethméoiidi oy &0, and
a fan (not shown) _installed deep inside fromthe filter 71. A spiral air
passage 72sWfagepwestantiatlyringparadlel o she ditesionofihg conmseldon dexmingds out | et

73,100 o0 BBy RS PEDh o e B ORI oMyl 1T
floating sgbgtefIceswEPSFIIFethd An teR€erndl bofrbhcivbeitf i 1 ter 71, causes the

1 to
air to flowin the spiral air passage 72, and sends out the air fromthe
outl et 53. 10 | Mfkechmanoricasput if icenstFuctiedeby @omgensrgatiorupparccasediag t o

the .present invention is_mounied _on part of the circ erential. wall of
the air pagéagglwrssa%éb ttﬂe{’?rtﬁ}ﬁﬁ‘?‘ﬁgonseuﬂﬁ’éh‘}e agpthare i b ORBLLEP Mg

el ement °| %&rﬁﬁ?ﬁseﬁgearﬁi 4o falrgﬁér'agideﬁ ﬁpgg}bﬁaﬁgé }§%§ o%%l%ﬁéﬁé)ctagg 4a,

nount i ng, connecti o termna see out'si de t he

comon casgnd the€iohSgdtirafigigelehendnl exhesuiabd RAvRE £ iRl yd@nthdile tkent r ol
circuit of the air purifier 7, the ion generator A ionizes noisture in the

air flow ngbove-meatmoed gressidgedze. bNopé dbata iniBléHar Yeanddd, pdustoatien t he
oper atjon o eneratin substapti.ally, e | amobupts of . pasitive ions and
negar 1 Ub " 6h o HrcBargd plsctiarls Tt P8 Be PR (ibBIon s dne
outlet 73, el%%ﬁjedﬁef E$fsﬁb&fﬂ%nzlﬁleétg.”@tahﬁrBSiSQLmitE@cf.t i vating the floating

particles an sinfecting t | oat1 ng acteria in the space into which

the ions were enid tkid @nstestionhad shbavein FAGC oI dinnHeystatbevliorsitle i t he
roomwhere the air_purifier 7 is installed can be purified by the
syner gi st i eergéragen Buiistinstalledesa Bratrigesonaaeiion jenmpimals Ubeand746 are to be

inserted in an upward direction, the front face of the ion generating element
15 1 does not come into contact with the surface where the ion generator B is
installed when connecting the connection terminals 45 and 46 to the
external power supply and control circuit, thereby preventing damages of

the ion generating element 1 due to the contact.
Note that, in the embodiment illustrated in FIGS. 1 through 3,
20  during the connection process performed by installing the ion generator B so
that the connection terminals 45 and 46 are to be inserted in an upward
direction, the four leg projections 55 provided on the peripheral edge of the
recession 50 holding the ion generating element 1 thereon support the ion
generating element 1 facing downward, in a floating state with a space
25 Dbetween the front face thereof and the installation surface, thereby
performing the function to prevent damages of the ion generating element 1.
FIG. 13 is a perspective view showing an example of the
arrangement of the booster coil 2 and the circuit substrate 3 in the common
case 4 with the upper case 4a removed. As shown in FIG. 13, the circuit

30 substrate 3 is installed over substantially the entire surface of the bottom



FIG 11 is a perspective view show ng the appearance of the second 25
enbodi nent of an ion generator according to the present invention, and FI G
12 is a pEoIpmetirve vi ew of the appearance seen fromthe PoRGPORI7dR of FI G
11. Like the ion generator A of the first enbodi nent, an ion generator B
shown in FIGS. 11 and 12 conprises a plate-like ion generating elenent 1, a
booster coil 2, a circuit substrate 3 (*¢¢e FIG 13), and a conmobn case 4
for 30 holding these conponents as a unit. This ion generator B is

char act er i 2a¢ioWQOH RSB W) B/ 1B EGybstb2 colly2 R dikpdsed of ofeWidé Mg

section for the ion generating elenment 1 on a surface substantially in
paral | el ttheloagttiudsnal diveetion € thoeinest sshstreterBnal s 45 and 46 provi ded

on the outside t he conmon.case 4 far. connectjon ta agn .external wer
SUppl'y and' an exIBF fh EEBRAVHRE Elepiant ] isSRang bt i ieagy Betp & demabi et e
by combi ni 50,30d4IPRES oS BSE upPer A 24! OWEEG. §aSS a4ge ePEvEVAGE EhBREnEPON
anot her. The connection termnals 45 and 46 are provided al ong one Side
edge of5 t hen uppeaipleasfethdastruatitret dfethieomighrve hald Ag. elAsrahtwilin FIGourt, ed
al ong a side edge facing the above-nentioned one sjide ed Note that, in

FIGS. 11 afhte wandew hale e isolermedoto ¢ heighiseuhstaptiallyc gbﬁhefQYﬁﬁ@é on

the front face, o he.k o nerat.in el enen as;shown in FIGS. 4 and 5
< om 1t edhORt O bE S AR Gt aiafiiR o the &g B Praniiirhsfne: o
the ion ggpecqtivhaldit & thelaht@dofthd Ml dehersPnpedihent tieradabaidl and
46 are to be inserted in an upward direction, the front face of the ion
gener at i nggedognedil drd 4 hboesontal gooone dierdre foomedotithia widtheequivaleod toher e

the ion,generator Bis . ipnstalled when connecting the_connection termnals
45 andtQi6 ¢ ttiﬂé?k%??e%é eptiie rSeRaIIINg et  opn chhec perip K @§§e

