- 6 FEB 2006 1 DESCRI PTI ON 5 | ON GENERATI NG ELEMENT, AND | ON GENERATOR, AIR
CONDI TI ONI NG APPARATUS, CLEANER AND REFRI GERATOR USI NG THE | ON GENEE$g¥ﬁflm5
ELEMENT TECHNI CAL FI ELD The present invention relates to an ion gener 5
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. fhe present invention nore
particularly relates to an ion generating el enment capable of emtting
positive ions and negative ions i DESCRIRPBI@Nranner, reducing 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

have a special shape. ln peral ., in | o roomwhich is ventilated | ess
frequently, suc ﬁpa@E&[EBgﬁNQaEWMEMf@ﬁJ@V @EME%@‘Q%I@%E are many
people in (g i de

i sehar gedC bV BFER T RGT ASBARELUS, 1tk et AL B Bl RATDRIDSIE
conseqggent|y negative 'O“PHEW@N ahamer irenef fegveiNT el axi ng human are
reduced in the air. Sonetines a |large anount of negative ions are |ost by
cigarette snoke particularly and the negative ions are reduced to about 1/2
to 1/5 of the usual anount. Therefore, a nunber of ion generators have been

sold in tﬁ‘@@HMQALEEtI@suppIy negative ions into the air, but all the

generators just _generate only = negative ions by a DC high volta system
Such a conventi | PIegpnt BRat ot ?Eff@rs g SeloBt erﬂj”%ﬂfﬂﬁ e&%‘&é??% éﬁcan

suppl y ne%ﬁ} %t‘{ﬁ Lops oﬁ%%&tf\@ 1013% nd puy %atf@enmrﬁ%tl ROS! diave! %drggﬁﬁ %P%nd as

floating Balrn e alr nventors ager
a resuht, phaneid muanled in3tha Str ‘e‘.‘ﬁt %r? Sine@Bidil LRt th@H.?ch) geh@réﬁné

nat ur al nunber) as p05| tive ions and - 6 FEB 2006 2 02 (H , (ms a
nat ural neldmeent, tam enc cosditionens lapparagid) adéardraand mﬁega:artor usmg 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. Sdme;:imes a large
amount of negative ions are lost by cigarette smoke particularly and the
negative ions are reduced to about 1/2 to 1/5 of the usual amount.

Therefore, a number of ian 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 lons 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



with the ions, nmake a chem cal reaction, and disinfect the floating bacteria
in the air by the deconposition function of hydrogen peroxide (H2OQ2 and/ or
hydroxyl radical (OH) that are active species generated in the chemcal._.5
reaction. The applicant of the present application proposed in JapanéggEBZMB
Patent Application No. 2001-166118 an ion generating el ement conprising a
surface electrode fornmed on a surface of a dielectric body, and an inner

el ectrode provided i-n parallel to the surface el ectrode inside the
dielectric body. FIG 10 10 is a perspettive view show ng the ion generating
element, and FIG 11 is a cross sectional view of the ion generating

el enent. Ay EhdWn, (m it hesaturki gundser) o dineloee tthe dldadthg 1otermade thie xder ami cs

i s conmposed of an upper dielectric body 102 and a | ower dielectric body
103, and aigh thp-ipngemiakrer chemaeal wrastivnsand dishveet e fleatingracteper
dielectric body.102 and,the |ower .15 dielectric body 103, the ot her

nand. on i S0F PAESY SR, Mescruse S RBeET of BeySats Plinids (s Brdlr T ode
105 is fo ' -alil iangr, . . h r . ek ectrode
105 15 sorSuobl BRIEL SO thaf drdnei SELaRt R iatell o B HEERAN 02, ana
al so frmpghditiha 9grid pattern as shown in FIG 10 so 20 as to emt a |large
anount of positive ions and negative ions into the air. In short, the grid
|l i ke surface _ 8hectppiitent @b ths ptesemecipphicatisurfrapesaf it Aapahedecdtent body
102 by screen printing so as to efficiently generate positive ion and
negati ve Aopiicatiandvel 20bn166hE abhoygaberating cleesrintomprsgnpritiase a
coating 2b layer.109,. nade of .al um na..o he .l i ke, covering the surfaces of
t he dieIegg?bé%eb%ﬁ?“ﬁb?ndﬁ&uéﬁF?a eaépg%?&ﬁﬁéxfﬁﬁfuﬁpgﬁrFH%% %FgﬂPﬁ%de
connect | Ng-RAkkd kkbartope, A1Lcedcd slceanARahEdtd thd BRIGUELAREy S| 36! Ode 105
and the other end i's connected to a surface el ectrode contact 108 provi ded
on t hed | oneris faagerspbetite vidwwabwihgltRetith gehohtidP3lemadt ammd FD@r 18liect rode
conducting part 112 whose 30 one end is connected to the inner electrode 106
and the oahwpsemsdciignal giePERIAIBGIR gevenssne¢levenh |Anehosineen ribdee cont act

107 provided on the | ower face_ of th | ower dielectric bady,103. B
connect i ng‘g’&ﬁ%,ﬁh plegtiac thodye 104 fade ofpseragmgs tifecunpe Ofalaé’c'PPBé%

contact. 55AseR KAL) 99 9008 bk 08 388 LAY R AC
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 1s 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 é sﬁrface 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 1s 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 1is



5 electrode 105 forned in a grid pattern on a surface of the upper
dielectric body 102, a | arge anount of positive ions and negative 'O%ﬁ}%%ﬁ
generated. In the ion generating el ement proposed in Japanese Patent 06
Application No. 2001-166118, however, it is necessary to take a voltage
fluctuation during the actual use into account and apply a voltage for 10
sati sfactory generati.on of ions. In other words, the relation between the
vol tage and ion generation has charactegistics that ions are generated by
application of a voltage equal to or higher than a certain value and the

amount of coAASctelGHaAS BsnaM d1BctRHdé BERERE E0THIORRIAMObE HE loWet fideafitan
increase rate decreases when a higher voltage is applied. In a stable

region, tHhewer idielebtrac fpodpl 08.0fBpi@ndesthgrige smwdeleotiode ergattr 468
surface and it is necessarég to decrease noise as snmall as possible in
actual appinidcihe srfamelepiepie centast 168 t@zaoﬁ@tiﬁ&& APRIViRG CHaREnnBbakoWS,
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ions froma |ower vo tage region and generate 1ons in a stable manner in a

wi de range of &pplthed ivwl gagerdijng uelchentexpepdsery fmeJgpadede kRatzutf ace

