_ 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 pnent using the same, and particularly to an ion generation
apparatus 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 PESCRIPTHIN 51, an induction
el ectrode 52 nounted on a surface of substrate 51, and two needl e
el ectrodes 58 and 59. 15l nduction electrode 52 is forned of one netal

pl at e. W[ﬁﬁ,ﬁ@ﬁﬂg 55 are forned in a flat plate portion
53 of |nduc§|on el ectrode and a plurality of support portions 56
are formed at ald GeierdiivnheWpatdiudotHiedrio] gﬁiﬁﬂ{enpUﬁhg tiRBdneon 53. A

substrate |nsert|on ortion 57 having a w smal | er than that of
suppo5t pofE med at a | ower end of each of support

portions 56 at f f I ortion 2053

substrate i nser?ﬁ%ﬁreg%lg rlwgﬁtl |a§£|t§§ er ne%er]ie}:?tnc?nﬁp?ﬂﬁtgﬁaﬂf%S&gcl n
substrat e Bduipfisht 6ing eicemeEatdp@ficllaty 13eRdbE sl LRINOPBH RS cedaD 1 S
inserted into a thro%gh hole in subs??rate 51 gnd sol ﬁ?ed ‘ng eﬁ%
of needl e PpsiEterioereands@eativg 6w, prdbeledtie equipmentusingthé sanee. of substrate
51, and ar centers of through holes 54 and 55,
respective ﬁx@%gﬁ%%&ﬁh ve hi gh-vol tage pul ses and negati ve

hi ghigol t age puRks&sti fi8n 2ORIrARA DBIIRRES gﬁ%ﬁﬂtﬁg%bﬁf?ﬂdsﬂ%%réfind?l@ AR
i nduction el ectrode respectively, corona di'scharge occurs at tip
end porti oless baveﬁ?@empet tel pradticaldiss. %gawlsamermtlmemmmgmsnmd
negative ion enerﬁ%@g at the t| ]Ig fns of needle

el ect rodesP a Kgnven i geperatjon agﬂé erBid HolledPr &enemivnand
negative i rﬁlﬁseinéiﬁhésvﬁiﬁgtritgts@ ﬁalﬁm%e@ﬂo% 52 Hlo‘a}&\t%ﬁ ondYlrface of
surround and deconpose nolds or Vviruses floating in the air see?
exanpl e Japinizste 5Pa&ldrﬁﬁd.1@¢dh@€@fednsl‘ﬂ@.aﬁ(ﬂ97 305321 ( Patent Docurrent

1 EOCUNENT L] ST PATENT, QECU NT
) 1 { %uct?on electrode 57 1s Po/lrzmed 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

20 533, 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 needie 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 occurs 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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~Patent Document 1: Japanese Patent Layi ng- Open No. 2007-305321
SUMMARY COF THE | NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON

_ However, the conventional ion generation apparatus has a problem
that, due to a 10large difference in thernmal expansion coefficient
bet ween substrate 51 and induction electrode 52, a difference in

| engt h between substrate 51 and induction electrode 52 is caused with
changes in tenperature, resulting in warpage of substrate 51. Wen
substrate 51 is warped, ion generation perfornmance beconmes unstabl e
because positions of the tip ends of needle el ectrodes 58 and 59 are
m sal i gnedrefpeghivelne Tengaestal pdshiveugks dbimegaseidnsanedddbered into a room

respectively, and the rpage j s .not constant. Accordingly, c¢oron
di schar ge R6aTUEPlgREH a‘@@ﬁﬁ%ﬁ’u@eaﬂfi&%ﬁﬁaposgﬁa%h%wmas Sorbnkin e ai GGee
gener at ed } i f ;a1 ¢ - ,
i oy eoiC ST TRe RS R Ealif CheNe 3007 20730 CaUROEEE P,
appar at us POSHIMEYENEISAt | ng positive ions and negative ions, and

el ect%i c ﬁﬁ?\i ment using 20t he sane. MEANS FOR SOLVI NG THE PROBLEMS
An io¥ ge NInPQ Nds in accordance with the present invention

i s charactgri Lnel udi.ng. ' N QN e e having a
first hol efﬂtg&gg%%#cf h??\'d u%lrplglgeﬁe gfl{ae%{ ]?%Qiﬁg g@\%tl ﬁg %ﬁsﬁﬁﬁgqhol e, a
first needSEMVARY OHTHBRINNENTION end pl aced 25at a central portion

of the first hole for generati nghposi tive ions; a second needl e

el ect rode PROBREMS TOBERPLYER &Y FHEINYXENTAONoorti on of the second

hol e for generaty egat | k- P : i
first and secon %&%b%?ghxﬁnggﬁg%géggné@# %gﬁ%?tﬁlggl %%@Itogfeécl%\{r?ép rﬁ%ggq 2
el ect0 odeslardenitiérencd in diimalba@atkiémebetidian befvweeh sutdeateeacind ibdicion

formed as an indeﬁgndent part and nounted separately on the )
subst r at e. elpftesderSgpp giffesgnce it lepsth beteaepsabstateS k il indupsiopeleceds 52 it

B N
substrate 51 is warped, ion 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
_ 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; a 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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~5a positive pulse voltage to the first needl e el ectrode at
substantially regular tinme intervals and applying a negative pul se
voltage to the second needl e el ectrode at substantially regular tinme
“intervals. Preferably, the power supply circuit includes: a first

di ode having a cathode connected to the first needl e el ectrode; a
second di ode having an anode connected to the 10second needl e

el ectrode; a boost transfornmer including a primary wi nding and a
secondary wi nding, one term nal of the secondary w ndi ng bei ng
connected to an anode of the first diode and a cathode of the second

di ode, andbtihgfmmbeéns hiemdepeabennfpattnad satntdaktyartieldbmthe BebsdGite.
connected to the first and second induction el ectrodes; a capacitor
and a. di ode t hyPre§erably.caiperiabbetiveers theitivende plibe dirstendisecand negdle he

primary 15@{6&%%37&561@5?@16%?5 T@Hntﬂg current (AC) voltage generation

circuit drrven current (DC) power supply voltage for

generating an ACref@bBlaghe avdeAgratioh gvancichtighepowdaippRaircsit applying
comercial AC voltage;, and a third diode rectifying the AC voltage
for cRar gi Agosites pysavsliage to the first needle glgetroderat sehstantipilycragylar menteivals

