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GENERATOR, Al R CONDI TI ONI NG APPARATUS, CLEANER AND REFRI GERATOR CONTAI NI NG
THE SAMVE WolB@td2CAL FI ELD The present invention rel ates {PCTAPI2/08106
generating el ement capable of emtting both of positive ions and negative
ions into a space and disinfecting 10 bacteria floating in the air, an ion
generator using the ion generating elenent, an air conditioning apparatus,
cleaner and refrigerator using the ionlgenerator. The present invention
nore particularly relates to an ion enerating el ement capable of emtting
positive ions and negative ions i PES %ﬁgﬂ‘IQIﬂanner reduci ng noi se caused
by the em ssion of ions, and decreasing 15 the em ssion of ozone by
designing a surface el ectrode formed on a surface of a dielectric body to
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frequen Y rESRHERRABSR agNﬁIMIQ@Tﬁﬁdsp@mcon erence room when there are many
people in the room the air polluting substances such as carbon di oxi de

di scha&ged by breathing, 20 snoke of cigarettes and dust increase, and
consequently negative ions which have the effect of relaxing human are
reduced in the air. Sonetinmes a |large anount of negative ions are |ost by
cigarette snoke parti cularly and the negative ions are reduced to about
1/2 to 1/ 51gfciRa @ﬁEg@punt Therefore, a nunber of ion generators have
been sold in the mar et 25 to supply negative ions into the air, but all
the generators j The jgesaitain®entiby rehegats ua iongenbyatindelenagtt oaq»bbbegﬁ
system Such a conventional ion generator for generating only negative
ions can seppiyngdgth ofpositive ipng andmesgasive, lopsintoah Spage %@ldﬁlvﬂqcflmtgenove
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ion generator. The present invention more particularly relates to an ion
generating element capable of emitting positive ions and negative ions in a
stable manner, reducing noise caused by the emission of ions, and decreasing

15 the emission of ozone by designing a surface electrode formed on a surface of
a dielectric body to have a special shape.

In general, in a closed room which is ventilated less frequently, such
as an office and a conference room, when there are many people in the room,
the air polluting substances such as carbon dioxide discharged by breathing,

20 smoke of cigarettes and dust increase, and consequently negative ions which
have the effect of relaxing human are reduced in the air. Sometimes a large
amount of negative ions are lost by cigarette smoke particularly and the
negative ions are reduced to about 1/2 to 1/5 of the usual amount.

Therefore, a number of ion generators have been sold in the market

25  to supply negative ions into the air, but all the generators just generate only
negative ions by a DC high voltage system. Such a conventional ion
generator for generating only negative ions can supply negative ions into the
air, but can not positively remove the floating bacteria in the air.

The present inventors eagerly studied and, as a result, have invented

30 a structure of emitting H" (H20), (n is a natural number) as positive ions and



02 (H20)m (mis a natural number) to enclose the floating bacteria in the
air with the ions, nake a chem cal reaction, and disinfect the floating
bact eri a wiomn3tohgs2@ai r by the deconposition function of hydrragerropesioxi de
(H202) and/or hydroxyl radical (OH) that are active species generated in
the chemcal 5 reaction. The applicant of the present application proposed
i n Japanese Patent Application No. 2001l-166118 an ion generating el enent
conprising a surface electrode fornmed én a surface of a dielectric body,
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generate positive.  ion and negative iqgns. |n_additjon, the ion ge ting
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one end is connected to the inner electrode 106 and the other end is WO
03/ 013620 PEtectpebodynd62 and a lower dielectric body 103, and a strip-like inner

electrode 106 is formed between the upper dielectric body 102 and the lower
15  dielectric body 103.

On the other hand, on a surface of the upper dielectric body 102, a
surface electrode 105 is formed in parallel to the inner electrode 106. The
surface electrode 105 is screen-printed using tungsten, on the upper
dielectric body 102, and also formed in a grid pattern as shown in FIG. 10 so

20 as to emit a large amount of positive ions and negative ions into the air. In
short, the grid-like surface electrode 105 is formed on a surface of the
dielectric body 102 by screen printing so as to efficiently generate positive
ion and negative ions.

In addition, the ion generating element 101 comprises: a coating

25 layer 109, made of alumina or the like, covering the surfaces of the dielectric
body 102 and surface electrode 105; a surface electrode connecting part 111
whose one end is connected to the surface electrode 105 and the other end is
connected to a surface electrode contact 108 provided on the lower face of the
lower dielectric body 103; and an inner electrode conducting part 112 whose

30 one end is connected to the inner electrode 106 and the other end is



connected to an inner electrode contact 107 provided on the | ower face of
the lower dielectric body 103. By connecting the inner electrode contact
107 and wos3gusd2aece el ectrode contact 108 to a voltage amaTyiPnzosidé cuit,
not shown, and applying an AC voltage to the inner electrode 106 and the
surface 5 electrode 105 fornmed in a grid pattern on a surface of the upper
dielectric body 102, a | arge anount of positive ions and negative ions are
generated. In the ion generating el enenB proposed i n Japanese Patent
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voltage, the 1hventors "also found that it was possible to reduce noise and
t he gener anpplicatfiowzdn® vajtagepequalztongr tiighshahanaadctestaia vdluehend whieace
el ectrode. The present invention has been made based on the findings and
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present mrgt%/ (?e%%ga%soespv%(/egg 21/g %% (\)fgltage is applied. In a stable region, there is

15 a problem of big discharge sound on the electrode surface, and it is necessary
to decrease noise as small as possible in actual application.

Furthermore, since ozone harmful to human body is generated with
the generation of ions, it is necessary to decrease the generation of ozone as
low as possible while maintaining the emission of ions.

20 The inventors of the present application conducted experiments
repeatedly by changing the conditions of the surface electrode formed on a
surface of the dielectric body, and found that it was possible to generate ions
from a lower voltage region and generate ions in a stable manner in a wide
range of applied voltage by further extending the grid-like surface electrode

25 to form a pointed surface electrode inside the grid squares. Accordingly,
since stable ion generation is performed even at a low voltage, the inventors
also found that it was possible to reduce noise and the generation of ozone by
optimizing the shape and size of the surface electrode.

The present invention has been made based on the findings and with

30 the aim of solving the above problems, and it is an object of the present



invention to provide an ion generator capable of generating positive ions
and negative ions in a stable nmanner under a w de range of applied voltage
whil e redwoisng3saoi se and al so capabl e of reduci ng the gem@Tarbnesiod ozone,
by formng the surface electrode in a special shape, and to provide an ion
5 generator using the ion generating elenment. Mreover, it is another

obj ect of the present invention to provide an air conditioning apparatus
capabl e of being incorporated in variou4 apparatuses such as an air
conditioner, a mcrowave oven and a washing/drying machi ne by .using.the
i on gener atBengIoN tocprovadeAn 107 geRETASAT (7P Soﬁgﬁpgﬁ%‘ng BPSI§’é()édPﬂ§aggns
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anot her ob]j present i nvention _ \ _ _
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generated during cleaning and unpl easant snel ?s inthe refrigerator, by
i nst al | i ngfarheingotheyanefaze oelectroddanpresmatiali shrapd,i and ated paovile bhimwen f or
sendi ng the generated i ons out of the cleaner or into the refrigerator.
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electrode 1s formed Iin"a grid pattern and has a poi nped part in each grid
squar e. Thepparatgeeer aidingael anentir acenditiongr,t a t hecypves@ntoviemveard oa i S
25 characterized in that the pointed part is nmade of a triangle whose
vertices weshingiduringtmaehingdnnusingthg iep gengratonof $he Preserty WMVEAHORN
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5 square i grévatle hadsandraanda 2bfrigorhtir, bapabio of effbetivély Teduring dirt in air
such as dust generated during cleaning and unpleasant smells in the
refrigerator, by installing the ion generator of the present invention and a

15 Dblower for sending the generated ions out of the cleaner or into the

refrigerator.