el ectrode 25 to forma pointed surface electrode inside the grid squares.
Accor di ngiApplicatinae Nox a8 Q- ﬂ@ﬁng%nb@‘é{ﬁ’@fn litslspé?@%sﬁﬁd t@v‘éﬁﬂ“’atﬂ yoltage
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with 30 the aimof "solving the above probl ens, I's an object of the

present - voltkgB 206 genventitwrhdsochanicteldstas ltbzmt gnﬁnelaaé gfenespiidl by of
generating positive ions _and negative ions in a stable manner under a w de
range of appliratdon ottt &g@lmel equkducitnhighershand aenein aisdnt enst theduci ng
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condi ti oni ng apparatus cap orporated 1n var
15 a problem of big dlscharge 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 expeuments
repeatedly by changing the conditions of the surface electlode 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 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



apparatuses such as an air conditioner, a mcrowave oven and a
washi ng/ dryi ng machine by using the ion generator of the present invgg&k%qwﬁ
10 and a bl ower for sending ions generated by the ion generator to th
outside. Furthernore, 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 unpl easant snells in
the refrigerator, by installing the iop generator of the present invention
and a 15 blower for sending the generated ions out of the cleaner or into

the refriigesaion to PrSERENIRE e Bt dNNDBLOYE AbnéRitikepesiaikngneharent

according to the present invention 20 conprises: a dielectric body; an

i nner el ectegatizefionsned aistsb@emtheediueder brwile tzode; ofaaybleedsenlfageewhbilect r ode
formed on a_surface of the dielectric body, and. is characterized in that
the surfacedetiagt noge nudfalsprertpiable ofriegusing dha aererahipd af PEPREeB8Ypart in

each grid_,quare., The i.on nerating el enen ccording to the,present
Caventi on SIS thRR M IR PRt PRE Aol 1R B (o BT G 1gn
triangie glgﬁgleat\égqltshg%e ALe éﬁ/ga@ﬁ%ietl%%%mpoi nts on a side of the grid
square and an arbitraty poi Nt i AST de e grid square. The ion generating

el ement accordi More@vE¥at B§ 888tHerl 6B46M 60thd Presehdriactefibiad providtahna
plurality of the triangles are forned for each grid 30 square, and the

di st ance bat weenlitibeirver speastof thpalilei adghbesg niidepotagedr in vaBioREB 2006
5 square is not less than 0.25 mn but _not nore than 0.5 nm . The ion
gener at i nGPBREHBIES af8BR ditig &b #He Cﬁl“ékfé?ﬁel’r nilei@AvaYe OW8Racsti2ed in
that the pointed . part is de_of a quadrangl e whose. vertices .are Crossi ng
of grid | PREAIRAEME wAGPR Y weliE e 1ot Perderiier B (16 breceri dBy o

Cr 0SSjMgs »af Hpicthdr B8 Sehind BECRRhe RATH Ly j0AN M 3 i hbafieidROI Nt on
sides of the grid square. The ion generating elenment according to the
present inventi Gurtisernedrer actierdtdedinothéhabjddieofptlie hresedthenghnittbrd sonot

less than 1.0 mn _but not nore than 1.5 pnm 10 The ion generating el enent
accor di ngprtovigha geerentnd aughtigerptor, 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 Dblower for sending the generated ions out of the cleaner or into the

refrigerator.

DISCLOSURE OF THE INVENTION
An 1on 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 dieiect‘l'ic 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



conprises: a plate-like dielectric body; an inner electrode forned inside
the dielectric body; and a surface el ectrode forned on a surface Of~tW%BZMG
dielectric body, and is characterized in that the inner el ectrode Iié%
inside the extent of the surface electrode. 15 An ion generator according
to the present invention conprises. an- ion generating elenent of the
present invention; and a voltage applying circuit for applying a voltage to
the surface el ectrode and the inner elegtrode of the ion generating

el ement, and is characterized by generating H(H20). (n is a natural

nunber) angdQaré HPAMMLEhen @ TR hith dJutbtasle it b& Rk, by 20 application
of a voltage by the voltage applying circuit. An air conditioning apparatus

accordi ng to thé&hy ésmendenemvigng i ddemient advardicizetd 2id pyesenclindentoansi on
generator of the present _invention, and a blower for sending ions generated
by the iorthgeacenzed 1o thhe tdhet poodedApsrteanemadecof di myadsanple priesent
invention is .characterized bgl 23 i ncl udi ng an i on generator of the present

i nvent i on,VeAHEER 2R SuWOSHBR OTeFRIf (iR, i38h 8TRJEHY AR UBT BipaT R SEIsHERkR8Rat or
out ofxth ner. Arefri r.accondi rese i n Lon is
char ac er?géggﬁgﬁé ich@lsﬁ%sngg%ﬁ% gﬁﬁlege%e?g%%?lag% OESE@O%A e%%&]nttwion%gﬁ%]iag , and a

bl ower f on,s; e drt 41885 bPHISe gﬁa%rq%ta@g by the ion generator into the
refrigerator. 30 According to the present invention, on a surface of the

di el ectric bodyThe GorFgBn20tn® clemaddiddcording tdhehgrp@dsbhkensenfionas

el ectrode, the pointed surface electrode is fornmed inside the %ri d squares.
More specichpeadtexized inrthabghe missh 8§ thagridiipinotdess poantls0gnma byt gwtof a
grid square ‘ar%gl an grbitrary point inside the grid square as the vertices,
or a quadPaig'@2mal-PA8™ crossing of grid lines, 5 an arbitrary point near a

strai gt |ine CO@E%Cidrﬁ%eﬁ%E’&ﬁﬁggé&ﬁfe&r Egcdrgﬂﬁf toN¢hd gggreghﬁ‘ﬂ%%nﬂeﬁi tions,

and two arbitrary points on sid the grid sguare e vertices is

formed ascempeieendqgflapalike diblesiridbollyy thdhnpr eVéddioty fdrheed ididcahe
el ectrode with the cEyoi nted parts, it is possible to generate positive ions
and negat idvdde¢tairsboay: aanst atsvefarereleetrpde domhed onangarbice\a] thegéielaptric

application, Accordingly, ion generatian at a |ow voltage, becones possible,
and noi sebaAY b EhEEkisTAR dOR Psbecanen e atrade: Fert e thi £xtemy) of

decreasin . ince the present invention can generate ions in a
stabl e nag%%gﬁﬁ¥?%gggagg?ticuIarIy depending on the strength of the applied

15 An lon 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)a
(n is a natural number) and O2 (H20) (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 pres.ent_ 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 i1on 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,



vol tage, the ion generating elenent of the present invention can be 15

i ncorporated in nunerous apparatuses regardl ess of the types of appW@
and conditions of use such as hone use or business use. BRI EF DESCRI PTI

