1 DESCRI PTI ON | ON GENERATI NG ELEMENT, AND | ON GENERATOR, Al R CONDI TI ONI NG
APPARATUS, CLEANER AND REFRI GERATOR USING 5 THE | ON GENERATI NG ELEMENT
TECHNI CAL FI ELD The present invention relates to an ion generating el enent
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 ion generator. The present invention nore
particularly relates to an ion generat}ng el enent capable of emtting
positive ions and negative ions i nner, reducing noi se caused
by the em ssion of ions, and decrggg?%gqutgagaenission of ozone by
designing a surface el ectrode formed on a surface of a dielectric body to
have a special shape. In general, in a closed roomwhich is ventilated |ess

frequently, suclONaSENERATING BLEMEMNANENIENr GENERABQ R IR are many
people in the room the air polluting substances such as carbon di oxi de
di schar gedCOWDBIBEI NI NG APTASARE SoCLAT AT AND RF RISERATOE S Nand
consequent |y negative ions which have the effect of relaxing human are

reduced in the air. Somet’HEslQN GEHERAKIM ESEMESEYi ve ions are 1ost by

cigarette snoke particularly and the negative ions are reduced to about 1/2
to 1/5 of the usual anobunt. Therefore, a nunber of in generators have been

sold in tﬁ(ﬁ'ﬁ;{\h%fAL%% thDsuppIy negative ions into the air, but all the
gener at or $7j ust gener ape only negative ions by a DC high voltage system

Such a conventi qiglieQ8nt SRRBERNOF 14 t9eneiAt btk aphny degatit\aphPRSfcan
supply negative ions into the air, but can not positively renove the

f] oating bagtengdoth of Pesiaive. iohbeujdr esgativd vsningo S gagerdnd disidfeetingnd, as
a result, have invented 30 a structure of emtting H (H20)1, (nis a
nat ur¥l nbetteria £ogfosd tinvehd onis, andi@ generator using the ion generating
element, an air conditioning apparatus, cleaner and refrigerator using the
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. Some;:imes a large
amount of negative ions are lost by cigarette smoke particularly and the
negative ions are reduced to about 1/2 to 1/56 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' (Hz0)s (n is a natural number) as positive ions and



@2-(H0 1 ,, (mis a natural nunber) to enclose the floating bacteria in the
air with the ions, nake a chem cal reaction, and disinfect the floating
bacteria in the air by the deconposition function of hydrogen peroxide
(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. 2001-166118 an ion generating el enent
conprising a surface electrode forned en a surface of a dielectric body,
and an inner electrode provided in parallel to the surface el ectrode inside
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el ectrode 105 .is formed in parallel to the inner electrode 106. The surface
el ect rode 881915 screen-printed using tungsten, on the upper dielectric
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di el ectri c"body y-scréen printing so as to efficiently generate

positive oiprqIRdfde8al bheal Ql%acd Bf addidlé@bic bhdy,| #Rd 9aNehAES REGlRRRENt 101
conprises: a coating 25 |ayer 109, nade of alumina or the |ike, covering

t he surf apesvidbdtihgaiadlebttd the subfady elO2ratediisudé ahe dédlectriobedyl 051G
surface el ectrode connecting part 111 whose one end is connected to the
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contact 108 provided on t he !ﬁo&er face of the .|ower di elgg(gri c. body 103;
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the inner ﬁ%lu?gst,rgd(%ef‘e%@ri%n@o&w q09t Hnea[deegld ccia;$am1'cs is composed of an upper
dielectric body 102 and a lower dielectric body 103, and a strip-like inner
electrode 106 1s 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 1s 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
on 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 inmer electrode 106 and the other end is



3 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 the surface el ectrode contact 108 to a voltage applying circuit,
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 enent proposed in Japanese Patent

Application No. 2001-166118, however, it is necessary to take a voltage
fluctuat| e&lgé&ba&otanﬁlﬁ?éxuabcﬁé&e 'caﬁeac%qmqmov@a@i BRRLY 18wyPk RS frer 10
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generated by application of a voltage equal to or higher than a certain
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repeat edly by changing the°conditidns of he” surface el ectrode formed on a

surface ofAphiRationl & r?@Odeﬁn&nﬂoﬁv@uaﬂ fthat retesvasypasshbe ea twlggper at e
i ons froma | ower voltage region and generate ions in a stable manner in a
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el ect rOdeapphcatlon of a voltage equal to or higher than a certain value and the
amount of ions increases with an increase in the voltage, but the ion increase
rate decreases when a higher voltage 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, i1t 1s 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 lons 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
aptimizing the shape and size of the surface electrode.

The present invention hag heen made based on the findings and with

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



The present invention has been nmade based on the findings and with 30 the
ai mof solving the above problens, and it is an object of the present 4
invention to provide an ion generator capable of generating positive ions
and negative ions in a stable manner under a w de range of applied voltage
while reducing noise and al so capabl e of reducing the generation of 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 object
of the present invention to provide an fair conditioning apparatus capable
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generator t e outsi Furthernore, it 1s stilT another object of the

present i pYEAEIRN nbose BhAVhHE aapdlfand rehetiagr @i icgaepdmsn dfapanice 1of
effectively reducing dirt in air such as dust generated during cl eaning and

unpl easantfommitgd shienstitffece redéatirgdr dhos, spgpeidlnshapé,i agdt e fronidgener ator  of
t he present invention and a 15 blower for sending the generated ions out of
t he clean@eneratontusingéhe tast gpyerading ¢lemesCLOSURE OF THE | NVENTI ON An i on

generating ele t according to, the present invention 20 conprises: a
dielectric bodryrﬁ\qawq\fﬁﬁelﬁ i8R RBUEL 6T ARAnY WS Y HE’eéFitQDeEanF%“g%&&y; and
a surface el ectrode fornmed on a surf of, t;he_dielectri, ody, and is
charact er iailedc?]‘?fgJ hare hé‘PEBH%lée Cgﬂjgté{%r ode Regngos%go pphg%%grl?ﬁd %alg(%%sr n and
has a poi HedRaldes MRACILOTAE SAUALMAITRGCL O OBNBIAIANG BY&TeRAdaGCor ding
to the presént Invention is 25 characterized in that the pointed part is
made of avwddlangideyioatchend beasin@nie ivg ganbidtoarof thei plesepnimvesitites of the