DISCLOSURE OF THE INVENTION
An ion generating element according to the present invention
20 comprises: a dielectric body; an inner electrode formed inside the dielectric
body; and a surface electrode formed on a surface of the dielectric body, and
is characterized in that the surface electrode is formed in a grid pattern and
has a pointed part in each grid square.
The ion generating element according to the present invention is
25 characterized in that the pointed part is made of a triangle whose vertices
are two arbitrary points on a side of the grid square and an arbitrary point
inside the grid square.
The ion generating element according to the present invention is
characterized in that a plurality of the triangles are formed for each grid

30 square, and the distance between the vertices of the triangles inside the grid



The ion generating el enent according to the present invention is
characterized in that the pointed part is nmade of a quadrangl e whose
verti ces woas@snossi ng of grid lines, an arbitrary point pegaronosdod ai ght
line 5 connecting crossings of grid lines in diagonal positions, and two
arbitrary points on sides of the grid square. The ion generating el enent
according to the present invention is characterized in that the pitch of
the grid is not less than 1.0 nmbut noP nore than 1.5 nm 10 The ion

generating el ement accordi ng t he. present invention conprises: a
pl at e- | i keSANRICISTqtce ﬂV?lghgﬂﬂﬁprEP%%?V%ﬁé ?%bégﬁnpnside t he

di el ectric body; . he -
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i nsi de thechxtRuMrisdd ihhehstithacgoiat@rtpeteis hndd of o @enfbhaakly vigsser di ng
to the present invention conprises: an ion generating elenment of the
present i nvertigesrareamdrossing tofigrichbiply, ag arbitraxy pofrdr negph strajght Vislet age
to the §urface el ectrode and,the jnner e].ectrqde .of the ion generating
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number) and88%§%5%g&£gé{@%%gﬁﬂgﬁégﬁgl nunber) in the air by 20 application

of a vol ta8 he Vo applyrng circuit. An air conditioning apparatus
according to theTBEeﬁ)ﬁnFehé‘x\é%ﬁ{g Qlrhént ab&raeiEtb 2 BYedeng! WeetioANisl on
generator of the present invention, and a blower for sending ions

gener at ed blatdeterniznl gerthattbhe pitcht bfttlougsidds. nét Hseadhen dOcmmdibug nat t he
present invention is _characterized by 25 including an ion generator of the
present i nveateitban laddm- bl over for emtti ng ions generated by the ion

gener afgr out of {he SheaRRkadhd SIERIS! AL AREOLS AT bLhT, ALEARD

inventton is char i uding I'on®gener at € present
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into the refrigerator. 30 According to the present invention, on a surface

of the di edédéctiric oy andth Gk 118 G2Ect R HREHIEA G6sufatanofithi tiddectrm t he
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the surface electrode.

15 An ion generator according to the present invention comprises: an
ion generating element of the present invention; and a voltage applying
circuit for applying a voltage to the surface electrode and the inner electrode
of the ion generating element, and is characterized by generating H' (H2O),
(n is a natural number) and Oz (H20)m (m is a natural number) in the air by

20 application of a voltage by the voltage applying circuit.

An air conditioning apparatus according to the present invention is
characterized by including an ion generator of the present invention, and a
blower for sending ions generated by the ion generator to the outside.

A cleaner according to the present invention is characterized by

25 including an ion generator of the present invention, and a blower for
emitting ions generated by the ion generator out of the cleaner.

A refrigerator according to the present invention is characterized by
including an ion generator of the present invention, and a blower for

emitting ions generated by the ion generator into the refrigerator.

30 According to the present invention, on a surface of the dielectric body,



is formed inside the grid squares. Morre specifically, a triangle having two
arbitrary points on a side of a grid square and an arbitrary point inside
the gridwequans2es the vertices, or a quadrangl e havi ng @caviessisigs of grid
lines, 5 an arbitrary point near a straight |ine connecting crossings of
grid lines in the diagonal positions, and two arbitrary points on sides of
the grid square as the vertices is fornmed as an extended part. Thus, by
further providing the surface el ectrod§ with the pointed parts, it is
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is a cross sectional view cut along the [1I11-111I line of FIG 1; FIG 4 is
a cross sethe¢ onafacei electradealatly thiee pbiited pamte, ibfisPFbGasille Fd @en@ra@ an
enl arged view showi ng the detail of the surface 25 electrode; F/|G, 6 is an
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di agram show ng the essential section in a refrigerator using 30 an air
condi ti oni dgcreppargathesyoltage. 1Bince the presqecinveationevirs genérage doMDin a
03/013620 PCT/JP02/08106_ 7 conventional ion generating elenent; and FIG
11 is a cr &table seannpravithoafperticylaalycdenending eal thegwirepatbrafithe praliedent .

voltage, the ion generating element of the present invention can be
15 incorporated in numerous apparatuses regardless of the types of

apparatuses and conditions of use such as home use or business use.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic perspective view showing the structure of an
20 ion generating element according to the present invention and the
configuration of a surface electrode by enlargement; FIG. 2 is a plan view of
the ion generating element; FIG. 3 is a cross sectional view cut along the
ITI-III line of FIG. 1; FIG. 4 is a cross sectional view cut along the IV-IV line
of FIG. 1; FIG. 5 is an enlarged view showing the detail of the surface
25  electrode; FIG. 6 is an explanatory view showing another embodiment of the
surface electrode; FIG. 7 is an explanatory view showing still another
embodiment of the surface electrode; FIG. 8 is a schematic diagram showing
the essential section of a cleaner using an air conditioning apparatus; FIG. 9
is a schematic diagram showing the essential section in a refrigerator using

30 an air conditioning apparatus; FIG. 10 is a perspective view showing a



BEST MODE FOR CARRYI NG QUT THE I NVENTION 5 The foll ow ng description wll
explain the present invention in detail wth reference to the draw ngs

i 11 ustratwog3geseo enbodi nrents thereof. FIG 1 is a schenathca/jper/epect i ve

vi ew showi ng the structure of an ion generating el enent according to the
present invention and the configuration of a surface el ectrode by
enlargenent; FIG 2 is a plan view of 10 the ion generating elenent; FIG 3
is a cross sectional view cut along the7 111-111 Iine of FIG 1; and FIG 4

is a cross sectional .view cut.alo the | EL line of FIG .1. An ior}
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gl ect rodegﬁhg feldei=to pelalpt- g?g&%tﬁ{ emeq%el-l i ke dielectric body 4, in a 15
grid pattern Wrﬁ(ﬁe pol n?e@ygarts a?‘?orme "in the grid squares (a structure

including the grid part and the pointed parts 5a will be hereinafter
referred to as the surface electrode 5); a surface el ectrode contact 8,

provi ded oBRFRMODReFOREARRYING QUEl EHE INVEMTIQAN for suppl yi ng

el ectrode 5: .a li ke i nner el ectr,ode 6
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the inner electrpyg. G isNpis€héMatictf@spe@irciiehe showilys 4hé staptnaseflaal an