appar at s, bbb BEGEE bk IRk Aol TR SO A B Pl g

positive i laakighen@epkisve i ons generated at the ion generation
apparatus. EFFECTS OF THE INVENTION In the i o(r;égene_r ation apparat us
in accor dance wPreferglip the pewen supplyemcinio mclugiesi adirstdiods haying swehtizadeon

el ectrode Lo6.aeR% Al'id ROAL Helfode? 12 AR H8521E ahB &inSed 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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~ 25el ectrode for generating negative ions are each formed as an

i ndependent part and separately nounted on the substrate, the
~substrate is not warped with changes in tenperature. Therefore, even
wi th 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
ions can be stably generated. BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig. 1 is a viewshowing a main portion of an ion generation
apparatus in accordance with one enbodi nent of the present invention.
5Fi g. 2 i sreapgevepentippeitivé mns sirbadgagvaionendn gristaltly genepdtedin i nduct i on

el ectrode [ i . i is a circuit diagram show ng
an overal |§WP§§@IPH¢%PE F@Eilgﬁgb‘@iﬁiti on apparatus includi ng
the main portiofg Sb%"%b@ sﬁb\gmg]a meF h Eorti%n'o? aft ioH el%lﬁgi’l“ag[%rith?in

rel ati onship between t he nunber of discharges and 10an i
concent r at #@nrdaatd with onCembodinent{ dmppreseht ofventhmm. enbodi ment. Fig. 5

is a yiew show he rel atj.onshi p, bet ween e nunber di sc
and a% i nput cufL e%f“iPFr@?ﬁEYee‘f‘%W %‘H‘ﬁ‘gé 02’1’%5“‘%%“ Hé‘H“é‘HPe 8&‘ 6

s a view gompapisfd i on concentrations in Concrete Exanples 1 and 2.
Fig. 7 i1s a circul d| agram showi ng a conparative exanple of the
enbodi ment . 15FFig, B&dércaittdi@amb]amming howveagll aoMihir@@e afftheiongentiration
el ectrode in the co ive exanp shomn in Fig 7. Fig. 9is
a tinme chafRPAERGINGY ‘&g\?léﬂ@%.l@é’oﬁfon Awad Bigellect rode in Concrete

Exanpl e 1. Fig. 4 is a view showing 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 electrode in Concrete
Example 1,
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. 10 is a tinme chart showing a voltage of a needle electrode in
Concrete 20Exanple 2. Fig. 11 is a view show ng an applied exanpl e of
~the enmbodinent. 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 CARRYI NG QUT THE
| NVENTI ON Fig. 1(a) is a plan view showing a main portion of an
I on generation apparatus in accordance wth one enbodi nent 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,

I nduction iﬂﬂwioulmdma'oﬂeﬁmﬂh&?; mecﬂdbl@cted)cmsttlramdes add dipdeds amhd di odes 6
and 7. gstrate lis a ctangul ar printed substrate

I nducti on el ect PeRfE&te)l ifRded r prafedisybyteate. asInQ‘l‘Ptioﬁ(f@ﬁE'ﬁé%srﬁ atyly3 gre
and induct jon f&Jn?e?ltars%ﬂ‘?nc%Péﬁde Gl ﬂn;d o%%rztﬂs ed%t o?é Qﬁd
t Fon

| eft end portion iI'n aw n on a sur ace o stra

and 5i nducpadrtion @l excrthe feficend postiorDiinhedrading) ba adidie suiud dI@ﬁletrfat’e [ bnd.
the right end portion_in _ the drawing) on the front surface of

subst Pat e mdugtiog elestiode 3 ipwpuped o ihe othes gndportinn it i A riehibendrrsadomnpin
seen from&gldg é 4: f{C}%lt sﬂr?a%%'&%%&@g%eelmmde 2 is formed of one

metal plate rou I's fornmed at the center of a

flat plate portHi@mr it@ pef»spbaiitesﬁevoafmhﬁatdnwl@n%de"ﬁ%&uﬂbmm@v 10thIFibas
a dianeter of, for exa mm Through hole 11 serves as an

openi ng f ondesHontelgsgrore éS @éﬁ@d af enp IB?ta Idﬁ‘f@naAdQl@éHaﬂg@ugfbhqlhél is
outsl de. ALFHEEMTRELSRL s AELI4PRAl MOVHIIE Srdhacs. e
pl at @0 por t i PRaskOdibiBitRg of) f@feetxeﬁaglesgﬂhn asTHEbagh Rdle 1&@&»@%@5@@@%@ fof
bent portion 12, the circunferential portion of through hole 11 has a
t hi ckness gmlgc)t,mg ions 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 1s 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 (ﬁot 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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~15exanple, 1.6 mm) greater than a thickness of flat plate portion 10
(for exanple, 0.6 nm. In addition, a leg portion 13 forned by
bending a portion of the netal plate fromflat 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. Wen seen froma
front surface of flat plate portion 10, 20 support portion 14 has a
hei ght (for exanple, 2 6 M) greater than the thickness of the
circunferential portion of through hole 11 (for exanple, 1.6 nmm)
Substrat e hngept itlenreoostifae of Subsaateal . wi Thenefofe) flateplatapoetionll (is figeed

smal | er than wi dt h, of sypport portion, 14 (for_exanple, 4.5 mm.

Tur ni ng baE?(raﬁ‘E; t?%{fsf.’oqé acg o sulshpte &k with @ psescribedeaapriel tharehetyen: i ons
15 of 25i nducti : ' r ) S
(not shown) for %{eaéﬁélﬁrp%%@%gﬁé }%é‘lﬁ%éi %ﬁ%ﬁoﬁé%@@?xg%&éﬂiﬁ&ipﬁéﬂ{& \t/\ljég% T oa‘gvﬁ
hol es are asubtsaagednsertivnapdremgtls diindetibn Bletfroddd sielitdeted inté\tivd hrotigh
portign of each substrate insertion portion 15 is soldered to an

el ect Pode Bales (o4 shoven)dpmped 1pfhegiher sndinortion of ubsteate dnd Thetwathsoegh

support pofti . t e, of ~su e..

