DESCRI PTI ON TI TLE OF THE | NVENTI ON | on Generation Apparatus and.
El ectric Equi pnent Using the Same TECHNI CAL FI ELD The present
invention relates to an ion generation apparatus and electric

equi pnment using the sane, and particularly to an ion generation
apparat us generating positive ions and negative ions, and electric
equi pnment using the same. BACKGROUND ART 10Recently, ion generation
appar at uses generating both positive ions and negative ions have been
put to practical use. Fig. 13 is a perspective view showing a nain
portion of a conventional ion generation apparatus. In Fig. 13, the

i on generation apparatus includes a_substrate 51, an induction

el ectrode 52 nounted on a surface SESSHRTIONe 51, and two needl e

el ectrodes 58 and 59. 15l nduction electrode 52 is forned of one netal
plate. Two through holes 54 and 55 are fornmed in a flat plate portion
53 of inducﬂIEﬁEéEé&ﬁiHﬂ%EHTKNﬁnd a plurality of support portions 56
are formed at a fir unf erenti al qgn%# f.l at ate $grtion 53. A
substrate insert18n" P8 P‘bﬁP%aia‘H GRS 4P t hat of
suppor 5 por tECrNEBAL FiEppned at a | ower end of each of support
portions 56 at both ends of flat plate portion 2053, and each
substrate insert FRPTpwAt invention relates tage iqregenpration apreratesrgh sleeiie | n
substrate 5] e, 59 is
i nserted |nt%ﬁﬁg?ﬁ8“n1 @ng§%§%p§ﬁ%h¥®g?%ﬁ§%l%§%885$%é§%ﬁ% g&gm] S
of needl e epeditivedctaandBegrride bAs, pndtletite equiphedt heing thefsane of subst rate

51, and are_placed at t centers of through holes 54 and 55,
respectivel ?B‘C%‘%‘%mdgﬁwl ve hi gh-vol tage pul ses and negati ve

hi gh- vel t age pul ggsn ?onaéé%ﬂaﬁ&l Qﬁﬁr‘ﬁﬁﬁ@s éh‘ﬁ@ranlé% @étﬁgB&%el&ssa@ld n ?&tl@@d
i nduction el ectrode respectively, ona rge occurs a

end porti oni®nphavedeeti Ieitétb prariicies. 5&galmlsa@ermndlvpamshamng(an'samnd
negative |ons ar at the .ti on

el ectrodes BY" §f%§°mer%é’ Bt 5‘??37%}“%?1” erhak: @d?%?}é‘? ’PP\@%“GF%V@ and

negative i Ofghafune 1d@lhde¥ers@t£§tmt&t5q £ hOSioh ¥leaiod® 32 BHGIET on Adieface of
surround and deconpose nol ds_or Viruses floating in the air (see for

exanpl e JapsreEde phiaef twe agsdineiegyedesns and§87- 305321 (Patent Docunent
1)) . BGCUMENT LIgkuction electrode 52 is formed of one metal plate. Two through holes 54 and

55 are formed in a flat plate portion 53 of induction electrode 52, and a plurality of
support portions 56 are formed at a circumferential portion of flat plate portion 53. A
substrate insertion portion 57 having a width smaller than that of support portion 56 is
formed at a lower end of each of support portions 56 at both ends of flat plate portion

20 53, and each substrate insertion portion 57 is inserted into a through hole in substrate 51
and soldered. Each of two needle electrodes 58 and 59 is inserted into a through hole
in substrate 51 and soldered. Tip ends of needle electrodes 58 and 59 protrude from
the surface of substrate 51, and are placed at the centers of through holes 54 and 55,
respectively.

25 ‘When positive high-voltage pulses and negative high-voltage pulses are applied
between needle electrodes 58, 59 and induction electrode 52, respectively, corona
discharge oceurs at tip-end portions of needle electrodes 58 and 59, and positive ions

and negative ions are generated at the tip end portions of needle electrodes 58 and 59,
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-5 PATENT DOCUMENT Pat ent Docunent 1: Japanese Patent Layi ng- Open No.
2007- 305321 SUMVARY OF THE | NVENTI ON PROBLEMS TO BE SOLVED BY THE

| NVENTI ON However, the conventional ion generation apparatus has a
problemthat, due to a 10large difference in thermal expansion
coefficient between substrate 51 and induction electrode 52, a
difference in |l ength between substrate 51 and induction el ectrode 52
is caused with changes in tenperature, resulting in warpage of
substrate 51. Wen substrate 51 is warped, ion generation performance
becones unstabl e because positions of the tip ends of needle

el ectrodes 58 a d159 re nisa%igned.fronhthe centersﬁgﬁ t hy.ough
15hol es 54 HRFCEECYr oKI5EERTHET POSTIIEIORTANIREFPR GO &C6H Ve HItChroom
Accor di ngl Yoy &04iOR8weH, s@@h@an@mi@abﬁ?@ﬂ AR W viries HestiRdn RNk (sdus
t he amount of generated ions deviates froma rated val ue.

Theref ore, &rgsamplefiparsse BitentayisedineniNg. 0&1805331 (Raten Dorewenid )an

i on gener at (AR t stably generating positive ions and negative
i ons, and epg:qu cﬁrer}l}lg%nent usi ng 20t he sane. MEANS FOR SCLVI NG THE

PROBLENS PATENT DOQUYEIET at i on apparatus in accordance with the
present inventiqQn is characterized by including: a first induction
el ectrode hBYFHdIosumeRisk Hapagesed a@&ﬁ?ﬁﬂ“&“%%@ﬂ&?o@ﬁ@a%ode havi ng a
second hol eguRmiARSt o e Rrnehepiogyede having a tip end placed 25at a
central portion of the first hole for generating positive ions; a
second needPROBLEMS HASESOLNGDBY I TFHERIVENAIEN at a central portion
of the second haol,e for generating.negative ions; and a bst.r ate
mount ed i ¢t hepwrer SRR PR Bera R ~SPBie s a a SrsHiet HRE e ras
and sggond negdifferedcacd mede:s exgafifol tdetiicidd YethR& NBst AEISThrddAduction

el ectrodes each . . . . )
electrode 52, a difference in length between substrate 51 and induction electrode 52 is

caused with changes in temperature, resulting in warpage of substrate 51,  When
substrate 51 is warped, jon generation performance becomes unstable because positions
of the tip ends of needle electrodes 58 and 59 are misaligned from the centers of through
15 holes 54 and 55, respectively, and the warpage is not constant, Accordingly, corona
discharge as designed cannot be formed, and thus the amount of generated ions deviates
from a rated value.
Therefore, a main object of the present invention is to provide an ion generation
A apparatus stably generating positive ions and negative ions, and electric equipment using
20 the same.
MEANS FOR SOLVING THE PROBLEMS
An ion generation apparatus in accordance with the present invention is
characterized by including: a first induction electrode having a first hole; a second
induction electrode having a second hole; 2 first needle electrode having a tip end placed
25 at a central portion of the first hole for generating pdsitive ions; a second needle
electrode having a tip end placed at a central portion of the second hole for generating
negative ions; and a substrate mounted with the first and second induction electrodes

and the first and second needle electrodes, the first and second induction electrodes each
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bei ng forned as an i ndependent part and nounted separately on the
substrate. Preferably, an interval between the tip ends of the first
and second needle electrodes is greater than 19 mm Preferably, the

i on generation apparatus includes a power supply circuit applying 5a
positive pulse voltage to the first needle electrode at substantially
regular tinme intervals and applying a negative pulse voltage to the
second needl e el ectrode at substantially regular tinme intervals.
Preferably, the power supply circuit includes: a first diode having a
cat hode connected to the first needle el ectrode; a second di ode
havi ng an aque conpected to the 10second needl e el ectrode; a boost

