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*159159* SPECI FI CATI ON CORONA DI SCHARGE TYPE | ONI ZER
5 [ Technical Field] The present invention relates to a
corona di scharge ionizer having an ion bal ance

m ml tion. [Background Art] 10 In a production
MPRRABAR ot o c/cEu"ce: Sion ac solndicton

static electricity i s geSPECIFICATIONhe el ectroni C
device, there is caused a hazard that the el ectronic

device is electrostatically broken by high voltage
static electricity, or a hazard that mcro particles

floating in the GORAUATIBCHARGEENYPENENAYER Ci roui

to cause a short 15 circuit of the sem conduct or
circuit (hereinafter, sinply "electrostatic hazard").
Such hazards are serious factors which deteriorate

gﬁgg{:mbéﬁr#iggéyi eld of the electronic devices. This

em can solved if all of floating particles in
a cl ean : ut this iis practicall .
di fficul :mg[ﬁéﬁ%%ﬂ 'Qf%f@ﬁﬁ?fgfageiﬁq Pt d'ﬁﬁ'ﬁ)%’ﬂ‘c?d?’é'ﬁ?ﬁ Having an
made .by. neutralizing the static electricity of the
el'8ep?¥qﬂ°8 ‘f?é@‘ioéé‘.m%%venti onal ly, a corona discharge
ioni zer has been widely used for neutralization. Plus

ions or mnus ions generated by corona di scharge
(hereinafter, plus ions and mnus ions are
cdPpekgrovBfyAal | ed only "ions") are injected such
that the ions reach a subject to be neutralized, and
sprayed {hapsodydionisacessieleleetsoninidenices subkiasgemiconductors
manufactured. At this tine, air is supplied 1

(hereinafter, simply “electronic devices”), when static electricity is generated in

the electronic device, there is caused a hazard that the electronic device is
electrostatically broken by high voltage static electricity, or a hazard that micro
particles floating in the air attach to a semiconductor circuit to cause a short
circuit of the semiconductor circuit (hereinafter, simply “electrostatic hazard”).
Such hazards are serious factors which deteriorate manufacturing yield of the
electronic devices.

This problem can be solved if all of floating particles in a clean room
can be removed, but this is practically difficult. Hence, attempt to solve_ the
problem is made by neutralizing the static electricity of the electronic device.

Conventionally, a corbna discharge ionizer has been widely used for
neutralization. Plus ions or minus ions generated by corona discharge
(hereinafter, plus ions and minus ions are collectively called only “ions”) are
injected such that the ions reach a subject to be neutralized, and sprayed to

electronic devices which are being manufactured. At this time, air is supplied
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*@00002* to the subject to be neutralized in sone
cases. Electrical charge of the electronic device and
ions having a different polarity are coupled to each
other to neutralize, and a hazard of the static
electricity is prevented frombeing generated. 5
There are types of corona discharge ionizers, such as

onetoubersybedd® bp mettralizgpirysomé cases. adchiRal &5drid offhe
AC power supply voltage. In the case of the AC corona

di selbetr@eicideVicecdind iohsiHavilRL& SFRIrdnt SO &Kty @r@ @blibled!t8'each other
consideration to the setting of frequency. Mre

e e L L

10 4@ Jons fromre-coupling to each other. If the
frequﬁegr@g/édgf AC voltage is |ower than about 10 kHz,

f or exa Lpc ions generated.bet wee | us ,

%ol tage aroers el ks Shobie dEdrise meeranauq%&gpgansmg aDC
sufficient|ly afar. th | us ions are not re-couple

t o RIS Unpl Wifide, 28R o RPG BB AG Rower supdulsce. Inthe
neutralizati ability is not varied. However, if the

AC %ﬁ%@@e 6&169@@3 'éﬂw 98 HNFRNit ihBesesankiagiveipatticular

ions are generated inmmrediately after the plus ions _
ar Esilsr gﬁ'%to tiecsatting pf iequansy. aMore specifipaliiACovoltage having
ions having different polarity near the plus ions,
ancfoCMeﬂCMSpWﬁq' thenj aheus 1OUdHz israpplied andhistpretemtspdus ions and
reaching a subject to be neutralized are reduced.

10Thuminustions fropcressauplinghateachithdC fif thefrstiencs oS AT Vdltage is
a value lower than 10 kHz. 20 There is a tendency that

t hdower thamoaitsouti19ckiz, Jer exathplel sBrRagIa@ lans JEmRestal Between plus
nore mnus ions than plus ions and thus, it is

neceRage \aré acesletdtel bylGsulbRid BRLERE irf}ét?t@d Tshﬁfciérﬁlg afar, the

anmount of the plus ions and the anmount “of m nus

?g?\llgén %Lﬁgﬁﬂd&‘ﬁﬁﬁg gfittg frﬁggtg i Which'dte!ddherated later, and the
neutralization ability is not varied. However, if the AC voltage becomes higher

15 than about 10 kHz, minus ions are generated immediately after the plus ions
are generated, and the plus ions are re-coupled to ions having different polarity
near the plus ions, and the ion injection amount and an amount of ions
reaching a subject to be neutralized are reduced. Thus, it is necessary that
the AC frequency is set to a value lower than 10 kHz.