upper dielectric body 2 and a lower dielectric body 3. 25 The follow ng
descri pti onM génerapingi relement saceortdurge fon thet giresentn inyegtinic amsl ethieal

havi ng an excell ent oxj dati on resistance is suitab) of .the . materi of
the di el ecEoRiEgwEdpPI40 %ﬁ&?&%ﬁ?@%&}@ﬁ& en arrg%mﬁ&é’sféqg’eétlﬁ alanavieped;
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03/ 013620 PCT/JP02/ 08106 8 resistance is taken into consideration,

i norgani ¢ hmeefiFdGs lare preferred. Wien the noldability and the
| at er - descri bed easiness in constructing the electrode are taken into
consi deration, ifn ®nsgerengting slegantc brofrihespresent invention comprises: a

surface electrode 5 formed on a surface of a plate-like dielectric body 4, in a

15 grid pattern with pointed parts 5a formed in the grid squares (a structure
including the grid part and the pointed parts 5a will be hereinafter referred
to as the surface electrode 5); a surface electrode contact 8, provided on the
lower face of the dielectric body 4, for supplying electric power to the surface
electrode 5; a strip-like inner electrode 6 buried inside the dielectric body 4

20 so as to be substantially parallel to the surface electrode 5; and an inner
electrode contact 7, provided on the lower face of the dielectric body 4 for
supplying electric power to the inner electrode 6. Note that the dielectric
body 4 is composed of an upper dielectric body 2 and a lower dielectric body
3.

25 The following description will explain each structure in detail. An
organic material having an excellent oxidation resistance is suitable for the
material of the dielectric body 4, and, for example, it i1s possible to use a
resin such as polyimide and glass epoxy. In the case where an inorganic
material is to be used, it is possible to use ceramics such as high purity

30 alumina, crystallized glass, forsterite and steatite. When the corrosion



mol ding. Since it is desirable to have a uniforminsulating resistance 5
between the surface electrode 5 and the inner electrode 6, material with a
| ow i nt erwalo3desseoty and the dielectric body 4 with a uni frammapbziesabat i on
rate are nore preferred. The dielectric body 4 can have a circul ar, oval
or other shape including a polygon shape, or even have a cylindrical
shape. However, 10 when the productivity is taken into consideration, it
is preferred that the dielectric body 48s in the formof a pl ate as shown
in the draw ng. AI.thga;igeh the material .for. the s.urfa%e .electrode 5 i(g not
par ti cul ar F§SIPYaRCE & [ 4R sensiflexation JnQRERRY; Mpteals afe BRafearedy
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section_has a uniformthickness. th ther hand, when the .surface
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squares. FIG 5 is an enlarged view show ng the detail of the 25 surface
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electrode 5 is not less than 1.0 nmm but not nore,than 1.5 mm d
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di stance 3Q;deficvBelyt BeidPehNtheA fol bhey RAATE B sBowROh &@@rmﬁ% 0.45
nm and a WO 03/013620 PCT/JP02/08106 9 height h of the triangle (the

| engt h of Algeryghnidieculaderidl fppdd furdace blecpoidats ishotopartstulailyhlimitede

connecting the point A and the point B) is preferably 0.25 mmto_ 0.35 mm
Simlarly, a8 lang@gnéas mdyééwntyr]butxéii@ireégsr(asle@%@énwasatlsfy a condition

that it does not cause deformation such as melting by discharge. In this

15 embodiment, the surface electrode 5 is formed by screen-printing tungsten
on a surface of the dielectric body 4. Note that, when the surface electrode
5 is formed so as to protrude from the surface of the dielectric body 4, it is
preferred that the protruding section has a uniform thickness. On the other
hand, when the surface electrode 5 is formed on the inner electrode 6 side

20 than the surface of the dielectric body 4, it is preferred that the depth thereof
is uniform.

As shown in FIG. 1, the surface electrode 5 is formed in a grid
pattern and further has pointed parts extended in the inward direction of
the grid squares. FIG. 5 is an enlarged view showing the detail of the

25 surface electrode 5. As shown in FIG. 5, the pitch (w) of the grid of the
surface electrode 5 is not less than 1.0 mm but not more than 1.5 mm, and
preferably 1.2 mm. The extended pointed part is in the shape of a triangle
drawn by connecting two arbitrary points (point A and point B) on a side of
the grid square and an arbitrary point C inside the grid square. A distance

30 g between the point A and the point B is about 0.25 mm to 0.45 mm, and a



point C and a point C) of the triangles inside the grid square is not |ess
than 5 0.25 mm but not nore than 0.5 mm and nore preferably 0.35 mm Note
t hat the woaprisky of the above-nentioned val ues is exam red/ipy2/eshes

| at er - descri bed experinments. Moreover, although this enbodi ment is

expl ai ned on the assunption that the point A and the point B of the
triangle are located in the 10 approximately center section of a side of
the grid square and the triangle is an qulateral triangle or an isoscel es

| mted t ohetkdit obthepsiangle (RSlehEbhel bperHendpbtirap g e ARS BoRn bl
I ted
ext enaed pl 1 ASEEROnTlofadul Ble AORLE 4 3‘?1%?9{‘&1@518&%%"32 5 8Pene

triangle. ke tdH0i3P a{mexshﬁﬁmwxa "iseitn & 6 Web@ ean ahlevereites dbawméervh t he

surface el ectrode 5. As another pointed shape, it is possible to use a
quadr angl e painds@ andrd pobe Qr &f thectromrglesinsi tkge guid squege iamobidsistthany
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the grid squareksrihdd exp&imehtan 0. 25 nm but not nore than 0.5 nm and
nmore preferably 0.35 nmm~ A distance j between the point A and the point D

and a di st ance j Muebwesm akhough qhms ambBdanent teeexamedomithe laeShmpmher ably
about 0.15 mm and a distance bet ween theh poi nt and % poi t which
a per pendi @hﬂl‘arthlel Reintq Ao sk thleoﬁ?’cq‘?echﬂfn € nglej ke tlpeaty | Hl are

crosses,the side | refer abI u ] IS ry view
showi n];Ost iaPPr%{'ﬂ{}{ %yp %SHF?% ? Sége Ohgmsg ]fdG%% 1N a@@@%l@g 1s?hown
in FIG 7 qtﬁla@ al'%?ﬁ%%‘f@éf h¥ 1§ cPleR \Hia g g QD3 ﬁﬁ-ﬁﬁ(ﬁgt CCd dR0v48406 10

t he poi nteg triangle on al'l the sides of the grid squares, and the pointed
triangl es why thiangteois detl n@ﬂe%atﬂy dneited de sashshehapenthd Gosifipak,ofamet wo

sides to face each other s shown in FIG 7(b), or on two adjacent sides of
point A and point B can be located in any position on a side of the grid

square as long as the extended part has a pointed shape, and the triangle
15 can be a scalene triangle.
FIG. 6 is an explanatory view showing another embodiment of the
surface electrode 5. As another pointed shape, it is possible to use a
quadrangle whose vertices are a crossing D of grid lines, an arbitrary point C
near a straight line connecting the crossings D and D in the diagonal
20 positions, and two arbitrary points (point A and point B) on sides of the grid
square. Like the above-mentioned triangular shape, the distance f between
the vertices (between a point C and a point C) inside the grid square is not
less than 0.25 mm but not more than 0.5 mm, and more preferably 0.35 mm.
A distance j between the point A and the point D and a distance j between
25 the point B and the point D are both preferably about 0.15 mm, and a
distance k between the point D and a point E at which a perpendicular line
dropped from the point C to a side the grid square crosses the side is
preferably about 0.3 mm.
FIG. 7 is an explanatory view showing still another embodiment of