grid square and an arbitrary point inside the grid square. The ion
gener B8 i ngnel @ wenfccedimg ostdrnepasient thnwkengeweratsr to the outside.
Furthermore, it is still another object of the present invention to
provide a cleaner and a refrigerator, capable of effectively reducing 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 blower 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 dielect.ric body, and
1s characterized in that the surface electrode is formed in a grid pattern and
has a pointed part in each grid square.
The 1on 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 peints 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



characterized in that a plurality of the triangles are forned for each grid
30 square, and the distance between the vertices of the triangles inside the
grid 5 square is not less than 0.25 mm but not nore than 0.5 mm The ion
generating el enent according to the present invention is characterized in
that the pointed part is nmade of a quadrangle whose vertices are a crossing
of grid lines, an arbitrary point near a straight line 5 connecting
crossings of grid lines in diagonal positions, and two arbitrary points on
sides of the grid square. The ion generdting elenent according to the

present i NYentLap Jof 1o &NALA%H 98 AR h0pbN Aok BRI gl the grid is not

| ess t han nmm but not nore t e 1on generating el enent

according to therps §88Nfendeiy B mENTRCESSag &oPtid §lrkkentdigl@alidd Gs body;
an inner electrode fornmed inside the dielectric body; and a surface

el ectrode dloraetrorda isutigcehofpdiheedliplgcis itadbadya gonddisngbandeoteri zed

in that the inner electrode lies inside the extent of the surface _

el ect r ode.velbican arera gessetieg of gavkbndengntarbttvarpresehnepnvesiregitconpri ses.
an ion generating elenent of the preseni invention; andéﬁdvol ta%e appl yi ng
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el ectrode of the ipn erating elenment, and is characterized by generating
H (H20), PR %nﬁlc%ét%&g‘ﬁ %Eﬁrﬁ‘g‘rlﬁleand @ (HROm (mis a natural nunber) in

the air by 20 appligatign gfid %%&gcg a?%ogﬁ%?%vtgl {A0S-B0RLY LG ALEFY - AN

ai r conditioni ng apparatus accor sen vention 1s

charact er i ZfdaberiAgl #dtng o i})%hg@ﬁ{eag@ird of nbheefAr @sant; 0 avenbhenot and a
bl ower for sending ions generated by the ion generator to the outside. A

clieaner acaordthgn b the. present invention is characterized by 25 including
an ion _generator of the present invention, and a blower for emtting ions
gener afed by t he Thsn igengenaretivguelanerheawpedingr fo AhcerpepittatBYeiéeDdr di ng

to the present .inventjon.i.s characterized b L.
P comprises. a piate-hke dieTectric bo ¥, an Ynner electrode formed inside the

dielectric body; and a surface electrode formed on a surface of the dielectric
body, and is characterized in that the inner electrode lies inside the extent of
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" (H20)y
(n is a natural number) and O2 (H20)y; (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 preseni:: mvention 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 1on 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,



including an ion generator of the present invention, and a bl ower for
emtting ions generated by the ion generator into the refrigerator. 30
According to the present invention, on a surface of the dielectric body, 6
in addition to the grid-like surface el ectrode, the pointed surface
electrode is fornmed inside the grid squares. Mre specifically, a triangle
having two arbitrary-points on a side of a grid square and an arbitrary
point inside the grid square as the vegtices, or a quadrangle having a
crossing of grid lines, 5 an arbitrary point near a straight |ine connecting
crossi ngs jafadiitidn! fongfe ERd-Eke sdi-RgendbctpOdd, tihensoindddl wefaak Wlédtasde poi nts
on sides of the grid square as the vertices is fornmed as an extended part.
Thus, by fisrftheed pneidedilng gricheqsarckac d@icegtacdiem iy, tthttheglpobatiag fwarts, it
is possible to generate positive ions and negative ions in a stable manner
in a wide arhHgerppoudistaye sidppl icanlaguare Aggordiargityary sainjemsid ten at a
| ow vol tage,grjecomes possi bl e, and noi se, and tge gener ati an of oz(ﬁ)tp.e can be
ef f ecti velSyi éauRE abyhedeaticasi Mgataadrarslfy8avaiee S omang B ivent i on
can geperate i50@§ in_a tstab‘l e rrannﬁtlwithout Earti.cularly?ﬁep?rldi ng. on the
strengPh G ARULIATS PRGT TRAT A GEraBAl BusnCHYMREHASE HYSBN&SeHt 10F HHE Bt esent
i nvention : I NG r I ) - : K . f the
types of  aopr BT R e O e e FE M R es

use. BRI ERDERCR RIINQortide PRAW Neende® parti S T usCheMtrt ke PpFGRERId Ve

vi ew showi ng the structure of an 20 ion generating elenent according to the
present i nliensiudacandedthede cwithi ghe apoanedfpartsunt asepedselclier oalegdmerate
enlargenment; FIG 2 is_a plan view of the ion generating elenent; FIG 3 is
a:cross s®efitoialong ayl sagaavenynt Hea stable ppnpepen gf wirlagrange o @ltage s a
cross,gectional ,.view,cut along.the IV-1V line of FIG l; FIG 5 is,an
enl ar god VPERCEHER ng LR BEDai?? SEREHEIOL AL 4t 7 OdRee 1aEe i85 de s an
expl anat ory Vi ' a ' [ t - . FIG
7 s o orh s 1AM O L IRREE B P B Shn' BE, SEHEAROS SLETLICHS oce
el ect r ode;debddasidy tRe Fobt@heMaKigcdt RO pHaRSROWVBALion can generate ions in a

stable manner without particularly depending on the strength of the applied

voltage, the 1on generating element of the present invention can be

15 incorporated 1in 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 1s 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 1s a cross sectional view cut along the
III-111 line of FIG. 1; FIG. 4 1s 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 1s 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
1s a schematic diagram showing the essential section in a refrigerator using