Thor ef or o, PpPSEresfiep BTy OBub BRI R o ESARELY) TR BT HIERSb gpcach
sur face of sshshaferiadetich poirfidn BS BrseRlerddlae dn@apirbed bn tHeasmeb aliflRe df substrate
I nduction el ectrode 3 has the same configuration as induction

el ectrode 2. Theloyimsnd airtace aEIMPPEPOpden 1baanta gn gre frond gerfacerof substrate
| ect rod ' into. h.5hol t f d
' the ot hir - aisreRae L Relsbediioffo bR el G3ne AP BE e BEE

arranged i withhepreeapédgd eReldréierwéensubstrate 1. The tip end portion
of each substrate insertion portion 15 is soldered to an el ectrode on
t he back surfacé total slifpyr pehstrate inspréon pwkipnselfdofSnducsion elsttredgsZoand 3 are

portion 14_abuts.opn the front. surface of substrate 1. Therefore, flat
plate port fﬂ%‘%&%a 5 Q‘%ﬁ’“&é‘éﬁ“‘?&iﬁ’%f’? %L}%Sﬁﬁtetlheuﬁ‘?%ﬂ{%sg‘ﬁﬁﬁfll&?‘?&o&p%{%@tlrsat e
1 10w th aapigeant heshtefportiohbf kkfraRket WeQMkctrically connfete®ydth dath bR by
substrate insertion portions 15 of induction electrodes 2 and 3 are

arranged i Ao eleetre honjthedock anfage of sibstratatle 1. Two substrate
i nsertion portiqns, 15 arf.an a central portion_ of substrate 1

ore BPectrfoal 1 SendTR BEET I n R At Bk onJ i 8 2 Bh S el ke
back surfaggefd b&bhs iHeddBtokr of Rb3trafdAMN i dr et %un%e(dalncﬁﬁlﬁleﬁéigﬂds c%f

i nduction electrodes 2 and 3 are required nol to ext end beyon he
cont our of Inslubisan eleatrotien? and 3 b lngitavnoritedeks thandordiquelts itlwidol of substrate

i nduct i | ectrodes 2 and. 3 imte 0 be_less than or equal to
he i dth SRRQIRSS ARG S C G IR OLHOBES L ¢ B MAtion, FomFaRgerhor
substrate dhapkRs 3@aH bh@Hehidve 1B dYsZend i?‘fp{?ihgﬁﬁgﬁ%t@itﬁq;eﬁicﬁpﬂldacm eve

| ower cost and inproved productivity, v
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 needle 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 lower end and the height of an upper end of

-6 -



~ 20hori zontal dinmensions of induction electrodes 2 and 3 are set to be
substantially identical. Further, a through hole (not shown)

t hrough which the center line of through hole 11 in induction
"electrode 2 passes is fornmed in substrate 1, and needle el ectrode 4
is inserted into the through hole. Needle electrode 4 is provided to
generate positive ions. Atip end of needl e el ectrode 4 protrudes
fromthe front surface of substrate 1, a base 25 end thereof
protrudes fromthe back surface of substrate 1, and a central portion
thereof is soldered to an electrode EL2 forned on the back surface of

substrat e Bent'phrivnsli@ast idduativh biectode (fotiefatple, af irtednsddian Reight betvgeehi p
end of needle electrode 4 has a height that is set wthin a range
bet ween t hiehwiggtiofshe lawep gt andie speeraid) hei ght of an upper end of

bent portion 12 j cti I .

i nternedi ate hef‘g‘fr?%ér@gﬁ%éﬁ%%‘ ﬁﬂéﬁﬁ%i(g‘ﬂﬁ 23‘3@ %%‘Fgﬁ%%ﬁ@ﬁgggﬁﬁh?%%f

upper end) through holdUr inlieduskiog cledtrbds D padiedio fern(edah sistaawR)1, bhd aetgie
which_the center line of through hole 11 in induction electrode 3

passe8 is flostrasde s insemied inge thethrongh halse dNsedle plsstrodsytisprogdedhiver t ed

into the t 2, - Needl,e. el ac ' royi t e e
negative i g%n%%gn?%%%g%wgg ‘of Aﬁ?e%’l%eotfzn?g@ ?18%1%0% X rggl}%g%seigoﬁﬁg fr&#e
front surfagécebf subbeitedl & bise ehdiBsSofRdiriRRAh tHRtE vetese lof BstbR 1,
back surface of substrate 1, and a central portion thereof is

sol der ed t anchmcesttiabparde therepfivsaldatedie arhaledtradk Eddrfberned of the ekt surfase

1. When seg r.o hefraont surface.of substrate 1 he t.ip _end of
ool o 100PEabRolR 1o WA Ree bR ARE nibe SEREE O Brtfts, 10 inpad B piis,
the hei ght eleétratiel PRI IRt Be ist REWRBINHan&f betedPIRE hel@Atoff 10R@PEnd and
portion 12 of induction electrode 3 (for exanple, an internediate

hei ght bet thedwighhef aneinpler enchef henb posine 1 2efi thduaidon ¢lectrsisdr (farmatpmplénan
i nterval between. the.tip ends of, needl g. el ectrodes and 5 is set to
a prescri b@&lerglg?’ﬁ{eemeﬁ%‘t Eﬁtg"c?gn #berl?’ﬁlﬁ’gﬁ O@hf’ kw%eé 38‘? ang @'ﬂélpgeri e‘éldi“ol r ed
to el ect r ofgerbhiBetvidedl ¢ b@:g%srdgql@édlyel%&%lﬁ@ﬁéﬁﬂd 1595 288 praLBGIT QMR 4-

A cathode termnal wire iode 6 is soldered to an el ectrode EL4

on the back surAagsodsteguingk wiae é2a of dinde &nostdderet 1o aleritrode B.27 andf

diode,.7 is soldered to el ectrode, EL4 nd,el ectrically conpected ta
cat hgée tePlﬁ‘ftﬂﬁaﬁfyvﬁc’P%e%# @fneﬂﬁﬁ&?‘:@?deﬁ?c afrrgtheds Wrﬁ‘g}”‘rﬁ%gé’%ﬂ? fis
di ode 7 i s;5@dre@tesh di8ctRIRHEO irg@hl y Pg—PdHEB '

needl e el e?:trode 5. 20,&t a pl uggtlhigtbgc%gﬁ?agggtﬁlﬁ%ﬂsr&i@#'su strgfggé%%&ap
cut out por wirerTs of dicae & i§ soldwdd toelectents Fii4) gndralectrbayconaedtedtuscatifode

o odes 6 S0 Bl SERA BN, © CLLoHos BT Lo FLL popl e il 8
Cut out  por Lie@odedrT$ ahdl kleESichity EhrBliel FERdeBte electrode 5.

