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NEUTRALI ZATI ON APPARATUS [ Technical Field] The
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AC neutralization apparatuses using AC power supply as
the high voltage power supply to be applied to the
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discharge neutralization apparatus. According to the conventional
neutralization apparatus, high voltage is applied to a needle-like discharge
electrode (discharge needle), plus ions and minus ions (hereinafter, plus ions
and minus ions are collectively called only “ions”) are generated from air, a
charged subject to be neutralized is irradiated with ions to neutralize the
subject. One example of the subject to be neutralized is a plate-like glass
substrate. The glass substrate is used for a TFT (thin film transistor) liquid
crystal panel, a PDP (plasma display panel), an LCD (liquid crystal display) and
the like.

Such corona discharge neutralization apparatuses are roughly divided
into AC neutralization apparatuses using AC power supply as the high voltage
power supply to be applied to the discharge needle, and a DC neutralization
apparatus using DC power supply. Each neutralization apparatus has its

characteristics, and it is necessary to select an apparatus according to a



The AC neutralization apparatus mainly uses a power
supply voltage obtained by increasing conmmercia
power supply by a step-up transformer, and plus ions
and minus ions are alternately generated from one

di scharge needle. The generated ions are carried by
air flowto increase the noving speed, thereby
enhanci ng .the neutralization effect. The nerit of the
ACPHQEPPgﬁ*§§tion apparatus is that when the AC power
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high, generated ions cannot reach a further position and are reduced. The
second drawback is that since it is difficult to miniaturize a step-up transformer
which increases commercial AC power supply, an ion generating unit and a
high voltage power supply unit are separated from each other, the high voltage
power supply unit disposed away from the ion generating unit, the ion
generating unit and the high voltage power supply unit are connected to each
other through a high voltage electric wire, and it is difficult to miniaturize the AC
neutralization apparatus and to integrally form the AC neutralization apparatus.

A DC neutralization apparatus will be explained next with reference to

the drawing. Fig. 11 shows a structure of a conventional DC bar-shaped




neutralization apparatus 200 includes a neutralization
apparatus main body 201, plus discharge needl es 202
and m nus di scharge needl es 203. The neutralization
apparatus main body 201 of a laterally |ong bar-shaped
body, and a power supply voltage unit is also
acconnndated in the neutralization apparatus mai n

g 201. .The neutrali 201
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apparatus main body 201 is a laterally long bar-shaped body. A power supply
voltage unit is also accommodated in the neutralization apparatus main body
201. The neutralization apparatus main body 201 has the plus discharge
needles 202 and the minus discharge needles 203, and the numbers of the
plus discharge needles and of the minus discharge needles are the same.

The plus discharge needle 202 generates plus ions and the minus discharge
needle 203 generates minus ions. The ion sensor 204 is a bar-like sensor
having substantially the same length as that of the neutralization apparatus

main body 201. The ion sensor 204 is mounted in parallel to a longitudinal

direction of the neutralization apparatus main body 201 on the side of the tip




bal ance di stribution is nmeasured based on a signa
detected by the ion sensor 204, and control is
performed such that output amounts of the plus ions
and mnus ions are adjusted. There are two nerits of
these DC bar-shaped neutralization apparatuses 200
and 200'. The first nerit is that since the plus
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neutralization apparatuses 200 and 200' can be reduced in size and can be
formed integrally.

On the other hand, the DC bar-shaped neutralization apparatuses 200
and 200" have a drawback that, when a neutralization distance L from the plus
discharge needle 202 and the minus discharge needle 203 (when both of them
should be referred to, simply discharge needles) to the subject to be
neutralized is short, density of plus ions is high in a space near the plus
discharge needle 202 and density of minus ions is high in a space near the
minus discharge needle 203 and thus, the DC bar-shaped neutralization
apparatuses 200 and 200' reversely electrify the subject to be neutralized with

plus or minus partially.



reference to the drawings. Fig. 13 is an explanatory

di agram of an experinent apparatus for verifying the

reverse electrification. Fig. 14 shows an ion bal ance

di stribution which is an experinment result. As shown

in Fig. 13, under an environnment where downfl ow

flows, the DC bar-shaped neutralization apparatus 200
us, i ons.and mnus i
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di dc’rg %ngia%f Ia%‘i%us electrode (near Ag and A) of the neutralization apparatus
main body 201 is close to minus voltage, and a CPM voltage on the side of a
plus electrode (near Eq and E) of the neutralization apparatus main body 201 is
close to plus voltage, and voltage gradient is as shown with a solid line in Fig.
14. As apparent from the ion balance distribution, the CPM voltage was high
and neutralization was not perfect.
The reverse electrification receives (1) an influence of neutralization
distance L and (2) an influence of neutralization positions Ay, A, B, C, D, E, and
Eo.