e OOy SRBE A, RN Do by SR E
e comnesphanoos ey geg iyt e o by 1oy gegemesg i ise
into engagement with the vertical grooves 4d, pushing the ion generating
element 1 by using the vertical grooves 4d as guides, and bringing one long
15 side into engagement with the horizontal groove 4e. By pressing the
remaining one long side with the edge of the lower case 4b to be combined
with the upper case 4a, the ion generating element 1 is mounted as shown
in FIGS. 11 and 12.
FIG. 15 is a perspective view showing another example of the
20  structure of the window hole 4c. The window hole 4¢ shown in FIG. 15 is
formed with a thin removable piece 4f left on a side face of the upper case 4a.
By removing the removable piece 4f when mounting the ion generating
element 1, the vertical grooves 4d and horizontal groove 4e as shown in FIG.
14 are formed. According to this structure, by forming window holes 4c in
25  the four sides of the upper case 4a and cutting off the removable piece 4f of a
window hole 4c according to the need of the application, it is possible to
suitably select a mount position having a desired positional relation with
the connection terminals 45 and 46 and selectively use the window hole 4c
according to the application.
30 Next, the following description will explain the application of a



direction, the four |l eg projections 55 provided on the peripheral edge of
the recession 50 holding the ion generating elenent 1 thereon support the
i on genewatodneggidd enent 1 facing downward, in a floating fCaexmi a space
25 between the front face thereof and the installation surface, thereby
performng the function to prevent dangges of the ion generating el enent 1.
FIG 13 is a perspective view show ng exanpl e of the arrangenent of the
booster coil 2 and the circuit substrate 3 in the cormon case 4 with the

upper Cas%of‘b’ﬁ pepPMBd. id %?eﬁh‘é drn(1b:ﬂ %enje%atlhgeerdni&w 1) dOtlsdilpsesaite 3 is
installed over subst anti al the entire surface of the bottom WO 03/028179

PCT/ JP02/ GZeauti@s. JHE&.i 66 xsr anhesdeotiel argut bagema o wseoux dhecwn 2 is
di sposed on one side.i | on di rectioon of. the, circui

subst r at e SN} %dm ﬂf} %PB#@‘%P’ Og agg RXFIPER AW, WW‘?]&OWI%% % 4c
formed i gvan e&%?hgfugrﬁ]g@n%‘x%ﬁfg éi@ﬁl% ptd) e;FW écﬁraupefﬁmcmve vi ew

show ng anple o uctture o ow hole 4c. As shown in

FIG 14, the wi ndoWI@0! 16,4thd suhraE @0t ferreb@itghtmsAlStamnieatiay ol to
the overall height of the sjde face by cutting a portion of. the side face

of the up;seippl;sasmd lﬁacorewgtaﬂatoemmtb’thﬁél& engtuhp@ff erpEnpd Al b@lﬂe\’dﬁlgﬁ‘g

el ement 1, d. vertical oov rizo r oQV. orned
with a wi &HPT%% PeeEs 9% gl sﬁ%rkgﬂﬁgss%%t}eg v’ oﬁn (@ﬁlglfaﬁs tﬁé)%ugenent 1
on the perp %ﬁkh%ﬂgessmé "ceﬂﬂgdté‘&l St LhHies 1§'t%%th€@ﬁ§1§>&t teFhfinWl BEIOW
hol e 4c can be place position by bringing both of the short sides of
the ion geher aiighgoblageenpplyinenneansgdfeiendirestyn tdrmacted i walthgr déves 4d,
pushi n% the ion generating elenment_ 1 by usin the verr%i (ﬁ| grooves 4d as
gui desD arenrergrhgowss stoRly 88. sHeee, thedrb&YamBrUNFh iche BBt al
groove 4e. 91% pressing the remaining one long side with the edge of the

| ower casél to be conbined wth the upper case 4a, the ion generating

element 1 is m%@@sqﬁssmﬂ@ouéwtﬂﬁpeﬂxaoamb§r2a céigol ditnbBSS fBemspect i ve
vi ew showi ng anot her exanpl e of

controller 83a of a mlcrocomputer 83. Note that the control signal SS may

be directly inputted by additionally providing direct input means such as an

15 input button, instead of the microcomputer control. The SSR is connected

to the anode side of a diode D3 through a resistor R1. The cathode side of

the diode D3 is connected to the positive electrode side of a capacitor C2.

Moreover, the negative electrode side of the capacitor C2 is connected to the

AC commercial power supply 80 through a diode D1. When the SSR is ON,

20 electric power is supplied to the high-voltage ai)plying means 90 from the

AC commercial power supply 80, and a high voltage (a voltage necessary for

ion generation) is applied to the ion generating element 1 so as to generate

ions. When the SSR is OFF, electric power is not supplied to the

high-voltage applying means 90 from the AC commercial power supply 80

25 and a high voltage is not applied to the ion generating element 1, and
consequently no ions are gener_ated.

One end of a primary winding 81P of a switching transformer 81 is

connected to the positive electrode side of the capacitor C2. The other end

of the primary winding 81P of the switching transformer 81 is connected to

30 the SCR. A capacitor C1, resistors R3, R4 and R5 constitute a gate control



20 structure of the wi ndow hole 4c. The w ndow hole 4c shown in FIG 15 is
formed wwth a thin renovabl e piece 4f |left on a side face of the upper case
4a. By rwowmsiozg7e he renovabl e pi ece 4f when nounting t hePCOIPeIT834at i ng

el ement 1, the vertical grooves 4d and horizontal groove 4e as shown in
FIG 14 are fornmed. According to this,structure, by form ng w ndow hol es
4c in 25 the four sides of the upper e 4a and cutting off the renovable
pi ece 4f of a w ndow hole 4c according to the need of the application, it