THE DRAWNGS FIG 1 is a schematic perspective view showi ng the structure of
an 20 ion generating elenent according to the present invention and the
configuration of a surface electrode by enlargenent; FIG 2 is a plan view
of the ion generating elenent; FIG 3gis a cross sectional view cut along
the 111-111 line of FIG 1; FIG 4 is a cross sectional view cut along the
I V-1V |ine additibhGo the ghiGlike barfane eldcargid the gwistea agrivbe etbetmide of the
surface 25 electrode; FIG 6 is an explanatory view show ng another

enbodi mens fermeddnsiglgr thecgrid| spiarese; More specifically, axisianele daying éwoshowi ng
still anot'ger. _enbodi nent o(; tpe s_u(aface,el e trode_l;?. FIG 8 is a sctplerrati c

di agr am SHOWFAYY PPHES &2 fiTeaPt 281t SRUBYE 3nE| R AEPILTAIYHROIRY, 1Bfide the

condi ti onj. : ) | tic .diagr kNng. it ssenti al
cecti on R LsHERR B MHe Rt rd Bed R A R AT RN B B 00
a per 5peGly Yehivi /Y SHAMMRAra stifiFEBliZeA®nhec6ABVRDEdiABRIf IR HeRENAl i Ng
element; and FIG "11 is a cross sectional view of the conventional ion
gener at i rthe aliepam]l. pBEIINYCOK FER CARRYINGoDE disid NVENTHOR 1D dderbol | owi ng
description will explain the present invention in detail wth reference to
t he drawiasgdie veuiesd6ifaymedrs erpvdensed 9arher Ebhs, by GurtherpreviiRgnati c

perspectiye view showi ng, the structure of an ign.generating el enment
accor di nég? os‘f‘ﬁﬁceprez%céh‘?dq Wéﬁt ilb% pfﬁﬂtet%é’ar%n&i b%rpéisﬁ eo‘% &8t Fce
el ectrod ..end ; .S i i Lating
ol oment TR Rl EIER o Slor Inth e bR B o WA A R OF
FIG 10, ap@glith€ond Ascardifigdssicegthonalonvkew lout valtasg bebembypb¥sibld ne of
FIG 1. An ion generating element 1 of the present invention conprises: a
surface ehdctooste Bd dheedevaratiourtlaceont eapl e esfiddtivedy etesbicedcbpody 4,
ina 15 grid pattern with pginted parts 5a fornmed in the grid squares (a
st r uct ur SOFiRARLTRE e PABAEFT Ao theb st 3BT GAF (@S neRTi [ansge 2
her ei naf d. . . ect . egtrode
cont act a0l ShFERG iRl Do BBy BEReFhER SE0E MR R UE R GoBliEE
suppl yi ngoRhgE! 1the REWeEedddatity SWEmdBE 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 arplan view of
the ion generating element; FIG. 3 is a cross sectional view cut along the
III-TIT 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 1s a perspective view showing a



el ectrode 5; a strip-like inner electrode 6 buried inside the dielectric
body 4 20 so as to be substantially parallel to the surface el ectrode 2' ?®E
an inner electrode contact 7, provided on the |ower face of the dié1@ £Bi
body 4 for supplying electric power to the inner electrode 6. Note that the
dielectric body 4 is conposed of an upper dielectric body 2 and a | ower
dielectric body 3. 25 The followi ng description will explain each structure
in detail. An organic material having gn excellent oxidation resistance is
suitable for the material of the dielectric body 4, and, for exanple, it is
possi bl e domveaeioaal i@sgensuuempsiepodnti andeFdhdl 9108 sr@posectiohal Vhev ehse
where an inorganic material is to be used, it is possible to use ceramcs
such as htihghcomyentipnabicl genaeratingrslstmainlti zed gl ass, forsterite and steatite.
When the corrosion - 6 FEB 2006 8 resistance is taken into consideration,
inorganic materials are preferred. Wen the noldability and the

| at er - de Iieﬁic?ﬁ i Sl qu?%rdg i r[gmﬁk de are taken into

consi derzglﬁgn, i ﬁs@% (9%31 € 10 USt &lcrggg‘t_ (of} of%%l ding. Since it is
desirgbl e to hayge follingr d@@ﬁ@@io@%wﬂw ekBRIiA ARG e REIVREI IS ddhAce

el ectrode 5 and the inner electrode 6, naterial wth a lowinternal density

and the divgheaefdiencbodyhd dwawhgs historting Bemik &hhlondibkaigs thegofor e
preferred. The dielectric body 4 can have a circular, oval or other shape

i ncl udi ng a polK¥konl shapechemato aerazacsive eigw abewied thaaseuctHonelan 10
when t he .Broducti vi.tg if t aken into consi o@rati on, it.is preferred.that the
di el ect r 'R EEPCEAHEE | RIARENY RIFPEFNE JPatlBead ERin IHYPRE G nifre

A thouah L HeeRakaehale f Qb8 AUELABGELAELEAURIE FRONOlsRALLCHLY

limted as Fong as It has conductivV he materia 0 satisfy a
condil i onthethat gberdoRy BRMGAVIIG S 8 nALIER SEbnas Wdktdiigaldydilechar ge.
In this 15 enbodi nent, the surface electrode 5 is formed by screen-printing
t ungst en I bhllaiseicf ¥é6. ¢f apdd1ldi et sca cressbadiional Neve cihalgngwienI V¥ surf ace
el ectrod?, 5 h% formed so as to protrude fromthe surface of the dielectric
body 4, 1299 H?‘e?‘-erred that the protruding section has a uniform

(i ckness. O A A Bhsc NS BRI BESUE BRSS! SELEASE TGRS, o, Lhe
preferreduihat dib&r88PEotReEeR] al Sl OF Mplate-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 55 and an inner
electrode contact 7, provided on the lower face of the dieleétri—c: 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 suttable for the
material of the dielectric body 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, it is possible to use ceramics such as high purity

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



As shown in FIG 1, the surface electrode 5 is forned in a grid pattern and
further has pointed parts extended in the inward direction of the grid
squares. FIG 5 is an, enlarged view show ng the detail of the 25 su_rgggg 008
el ectrode 5. As shown in FIG 5, the pitch (w) of the grid of the su g
electrode 5 is not less than 1.0 mm but not nore than 1.5 nmm 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 8 inside the grid square. A distance
30 g between the point A and the point Bis about 0.25 mmtao 0.45 mm and a
- 6 FEB 200665t@nheiightakenoinioheonsgifarafien, (tiveghengnintefiads pee peredécad ar
dropped frogmthe point .Cto traight |ine connecting the point A and the
poi nt B) Y‘ﬁle&r b iy H9bd!ti5anmolaéelgée$ﬁﬁ of ARFLALEY 10 Logstiughg thepet ween

e vor L SR IELARCD o PP, 8,801 gl 1 140058 O (e
f bl : : t.e .t ‘e i et . : B j I
T 201 s, ML < Bk POORELE LY e SERITRALEBIRS val v

embodizmentetiwkeaX b RO R4 RS 5 WY tBE inh&aklddsrdeos NinAedad witle apoi nt B
of the triangle are located in the 10 approximately center section of a

side of tle grietnalgdemrsetyaanld the dieleatrgd bodys 4amitbouunafoemainsula tangkateor an
i sosceles triangle with the point C as the vertex, the triangle is not
necessar i #4¢ 1PH pEfersdsuch a shape, the positions of the point A and point