In (1), the CPM voltage is totally higher where the neutralization

distance from the discharge needle to the subject to be neutralized is short



(L=1000 mm), and the tendency of the reverse
electrification is strong. As the neutralization

di stance fromthe discharge needle to the subject to
be neutralized becones shorter, the tendency of the
reverse electrification beconmes stronger. In (2), in
the conventional DC bar-shaped neutralization
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apparatus main body 201, and there is a tendency that the density of plus ions
in the space near the end of the bar where the plus discharge needles 202
exist is remarkably higher than that of the central portion of the bar and the
density if minus ions in the space near the bar end of the minus discharge
needle 203 is remarkably higher than that of the central portion of the bar.
Concerning the ion balance distribution of plus ions and minus ions in the
neutralization range of the DC bar-shaped neutralization apparatus 200, the
density of plus ions in the space near the end of the bar where the plus

discharge needle 202 exists is remarkably higher than that of the bar central

portion, and the density of the minus ions in the space near the bar end where



central portion as shown in Fig. 14. This tendency is
al so influenced by the neutralization distance L, and
when the neutralization distance L fromthe di scharge
needl e to the subject to be neutralized is short
(L=300 mm, there is a tendency that the CPM voltage
becones high and the reverse electrification becones
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neutralization distance is increased to eliminate the reverse electrification, the
neutralization time is increased. These problems are tendencies which may
be caused also in the DC bar-shaped neutralization apparatus 200' shown in
Fig. 12. In the conventional technique, the neutralization distance is
appropriately adjusted.
The conventional DC neutralization apparatus is as described above.
Patent document 1 (Japanese Patent Application Laid-open
No.2001-155894, title of the invention "ionizer") discloses another conventional
DC neutralization apparatus. According to this conventional technique, air is

injected from a position above an electrode so that ion can reach faster, in



apparatus. In recent years, the subject to be
neutralized is increased in size as the size of PDP
display is increased, and it is necessary that the
neutralization distance L is reduced to shorten the
neutralization tinme, and the neutralization can be
carried out wthout generating the reverse
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there exists no structure for easily adjusting the distance between the plus
discharge needle 202 and the minus discharge needle 203, the current state
corresponds to a large number of kinds and a small amount of generation in
which the apparatus is generated while designing when an order is received,
and it is difficult to enhance the production efficiency. Further, if the apparatus
is once generated, it is difficult to change and adjust the apparatus, the
apparatuses are generated one by one according to a particular order, it is
unprofitable in terms of the design cost and generation cost, and it is difficult to
employ the prevention of the reverse electrification by adjusting the distance.

(2) According to the DC bar-shaped DC bar-shaped neutralization



201 uses insulative resin material for the cover, the
insulative resin material causes chargi ng phenonenon
by electrostatic induction by an electric field
generated fromthe di scharge needle. A cover surface
near the plus discharge needle 202 is charged pl us,
and a cover surface near the mnus discharge needle
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sensor 204 is in parallel to the neutralization apparatus main body 201 on the

tip end side of the discharge needle, and the ion balance can also be adjusted.
However, in recent years, there is a tendency that the PDP flat panel which is a
glass substrate is increased in a widthwise direction of the subject to be
neutralized as large as 2000 mm, the ion sensor 204 of the DC bar-shaped
neutralization apparatus 200' in Fig. 12 also becomes long, a reinforcing
structure is required, and the mechanical structure cannot be simplified.
(4) A purpose of neutralization by the neutralization apparatus is to

neutralize the charging of the subject to be neutralized to OV. However, an

- area of a subject to be neutralized such as a flat panel display in recent years



accunul ated el ectrification charge is increased.
Therefore, it is difficult to mnake the charged
material OV within a short tine using the conventi onal
neutralization apparatus. To shorten the
neutralization tinme, while it is necessary to shorten
the neutralization distance, it can pronote the
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As described above, a new method for coping with increase in
neutralization time and neutralization capacity generated by the increase of a
subject to be neutralized in size is required.