t r ansf or mer PR fAiReh e 4 pdepradent Rt 7ad ApPuatd sepasately RA A8 SURBIFAE ng, one
t inal of th -0 Malet f th
ermnal of the %@&Mﬁﬁgm\e&oﬂ 5@&&@{1{&3:@9&@%@%{ ﬁﬁé&g@@@%@&@ e

first diode and a catho of the secon ode, rterm nal
of the secorésargdenisigi¢atay thrmi i9gnroonnected to the first and second
I nducti on el ectrggeﬁ' acapacitor. and a diode,thyristor connected.,in

series between t b thegpm EgRsTasiPR ARRATALTSIRFIRGRS B POWaR SUpPISERIGHE pRRYying

currents (ACh pe@liverifsed0MRRIeab kiR/Tir&ine6dld bleSlFddé@nsubYtatiMl r&tar GH 1R als
(DC) power supply voltage for generating an AC vol tagée having a

frequency hpeh&pingANegpie pylse Aolagmie thei satond@esdls elegyepde ahanbstantiaily d

di ode recti i nguk06:4%yvo!l tage for charging the capacitor.
Further, eledric equipnent in accordance with the present invention

i ncl udes the 20i Brefegshie tiatgoower syppr ciicuis indkides: & Hieg dilde Yigving# chtgtieal r
bl owi ng portion f I veri posi tive i 8%5 and negative ions

gener at ed af:oqnﬁgeé) ’Epntgg lgﬁép%@p{é%chHB%péﬁPg 1ode having an anode connected to the

10 second needle electrode; a boost transformer including a primary winding and a
secondary winding, one terminal of the secondary winding being connected to an anode
of the first diode and a cathode of the second diode, and the other terminal of the
secondary winding being connected to the first and second induction electrodes; a
capacitor and a diode thyristor connected in series between terminals of the primary

15 winding; an alternating current (AC) voltage generation circuit driven by a direct current
{(DC) power supply voltage for generating an AC voltage having a frequency higher than
that of a commercial AC voltage; and a third diode rectifying the AC voltage for
charging the capacitor,

Further, electric equipment in accordance with the present invention includes the

20 ion generation apparatus described above, and an air blowing portion for delivering
positive ions and negative ions generated at the ion generation apparatus.

EFFECTS OF THE INVENTION
In the ion generation apparatus in accordance with the present invention, since
the first induction electrode for generating positive ions and the second induction

25 electrode for generating negative ions are each formed as an independent part and
separately mounted on the substrate, the substrate is not warped with changes in
temperature. Therefore, even with changes in temperature, tip end portions of the

needle electrodes can be positioned at the centers of the holes in the induction electrodes,
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EFFECTS OF THE | NVENTION I.n the ion generation apparatus in
accordance with the present invention, since the first induction

el ectrode for generating positive ions and the second induction

25el ectrode for generating negative ions are each forned as an

i ndependent part and separately nounted on the substrate, the
substrate is not warped with changes in tenperature. Therefore, even
with changes in tenperature, tip end portions of the needle

el ectrodes can be positioned at the centers of the holes in the

i nduction el ectrodes, respectively, and positive ions and negative

I ons can be_st abl ener at ed. BRlLEF DESCRI PTI.ON THE DRAW NGS

Fo 1o1s arop iy dn S RO ons A B Gront Ao D EREF S on

appar at us | gragcpEseRTEreN OF QP PRAGANENt of the present invention.
SFig. 2 is a perspective view showi ng a configuration of an induction

el ectrode shown Fig Hs@g.view showing gapgjn pgrtiog of ariop ggheratifinagparaiis owi ng
an overall | QUK ati | L.on. appar atus i ncl udi ng
LAl SR SlbobfiRyl AIISRELELL SR

the main por ig. 4is a view
showi ng t he r el aFigonishipershedtine elwtshewing alzesnt giatibn € BRingedion RitciOdN
I on concentratiqQn_ratio in Concrete Exanple 1 of the enbodi nent.
Fig. 5is aim@PEoli ng the rel ationship between the number of

di scharges and afoiNRUtciEMf fi8thmisRowiRg ok 8t &alFARBL GG Hfthd P3G generation

enbodi nent .
apparatus including the main portion shown in Fig. 1.

Fig. 4 1s a view sﬁowing the relationship between the number of discharges and
10 an ion concentration ratio in Concrete Example 1 of the embodiment.
Fig. 5 is a view showing the relationship between the number of discharges and
an input current in Concrete Example 2 of the embodiment.
Fig. 6 is a view comparing ion concentrations in Concrete Examples 1 and 2.
Fig. 7 is a circuit diagram showing a comparative example of the embodiment.
15 Fig. 8 is a time chart showing a voltage of a needle electrode in the comparative
example shown in Fig. 7.
Fig. 9 is a time chart showing a voltage of a needle electrods in Concrete
Example I,
Fig. 10 is a time chart showing a voltage of a needle electrode in Concrete
20 Example 2,
Fig. 11 is a view showing an applied example of the embodiment.
Fig. 12 is a view showing an inside of a main body shown in Fig. 11.
Fig. 13 is a view showing a main portion of a conventional ion generation
apparatus,
25 MODES FOR CARRYING OUT THE INVENTION
Fig. 1(a) is a plan view showing a main portion of an ion generation apparatus in
accordance with one embodiment of the present invention, and Fig. 1(b) is a front view

thereof. In Figs. 1(a) and 1(b), the ion generation apparatus includes a substrate 1,
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Fig. 6 is a view conparing ion concentrations in Concrete Exanples 1
and 2. Fig.. 7 is a circuit diagramshow ng a conparative exanple of
the enbodinent. 15Fig. 8 is a tine chart showing a voltage of a
needl e el ectrode in the conparative exanple shown in Fig. 7.

Fig. 9is atinm chart showing a voltage of a needle electrode in
Concrete Exanple 1. Fig. 10 is a time chart showing a
vol tage of a needle electrode in Concrete 20Exanple 2. Fig. 11 is a
vi ew showi ng an applied exanple of the enbodinment. Fig. 12 is a view
showi ng an inside of a main body shown in Fig. 11. Fig. 13 is a
vi ew show ng a i ortion of a fo ventional _ion generation

~appar at us. ?é“‘N}BEE C Sm‘?ﬂ@@ otreqies faptRmandifiodes 6 apd g 1(a) s
a plan view showt gt ite T8 Qr&%@lﬂrﬁkd‘%ﬂb#ﬁ{h 9l Ad Q&tl%@ﬁ%i %}c%@aﬂen

accordance wi th one enbodi ment~ o e present invention, a

1(b) is a feashforwiedwns trhimdepshdent parEiagsindiétan edanttodd js, mdvntediabone end
generation apparatus, ingludes a substrate, 1, .induction,e]ectrodes 2
and 3. necdriigh e reefl b Ss AR iaman a golpree b sSbstetg, DR af o
1 is aprect angstloalelelfrbdd £ nfubeH hathe otHad et d;bd?ﬂpr?(i.%gftﬂeq{k%ﬁ erdl ffordinar €
each fornmed as an |nde8endent part, and induction electrode 2 is
nmount ed at Gadrasvieglpwrtne Gentsprface of sibstrpteflt end portion in the

R T e ) Lt f
induction electrode 2 is formed of one metal plate. A circular through hole 11 is
formed at the center of a flat plate portion 10 of induction electrode 2. Through hole

10 11 has a diameter of, for example, 9 mm. Through hole 11 serves as an opening for
emitting jons generated by corona discharge to the outside. A circumferential portion
of through hole 11 is formed as a bent portion 12 that is formed by bending the metal
plate from flat plate portion 10 using a method such as drawing. By the presence of
bent portion 12, the circumferential portion of through hole 11 has a thickness (for

15. example, 1.6 mm) greater than a thickness of flat plate portion 10 (for example, 0.6 mm).