30 the surface electrode 5. As shown in FIG. 7, it is not necessarily to provide



each grid square as shown in FIG 7(c). Al though not shown, needless to 5
say, the extended triangles nmay be forned on three sides of each grid
square, wooBpti3ddor one side. Simlarly, the nunber of quaditamrgt/esocan be

1, 2, 3 or 4, and as shown in FIG 7(d), pointed quadrangles may be forned
in tw diagonal positions. Next, referring to FIG 1 through FIG 4, the
follow ng description 10 will explain the inner electrode 6. For the inner
electrode 6, it is possible to use a nlerial having conductivity such as
tungsten, for exa Ie,.anq t he Hyﬁper.ele trode.6 is formed,in a stri,p form

t

on a surfatBe pomted gipnslgion allithecsidgy @) the grid pauaLGR rang éﬁ%dﬂ’i‘t@dbody

3. As showg_.i I , I r 6 . LSf pper
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el ectrode 6 is uniform since the discharge state is stable and positive

i ons and negelt igril sqnarecas showgemeFGed(©h Altkeugh aotrmhowm, reediess to

desirabl e that _.the surface el ectrode and, the, i nner, electrode 6 be
paral | €0 t 82B4bR eFterded tha%glﬁ%m%bﬂgqrm%ov fhese %ﬂ%%?* %%’1 gndsazgre,
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the surfaggqehechbddeip I 0D, bbifede Qedd@deldd fidiebeMoohRlent ade
distance) is wuniform The surface el ectrode contact shown in FIG 3 is a

contact 2Biagmaépobedions. t he surface electrode 5, and the surface el ectrode

5 and other construction are connected by conpecti ng e end of a |ead
wire made of copi§&h, refermng dm BIG+ hehrowgh thJHTIﬁ’sﬂ’(,eoﬁﬁg’(Y‘fmgn‘%?SEHﬁH@E‘ti ng
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However, t henauslbaredebds foaned aontsarip Brvidd alsaviact lod thanppel ditledteic
potential as the surface electrode 5, it is desirable that the distance
bet ween t hboflnn2ror éhedewetedigleshuic thadys dr f dbe sBpwar ipdElGoms: dbe supr

| onger thagléc'rcll%de 6 is formed between the upper dielectric body 2 and the lower

15  dielectric body 3. In particular, when the insulation resistance between the

surface electrode 5 and the inner electrode 6 is uniform, since the discharge

state is stable and positive ions and negative ions can be generated in a

stable manner, it is desirable that the surface electrode 5 and the inner

electrode 6 be parallel to each other. In other words, the inner electrode 6 is

20 positioned inside the dielectric body 4 so that the inner electrode 6 faces and

is parallel to the surface electrode 5 and that the distance between the

surface electrode 5 and the inner electrode 6 (the interelectrode distance) is
uniform.

The surface electrode contact 8 shown in FIG. 3 is a contact

25 connected to the surface electrode 5, and the surface electrode 5 and other

construction are connected by connecting one end of a lead wire made of

copper, aluminum or the like to this contact and connecting the other end to

a contact of the other construction. Since the surface electrode contact 8

and the lead wire are easily connected, the surface electrode contact 8 can be

30 provided at any position as long as it is on a surface of the dielectric body 4.



interelectrode distance. By satisfying this desirable relationship, a
stable 5 discharge state can be obtained. The inner electrode contact 7 is
a contactwoosreszed to the inner electrode 6, and the inraT/@PIBEivOde 6
and ot her construction are connected by connecting one end of a lead wire
made of copper, alumnumor the like to this contact and connecting the
other end to a contact of the other 10 construction. Since the inner

el ectrode contact 7 and the lead wire atle easily connected, the inner
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the inner glReidded® CA adle GulfackORUQktrddeartohbact IBNtRY doigsy odndithleance.
By satisfying this desirable relationship, a stable discharge state can

be. obt ai nasterdlectroderdistaneedi Byaswtesfpetgnden ddserable fraladicrishap,r addaklent act
8 and %he i nper el ectrode contact. 7 are nmade | onger than the
i nt er el 2ct Abgbarapsigite canbe obtameder  when the surface el ectrode contact 8

and the inner el 2‘81%%131231‘?%%%@53? 7cog§aectb’?tirs] z? rc%}/lkgc%dcoq{}leaes&”t{) gtglg élr%\ﬁl:r

face) facing a ace) Wwhere the surface electr

formed, W pR3t:%MEN6,38nd tB&InNEY ERcBloBe B hnH&tHePRoANPULROE arE a0BnVAREE
positive ions and negative ions are generated. Therefore, if a blower is

addi ti onal by conaeitireg ohe eadnd a2leadi wirt anhde of cofpecealunemein be thelifkede
electrode 5 is fornmed, the flow of air will never be disturbed by the |ead
wires, andthisusontsics apdaeepnasting $heppiiesr gpde to spnrontacy ofsdhp abhedt f ect

Con o 5 08 AT e PR e 85 RL T BT RS A
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case wher epasiviont &gkbngsasifik ioada stisfacooheod diegedthie kodyfsaceHeweesn, adee5 and
the inner electrode 6 to a voltage applying circuit V (see FIG 3).
the inner electrode contact 7 will have the same electric potential as the
inner electrode 6, it is desirable that the distance between the surface
15 electrode 5 and the inner electrode contact 7 be longer than the
interelectrode distance. By satisfying this desirable relationship, a stable
discharge state can be obtained.
Moreover, the distance between the surface electrode contact 8 and
the inner electrode contact 7 are made longer than the interelectrode
20 distance. Further, when the surface electrode contact 8 and the inner
electrode contact 7 are both provided on a surface (lower face) facing a
surface (upper face) where the surface electrode 5 are formed, wires such as
lead wires are not laid on the upper face where positive ions and negative
ions are generated. Therefore, if a blower is additionally provided to send
95  air to the surface where the surface electrode 5 is formed, the flow of air will
never be disturbed by the lead wires, and thus this arrangement is
preferable. Similarly, such an effect can also be obtained by providing the
surface electrode contact 8 and the inner electrode contact 7 at positions

other than on the upper face.

30 Note that the above-mentioned “other construction” means voltage



In this case, when the surface electrode 5 is connected to the ground 5 to
have a ground potential and the internal electrode 6 is connected to the
vol t age awol ogiomsp2¢i rcuit V, a high voltage is not appliedpca/xrhrosasposed
surface el ectrode 5, and thereby preventing electric shock accidents. FIG
3 shows an exanple of such a construction, in which an ion generator 20 is
conposed of the ion generating elenent 1 and the voltage applying circuit

V. 10 In order to generate both positivgzions and negative ions with a
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for renmoving particulates, by a blower 35 conposed of a nmotor 33 WO
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fan 32 connect ed taﬁ t he rotat,ion IS Cif t he, rYDtOf 33.. Thenlai r
condi t i oni #Y PappRrataaimearelsrgn ngl s dlhernstingreltags dimainlimited to a

sinusoidal alternating voltage that is generally used for commercial power

15 supply (hereinafter the sinusoidal alternating voltage will be referred to as
the “AC voltage”), and a rectangular alternating voltage may be applied, or
the alternating voltage may be applied using another waveform.