B can be | ocat i ny.a position, on a.side of.th rid, squ .as. long as
t he extended pa € h%\lgp%tﬁgih{)cgd %hcgﬁle,haé’ d %t ﬁlelcfl?eilgnogwaé O]15O%(E:I§h %eapéa scal ene

triangl e-in'a\.@ing é?@?g@%@ﬁ%@ Y VSISO BRI AAREREKhEPPOdIERIEvep! the
surface electrode 5. AS another pointed shape,” it Is possible to use a

quadié@nglehehode yerductestyaietaker asasi ngndddefatipd, ditl isnessfemnad athaittthar y poi nt
C near a_straight line connecting the crossings D and D in the diagonal 20

posi ti onsdiekestiie eodst I tip alty thei fsn (poianplateang pbovin B} Bie sirawsnsf the
et ween  PTE0YED {Fe BREEEITE BOMT CeHRaT o6 N By HAlrHe TRESGr o
Saue BT R oo L ek R SRR TR S B
di st ance ghalbgtwkes 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



25 the point B and the point D are both preferably about 0.15 nm and a

di stance k between the point D and a point E at which a perpendi cul ar §IFER&)05
dropped fromthe point Cto a side the grid square crosses the side is
preferably about 0.3 mm 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 - 6 FEB 2006 10 the pointed triangle on all the sides
of the grid squares, and the pointed 'éqi angl es may be provided on only one
side as shown in FIG 7(a), on two sides to face each other. as shown in

FI G 7(b) he@htAof Y BdhAEleMthS14REhAUf a SaPRnAIddaSs AY@HR S oshehpdiat Fl G
7(c). Al though not shown, needless to 5 say, the extended triangles may be
formed onQ tr zetsiigeling cennéeting the guarted andxbeptoiht B) anprafedehly $.85 1 arl vy,

t he nunber of quadrangles can be 1, 2, 3 or. 4, and as shown in FIG 7(d),
poi nted qudr n@lEs vy dmelsrhe distenee {obeigeeal the yertiesss (bageen a
referring to FLG 1 thraou .G 4, the.follaqwng.description. 10 .w ||

expl ai n tHBU}tn(JFI@F’de{I‘ Q@ll}to@i]eog?hngﬂa?@@silﬁﬂg?%gﬁeﬁf(?éﬁga 15 I?Or{i leshaipl e to
use a gt 81k, RN HLL AU bY BHEN AR LUDOBLER-a bR 0B52HRL & N3Rdl ¢ he

i nner ‘el ectode I's formne Ina'strip foFm on St fade of t e upper

di el ectri ghatbatly Préfriédye dfovRs sicvkanbhtionb@dyalesAss shawind ByGthd, the

i nner el ectrode i's formed between the upper dielectric body 2 and the

| oner 15 thtel-eeteiibedexiyer3mehbs.parti cul ar, when the insulation resistance
between the surface electrode 5 and the inner electrode is uniform since
t he di scharge Moa@@vqrsaitﬁiaﬁgb egwdimeat il%ﬁ§P]é1h’éle‘ilc1)8§ eVaSSUBHYIYhN be
gener at ed_,i st.abl.e ,manner,; it i Si | e, that, the surface.electrode 5
and the | i gy bEModn W dhgabalte y BE Rk ORe! e THERBRCHS B The

| nner; (el eaboRfenGils HRuPPSEIIANSHal Nk de thBS s L gald hhahedhrunge that the
inner electrode 6 faces and is parallel to the surface el ectrode and t hat
t he di st anseqghéihveen tiibaglsor dadensebkettinueldwatidtidpoinmin@as eheotriede 6 (the
interel ectrode distance) is wuniform The surface el ectrode contact 8 shown
in FIG 3thestransi wcnot pscasganide lierited tohvichys fiv@eelthe Mosttors, ofatke t he
surface el ectrode &-3 andt g#her cgnsttr(hlcti on _are.connect ed by fc&gnecm ng one
end of a P®& i e RO &F AR i dPCRtad (i AR RSFIERE 91 ReSS ol &ttt act and
connecti ng, {18 K Nflg £8¢he @xtended part has a pointed shape, and the triangle

g

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
guadrangle 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 1s
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



a contact of the other construction. Since the surface el ectrode contact 8
and the lead wire 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 - EBZHS
dielectric body 4. - 6 FEB 2005 11 However, the surface el ectrode conta g
wi |l have the sane electric potential as the surface electrode 5, it is
desirable that the distance between the inner electrode 6 and the surface
el ectrode contact 8 be longer than the interelectrode distance. By
satisfying this desirable relationshiplOa stable 5 discharge state can be
obtai ned. The inner electrode contact 7 is a contact connected to the inner
el ect r odetl®s panttethetrizigle @l el thadeidgsaafdthet Baid @ﬁﬁ@wﬁu@nﬁoﬁuapeuﬁaﬁnected
by connectln one end of a l.ead wire nade .qf copper, or the like to
Chi s cont HEETERA RN PERGLEREPHORT OBREILD a5 Eovace 85T om0

const ruct r..e nt, t n e VV e
easily co%]%g%t df!;l‘%ig’lhee‘glr(‘!ﬁn(%ntg@g 5 Ll?ro egg%ﬁf?a @9 (Z,O% g‘ggpardéé‘fed Slgfagg%y
position gs.H e @éuéute b8 PRwh %UVFI@PGY(QT tA‘Rhghﬁheﬁdﬂék?ov@x‘?dﬁeéldlek@‘ﬁ@Ver
since the inner efectrode contact 7 will have the same el ectric potenti al

as thé ismethelegtdndudietrfangles nsaylbsfoahtd ohtthtred bitledicdteank griesywere, t he
surface 15 electrode 5 and the inner electrode contact 7 be |onger than the
i nt er el ectxcsite fo enantle. Bymdbanls the mypmbésoliesademigdes ealafoedns%ﬁpn 4 stable

di scharge state can be Mor eqver i stance between .the surface
el ect r ode?® r?tgaé Ogl’aﬁﬂﬁcﬁe%ﬁné@“&ﬁ ct‘f1 ’ad@i?sa@i‘af?ei?‘frgo PotBer t han
the intergl, 8}1598{? itidQgdi stance. Further, when the surface el ectrode cont act
8 and thel ner Yrode contact 7 are both provi ded on a surface (Il ower

face) facing a Ns,sdfflaecf@uw@m@rﬂcace)thwb@gle Il suthagallelegt desdeiftias e
formed, wires such as lead wires are not laid on the upper face where

posi flilve wohex xpladnribgatiee clectmdedt. e Fangreatawr cledredofelt ikfpoasibloter is
additional ly provide to send 25 ai.r to the surface gnerethe sujé{/ ce
el ect r odeUss RSUPGFIHBYHNAYIE PORANGIVIRN sUuGh a8 t‘%ﬁﬁé?n’b AP Bed 5y tite | ead