In addition, a leg portion 13 formed by bending a portion of the metal plate from
flat plate portion 10 is provided at each of both end portions of flat plate portion 10.
Leg portion 13 includes a support portion 14 on a base end side and a substrate insertion
portion 15 on a tip end side. When seen from a front surface of flat plate portion 10,

20 support portion 14 has a height (for example, 2.6 mm) greater than the thickness of the
circumferential portion of through hole 11 (for example, 1.6 mm). Substrate insertion
portion 15 has a width (for example, 1.2 mm) smaller than a width of support portion 14
(for example, 4.5 mm).

Turning back to Figs. 1(a) and 1(b), two substrate insertion portions 15 of

25 induction electrode 2 are inserted into two through holes (riot shown) formed in one end

portion of substrate 1. The two through holes are arranged in a length direction of

substrate 1. A tip end portion of each substrate insertion portion 15 is soldered to an

electrode on a back surface of substrate 1. A lower end surface of support portion 14
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the drawi ng) on the front surface of .substrate 1. . Fig. 2is a
perspective view of induction electrode 2 seen frombelow. In Fig. 2,
i nduction electrode 2 is forned of one netal plate. A circular

t hrough hole 11 is fornmed at the center of a flat plate portion 10 of
i nduction electrode 2. Through hole 10 11 has a dianmeter of, for
exanple, 9 mm Through hole 11 serves as an opening for emtting ions
generated by corona discharge to the outside. A circunferenti al
portion of through hole 11 is fornmed as a bent portion 12 that is
formed by bending the netal plate fromflat plate portion 10 using a

met hod such €s drgvrén'tng. ug% t he Bresence of bent portion 12, the

ci r cunf er enfPUP OB HierTBhswtace el yhyFinbl eTherefprsstla Plate packes 40 fsmbced
15exanpl e, I | cky : ion 10
(for oxampl EXHTED Rl Rt B FRRRS brRibeddop RARGLBIAELE S 1)
bendi ng a porti olndoftiantedectred@3 hyl tht eria anfifitraionpdsatduciiar dleamodd 0, | Two

provi ded at each of both end rtions of flat plate portion 10. Leg
Dort1on 13 PHGFAGSEoLdRRGR: PhBr pRgHo secits Aol iiogwo dHaueh
substr & e i Bele§ %do@ﬂwl@«@xb EdrBd hxh&Bther dddboptih FsBifraldNen $3ReR. tirenA
front surface of flat plate portion 10, 20 support portion 14 has a

hei ght (f or helgseRslagranged én thajengthedineation efsnbstiate k. hildietwend portionof each

ci rcunf er ent,l i . I ,

Substrate | SBtpRHh pBiuch 154 el 5 ghbebyBle GiFRIE svied fostrate
smal | er thad. aThé diver efd ssrfpeeofisupatt poetiorl 4 {Huey orethe fphesurfcdo M istrate
Tur ni ng bacE tlflz Fi@s. 1(F§%} and, 1&8), twQ substrate insertion portions
15 of 25i nddct it BieRRfe dpirritie Portign & 0 pyilased earaflel e theviont Ririag AT wbrteate 1
(not  siyown) whRramRekchikkd Fl&ﬂ"’tﬂex@@ét%la&ﬂ of substrate 1. The two through
hol es are arranged in a length direction of substrate 1. Atip end

portion of each é&ubwteffow subsimtd ingmtigopdriions B fislustidrodeceddes? amd 3 are

el ectrode o k rfac f suybstra 1. A1 r end.surface Qqf
suppor ¢ por Crae el i g Ko cBand  ARisliRled Bt S horoms 3
Therefore, biratgepbed eenpraljorion dQubstrapt) Poediep@icaly @hndcedivigh §abR Blher by
surface of substrate 1 with a prescribed gap |left therebetween.

I nduct i on ePReleFtERss B3-1padhe back surtace of pibisatedt i on as i nducti on
| ectrygde 2. T : i i i fr d LOn:
kP IR AT ol —

electrode 3 are inserted Into two t
i n the ot heextembbgyond fthe mombursafisshstratec] dfter Beiag monntefirand ghndnsibasofar e

arranged in. the.le h.di.regtion.of suhstrate 1. The tip end portion
of each subg'td}"éloél elrl]%g@?eisizoar’i‘ﬁéé‘rr? P‘Bﬁedi@%eéeséglaaﬁ &gp F?@Fn%‘ﬁ%@?ﬂ@éféat@)n
the back SUﬂfaﬂdlfés@ﬂ'haﬁﬁxb&#xEﬁb%aﬂlthJé}%tﬂ OMBbstRd) SuhRaggoR o %H:HB%E% .

e a

portion 14 abuts on t ront surface of substrate 1. Therefore, T1
pl ate porti §Hpees ¢ parppngashicpmiowier edst sl inipeovied pradusiivifyavesticsf aslibst r at e

1 20 horizontal dimensions of induction electrodes 2 and 3 are set to be substantially identical,
Further, a through hole (not shown) through which the center line of through
hole 11 in induction electrode 2 passes is formed in substrate 1, and needie electrode 4 is
inserted into the through hole. Needle electrode 4 is provided to generate positive ions,
A tip end of needle electrode 4 protrudes from the front surface of substrate 1, a base
25 end thereof protrudes from the back surface of substrate 1, and a central portion thereof
is soldered to an electrode EL2 formed on the back surface of substrate 1. When seen
from the front surface of substrate 1, the tip end of needle electrode 4 has a height that

is set within a range between the height of a Jower end and the height of an upper end of
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10wi th a prescribed gap left therebetween. A total of four
substrate insertion portions 15 of induction electrodes 2 and 3 are
arranged in the length direction of substrate 1. Two substrate
insertion portions 15 arranged at a central portion of substrate 1
are electrically connected with each other by an electrode EL1 on the
back surface of substrate 1. 15As shown in Figs. 1(a) and 1(b),

i nduction electrodes 2 and 3 are required not to extend beyond the
contour of substrate 1 after being nounted, and di mensi ons of

i nduction electrodes 2 and 3 are limted to be |l ess than or equal to

the width o{) substrate 1 and | ess than or equal to half the |l ength of
substrat e 1Penf Rorignile PBWd“‘ft@nrﬁeﬁTrﬁiiez%(f?h@‘% lep@n igtergedigie heighibetiwasneve

| ower cost i cal and 20hori zont al
di mensi ons of %iﬁgﬁg?lﬁgcgo efflgg?%{é%gigq% anegais are set to be

subst anti al | y i déurthievadre, athroughlﬁu}et(h@rshom)tthrwgmWhichItke dentet lighefinn)

t hrough whigh t t.er Jine of through i n i,ndugcti

el ect Pode 2aisdele 1 if Geheth Sreshit f Paver S TormRdin MR LBt recite 4
i s insert edelestfdletsheinkdeawah thomhfrughBeE! eNeddResIERdee 4 id ;&oﬂaw/ﬂoded to
generate positive ions. Atip end of needl e el ectrode 4 protrudes
from t he fraenerasgnazaidee ipns. s fbtip enk of needlgelprisnde 5 prefrufles fomdbs front

protrudes f r rtion
Phercof s SogeEyBR5t B GaC hdthe SiBbIRIAS shm B0PocR SRR BnPREE o1
substrat e landdhentrslgeniduthencdiie sdldaad tosan daaedOEL B fthmbd af theback ﬁ@fa&d p
end of needlﬁ%‘gl ectro 4 has .a hﬁ ht that is set within a _rang

bet ween t heOhEPERe b Whentter froprthe Hank wefageat gusirale lathepsad oRAeedlst
bent perti ogedkadels HaE‘QH&élﬁtQHatqgjs %?Mtﬁﬂ% r%ncfeflﬁfwé%ﬁmrsﬁmht 8f lower nd and

i nternedi ate height between the heights of the | ower end and ?1

upper end) . the helghmflﬁmulepmné of hentt na@ogﬂzméindut(tmtelesﬂum (foﬂmcamgh an

whi ch the cen ter hr o n i nduct,ion el ectrode 3
passes is for ate b[e%%?egl{% heéﬁ’a ?ﬁé%l‘c’@'e%gf daofl P T’"éis rted
into the thi‘zﬁlﬂv@iﬂb&ﬁie&l thble@@h@s & iRedlE Bldeirdiet 5 aft! P¥isHEQ al RePERRI-ANR,
negative ions. Atip end of needle electrode 5 protrudes fromthe

front surface ofABapngetenal wirg 6p g€ diode @ iysalieredtto plegfradedEs, prdom t he

back surfacg.qfi.syh ra

soldered to gn Ké c%g&&ggee? Ic%%rlf%t 8§é‘nﬁt h% %g{s:cff tgltq}g#l%g@%ﬁ) olfalg’df: rate