20 At a plurality of locations in substrate 1, cutout portions 1a are formed for
receiving main body portions of diodes 6 and 7 or separating electrodes EL2 to EL4
apphed 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). In Fig. 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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~Fig. 3 is a circuit diagramshow ng a configuration of a power supply
circuit 25supplying a drive voltage to substrate 1 shown in Figs.
1(a) and 1(b). In Fig. 3, the power supply circuit includes a power
"supply ternminal T1, a ground termnminal T2, diodes 20, 24, and 28,

resi stance elenments 21 to 23 and 25, an NPN bi pol ar transistor 26,
boost transforners 27 and 31, a capacitor 29, and a diode thyristor
30. A positive termnal and a negative term nal of a DC power
supply are connected to power supply termnal T1 and ground term nal
T2, respectively. A DC power supply voltage (for exanple, +12V or
+15V) is appli ed positipevermislippd y négative teamingl of aDE gy sapply amei coahectal

el Bt R AT B SR SRR AL, s
2025 S, Sk POE S, S5 SO S P A iy 7

transi st or a@bground termlfaDUR is2foGiaied e SDasie @0 MkiesRREnde@enfthert Hciol 23chrt he
DC power supply by blocking a current when the positive term nal and

t he négat i genegiedimssriepbetgen prveroupply serppna) Tdraad atgsy efiteansistoy 26.  An

aeor omont SilsFoFRfifor s S Riwbpreq TGRSt SR Enes o°

a starti ngbétosbs bRNAE tEhRHRTE an®iiRARsHF PARIHreS as a reverse vol tage
protection el enent for transistor 26. Boost transfornmer 27

i ncl udes a pri nB¥isdedOrgrvey apzmelemenyfeepiptasting he??6 poatier suppielsobideldyg a

w nding 27¢. Prigary. winding 27a.has_ one tern nal .conn ed to a node
Tne2 et welit TR e Ry a5 R e REDBRE POprtal e
connggt ed F@eﬁsel?%hi%ié@lrto%mﬁﬁeﬂé‘?l SHAOT2 26R e BABRWIMHNRD 1241 1D0RrRNR
term nal connected to the base of transistor 26 via resistance

el ement 25¢lements fetrdinyiting aboosy opFuatipms Ressstanee wlemzht Zbisrastdrtulg tesistanee
base of transistor..26, and the other term nal connected t.o ground
Cormi nal | THOORE" QDI YEORISe A PoY VOREC SR SR O PR 26.
i ncludes a pri MBoYstMiansioRfer3i@inaingesh ﬁﬁ%ﬁ%ﬁdﬁnﬁ‘@@'a%s@%&dir@%?and a
thyristor 30 is connected between a cathode of i ode 28 and one

term nal ofecpndaramndimggiog P3iheary Wireling 2ikarhas eneterminabformectaditaa node

b 8% oo N el TeR Fetntrict lstheRts 52 101 SR 1 Siler GIBLA CoREta 1
the other LN HEAMIECIED BRe PSR 10 ggkqaﬁﬁ@ S?'%ee ea%piggﬁeaggof

of diode 7. A cathode of diode 6 i s connect to nee ect
and an anottensstorditode réistace elemest 25d  tSecorelad) wireliner2 Fedre obe 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 31a 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 diode 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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~Resistance el enent 25 serves as an elenent for limting a base
current. Diode thyristor 30 is an el enent that becomes conductive
when a voltage across termnals reaches a breakover voltage, and
" becones nonconductive when a current is reduced to a m ni mum hol di ng
current or |ess. Next, an operation of the ion generation
apparatus will be described. Capacitor 29 is charged by an operation
of an RCC-type swi tching power supply. Specifically, 5when the DC
power supply voltage is applied across power supply termnal T1 and
ground termnal T2, a current flows from power supply termnal Tl to
t he base ofcatlicdadirédkorverd@itigs afld el 2 nancbridasih&twitne @reneiRtrsdutdd toa
23, and transistor 26 becomes conducti ve. Thereby, a current flows to
primary wi méimgmapldieg cyews er efsansf or ner 2 and a voltage is
generated acros e i g
direction of balsi,lg)t(t %E&ﬁ%‘%ﬂﬁg&%@[\%%{iﬁg %%a?am}%?:iﬁeaas%&gae@ Capac1tor
vol tage of 29 fsahaiged Of ad ﬁp%ﬁé‘n b ABCSIPpe AlitdRGOTRGer GaFHICt Spﬁfélﬁcall
Therefore, the voltage generated across the termnals of base w nding
27b r Bducewhen e @@Weesupébﬁvelt@gﬁzlé appliadeaceyss mpyﬁswpb’rtelz@n@lﬁf lgand

positive feedb dir ctr ng
27c i s set grso%ﬁ?erﬁr?r}a?gl ’oad%u E-gme%e?? gr g@?g%rm%na?ggqg occ ?fh
15and no cihkmdr 19 AuMgidde zaeﬁ@r@aﬁfam/\m@ﬂreﬂﬁ 23 %6 23 Asndtthisigtr 28 Mecomes
flowng to primary winding 27a and transistor 26 continues to

i ncrease i nortdnr:tsverrafﬁh@reby,aa evrentiows toyplimayeviading 23n of baast tragsforser 27,
i ncreased be a satura nre T tage across the
term nal s ?)’? ?b?’? f%ﬁnﬁﬁ’l ??Sacﬁofé??@‘}aésd%e"eaae ﬁ?@lg\/ﬁ tage across the
termjgal s of bagge Winkd\@rezfibn bFbak %diﬁgiyw&ﬁ,seﬁe%ﬁﬁmn&&s% base

coll ector voltage of transistor 26 is further increased. Accordingly,
transi st orv@l&g@péuanmor 26 when trasistan2é Hesenbaicdndattinee, Thautfaresthsi st or