20 There is a tendency that the AC corona discharge ionizer generally
generates more minus ions than plus ions and thus, it is necessary to control
the ion balance such that the amount of the plus ions and the amount of minus
ions are electrically equal to each other. In the conventional technique, offset

voltage is added to the applied voltage to be supplied to an emitter, thereby

25 equalizing the amounts of plus ions and of minus ions. Corona discharge



voltage is added to the applied voltage to be supplied
to an em-tter, thereby 25 equalizing the anounts of

pl us ions and of mnus ions. Corona discharge 2

i oni zers have the above-described features. In recent
years, as the integration of the sem conductor devices
is becom ng higher and the devices are downsi zed,

t heibaizess have titealbyve-Hascrider] feaames. supply vol tage of
t he sem conductor device is lowered (for exanple, if 5

g'\};? pover |1§ reddnt yeald, %@Qhé%ﬁ@#&‘?io‘ﬁ%fﬁ e sbhidbhiuRfS YFices is

As a result, the sem conductor devices are

eaSﬂ)é%éffiHéﬂ’ﬁé’rﬁér@ e démééée%ﬁﬁ@ﬁﬁog{tﬁ@ﬁ i%%i l?-,gfl?gcy that the

and t e”i s an adverse possib

o] SR SALEHEIC A8 oohdub Y 5500 i BRRTsa  ramote,
2P AT FEY el S50, B b B i  resut, e

out put. vol.tage .of a piezoe|ectric transformer does .

ot SaliBaHU T RuoBs Bt pashieisapBHiblro JrfusRce e exdayaal noise,
is applied on the input side, it is difficult to '
corﬁ’?‘&heﬁu@ anAadyersgnassibjlity rat@neN satic ef theiemigendisctor device
descri bed above. In the piezoelectric transfornmer AC

corig iRweriesle hdiagnse; fafithe AC egrona elischaoge iovizergt isambnsfdered to use
ion balance is required. 15 The present inventors
corfipezedlectinctiansformentdr ¢repAC pamme ssuppintoeraducy thd @oise.

i on bal ance control of the piezoelectric transforner

10i oni zer, &oiveviea\sinck thel stpdt voltar@esta pieposlettrief trafdformer does
consi deration concerning this point in non-patent

doqwteippedr bhahe shtpuf sy &In imbfiséamoiageé\bbblied 8R the input side,

bal ance control of piezoelectric transforner

| ont Bedifficulber E8APEIthe lon BARAce %%Ihé éﬁﬁ% h€ Bﬁs@pvcg{age as described

Abstracts of Annual Meeting of stitute

El efjdvest 3 itﬁépzé%@l’éctr%%aﬂsfom%' AC %lo?érﬁegiﬁgﬁglﬁgaabiﬁga another

the piezoelectric transforner 1onizer,

L0 JSAHHAF PneltRo e B¢ ilotg\?a{ggﬁceo{s rteai’}ltred.i fits structure is

| ess expensi Ve,

(3]

15 The present inventors conducted researches and experiments
concerning the ion balance control of the piezoelectric transformer ionizer, and
have disclosed a research paper of the consideration concerning this point in
non-patent document 1 (Satoshi KUSAKARI and Kazuo OKANO, "lon balance
control of piezoelectric transformer ionizer", September 11, 2003, Collections

20  of Abstracts of Annual Meeting of The Institute of Electrostatics Japan, 2003).

As explained above, in the piezoelectric transformer ionizer, it is
required to reduce noise. On top of that, if its structure is less expensive, it is
more preferable.

The present invention has been achieved to solve the above problem,

25 anditis an object of the invention to make is possible to use a piezoelectric
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nore preferable. The present invention has been

achieved to solve the above problem 25 and it is an

obj ect of the invention to nake is possible to use a

pi ezoel ectric 3 transformer by adding an effective ion

bal ance function with a sinple structure w thout

applying particular changes to the structure, and to

pr dvamfoamerdspaddindisscdftaagioe iiom bakaihce fundtionhwit® a Simple structure
reduction is realized. 5 [D sclosure of the Invention]

To withoit dppiying puricRitIhaiyes e tHe3tRutdtiR) afg ¢o rp?(!():\ﬂhae Y%orona

claim1l provides a corona discharge ionizer wh .

emi dischdtge iGnBer AlvaticR hof redfictich RGBalSsy.Lo a subj ect

to be neutralized, conprising an emtter, a voltage
supply unit which applies voltage to the emtter, an
annul ar control electrode to 10 which contro

el get IS lied or which is grounded to
ze?@'gcgo é%ﬁfgﬁeﬁyﬁgt'égﬁhi el d body formed such as to

i nclude a-gcylindrical portjon which cover a periphery

of the emDEQIVe tehoykirpples 4he inkeation agesisiagtd phaIrd 1
cylindrjcal portign of the shield body and at a

| o RPVISS i TenR SHEChAYes [oizaTich eHHS iaRe eRerated by corana
cylindrical inner dianmeter of the shield body is
defdipeharas toa sithiect 4o he neviialized sipreprising Aptesmitter, a voitage
control electrode is defined as Dc, 2Dc<Ds is

satSupplednit which appliesi woltage dothi emitter, ah annutar pootroldelectrode to
the corona discharge ionizer of claiml1, further

10c onhichicogtrahelectrode ppltageiis applisd dr vhioipis @ouaded fté 2810

15

the emtter toward the subject to be neutralized. 20

Thepatenttalt and aatisld dody foned siuch ds b6 MdtRSa ChfndibaP partion
di scharge ionizer of claim2, wherein the air supply

uniwhichebvéesa pafipRéry GltABlemiRbPehd Bahtrolf . ,
which is coverpgdpf rfgm exter n'al ot her {%ﬂéé{}ﬁo% I?Qﬁﬁ?osed na

S URSAiMd G Pofton of the shield body and at a location where ions are balanced,
and when a cylindrical inner diameter of the shield body is defined as Ds and
an annular outer diameter of the control electrode is defined as Dc, 2Dc<Ds is
satisfied.

The invention according to claim 2 provides the corona discharge

ionizer of claim 1, further comprising an air supply unit which supplies air from

the emitter toward the subject to be neutralized.