1. \When seespldarghiotaheletirodd Eb4inh tedadf sisfabssisabstrale 1.t hen sriode esnclinaf

needl e 10el ectro has hel ht t ha within a ran e bet ween

e hei ght BI 48 PEAIBIS ERdOA TN BeHEts i P insL cmectol oo

portion 12 efminfiduied 106 R, I dBatiodelteimimX 3478 b@ of &Bdd ms%m%d% e

hei ght between the heights of the |ower end and the upper end An

i nterval betlggedeEha, andelastripgllp conneeted o weedle elevitls 54 and 5 |s set to

8 Pre96r i bed val Mey ol 96eatiBhdTh Wilsle1® ciBuFortrd 92 ofd fbncttbrer o
reccmng main body portions of diodes 6 and 7 or separating electrodes EL2 to EL4

applied with a high voltage from electrode EL1 applied with a reference voltage.
Cutout portion 1a is filled with mold resin.
Fig. 3 is a circuit diagram showing a configuration of a power supply circuit
25 supplying a drive voltage to substrate 1 shown in Figs. 1(a) and 1(b). InFig. 3, the
power supply circuit includes a power supply terminal T1, a ground terminal T2, diodes
20, 24, and 28, resistance elements 21 to 23 and 25, an NPN bipolar transistor 26, boost

transformers 27 and 31, a capacitor 29, and a diode thyristor 30.
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15el ectrically connected to needle electrode 4. A cathode term nal
wire 6b of diode 6 is soldered to an el ectrode EL4 on the back
surface of substrate 1. An anode termnal wre 7a of diode 7 i's -

sol dered to el ectrode EL4, and electrically connected to cathode
termnal wire 6b of diode 6. A cathode terminal wire 7b of diode 7 is
sol dered to el ectrode EL3, and electrically connected to needle

el ectrode 5. 20At a plurality of locations in substrate 1, cutout
portions |la are formed for receiving main body portions of diodes 6
and 7 or separating electrodes EL2 to EL4 applied with a high voltage

fromelectrode EL1 applied with a reference voltage. Cutoqut portion
lais filled witfBosite ?@?P#aﬂiﬁg‘?ga@"‘? tergingl of 2 PG PRVEGHBRNY SRRy IeS
confi gur ati enp@ferduppByRFmidsiPpl ' tdrmda® ' dni age
to substrate li seﬁo]\ivn In Fi ggﬂ a)f?%&g“gﬁé 1(b) ?@’Pﬁéﬂﬁﬁg’é@& At%g pég’lev\;er
suppl y ci r csapplyi vodthgeddsr exapphaer1 23Upptl§ Vi) erapplic to Phweasugply terchinabTihi nal

T2, diodes 20, 24,. and .resi stance. e nts 21 to .23 and 25, an

NPN bi pol ar _mf‘q%fﬂg’il‘dstfg?még? lﬁgli%‘f‘éegr aﬁé‘?‘%&ﬁg’f‘é r%‘?ta&ﬁ?_jd@&e,ntsaz}c@r;écﬁr? or
29, ang a diogRctbd sefdsHetvd@n power supfly BQfidal Y€ ah e DAsBaF 1Rt 26, A]n
negative term nal of a DC power supply are connected to power supply

term nal T1emitir gf toansigtor 86 ff aeanected to geypd tarinine] §2. ADibd: Phissonmsaisgl y

voltage (fo [§)é%[%| +12. + i | i.e power supply
t erm nal Tl,[)e an P g‘ﬂdntgllr@e(?lﬁznaélﬂlwa?%gﬁ?%ﬁﬁ%@%& D ode 20 and

resi stance el eneDicile 20 séroesk3 a8 kRmbIBNEOte@tng the $BT p@Ser BEAPMEIRY b1 PRIV a
supply term nal L%‘ and a hase qof transistor 26.,An emtter of

transistor 987 VEBHELPELYS ERjRab amitithe SpgAtiva ferminal fithrjaCpgwessupply are
conneqioed DebuREp oGiLRd id RiHhAAT kd #00 f{&%&%éa%gémuzﬁmﬁs%ﬁye%gy

D ode 20 serves as an elenent for protecting the power supp
bl ocki ng a elemewnforlimimgtatwopiopictatioe tResivianad element 2B és mstaréing wsistance

terminal of th | 10 | d t
tor m nal s THEHRH TDICRgt ol e &leamshtalat Pinicbs SRRRTIOL asRion2f s
for limting a bBess treRgsradel 9NinclRB& airaNe e wil BIEEITh, 28hsé SirlinglAb! 4AG

resi stance el ement. Diode 24 operates as a reverse voltage protection
el ement f or SYPRFREY Winging2gc. Primarpganding 37akhes enenerminat cpmnebigdénsa pode

2 o e S AR A8 510, A0S ARER A 1827
- collector of transistor 26. Base winding 27b has one terminal connected to the base of
transistor 26 via resistance element 25, Secondary winding 27¢ has one terminal
connected to the base of transistor 26, and the other terminal connected to ground
terminal T2 via diode 28 and capacitor 29,

20 Boost transformer 31 includes a primary winding 3 1a and a secondary winding
31b. Diode thyristor 30 is connected between a cathode of diode 28 and one terminal
of primary winding 31a. The other terminal of primary winding 31a is connected to
ground terminal T2, Secondary winding 31b has one terminal connected to induction
electrodes 2 and 3, and the other terminal connected to an anode of dicde 6 and a

25 cathode of diode 7. A cathode of diode 6 is connected to needle electrode 4, and an
anode of diode 7 is connected to needle electrode 5.

Resistance element 25 serves as an element for limiting a base current. Diode

thyristor 30 is an element that becomes conductive when a voltage across terminals
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15N22 between resistance elenments 22 and 23, and the other term nal
connected to a collector of transistor 26. Base wi nding 27b has one
term nal connected to the base of transistor 26 via resistance

el enent 25. Secondary w nding 27c has one term nal connected to the
base of transistor 26, and the other term nal connected to ground
termnal T2 via diode 28 and capacitor 29. 20Boost transfornmer 31
includes a primary winding 3la and a secondary winding 3 I b. D ode
thyristor 30 is connected between a cathode of di ode 28 and one
term nal of primry w nding 31a. The other term nal of primary

wi nding 3la is connected to d termnal T2, Secondary w nding 3
b has one FBRIFS AFCKOYARAEHAEE 478 DFIURSE FOBFPREREE POIRS SToRh rsfu B 2
t he ot her tgﬁﬂ%{;ﬁlhomr&%ﬁq)rqégs_an anode of diode 6 and a 25cat hode
of diode 7. A cathode of diode 6 is connected to needl e el ectrode 4,
and an anode of Wexidan qperasios ofithe ianegeneratioreanteatusi will be deberied. Capacitor