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



t he essential section of a cleaner using an air conditioning apparatus; FIG
9 is a schematic diagram showi ng the essential section in a refrigerator
using 30 an air conditioning apparatus; FIG 10 is a perspective view
showing a 7 conventional ion generating element; and FIG 11 is a cross
sectional view of the conventional ion generating el enent. BEST MODE FOR
CARRYI NG QUT THE | NVENTION 5 The foll owi ng description wll explain the
present invention in detail wth refergnce to the drawings illustrating
sonme enbodi nents thereof. FIG 1 is a schematic perspective view show ng the

struct ur e.efvedftiod ANodeReEA fiRg B BPRALAIAE FOGINds ocbhE sPEigsesll vieRvant i on
and the configuration of a surface electrode by enlargenent; FIG 2 is a

pl an vi ewlef cdivdtteoriainoggaaeaitingebdreemnt; FIG 3 is a cross sectional view
cut along the Il1-111 line of FIG 1; and FIG 4 is a cross sectional view
cut along the IV-1V line of FIG 1. An ion generating element 1 of the

present invention_conprises. u formed on a surface of a
pl ate-1i k8 kg e M D M@S&R%N%ébﬁ%ﬁtgwgi@% th pointed parts b5a
formed in the ggid uares .(a structure including the.grid part. and the
poi nt g’d parts SQIh\%iffsjﬂogél%g%%cflﬂ%ltﬂ?lérwﬁle?’gﬂﬁ%gh‘? gl%ssel tﬂ@‘gﬂf@g&g (gelqélét rode
5); a surfage. : - b - 1ee pf the
dielectri \]é?@ﬁeﬁﬂeﬁ&’i(&ﬁ@%&%ﬁd&{&\%ﬁhﬁ%Ilhgéct?\élt gl%gsg%gebr E{ﬁ%_otdhg\é’ggﬁgééeo ‘el ectrode 5;
a strip-like inpeqg. al %C&rs@H@m@tngél%ﬁsetﬂsé deed Neholtielcegid kerueoahe 4f 28 so as
to be substantially parallel to the surface electrode 5; and an inner
el ect r odeicgong@sdrafingpraym@ad aoncdriléng over thacprafent hendéelient mind bady 4 for
supplying electric power to the inner electrode 6. Note that the dielectric
| yi | € i ¢ he i I d _ h he di el [
body 4 i scadipossiod! asuufasereleiterde byiclpegynentadG  swerrlanene®tadi ¢ body
3. 23 The _follow ng description m)jl 8expl ain each.structure in ]de(traf'bl . An
REEI 1 ENt o BatPEh SPERTRtaNES it UPYabPe for
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line of FIG. 1.
An ilon generating element 1 of the present 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  s0 as to be substantially parallel to the surface electrode 5; and an inner
electrode contact 7, provided on the lower face of the dielectri;: body 4 for
supplying electric power to the inner electrode 6. Note that the dielectric
body 4 1s 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 bedy 4, and, for example, it is possible to use a
resin such as polyimide and glass epoxy. In the case where an inorganic

material is to be used, if is possible to use ceramics such as high purity

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



resin such as polyimde and gl ass epoxy. In the case where an inorganic
material is to be used, it is possible to use ceram cs such as high purity
30 alumina, crystallized glass, forsterite and steatite. Wen the corrosion
8 resistance is taken into consideration, inorganic materials are
preferred. Wen the noldability and the |ater-described easiness in
constructing the electrode are taken into consideration, it is suitable to
use ceramics for nolding. Since it isglesirable to have a uniform

i nsul ating resistance 5 between the surface electrode 5 and_the inner

el ect r oderdistRRkE  isatalitirt info chwderigeRaknsleasid ynandidleeas ghefetfddc body 4
wth a uniforminsulation rate are nore preferred. The dielectric body 4

can have Wlwrr ¢ché anpldawalityoandt ther lathapesciibed wdishgesa pobygimahapehe or even
have a cylindrical shape. However, when the productivity is taken into
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dielectric when the surface electrode 5 Is fornmed so as
to protruge ﬁ{ogmpﬁblﬁlﬁéﬂ_face of the dielectric body 4, it is preferred that
the protruding section has a uniformthickness. On the other hand, when the
surface el ect roTﬂheSdieéeo‘tnjmnbddpnéitmnhmm&r 2| eotulade oBakiode 0Bt kaaps he
surface of the dielectric body 4, it is preferred that the depth thereof is
uni form mslehiognai AolvEGn shanthells gveachaes ettbddrEal s ¥%3rerredHPW€‘éelgr| d
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Although the material for the surface electrode 5 is not particularly limited
as long as it has conductivity, but the material needs to satisfy 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
1s 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 isin the shape of a triangle
drawn by connecting twe 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



preferably 1.2 nun. 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 Cinside the grid square. A distance
30 g between the point A and the point Bis about 0.25 mmto 0.45 mm and a
9 height h of the triangle (the Iength of a perpendi cul ar dropped fromthe
point Cto a straight line connecting the point A and the point B) is
preferably 0.25 mmto 0.35 mm Simlargy, a distance f between the vertices
(between a point C and a point C) of the triangles inside the grid square

i s not |esggidihan o9¢Re 22 B he MOhgtER, bBANE N iSu M dr8PHe A &n RRebefrabl y

0.35 nmm Note that the propriety of the above- nentioned values iIs exam ned
by the |a@ &radesdshbédcaxpeettinptthe pddnieavard tlad pboudd) ishirefeabbdd®ént is
expl ai ned on the assunption that the point A and the point B of the

triangl e ane todad®dnim t$ieniladyapphietanret Ebgtween dhesenticon (betveeai de of
the grid square and the triangle is an equilateral triangle or an. isosceles
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surface elgelrRderiBed Axpanetdias. poi nted shape, it is possible to use a
guadr angl e whose vertices are a crossing D of grid lines, an arbitrary point

C near a strai @ghdrebivee adtnnedi ting drhieodinosdi pogscplaared d the bhendpaigonal 20
positions, and two arbitrary points (point A and point B) on sides of the
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0.15 MM  &Rd t&angle is not necessarily limited to such a shape, the positions of the
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 1s an explanatory view showing ancther 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 strajght 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 18 an explanatory view showing still another embodiment of

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



di stance k between the point D and a point E at which a perpendicular |ine
dropped fromthe point Cto a side the grid square crosses the side is
preferably about 0.3 mMmm FIG 7 is an explanatory view showi ng still another
enbodi nent of 30 the surface electrode 5. As shown in FIG 7, it is not
necessarily to provide 10 the pointed triangle on all the sides of the grid
squares, and the pointed triangles may be provided on only one side as
shown in FIG 7(a), on two sides to fgge each other as shown in FIG 7(b),
or on two adj acent sides of each grid square as shown in FIG 7(c).