Therefore, the present invention has been archived to solve the
problems, an object of the invention is to provide a DC gas injection type
neutralization apparatus in which a DC method having a small re-coupling
amount and generating ions by the gross is employed, a neutralization
distance from a discharge needle to a subject to be neutralized is largely
reduced, the neutralization time is shortened with respect to a large subject to
be neutralized, both plus ions and minus ions can reach without deviating in

position concerning reverse electrification caused when the neutralization
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be neutralized can be neutralized efficiently and
quickly. [D sclosure of the Invention] To solve the
above probl ens, the present invention provides a DC
vol tage corona di scharge neutralizati on apparatus
conprising a neutralization apparatus main body; a
plurality of plus electrodes which are provided in the
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comprises a metal conductive plate which is made of metal and which is not
grounded, and the neutralization apparatus main body is made of insulative
resin material, and the metal conductive plate covers outside of the
neutralization apparatus main body.

The neutralization apparatus according to the present invention further
comprises ion sensors which are disposed between the plus electrodes and
the minus electrodes and which are provided in the neutralization apparatus
main body, and which detect an ion balance state and output detection signals,
and a central processing unit which adjusts plus voltage applied to the plus
electrodes and/or minus voltage to be applied to the minus electrodes to

control the ion balance based on the detection signals from the ion sensors,
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be applied to the mnus electrode into a positive

val ue when the detection signal indicates that there
are nore mnus ions than plus ions, and a unit which

| owers positive voltage to be applied to the plus

el ectrode and/or which |lowers negative voltage to be
applied to the mnus electrode into a negative val ue

“nSSﬂd WS S Hb DA INR MRS G R HiRRaR tRsitive voltage

apiSof Bk e e ?beﬁ?fﬁg’gpwé%fﬁ\?h BRAEREES hegtive vottage to

ﬁg:alé’?’ﬁ%‘? Rk Hﬂguﬁ‘??%i%?g VELUE oG8 the fgtection

goriapalntitfe, TS e e LRUS BB s iBn g oBe: aae ot which
ne @&ﬁ%@%%@a's”v%ﬁa@ﬁ 1o RO HRPREG 1% Paﬁslwsﬁeeﬁhﬁor 1Bich lowers
o (RgPINRL B ge6 o P 181 3ng it BfecEas i2ba pedative value

aPhER e e &f@‘%"s@r%“mtﬁcatsﬁﬁﬁqtﬁﬁe@ewérﬁfqreﬁp Y3055 lgn minus

unit incl des | ncrease; sitive voltage
Rle

L 0lops: Al H eem%#'memf@@raae%ﬁo@é e uhion
e 4 ﬁ?@*ra"zﬁaa'gﬁ 4ePar 3 igo R o fre ftate Puhtion further

node i s set ositive v

| oESiphisds st Gt ahish 8 @noegiegia t %a%ﬁra'm%ss"?g unit, and
o PBBlch S Argos a'%cn"@taﬁg.'w P Rlis 16ne har Sir s ons aee

: -oRTt P! OB AR eI atE geRRfatds E@ﬁaﬂgﬁae Grohalancg,into an

| nafponet SRES. el B MeBplie BER 5 ileh faar nBus TSRS than plus
ﬁL@ﬁ%ﬁgﬁﬁP?f? 51 &% PRl ke BhareSeheed ﬁr"&lﬁeo'ﬁn balance
bolct ap WBaBepdRte; ot PLE BbBRaInAG eac?gq?n tpe'16n batance is

g%gen%lgctgl(ﬁaerr? hglatnl?:% gHQ Jtk‘\aeC Eer%t?albp(?oggsléﬁﬁgaun% mc1uc?es a umt which

increases positive voltage to be applied to the plus electrode and/or which
increases negative voltage to be applied to the minus electrode into a positive
value when the positive mode is set, and a unit which lowers positive voltage to
be applied to the plus electrode and/or which lowers negative voltage to be
applied to the minus electrode into a negative value when the negative mode is
set, and the plus ions and minus ions are intentionally brought into an
unbalanced state.

In the neutralization apparatus according to the present invention, the
plus electrodes and the minus electrodes are respectively provided with

discharge needles which are inclined toward the gas injection ports, the gas
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di scharge needle of the plus electrode and an

extensi on of the discharge needle of the m nus

el ectrode intersect with each other on the gas flow

In the neutralization apparatus according to the

present invention, each of the ion sensors is of a

rod-1ike shape a straight shaft direction of the ion
ection direction,

¢ no8ys ilefBd e pat of i Sam Miekdindiorisdn AliRGan Sugstantally
tergtefﬁegﬁéc?ﬁﬁg he SuBlech s b nertakbty AOG A e TRIGR L
nedisthpicatesiic i aigie %@tﬁ@n@ég? E%%é%%ébﬁd" sctharge
ol BEPTIBaL the.gunys elecuBae Taigrant Wiih elPatber o the gag flow
o el ect Infhe Recf rahza%ma%éjpatrgtetﬁgcggf@ﬁg fe e ArRsentipysiion, each
ﬁggf 18 16D seafiecis oh PapHu ke APB o Siraignt shatdiregtion of the fon