I's possi bbfchf; fos ' SOR. Y TR Agistar RRUIVideesihiel vt dpevifib e AU esmnetcial
positional relation with the connection termnals 45 and 46 and

sel ect i velppwesesuprlyniSAdiogetber with dHrecaesistar £d., t ared anyliesasi yrtaldle Next
the foll ow description wl/] explain,th ication_ of.,a 03/ 028179 -
T/ 3P0z B9 4EC33 th GRRRERoT 6% hahectiogen DARER 117 ore Bemandt Hhgtaiaftent 1)
of the pres LN i O F J tefl odtd id di r use
in the i o(r%l %g{é%rgkatﬂgp% a’?geF%\gtdﬁxg‘ Ztr%n%fg%%??e%ﬁv%ﬁ%lg%%vg? gﬁﬁa\/r?gw when
a vol t pge windsn@ild ed tle sbenidany geder ahd ndreeiemepherating ekinmentt heisci r cui t

of FIG 16. 5 In FIG_16, the nuneral 80 represents an AC co rcial, power
suppl y, awmdnheciedntredhedseconganynwipdingaflps dhe 105 genexatime glepent 1

hi gh-vol tage applyin ns_90,t hr ough SR i.dystate . I'n

contr ast lcgnwﬂ%s lea%f)%ﬁﬁ?%ﬁgtq]l%&%%i gﬁég%lrs?ﬁgg'g%%mg%% F}]? a%dt ﬁla@él)aso % he
ot her inpléqeétﬁ?]({g p?_ of the high-voltage applying nmeans 90 is directly
connected to the AC .10 comerci al power supply 80. Here, the point Qis

grounded, i.e., As@iesicidcuiticomposid oBBRtifgirepmicnos laad svwitdhengpeedns ssed by
a control signal SS froma controller, 83 f a mcroconpuier .8 Not e t hat
the cdRtrsongegied bstwray ope ofi thet Pyit A ué)]teéﬁ-’_og]Wa "t dha ﬂ%?_gb%%“ﬁ di ng
oot 1 LR T 5o AR TRL LA a0 She iyt i A hagomut
resistor Rlin{h®), catihodectsysies deardshBadipdanbdei snd anabiode tHebdjetlposi tive
el ectrode 'si de of a capacitor C2.

rectifying means is made of a diode D5, and the anode is connected to the

discharge -electrode 13 side, while the cathode is connected to the ground

15 line side. The switching means is made of a relay 82. A capacitor C3 as
an electrostatic capacity is connected in parallel to the rectifying means, i.e.,
the diode D5.

The relay 82 is controlled to be open/closed (ON-OFF control) by a
relay control signal 82S from the controller 83a of the microcomputer 83.

20 The relay control signal 82S is outputted after suitably processing and
judging various input information IN to an input unit 84 of the
microcomputer 83. Various input information IN to the input unit 84 is, for
example, operation mode specifying information from a control section
through which the user can select an operation mode, and is the result of

25 measuring the contamination degree of the peripheral environment by an
environmental sensor (for example, a contamination sensor). The
controller 83a is made of a control circuit for outputting a control signal, etc.

Note that some components in the microcomputer 83, such as an arithmetic
unit, are omitted.

30 In such a construction, when the SSR is turned ON, an alternating



Mor eover, the negative el ectrode side of the capacitor C2 is connected to
the AC commercial power supply 80 through a diode D1. Wien the SSR is QN,
20 el ect rwooposar9 i s supplied to the high-voltage applyi n@gCraaoz0798 from
the AC commercial power supply 80, and a high voltage (a voltage necessary
for 1ion generation) is applied to thg,%éon generating element 1 so as to
generate ions. Wen the SSR is OFF, ctric power is not supplied to the
hi gh-vol t age appl yi ng neans 90 fromthe AC comerci al power supply 80 25

and a hi gbum@hitagapplicdHetrBoh tled pbintsTeandQ.gehes aydlagviedrerthnteldctriend
consequently no ions are generated. One end of a primary w nding 81P of a

swi t chi ngpotentsdloatthe ointsP i bighat han the plecae pptepél |adctheceengi@e of
th C2. .The . gth d 1P of
S t cnr g 06 sty Cg1% ShERib ot So Rt Hebt ot A0, findl dpe
i st /
beT) Spon) 805 R Clutent Bpludibg (B GRIEWHRRL R R SATAEAL at the | age

of t hes ACpediteyr i lelshepahean thopbeotrid@dtentinhat the phittHd), reesolsage e®lal and
applies a suitable voltage to the capacitor C2. The diodes D2 and are

pr ovi deg o Cpﬁr digher thaﬂe%eﬂﬁféihq)ld\NVOlTﬁ%e i aNiar betwuern gate ri ses
o oment 1 chgiodd AEHPSERNP Phe OFeRFRANATG St BRE il PpadaIckeR O

el ement 15 ¢RPEd RS awn@nrth@fseaqs&ar@é&mo@mdquﬁgh@mgi@ dbdnhgede 13

and |nduct| on electrode 14). A series circuit conposed of recti fy| ng neans
and swi t chindgtieeausreing flokds motheectwd dfatapeerionfi? of swiehpeg tragisfeineet r odes

(here the di scharge elect r@(;lP 13) the ner at i n el ene 1 and t he
gr oundl ((EW]SV ) Thed ﬁﬂ?fge ﬁé’ngnﬂag nié’

e E‘Sﬁﬁecea b et Ei %éir%gg&’??&i% ZW% S%?%Z@%??le@%%e 1 frnode

connect ed %t&ﬁggghgﬂmréﬁr kitne si de. The switching neans is made of a
relay 82. A capacitor C3 as
v Since the ion generating element 1 is a pseudo capacitance load and
resistance load, the secondary circuit of the switching transformer 81 is
15 equivalent to an LCR oscillation circuit. After energy corresponding to
energy charged in the primary-side capacitor C2 is also discharged and
consumed on the secondary side, oscillation is stopped.
FIG. 17 is an electric potential waveform view of the ion generating
element 1. The axis of ordinates shows voltage V, while the axis of
20 abscissas indicates time T. The voltage value is about 5 to 7 kV in the peak
(positive) to peak (negative) value of the maximum amplitude, and the
oscillation period of the oscillation waveform is about 0.1 to 0.2 ms. This
oscillation waveform is generated in a cycle corresponding to the frequency
of the AC commercial power supply 80. FIG. 17(a) shows an . electric
25 potential waveform when the relay 82 in the circuit of FIG. 16 is in the OFF
state (i.e., the state where the diode D5 is not connected), and substantially
equal amounts of positive ions and negative ions are generated.
On the other hand, FIG. 17(b) shows an electric potential waveform
when the capacitor C3 is removed from the circuit of FIG. 16 and the relay