R e e
i nner el %&w@eo@m@q@w& alic RGBS IAY 30t hes dbem R Fhe. wpele faser 30
Note that the above-nentioned "other Construction” means voltage
electrode 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 distaﬁce i)etween 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.



- 6 FEB 2006 12 applying neans or the ground, and there is a case where a
voltage is applied by connecting the surface electrode 5 and the inne[z?eFEB 2005

el ectrode 6 to a voltage applying circuit V (see FIG 3). In this cas

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 voltage applying
circuit V, a high voltage is not applied to the exposed surface el ectrode
5, and thereby preventing electric shogk accidents. FIG 3 shows an exanple
of such a construction, in which an ion generator 20 is conposed of the ion
gener at i ndetenenthd sarfded biectoldt agatap@ wilbdavkethoisamé elktiinpotaaeialt o
generate both positive ions and negative ions with a single ion generating
el enent 1astthe susfacagdectppdd Bditbetdesablhthaiutfeadistandecketimate Bheamderhe

inner electrode 6 by the voltage applying circuit eeds to be an

al ternati ﬁi)e%dtead%.aqfﬂi they| swiac ieﬂﬁé/WB&% agtast n%/t Pi g‘i’lﬂ%’d’ thag the

si nusoi dal_al ternating voltage,.fhat. 4s erall.y ed .f or _comer cj.al, power
15 suppl yuzt%é?lgfcﬁgfa? e SF%necesi ;1% S(S)gtd%ﬁyné ft gﬁl@? iL‘%aﬂlso’r?%@Snﬁﬁm’ abélca?bé?erred
to as 5t hgiscAG¥OLiAgeah bedtiftadndect angul ar al ternating vol tage may be
applied, or the alternating voltage may be applied using another waveform
The i on gener at The2buaecolkdimndet@nthet Gr esantontavenbhasctedntd whetinger as an
air conditioning apparatus 30 bY further incorporating a blower 20 therein.

This air elsttodedni aed dppanacusladtrddse e pHhey epatmictioar asx apphected n a
hone, a rd and operation roo f a hospital, a vehicle, an air,.plane; a
war ehous ey &ORBFFREPRE P Sfties i Mate ol gopEen, ghypeatny o hsdifp e, 1o an
ai r_condi p&i‘%”%nt tdﬁﬁ&fmc&‘ﬁﬁéc‘%{n FHRUTLELS 1 9 @D A onPé'§t' flf€fhe Sther
refrigerator, a Tfan heater, a M ct owav e oven, a washing/drying machi ne, a
cleangy, adwkiductZdn. di Sikegid REnapRr¥MArdte chhact 87 ighd theheaat kerediaagr am
show ng the essential section of a cleaner 40 using the air conditioning
appar at use3€ly Asnshoted, i theFiiBe18 eledfeodedicoviratgé adn whitohvidedgetneany ed by
the suction of air with the cleaner 40 ig di schar ecfl from ext er nal

di schar gePOPERPRIONE &5F 1UIROTCE SuRaFe £6 the diglestriq Bodyas. 3HaRveretBes ng

ParLT U e e LU 5,50 BT 30 s PESPRANE I, B!
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 1s additionally provided 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 cobtained 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



axis of the notor 33. The air conditioning apparatus 30 according to the
present invention conprises the blower 35 and the ion generator 20 disposed
close to each 5 other. The notor driving circuit 34 and the voltage- §FEp 2006
applying circuit V are supplied with a voltage in a synchronized nmanner by a
controller, not shown, and the ion generator 20 generates a |arge anount of
H (H20)" and 02-(H20),,, inside the cleaner 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, i1Brough the external discharge
openings 41 by the air blown fromthe fan 32. Wth this structure, it is
possi bl e #pPleitgsrears ¢ theepiprarddiand there he agase gelrrieat volthge ihepeliehner 40
action. FIG. 9 is a schematic

and dirt jn the air used, by .the cleani

G nr am shbwPRGe e EBEantrat eitodnS: mad 68 Ghneh eldstradges do ot vaBRER: ng t he
air conditioning. a r i ke the cleaner 40 illustrated in FIG 8,
the resi g%%@%l}},%?@%‘?ﬁaﬂ%s@fﬁ}-i@ di scharged from internal openings 51 of
the refrigeratop, %s%s_&,h@rhgh%‘fﬁrsﬁ@a&o@ﬂé@ﬁ%ge@ is! @finetRIPLo B gﬂﬂﬁﬁ?t ed to

the notor driving circuit 34 and the fan 32 connected to the rotation axis

of thé& notohadd.a ghuhd/pbtaagali sndiphe iiatkrnal tefhertimico6 idrdovinegted toctlid 34 and
the voltage applying circuit V by a controller, not shown, with a timng
pr ogr anmebliage avdvieg riacatROVa hogh sidtege in noteapwlmd dbl Bre eXhesed t he i on

tor 2 t | t of H (H20)" and Q2 (H20)..
Vbanwhi | e SRGRAE 5 nd iERalY PHO <jiieg sl ip oot GeBhEs AT hebat i ve
i i nt j i t.h . t i.nt nal
openi ngs Sy S SRAERIE BP S6lth (' Eak thbOBE ShOtiplh o RADRehDEdoR AT
possi bl e doangddeacdfitheliyn geasPumend bR e tagdnheSigiidss St @ge iy vt he

matters cooled in the refrigerator. Now, referring to FIG 1 through FIG
4, tRO follow nig deder itptgeorera80 bnth | pastiplaiinna ant excgpévief iasewhddianent .