20 The invention according to claim 3 provides the corona discharge

ionizer of claim 2, wherein the air supply unit includes an air supply pipe that
forms a space which is covered from external other than an air supply opening
from which the emitter projects, and which is grounded and which also

functions as a shield body, and an air supplier in which the air supply pipe and

25 aflow path are in communication with each other, when an interior of the air
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fromwhich the emtter projects, and which is grounded
and which also functions as a shield body, and an air
supplier in which the air supply pipe and 25 a fl ow
path are in comruni cation with each other, when an
interior of the air 4 supply pipe is pressurized and
air is supplied to the interior, the air supply pipe

s upplppds pipeeris oressurized @ind aivizEupplieg o tHe inesrdrcthehsir supply pipe
subject to be neutralized, and an electric field

gengipplied afrrfismthe aﬁra'ugbg opehiAg telarettheSuBjdcE te Bk Pletitralized,

function is shut off. he invention according to

l 8 B S TR 5 84185 ) SRRl o

co%h%rpgrgﬂtgr&ﬁ which is coated by the emitter such
as to cover I n a substantially cylindrical form and

ol cct r odo e N ApRAREiRG 1 AL oyl P Piits cischarge

per.ipheral surface.is_ in. contact wwth the 10 _ ,
" ndafZEf Ay B8 REIBRLPh FURRE GORRTIRInG,AN insiatinarrpatipg portion
claimb5 provi ges t he corona discharge ionizer of any
ondVIER i$ soste Py ieRmifies such ag e Caver ing substantiadly|cylindrical
pipe and is fornmed at its tip end with a nozzle, and
gadorms, ang aptasiuiaranneneeriphesalsurfase af the gentsel electrode is
according to claim6 provides the corona discharge 15

i orfisposest sudhathat the anraar imnnehpedpierabsurifacesistiocbotact with the
pipe and is fornmed at its tip end with a nozzle, and
gadnsulatimj eoatig podiont he nozzl e. The present invention
descri bed above can nmeke it possible to use a

pi ezoel ecThednveritiosf aucarding o erimBprvidisf theidovéna BiRcharge
bal ance function with a sinple structure w thout

apnbiizBPoPany bAe bREIaRS 1993, hdrBf tﬁbfé—ﬂﬁi&ef Ra f\BH’oW Plbe and is
20 provide a corona discharge ionizer that realizes
NOifgfné& At fté tiBRond With B&foZ2RS GRYdsA8 ifjbctelGrddh # RS,

The invention according to claim 6 provides the corona discharge
ionizer of claim 4, wherein the emitter is a hollow pipe and is formed at its tip
end with a nozzle, and gas is injected from the nozzle.

The present invention described above can make it possible to use a
piezoelectric transformer by adding an effective ion balance function with a

simple structure without applying particular changes to the structure, and can

provide a corona discharge ionizer that realizes noise reduction.

[Brief Description of the Drawings]
Fig. 1 is a block diagram of a corona discharge ionizer according to a
best mode for carrying out the invention.

Fig. 2 is an explanatory diagram of relevant parts of the corona



Fig. 1 is a block diagram of a corona discharge

i oni zer according to a best node for carrying out the
invention. 25 Fig. 2 is an explanatory di agram of

rel evant parts of the corona 5 discharge ionizer in
whi ch a position of a control electrode is changed.
Fig. 3 is an explanatory diagram of relevant parts of

t hedischiarge ichizemiangsich @npositfon 6f avbbatroltdiectpsts isichiangéd.
the control electrode is changed. Fig. 4 is a

char act er Fg. |33|s‘iirﬁﬂ>fpﬂﬁhét5r)ﬁ@@?|‘é?h &Pééﬁémd&rté%ftt%%orona

ion 5 balance voltage using the position of the

CorH|§6Har§b¢6fgié¥*ﬁ vﬁﬁclﬁ‘ﬂﬁ@ 85856 of tHe ébntig:bl te%e&tgbgre s changed.

expl anat |agram of relevant parts o

g'of] f Pglr g€ °F e‘ﬂﬂr |§?;cﬁé}a$ﬁﬁ|§ﬁ% g%dr%ﬁe&f cgn?rgf“%lﬁ ttr8be VBRage - ion
To e ?%Jéaddea‘%' 841 ROSHSH AP tne iy ol%ér?@teg’sr 3parargeter

control ect ode i nged F| . [ 1S a blo

di agr am o 8@6\1%"%?@% agg@gr%ﬂ celevantpart tf‘% corona
anot her enbodlnent of the present invention. Fig.

a Hlisgharge iQHzen igwhich aﬂdn%erodlameéﬁrgqf the gppisel electrode is
according to 15 another enbodi nent of the present

i nYaNgel: [ Best Mbdes for Carrying Qut the Invention]
Best nodes for carrying out the invention will be

expl ai nedFig16de arbexpdanatoryt diagcamawif nejevariti partslofithe @orona
bl ock di agram of a corona discharge 20 ionizer 10

10ac alischarge ianizer ianvidtidh amnhnerAdiasletarofithe Coptrollelettiede is
corona di scharge ionizer 10 of the enbodi nent

I ndhatgedan AC power supply 1, an air supply pipe 2, a
vol t age

U'l

Fig. 7 is a block diagram of a corona discharge ionizer according to
another embodiment of the present invention.
Fig. 8 is a block diagram of a corona discharge ionizer according to

15 another embodiment of the present invention.

[Best Modes for Carrying Out the Invention]

Best modes for carrying out the invention will be explained below
based on the drawings. Fig. 1 is a block diagram of a corona discharge
20 ionizer 10 according to an embodiment.