The ion generator 20 according to the present invention can function
as an air conditioning apparatus 30 by further incorporating a blower

20 therein. This air conditioning apparatus 30 is used in a space, for example,
in a home, a ward and operation room of a hospital, a vehicle, an air plane, a
warehouse, a refrigerator, and a machine, and is applied, for example, to an
air conditioner, a dehumidifier, a humidifier, an air purifier, a refrigerator, a
fan heater, a microwave oven, a washing/drying machine, a cleaner, and a

25  disinfecting apparatus.

FIG. 8 is a schematic diagram showing the essential section of a
cleaner 40 using the air conditioning apparatus 30. As shown in FIG. 8, the
discharge air which is generated by the suction of air with the cleaner 40 is
discharged from external discharge openings 41 of the cleaner 40 via a filter

30 31 for removing particulates, by a blower 35 composed of a motor 33



conprises the blower 35 and the ion generator 20 disposed close to each 5
other. The notor driving circuit 34 and the voltage applying circuit V are
suppl i ed wotdsoaseeel t age i n a synchroni zed manner by a conthrcaldrez/osimot
shown, and the ion generator 20 generates a |arge anount of H+ (H2O n and
02- (H20) mi nside the cl eaner 40. Meanwhile, the bl ower 35 spreads the
positive ions and negative ions generated inside the cleaner 40 into the
room 10 space being cl eaned, through t hke3 ext er nal di scharge openings 41 by

the air blown fromthe fan 32. Wth.this structyure, it i ssible to
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provided with the strip-Ilike internal electrode 6
y the cleaning action.

is

FIG. 9 is a schematic diagram showing the essential section inside a

15 refrigerator 50 using the air conditioning apparatus 30. Like the cleaner 40
illustrated in FIG. 8, the residual contaminated air is discharged from
internal openings 51 of the refrigerator 50 by the blower 35 composed of the
motor 33 connected to the motor driving circuit 34 and the fan 32 connected
to the rotation axis of the motor 33.

20 A voltage is applied to the motor driving circuit 34 and the voltage
applying circuit V by a controller, not shown, with a timing programmed in
advance in a ROM, not shown, in the controller. Then, the ion generator 20
generates a large amount of H'(H20), and O2 (H20)m. Meanwhile, the
blower 35 spreads the generated positive ions and negative ions into the

25 space inside the refrigerator 50 through the internal openings 51 by the air
blown from the fan 32. With this structure, it is possible to effectively
remove the unpleasant smells generated by the matters cooled in the
refrigerator.

Now, referring to FIG. 1 through FIG. 4, the following description

30 will explain a more specific embodiment. The dielectric body 4 of the ion



whi ch has a size of about 6 Mm X 24 mmand is fornmed in parallel to the 5
upper face of the dielectric body 4, and the surface el ectrode 5 which has
a wdth wombozs2o010.8 nmand a |l ength of 27.6 nm and i s @&aTamrgrisedo t hat
the center line (the Ill-I111 line in FIG 1) connecting the centers of
both end Iines (about 15 mmw de side) on the upper face of the dielectric
body 4 is the line of symetry. The surface electrode 5 is fornmed so that
if the surface 10 electrode 5 is projeckdd onto the internal electrode 6,

the projection of the surface elegtrode. 5 spreads to .an area outside the
i nternal eBeReratmE cclement lf aceprding, ftgkse “éﬁé@‘?%ﬁbt 3% i F?%ﬁpgk}g‘ﬁr esent

on a plane_wh t.he i nternal..; el ec i o] i et iew), a
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el ectrode 6. By formng the surface electrode 5 in such a nmanner, when

di schar ge whigle hiasrarettef efomhautet mmner 24| mot nodeiseformetinian parslled dodbect r ode

5, the discharge is carried out  inside the surface electrode 5 nd
t her ef ot e BBReIfacenel e diejgetric rbotdléfe‘l’aﬁ“?‘i ithe Sé‘?%i‘@?éﬂ%‘i'?ﬂo‘i%gswb%fh ﬁ a

generated in d aiq(a ce, th e I t grid
and poi nt 98’1‘#&1 gﬁ%?oeuf% gd?%%\?%g lgflgﬁh é¢§¥%gﬁ &?Féggggg?lz%e@?%odg{% tglr%e t he
Same as tthSrﬁeF?{}'lte' @REM PP Ve iMbFRP.YP)roonh@;@tiﬁgrth@%@nﬁa'r@@frb@ﬂ?eﬁ&rﬁn'fé%t 8 1s
provi ded on the lower face of the dielectric body 4. The surface el ectrode
contact 8 {(ghomwnfemnetvitlo siddl@nsthid apperefage tof dhe delbgtrambagypéiis the dine
connecti ng Eart 10 having one end 25 connected to the surface el ec&rode 5

and the ot pesyardely. a Thesistriage opleetmade ypgerformed 69 thad #f Bhesrtacepody 4
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surface el ectrode contact 8. urt e inner electrode contact 7 is

provi ded athéRuafaeb tdlestyo D50/ Vik8aally Redéeit0an @8 bléne Hheposthei nrtermalt he
| oner face of the dielectric .bo%@& facing the inner electrode 6. The
i nner el eceleothode optiscformeds (mobhedilan vieWwha pariéen gorraspedding by the
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15  corresponding to the periphery of the inner electrode 6. By forming the
surface electrode 5 in such a manner, when discharge is performed from the
inner electrode 6 to the surface electrode 5, the discharge is carried out
inside the surface electrode 5, and therefore the discharge state in the air is
stable and ions can be generated in a good balance. Note that the shapes

20 and sizes of the grid and pointed triangle, quadrangle, etc. of the surface
electrode 5 are the same as those mentioned above.

Moreover, the surface electrode contact 8 is provided on the lower
face of the dielectric body 4. The surface electrode contact 8 is connected to
the surface electrode 5 by an upper-face connecting part 10 having one end

25  connected to the surface electrode 5 and the other end at a position on the
upper face of the dielectric body 4 facing the surface electrode contact 8 and
a length longer than the interelectrode distance and by a surface electrode
connecting part 11 for connecting the other end of the upper-face connecting
part 10 to the surface electrode contact 8.