The dielectrjc.body 4 of the ion - 6 FEB 2006 14 generating el enent 1
accor di ngsmaiesl%tg@&ﬁﬁ%ﬁwg gmgnt dot BigypHage papdiade beby ¢y t@ﬂa‘i}@?%‘fth a

' 90 8 ATPSRD, Sl TS By MBI L VA chou
6 nm X 240npe aif alerh AR dvdlfhgRar atdiglalt@aRfhg voltage is not limited 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 1on 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 vehicleA, 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



5 upper face of the dielectric body 4, and the surface el ectrode 5 which has
a wdth of about 10.8 mmand a length of 27.6 nmand is arranged so_gq%g
the center line (the Ill-I1l line in FIG 1) connecting the centers of J?%
end lines (about 15 nmw 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 projected onto the internal electrode 6, the
projection of the surface-electrode 5 3preads to an area outside the
internal electrode 6, and, if the surface electrode 5 is virtually present
on a pl anemeetewl tche matberdnating eirecttr dtlend a &af 82 o@thddted thehplratntiorew) , a
portion corresponding to the periphery of the surface electrode 5 is

| ocat ed d@ﬂgmééhanyﬁprﬁén 15 corresponding to the periphery of the inner

el ectrode 6. By.form ng t.he .surface electrode,5 in such a nner, . when
di scharge is peTlF%tahreﬁoq?C{lgﬁPPWeapP%Psg LREPEHE SO TR e PRESE R PR ct r ode

5, the di [ i I i nis) t . r;0 -
therefore&tqﬁélg%sgﬁ%ﬁgé&lgfggfiﬂlﬁlg ﬁéeq%aﬁl rééﬁg?é'@gg%(féﬁ %ﬁ%efioglgsge{:ﬁ %%:h

. gener gt edhtlhBra DROUn B aNSLingNak&uit B ahhehe hanes20p s siczesiol dhe grid
and pointed triangle, quadrangle, etc. of the surface "electrode 5 are the
sane as thogdiedewithonedlitapowe a dvbrchoveized henisar haaeoakadiarodet soowact 8 i s
provided on the | ower face of the dielectric body 4. The surface el ectrode
contact ®1d denieet senargton (K9 sErpEveSeRedtigsde® W #h HphEeOhasad

ti 10 h d, 25 ted t f I de 5
and the oORCE-Qhti 1t B R oA, nEPREHER YR DG ehaardieBEEr T body 4
faci ng tz\fbs%ai'l}é é?ﬁ@%g&g@ GR g&ﬁelﬁté@ﬁ sifle kRO eQN@EMH RBD bOK

rode” di st n %y a sur i

interele ance face electrode connecting part 11 for

conngot i npakbdedhheleand, ehrddth tppertdraet diahnessd opennitdy 11 1Y e e
surface el ectrode contact 8. 30 Further, the inner electrode contact 7 is
provi ded Howanfiambittheafan 326 PEBh2008 $&ucposi tit da possille towéecfively of t he

dielectric body_ 4, facing the inn el ectrode 6, he i nner electrode

cont act TBFIEOV@O‘?’HE&ZEG ’Eﬁéeliaﬁ%‘gﬁ’yéi&“@c%ﬁ%‘b%/goﬁﬁéﬁrt Thike 23] eatsedde

connecti gg,ﬁ r%lﬁ&&in#&?mfhat t he di stance between the surface el ectrode
an

cont act e Irher electrode contact 7 is nmade longer 5 than the _
interel ectrode FD(}SIE&[BCQ-sch%bticaiiﬁgim%lidﬂﬁng‘&h@fe%@éﬂﬁhDQectti‘% trididggner at 1 ng

element 1 is explained. First, a 0.45 mmthick high-purity alum na sheet is
cut ilpt o rafrigerator 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 Vpro-grammed n
advance in a ROM, not shown, in the controller. Then, the ion generator 20
generates a large amount of H'(H20)y and Oz (H2O)w. 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



predeterm ned size (15 nun width X 37 mmlength) so as to formtwo al um na
bases having substantially the sanme size. Note that, alumna 10 with

purity equal to or higher than 90% can be used, and alunmna with a pgfﬁﬁﬂmﬁ
of 92%is used here. The surface el ectrode 5 and the upper face connecting
part 10 are integrally forned by screen-printing tungsten in a grid pattern
on the upper face of- one of the two alum na bases so as to fabricate the
upper dielectric 15 body 2. Then, tungsgen is screen-printed in a strip
pattern on the upper face of the other alum na base to formthe inner

el ect r odegbnémttagy ableynemt tiheacdudingcerlnf bhthodhm@hpahhase, @Rtkiddasurface
el ectrode contact 8 and the inner electrode contact 7 are fornmed on the

| oner facpaovili¢lapipeidushaze beisk bywiddbr ebdSprimi iandengthepfI®7 babr avdtang t he
| ower dielectric ggdy 3. 20 Further, an alum na coating |layer_ 9 (only shown
in FIG 3fhicknesy abl® B aardins aeeviged irmehihsettran Bkedntraapglpptodecd as to
provi de the.surface .electrode.5 wt n_insulation coat. After, placing the
| ower facgﬁg?sh thﬁ‘g a &bzﬁe(%c%lli’%"&e%tnrl% %&%&/mfna tl%gmﬁrﬂ)%(grm fpél&%ﬁ%# &E ﬁlie | ower
_dieledgri - r dj . tion
are pgfoglﬁg%Y%%deg%et E%?\ébtt 235 a e4’ng§§3Mi ﬁll? u%%g%lgagﬁd@g%? aﬁ';%gler a

non- oxi daki@th ofsbRsPIEsenat addQ0entoh 1600G mAs carddisngrrthagédiss thanthact uring
process, it is possible to easi Ii/@manuf acture the ion generating elenent 1
shown in canter pmes@he 11Inklédirieoim. FNex1), camhrectiolgl thei cegteiesefr hqshicornd Whes

ol eront | GGG BYR DA S0P et S0UBP S B UG 16 DAY Hold (PO dor (G
I . i
o or the POV SERERN | g cronanr secyadt FokMink s, WG WOENAETCy )

conneie} i nglekhedy 3 E@%@gj@@i@d}’bﬂﬂq ehd itdrn¥] drddie 65 uhE a68;jRtRa! 60¢& cont act
8 with a lead wire, and connecting the 5 inner el ectrode contact 7 and the

vol t age appifgtarglectnodaibt sprenis bo anlsead onitside th&€hHenernay ebperatei hgpitdef vol t age
applying circuit V to ap I% an AC high voltage between the surface
el ect r odet!® ahéfatcﬁélmh@fe' | Bcyrbgellp prgesnt pher Hlape vehrrendipaintegnabns are

gener e TR ol 2 AR LR LSS BBl par e, 1

periphery of the surface electrode 5 is 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 eléctrode 6 to the surface electrode 5, the discharge is carried out
inside the surface electrode 5, and therefore the discharge state in the air 1s
stable and ions can be generated 1n 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