30 82 is in the ON state (ie., the state where the diode D5 is connected).



an electrostatic capacity is connected in parallel to the rectifying neans,
I.e., the diode D5. The relay 82 is controlled to be open/cl osed (ON OFF
control) wWooao0281e ay control signal 82S fromthe control | @cT8Be/@B34 he

m croconputer 83. 20 The relay control signal 82S is outputted after

sui tably processing and judging vario i nput information IN to an input
unit 84 of the mcroconputer 83. Vari<dus input information IN to the input
unit 84 is, for exanple, operation node specifying information froma
control sgfldeOthe HYRUDH cifté aMedientiseloneadirécti®t tharclopeicapotentiabdé, and
is the result of 25 nmeasuring the contam nation degree of the peripheral
envi r onnethe Wisémrgendleczndent®hibesemesr a (Weveloxmnphited ivotieamegativen

sensor). The .controller 83a is,made of a control, citcui{ f oult ting a
control s ﬁﬁ’FaneWiE‘.en Weépﬁhtthgo C@H’rrﬁ’Bﬁeéﬁ’E%l Ph BOR g'cr%%% ’ 83,

such as I ' ' ' d A & SRPNB hhdCihHa@nt when
the SSR i bt u?}?}%%@%ﬁcatgﬁ Sk et?%gttlﬁémg ohPes 1?93%%#38 P02/ 07834 26
currerg i gedRfbe eshdRil ) the points P and Q In a cycle where the

electric potential at the ?Oi nt P is higher than the,;ﬂeectr'c potential at
the point Q tRartlamuireoFl@217¢) shargean elastricorieniigeyavelory WRERt  when

the alternati rrent is re a cygl e er he L enti al
at the 5 b RE1R 2 ih i gh it gt HIKe 19 Bory s DO Sy e RElibGriRen” ' 3
vol tage e | 32 . 'thé' &ﬁét@i l5 HdsinaptdlRA toefhween t he
gate and g%%tdﬁgg(g%il?he %%%ﬂgﬁtﬁ%erat i(%nagflgfﬁlgegat epcont rol circuit,
and the S@Rdd D) ur Mad dtrivpenential &Cthé dischangdeledirotlhel ScispehoftedrinC2 | s

di scharged, and the current flows in the route of aci.tor -->

swi t cH) ngthe aositdverdireciion as comnraey i tﬁgomp)n F iégé&zkb)* a’agzc?démlﬁll, and
consequently an jnductian voltage is S t

wi ndi ng 8 P&IY#nY ﬂfepo?&i"?(}ﬂpfﬁé‘r? r%ﬁ??%?eﬁér %gﬂgh%cég%‘%gsqagﬁ g@%&%ﬂng

el ement 18 &pReRUACTRAIDDANE 1400000 Yditive ions/ce and 380,000 negative

ions/cc were measured.

In an ion generator with such a circuit structure, comprising

15 rectifying means (diode D5) having an anode and a cathode; switching

means (relay 82) connected in series to the rectifying means; and an

electrostatic capacitance (capacitor C3) connected in parallel to the

rectifying means, the anode side being connected to one electrode (discharge

electrode 13), the cathode side being connected to a ground line provided on

20 voltage applying means (high-voltage applying mean‘s 90), the rectifying

means and the switching means are mounted on a substrate outside the

common case 4, other than a substrate on which the voltage applying means

is installed. In other words, in the circuit shown in FIG. 16, a circuit

substrate 89 composed of the relay 82, diode D5 and capacitor G3

95 (hereinafter referred to as the relay substrate 89) is configured as a

substrate other than the high-voltage applying means 90, and the relay
substrate 89 is disposed outside the common case 4.

Note that the high-voltage applying means 90 is provided on the

circuit substrate 3 inside the common case 4. The phrase “outside the

30 common case 4” used here means a concept including both of the qondition



resi stance | oad, the secondary circuit of the switching transformer 81 is
15 equivalent to an LCR oscillation circuit. After energy corresponding to
ener gy chapgaed2dim t he primary-side capacitor C2 is al so dipsthaoywdsdsand
consunmed on the secondary side, oscillation is stopped. FIG 17 is an

el ectric potential waveformview of t ion generating element 1. The axis
of ordinates shows voltage V, while t axi s of 20 abscissas indicates
time T. The voltage value is about 5 to 7 kV in the peak (positive) to peak