i SERsT J8 PRRLET tou b driestian e Aa¢ ge SEARBL BBAT of the ion
;Pgegggr}ﬁg %tg;d,lvq %c? gtrjérlbciﬁt tlge? ggtteggloémmrgmgé %fh%p?g?e rr'ulggéie of the plus

I t t to e esent
" leofou 2ngrihe SRS SLPE s st hedlh oS Finus electrode
el ectrode q g ﬁ g?on ends have the sane nechani cal
Fﬁ%rtsﬁpte‘é’ E3ER O€'t he end plus el ectrode and end
nus trode i.ncludes an el ectrode hol der which i
g'n ol ect In g neUtrali7aias aRRATAtURAGORTHIBa ¢ e presant wvent'on both
ectedt t he tralization apparatus nai
Mg rlus plecl: .amf i aiearodt hake Bitame maechanil strictures,

and one_di schar needl e which is electrica
coﬁﬁ%%@\eﬁﬁw FPCBRB RIS 8 THILE SReCaiRInEECs B electrods
char needle is inclined toward, the S injection
o o108E YPighS AreSlenticnipaHEIRSATSLSBChise ebapicaly gonnected to
vi de .a ,DC as |n ction e neufralization
ﬁmw}ga'%ﬁt' i Sppafatis ey bl Giduchve pRRIGdisPosed in the

Sugfecfrode %oPdeer, and two discharge needies which are electrically connected
to the conductive portion, and the two discharge needles are inclined in a form
of a n-shape.

In the neutralization apparatus according to the present invention, an
end plus electrode and an end minus electrode disposed on ends have the
same mechanical structures, each of the end plus electrode and end minus
electrode includes an electrode holder which is an electrical insulator and
which is mechanically connected to the neutralization apparatus main body, a
conductive portion disposed in the electrode holder, and one discharge needle
which is electrically connected to the conductive portion, and the one discharge

needle is inclined toward the gas injection port.
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neutralized at high speed wi thout generating reverse
electrification. [Brief Description of the Draw ngs]
Figs. 1 are diagrams showing a structure of a
neutralization apparatus according to a best node for
carrying out the invention, wherein Fig. 1(a) is a
side view, Fig. 1(b) is a front view, and Fig. 1(c) is

2, 201 o e P55 o 800 B g mecton
SRRl A MBS BB R0 S e o e
A 6015 RS PSSR i e

view of a structure of a plus electrode (m nus
electrode). Fig. 5is a sectional view of a structure

o Pl B GG i et o) Frar
8; anglrjit Irg]@lara'pf %H? gn}agﬁgr'é\gé 7|w:j]|§g g%ltrexﬁilrél g?ta%re%tr%\iggtlro%r%pparatus
o SR B B o B B P HIR FE AP 1600
st S R A AR N
bal ance %1% RIS B o SR AN B0 bherflbuod®
DR S B BB bR s eb i
neutr 2l | 430 o3850 b 51 S e B uvaization
apparatus according to the best mode for carrying out the invention.
Fig. 4 is a sectional view of a structure of a plus electrode (minus
electrode).
Fig. 5 is a sectional view of a structure of an end plus electrode (end
minus electrode).
Fig. 6 is an explanatory diagram for explaining a principle of
neutralization.
Fig. 7 is an explanatory diagram of a principle for preventing a reverse
electrification by adjacent plus electrode and minus electrode.
Fig. 8 is an explanatory diagram of an experiment apparatus for
verifying the reverse electrification.
Fig. 9 is a diagram showing an ion balance distribution as an
experiment result.
Fig. 10 is a characteristic diagram of neutralization time - position as an

experiment result.
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neutralization apparatus. Fig. 13 is an explanatory

di agram of an experinent apparatus for verifying the

reverse electrification. Fig. 14 is a di agram show ng

an ion balance distribution as an experinment result.