the influence of the change in the shape on the yields of ions, noise, and
the anount of ozone. Prototypes (2) and (3) were produced by extend| IE%E{BH@UE
surface el ectrode 5 to have a triangular configuration (see FIG 5).
prototype (2), the width g was 0.45 min and the height h was 0.45 mm while,
15 in the prototype (3), the wwdth g was 0.35 mm and the height h was 0.3
mm A prototype (7) -had a conventional sinple grid-like configuration, and
the grid pitch was 0.8 mm The appliedsvoltage to the voltage applying
circuit V was 70 to 90V, the potential difference between the peaks of the
AC vol t agesitas aibobe 16vér face @f Bhkielacidtid belyf 4 efpcome yhovamabdattrdde BHz. The
20 yield of positive ions, the yield of negative ions, the anmount of ozone,
and the AdiesEmneasl eleciuere gonsact édisueriBrectert taddeeinnat plsagde dhdivt RBns. The

results are sho in Table lLa,lb. te t he asuyrenent ,of the yields of
i ons was Grode 5°nrh9§§’§tgrﬂ3 ‘nt 9&?0&1]5 gﬁ r’r‘alla's e Pp Wﬁqﬂéﬁ?on

GEner 3 1l STEM, o heafBst A}ﬁd PRESHESIERL: Bl R AN 56 Yl yepps carri ed

out at a neasuring poln m apar rom e |1 on generatl ng eI enent

1 in a nokpgh €Rs i1 ReBlectiEE ¥ RMcet he i nner el ectrode 6 was made to have a
uniformstrip formwith a size of about 6 mMm X 24 nm and the width of

|l i nes form ng t Nexgr adnethdhéor mmfidaetaheg tthedenSgaves athgee@n®mtninign this
experinment. Note that the 30 "pitch" mnmeans the di stance between the center
line of oRsDkEeRd.of Fasgra §-45 @mlééugledaghmuréquuah@naw shpet deptleinto de of

th de, of th d fromT t f d
fhat the Brotarypiedze TS %@ﬁh S e ey ot e
d t h h, but

S R i e A L Sl e et T i vl R

el ectY®dewhtd a hanegy Egudlher or hxgleaidm*peﬂ%t@ch barised, bhd slupoissiith 40
generate ions in a stable manner wth a wide range of voltage. Moreover,
al t hough nuri¢e of Aebemsessdiiars- an increase in the yields of ions, since the

prototypes (2) qpd (3 oot cwoaﬁfmwe B R Al i
o 1) SO RONER SERREE 0,00, 13 AR DO N,
the wi dt hffge dthenchef g thoadidint e bizkﬁsaétﬁﬁs ftobiﬁby\ﬁaﬁb the weetidiekctric
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 pro{rider 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,
1t 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



of triangles (see FIG 5), and simlar experinments were carried out (the 15
potential difference between the peaks of the AC voltage was made abo%t
to 6.3 W The results are shown in Table 2a,2b. As is clear fron1Ta5IJfBZWﬁ
2a,2b, in the case where the printing of the grid pattern of the surface

el ectrode 5 was performed by changing the pitch from1.0 ramto 1.5 nm and
changi ng the size of -the pointed triangle, when 20 the pitch was small and

t he distance f between the vertices waggsmall, the anmounts of positive ions
and negative ions were reduced. On the other hand, the noise val ue was

| owered. dhiee-ientaueeddneyhdde Imeotddrhat apply ai ddtagef bédweedyl the squace is
short, the electric field strength plane is small, and creeping discharges

i nt er f er eelgctiode v Andttherintemhlidestesds 6 oftthelien %eg@hegeetlemﬁnbfl beitive

ions and negative io can not be perforned. contrary, when the pitch
is large @ﬁdg%waa%@ﬁdééopsfaé&c‘e@eﬁy CPRBeGRRE it %s" ageh ymag PEFYE anount

- of positiy ns._.ar t n r ner C e noi se
val ue |nc‘?”%% 2’5 S"Phr}gg eq%:t![ eenﬁg tsaC% § g %Ilggﬁ Hg '?‘lﬁ@ "?eacﬁgqe@/ftﬁget ween
. the V@t'ﬁﬁélee?:é&%dél?o@taléfqpﬁ{d tl?é‘@&lt§§e BEb B he SRRt W&Rhtah?ea)ﬁ s of
positive ions and negative ions and the noise - 6 FEB 2006 18 val ue. The
i nvent or sThént be ppesanig ahpl velahgomnppdying tironitt We texpeslyment AC aight he
experinmental data that, when stable ion generation and a reduction in the
noi se val vatagee betikesn ithe GueHsi Qﬁé?’@?d% apHethsi mugcelettrpde ibarpstiee
vertices shoul% not be |ess than 0 mm but not be nore than 0.5 mm and 5

pr ef er abl Y& %%g"’rﬁﬁeajs‘misr?ltel‘%enﬁ?%‘ie ype (3), while the pitch should not be
I ess than 1.0 <(b3§0116%1n ed@éﬁ H0RNvANS e Qg}ealﬁngxﬁéﬁfﬁ SQ 113?1 Ly@ydm as

in the prototype Fin perlnents re perfornme an 1on

genergt i ngerfehee® by dhaaing lt}ib RbabbefsHe fsagticel Gedtrode 5% chay th gxamauadr angl e
10 configuration (see FIG 6), under the sane conditions as in the above

ment i onedtheximéhiemeatod. thaathanighdn, thiershaper ot @hslp’eeldS)O,f it rpiisgaiwhshe 1.2 mm
the distance f between t vertic 5 mm th ngth j etween the
poi nt A aQ‘FHO’t‘HE diTRteD %HBWYP?IS @Gana &21 wgrelgl%ﬁfce eﬁféen Bt the «
beteer g, B 5885 R R DR T, LG3G, BLe i peone
of 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 czone, and the
noise value were measured under the above-mentioned éonciitions. 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
26 the measurement of the noise value was carried out at a measuring point
about 11.5 cm apart from the lon 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



prototypes (2) and (3), and stable ion generation was recognized in a w de
range of voltage. The noi se value was slightly higher, and it was cag%qﬁgqﬁ%
the distance f between the vertices inside the grid square was | arger a