Al t hough nied poiwowed, teedplessn tadl Sheayded bf texteidedutréigngidshawyoibed or med
on three sides of each grid square, except for one side. Simlarly, the
number of tijanglesnyleesbe grrobiled, 02, omdy amedsideansl shewshowF ICh Hid, o7 (tah)o,

poi nt ed quadrangles nmay be fornmed in twy__di ggonal positions. Next,
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| ower 15 dielectric body 3. In particular, when the Insulation resistance
bet ween t hed surdhaeer eheBIGoded) witdtddhe guadesngleschmgdbe Gormednif amwm  si nce

the discharge state is stable and positive ions and negative ions can be
gener at eddiagoaal poadlansmanner, it is desirable that the surface el ectrode 5

It
and the inner ectrode .6 be allel to.e other..ln other wards, the
i hner el ectrode Xitsr?%“ﬁé‘gittoi Egéd i ﬁé‘ioél‘éht E‘iadi‘leltg&ﬁohew%%l eic’éll%gtoﬁat t he
i nnery el egtnode, 6 faces and . i.s, pakal kel 4.0 Lhe. suriage @Leel 1ode B and that
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in FIG 3 is a contac
inner electrode 6 is formed in a strip form on a surface of the upper dielectric

body 2 or the lower dielectric body 3. As shown in FIG. 3, the inner

electrode 6 1s 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 1s 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 paraliel 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

1s parallel to the surface electrode 5 and that the distan.ce :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.



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

ot her construction are connected by connecting one end of a | ead wre made
of copper, alumnumor the like to this contact and connecting the other
end to a contact of the other construction. Since the surface el ectrode
contact 8 and the lead wre are easily connected, the surface el ectrode
contact 8 can be 30 provided at any position as long as it is on a surface
of the dielectric body 4. it However, jtthe surface el ectrode contact 8 wll
have the sane electric potential as the surface electrode 5, it is

desi r abl e Hdwaévdrhehdlbatfane eldeetoseannt e & aibrhawel Bet saode ebeoand pobentsalr f ace
el ectrode contact 8 be longer than the interelectrode distance. By

sati sfyi ngstthessutésier dbteodelbati snddsimbla thetbhe diSadis bhtwee shatmaan be
obtai ned. The inner electrode contact 7 is a contact connected to the inner
el ect r odeeectente theandnéhe eperfppodelestrada soRECtcSndter denBon Brad cidnect ed

by connecting one dofale w re.made of copper, ajum numor the like to
Chi o cont Bt IARACgRBRt TR 1 SEHED BRGNS EoBGRA FIAoISED of HeRCIer o
constryct i;0 i.hce, t.he Lnn rode contact -7 and the lead wire are

easi | yi%jcoﬁhSC gé%e S%tg Ganneerc’beemg&} ‘ode contact 7 can be provided at any
position as | ongiasijde, éle‘éﬁtﬂe%ﬁﬁt@@@ 70ﬁs tah%oﬁteﬁzlte&ﬁ{ﬂe‘été?PQM the Hygver,
since the inner electrode contact have the sane electric potenti al
as the iBhetrwleest andehe, 111|11'E91|eSe(£i&$def abdued loblér thestdistianeee: hehweerrdt he
surface 15 electrode 5 and the inner el ectrode contact 7 be | onger than the
i nt er el ecbyadendeishgnee. erByobatéat yvlirﬁgntaﬁesofci@@pleaml@mlemm pombmh;ke ta stable

di scharge state can be obtai ned. Mreover, di stance bet surface
el ect r odetlBnecastac é‘ﬁé cpRBeftHRSr the é&gﬁbd%n obft a&t Contafe ﬁ&gel BH¥&r t han
the iyterel ectrode. . di stance. Funt her ;. when thg surf ce,el ectrode contact
8 and’ he“‘?‘n?’ré}“c‘é'I"éct BoE (OntRRET # 3?“é”‘b‘0t‘1?*‘ﬁ‘r%‘\/| d&d%o “a“s‘UTfa‘Cé rower
face) Fackogip coliele, {tPRAhel A0B)MAC! @iRE: SUIChACE. ChRRHAONS, O ae
formed, wres suc | ead wires are not laird on the uppe ace whef e

positive pefisicangs Dﬂ@aéie ¥eis on a surface of the dielectric body 4. Howevel, since

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 fa;ce) 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

1ons are generated. Therefore, if a blower 1s additionally proxﬁded to send

25 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



ions are generated. Therefore, if a blower is additionally provided to send
25 air to the surface where the surface electrode 5 is forned, the fl ow of
air will never be disturbed by the lead wires, and thus this arrangenent is
preferable. Simlarly, such an effect can al so be obtained by providing the
surface el ectrode contact 8 and the inner electrode contact 7 at positions
ot her than on the upper face. 30 Note that the above-nentioned "ot her
construction"” neans voltage 12 applyiAg@ neans or the ground, and there is a
case where a voltage is applied by connecting the surface electrode 5 and

t he i nner appbdhg adeats bothe godbuaeandppdrei isp cisecwherd/a(vwémgeliGard)iedl n this
case, when the surface electrode 5 is connected to the ground 5 to have a
ground pobgronakciang thisesumitesr elactiedect rsdetle iInnezorpeeedrl 6t & enoltagsl t age
applying circuit V, a high ﬁét nge is not applied to the exposed surface

el ect r ode2BPIyARE ChisEile JS nfi'ng electric shock accidents. FIG 3 shows
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generating €l enen e voltage applied tween the surface electrode 5

and the iﬂ@l@ég@'fﬁﬁﬂﬂrﬁ% cBchy thez gkhagsitappl g AL Gipptiedt 1o/ theeespose@ be an
alternating voltage. is alternating voltage is not limted to a

si nusoi dabudhterhatinlg odndgeetchatpresegangrabttyicusedtkfaridormer ElGl Spower