26 |nned|at becone onc uctl asi,.on, sec

o ndli g 27RO GRS 2000 TS AR SO OIS Th TPLCES BROBRRH b

28. Ther eb)’esm@aﬁ@@%lﬁ@éft%ﬁlslsﬁar(?@% 986 RRdBhok Al ATeTIRCLASRg UREMAS
of capacitor 29 is increased to reach the 25breakover voltage of

di ode t hyr bsbodargvindin®2ec i kstrsiigl that $0de B8 bhicks ederkisatmnertbis odtastie,

and fiirther, passes current urrent flow ng to diode
t hyr il8t or % MREEFEE WBF%%?E’B\}WM ®diode thyristor 30 is

substantially sggrtﬁe rrerayg& tg?ﬂm"&ﬂr Iﬁgg{m A Ha885:6P86 95 HinkiBs 9 g

capacitor 29 is discharge ode t or 30 and primary wn
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 27c 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
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3la of boost transforner 31, generating an inpulse voltage in primary
~wi ndi ng 31la. When the inpul se voltage is generated in primry
w ndi ng 3la, positive and negative hi gh-voltage pul ses are
“alternately generated in an attenuating nmanner in secondary w nding 3
| b. The positive high-voltage pul ses are applied to needl e 5el ectrode
4 via diode 6, and the negative high-voltage pulses are applied to
needl e el ectrode 5 via diode 7. Thereby, corona discharge occurs at
the tip ends of needle electrodes 4 and 5, and positive i ons and
negative ions are generated, respectively. On the ot her hand,

when a cur Benbf bdyaisBoraRRe 9Ndahyranhd dh ﬂﬁp@iecvdhﬁg@&gﬁtmérg%n%ﬁg R
27, the voltage across the termnals of primary W n 7a s

i ncreased and 10Vkearthe inmilseoplihgeis rgéserawdctupmmﬂe veigding ,3 1ambsitive and

oper ation ve .S re The s ed of eating the
oger ation ﬂg ﬁl%%?] Etg%ﬁ ?%Seér?r%)ﬁ "’g%% gleﬁer? T2t *?%WE‘F%W 'ty t he
base of traaehairg ﬁm&ﬁng Iher ef}w;fbsni% h?glhwbitta @gu@esra%é h@lfé?‘%@ n¥@figie of

resi stance el enent 21, t he current omnng O t he transi st or
26 caRf be a@ptm@deeﬁwaalmﬂetmasd tmelegurménglefrolwgs qahhesgm appliedetedicedle

| d t | ust
Cone. f or Bt RO KA o TR SO AR PRt Hie el of sescle
surround aei&?it%d%@eirhn’d%n aﬁd‘ﬁamm%rlgnsediﬂr S 8% 4t %E{?e%ted r@%ﬁs cﬁo&ﬂe q

natural nunmber). In addition, negative ons are cFuster 7o
in such a mannePntthabthar b xmkamemycmﬁmmakemtuthQHMgSWEmngauadfaﬂmt

d o2 t |
onber) ViR 2, B Qeﬁigse%%oasﬁébeatﬁi(%d)ﬁ SRRy BANing e somseased and
r oomygbot hidReiGos2H bQURAEs BN EISHN a E@ﬁlefdﬁgﬁah 'OHQeéc%bE(ﬁ]gb{Ue is re ?ﬂg\s

cause a chem cal reaction wth eac er o € surfaces ere
a result oflhaspsedof ofpehtjrgy thx ppenation rsahcsez(s’éd]v#)thraemmsaaﬁn @ caedehtBowing

dyced at.that t I d the ik
SP i nat but0 {18 PEseOt BBt 2Br b BnFRHE, DYSEIR RERS(EMSR vane of resiiange
for gener atj.RgnPAskitd EreAPHATR gﬁ (til}e' fady! gf‘ {0 spd Ot Oprag%% 3§1n '%Saﬂd tglﬁshthe

generat|ng negat|ve Ions are e as an 1 n

separ at el ynurobertcddisohargesist neatlle electroddist sl Bcah esadii@tedrar ped with
changgs in tenpegrature, Therefore, even with changes in tenperature,
the tPp end por FieEnostiveioatitis chisise donsdarmed ia sacies manndsshas egiterabityed

at the cenfgrs nffiecuits Q9bAx0] firogen ion (H), and expressed as H'(H;0)m (m is any

natural number). In addition, negative ions are cluster ions formed in such a manner
that a plurality of water molecules surround an oxygen ion (O,), and expressed as Oy
(H20)n (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
hydroxyl 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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11 in induction electrodes 2 and 3, respectively, and positive ions

~and negative ions can be stably generated. [Concrete Exanple 1] As

Concrete Exanple 1, an ion generation apparatus wth an interval

" between 5the tip ends of needle electrodes 4 and 5 set to 19 nm was

produced. Fig. 4 is a view showing the relationship between the

nunber of discharges (tines/second) and an ion concentration ratio

(% in the ion generation apparatus. Here, an ion concentration

obt ai ned when t he nunber of discharges was 480 (tines/second) was

. represented as 100% The nunber of discharges was changed in a range
of 60 to 66Dinihduemhskerod)s 214hdBy) respactdieRy ahdpoditts ishaaienegativebond can

resi stance el ement 21 of Fig. 3. The ion generation apparatus was

pl aced in PhEally geqgretida prescribed wi nd speed, and the ion

concentration oS BL & lgﬁn ng an ion counter placed at a position
25 centimeters HOWNSEFeam O he ion generation apparatus. In the

range of 60 to AS@ohthereBLangt®Nhn ioh Bendr@fbrCpPELAIs Wit HNinYédSal between
increased 15with an increase in the nunber of discharges. In the
rangedof eHgdip ags of neshleplestrogemthanbd s¢titp 18 e e magduchdwekigr 4 istadew

was only a [ ] j he i.on_concentration even, t hoygh t he
nunber gf g?)s é%{rhge gggp\}v%% hflpnrb(? %‘g%%l & g‘? nulrﬁ?esr C}@éi 13?#%5%@11}(35/ SB@nﬁg%‘ﬁ@@?’l
Wi th an i nesameation rhfie(WMHRE i gedbigabRbgRsatus. D&M on @bn@aR8i&H ed

ions is increased, and the anmpunt of ions elimnated by bonding
bet ween po8biaingd whemtheawinbeegbdischardes peas #80 fdmesdsscombBremgenteseBiadcs

the i ncreasgyln e._nunher. .,of. di schar ges causes an Jncr .1 n powe
consunpt i o?ﬁo}i&t fr[s}e pre L8 fsghzfr%es_s‘%‘fs C%ﬁggeﬁid%&ngngoﬂﬁasteﬁgﬁg‘rérgeq/%conJ)
aroung 480by thapms IRCRBiGhntd WallEof rodst SRR U RMdn® D1 BPPRYL 8t U’Thé’%ﬁ%%ﬂ@ﬂ&ﬁ&ﬁ