As shown in Fig. 1, the corona discharge ionizer 10 of the
embodiment includes an AC power supply 1, an air supply pipe 2, a voltage
supply line 3, an air supplier 4, an emitter 5, a control electrode 6, and a
variable voltage supply unit 7. The corona discharge ionizer 10 sprays ions to

25 a subject to be neutralized 20 to neutralize.
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supply line 3, an air supplier 4, an emtter 5, a

control electrode 6, and a variable voltage supply

unit 7. The corona discharge ionizer 10 sprays ions to

25 a subject to be neutralized 20 to neutralize. 6

The AC power supply 1 is a voltage supply unit and

applies high voltage to the emtter 5. The AC power

supply 1 imwmmr@uppgﬁ RC4 Ubltagd S@pH) OrERAd E@plies high
€ y

shown) to reduce noi se. air supply pipe 2 injects

conylggeas tAk enfittdPs| efhé AOTHERESr ﬁh%pl ﬁH(El%%d%;se%ﬁl%zgegectric

under pressure froman air supply opening

SUptPérstBlingfr ﬁon%t 5RoWR] fPrLdRiiE Mofse. L0 i nclude a

cylindric: ortion covering around the emtter 5
Verti cal |y T ES By PR riosd c%&ﬁg%ﬁ%fdp%éﬁéﬂieﬁffrom the air
o1 PRy & el BB o a0 SirSEiBivdgiGeeen SHPitauPply pipe

an electriqg field generated fromthe 10 emtter 5. _
The? (Prmgd UG s)t5nvikde acindeeal Rerian eavrsingr s dhe emitter
AC power supply 1 to the emtter 5. The air supplier .

4 igaalsc%'ﬁﬂegﬂcnorwnw¢§w:nd@m@xtﬁr@mwerzl@all>aw ig. 1). The air
interior of the air supply pipe 2. These air supply

pi prirPlaRiPe A is groundeg pndis poténiiahisizerol 5 Theraissypply pipe 2 has
unit for supplying air fromthe emtter 5 toward the

sulg function asea shietd body etichGshiglds iap electriofielchgersarateidefrom the

5 is tapered. Alternatively, the emtter 5 can be of

10a smitlee 5t od havi ng no tapered tip end. The control
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el ectrode 6 is fornmed into an annul ar shape, and

cont r ol Z@nea}oﬁégé%d?p%lrfe@@pbl%ﬁﬂ@'doﬁggé #oht'the AC power
control electrode 6 tromthe variable vol'tage supply

unidupply 116 tve8kitdr 21 ectrode 6 forms a high
pi ezoel’ectric field between

The air supplier 4 is a compressor or a fan, and pressurizes an interior
of the air supply pipe 2. These air supply pipe 2 and the air supplier 4 form an
air supply unit for supplying air from the emitter 5 toward the subject to be
neutralized 20.

Atip end of the emitter 5 is tapered. Alternatively, the emitter 5 can
be of a simple rod having no tapered tip end.

The control electrode 6 is formed into an annular shape, and control
electrode voltage is applied to the control electrode 6 from the variable voltage
supply unit 7. The control electrode 6 forms a high piezoelectric field between
the control electrode 6 and the emitter 5 to which high voltage is applied.

To supply control electrode voltage for optimizing the ion balance, the
variable voltage supply unit 7 can adjust the voltage.

The subject to be neutralized 20 is an electronic device flowing on a
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the control electrode 6 and the emtter 5 to which
hi gh voltage is applied. To supply control electrode
vol tage for optim zing the ion balance, the variable
vol tage supply unit 7 can adjust the voltage. 25 The
subject to be neutralized 20 is an electronic device
flowng on a 7 manufacturing line in a manufacturing

f achanyfacturirtgirg igcd ranutacienhd Rittorytd thd Blecirdhicfdvides, and the
be neutralized 20 is positively or negatively charged.

Thi subjedtde BeyneLitaliaéd Roka pbSitilEly ofr?lbgﬁﬁ@éw kRarged. This tendency
manuf act uring apparatuses or machi nes

manyaetivabiedo! fob %r(fﬁl;))i\@)?ﬁan@ﬁcﬁx‘r‘lhb_lﬁa?étugg§ ot ffachines of a

bal ance control expl al ned

ed researches and experinents, and
fouﬁgh%}}&t Hﬁa|ton bal ance coul d be control |l ed by

6 basod oNehet FBRR! Hf Brrbajeiie 5B Sy P%exﬁglaede The

reference hei d of controlling. the

bal qﬁé@ﬂﬁd{ﬂ%@t&???@%@ retaRsEes Bhd RetiragRts. aRd fund that the
b l.ained with reference

oo B ol bRl 5481 i oy oS conro

dlaqrans of relevant parts of the corona discharge

i orfile@fode6\kased amideinsend brigt of the evitter 5l asa eeferente height

6 is changed. Fig. 4 is a characteristic diagram of

t hangtead rQ%Icoetre&mgdUe iarpbalagee byiadjudtimgdhe offset valtage. Such an

using the position of the control electrode 6 as a

10pariambatanceld®ntot wilbe explaindtwith aefecdrioe totthesirawings.  Figs. 2

15

20

25

in Fig. 4, in the corona discharge ionizer 10 shown

i n dridy3 ate eaplanatorpaisgrams\uflreRYANTPAE 6 the cHRYNE Bischarge
(for exanple, a charged plate nonitor: CPM is

di 9pmizedin Whigh the PokitioAfitee coflirbleaELtpsd é%NBH\ﬁﬁggad N Fig. 4is a
Figs. 1 to 3) by the emtter 5 instead of the subject

to &@ra&éﬁ&ﬁ@lﬂb he | Oﬁh%@ﬁnﬁ&r&lé%}oc%{ \?tgfarg%d%?{@aié’rﬂ:% voltage

is varied, and ance measur i

de‘Us‘fr?g RRA5LifSHh bifhe' Uhtfit MDY ég‘gepag'g%e{er}e nunber

According to the characteristics shown in Fig. 4, in the corona
discharge ionizer 10 shown in Fig. 1, an ion balance voltage measuring device
(for example, a charged plate monitor: CPM) is disposed in an ion injection
direction (downward in Figs. 1 to 3) by the emitter 5 instead of the subject to be
neutralized 20, the control electrode voltage is varied, and the ion balance
voltage measuring device measures the ion balance voltage (as the number of
plus ions is higher, the voltage becomes plus, and if the number of minus ions
is higher, the voltage becomes minus). In this case, the position of the control
electrode is varied as the parameter. For example, as shown in Fig. 2, a
direction in which the control electrode 6 moves toward the emitter 5 from the