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

noi se probl em can be solved by decreasing the distance f between the
vertices. | NDUSTRI AL -APPLI CABI LI TY 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 el ectrode

i's furthesqienmd tihsteeet hmeasfiahdfeBERR. of tMergidpgahfd.cal ly, a triangle
having two arbitrary points on a side of the grid square and an arbitrary
poi nt i nsi de t hAsgsidesnframe Table H, vermdsc esnfloned thatdteapugitetypasi @y a
crossi ng of g%rLd lines, an arbitrary pgiﬁgt near a straight 30 line

connect i ngRerds SPREEATEH IGRF a1 |3 MATe| HaPHe ARSI PRLI RS PANPYID - 6
FEB 2006 ar.bi trar ojnts. on sides of the.grid squarg as the vertices is
f ormed as@_rfwte%lé’n é‘agpg}et %np'&'gcc‘aéélg?g]eg!vpa,s Biig}?ul?l?%g eﬁlr al?lﬁ% Y%lgaf_sr%rfaw
el ect modeywk iy, t 18 ROLYUBHNRY tRe ghid-1iRe RASEIR! QeliPo@E B, Sy P ABIthEV e | ONS
and negative 1ons in a stable manner in a wde range of voltage

appl i cati @tenfodgeguent byrts, a0 i ppemdiatto ofertrate iowe wold aghlbasannsr

possi ble, and further noise and the generation of ozone can be effectively
reduced byitdesrenksi rapgehef voltagege. MoSpeic, nhidomgbseeise iinvmasesnwithramgener at e

90 11 Ao, RIS Ao, BRI arl Sopening, o Lhe ol Leneth
ha e 58 19081910, SLIPDE1o 3D 190LPASPE0G LONSH O SR W
(2:8”3\'/1?'/ ?n%iﬁ%eyﬁa%rg,umva@ phBedTBlUEE sitdficHuI) #E88cdISRe genbrdfikl 20080ka Wm Q
harmful to human body.
Next, prototypes (1), (4) and (5) were manufactured by changing the
grid 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 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.. dn 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
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value. The inventors of the present application found from the —eﬂkperiments
and the experimental data that, when stable ion generation and a reduction
1 the noise value are taken into consideration, the distance { between the
vertices should not be less than 0.25 mm but not be more than 0.5 mm, and
5  preferably be 0.35 mm as in the prototype (3}, while the pitch should not be
less than 1.0 mm but not be more than 1.5 mm, and preferably be 1.2 mm as

in the prototype (3). |
Finally, experiments were performed about an ion generating
element 1 comprising the surface electrode 5 having a gquadrangle
10  configuration (see FIG. 6), under the same conditions as in the
above-mentioned experiments. Note that, in a prototype (8), the pitch was
1.2 mm, the distance f between the vertices was 0.5 mm, the length j
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
guadrangle 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
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arbitrary points on sides of the grid square as the vertices is 'f;'.l;med as an
extended part. Accordingly, by further providing the surface electrode with

the pointed parts, it 1s 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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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.

(.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



1. An ion generating elenent (1) conprising: a dielectric body (4); an

inner electrode (6) fornmed inside said dielectric body (4); and a surface
electrode (8) forned on a surface of said dielectric body (4), wheref htBHE
surface electrode (8) is fornmed in a grid pattern conprising grid squares
and has a pointed part (5a) in each grid square. 2. The ion generating

el ement (1) according to claiml1l, wherein said pointed part is made of a
triangl e whose vertices are two arbi@?ary points on a side of the grid
square and an arbitrary point inside the grid square. 3. The ion generating
el ement (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
triangl estd fside the grid square is not less than. 0.25 nm but not nore
than 0.5 mm 4. The ion generating elenent (1) according to claim1l1, wherein
sai d pointed pawhefchd) pitsh vfice @id & 9 deks Angl EOWBIR1t WOt fiog€thadries a

crossing of grid lines, an arbitrary point near a straight |ine connecting
crossingsygh 9rid lines in diagonal positions, and two arbitrary points on
sides of the grid square. 5. The ion generating elenent (1) according to
any one of clainms 1 - 6 FEB 2006 to 4, MM 27 wherein a pitch of the grid
is not less than 1.0 mm but not nore than 1.5 6. The ion generating el enent
(1) according t . | aj i i I kc body (4)
has a plate-likg's a%@?ﬁggﬁnﬁgg%aﬁﬁﬁéﬁp% ggﬁgg&§h€%§ﬁggggmﬁﬁigéébthe ext ent
of said surface - . e ' raf o, 0)_conprising: an ion
generati ng eIen%hFﬁ%ﬁ§£g§g%§%gfégd?@42%§E%ﬂgég ‘%ﬁ%&%ﬁkﬂ to 6; and a vol tage
applying circuifg_. f g .a . t age t.othe surfa | ecty0de (8)
and the inner e%aéé}fxinga%feg{r%@ﬂ@ lilegr%nmégk@r%&?ﬂé)fﬁ@ﬁé‘ﬁ{ao?%%,C?rf’g? Ef’QEner ating
H+ (H20),, (n is a natural nunber) and 02- (H20)... (mis a natural nunber)
inthe air by application of a voltage by said voltage applying circuit

(v). 8. An air conditioning apparatus including: an ion generator (20)
conprising an ion generating elenent (1) according

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 of said ion
generating element (1), for generating H* (H,0),, (n is a natural number) and O,
(H;0),, (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 ! 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)y,. 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,



to any one of claims | to 6 and a voltage applying circuit (v) for applying
a voltage to the surface electrode (8) and the inner electrode (6) _of F?@'Z{ﬂ!ﬁ

ion generating element, for generating H+(H20), and 02-(H20),- in the arr
by application of a voI tage by said voltage applying circuit; and a bl ower
for sending ions generated by said ion generator to the outsi de. - 6 FEB

2006 28 9. A cleaner (40) including: 3R ion generator (20) conprising an ion
generating elenent (1) according to any one of clains | to 6 and a voltage
applying circuit (v) for applying a voltage to the surface el ectrode (8)

and the inner electrode (6) of said ion generating elenment, for generating

H+(H20) . and 02 ( by application of a voltage by said
vol t age applying %‘%?%a?e (h(ot)q'?d%lgga bl ower (32) for sending ions generated

by said ion gengy fﬁjbgel%%mpkz@aao%ap% SARGh lo&ge@ratgégeigﬁs{e% O 4R v ng:

an ion generato conpri genera €nen according to
Vol tage & Z‘blé?;?’? b@nE) BE plu b YELFEEARATIRE PRAE Rt R BB LT Ton
appl 1 cat 1 5h OB s F%ﬁggﬁe‘@?ﬂhg%ﬁ &Hzoéﬁﬁﬁe?%ggk 2 é&? OPERGARRE b ower
E ng 3 i ;g: a?a%nrmdel(nng olrognesnega%rtll%r ﬁh&? (By )gmelrllle haet air l:%ynglgplfcatlgn of a

voltage by said voltage applying circuit (v); and

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 electrode (8) and the inner eclectrode (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

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

refrigerator (50).