(negat i veyheab 4heOfel 4y SubStyh a8y 8T d1H Usde thabdtdifie of aheidohahbnrcaserd,od of
the oscillation waveformis about 0.1 to 0.2 ns. This oscillation waveform

i s gener ahnd ihe eomditibe woereetpondiaygsulstrate 39 dymenmtedoin phyrugture
comerci al _power supply 80. FIG 17(a) sho an . .electri.c 25.n0t enti al
wavef or m W\Aﬁh@ rtgﬁ &pmgpon r?atsﬁél’éﬁgf“cqﬁafn ’ ﬁl@rtl(ge‘?g Th C{)HQ.RH{J.ED state

i.e., th : ' LS ; : ; |
cauai " amoRDe S e Fie e e o S R ™ e

Ive 10ns

ot her Handypbiréte 33 0h)ths homtman cabedt ri c potential waveform when the
capacitor C3 is renoved fromthe circuit of FIG 16 and the relay 30 82 is

in the ON stat eBesides, inhthestcase ofhane ath@udiftrte o5 §xaRRlen ddeegircn

03/ 028179 PCT/JP02[ 07834, .27 i nce 4 he di D5 cuts._a currents.j e
directi on,su%@a@‘? _eét F‘Pg B e’?‘?_i?%l S ]?&r?%e(%)?s%ﬁalp&és%}l(é‘t@t r §de %Q%eg@ones a
waver orm §Hp£ﬁa@eé,“%ﬁd1%@ Li V&ibsHidt€C89 8 MRARtEE YR br pE BE thbeghric
potential at point Q Accordingly, 1ons are generated such that the ratio
of positi perifons withaitdeinghdld batheftommaegade 4e ions is |arge.

Furthernore, FIG 17(c). shows ap electric I;zotlenti I vvaveé@rrﬂwhen t he
rel ayl®2 in t he Ascerdinglyofsimegthessphstrate feelax wbstratei 5@ havie Jthe o

where the di.pde D5 is connected an h PACI I G ' rallel

to the dif§He BBE ML é?@cstm&(gllf}_gtlglﬁ%?gla (a)dfﬁ%eh%al%dﬁt%ﬁa@ggqgeg%ﬂf#g e 13 is

shifted ') LRithh PPt d dev fp Sliyins toh &h A RRIBARBErdod édiahasbansuffividniG

17(b), and a small anount 'of positive ions are generated. Wen the

el ect r ost atistameaptoirtletofeen, it is possible to keep a long insulation distance,
thereby enabling stable generation of substantially equal amounts of

15 positive ions and negative ions.

INDUSTRIAL APPLICABILITY
As described above, according to the present invention, since the
booster means, circuit substrate and ion generating element are configured
20 as a unit by mounting them on the common case (housing), a compact
configuration is achieved, and therefore the ion generator can be easily used
in a wide range of application by its connection it to an external power
supply and control circuit.
Moreover, with the use of the common case (housing) constructed as
25  a box case having an opening in a part thereof and a rational arrangement
where the ion generating element is mounted in the opening, the booster
means is stored in the inner side of the common case, facing this, mounting
section for the ion generating element, and the circuit substrate is
supported therebetween, it is possible to achieve a further compact

30 configuration.



the capacitor C3 was 200 pF, 140,000 positive ions/cc and 380,000 negative
lons/cc were neasured. In an ion generator with such a circuit structure,
conpri si o 0¥B281exct i fyi ng nmeans (di ode D5) havi ng an anod@Can#oz076xt hode;
switching neans (relay 82) connected in series to the rectifying neans;
and an electrostatic capacitance (caggiltor C3) connected in parallel to
the rectifying neans, the anode side I ng connected to one el ectrode
(discharge electrode 13), the cathode side being connected to a ground

line provided oBedfiasolsim@etlodRioking PR GBsigtumcel éfagee appinibngeaseans
90), the rectifying nmeans and the swi tchi ng neans are nounted on a

subst r at e(lronsingkis ket tockmrawalctoser hlghetrﬁélrant hahlQI® 888t roatthegioy@pBh t he
vol t age ap | n ot her . wor inthe circ |t shown

' | | ed.
in FIG 1653‘%(1%‘3?%8?} is ﬁ?i@%‘f i:sﬁl%g YeSH JRgTist Cf’ﬂgalP’é}gayoacfr Fotte!Ds and
capaci t or g’sgsﬁf’e é@@é@uf@éétﬁfa erﬁt&%anaﬁlﬁgqﬁr YRE chfkoh §H§§&ﬁétg%n§9ﬁte' S

conflgure as a strate ot I gh-vol tage applyi ng neans 90,

and thg rﬁb@]}tlv§i¢bl%t&flﬁiﬁeg%ﬂl\}esloﬂisiﬁ%ﬁ@bwmrﬂeﬁ he conmon case 4. Note
that the high-voltage applying means 90 is prOV|ded on the circuit
substrate 3 ins Meretower,cgmﬁnew%mwenw pEea e Plagilake dor ngeneygtidgnmon

case 4" e neans _a n I ncl udirn oth 0

03/ 0281796&.‘??73 YhEoTTIRmE Fglis 6@1%'%8 drepas %{/‘ é‘%‘i“cit%%aéﬁpgoﬁeeﬁgh%ﬁ t he
outsi de Of, t NG CRTBRHEIC A5 4 dla@eltﬁ&%hémwb@@ whar ehd henrgé@mwigstrate
89 is mounted on a structure other than the conmon case 4 or exanple, a
part of arl@&nentdsaidureing aam:m"tatglsectmmbfdte tdremiopncagenroatstrg)i o

nmount ed, wi thout holding the rela substr at 9 on tﬂ% conmon ase 4,
Besi ke, ithat ﬁbedhg@hweaa%ecamdep&dﬁfﬁaé?s oppya aﬁ%llé thepalors peggble o

cubstrate 230 AR RYoBE! VAo A0, GOLEASAAY Bndhld ithg
purifier, jyhdBadtneitfe BRY Gyhilabhe dEScRmBedaGA the discharge electrode.

Furthermore, since connecting means for external connection is
provided integrally on the outside of the common case (housing), the ion

15 generator can be readily connected to an external power supply and control
circuit and easily used in various kinds of applications. In addition, since
the mounting section for the ion generating element is provided on a surface
substantially parallel to the connecting direction to such connecting means,
it is possible to connect the connection terminals easily without causing the-

20 mounting section for the ion generating element to face downward, thereby
preventing damages of the ion generating element.