Resi st ance serve mitin a PRas
curront b 348 Rped B BFossetiol S ATRELTTR! Sl Bire sl iy 0 e Eealy
when a 5v0| t dgen fe DT pot@Tsipphalltags BAGPIRE rdRE & \apply Rithigler 1 aad
becones nonconductive when a current 1s reduced to a_m ni mrum hol di ng
current or Bwysd terminal Th@eurrent flowp Som payyer sepainiermisy Tddadrehasopt
appar at us i.on
o koo 1 i BREALRER anl BRI Ebioaiut 31 EOM A6 BRELRhes
power su ppI yondubﬁ\&geTh&'e@pp lcueeht ﬂowmmpmﬂm rwisdiglFa of eoost rahsfarinea AT

ground ter acurret fl ows 0 ower .supply termnal T1 to
the base of a‘fcf%ﬁ‘é? &t BBty acfa%%%m“*?ﬁf %]r{’gser‘é‘?p@ggﬁbze el ements 21 to
23, ang transistoge @@aﬁg%&r&fmwaﬁeaﬁﬁd{ﬁg ziﬂl@&&l@ymrmeﬁu&egeta bhéows to
primary w ndi ng 27a of boost transforner 27, and a voltage is

gener at ed aveltags of Gensistea|28 veken bansistasi26dienomemiondudtivhe T/hemﬁlvfngfhe
direction of urt o se a

vol tage of (PaREEaliel Beg O e uRdl o Bl YibEarh ML EB TR RARE

Therefore, tdigtavel tahgefyaREREtFn agositise febdbatle statenaiThe windig aresonditng
27b reduces a conduct]ve resistance value of transistor 26, in a,

posi tive fesBaERY ¥1dng 27y Rechivr it dians &2 Plogks oFregaiarinis offasiAnng
27c¢ isset guch, &H?eht Aopa8 €& nbr9 Ghsuifef Qi zation on this occasion,

15and no current flows to secondary w nding 27c.
As the current flowing to primary winding 27a and transistor 26 continues to

increase in this manner, a collector voltage of transistor 26 is increased beyond a
saturation region. Thereby, a voltage across the terminals of primary winding 27a is
reduced, the voltage across the terminals of base winding 27b is also reduced, and thus
20 the collector voltage of transistor 26 is further increased. Accordingly, transistor 26
operates in the positive feedback state, and transistor 26 immediately becomes
nonconductive. On this occasion, secondary winding 27¢ generates a voltage in a
conducting direction of diode 28. Thereby, capacitor 29 is charged.
When a voltage across terminals of capacitor 29 is increased to reach the
25 breakover voltage of diode thyristor 30, diode thyristor 30 operates like a Zener diode
and further passes a current. When the current flowing to diode thyristor 30 reaches a
breakover current, diode thyristor 30 is substantially short-circuited, and an electric

charge charged in capacitor 29 is discharged via diode thyristor 30 and primary winding

_0.



As the current flowing to primary wi nding 27a and transistor 26
continues to increase in this manner, a collector voltage of
transistor 26 is increased beyond a saturation region. Thereby, a
voltage across the terminals of primary winding 27a is reduced, the
vol tage across the term nals of base winding 27b is al so reduced, and
t hus 20the coll ector voltage of transistor 26 is further increased.
Accordingly, transistor 26 operates in the positive feedback state,
and transistor 26 i mredi ately becones nonconductive. On this

occasi on, secondary w nding 27c generates a voltage in a conducting

direction of dl{,)de 28. Thereby, capacitor 29 is charged. Wen a
vol t age acr od&°t RRafh frepstorger %aﬁ%ﬁ“&g ap gnpulse; Valisge4s pmery wiading 3 1he

25br eakover vol t 0@nhe idipAEevEIR%E iss%eﬁérat% in @'ﬁergﬂgn;é@rl{geﬁta%ﬁﬁ capd

operates |like a Zener diode and fu pas
current fl owegriive bighivotiegetrulses ot olter8fely gandraisd i dpraetakiavies maniver &Nt |,

char ge. char SERTH40 SRR 1Y, °2bt PerdheBtaralier Gt Gemeblprealicr a0
and prigmary ewtmumvxa dibde GfanEQﬁkﬁﬁeghlﬁ@rlﬁé}Qi}dTﬁQe B’w\%sesg?é '@ﬁnﬁéd 3heBdle
i mpul se voltage in prlmar?;vmndln 31la. I mpul se

i

vol tage is GERES e dRdpri nbhsyeb ﬁmprmfgdlg«iaafgepg@qrs dtvtbe tipendsefatddiee

hi gh-vol t agg; e i_n an attenuat
manner in sg&%é ?3 a?mﬁ ﬁd&' dgb%élﬂ?%%héll'ﬁ% &gétlﬁ%eﬁgné a5 SRR §§%e°b

are applied to néadheothel lmod, vdte aduptbet frdm@d@s&on gydwlﬂaﬁlgrmg%}‘bé&t
hi gh-vol t ag ied to, need| e electro e 5 via diode 7.

Ther eby, ?%'ﬁ%"%}%i 8ﬂe¥§% 8@5% gressdhe erangls gt RHERTY Sfindingstlieds isrsased eukds

4 and 1B, andr Regbtion bzﬁé‘s&oﬁﬂlﬁ:ﬁ@@ 1, ¥8d
respect i vel a R herg%ﬁ {h%% el‘gflglu%r%gﬁc{ea%ﬁgvve\gs epeated.

secondary w \*fh@ piegd ofreperting sesaperatign z;?flmrmpd #ith 2t ereasd ih algecuaeniaisvitdie
Al oofo AEbHRIt bR 2 Meld NS GRRGE A A R e

becones conductive again, and th

repeat ed. Thiemseddthafcurrepdadtinggottheba@p 6f @ddsidr 26 chrl 6 é‘éﬁ\fsﬁ‘é& Mdthuthe
increase in the cyrrent rovm ng to the base of transistor )

Theref ore, BYMR[Ofhdisehagees by aes %‘W&fé’d‘?ﬁeﬂﬂéiiﬁanlbégﬁlﬁsta@ce eI errent 21,
the cumrent flowspg § &1t¥v@%rﬁ%§%cl§sftert15 ga%?an Ql’etaaﬁéplgﬁ gand

t hus the nunber of discharges nee
adj ust ed.  water molecules surround a hydrogen ion (I-I+ ) and expressed as H'(H,0), (m is any
natura]_number). In addition, negative ions are cluster ions formed in such a manner
that a phirality of water molecnles surround an oxygen ion (05’), and expressed as Oy
(Hz0), (n is any natural number).  When positive ions and negative ions are emitted
20 into a room, both ions surround molds or viruses floating in the air, and cause a
chemical reaction with each other on the surfaces thereof.  As a result of action of
hydroxy! radicals (¢OH) representing active species produced at that time, floating
molds or the like are eliminated.
In the present embodiment, since induction electrode 2 for generating positive
25 ions and induction electrode 3 for generating negative ions are each formed as an
independent part and separately mounted on substrate 1, substrate 1 is not warped with

changes in temperature. Therefore, even with changes in temperature, the tip end

portions of needle electrodes 4 and 5 can be positioned at the centers of through holes
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15Here, positive ions are cluster ions forned inh such a'manner that a
plurality of water nolecules surround a hydrogen ion (Ht), and
expressed as HH(H20)m (mis any natural nunber). In addition,
negative ions are cluster ions formed in such a manner that a
plurality of water nolecules surround an oxygen ion (02), and
expressed as Q2 (H20n (n is any natural nunber). Wen positive ions
and negative ions are emtted 20into a room both ions surround nol ds
or viruses floating in the air, and cause a chem cal reaction with
each other on the surfaces thereof. As a result of action of hydroxyl

radicals (* repr.esentin ctiye species oduced at that .tinme,
f1 oating nol 18&&“383#?@%5?@“%% TRYRRE 33$4PQSH@6&%§@$1§GEQHWBF§@ﬁt,
si nce i nductkt emblgkeskdierle 2 for generating positive 25ions and

i nduction electrode 3 for generating negative ions are each forned as
an i ndependent pEranceteExepigHt el y nounted on substrate 1, substrate