15 supply (hereinafter the sinusoidal alternating voltage will be referred

to as thehowng arpepkagely of sighaa reastmgtions 1Bl vEIRatnnighvat1ageonay Be

l'i ed, th ti | t b | i [ t her . f
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This alr conditioning apparatus 30 1s"used in a space, exanple, In a

hone, a weingiangn ORAIFhtiOR £RaM:Af 1a thesRiltale appUeiltdtRecantld supfadBe, a
war ehouse, a refrigerator, and a machine, and is applied, for exanple, to an
electrode 5 and the inner electrode 6 by the voltage applying circuit V needs
to be an alternating voltage. This alternating voltage 1s not limited to a
sinusoldal alternating voltage that i1s 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 10on 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, axi 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



air conditioner, a dehumdifier, a humdifier, an air purifier, a
refrigerator, a fan heater, a m crowave oven, a washing/drying machi ne, a
cl eaner, and a 25 disinfecting apparatus. FIG 8 is a schematic di agram
showi ng 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 wi-th the cleaner 40 is discharged from externa

di scharge openings 41 of the cleaner 4p3via a filter 30 31 for renoving
particul ates, by a bl ower 35 conposed of a notor 33 13 connected to a notor
driving ciongebtedth amtotarfdanidg chaumness achdtnfdih82 cohatdted toakiesotdtidthe not or
33. The air conditioning apparatus 30 according to the present invention
conpri sesaxihef bhowesto833and the i on generator 20 disposed close to each 5
other. The notor driving circuit 34 and the voltage applying circuit V are
suppl i ed with al WoPihgEqiHoRIRS ABRREHUSCH AGRGNISNY HEcBFRSEBE FBYENTHIY shown,
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the air bl QH A& oftaBe 32.a Wlicmrbﬂiz%dﬁiaaﬁﬁéybga ddnthSllPOsSt Bhewho
effectively renove dirt I'n the air generated by the cleaner 40 and dirt in

the air caubethe hynt benalaeani Iy @eicrates Bl Garg® iasn@nsic e mid i (B01).agrmain

showi ng the essential section inside a 15 refrigerator 50 using the air
condi ti orfPn§HaPpariasige soe deaert #e. cMeperhide the bleventdd spreadsGhe, the
resi dual contamnated air is discharged from_ internal openings 51 of the
refri ger RBILIBYIHF #RE N5RBHEP 1958 EBRPITLH 1BidpHEe CHTsT DHGHBEAOET t o t he

mot of odri ving Gircuit. 34 and the fan 32 connegted  to the rqtaliQn axis of
he. 0t ore38? 60 ity el df shP e SRSHAGe iPelide "B RLLRY =2 5.
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remove dirt in the air generated by the cleaner 40 and dirt in the air caused
by the cleaning action.
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
llustrated in FIG. 8, the residual contaminated air is discharged from
mternal 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 pro—grammed in
advance in a ROM, not shown, in the controller. Then, the ion generator 20
generates a large amount of H' (H:0), and O: (H:0),,. Meanwhile, the
blower 35 spreads the generated positive ions and negative ions into the

25 space inside the refrigerator 50 through the internal cpenings 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



advance in a ROM not shown, in the controller. Then, the ion generator 20
generates a large anount of H (H20O and 2 (H20),,,. Meanwhile, the bl ower
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 fromthe fan 32. Wth this structure, it is possible to effectively
renove the unpl easant- snells generated by the matters cooled in the
refrigerator. Now, referring to FIG 1jyhrough FIG 4, the follow ng
description 30 will explain a nore specific enbodi ment. The.dielectric body
4 of the Io@neﬂeﬂmn?e@mﬁémmglelaecmﬁﬁngl aeoraihbgdinhé:st eliodh meattahgala
rectangul ar parall el epi ped shape with a wwdth of 15 mMm a length of 37 mm
and a t hipakaBskpofed shapm wathd ai wigtlowildbd mint,hatleegth réfpaViken iandernal
electrode 6 which has a size of about 6 nm X 24 mmand is forned in

paral | el thickiess ofippemmasados nueEidficeedt the shopjile indgmmahelegupade
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?seéﬂingsﬁnﬁﬂ }E%Pa%s‘iﬁ%f’f\g&ﬂtlgﬁ e (Chatin RERIIE formed f prelel b ihect | ng
the Ce-'f)]t e g o gfiﬂg di ]%gﬁﬂc {)899 ajn% gﬁf% qut)tl e l’5h§ i’b@fﬁésf ;ace of

the diele synne e sur ace e rode 5 is
for med Sowtlaﬂ& offabbnﬁ 184 m@%nﬂdoa @él@%rﬁd? é rhﬁx RHQIiSGhRth &t & tig dhat er nal
el ectrode 6, the projection of the surface el ectrode 5 spreads to an area
out si de t hentortlenan&heellBEIlrlote 16 Fl&nd) cofinedteg she casrelodditlodaddines
virtually present on a plane where the i nt er nal el ectrode 6 is fornmed (in
t he pl an \&almw)t 1 &nporvidensidel mesbenm'mg faee phihe Fie&IB@hreTbObe 4tpéhs limeace

el ectrode is locate OUtSI orthﬁg 15 %prreapondln the pg%%phery
of the i nfersyan@etypdelge %S} G e O duirlp ePectiadqd she pug

manney, when, d arge. s ,ernfﬂqr ned fr@mj;,hg,m nnere elect rode tQ fhe
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i ons can be generated in a good bal ance. Note that the shapes 20 and si zes

of the griHe angdffpei @Iteedotiélanglveltxmm@dpmhe,orempmfe tfiere whkagernal
electrode 6 is formed (in the plan view), a portion corresponding to the
periphery of the surface electrode 5 1is located outside a portion

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, ete. of the surface
electrode 5 are the same as those mentioned above. V