Exanpl e 1. [Concrete Exanple 2] As Concrete Exanple 2, an i
gener at i onappspavEvasPlagadin dre dinwish e aresbebedermd 2Beddnend ihe iemckscedtration

needl e el ectrodes 4, and 5 .set to 3 S produyced. Fig. 5is a vigw
Showi ng. t ng® BratrhEliaut seue HeHahs BpUERS df coiiipeas downsiram of
(times/ secgdon gitdraAldnlappathtugUr rent (mA) in the ion generation
appar atus. The nunber of di scharges was changed in a range of 60 to

600 (ti nes/ secohuthe pangewdngit;md8d Hemesbsiatd)he ionadaneentfatioa svas irnesed
15 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 ion 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 (times/second) 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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~element 21 of Fig. 3. The input current (md) is a DC current flow ng

fromthe DC power supply to power supply termnal T1 of Fig. 3. As
~can be seen fromFig. 5 the input current was increased

substantially in proportion to the nunber of discharges. Fig. 6 is a
vi ew showi ng the rel ati onship between the nunber of discharges
5(times/second) and an ion concentration ratio (% in each of the ion
generation apparatuses of Concrete Exanples 1 and 2. Here, an ion
concentration (ions/cnB) obtai ned when the nunber of discharges in
the ion generation apparatus of Concrete Exanple 2 was 480

(ti mes/ secelB@pntVESofIFePIEes etietimASud O YmAAss £ DT baré&e 86wingdrodrie D6,
the ion concentration in Concrete Exanple 2 is 20% or nore high

er
than the i BPWaOEEPydRPPYET BiPPIyHetind gt of Figahpl As gan bereen fremiHig iy ikhe

to be b |4 of ihg.the dist b d|
ol ect  odeo e 5 o bt ubEY id BRpGHELTHT RENREE apfiees
Concrete Exanpl Big.ls id D GieARWingahe tedifonehih Befalef théunitRPef disctagieseen

positive ions and negative ions was decreased. Accordingly, when
conpaPed wititkes{saeondy andjamiongonemtghpmraiiod$e)on eadefithe ion geBerEbiempl e 1,

t he i on geperatian ara of ncr.ef e [Exanpl.e 2 can gener at re
ons it b P eEPRRrRl e g do? o TGP Cofr T e
Ther ef or e, obthink8 whee tRY R bOdiSEHarded e {HRLEH %éﬂer h\hﬁgd}aﬁlb of thRcrefRds
of needle electrodes 4 and 5 to a value greafer than 19 nm

[ Conpar at i warmNaRpvas]482(ings/seeond) wasciepregéntediaalitim shpwambe seen from Fig.

configuration of an ion. .generation a u rving .as a.conparative
example, - wh B roReer R BECGRe-Re RGBT 20Bf i moft ighs? LRRIEe i v e

examgbe i scohchh@diRtin Coabretdiex di mepi id ﬂﬁoﬁ%ﬁ‘tto heBERLA)GEa BlBRBRAL S

22, 23, and 25, diodes 24 and 28, transistor 26, and boost

t r ansf or nesetidig the distange betigveeDnewie dectrades it sthd rod GanereemnExaiple 2ma be
capacitor 29.,are connected.in series between. 25.termnals Ti and T2,
ot o comETiGiiahel COITaGETRS b ireaBna of ona Ainate dubgadne betweet
termnal s Fhsi@RAod@and i@ativiiBAYRbs BREMREDN the tip ends of needle

el ectrodes 4 and 5 was Set to 19 mmas in Concrete Exanple 1. The
commer ci al AC véktardmglys wheh tompared mithtthé icagzebgratioogigabius Gpacidtor
29 iﬁ chagged d rih\gﬁ a $eriod when the commercial AC voltage has a
posi tiPve pBRAFRIEY. hakemetIsErtipg apPRgats OoF GoacteiteExaamly AAILSHITEaPRE] 1088

2Pous e ORI D Otg: iighes] ARV gl
gener at ed bet thpr inteaval befwedn tig: t81 ends Difi eeety cleqaarict #wed dnd anafyatgraater than
19 mm.
[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. In Fig. 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 T2Z. The interval between the tip ends of needle electrodes 4 and 5

was set to 19 mm as in Concrete Example 1.

The commercial AC voltage is half~wave rectified by diode 20.  Capacitor 29 is
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5hi gh-vol tage pul ses are alternately generated in an attenuating

" manner in secondary wi nding 31b, and positive ions and negative ions
are generated at the tip ends of needle el ectrodes 4 and 5,

" respectively. Fig. 8is atinme chart showi ng a voltage of
needl e el ectrode 4. In Fig. 8, two positive high-voltage pul ses are
successively applied during a period when the 10comrerci al AC voltage
has a positive polarity, and no hi gh-voltage pulse is applied during
a period when the commercial AC voltage has a negative polarity. The
nunber of discharges was 120 (tines/second). The voltage applied to
needl e el echarrgdbdlﬁmgwrlismgdmnmbaﬁmmérchhACaW hasal poAltive pbiaage had
an effective value Vrns of 1(V). Under these. conditions, B}ion

concent r at “Gwndhe HHlEgE agrops ‘thF%H"f(ai%ﬂfsCﬁE%ﬁ?Pf s ds ippeaseddeireaghthey 9 s
a tinme chay ngﬁia d& forneesibfe ﬁ{yﬁg&% %?‘mﬁ%%ﬂ&&?&ﬁ& €nd the
e nu (0]