The ion generator further comprises means for supporting the ion
generating element in a state separated from the installation surface when
the ion generator is installed with the mounting section for the ion

25 generating element facing downward. Therefore, even when a mistaken
installation takes place and the mounting section for the ion generating
element faces downward in the mounting step including connection to an
external power supply and control circuit, it is possible to prevent damages
of the ion generating element due to contact with the installation surface.

30 Furthermore, since the ion generator is constructed by providing the



10 Accordingly, since the substrate (relay substrate 89) having the
rectifying means and switching neans and the substrate (circuit substrate
3) with twe msotd1age appl yi ng nmeans nounted thereon can haeeTareui7Bi4aci ent
di stance therebetween, it is possible to keep a long insulation distance,
t hereby enabling stable generation of gubstantially equal anobunts of 15
positive ions and negative ions. | NDU | AL APPLI CABI LI TY As descri bed
above, according to the present invention, since the booster neans,

circuit sylnidt® séitehr £ RNRhatdmGatihgralaneat encidief igwlatk fo2Qlesng unit

by nounting themon the common case (housing), a conpact configuration is
5 g

achi eved, tlamdpehbrgeéfothe comemporeager{bonsing) ead peurtng| fheisrEeneradng de

Control chlmpnt bagach st (e et dtds Ml ol Bl BoYialitly' ¥ o
construct ﬁ%tﬁﬁed2§ca@e.b%§efﬁ§§$ﬁd}f€w§iﬁ8e 3He ORBIHNRS hioksafdiaﬁéssﬁﬂg rtaefleadd a

rational arrangenent e ion generating elenent I1s nounted in the

openi 1y}, {hHeed s t@inechidgnthd sors enerhtimg tehanemin endstlve cixfutthestraten case,
facing this, pounting _section for the ion generatjng. el i:rre t,. and the
circuit sapetfoamedi &n thaphdr pkade tand dostandes, Parts jfer pheslend Wiges, dPeve a
further conpact , 30 confi gqufati;ons WO 28 0 : esi des,
si nce thepgg‘]”@ﬁg g’b_etgﬁef P‘éﬂpgglfash sfige 8? qé’%ewé%mg@ége% ?ﬁ%é?%g L|%s set
to be equal, iy QbnhbdNRE ibH2endraXidd dRnth(CARd tHe EiGuit @MBBErate REEhdutousi ng)
is nolded using a resin nmaterial containing no carbon, it is possible to
ensur e satjigbabloassociased atitlonuinimg tfthedeadnwices erghdchjevie satisfactonyosi ti ve

ions and negative ions in a stable nmanner. Moreover, the present invention
uses hopl &0BLE¢HkANS.on generating el enent conprising a di scharge el ectrode

? Egr dei \?\ggﬁt | gﬁ%oe%lé(ﬁecf {sﬁﬁ&gﬁ%%ﬁ%&? §A¢He Wddler'hlddnd ShEBS! &b &ee
between the circuit substrate and the ion generating element are
insulation-molded with the fillers, it is possible to satisfactorily insulate
them from each other under a high-pressure driving voltage and perform a

15  stable operation. Additionally, since the volume specific resistance of the
fillers is equal to or more than 1 X10!3 Q-cm, it is possible to generate
positive ions and negative ions in a stable manner. Moreover, since the
first filler to be put to the periphery of the booster means was selected by
attaching great importance to the insulating strength, while the second

20 filter to be put in between the circuit substrate and the ion generating
element was selected by attaching great importance to the flowability, it is
possible to obtain excellent insulating performances.

Furthermore, since the mounted components on the circuit substrate
are received/stored in the receiving room provided beside the storing room

95 for the booster means, it is possible to reduce the separation distance
between the circuit substrate and the ion generating element without being
interfered by the presence of the mounted components and achieve a furthexr
compact configuration. In addition, since the receiving room for the
mounted components and the storing room for the booster means are

30 separated from each other by a bulkhead, the filler for insulation molding



element is nounted in a nmounting section of the comon case (housing) so 10
that the discharge el ectrode side faces outward. It is therefore possible
to achi eweoaofsire her conpact configuration, and effici enPCy/IgeEsst e
positive 1ions and negative ions by plasma discharge fromthe discharge

el ectrode. Furthernore, since connect%ﬂg means for external connection is
provided integrally on the outside of e common case (housing), the ion

15 generator can be readily connected to an external power supply and
control Cigff WelreRMeradsiihYo ¥beGebdiviay tovus dndnsisesy walbplotdeet apwised ko
addition, since the nmounting section for the ion gene at|n e [

provi ded tre moesurtedcemponisstamitiaithy solidificagiont and Iﬁ‘hl tg‘@’f fg]ﬁ?]éct i on

h bl
L or i el COtebF o PRanE ecstizembel fedbgaget, Ao e bl %8(? Laal
generatlngngﬁgﬂ%g%ngﬁﬁggﬂg gﬂg@mard t her eby preventlng damages of the ion
nen

generating e Iongenerator further conprises nmeans for
supporg i ng the Besidegesiacatjosiied eomntnd megatitvatiens @ealeaa@d by dhe tibe

installation surface when the ion generator stal l ﬁ%ﬁ £q§ unting
section fgenelh?élngarﬁlezﬁelg’@rféﬁeaﬂ%e?éllé%rﬁum@émiﬁji BraifePefofe, even
when a m st i.nstall atjon takes or the
i on generHFﬁ e%PEﬁ%BPS$§%3Q)%8V§W5§£ﬂ8§uﬁgga%ggkﬁ|ng g#%gﬁgﬁgFgglgg

connecti o a&t%rﬁf‘ in %%ﬁé&@hnﬁo‘ﬁ@ﬁcﬁ UpRLyY igiel a80nb sy egditied tand théxebpossi bl e
to prevent danmages the ion generating el ement due to contact with the