30 Further, the inner electrode contact 7 is provided at an arbitrary



surface electrode contact 8 and the inner electrode contact 7 is nmade

| onger 5 than the interelectrode distance. Next, a nethod for

manuf act uwiong/oideeo i on generating elenment 1 is explai ned. PETr®b2/08200. 45
mm t hi ck hi gh-purity alum na sheet is cut into a predetermned size (15 mm
width X 37 mmlength) so as to formtwo alum na bases having substantially
the sane size. Note that, alumna 10 vmih a purity equal to or higher than
90% can be used, and alumna with a pu 5ty of 92%is used here. The
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body 2. Then, tungsten is screen-printed in a strip pattern on the upper
face of thenmdhelectlodd ensigigt paftond) t INotenfleit eledistadee betweegrite y on
the surface of the alum na base, and the surface el ectrode contact 8 and
the i nner sutface etrtéradencandact78 amel fher mnerariectinedd oomtact dcis whde Hengaruni na
base by. screen printin thereby fabricating the | ower dielectric body 3.
20 Furtther Fh%tggapﬁeﬁglegﬁyg@pﬁgstpég%r 9 (only shown in FIG 3) is forned on
a surface of the e ' [ : ' o
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one upon another, pressure bonding and vacuum suction are perforned, and
25 then t hpyedaterminarkdijen (35 fumacidthnd Bdk etmulegthh snoas dri i dwo

at nosphere at 140QC to 16Q0C. According to this manufacturing process, it
is possi bl éﬁ!@“@a asQs rﬁﬁYdP&cﬁ‘lhséa@tPn%ﬁY (fﬁ?eg%%f@fga?tl?‘ﬁg &I%E‘hé:l??gl HNE
t he prgsent .pnventi.on, I i CL.L pL.Lon, Wl | I: n
exanpl f(;(?i nwvlvﬂl1 3hp'é11l1%§8q@%ﬁda%}en\$%ﬂs&a%%ﬂ éel(g%gc ?‘)ﬁl{ %ée%its%’)((ri\) %I\é\@\grl% I n%%éplé%ent 1

formed by LheitWer@8sPi362Q IRt/ JP0O2/ 08106 16 above-mentioned nethod. In
order to apply a voltage between the surface electrode 5 and the internal
el ectrode 6 of tTheisurfgeneleatiodg &lagdethe tppehdacd congentengpart 20 i
construct e?nt%érglcl); ?gr%eizc? %ytsgx(?ee\lllc');l)rt'ig i%gat%%g%i:erhgir{: Earg%llj- tpat\;éern on the upper
face of one of the two alumina bases so as to fabricate the upper dielectric
15 body 2. Then, tungsten is screen-printed in a strip pattern on the upper
face of the other alumina base to form the inner electrode 6 integrally on the
surface of the alumina base, and the surface electrode contact 8 and the
inner electrode contact 7 are formed on the lower face of the alumina base by
screen printing, thereby fabricating the lower dielectric body 3.
20 Further, an alumina coating layer 9 (only shown in FIG. 3) is formed
on a surface of the upper dielectric body 2 so as to provide the surface
electrode 5 with an insulation coat. After placing the lower face of the
upper dielectric body 2 and the upper face of the lower dielectric body 3 one
upon another, pressure bonding and vacuum suction are performed, and
25 then they are placed in a furnace and baked under a non-oxidation
atmosphere at 1400°C to 1600°C. According to this manufacturing process,
it is possible to easily manufacture the ion generating element 1 shown in
the present invention.

Next, the following description will explain an example in which a

30 voltage was applied to the ion generating element 1 formed by the



and the surface electrode contact 8 with a lead wire, and connecting the 5
i nner el ectrode contact 7 and the voltage applying circuit Vwith a |ead
wire. Thwoo3y3aperating the voltage applying circuit V troTapppl/gsien AC
hi gh vol tage between the surface electrode 5 and the inner electrode 6,
positive 1ions and negative ions are generated. The follow ng description
w Il explain experinments which were 10 perfornmed by changing the shape of
the surface electrode 5 so as to exam the influence of the change in

the shape onp the yields of Jops,. noise, and.the mount  of ozone.

Pr ot ot ypesaEQ e'H}%‘t{%e%v@ﬁBh%fooﬁPc%ﬁfeﬁytoe%@%‘? ng ﬁ%%eéﬁ'fe?%@geeﬁué@[cﬁode 5
to have a i I i i . , the
wdth g weslbrRed Ehad e B BbkEE EhFholon EitiMind BRREE dhe)
prototype (¢} gehdr@t¥d dbMs g:oﬁ@ﬁ*u@te&_%ﬁﬁbﬂﬂébtiﬁ'ge_t}ﬁb?i\/@lhé?@ applyifg Firit VA
prototype (7) had a conventional sinple grid-like configuration, and the
grid pitchandsth® Surfare Hlectapds centacd|d agth teo ledte wivé,t agé coppegting thier cui t

V was 70 to 90V, the potential djfference between the peaks of the AC
vol t ageg wedclecmodt cones Tiand theiveliass RERIyERE TGRS L6 e A Rr The 20

g1l ol DA VG, La0huP S bl ESALLYELLERY Lo, atpun 6 muare

and the noise’'v nmeasur e e above- ment

The resul {61t35& bebRuen ithe TaREf el dectrbde BOhRd tthatinhBe d1BaSHE BE Pbsiivet he
yields of ions was perfornmed at a neasuring point about 25 cm apart from

the i on gemarsandgegheveninsiareagesier@®dt he nmeasurenent of the noi se val ue

was carried out at a _neasuring point aboyt 11.5 cmapart fromthe ion
generating el enente1 folipwingy; é?"é%‘émi‘oﬁ’m e?ﬂé@é%v‘é’ﬂ?erﬂ‘ﬁ‘én%n‘@ 168 e¥¥fode 6

was nmagde to ve uni-form stri p..far mew ize apqut 24 mm
and th]g&wi B?QSBWe?ibrYe%hafW_ %&etsﬁggarquhég u{%é:g eg%crt ?‘;dceeggﬁ&:sﬁ 20 eaﬁ]sl%\%as
made 0.25 PR iff&diE@ SoUMRr dHmRIYe inNHeSsHaApRl ol Bige $R1dPbF Gdhs, MRS ahli&he

di stance between the center |line of one side of a grid WO 03/013620

PCT/ JP02/ 08idmnt7of szptar e Protbtypes €2nhad (3) neeef prothtchdrbysiedterafing hdiegr i d

square. As is clear fromTable 1b, it was confirned t&gt thehgro&ot pes (2)
and (3) geherfaceglacsrnde p ta hasreca dtimsalapeonhewation: g tdG-H. pABttdey pe

prototype (2), the width g was 0.45 mm and the height h was 0.45 mm, while,

15  in the prototype (3), the width g was 0.35 mm and the height h was 0.3 mm.

A prototype (7) had a conventional simple grid-like configuration, and the

grid pitch was 0.8 mm. The applied voltage to the voltage applying circuit

V was 70 to 90V, the potential difference between the peaks of the AC

voltage was about 5.0 to 6.3 kV, and the frequency was about 40 kHz. The

20  yield of positive ions, the yield of negative ions, the amount of ozone, and the

noise value were measured under the above-mentioned conditions. The
results are shown in Table 1a,1b.

Note that the measurement of the yields of ions was performed at a

measuring point about 25 cm apart from the ion generating element 1, and

25 the measurement of the noise value was carried out at a measuring point

about 11.5 cm apart from the ion generating element 1 in a noiseless room.