Fig. 15 is a characteristic diagramof neutralization

time - positi on as an experinment result. [Best Mdes

for Carryin nventi on] . Best npdes

car ry ngBut (e ST RO f B SODYBRGR LB brtshaped
based tthe draw .ngs. Figs. 1 are diagrans show ng a

st Pﬁ%t{%lzé '8? agpaﬁaetH ralization apparatus according to

gi géStl( Igr és §|s§’ Ciﬂ &ﬁiga‘t’ad%%‘f%? h\éggéh\?élrgmnaﬁbmar-shaped
bottomview. As shown in Fig. 1, as

and Fi abf) a{
an”%'itlr%ﬁ \ﬂpg@raa neutral i zation appar at us 1
ol oot r odE0- 3318 A bRty AdteE tat BrPetitenh deparBtusTor

ect s el ectrode 50, gas

| n]’%”&ﬂg hsgpygrsg(?leqﬂ‘ti&q%gn conductive plate 70, ion
?ﬁBiE’? ok Bt S AragrAy Sop o, BR el A Bitighas an

gut terminal /110, and an operatl on di spl ay panel
12 XpeF{ae 'ﬁterﬁ"?Pgl i zation apparatus main body 10 has a

ot Bl B B PR Tt s

varj ous shapes such as a regul ar hexahedra
shggﬁy"geﬁ ©PHYul ar hexahedr al shape and a cylindrica
shape can be enpl oyed. The plurality of plus

el ectrodes 20 are nounted on the neutralization

R e it B BERIAALe Lo, 260! e to the
gﬁger at eé ﬁl modes or c:'arllrygr%gagutr]tﬁlta utn\/’\é)ntl%nr\slﬁtbleoenxspl:silngcfj %elow
 based on the drawings. Figs. 1 are diagrams showing a structure of a
neutralization apparatus according to a best mode for carrying out the
invention, wherein Fig. 1(a) is a side view, Fig. 1(b) is a front view and Fig. 1(c)
is a bottom view.

As shown in Fig. 1, as an exterior view, a neutralization apparatus 1
includes a neutralization apparatus main body 10, plus electrodes 20, minus
electrodes 30, an end plus electrode 40, an end minus electrode 50, gas
injection ports 60, a metal conductive plate 70, ion sensors 80, a gas
introduction port 90, an external input/output terminal 100, a power supply
voltage input terminal 110, and an operation display panel 120.

The neutralization apparatus main body 10 has a laterally long bar-like

shape. The neutralization apparatus main body 10 is not limited to the

bar-like shape, and various shapes such as a regular hexahedral shape, a
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ri ght diagonal downward directions in Fig. 1). The
plurality of mnus electrodes 30 are nounted on the
neutralization apparatus nmain body 10, minus voltage
is applied to the mnus electrodes 30, and the mnus
el ectrode 30 generates mnus ions in diagonal two
directions (left and right diagonal downward

e B Sl LA S A B,
é% s molfi éﬁuv%%tvloﬁ*gf‘”fé%??fg#%si'ff%ﬁe ﬁ%ﬁgﬁﬁﬂﬁ%@?ﬁiﬁé%‘?ﬁﬁaﬁon
eféé?%*%a@’h%?n e ﬁ‘ﬁip@%a%ﬁé’s‘eﬁs fseapéoﬁlﬁhﬁﬁ éﬁﬁﬁlhﬁeeiéqt%qdfeess 20, and
o o8 Ry A B PABODR  Rfaae R B e anc
au Gt e o8l VAR PSS IEFL P oue o st ance = The
d a4 . [ h I
neut rai | 10¢ PR ATk 8ckBa8R dBAE sUntad on e pgyiralization
m AOERE B bS8 T B8 i BB BB Ak R Sitifoces 30,
ai PR e iy PRgiToRS S0’ bt iinis 7 Bl fasii B4 irgetions
o TG i SR BT e
ot _ e d. Tl as injection
e oneT B8 P CHBR A Y0 WPk Ko AR aparated avay
e SRS YRR e o The. 16
i I 0, ially j [ ,
T o i AR B S BB 08 el B blrppor
D Be B RN 10 5B SRR SRR e BB EBbrode 40
L8 756D Bl eBrSA 18 cBbbrarbh Bl BRI e Bhodry one
direction (left diagonally downward direction in Fig. 1). The end plus
electrode 40 and the minus electrode 30 are separated away from each other
by the electrode distance a.

The one end minus electrode 50 is mounted on the neutralization
apparatus main body 10, minus voltage is applied to the end minus electrode
50 and the end minus electrode 50 generates minus ions in an inner diagonally
one direction (right diagonally downward direction in Fig. 1). The end minus
electrode 50 and the plus electrode 20 are separated away from each other by
the electrode distance a.