1 is not warped w i e rature. Therefore, .eve ith
changes in teme%?@?@%ﬁ%@ﬁj ng : %“nﬁg%8??#8’Rsap8?ra‘ﬁéé‘afﬁ’é‘héﬁ%%]rb\§%€§“4
and 5 ¢an behenipsints ofreddiatlettinics @ahes Setab 10 Mievabpirahes. Bk kR aview
i nduction el ectrodes 2 and 3, respectively, and positive ions and

negative i oROWiBkhtheZelatforsiy bejwisen the aumberof diseherses Eiimpsiieeond) apdsan ion
Concrete EXagmkfirak i : ' : | i .
et weon 5t he Ry aon Mg O 18RI AelRbhBTAiS Hohd o T bl
produced. Fibaingd whemthe nembsivdviscigrges avas d8Gi(tinmmsbiopd pehsvepresdnbe as

(% in the NOREGo i s BE e e TP iR R oF GhiscCr AP EAscore)

obt ai n@d whenclianging umhedistaice 9h166 begQancsakntd02( ém%.SiS%@Mge\ﬁ@%ﬁon
represented as 100% The nunber of di scharges was changed in a range

of 60 to 668PREfatyEETsRiRcsH i) the air pith apsesgiibeg Wwind spesd, and Alecion vericarsragipn

resi stance b Q. i 5 i on..appar at us._was

Pl aced 1t et Bebrcdeft of e cotmer HEtaae BEREGTSS o BRAR Qi Surslivor

concentr at i the ivvegenemtsnapdrainss ng an i on counter placed at a position

25 centineters d strea f t i,on generation apparatus. In the
range of 60 to 4@‘\(%? fai“ﬁ%é% @e@(ﬁg)@m‘? CQT{S{EI the R SRRGeRtAtm Wasdncreased
increaged with an increase in the number of discharges. In the range of equal to or greater than

480 (times/second), however, there was only a slight change in the ion concentration
even though the number of discharges was increased.  This is thought to be because,
with an increase in the number of discharges, the amount of generated ions is increased,
and the amount of ions eliminated by bonding between positive ions and negative ions is
20 also increased.  Since the increase in the number of discharges causes an increase in
power consumption, it is preferable to set the number of discharges to around 480
(times/second) in the jon generation apparatus of Concrete Example 1,
[Concrete Example 2]
As Concrete Example 2, an ion generation apparatus with an interval between
25 the tip ends of needle electrodes 4 and 5 set to 38 mm was produced. Fig. 5 is a view
showing the relationship between the number of discharges (timesfsecond) and an input
current (mA) in the ion generation apparatus. The number of discharges was changed

in a range of 60 to 600 (times/second) by changing the resistance value of resistance
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15 with an increase in the nunber of discharges. In the range of

equal to or greater than 480 (tines/second), however, there was only
a slight change in the ion concentration even though the nunber of

di scharges was increased. This is thought to be because, with an
increase in the nunber of discharges, the anmpbunt of generated ions is
i ncreased, and the anopunt of ions elimnated by bondi ng between
positive ions and negative ions is 20also increased. Since the

i ncrease in the nunber of discharges causes an increase in power
consunption, it is preferable to set the nunber of discharges to
around 480 %tines/ig%ond) 'gexhe i on gener.ation apparatus_of Concrete

Exanpl e 1. PEBR¥1% Fisdnplfae pputares{Erdise Blppiert towingfrom the DC
generat i on ?&Qerrsaw ta\ﬁavber%ﬂ%glfﬁe%mﬁﬁlfrxb@ﬁmg@? gaﬁgccfea Be Eéeﬂﬁ%glcgﬁ%%f the

needl e el ectrodes 4 and 5 set’ 1o 38 mm was™ pro Fig. a view
showi ng t heinpat eurieoteis ipcrbesetedstantidly mupdoportioh talihechmberesf discharges.

(times/second) apd an input, current .(MA)..in the jon ner.at i.on

apparatus. The nﬁ’ﬁb@fs aoevg phodying 8§elé969§‘l1'5?|§ﬁ§'3ﬁ1 %hﬁn 85%&?53”84”%% to

600 (tismes/ gee@nedondyainangh dhcbititibs Sitivl(20) e eatBlob the@bn gsiafibmnce

el ement 21 of Fig. 3. The input current (HrrA) is a DC current floQw ng
&P,

from the DCepR3swses pbpParretoExunees ety [F AT COTgenbRLie Gonsm s

can be seen ' i d - j

ubst ant 1 al Poried Sheh g b, o BRLher i BRonl el IGd R34 of Gongrete,
vi ew show ngxirusle 2 staatBO (tohdssedpativwesnreplegenteddsci00® dissamhbe ges from Fig,
S(tinmes/secagnd) "and an ion caoncentration ratio (% in each of the ion
generati on aﬁg%\_}"&tcﬁg%e\@tr ?OUCB?%P%?E@ 28 29%prgnoye R\a.g?fépanélie 1%n
concenfyr at i @éhckhtfivh s8dndedtt &kitasle WhePhik ﬁefh&r%gﬁFgf l)zeqvflg%sig.gﬁﬁ'&ﬁﬁ of N

the ion generation apparatus of Concrete Exa
(ti mes/ secopingihe disepeackasieaachesdie glogadend and f obGonneesn Ekarople Eitgbe 6,

he i i i J % hi gh
than the. | oo Bhe @bt SRR molR S bribls s R e HOSomn

to be becaugssiti@dom ané aeddtivefons et tevgeasdte di st ance bet ween needl e
el ectrodes 4 and 5 of  Concrete Exanple 2 to be double that of

Concr et e Exanpl eACordingly.aesmromprred gib the iopisararaivnsprasae phgonsetheen
posi tipge i 0RS,ANE 1 NGYR géﬁerw&ﬁa}gﬁ@étﬂ%@t%aa Ecxgﬁg@rzdaaﬂglﬁméxw@% igns,

conpared with the 1on generation apparatus o ncrete
t he i on genwetthidsonuraipp af disciergss (I(Copomet eorEnaptdng.  2Tleacforein érmtferabiere

Ther ef or o, - 1 CRUHEE RPHBTDE B Sl o hisd HaPpar 4 SR Yohe Hipe-divs
of needl e elegitodes 4 and 5 to a value greater than 19 nm
[Comparative Example]
20 Fig. 7 is a circuit diagram showing a configuration of an ion generation
apparatus serving as a comparative example, which is contrasted with Fig. 3. InFig. 7,
the comparative example is different from the embodiment in that resistance elements 22,
23, and 25, diodes 24 and 28, transistor 26, and boost transformer 27 are removed.
Diode 20, resistance element 21, and capacitor 29 are connected in series between
25 terminals T1 and T2, and a commercial AC voltage (100 V, 60 Hz) is applied across
terminals T1 and T2. The interval between the tip ends of needje electrodes 4 and 5

was set to 19 min as in Concrete Example 1.