reference height (0) of the tip end of the emitter 5 (upward direction in Fig. 2) is



plus ions is higher, the voltage becones plus, and if
the nunber of mnus ions 1is higher, the voltage
beconmes mnus). In this case, the position of the
control electrode is varied as the paraneter. For
exanpl e, as shown in Fig. 2, a direction in which the
control electrode 6 noves toward the emtter 5 from

t hea nidus directionci <04 At a ditecidn iwhichRhé @8n@b! élB6trode 6 moves
emtter 5 (upward direction in Fig. 2) is 8 a mnus

di rteaiar@®thd hirQupplyrsheninl 28 fonPthd feféYehed Heltpht &gmzfgﬁb tip end of

el ectrode 6 noves toward the air supply openi

f i i i t

e ReetonaaaesB Ol . 4G oSty (115,

di rect i onaglsHilvn ﬁ%ﬁg@,@ﬁ@a@&?ﬂ%{cs:%?w a tendency that the ion

gg?r a;;e{rll Sltl CZ. is%o'\é ri E asnf%e qﬁl tio f the . ,
con@olcee?é& oge 635& pipgg!tlonﬁgr %)989%?'2‘?'9?%%‘136 is varied.

nu r of posjtions having.a proportional relation in _
whi T ©R50RIS e RS RASHITS Y ING p PigRoTABAL Tefation in which
bal ance vol t age becomes substantially 0 is two (L5
mn*?O%\E*é% cpnirg) Qlgcisede oltage andsion hajarsr vpitage begpmes
this position is a 10 position where the emtter 5
perfdtbstantially ds twat kP minkctrode 6, the ion bal ance
vol tage beconmes 0 (i.e., the anpunt of plus ions is
equal to V¥heemkigiequalfto -5 irrisa$ shewn imFiy. 2 this positiands a
bal anced. It is considered that this is because m nus

10i orposition where thieggmeitter Spenetrategtheccanivah eleetrbde, tHeeion balance
plus ions are attracted to the control electrode 6 15

Wi tvoltagg becoptesd (itey, thedarmduntiof piusiions ksbansias the amount of
SSmlarly, when L is equal to +5 mm i.e., as shown in

Fi gninds ibms)aafd Meionshaedaldifeegiont rol el ectrode 6 is
| ocated away froma | ower side of the emtter 5  the

i on bal anggs kehdiaefed thaPtHid ishecaulds AivhY %nsoﬁa\ﬁéé‘% higher
t of and”the

ions is equal to the anoun m nus 1 0ns),
| OfioRh§ dRBHEE A that of the plus ions are attracted to the control electrode 6

(4)]

15 with higher priority and the ions are balanced.

Similarly, when L is equal to +5 mm, i.e., as shown in Fig. 3, in a state
where the control electrode 6 is located away from a lower side of the emitter 5,
the ion balance voltage is O (i.e., the amount of plus ions is equal to the amount
of minus ions), and the ions are balanced.

20 It is considered that this is because the ratio of the plus ions and
minus ions attracted by the control electrode 6 depends on the position and the
voltage applied to the control electrode 6. However, especially in this position,
when the control electrode voltage is OV, the ion balance is controlled.

The value of L varies due to influence of the structure of an

25 experiment apparatus and a diameter of the control electrode 6, but as



20 It is considered that this is because the ratio of
the plus ions and mnus ions attracted by the contro
el ectrode 6 depends on the position and the voltage
applied to the control electrode 6. However,
especially in this position, when the contro

el ectrode voltage is OV, the ion balance is

condxprihed abEbé thelios bafarceMaitags tdesmes 0 Ahé %t?fl_cﬁm‘i’tposmon
the structure of an 25 experinent apparatus and

di apmderthaferhiter S%@%t& t‘ﬁ%ttfo‘?ﬂ%l @‘ %Ee@ and +L rgm,(position

expl al ned above, I on bal ance tage comes h
f:gnv%/rlrl%ﬁlgr[hFecﬂtrtg!jglrég r%&?qstsgﬁmﬁgéé taWa %’r&ﬁ&lﬁ% réﬁﬁt?%r 8)Y'8nd the

%I[lg)gleﬂ]%cédrn ﬁgB§P£§| Sgpar at ed avvay fromthe emtter

e can be controlled. 5 Usually,
ust the con

dj
5'VL| : age S5 BREIY 8 e san B 2L Epiisg P liage such

10

15

20

25

ver, the c ntrol electrode 1is disposed at a
po§ tihg i '% tage hegpmesiO-el %@WPW@W@N@% sontfgl electrode
ion bal ance voI ta_lge beconme 0, the adjustment function
of i Hispesadaiia resiian where b@uhttag@ongo{aﬁlegtrqdeuaomayd ion
and the control electrode 6 may be grounded at 10
t hehalgngs voltage ierome Bbthe adjustonantifonstioshafrtbe icoatrobelectrode
are balanced is two (+L mm), however, since it is
easipltage foeconigscureieeessany, andthi controheldaagiett mayWeagreunded at
the emtter 5 penetrates the control electrode 6) is
northappesisabl e. An outline of the operation of the
corona di scharge ionizer 10 based 15 on such a

pri nci pl e ThelduriSereofRbeatitR@ whdte theticid Sfe Eglaﬁ&-?d @'two (+L mm),
supply pipe 2 is pressurized by the air supplier

anq‘nd%éve'rss@é'?ﬂllé gs )f/[d’fBrH‘tﬁeEEI%ctﬁH?iBId{ Qﬂﬁg(ﬁtgslﬁé’n where the

Gas supplie romthe air suppl'y openi'ng

NONShiRRF 5! pehette Ltheidntrodilittroidd) i e RPSSS: |

An outline of the operation of the corona discharge ionizer 10 based
on such a principle will be explained.