The gas injection ports 60 are formed in substantially intermediate

portions between the end minus electrode 50 and the plus electrode 20,

substantially intermediate portions between the plus electrode 20 and the
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shown in Fig. 1(c), two gas injection ports 60 are
formed at the sane positions, and the nunber of ports
can appropriately be adjusted. The netal conductive
plate 70 is a conductive netal plate, and covers
outsi de of the neutralization apparatus main body 10
which is made of insulative resin material. In the

7aniu® el BeRadd 50 4 At Ay, B epig PR FotRbBh fre minus
i & ob B0 e s BlatirePe i YRqey mttohybon go imects
B4, o g bBIcH it i, P B RECEL T BB BgbP e cloan ai
T RS AR st i eS TRy BYGh] S hredtermuggiment. as
BT Figf H: B das et ERASHE A S¥kBY ot e spme positons.
el RS, of OGP o By LB gt v Pl e
o o rost I ARARLEN o Po ¥ Rolfahietnempiatp. gyt covers
i e ograf e ot Sl oAl afls TR RE. A wr B e ot
s o g4 e b PO e oo
R R 1 SRR BB PR ) gl st o
el EBbREROA AL HEChIE ARGRIEREy EpPghIs ofa suice
o8B et AL AR B S Bl
SRR R R bl g o
L e T L
0 Ao R S SR SBgarat
nogoggqapded. As a result, the neutralization speed is
Hence, the thin metal conductive plate 70 is pasted on the resin
surface of the neutralization apparatus main body 10, the electrostatic
induction electrification charge by the electric fields of the plus electrodes 20
and the minus electrodes 30 flows through the metal conductive plate 70 and is
neutralized, the entire neutralization apparatus main body 10 in the longitudinal
direction has the same potential, the partial influence of the ion balance is
eliminated, and the entire neutralization apparatus main body 10 in the
longitudinal direction can equally be controlled in ion balance.
When the metal conductive plate 70 is grounded, the uniform ion

balance control can be performed, but a portion of the plus ions generated in
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not influenced by the netal conductive plate 70, and
the ion bal ance can be wuniforned over the entire

| ongi tudi nal direction of the bar. The ion sensors 80
are di sposed between the plus el ectrodes 20 and the
m nus el ectrodes 30, and detect the ion bal ance state
and outputs det ecti on signals The ion sensor 80 is

i Bf eldelReRiA End Aortisn BPEMdsiiond eferalh it e inus

%\ae&hﬁ%?%&#rge Serpd Bt ﬁmt welh r&%ﬁ@”ﬁl?@%%pé flgu to the
Zﬂe GEANEs R aGE Pend it eRTin soadm Tierelis hiimetal
pow%@éﬁ@%m’@eﬁé 8%y 00 Lif%iet\sier?pﬁﬁ' N —

5 2R oSy R Rl Bt R perﬂbﬁt'ongﬁ%"@ﬁﬁan be
Ziﬁﬁ@%ﬁe@ bV 58 otif b Bl QB ARG B she BRFai sy st em
*h the affe isdiorgRo e sty torget I P'gs Siseithidesp0 and
;g@tﬁh’ﬁ‘f g %ciﬁ%jﬁ(?“ g @ﬁd@@?@ﬂathe Ble Bt outpuld

PSR snal (T Bselisbs BTS of Aariks ERPs sl is seunted
fs§§wa}ﬁ@fﬂz%§trﬂbﬁ g Beion 8%&?%@8? 7§ ipdraliel to the gas

alnedd Fbg 3 is a block diagramof the electric
sy jgatiogedi 98 neutralization apparatus 1. As shown

oS T S8 e S Bl Senfa R S
The pouelNS ERTYAISyRHAHTPUPTISE! ThE 58 serneciphapd receives 2
Volzér% X nilca%on signal from outside.
. The power supply voltage input terminal 110 is a 4P modular connector
for +12 V input, and outputs power supply voltage Vs from outside.
The operation display panel 120 displays the operation state.
Next, the air system of the neutralization apparatus 1 will be explained.
Fig. 2 is a block diagram of an air system of the neutralization apparatus 1.
As shown in Fig. 2, in the air system, an air supply path 130 is connected to the
gas introduction port 90, and the plurality of gas injection ports 60 are
connected to the air supply path 130. Supply air that is compressed air is
introduced into the air system, and air flow is output from the gas injection port
60.