i nst al | at parifging tieespad0 satisfantordy.e, since the ion generator is
constructed by providing the WO 03/028179 PCT/JP02/ 07834 30 nounting
section for the ion generating elenent on the Iid plate for closing the
openi ng of the common case (housing) and nounting the ion generating

el ement together with the lid plate, it is possible to obtain a
satisfactory nounted state. In addition, since the wi ndow holes for
passing the lead 5 wires for connecting the ion generating el enent and the
circuit substrate are fornmed in the lid plate and fastening parts for the
| ead wires are '



provi ded on the peripheral edges of the window holes, it is possible to
readily connect the ion generating elenent and the circuit substrate

wi t hout woOtosoedire associ ated with running of the | ead w PeTJJPasichi eve
satisfactory 10 connections. Besides, since the periphery of the booster
means and the space between the circuig, substrate and the ion generating
el ement are insulation-nolded with thg’ illers, it is possible to
satisfactorily insulate themfrom each other under a high-pressure driving
voltage and performa 15 stable operafiagys Additionally, since the volune
specific resistance of the fillers is equal to or nore than 1 X 1013 Sz
-cm it is possible to generate positive ions and negative ions in a

st abl e manner. Mreover, since the first filler to be put to the periphery

of the booster neans,was_sel e . i - hportance to the

i nsul ating streng 'h,AW‘}PP§ef’§g§t§gggéaa(g%h?(%]k)ggoggﬁﬁ%ngut in between the
circuit substrate and the ion,.geneyati el : y tachi ng
great inportance ¥ ik geln(%ﬁgglgi £ ,m?"%gifgr %%%Bﬁ%s@%gcg‘féaﬁgngx%e | ent

i nsul ating performances. Furthernope,. si.nce ]tghe nmount ed conponents on the
circuit subBegaiee 10850y R 1 Oh R VRS YRH@BE e vi ng room provi ded

besi de the storing room 25 for the boqster ne nsf it is possible.to reduce
the separation di Reestel ARk end ﬁec%qleGPE)s@ﬁg%tpﬁt%enﬁﬁﬁ Phet iR S
generating elenment without being  interfered hy the presence of the nounted
conponent s andage ko be apalipdrtemard it apRRratiag LIPS 1&6 . In addition, since
the receiving roomfor the nmounted conponents and the storing roomfor the
boost er means ar ea3bousipgr dtaving ranstenials seorar foxy spighubeasbely MEIRSf 7| | er
for insulation nolding WO 03/028179 PCT/JP02/ 07834 31 w |l never jntrude
into the reeapporting sechiandos saek siveiit| substrate axpblei Bgunding srRebvBUE e d
conponents with the solidification and shrinkage of the filler, thereby
preventing eesuitienseidiondssmrgasingrdeenttivre. and achi eving an

i nprovenent in the yield.
2. The ion generator as set forth in claim 1,
wherein said housing is a box case having an opening in a part
thereof, and has said mounting section for said ion generating element in
periphery of said opening, said storing room for said booster means in an
inner side of said housing, facing said mounting section, and said
supporting section for said circuit substrate between. said storing room

and said mounting section.

3. The ion generator as set forth in claim 1 or 2,
wherein a volume specific resistance of said housing is set to be

not less than 1 X 1016 & -cm.

4. The ion generator as set forth in any one of claims 1 through



5 Besides, since positive ions and negative ions generated by the ion
generating elenent are cluster ions surrounded by a plurality of H20

nol ecul eswoioB/oe87Ppossi bl e to i nactivate floating particl epCandoxi7sianf ect
floating bacteria in a space into which these ions are to be emtted, and
thereby purifying the space satisfact%g ly. WO 03/028179 PCT/JP02/ 07834 32
CLAIM5S 1. An ion generator characteri 2¢d by conprising: an ion generating
el enent for generating positive ions and negative ions by application of a
ariving voltage: HRQRLATsIRMIAlAnGldRlbdingUbstdialBaldialapnesiali g a
driving voltage to be applied to said ion generating elenment; and a

housi ng havhggafbégcwing room for said booster neans, a supporting section
for said circult substrate and a nmounting section for nounting said ion
generating el enent therein. 2. The ion generator as set forth in claiml,
wherein said housing is a box case having an opening in a part thereof,
and has said nounting,section for said,i ting t s ri phery
of sai d opening, éaighgﬂﬁyigﬁger%%ﬁh%%ﬁﬁts:ﬂ@gﬁggégé#%ﬁggﬁgﬁﬁﬁ1&%&0? ner- si de
of said housing, facing said nounting section, and said supporting section
for said cifcuit substrate between, said storing room and said nounting

section. 3. The ion generator, as set forth jrn claim1l or 2, v$ereirn a
vol ume specific r@dieEeinnsaids i gPNEEnagelema; gmyLses, S TERan 1 X

1016 SZ cm 4. The ion generator as set forth in any _.one cl ai N
t hrough 3, emm,e@gghag ipdwctimp zlespepsle that face eac Xther wﬁL a dielectric

therebetween, and said discharge electrode is mounted on said mounting

section of said housing so that said discharge electrode faces outward.

6. The ion generator as set forth in ény one of claims 1 through 5,
comprising connecting means for supplying electric power to said booster

means, integrally on an outside of said housing.

7. The ion generator as set forth in claim 6,
wherein said mounting section for said ion generating element is
provided substantially in parvallel to a connecting direction to said

connecting means.