Moreover, the inner electrode 6 was made to have a uniform strip form with

a size of about 6 mm X 24 mm, and the width of lines forming the grid of the

surface electrode 5 was made 0.25 mm in this experiment. Note that the

30 “pitch” means the distance between the center line of one side of a grid



(7) not only when the input voltage was high, but when the input voltage 5
was |low. Thus, by formng the grid-like surface electrode 5 to have further
ext ended poi wtoesbeparts, it is possible to generate ions irrca/poabdies manner
with a wi de range of voltage. Moreover, although noise increases with an
increase in the yields of ions, since the prototypes (2) and (3) can be
used with a low voltage as is clear fromTable 1b, it is possible tolimt
noi se. 10 Furthernore, it was possible 1o si gnificantly reduce the
generation of ozon har nf ul.. t o hunman body. xt..prototypes (1), (4) and
5] e o mERRASETT B BYRIEH din: ol TORRET GAF B Bt BN Geh 6, 1 he bl oht
h and the distangg ; Ve, TRB1Y Gbt K€ G%hs Mnfird @D heS the §eofokfpesla) and
simlar experi ne%tgslgvéggée carried out’ ?t he S15 npot enti a?tsdlls‘??e?eong%e blet)ween

t he peaks ahdt(Be ghhevstbtiagns Wasa aRge ahblet mAnder tconfpadellVtoThe prsolyps ar e
shown in Table 2a,2b. As is clear from Table 2a,2b, in the case where the
printing ofDthet oglyi wheat the mmpit veltagaumagclish, datrwhen Sheainppériobiaged by

hanging the pitch, f 0r 1.5 & d. changi ng, t i f th
o niedtr aRgPY; et Dy Torming Hon EridslER AR 6 H R e 4 da g SO thetoen

P . . rrand FobEt

were reducentetiRdrinked bafes, 303 HoleiBle ROTebEYSe' AT I NRAR ifided e
caused by Hheh haglidd Pahg®BE veitdBe. OMokb6yelt! hEEhSUPRMOibS iSdiehtes With ahectric

field strength plane is snall, and creeping di scharges interfere with each
ot her, andindreassf on ¢hetydblde of2®ngerircat thenpuftopypeist @Y enidot® candbaaedi ve

ions can not be perfornmed. On the contrar en the piifch is large and the
di st ance f "Bt ReldV Vol@egedy i‘%:éteaﬁ‘sf%?%‘r gé,glea\i\dgaf‘tgéS Hﬁg%f% B}T%i'%@%% i ons
and negat i jons. are. ner ' ' t ' I

i ncreases. F’?“ﬁﬂ%‘irﬁﬁg’ fteﬁgf ﬁ’so %%J:B?e %cﬁg%?@%ﬁﬂtgg%%% Q?es ggf}\%gt%%b%&f%)g 5 the
vertices eghaRiphsty RuRbelydyl onal 30 relationship with the yields of
positive ions and negative ions and the noise WO 03/013620 PCT/JP02/ 08106

18 val ue. The i Neshtmrosotypes (), fitesrdt(Ghpere cadnwiactuneddyf cloamging the
experinments _and the experinent al datg t hat, when stgbl e ion generation and

a reduct i ofridi pitehdheowrdthyg the haight hiand the ditanes Hoewenthe Kertyest ance

I BEtueen E)P %riangles (see FIG. 5), and similar experiments were carried out (the
15 potential difference between the peaks of the AC voltage was made about 4.8
to 6.3 kV). The results are shown in Table 2a,2b.

As is clear from Table 2a,2b, in the case where the printing of the
grid pattern of the surface electrode 5 was performed by changing the pitch
from 1.0 mm to 1.5 mm and changing the size of the pointed triangle, when

20 the pitch was small and the distance f between the vertices was small, the
amounts of positive ions and negative ions were reduced. On the other
hand, the noise value was lowered. This is caused by the fact that one side
of the grid square is short, the electric field strength plane is small, and
creeping discharges interfere with each other, and therefore stable

25 generation of positive ions and negative ions can not be performed.

On the contrary, when the pitch is large and the distance f between
the vertices is large, a large amount of positive ions and negative ions are
generated, and accordingly the noise value increases. Thus, the lengths of
the pitch and the distance f between the vertices establish a proportional

30 relationship with the yields of positive ions and negative ions and the noise



vertices should not be I ess than 0.25 nm but not be nore than 0.5 mm and 5
preferably be 0.35 nmas in the prototype (3), while the pitch should not
be | ess Woa3/013620 nm but not be nore than 1.5 mm and prefraTaipbyosias 1. 2 mm
as in the prototype (3). Finally, experinents were perforned about an ion
generating elenment 1 conprising the surface electrode 5 having a
quadrangle 10 configuration (see FIG 6), under the same conditions as in
t he above-nenti oned experinents. Note t¥at, in a prototype (8), the pitch

1.2 th i St f t ti .9 t he. | th j
bot veon t NERt: n{L06 HHEEES APk DrEreilomp I opr oo deem oA,
I th k b NOI ' -

15" Shoun i APREP SYEHGARL BaR i S Blaph N3P gkl 108 o ERUhnTC

good as t hasehefndidte vaRieh yilem (rdb @ididezhtioaNthe dadagicé drbeg@ieen ahieon was

recogni zed in a wide range of voltage. The noise value was slightly
hi gher, anderticesshovdd et badess thani DsAfamae but bwt \ieemore éhar - § cew, andi de

the grid square | arger and .t 20 electric field was stronger. te
that i 151 SDEQRTUT ool Eriaen PR dn 5P SBOETBLI Slnoelile Hhd Bocbet Ry 38t Peasi ng
t he di stan f t t ' AL . AP z“ﬁm‘? cribed
in detail gegsé&g;ggafg@o?‘é‘.E‘S@@%@%‘F%Qéﬁ% -r11;\llji<llalhtlal P@r{ﬁ Ege?g\gi}g%Yéur ac;e% of
the di el ectf tke pRst¥tygen(3ddition to the grid-like surface el ectrode, the
pointed surface el ectrode is further forned inside the grid squares. More
specifically, a Fimallygl expavinegts woere bpenfarmegdonhost oan almi dgemsfrating gri d

square and an arbitrary point inside_the grid square as the vertjices, or a
quadr angl ecleaeng b eBREISHIE o?hegrﬁ‘Hfﬁ‘qeneegeCtéﬂgear gi E}aé(ll?g pdi fuadzane

strai 30 line connegtin 0s§i N rid Lines. ipk di,agqnpal

posi t?@s, 9%%%31_%1”&31% §g§? 0%‘31%0%% § Bg’tZ/ 8@‘%08‘5 9 Caér |1¢1$§?yagoiqﬁt sthgn

si des of thpo@d-ifbnifbRdCerimentser NEShhs, foh Pdt§pars), akkbasie@riwrart .
Accordi ngly, by further providing the surface electrode with the pointed
parts, it 12 possitlee distagend' hetawgrosithe veeritiwas wasl h6gmim v ¢heé desgin j a

stable manner in a w de range of voltage application. Consequently, ion
between the point A and the point D shown in FIG. 6 was 0.15 mm, and the

length k between the point E and the point D was 0.3 mm. The results are
15 shown in Table 3a,3b.

As is clear from Table 3b, the results were as good as those of the
prototypes (2) and (3), and stable ion generation was recognized in a wide
range of voltage. The noise value was slightly higher, and it was caused as
the distance f between the vertices inside the grid square was larger and the

20 electric field was stronger. Note that it is conjectured that the noise

problem can be solved by decreasing the distance f between the vertices.

INDUSTRIAL APPLICABILITY
As described in detail above, according to the present invention, on a
25  surface of the dielectric body, in addition to the grid-like surface electrode,
the pointed surface electrode is further formed inside the grid squares.
More specifically, a triangle having two arbitrary points on a side of the grid
square and an arbitrary point inside the grid square as the vertices, or a
quadrangle having a crossing of grid lines, an arbitrary point near a straight

30 line connecting crossings of grid lines in the diagonal positions, and two



5 generation at a | ow voltage becones possible, and further noise and the
generation of ozone can be effectively reduced by decreasing the voltage.