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



el ectrode 5 are the sane as those nentioned above. Moreover, the surface

el ectrode contact 8 is provided on the lower face of the dielectric body 4.
The surface el ectrode contact 8 is connected to the surface el ectrode 5 by
an upper-face connecting part 10 having one end 25 connected to the surface
el ectrode 5 and the other end at a position on the wupper face of the
dielectric body 4 facing the surface el ectrode contact 8 and a length

| onger than the interel ectrode distanceljmnd by a surface el ectrode
connecting part 11 for connecting the other end of the upper-.face connecting
part 10 t gpdsitdos unfthedowlee dhrodethrodicatri8.bod§ 4 tatier the inmelr mivartraleett r ode
contact 7 is provided at_an arbitrary 15 position on the |ower face of the
di el ectri clbodynar efegitety cortachneds epaoeeiedet® the Thaer rplectrefedt Pyd

contact 7 is corlnectgg to the inner il\zecﬁoode 6 b%/rhan_ i nner_ el ectrode

connect i ngRpaF telestrofp@npggiingneadi ddandtbetiide e HEstadlset A esieEhs ode

contact 8 and the inner electrode,contact 7., S de | on . Bt e
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el enent 1.5, &xPLRLNECH-FAd &fs’t?%%eq 45 mmthick high-purity alumna sheet is
t

cut into a predeterm ned size mmw dth X 37 nmlength) so as to form

two alum na basgsxhayimdhodbii-afbihalfidtuihy SROBos| Zeriihe élBafental Wi na 10
with a purity equal to or higher than 90% can be used, and alumna with a

purity of &p%inedusdlrdtemel.4bhmmsuhideaigi-porityde vinanrdshde wpper iftace

connecting part 10 are i n(t egrally forned by screen- ESnI nting tungsten in a
grid patterrdeterniacdpper (Pasemoighe of thaxmwieid i 39aaBakfedoidd @ t o

fabricate the upper dielectric,15 ho Then, t.ungsten i creen-printed
ina stri p”"lﬁﬁ’tlpgrﬁa% 1ﬁ§1%|§8}°5t3f“§b33¥361%h?h?%? herCal mtﬁat%ﬁzsea ‘Bnﬁ’cﬁ m t he
i nner 1gl ectrpde 6 j0tegrally.on 4.0e 1 sH dRES. A L4 Reed! HALNA, RARE wRRY, t he
surfaég el Gt rHde™e nﬁ%g{f‘? tg Oz}in?il*’g‘ﬁé "LTﬁn“e@“eﬁaé‘c?%o“ ééb6ﬁ?2%f‘9§"ér'é”f‘gdr med on
the |ower fa¢s &fgddhes akdhege base by screen printing, thereby fabricating

the | ower dielectric body 3.

The surface electrode 5 and the upper face connecting part 10 are
integrally formed by screen-printing tungsten in a grid pattern on the upper
face of one of the two alumina bases so as to fabricate the upper dielectric

15 Dbody 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 1s 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



20 Further, an alum na coating layer 9 (only showmm in FIG 3) is formed on
a surface of the upper dielectric body 2 so as to provide the surface

el ectrode 5 with an insulation coat. After placing the | ower face of the
upper dielectric body 2 and the upper face of the |ower dielectric body 3
one upon another, pressure bondi ng and vacuum suction are perforned, and 25
then they are placed in a furnace and baked under a non-oxidation

at nrosphere at 1400C to 1600C. Accordinggto this manufacturing process, it
is possible to easily manufacture the ion generating elenment 1 shown in the
present i A¥EWY-h¥htidNext mdthedf ollh el tdesely pt vonaye betwsph ahe anfexanpl e
in which a 30 voltage was applied to the ion generating elenment 1 forned by
the 16 ablwetrodeebindnEs methwal elbctrode ér oft theappl gemeradingaglentetmbetbet he
surface electrode 5 and the internal electrode 6 of the ion generating

el enent 1KHIE@HEM@QI@Qﬂéﬂﬁm@ﬁlzmed§Yd5ﬁ§ﬁﬁﬁ@€é@“%?0%%ﬁhéEPbﬂ§g$W§uMbViage
applying circyit V _ and.the urfa e eéect ode c ntact 8 a |l.ead wWre,

and conne@’c’1 n e Rurigce ﬂé?tlé B orbye o‘f‘ﬁ F'the? Cpéi‘&@(:féﬁgl@ieng

| .
U £ o bt e biBew BN Bl ,anS dpdiRs é)& %ﬁ‘c&?c Bk B3 REB B | her
el ectrode ﬁenp%%f' foggfauhgnﬁlea%naega&m%uw&l&ﬁ@ \g%eagfagﬂ an! NEC f1glghow ng

description w | al n"experi nents which were 10 performed by changl ng
t he Shapev@lfta&é"%eﬁﬂééﬁ@ﬁhe%t&@&é@dﬁacﬁﬁﬁi@ audd texdnhee eldverddd bugoceivef the
change in the shape on the yields of ions, noise, and the anount of ozone.
Pr ot ot ype®mncAndndgdB3ye wereary geuweadedy extend| ng the surface electrode 5

to have a triangul ar, configu tlon(see FI . In the prototype (2), the
width g was 0. 45hAmfeliinge Ci@ CHREI0R \Wad %a%eWi‘117éentf5 W}ﬁwi/lhé”edreot ot ype
(3), 4 Wi and. t he hei ght h. . JA Brototype (7)
had & coni/%lr’t?ﬁIngl”ysT‘?T‘b‘F%‘“g’rfi - P13 TontS %Lfrfé‘t Q§% A& & &BI % gr%(%h was

863,H?LeTg%%entla di f erenég&%g?%gﬁﬁh%ﬁ%%Sggﬁéy%?ﬂsﬁﬂKﬁMlEOHM 4aa i 1O
amount of ozone. Prototypes (2) and (3) were produced by extending the
surface electrode 5 to have a triangular configuration (see FIG. 5). In the
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 cin 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



vol tage 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 anmount of ozone, and
the noise value were neasured under the above-nentioned conditions. The
results are shown in Table la,Ib. Note that the neasurenent of the yields of
ions was perfornmed at a neasuring point about 25 cmapart fromthe ion
generating elenent 1,- and 25 the neasurenent of the noise value was carried
out at a neasuring point about 11.5 cmapart fromthe ion generating el enent
1 in a noiseless room Mreover, the inner electrode 6 was_nmade to have a

uni for m stgiBrd QRANtWE Bntd: 1$h 6f ShoRROWidS ofMtheXgZd J§harand the width of
lines formng the grid of the surface electrode 5 was made 0.25 mmin this