The commercial AC voltage is half-wave rectified by diode 20. Capacitor 29 is
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[ Conparati ve Exanple] 20Fig. 7 is a circuit diagram show ng a
configuration of an ion generation apparatus serving 'as a conparative
exanple, which is contrasted with Fig. 3. In Fig. 7, the conparative
exanple is different fromthe enbodinent in that resistance el ements
22, 23, and 25, diodes 24 and 28, transistor 26, and boost
transforner 27 are renoved. Di ode 20, resistance el enent 21, and
capacitor 29 are connected in series between 25 termnals Ti and T2,
and a comrercial AC voltage (100 V, 60 Hz) is applied across
termnals Ti and T2. The interval between the tip ends of needle

el ectrodes 4, and, 5 was set.t mm. as i ncrete Exanple 1.. The
comer oi o fesas) Pt ke Peratlc S BGERl pEIORRS o a IR R ¢ or
29 is char gadndhy VoG g@adpess Hietteiiigdls SRApSROTEY Biireaddd 16QkdchgiIR has a
positive polarity. When the voltage across the term nals of capacitor

29 is i ncr ehgekotes voliage RE dinde bydsriciPedioge fydger 3t baspBatcaryeive: 29l tap,
o phot _ ROVeT. ; _ .
Gener at oy | Eilise RIBRAC R LNl Sin B0 s 102, THIRM) SO LtiRehde
5hi gh- 5ol t agizhpuolisgepuisesaralattemataly @kyerged oy atattdniainamasariet ernsadridagy

manner in second wi ndi ng 31b, and positive ions and negative iQns
are gener at & gﬁ%&@#@%ﬁﬁ?“ﬁ)@%@%& IsE ggrated at gﬁc}mﬁnds of neede
respectivel Yectrodes 4 alill §; re$bebivey, t i M8 chart showi ng a vol tage of

needl e electrode 4. In Fig. 8, two positive high-voltage pul ses are

successi vel y appFigedishutimnehag shewingd vehege afmeedlelentnode 4i aln T & 6o age

has a positi -pal-arj i.gh-Vvel t age. pul se is Ligd during
2 beri ba- vh BRI Ekde Plres A Dol e itk Al BB AR, | he
nunberifof dismmarcidaCnatagdeds bipbsited mdaitndhd nd hghwelthegmilse mpdpplied t o

needl e el ectrode 4 during one cycle of the comercial AC voltage had
an ef f ect i vEURRE 2ReTigdhed thepgmnie(sial AG,weliest Resckncgahinginolasts | TS oRERer

concentr at i gfqiofhaAROWLs ?zdgﬁkﬂeis@&?ﬁ@gg gv@}agg?g%gm@ﬁ&eQ- let?bags 9 1S

a tinme chart showng a voltage o e 4d41n ncrete
Exanpl e 1. Whengentlogele of thdicownarcipd 4 Onedtagehadtan effbaive valRO Vrms of 481 (V).

bul ses ar o ey OGeEBMiGT 6 sRPuRISA oRpo PR3P (PR hra orasd.
Ig: fai 13 th hought Fg bes mﬁam%s]pbwi_ng Baoﬁﬁ%e?dfinéecﬂﬁ elédu@de 3 in @Bncee
ge having a frequency sufficiently higher than that of the
comerci al Eeawpletlagdhe sumber of discharges was set fo about 120 (times/second).  As can
be seen from Fig. 9, positive high-voltage pulses are applied to needle electrode 4 at
regular time intervals. This is thought to be because, in the circuit of Fig, 3, an AC
voltage having a frequency sufficiently higher than that of the commercial AC voltage is
20 generated in secondary winding 27¢ of boost transformer 27, and as a result, capacitor
29 is charged with a high frequency. Two high-voltage pulses had an effective value
Vrms of 571 (V). Under these conditions, an ion concentration of about 2.4 million
(ions/cm®) was obtained, which was 1.2 times that of the comparative example,
When two high-voltage pulses are successively applied at a short interval as
25 shown in Fig. 8, it is thought that bonding between positive ions and negative ions is
increased as in the case where the number of discharges is increased, and thus the ion

concentration is decreased. In contrast, when high-voltage pulses are applied at

regular time intervals as shown in Fig. 9, it is thought that bonding between positive ions
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20 generated in secondary w nding 27c of boost transformer 27, and as
a result, capacitor 29 is charged with a high frequency. Two

hi gh-vol t age pul ses had an effective value Vrms of 571 (V). Under

t hese conditions, an ion concentration of about 2.4 mllion
(ions/cnB) was obtained, which was 1.2 tinmes that of the conparative
exanpl e. Wien two hi gh-vol tage pul ses are successively applied at a
short interval as 25shown in Fig. 8, it is thought that bonding

bet ween positive ions and negative ions is increased as in the case
where the nunber of discharges is increased, and thus the ion
concentration is decreased. In contrast, when high-voltage pulses are
applied at m@nﬁgahvetmmes Hepressefedsdn the ceseowirere the pggbergf dispharsesuhought

it ho. case SHEPR-HL RE s s BT REERE. o RGeSl FRIES: P

i on concent ﬁ@rbﬁﬁb]e&oth&%ﬁx@&edveeﬁhﬁaplef ore Concr ete Exanple 1 is
preferable to the conparative exanpl e is a tinme chart

| e
showi ng a vol t agigof0 Hedmeshar é}@,qv’r‘lﬁ%lé"gﬁtf}gﬁ O&W&e@t@@(&lﬁﬁ:@cﬁe The
nunber rof ges an e
from Fiy, 16nReaeoTHERRE of fchiffel bl B8 b RENGIHy/sLEnG 0" AR PR
el ect rode 4fam Figgld, amsiﬁxdem:ghmuﬂtega/lajlses a.fEapphﬂdghmﬂlld dg:eropia |4$EEeghIad an

Concont  at | ORCOHSHMouc 5 TR IIGHS PYOH R ABSRGAE BBty TP” 98] £ was

doubl e t hat Iﬁﬁeﬂthé%e‘é@tﬁﬂi’@dn@tdn\{& E0tR B 2Bion %ﬁﬁlﬁﬂph hﬂﬂoﬁﬁ@m&n{éj was obtained,
Fig. 11 is a perspective view schematically showi ng a configuration

of an air cmechevasdoublﬁﬁnamﬁthgcqmi@ratwﬁ egEn@e.at i on apparatus shown in
Fi gs Uto 3. Fi Ir A nap% aq’?ngpl oded view of air cleaner 40 show ng
the ion generaUE) appar atus placed in air cleaner 40 shown in Fig.
11. 15In Figs. lFigabtlishderspictivevieanehentlicillyahodiag adohfigwpitionieh aift 1
and a main bod é i& outlet 43 is provi de§1|n .an. upper back ortion
of main bodyle ré ﬁwugws.ﬂpq ISR 2eFatR8 APEATHIR EovN Fies Kbl iFéd 2o
outlet 43 '@iﬂo&eﬁ%évpmr Anéi 40 hBiRk tﬂé‘]oh%eﬁéPJﬂﬁQpﬁ'atrathbﬁla&ﬁ% e of
mai n body 42.° Air taken in through arr inl &t 44 is purit

passi ng thr@l@gtﬁréoﬁhdwrelnFrmtllshom The purl f| ed air is supplied from

out | et1543 thr Ou‘an ﬁg!eﬁ' arzlé)fﬁ%ir% aner 45 éhp €S a n{ pane141 and a main body 42.

An outlet 43 is provided in an upper back portion of main body 42, and purified air

containing ions is supplied from outlet 43 into the room. An air inlet 44 is formed at

the center of main body 42.  Air taken in through air inlet 44 is purified by passing

through a filter not shown. The purified air is supplied from outlet 43 through a fan
20 casing 45 to the outside.