Si nce t hewors®ess20i nventi on can generate ions in a stabl e peavnrrez/osihd hout
particul arly depending on the strength of the applied voltage, the present

i nvention can give advantageous effects that the ion generating el enent of
10 the present invention can be incorporated in nany apparatuses regardl ess
of the types of apparatuses and condi t¥%ns of use such as home use and

busi ness use.. WO 03L013620.PCT/9PE2/0 106 20 VVﬁn UWWZ P Ln.,Ln a COW
(if 00 awRifrany, peipts epgides of the gri) gAre 4§ the ¥eriifes ilogmed 448 o ww

D Z Cr LOeEte%(a)edﬁ)a{':rt. WAQC&dQ)&%Q)?fu%Q‘ pPvididg tRd burfabd elecBlodd Mith C N

ULn Nco
the pointed parts, it is possible to generate positive ions and negative ions in

a stable manner in a wide range of voltage application. Consequently, ion

5 generation at a low voltage becomes possible, and further noise and the
generation of ozone can be effectively reduced by decreasing the voltage.
Since the present invention can generate ions in a stable manner without
particularly depending on the strength of the applied voltage, the present.
invention can give advantageous effects that the ion generating element of

10  the present invention can be incorporated in many apparatuses regardless of
the types of apparatuses and conditions of use such as home use and

business use.
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0 a_ WD 03/013620 PCT/JP02/ 08106 26 CLAIM5S 1. An ion generating el enent
conprising: a dielectric body; an inner electrode forned inside said

di el ectriwoosdy3ezeand a surface el ectrode forned on a sur fraaaerroi/osaed d

di el ectric body, wherein said surface electrode is forned in a grid pattern
and has a pointed part in each grid square. 2. The ion generating el enent
as set forth in claiml, wherein said acffi nate part is made of a triangle
whose vertices are two arbitrary points on a side of the grid square and
an arbitrary point inside the grid squakgys3. The ion generating el ement
as set forth in claim2, wherein a plurality of the triangles are forned
for each grid square, and a distance between the vertices of the triangles
inside the grid square is not less than 0.25 mm but not nore than 0.5 nmm
4. The ion generati

acum nate part is Hggégéggiq%ﬁggﬁéﬁ%f%&@%§%%8n§%§¥$%%§‘§g§k§h§#§§.?%8 of

of arid 11 nednpet BlesgorboRBen ihone, i dud e b ari BOr S oS Res of
Cl'ai e 1 V0 qardadsnc: PeTRoPObTOR tHelota Befough 4. wherein & piich of the
Gener ating. el ment VST SHy RHIRG GlAgTORRICITRSE Wed £id PRATNA5Y hifer ei n

said dielectric body has a plate-like shape, and
a pointed part in each grid square.

2. The ion generating element as set forth in claim 1,
wherein said acuminate part is made of a triangle whose vertices
are two arbitrary points on a side of the grid square and an arbitrary

point inside the grid square.

3. The ion generating element as set forth in claim 2,
wherein a plurality of the triangles are formed for each grid
square, and a distance between the vertices of the triangles inside the

grid square is not less than 0.25 mm but not more than 0.5 mm.

4. The ion generating element as set forth in claim 1,

wherein said acuminate part is made of a quadrangle whose
vertices are a crossing of grid lines, an arbitrary point near a straight line
connecting crossings of grid lines in diagonal positions, and two arbitrary

points on sides of the grid square.

5. The ion generating element as set forth in any one of claims 1



said inner electrode lies inside the extent of said surface electrode. 7.
An ion generating elenment conprising a plate-like dielectric body; an

i nner el eworodesskor med i nsi de said dielectric body; and apsaviPenes106

el ectrode forned on a surface of said dielectric body, wherein said inner
el ectrode lies inside the extent of said ?urface el ectrode. 8. An ion
generator conprising: an ion generating €l ement as set forth in any one of
claims 1 through 7; and a voltage applying circuit for applying a voltage
to the surfagg, &hifchrode and the inner electrode of said ion generating

el enent, for genetating H+ (H20)" (n is a natural nunber) and 02 (H20)m (m
s a natural numberyy, iyt BE, R oPYnEBRId £3h6CRLThAn ¥BlhAPFuPhotFhéke
vol t age appl yi ng cireurt. ‘P an art onditioning apparatus I ncluding: an
ion generato& co %ising an ion generating elenent as set forth in any one
of claims 1 thPBﬁg H™and a voltage applying circuit for WD 03/ 013620

PCT/ JP02/ 08106 28 applying a voltage to the surface el ectrode and the

i nner el ectrode of said ion generating elenment, for generating H (H20).
and 02-(H20). in the air . by applj.cation of a vol.tage by said |ta

Dl ying o roui 1 Bnd Hhelopeeralingalamagt rp st hunliact g ebfabigd
generator to the outside. 10. A cleaner including: an ion generator

conpri si ng aﬂhF@#ﬂgénerating el enent as set forth in any one of clains 1
through 7 and a voItage_appIyLn? circuit for aEpLiin%_a voltage to the
surface el ectrode avkerehesaidndielestriebedyibasm platerlike shagenandting el enent,
for generating H+ (H2On and 02 (H20)min the air by application of a

vol tage by sai d volsaabmneyslsitnedecliesiniside thrlextebt oheaid pirfacereleeigodons
generated by said ion generator out of said cleaner. 11. A refrigerator
including: an ion generator conprising an ion generating el enent as set

7. An ion generating element comprising a plate-like dielectric
body; an inner electrode formed inside said dielectric body; and a surface
electrode formed on a surface of said dielectric body,

wherein said inner electrode lies inside the extent of said surface

electrode.

8. An ion generator comprising: an ion generating element as set
forth in any one of claims 1 through 7; and a voltage applying circuit for
applying a voltage to the surface electrode and the inner electrode of said
ion generating element, for generating H' (H20), (n is a natural number)
and Oz (H20)n, (m is a natural number) in the air by application of a

voltage by said voltage applying circuit.

9. An air conditioning apparatus including:
an ion generator comprising an ion generating element as set

forth in any one of claims 1 through 7 and a voltage applying circuit for



forth in any one of clains 1 through 7 and a voltage applying circuit for
applying a voltage to the surface el ectrode and the inner electrode of said
i on generwi@ishkenent, for generating H (H20). and 02- ( H@r/JPozogie ai r

by application of a voltage by said voltage applying circuit; and a bl ower
for sending ions generated by said ion gfgerator into said refrigerator.

applying a voltage to the surface electrode and the inner electrode of said
ion generating element, for generating H' (H20), and Oz (H20)m in the air
by application of a voltage by said voltage applying circuit; and

a blower for sending ions generated by said ion generator to the

outside.

10. A cleaner including:

an ion generator comprising an ion generating element as set
forth in any one of claims 1 through 7 and a voltage applying circuit for
applying a voltage to the surface electrode and the inner electrode of said
ion generating element, for generating H* (H20)» and Oz (H2O)m in the air
by application of a voltage by said voltage applying circuit; and

a blower for sending ions generated by said ion generator out of

said cleaner.

11. A refrigerator including:

an ion generator comprising an ion generating element as set
forth in any one of claims 1 through 7 and a voltage applying circuit for
applying a voltage to the surface electrode and the inner electrode of said
ion generating element, for generating H' (H20), and Oz (H20)m in the air
by application of a voltage by said voltage applying circuit; and

a blower for sending ions generated by said ion generator into

said refrigerator.