Next, the electric system of the neutralization apparatus 1 will be

explained. Fig. 3 is a block diagram of the electric system of the

18



term nal 110 and a power supply voltage generating
unit 140. The signal processing systemincludes a
setting unit 160, the external input/output term na
100, a central processing unit 150, and ion sensors
80. The discharging systemincludes the plus

el ectrodes 20, the m nus electrodes 30 the end pl us

I de .40, d.th d 5
Soﬁéﬁt@;%m ap@?f%@%qu%fﬁo%ﬁ@ %éscqﬁlgsvﬁsmof the
t h%a"}éﬂ&@ﬁgn sonartud 158 uhi RGeS o o ? $upBlisysiam.a gignal
th t t 140 t
A
| Vv u X

vy TR BaRRL SRl A6t Mg fbolyyaltpg nput

he | ow vol t age

DolgE l"ajaaﬁma PBWFHE‘\J/‘)’@V@!H@?Q%BEE%@PQ e and

i oh vol TH8 (eio285nB it lfrﬁdti/ 46 Gpelig il o oxema
Sy@bﬁ@?@ﬁ%@ érﬁﬁ?%ri@@q@a?ﬁﬁfaggﬁqﬁe% e/ Tt B8 6 s5Rors so.

resi stor structure the e| ectrode

expl ai neti® |s§ha§gmg SXStegle'&‘P ﬁélth‘?/P %?CtéPcéqsréé:ttﬁ? gninus

" <olaCfofles Jnnine sk e R D Are he 2 Sw@ efogie 50.

| ncI Fdes BRver é&?&aa'@"ﬂg? Sé?fifxgw%&%ﬁfﬁr T RS 19 fhgpover
costRlY §PREgs bRBeruRa ity fad oo Rt eplyojieae input
ot P o 0 TS insﬁ% el ut 140 herates low
IOQC" 2t vercs i B0F peampfén Y8Y). Hlus Bicky el ipme supply +Vi
nelfen SRS, FhAV e EE Vb G o8 vBRaompgwer Sl (or
s BEETBle. ARV A0G( KA RORPIES 08 FoM YO RE0e RAWRE SRR M. to the
exgllg Iaprocessmg system, and supplies high voltage power supply +Vy, and '
minus high voltage power supply -VH to the discharging system. Particularly,
high voltage is applied to the discharging system through a current limiting
resistor.
Next, a structure of the electrode will be explained. Fig. 4 is a
sectional view of a structure of the plus electrode 20 (minus electrode 30).
Fig. 4 is a sectional view taken along the A-A'line in Fig. 1. As shown in Fig. 4,
each plus electrode 20 includes an electrode holder 21, a conductive portion
22, a connection pin 23, a rotation stopper 24, connector screws 25,

connectors 26, and discharge needles 27. Each minus electrode 30 has the

same structure as that of the plus electrode 20, and includes an electrode
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thereof will be omtted. The conductive portion 22 is
made of electrically conductive netal, and is
provided with two fenal e threads and the one
connection pin 23 to which the power supply voltage
generating unit 140 is electrically connected. The

el ectrode holder 21 is made of insulative resin, the

S SE9pRaT. PG w@écp‘ﬁa?ﬁ@i??éﬁ%sﬁﬁggﬁo%érieié%érrﬂﬁgi%nzs%opper 34,
Eggcﬁhﬁeci%s%%‘%w %Safjf*rﬁ%ﬁé@ ek wgﬁrﬁﬁb%f%&%s@ng

ar tontand aiuBAE RESHGHRE pidh oS5 30 20 R EBlafied.” The same
f ﬁr?%rﬁé%%h Rl %aa% B HBUR HiecHoghciE 4 r%@&@p%m explanation

qu‘duﬁ\t;ag ortl on 22 in the two bottoned hol es,
e{ Harge needl es 27 are accommobdat ed
there| n4in a s%ate wher e

el cct i cHIY GoRRTEe PR, 2 fmPHR A8 B HEDs etal, and
T BNl o A e e
%@w%'& %33 2 itaRpSao7aES ShdAol A ediedh tonhBied! The
LBl e AR R 5 D oS S Rl cover
: " PRRGUBYV PR e ret apfePe pRaRETon PR B and theytwo
ARt ArE oo Brol A Pl B2 e Botomea
r.ee@és' 46398 SIS e 285l 5 giscneroe
oiieding &7 68 Inoea By'the cpoRRers PR T Y Yﬂr“@h g
bl B P IS A AA FAE 10 o
R vigpdls OE&E'??%%M%%&%% ot bofiqhned gl and the
two &\é@hérgelzﬁe%dles 211; are accommodated therein in a state where the
discharge needles 27 are electrically connected to the conductive portion 22.
The two discharge needles 27 are inclined outward with respect to the vertical
axis by an angle 6. When the plus electrode 20 is mounted on the
neutralization apparatus main body 10 as shown in Fig. 1, if the rotation
stopper 24 and the plus electrode 20 are inserted into the neutralization
apparatus main body 10 and are rotated by 90°, it is prevented from rotating by
the rotation stopper 24 and is fixed, and the connection pin 23 is electrically
connected to the power supply voltage generating unit 140 of the neutralization

apparatus main body 10 at the same time.