Exanpl e 1. ges has se

(times/ seconglise dtagais ge@ermdﬁn priaanyiigding 319 0sThdrstsy, pogtivesaldirgative
pul ses are plied to needl e electrode 4 at regular tinme | nterval S.
This Ps thb\ggﬁto ltage paisasarslisanatsly, senceateq fcay attegpatimggnanger igfegndary

vol tage haWREﬁn\%? { ﬁ@s?t SIS 1 Egltl OhENE geﬁaegftgd tamg tﬁgengggf %e,redle

conmmer ci al genera I'n sec ry wn

boost tranak@t&ms%hd ﬁmp@@walyresult capacitor 29 is charged with a
hi gh frequency. _Two hi gh-vol tage pul ses had an effective value Vrns
of 571 (V). Undéis ﬁh%wm@@hwﬁhwag aaﬁltagﬁrpfd@ﬁdieﬁkﬁta@d% an Bgpdutwe. 4

mlilion (i Ogssl{wenﬁ%h Obt &S su%g%ss? etlyé gpé)h%d %u}m apeno \;vhe(:)nf th%he

conpar at i ve éxa mo Ri pul'se g successrvely

appl ijed at c@nﬁlaﬂﬁatf A(Ilfl&lfa\gaba@& paﬁrmqmaﬂtﬁ dnidGho High-Vitdgs plilke ugdpplitdat
bondi ng between positive ions and negative ions is increased as in

t he case wHeize & n@ncrmwmthwom&ﬁé volfageihasa aegadige paladtyt hddemyamber

ion concentgati,on is d o] ras | ses

are app 1 ot deciAtasiig® 2P SAREtear BT o ThE Pehigribp el e PR

t hought t hahriROpst Q@leRFNESIIMASSial Acazdl@g@ha@ﬁﬁeﬁteaaé valge VERSof MB1 (V

decreased as in the case where the nunb of discharges is_decrease

and t hus t badeothessornditions tandom ¢cslcermartieas>édbouTﬂsnlélfqmr(ems/@on):wes ebtained.
to,the canpara is atine

| 1 f bl
Char S ot ng” n ey Bt S AN Bl ek clopi s i Coleleif ¢ 5.
The nunber pQfmflieSIC haf@e8mbBSoSBichh@edRs bdt 1B 200 Mthes/RS0fBN B8 can

>een 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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fromFig. 10, ‘positive high-voltage pul ses are applied to needle
“electrode 4 at regular tinme intervals. Ten high-voltage pul ses had an
effective value Vrns of 1241 (V). Under these conditions, an ion

" concentration of about 4 million (ions/cnB) was obtained, which was
doubl e that of the conparative exanple. 10[ Applied Exanpl e]

Fig. 11 is a perspective view schematically show ng a configuration
of an air cleaner 40 including the ion generation apparatus shown in
Figs. 1 to 3. Fig. 12 is an exploded view of air cleaner 40 show ng
the ion generation apparatus placed in air cleaner 40 shown in Fig.
11. 151 n Fagbneghfiveidtls bAecrdbded @b aPIhe cadtOnhdie khed@intRr bf @8dhapaR e 41
and a main body 42. An outlet 43 is provided in an upper_ back portion
of main bodgcramed,aand thusrthe iosgonsantrgtion wiindreaged.onbharefor Sisinkests Example 1
outlet 43 lnto inlet 44 is formed at the center of

o body ibretsiable AT orthetiG iinge, ol o S pur i fi ed by

passi ng t hroughrgay b id£fimé eharb M BgJ{J@ltztyérdeb&ﬂe dkdtrdd® SHcAde f rom
outlet 43 through a fan 20casing 45 to the outside An ion

gener at i onEapﬂpalﬁélt udhd pumhenvat dissh@igeswas sef o 360 Gimagsfsaednsld) t As aan be seen

Gener at | on TaBHEalb8oskvy ey abeks heheh acpls] & IR AP g Pbigular
gener at ed ghehfedlR, eTeshizRd@%ade AMlsks hall BA Qﬁ'@dtﬁfe f\/hl@\é’\‘?ﬁﬁ%&"l@@ﬁ (@pove.

For exanple, ion generaticn apparatus 46 may be placed at a p05|t| on
25in the pélslslargbesecnondlhen&aan jorsapmberdmtian pﬁsbauténnlﬁtbnr(einaltcw)awS clitaised,
to outlet 4 0 on_P2 rel atiyvel r fromthe sane. By

al | owi ng thmg‘lWast‘g’ E‘ﬁéga b S PIRAEAIVG & @P ion apparatus 46 as
descrjgbed abovera. lfedgxgﬁggp] 40 can have an ion generation function
to supply ions t[ glbether the purified air fromoutlet 43 to the
out si de. Fig. A1 éackdpdripatiteoview scleneainaly stﬁwiﬁg‘aecdrmgugxﬁnaroﬁammm
apparatus o nt _enbodi ment can be unted.to an._i

th
gener at or (’%a%qrreﬁfg d‘P‘g‘f‘gW‘g b Lf?rb%“é'ﬁra\ﬂpf‘ RPRATatuS gﬁ‘@j’é‘?‘n@rFégﬁ ort® éppé:ﬂ%tlaéﬁ an
an air- CO”@kﬁlb&’éa%ew %f 51??;1 !cijlg:g rﬁl@%ﬂéwx Eé’%ﬁ%%ﬁeraﬁ’?m%ﬂﬂagitﬁé }ﬂﬁcedam air

dehum difier, a washi I ne,” an e tric heater,
and the i Ickeanearzm sha\IQnEhlégnD]unt ed to any el ectrl c eqU| prrent haV| ng an
air blow ng portion for sending ions on an air houl d

be ud@erstood t FaFigend WP piFelsnegiddndadsy arfé%népﬁnqlél iapd aﬂ%b@dzfe@

d
ventton 1 oyt X8 oG ob BpBA Yook RORIGRERRPhod 1B BAEBEMed air
descri pti okombiging iodig sigplied fremdadiet 43 inde thedeomny AkQiDidict e & fooned at

wi thin the scope and neanin uivalent to the terns of the clains.
DESCRI PTI oOtheqenteref memibdx S%@\ngen 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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1, 51: substrate, la: cutout portion, 2, 3, 52: induction el ectrode,
“ 4, 5, 58, 59: needle electrode, 6, 7, 20, 24, 28: diode, 6a, 7a:
anode termnal wire, 6b, 7b: cathode termnal wre, 10, 53: flat