experi ment. Not dst isatlebhdr@n Tpblechl, itewns dondirdiest almate thetpwesriybbe (Lent er
line of one side of a grid 17 square and the center |ine of another side of
the grid sgddBe.geasratedciongrinf ponpmabtable pnanpengsmpsed rtrediet peatotsing
prototypes_ .(2) and (3) generated ions in g .npre staple nner conpared to
t he prot ofvaOt e}y ARG 1hRBh Vphégﬁnﬂﬁﬁ%vggt gb’é g ﬁggkﬁnpbﬁtv 7Y t he

i nput wvolta 5 | ow... Thus form the agrid-1ike rf,ace el actrode 5
to have fﬁvragﬁé’?”' m@i%‘é%ﬁ%’d?%bl%}lﬂ?%ep%ﬂ?éﬂ%. ?uﬂ%gg%SgesClmﬁdg ?#&@ﬁ’gr@f@lﬁlons in
a stabl e gRARgled Yhidled YLAE fiAROS.QELICld QBForBr RAK Gl aAkBRNGL RS e
increases Wth an” increase 'in the yields Ions, since the prototypes (2)

and (3) cantbe Wsed rankt hfardiawevolMegevas alshehgamdigomckabbes khth iah s
possible to Iimt noise. 10 Furthernore, it was possible to significantly

reduce t hengreass ahithe pieldy oheondanntalthe grototapebddy anNef® , capr bt otsedes (1),
(4) and (5) were manufactured by changing th rid pitch, the width g, the
hei ght h Atk thioWiEilkarecad 1pete@erahel ¥et | e]g 150POgSh gt danitse@sEl G 5),
and sjimlar experinents were &a,r ried oyt (the 1 m}gottgnginalv gi fference

bet tﬁé‘lgé P08t 1t @S ASSHHIE 4 fRE Fade BHOUT 4°88°10 26198 A" Fhe
results apg.SRoMy Lm ngZa, 2b. As is clear from Table 2a,2b, in the case
where the printing of the

Next, prototypes (1), {4) and (5) were manufactured by changing the
orid pitch, the width g, the height h and the distance f between the vertices
of triangles (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 15 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 lons were reduced. C;n 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 fieid 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 yvields of positive ions and negative ions and the noise



grid pattern of the surface electrode 5 was perfornmed by changing the pitch
from1l.0 mmto 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 snall, the
anounts of positive ions and negative ions were reduced. On the other hand,
the noi se value was |lowered. This is caused by the fact that one side of
the grid square is short, the electric field strength plane is snmall, and
creeping discharges interfere with eachgother, and therefore stable 25
generation of positive ions and negative ions can not be perfornmed. On the
contrary, vahen thee pitatiotsel drgerandt thelidasbafcend fhahviderexpehenaresst i ces
is large, a |arge anbunt of positive ions and negative ions are generated,
and accor dirdghy adperhnopsalvddtaghiancwlasegablphiss getryationgaind acfeductenpi t ch
and the distance f between the vertices establish a proportional 30

rel ati onsHt pheindise welys aredaben gase cpvedespsomnthandidance fitsheeandhene

[ 18 L ue. ,The,i t f t | i cati f d f th
exper | mont SR AR Ron B dlea PRoEC: ALReSar Eob- baHer Alfon: and
(i mentSTie kpel I i BT &7 ton and
A A N i e G R A i e A

0.5 mMm anpds3hanef onakl YubaoPbdmeme 8 1.5 An PARE Ph¥Reab3) he WY hen bge pitch
should not be less than 1.0 mmbut not be nore than 1.5 mm and preferably

be 1.2 mmashe protbepe(It otype (3). Finally, experinents were performed
about an ion generating elenment 1 conprising the surface electrode 5 having
a quadrangl e 10iwodf.i geaperinemieseerET@errmrderabhig samelogorgtinerahisgas in

t he above-nentioned experinents. Notge that, in a prototype (8), ,the pitch
was 1.2 MADTHe i SPRREIRS pEiGedhriefe @Lﬁﬂﬂ’@@s Febagid mhn gt 1B n
bet waan tAG AALN A andot nerpol &f RN LG 6 #a%: fid Salm:, 8.t he

| engt’h” k betveen the point” E and’t he point D nmm The results are 15

tsﬂg\smg im[l gﬁg@n%t%eMﬁéilﬁbﬁ%. fxem i en3Pprétoeypesadl kthe YRR R8sgood as

1.2 mm, the distance f between the vertices was 0.5 mm, the length ;
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



It b b G

prototypes (2) and (3), and stable ion generation was recognized in a w de
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 | arger and
the 20 electric field was stronger. Note that it is conjectured that the
noi se problem can be sol ved by decreasing the distance f between the
vertices. | NDUSTRI AL APPLI CABI LITY As described in detail above, according
to the present invention, on a 25 sur? ce of the dielectric body, in
addition to the grid-like surface el ectrode, the pointed surface electrode
s furt heg,fiorTed, dined 48 dilles OFiiflo S5 GRare M GieSPBGIdL Gl fh¥me dd hangl e
having two arbifrary points on a side of the grid square and an arbitrary
poi nt i nsigenidad [giitd Aacavién gy, bhduyderimesidiap the dudshanigbaobawing a
crossing of grid lines, an ar%itrary poi nt near a straight 30 line

connect i nthepossedgartd, igid godsillesoi genchetedpegtralioposintimrgstivandnswo 19
arbitrary points on sides of the grid square as_the vertices is forned as an
ext ended patableaneondrrigl § widg fangehel vpltags pa§ceiensubpaseq st node with

the painted parts, it i.s possible to generate positive.ions .and n tive
ons h  ECRUTABI Ahrhd?™| KOBER QECPERG b ORING! P TRBET CatFprRnd The
Consequen lon eration a V.ol nes i.bl d
further n %%%agﬁé-gﬁg%&aéﬁéPa Fd%fothgﬁ%ﬁgd%§%§g8?§g %%FB@@&%Brng d by

decreas'”Shkﬂeﬂﬁph}éﬁ%iin$bﬂﬁ%ntﬂﬁ1%Eﬁéﬁﬂbjbﬂ¥QQthQRaERﬁnﬁﬁﬁﬁ&a%ﬁbeBS n-a
stabl e manner wthout particularly depending on the strength of the applied
vol t age, paaiqprlesigndepdriNaptionheatrgist atlvientagdedsvehd gt het padschibe ion
generating el enent of 1V the present invention can be incorporated in many
appar at usewenéigar ciregsveotdvahegeppeeitsciapbat dheses gamdraondidlémast of use
such .as hgne use and business yse. 20 zV) O WZ VVVVC)LNI&QQQHF

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

business use.
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CLAIMS

1. An ion generating element (1) comprising: a dielectric body (4); an
inner electrode (6) formed inside said dielectric body (4); and a surface electrode
(8) formed on a surface of said dielectric body (4),

wherein said surface electrode (8) is formed in a grid pattern comprising

grid squares and has a pointed part (5a) in each grid square.