The interior of the air supply pipe 2 is pressurized by the air supplier 4
and air is supplied from the air supply opening 2a. Gas supplied from the air
supply opening 2a is non-reactive gas or air. Under such circumstances, if
high AC voltage is applied to the emitter 5 from the AC power supply 1 through
the voltage supply line 3, the peripheries of the emitter 5 are brought into
plasma state by the corona discharge, plus ions and electron are generated by
gas molecule of air or non-reactive gas, electrons adhere other molecule to
generate minus ions. It is assumed that the position of the control electrode 6
and the control electrode voltage are previously adjusted to a position where

ions are balanced.

10



hi gh AC voltage is applied to the emtter 5 fromthe
AC power supply 1 through 20 the voltage supply |line
3, the peripheries of the emtter 5 are brought into
pl asma state by the corona di scharge, plus ions and
el ectron are generated by gas nolecule of air or
non-reactive gas, electrons adhere other nolecule to

gener at e i gus hi Italgk i$ appRsdisl th denbhfled PRistibAS are injected
of the contppol e ectrgde 6p and t he cgntro ?ectro )

VO'Eﬁ%uﬁin% FHr@é,“ é%{/é( ﬁ’@h’#‘é%)ﬁ%sélﬁcﬁ‘lc Eha@héIW‘?fﬁmus high

25 i'ons are bal ance Igh voltage 1s
o Vel opbied Vo PSR Bl 0 e b7 s force
32‘3@?&%& e ?ﬁﬁﬁﬁ“é@&gc*%}%aqeahw%é’oﬁ{ﬁ dthargedenizer 10, the

received fro [ t he corona i

' i ans Safind B5R 47 Sbiataly danscataln fis g Beplus fons
are alternately generated in this manner, plus ions

anoa'?F’ mﬁ%uﬁ \ORs h?gﬂngq@x%ueet ioarhalange @@ emitieddpdhe subject to be
emtted to the subject to be neutralized 20, and the
subjeuttalized 29, andithesubjest tecbe setsalized 20 isheutralizhils

enbodl ment, a pipe inner dianmeter of the air supply

pipe 2 win tis embodiment, iagipe itner didrnetet df thiy air supply pipe 2
defined as Ds and an annul ar outer 10 di aneter of the
corwhich addceefrinctides s iasshieltli buety isdefned iaks Ds apd ahefral#r outer
that 2Dc<Ds is satisfied. This point will be

10ex pdiaimetst. ofthg Sontrobéldcodé 6 is Bshédat O itds peéferEbl®that
rel evant parts of the corona discharge ionizer in

whi Zihe< D &5 datiReddi TRRL ;%lnﬂfvllltl:ﬂe‘?e Ainea! 5r4HiF6 lave
fipaeg, P

var| ed. As shown in Fig. 6, when annu out er

Al &iatSfy &lﬁﬁraﬁﬂé‘[ﬁf A ev%rg p‘?ﬁ‘t@‘btf"tl‘?éjI r%nbsdll;g{a&ﬁe irﬂ'xizer in which

plpe i nner “per air supp

gr C{HQ‘?ﬁrﬁjerad?QmMHrcd? tﬁ‘é 28 {rHInéi%{;tW%e %S h' el d body and

an annular outer ~perip el ectrode 6
are cl oseAtS ac hlnoli'taeé wﬁndtﬁenar?rlm 8}- Butcerfdlar%gter of the control

(9]

15 electrode 6 is large, a pipe inner periphery of the air supply pipe 2 which is
grounded and which also functions as a shield body and an annular outer
periphery of the control electrode 6 are close to each other, and an electric field
is adversely formed, and there is a problem that the electric field cannot be
formed by the emitter 5 and the control electrode 6 and ions cannot be

20 generated.

Hence, the annular outer diameter of the control electrode 6 is
sufficiently reduced, the and pipe inner periphery of the air supply pipe 2 and
the annular outer periphery of the control electrode 6 are sufficiently separated
away from each other as shown in Fig. 5 so that the electric field can reliably

25 be formed by the emitter 5 and the control electrode 6.

11



Is adversely forned, and there is a problemthat the
electric field cannot be forned by the emtter 5 and
the control electrode 6 and ions cannot be 20
generated. Hence, the annular outer dianeter of the
control electrode 6 is sufficiently reduced, the and
pi pe i nner periphery of the air supply pipe 2 and the

annul ar  owseshowe indfig! 5, e ﬂré%mqmérﬂbrseé)@?ﬁh@é% &)rﬂftﬁ)n in
sufficiently separated away from each other as shown

in \Eﬁlah tRe %Fédtrﬂ‘f"? ethﬁa@h&CbeMSd fbkethg gﬁ?@mﬁ@ Péﬁ Nerg"_bf the air

be ornmed by the emtter and t

e;< ank{]pl:k)e)a |g%£%%ﬁ<lj ?lﬁ%ﬁhﬁwaﬁo tte?ﬁeﬂﬁﬁéglg Ctbgl%gﬂﬁglglgctrode 6 and an

TR Yo Ao PSS Py R e

(&)

contr ctrode 6 an

- e14neEp8p i piFepRer i amhter & A8 lr ipplycpibe Aeh also functioned
g B Sk Ao v

body was deflned as Ds and the annul ar outer dianeter

of Gandrol elsetriode Gwae defied @s\Re ifrifleasiPRe<Oxcwas katisfied, it was
| east 2Dc<Ds was satisfied, it was found that the

el dound ¢hatitbe ¢lerirc field wias yeIiBblwfeanbgl byltbe @mittered afd the control
and the control electrode 6. 10 The ion bal ance can

be alectrods 6ed and a sufficient anobunt of ions can

reliably be generated by a corona discharge ionizer 10

10whi ch sat iTakiies balante cannsk tomtrolleearid a @uffiefent amount of ions can