" plate portion, 11, 54, 55: through hole, 12: bent 15portion, 13: |eg
portion, 14, 56: support portion, 15, 57: substrate insertion
portion, EL: electrode, TI: power supply termnal, T2: ground
termnal, 21 to 23, 25: resistance elenent, 26: NPN bi pol ar
transistor, 27, 31: boost transformer, 27a, 3la: prinmary w nding,
27b: base winding, 27c, 3 Ib: secondary w nding, 29: capacitor, 30:

di ode thyri st or In dditicn o aid ﬁ@eﬂﬁf 40,48¢ iohrg@néraf@N@iparAds of e Prady
2043: outlet, 44: air | nl et fan casi ng, 46: ion generation

appar at us. SMPPRMGH opn Aﬁnqwdd@r?@rl‘aﬁ g@wraéprp@rcamlgtor@gwppe@wng an gon

| nduct | on Br et e (A s ARl iRbalY Fineed BB

el ect rode (iét)un’ﬁat‘ﬂemg veashing agd drymeRechind, af elefitic Fal hdd@dr! éri?ﬂh@fhké ahd can
first _hole for generatlng positive ions; a second need

el ect Pode PSINOMBIEH feyamy elpgrie ﬁ@wgma@téxavag ag agdhawiag ppoiani fonsemﬂmgaomt on
second hoI?%Epho enerating negative ions; and 10a substrate (1)
nmounted w sard first and second |nduct| on electrodes (2, 3) and

said first and neaeud beeadéetodt ekd: tedaibddment)disclosed here@liflilfikttsitveang
second induction electrodes (2, 3) each being forned as an

i ndependenﬂOIpEﬁ’StflCéEM@I ingyighit @épefyépa lagt @Dye ofrths ardgesutrentiat & defihed Bbthe

ITE? elr \?gl gepe%ggf tcf-l cﬁﬁ) S, rgt er th C(fhor elscpr tlona (ln?e ra?n is mtenéed to mcqude any

10 modifications within the scope and meaning equivalent to the terms of the claims,

DESCRIPTION OF THE REFERENCE SIGNS
1, 51: substrate, la: cutout portion, 2, 3, 52: induction electrode, 4, 5, 58,

59: needle electrode, 6, 7, 20, 24, 28: diode, 6a, 7a: anode terminal wire, 6b, 7b:
cathode terminal wire, 10, 53: flat plate portion, 11, 54, 55: through hole, 12: bent

15 portion, 13:leg portion, 14, 56: support portion, 15, 57; substrate insertion
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, 27¢, 31b: secondary winding, 29:
capacitor, 30: diode thyristor, 40: air cleaner, 41: front panel, 42: main body,

20 43: outlet, 44: airinlet, 45: fan casing, 46: ion generation apparatus.
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between the tip ends of said first and second needl e el ectrodes (4,
" 5) is greater than 19 mm 3. The ion generation

appar atus according to claim11, conprising a power 20supply circuit
" (6, 7, 20 to 31) applying a positive pulse voltage to said first
needl e el ectrode (4) at substantially regular time intervals and
appl ying a negative pul se voltage to said second needl e el ectrode (5)
at substantially regular tine intervals. 4. The ion
generation apparatus according to claim3, wherein said power
25supply circuit includes: a first diode (6) having a cathode
connected to said first needle el ect QigdgM%); a second di ode (7)
havi ng an anode connected to said second needl e el ectrode (5);

a boost transfornmer (31) including a primary wi nding (31la) and a

secondary w ndi ng t L.hal | of i d secondary wi nding (3

| b) being conne(ﬁ:]t e%ﬁt%%lpg%negéglg’ gﬁé&t@%icﬁrﬁ@&g. di ode (6) and a cat hode
of said second difiedénduélion dBélraRqLRfidce! AishRbleOf said secondary

wi nding (3 I b) being connected to said first and second 5i nducti on

el ect Podes (2, 8pecond induchior elpefeddeds) ving asagond tidlede t hyri stor (30)

connected in seri e termpals of said prjnary w.ndin la):
an AC vol t age g%rfligsr%él? ?%%gl%?tf%cﬁi ('%H fﬂ]aé’fflgt%{‘@?‘j‘& BlraF?fieﬂ atfil?nﬁallﬂi’ Al
supply V0|ﬁﬁﬂﬂo%@%r@ﬁ@ﬁ&@g'69ﬁﬂﬂoﬁ§ vol tage having a frequency higher

than that of a 10commercial AC voltage; and a third diode (28)
rectifying sai daAgondneedieclegrodeHa) baving stip dnd pleeed atarcep8)portion of said

Electric ege%iogﬁ&g ’forcgoen rraiti%ig plgg:ative ions; and
10 a substrate (1) mounted with said first and second induction electrodes (2, 3) and
said first and second needle electrodes (4, 5),
said first and second induction electrodes (2, 3) each being formed as an

independent part and mounted separately on said substrate (1).

15 2. The ion generation apparatus according to claim 1, wherein an interval
between the tip ends of said first and second needle electrodes (4, 5) is greater than 19

min.

3. The ion generation apparatus according to claim 1, comprising a power
20 supply circuit (6, 7, 20 to 31) applying a positive pulse voltage to said first needle
electrode (4) at substantially regular time intervals and applying a negative pulse voltage

to said second needle electrode (5) at substantially regular time intervals.

4. The ion generation apparatus according to claim 3, wherein said power
25 supply circuit includes:
a first diode (6) having a cathode connected to said first needle electrode (4);

a second diode (7) having an anode connected to said second needle electrode

(5);
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_the ion generation apparatus (46) according to any of clainms 1 to 4;
and 15an air blow ng portion (41 to 45) for delivering positive ions
_and negative ions generated at said ion generation apparatus (46).

a boost transformer (31) including a primary winding (31a) and a secondary
winding (31b), one terminal of said secondary vs;inding (31b) being connected to an
anode of said first diode (6) and a cathode of said second diode (7), and another
terminal of said secondary winding (3 1b) being connected to said first and second

5 induction electrodes (2, 3);

a capacitor (29) and a diode thyristor (30) connected in series between terminals
of said primary winding (3 1a);

an AC voltage generation circuit (20 to 27) driven by a DC power supply
voltage for generating an AC voltage having a frequency higher than that of a

10 commercial AC voltage; and

a third diode (28) rectifying said AC voltage for charging said capacitor (29).

5. Electric equipment, comprising;
the ion generation apparatus (46) according to any of claims 1 to 4; and
15 an air blowing portion (41 to 45) for delivering positive ions and negative ions

generated at said ion generation apparatus (46).
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