An ion generation apparatus 46 shown in Figs. 1 to 3 is attached to a portion of
fan casing 45 forming a passage for the purified air. Ion generation apparatus 46 is
placed to be capable of emitting ions generated at needle electrodes 4 and 5 into air flow
described above. For example, ion generation apparatus 46 may be placed at a position

25 in the passage for the air, such as a position P1 relatively close to outlet 43 or a position
P2 relatively far from the same. By allowing the air to pass-through ion generation
apparatus 46 as described above, air cleaner 40 can have an ion generation function to

supply ions together with the purified air from outlet 43 to the outside.
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An ion generation apparatus 46 shown in Figs.1 to 3 is attached to a
portion of- fan casing 45 form ng a passage for the purified air. lon
generation apparatus 46 is placed to be capable of emtting ions
generated at needle electrodes 4 and 5 into air flow described above.
For exanple, ion generation apparatus 46 may be placed at a position
25in the passage for the air, such as a position P1 relatively close
to outlet 43 or a position P2 relatively far fromthe sane. By
allowing the air to pass through ion generation apparatus 46 as
descri bed above, air cleaner 40 can have an ion generation function
to supply ions tﬁﬁ%f er wth the Bu ified air fromoutlet 43 to the
out si de. addHigrtP 81 cleanes P, the wneeperatipn apRaratus of themewseti on
appar at us ofmbbdimpiitas Bt mdued td B tbn %é}{érée_@r @aRyahad: SfuiHad W an jon
generator (a circulator equipped with an ion generat appar atus),
an ai r - condigeiesiop apparatas); ayair-gensitioner, e iefdgerator, & sweepetlj £ hemidifier, a

dehumi di fi , ' i hi | ectri heater
ond the | 1 kdeidBE SANEar RS ARG B peBe FioTetits, ra e 1REFR 6o
ai r bl @i ngbpewtitedid oy il agiphensha0Rgan ariblovih@Mrtion for seddingIHRUnd

be understood t Bat t he enbodi nent di sclosed herein is illustrative
and non-resfPFEPYe in every respect. The scope of the present

invention is defy A=Y t + han. the
descri ption abovet,rgﬁéahrll%)ﬁ? Eml%#tt‘g{r(li e%}qt%&?lﬁo%%{éggﬁlﬁge%&?}%éﬂ 1% iﬁ]@gtﬁ‘tgﬁ@d
Wi thin the sewmprstrigtice imeserymespediui Ved ®npe bixhe hresdne inventivh i¢ ffined By 6 .
DESCRI PTI O\ItG: TQIE Iﬁ%FEREtCEtSI C%IS . 1b 51: supstrate, |a: cutout
portion, 2, gnsghiicclatms, FAIGE thandus deseription abaye, ang is mégndesiqdingude any

el ect node, fodificat®Rs witin 1285coflk Stlem aﬁa,? fivalef 98 fhel tinl g, 6b,
7b: cathode_term nal w rne 1689 53. ?I a eaI gte porteitg{ln,mdﬁﬂe%ﬂi%&%'

t hr ough hol PESERIPHON OFSi3d REGERENSE $160WSorti on, 14, 56° support

portion, 15, 57: b i j tion, . FL:, el ectrode, Tl1:
power supply ter%ﬁ%éﬁ%bg%?’ g%gﬁtéhé)@fﬁﬁg%alz,’ g’zslzl'zfrguﬁt?,n %?m&%siélsasrﬁze
el enent, 2659:xeddlbeipatale, t 64M2NS24LS: Bdde, 3ka, RO terannl MBI b, 27,
3la:- pri marg l\l/mdgglrgg 27b: 5/)[?353 i n?i ng, .27c, .31b: secondaré wi ndi ng,
29: capaci t tr0odsdermigial ware 1 [Q,i53; #at plaggportion, iledhes; tuaughhelsnt 13aeat |
42: Mg bodiioR043: 16\ Yokidn, 44; seAkppbRBftion’ 515! 9 s fRGAHsedBh | O
gener ati on appar at us.

portion, EL: electrode, T1: power supply terminal, T2: ground terminal, 21 to 23,

25: resistance element, 26: NPN bipolar transistor, 27, 31: boost transformer, 27a,
31a: primary winding, 27b: base winding, 27c, 31b: secondary winding, 29
capacitor, 30: diode thyristor, 40: air cleaner, 41: front panel, 42: main body,

20 43: outlet, 44 air inlet, 45: fan casing, 46: ion generation apparatus.
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CLAIM5S 1. An ion generation apparatus, conprising: a fi+st induction
el ectrode having a first hole; a second induction el ectrode having a
second hol e; a first needle electrode having a tip end pl aced
at a central portion of said first hole for generating positive ions;
a second needle el ectrode having a tip end placed at a central
portion of said second hole for generating negative ions; and

an insulating substrate nounted with said first and second i nduction
el ectrodes and said first and secon@LA®4%ll e el ectr odes, sai d
first and second induction el ectrodes each being forned as an

i ndependent part using a netal plate, and nounted separately on said
i nsul ati ng substrate with a di stance therebetween. 2. The

ion generationapRRioabiSra thagmk%ﬁghgjn1l, wherein an interval
between the tip ends of said tirst and second needle el ectrodes is

greater than 19s0m 4 tion electrod havin€a f:hoQENer ati on apparatus according
to claim1 or cfalnff, conprising a powet supply circuit applying a

positive pul se volt to sajd tirst nee el ectrode at

Pobstanti o1y Peguraiei Rttt BRETATHry no o negative pul se
voltage to said _second needle electrode at substantjally regular tinme
i nterval s. a firsyneedip glegtigde ]&éﬁéﬁéﬁ’ F‘}Slri’laz&fij&éﬁ s5ngrel P&E’@E)P’Ccﬁﬁéir brlefoni m

3, wherein said power supply circuit includes: a first diode having a
cat hode censrteg editiygionni d first needl e el ectrode; a second di ode
havi ng an anode connected to said second needl e el ectrode; a
boost transf or aeondretdicklergode hpvingratipendiplackidngs @nakl por@cdinddsegond hole

wi ndi ng, one term nal of said secondary w nding being connected to an
anode of faaeibrating sdeattle@ale ;add a cat hode of said second di ode, and
anot her term nal of said secondary w nding being connected to said
first and secopginkyMde bib@fhichfaicl QHRSid first and second induction electrodes and said

first and second needle electrodes,

said first and second induction electrodes each being formed as an independent part using

a metal plate, and mounted separately on said insulating substrate with a distance therebetween.

2. Theion generation apparatus according to claim 1, wherein an interval between the tip

ends of said first and second needle electrodes is greater than 19 mm.

3. Theion generation apparatus according to claim 1 or claim 2, comprising a power
supply circuit applying a positive pulse voltage to said first needle electrode at substantially regular
time intervals and applying a negative pulse voltage to said second needle electrode at substantially

regular time intervals,
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a capacitor and a diode thyristor connected in series between
termnals of said primary w nding; an AC vol tage generation
circuit driven by a DC power supply voltage for generating an AC
vol tage having a frequency higher than that of a comercial AC
voltage; and a third diode rectifying said AC voltage for charging
said capacitor. 5. Electric equipnment, conprising: the ion
generation apparatus according to any of clains 1 to 4; and
an air bl owi ng4porheianegchaitiod @pgaxaers hergrdp@si dlaime, winian sfitbomeyapplyercuidons
generated at said ion generation apparatus.

includes:

a first diode having a cathode connected to said first needle electrode;

a second diode having an anode connected to said second needle electrode;

a boost transformer including a primary winding and a secondary winding, one terminal of
said secondary winding being connected to an anode of said first diode and a cathode of said second
diode, and another terminal of said secondary winding being connected to said first and second
induction electrodes;

a capacitor and a diode thyristor connected in series between terminals of said primary
winding;

an AC voltage generation ¢ircuit driven by a DC power supply voltage for generating an

AC voltage having a frequency higher than that of a commercial AC voltage; and

a third diode rectifying said AC voltage for charging said capacitor.

5. Electric equipment, comprising:
the ion generation apparatus according to any of claims 1 to 4; and
an air blowing portion for delivering positive ions and negative ions generated at said ion

generation apparatus.
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