15

20

enbodi ments will be explained with reference to the

dr avlialy be genefatdiomypa @oﬁdﬁaié"sélﬁé%'g@floﬁlzépﬂ @Which satisfies thls
di scharge ioni zer according to anot her enbodi nent

As &Mewbn.n Fig. 7, only the tapered portion of the
emtter 5 is exposed, and portions of the emtter 5

other thafgi&th@P&hEdiments will be explained with reference to the
drawing. Fig. 7 shows a structure of a corona discharge ionizer according to
another embodiment. As shown in Fig. 7, only the tapered portion of the
emitter S is exposed, and portions of the emitter 5 other than the tapered
portion are coated by a substantially cylindrical insulating coating portion 61
and electrically insulated. An annular inner peripheral surface of the control
electrode 6 is disposed such that the annular inner peripheral surface is in
contact with an outer peripheral surface of the insulating coating portion 61.
Preferably, the control electrode 6 and the insulating coating portion 61 are
totally in contact with each other without creating a gap therebetween so that
the discharge is prevented from being generated.

In this embodiment, an outer peripheral surface of the emitter 5 and

25 anannular inner peripheral surface of the control electrode 6 can be brought

12



portion are coated by a substantially cylindrica
insulating coating portion 61 and electrically

i nsul ated. An annul ar inner peripheral surface of the
control electrode 6 is disposed such that the annul ar
i nner peripheral surface is in 20 contact with an
outer peripheral surface of the insulating coating

pordiosetdidach biter asdse ad PessibiR, Al tisé erictiisifeld caRdteliably be
the insulating coating portion 61 are totally in

ConbAfed Wy'the @il AAH the IcBALLI ABeRbASS. @ gap
t herebetween so that the discharge is prevented from

bei ng gengr ; i ' ;

peri pher aF t@%fe?%)ggt%oridqltnﬁg%gﬁggﬂto gﬁ Hépgﬁﬁ) rpg":v‘eéa{‘rgj 'gahneu?%tre r

in : I 2 0

carPaErtERs 3 the 8Efdls BB e BhaPoL e BALE RS oo close o

possi bl nd the electric field can.reldably be

Poranetr Bpef et |f aPareiisnsion thak e AR & Anihe fenteo! slectrode 6

| f ere exists no insulati coating portion 61, and .

'+ delnicate ot Somppiian e g wotibeRscharos, b ifihe insulating

the control electrode 6 are too close to 5 each | ‘

ot Iatingparon 814s Kitenpesed dnerehgtwaartas if thispmbogdifgent, since no

the control electrode 6 deteriorated or contam nated

dudlisehaigglis genermird, detetieratien apdicontaminatipn sandie suppressed.

coating portion 61 is interposed therebetween as in

t hi s enbobiext @notsémersbodimatit sl be gxplaineg nithaefetence to the

deterioration and contam nati on can be suppressed.

10Nexdrawingnt Hféig. 8shodsreestrustutd ofe ceramaadisetthrge tidnizer according to
reference to the 10 drawing. Fig. 8 shows a structure

of ahotissvabddipsdratl 9t tHa eABOdIEERt, e @mitter iRBXINBW pipe as
enbodinent. In this enbodinent, the enmitter is a

hol drrinEigas, arsd' e emitteriidforfhedaitdts e fdWith® nd2zle, a tapered
formed at its tip end with a nozzle, a tapered
POTddrfiGn Bf t exgg'ggﬁftg%i ?ran which é?ms}’l‘ﬁjtb#éd% .eg(t)g?e% And portions

injected Is and portions o e em

g B 151 SRR e DR ot i i

15e| ec%tartihg%ap;c}ryoﬁ BY %lo%gfj it isAgleg{H?:%\lI)‘?l {nslupaqgcri. An annular inner

[4)]

peripheral surface of the control electrode 6 is disposed in a state where the
annular inner peripheral surface is in contact with an outer periphery of the
substantially cylindrical insulating coating portion 61. Preferably, the control
electrode 6 and the insulating coating portion 61 are totally in contact with each
20 other without creating a gap therebetween so that the discharge is prevented
from being generated.
In this embodiment, an outer peripheral sufface of the emitter 5 and
an annular inner peripheral surface of the control electrode 6 can be brought
close to each other as close as possible, and the electric field can reliably be

25 formed by the emitter 5 and the control electrode 6.
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N

peri pheral surface of the control electrode 6 is

di sposed in a state where the annular inner

peri pheral surface is in contact with an outer

peri phery of the substantially cylindrical insulating
coating portion 61. Preferably, the control electrode
6 and the insulating coating portion 61 are totally in

contact win thi¢afibodimeht) &e INsURiNG ©aBAG Ddstich 8RR interposed so
t herebet ween so that the discharge is prevented from

bei tﬂghﬂﬁﬁﬁé?&ﬁg not Beh@?ﬁecﬂ'ﬁ?ﬁd&é‘fﬁﬂ ratiﬁg é?\‘éf@dntamfnaartion can be

peri pnera ace“of the emtter an an annu

in ' eral surface of the control electrode 6
can [ggpggé&h

rought close to each other as close as

possi bl e, ,a he electric field can reliably b 25 . .
Pormed by ATHE AIifeRdp P58 ook %G pbie BBctiattfe 4 njection

13 In this enbodinenf, the insylatin oating portion

51 SREe s BETE88RH. M RS CAITGIARLY (RACTIR RUBREA petputralized
and_ deterioration and contam nation can be

sup%Q-essed. Air is allowed to pass through a thin

nozzle so that the air injection 5 speed is

i ncr eased Whileithegeproaa discenrgsbiopizes aceonding touthedqresent invention
be neutralized 20. While the corona di scharge ionizer
acdwasibern explainedmbayenvariousemodificatiorasscareba nead® ini thednvention.
above, various nodifications can be nade in the