2. The ion generating element (1) according to claim 1,
wherein said 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.

3. The ion generating element (1) according to 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 (1) according to claim 1,

wherein said pointed part (5a) 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 (1) according to any one of claims 1



26 CLAIMS 1. An ion generating element (1) conprising: a dielectric body
(4); an inner electrode (6) fornmed inside said dielectric body (4); and a
surface electrode (8) formed on a surface of said dielectric body (4),
wherein said surface electrode (8) is formed in a grid pattern conprising
grid squares and has a pointed part (5a) in each grid square. 2. The ion
generating elenent (1) according to cb?in11, wherein said 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. 3. The ion
generating elenent (1) according to claim2, wherein a plurality of the
triangles are forned for each grid square, and a distance between the
vertices t@f4,the triangles inside the grid square is not |ess than. 0.25 mm
but not nore than 0.5 mm 4. The ion generating elenent (1) according to
claim 1, whereipnhgend P! Idis oflest ThalfBId6 nfth bt AHESLANGLE (Whose
vertices are a crossihg of grid lines, an arbitrary point near a straight
| ine connecting crossings of grid lines in diagonal positions, and two
arbitrar Bhints on sides of the grid square. 5. The ion generating el ement
(1) according to any one of clains | 27 to 4, wherein a pitch of the grid
is not less than 1.0 mm but not nore than 1.5 mm 6. The ion generating
el enent (1) according to any one of clainms 1 to 5, wherein said dielectric
body (4) has a %hildedon Eﬁwrgﬁ&&élenwma(%)aacem%w aneens oladainey 1 (9 &s i nsi de
the extent of said surface electrode (8). 7. An ion generator (20)
conprising: an Whtreljesaed diciaeiriebedetft) has p platedkedibape.ta@dany one of clainms 1
to 6; and a voltage applying circuit év) for

said inner electrode (6) lies inside the extent of said surface electrode (8).

7. An ion generator (20) comprising: an ion generating element (1)
according to any one of claims 1 to 6; and a voltage applying circuit (v) for
applying a voltage to the surface electrode (8) and the inner electrode (6) of said
ion generating element (1), for generating H' (H,0), (n is a natural number) and
0, (H,O),, (m is a natural number) in the air by application of a voltage by said

voltage applying circuit (v),

8. An air conditioning apparatus including:

an ion generator (20) comprising an ion generating element (1) according
to any one of claims 1 to 6 and a voltage applying circuit (v) for applying a
voltage to the surface electrode (8) and the inner electrode (6) of said ion
generating element, for generating H*(H,0), and O, (H,0), in the air by

application of a voltage by said voltage applying circuit (v); and



applying a voltage to the surface electrode (8) and the inner el ectrode (6)
of said ion generating elenent (1), for generating H (HZO" (nis a
natural nunber) and 02 (H200m (mis a natural nunber) in the air by
application of a voltage by said voltage applying circuit (v). 8 An air
condi tioni ng apparatus including: an ion generator (20) conprising an ion
generating elenent (1) according to aay one of claims 1 to 6 and a vol tage
applying circuit (v) for applying a Vvoltage to the surface el ectrode (8)
and the inner electrode (6) of said ion generating elenment, for generating
H (H20 o and - [ he -ai [ :] hy said

vol t age appl yicﬁgb(ﬂ(é{%‘%:flﬁrtsgﬁ}ag I%#%ratgtpg* ('S)g\/égbblggﬁgsrgﬁ%;{(%ﬁeﬁgﬁssﬁéener ated by
said ion generator to the outside. 9. A cleaner (40) including: an ion
generator (20) conprising an ion generating elenent (1) according to any
one of clains t,0 .6 an vol tage applying circuit (v) for applying a

vol tage to the séﬁﬂ§3§r2?@k¥Whﬁl ‘8) and the inner electrode (6) of said ion

generating el enent, for genegrating B+(H2Q n and QZ (HZO,n.in the air by
aopTT cat i anof 48 0B iEeayatsy RRF AMPEPIBE 1A SEPrG 8 It () fecaifiata. bi ower
(32) for sending iqQns generated by said ion generator out of said cleaner.
10. A r ef P FWaPRF 0?5331111% Itﬁdg fgd” ayoltage &Bﬁg’ﬂ%& stepsdy) demgpPplitgy aan i on
generating el enent (1) accordin to any one of clainms 1 to 6 and a voltage
appl yi ng ¥ltegeite the) smréacealskﬂcypag @) thggdnnes elsetrede f(ak ofepddt obde (8)
and the inner electrode (6) of said ign generating el enent, for generating
H+( HZO) n generapng ( elzojent ifer tgeaceatingbyl (Idﬁ;g)ni aod | @m?ﬂiobﬁ vol thegeirbyysai d
vol tage applying circuit (v); and a blower (32) for sending ions generated
by said iappliggtimer eft ovol{£z@)by said vokadechppdfing gacait 6v); 660) .

a blower (32) for sending ions generated by said ion generator out of said

cleaner.

10.A refrigerator (50) including:

an ion generator (20) comprising an ion generating element (1) according
to any one of claims 1 to 6 and a voltage applying circuit (v) for applying a
voltage to the surface clectrode (8) and the inner electrode (6) of said ion
generating element, for generating H'(H,0), and O, (H,O), in the air by
application of a voltage by said voltage applying circuit (v); and

a blower (32) for sending ions generated by said ion generator (20) into

said refrigerator (50).