8. The ion generator as set forth in any one of claims 1 through 7,
comprising supporting means for supporting said ion generating element
at a distance from a suitable installation surface when said ion generator
is installed on the installation surface with said mounting section for said

ion generating element facing downward.



wherein said housing is nolded using a resin material containing no
carbon. 5. The ion generator as set forth in any one of clainms 1 through

4, wher eiwogajiozB17on generati ng el enent conprises a di scharge/Jped/@si« ode and
an induction el ectrode that face each other with a dielectric

t her ebet ween, and said di scharge el ectrpde is nounted on said nounting
section of said housing so that said distharge el ectrode faces outward. 6.
The ion generator as set forth in any one of clainms 1 through 5,

COpri'sing connecy NgyauantydabafiinR! o TortH ACLhY GridWiRilairds 2aldolghst er
means, integrally ‘on an outside of sald housing.” 7. The ion generator as
set forth ig claim6, wherein said nounting section for said ion generating

el enent is “provided substantially in parallel to a connecting direction to

said connecting n%%géi&g%iﬂ?lﬁghglﬁgg%r@ﬁm%f s8Rl ﬁﬁ% géﬂéﬁa@iﬂ%‘e@ﬂi’mﬁﬁg of

clainms 1 through Vé I's I'ng nmeans supporting said ion

generating el enen at distance. from a_ sui l g | I I: .ace when
said ion geHE‘?‘gﬁﬁﬁa op & ﬁﬁs]?%tF e‘ﬁﬁgif {%@quﬁlﬁ?%ﬂﬁa@f)%%@gr#é%{elﬂ% q[‘fﬁéd;lgl d
nounting section for said 1ion generating elenent facing dowward. WO

03/ 028179 PEYAIIPE2/ 07834 34 9. The ion generator as set forth in any one
of clainms 2 through 8, wherein said nounting section for said ion
generating elenent is provided on a lid plate which is nounted to cl ose

t he opening of said housing. 10. The ign generator as set forth in claim
9, wherein said i 8. §hasergeRgraioeeset @t]éb‘hﬁ%’é%%’ to said circuit

substrate with I ead wires passing through w ndow hol es pierci n(? said tid
wherein said ion generating element is connected to said circuit

substrate with lead wires passing through window holes piercing said lid

plate.

11. The ion generator as set forth in claim 10, comprising
fastening parts for fastening said lead wires, on peripheral edges of said

window holes.

12. The ion generator as set forth in any one of claims 1 through
11,

wherein said booster means is insulation-molded with a first filler
put in said storing room, while a space between said circuit substrate and
said ion generating element is insulation-molded with a second filler put

in therebetween.

13. The ion generator as set forth in claim 12,
wherein a volume specific resistance of each of said first filler and

second filler is set to be not less than 1 X 1012 Q -cm.



plate. 11. The ion generator as set forth in claim 10, conprising
fastening parts for fastening said | ead wires, on peripheral edges of said
wi hdow hoWe93/01179 The i on generator as set forth in any ome€ToPoxi7asss 1
through 11, wherein said booster neans is insulation-nolded with a first
filler put in said storing room whil % space between said circuit
substrate and said ion generating ele t is insulation-nolded with a
second filler put in therebetween. 13. The ion generator as set forth in
claim 12, wherein a volunme specific resistance of each of said first filler
and second fill gr is set to be not less than 1 X 1013 Q -cm WD 03/028179
PCT/ JP02/ 07834 3 j ; ; hp claim 12 or 13,
wherein said fi r5}4'13’???g&ﬁg]g&ggﬁ%%gérﬂoﬁ%ﬁrg%%%% ?re%g’t h than said
second f111er. hi e 5l Siaanandutl hass hited kahtion Liouabi! ihaf shan sai d

first filler. o or 'as set-forth in any one of clains 1

through 14, conpfgi.Sin recei Vi ngy rqpm 21 I sali tQ;rNng room
for said b%%fé’f’gf%ﬁn%}ﬂ?osr‘aﬁé@g@gq r%fegt%% %gh%l%ﬁfﬁéﬁwg%gﬁgﬁ? sg%l% sai d
circuit substrate supported by said supporting section. 16. The ion

gener at or aSt¥ forth in claim 15, conprising a bul khead for separating
said receiving roomand said storing roomfrom each other so as to prevent
intrusion of said first filler and second filler. 17. The ion generator as
set forth in any one of clainms 1 through 6, wherein e.posi t,ive jons are
H(H2ZOm (mis a At dhel lopgmerytor @S, Se%rf@r&bm@élﬂe?% @gééfgéét’ghwg in any
one of claims 1 through 17, wherein the negative_ions are Q2 (H20,n (n is
a natural nd#bepinprising a receiving room, provided beside said storing room ior

said booster means, for receiving/storing mounted components on said

circuit substrate supported by said supporting section.

16. The ion generator as set forth in claim 15, comprising a
bulkhead for separating said receiving room and said storing room from

each other so as to prevent intrusion of said first filler and second filler.

17. The ion generator as set forth in any one of claims 1 through

16, wherein the positive ions are H'(H20)s (m is a natural number).

18. The ion generator as set forth in any one of claims 1 through

17, wherein the negative ions are O2"(f20), (n is a natural number).

19. An electric apparatus including an air passage for passing a
flow of air, characterized by comprising an ion generator as set forth in
any one of claims 1 through 18, disposed in the middle of said air passage

so that said mounting section for said ion generating element faces the



19. An electric apparatus including an air passage for passing a flow of
air, characterized by conprising an ion generator as set forth in any one
of cl ai rew0 oBlesaogh 18, disposed in the mddle of said ai PCpaBeay834 so t hat
said nounting section for said ion generating elenment faces the WO
03/028179 PCT/JP02/ 07834 36 flow of aigg 20. An air conditioning apparatus
characterized by conprising an ion generator as set forth in any one of
claims 1 through 18.

flow of air.

20. An air conditioning apparatus characterized by comprising an

ion generator as set forth in any one of claims 1 through 18.