I nviéort éxample For Figx &gt &, supplieddy the ali supply anippf thedaibgupply
the air supply unit of the air supply 10 pipe 2 and

10t hepipe 12 anptie &ir sdppllsita, babprargeiifjeeretas C¥uleat e even if air

15

20

force even if air is not supplied. Thus, the air

supBlnotufplfed) bEh, tHE SirsaPplictca Be @Nihfted Sand Bt emitter 5
be sinply disposed in a pipe. In the corona discharge

Lonithe SR dibiedingpbee P e o1 ILer SL shomn e
5. I'n thig, §@5Eorona discharge ionizer shown in Fig. 5, the pipe emitter 51
shown in Fig. 8 can be replaced by the emitter 5 shown in Fig. 5. In this case
also, air is allowed to pass through a thin nozzle so that the air injection speed
is increased, and ions can reliably reach the subject to be neutralized.

In the corona discharge ionizers 10 according to the embodiment
described above, since the ion balance control can be made without using

offset voltage, a piezoelectric transformer that cannot utilize the offset voltage

can be used, and noise reduction can be realized.
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15 also, air is allowed to pass through a thin nozzle
so that the air injection speed is increased, and ions
can reliably reach the subject to be neutralized. In
the corona di scharge ionizers 10 according to the
enbodi nent descri bed above, since the ion bal ance
control can be nmade wi thout using offset voltage, a
pi ezoel ectric transforner thagLag®ot utilize the

of fset voltage 20 can be used, and noi se reduction can
be 1.eal i Zadorohd dideNale ione?vﬂﬁét‘i’@ﬁﬂQ'iéﬁ?ﬁéﬂ@ra‘téH‘b €brona
which emits 1ons generated by corona discharge to
suby; [ I SIRGiA0 emtter; 5 a
vomlggiarégp%g%y u I{ﬁ%ﬁ?ﬁrﬂeu&%&’i?%,ﬁd&ﬂ%%g "to the
emtter,; %%ﬁ'ﬁl bar control electrode to which control
el ectrode~vo é is applied or which is grounded to

zero potential; and a shjeld body forned such as.to

i ncl ude aac‘ﬁfﬁaﬂﬁﬁu@gﬁ’ %’at YV}‘B‘W 'eR V°ﬁ§9%?° &‘ep%mfrﬁﬂﬁ'ery

of the emtter, wherein 10 the control electrode is )
di sposed PR aPnyarn gantiol glechgreite whish coptralialegtipdesvitage is
and at a | ocatjion where ions are bal anced, and when a

cyl appliedqwhigh és gradingedite zeed peteatiskiagdd body s

defined as Ds and an annul ar outer dianeter of the
control ekeshielddwdydorreed sudch as todincladie amylindrical portion which
satisfied. 15 2. The corona di scharge ionizer

ac caover agperiphelrpofithie, ermitterhehereimpri sing an air

supply unit which supplies air fromthe emtter toward

10t he subj etiie tonths! eleetrddedisi disisbsed. in Eneyliddrieaiaportion of the shield
di scharge ionizer according to claim2, wherein 20 the

ai rbsdyPy ati8ildcdtivonl WEEr i8As akd balaRBLY, FdPRhBRiaCéylindrical inner
fornms a space

diameter of the shield body is defined as Ds and an annular outer diameter of

(]

the control electrode is defined as Dc, 2Dc<Ds is satisfied.

15 2. The corona discharge ionizer according to claim 1, further comprising

an air supply unit which supplies air from the emitter toward the subject to be

neutralized.
3. The corona discharge ionizer according to claim 2, wherein
20 the air supply unit includes an air supply pipe which forms a space

which is covered from external other than an air supply opening from which the
emitter projects, and which is grounded and which also functions as a shield
body, and

an air supplier in which the air supply pipe and a flow path are in

25 communication with each other,
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which is covered fromexternal other than an air
supply opening fromwhich the emtter projects, and
whi ch is grounded and which also functions as a shield
body, and an air supplier in which the air supply pipe
and a flow path are in 25 comuni cation with each

ot her, 15 when an interior of the air supply pipe is

pressuri zgMeAth Mitdridrof tﬁé’;ﬁﬁ's’iu%ﬁlr%@Rgri’sef)}éé%@ﬁ'tﬂ/ana B is

air supply pipe supplies air fro alr supp
op i S [
ol e IRttt S byl PR S Rbl A Fom 3R o Supply
el ' j funct | IS f Th
corhenti) Everaihe SLEiectRebe ROulRI 5l A eltath eI generated
clagins,l to. further c risi an.insulatipg
codtTh e s ox,fh pdteo sl e By S diort B RS cn
as to cover in a substantially cylindrical form
Swherein an annul ar i nner peri pheral surface of the
control electrode is 10 di sposed such that the annul ar
i nrfer per il pREOEPNA dischawe ignizgr agerrding 1w any emgof claims 1 to 3,
i nsulating coating portion. 5. The corona di scharge
i orfurtber e@oprising@n iosulating coating poeiomswhichds 8pated by the emitter
wherein 15 the emtter is a hollow pipe and is forned
at suck as o cowern altsubstantiallye cylirainidabf@smi whergiact ed
fromthe nozzle. 6. The corona di scharge ionizer
accor di ngah@nhlutdriimder péripheiral durfacersfithe tohBoleelBctrdddns
pipe and is formed at its tip end with a nozzle, 20
10andigessddSsudh that #é anfitat infeP péApierallSurface is in contact with the

insulating coating portion.

5. The corona discharge ionizer according to any one of claims 1 to 3,

wherein

15 the emitter is a hollow pipe and is formed at its tip end with a nozzle,

and gas is injected from the nozzle.
6. The corona discharge ionizer according to claim 4, wherein

the emitter is a hollow pipe and is formed at its tip end with a nozzle,

20 and gas is injected from the nozzle.
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