Next, the outermost electrode structure of the neutralization apparatus
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pl us el ectrode 40 includes an el ectrode hol der 41, a
conductive portion 42, a connection pin 43, a
rotati on stopper 44, a connector screw 45, a connector
46, and a discharge needle 47. The end m nus

el ectrode 50 has the sane structure as that of the
end plus el ectrode 40, and includes an el ectrode

saeft padd o SuF BBABIANEL" 6 415 A Serfp URTILER Ghlbeure of

Cecrie A e dRiteRa | AR SIEEF0R 80, o d T4 AtSelectrode
G SR Er e e R0 ) SHRiontp BN BREE R B e n Fig. 1, and the
20 U o068 4B RENERT: WIh *i0 ) &8 SHORTIN Bip- & tho end
a8 el BhakOFF ke 7 A fopkfiR Srion 42,2
CreeNsBri 251 a kRST PobBl 4, F bNG0 55 48 ifpnector 46
oAl P HE Rl 7 e AR Hindt BEEVHEE S e fRsame

S G 35 Y P30 EBHARHA |yl apsioctrode olcer
B2t BB neridhy5¢, 4 SafheatfiPAD. B0 R AMRe . =

2 r TG Bl pRLARLRr 55, Bhd AU BB heRIBET Aebording to
o, T B FESIPLPHE of i SEE erim R heistayiPng dpfffinus

01 HBefbE R HESsi&chA0e Ak 20 Re Pedik BiRudds Pfpteines

rES SRR SEOHERE e SRENEID PRI Boe BlsRoroe

| PGeHLER A B ol 8cp8h B398 RE B fhaRh O GrRof e
;Léﬁ@@[;ﬁ@%@?g&aemés%ﬁ?meg%\@ Bfuts quctroT 40 Qﬁh 'tﬁ‘@ghg "hinus

electrode 50. Except this portion, the end plus electrode 40 and the end

minus electrode 50 have the same strucfure and the same function, and the
same names are used for the same parts, and redundant explanation will be
omitted.

The principle of neutralization will be explained next. Fig. 6 is an
explanatory diagram for explaining the principle of neutralization. Fig. 7 is an
explanatory diagram of a principle for preventing a reverse electrification by the
adjacent plus electrode and minus electrode.

As shown in Figs. 1 and 6, in the neutralization apparatus main body
10, the plus electrodes 20 and the minus electrode 30 are alternately disposed.

The discharge needles of the electrodes are disposed such that the extension
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As descri bed above, the plus electrodes 20 and the

m nus el ectrodes 30 are inclined, and the plus ions
and m nus ions generated near the electrodes 20 and
30 approach each other by the Coul onb force. As shown
in Fig. 7, the plus ions and mnus ions are m xed wth
each other in the internediate reglon Usual 'y, the

b 85y B30 in v
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|nJec I'on”" por e regio avin
nowq§V|at|on in plus and m nus and |ons are sprayed
to"a'subject to be neutralized 170. Therefore, the

plus i ONBs pgg&.ﬂac{‘é’éo e de gﬁ%"él W{%%‘éo gﬁé'tﬁ‘é hfFus 8fdtrodes

neutral i’z 'S carrle rse
i 8 o0 b IR fons" i P Bs qRbiet 8 B he

elré %&@é ?6%&%(9%)6 %cﬁlepa%:%itéé(ﬁ@{) h%gc{)ﬁlonfbairo'}é d As shown

Ire eviatio ends of the

bairn Flé‘s St‘ﬂ%"ﬂ rﬂi m@nqe{ Bfis %lréjl'f‘n&%;?%tf\%%g:ﬁ G%Reralﬁqhe

m nus*e 'ectro are ernate I Spose and

oD e?@éfe%g%ﬁh%rﬁ‘?%ﬂé”ﬁr}?ﬁﬂf@ @ﬁbgﬁ&%ﬁpé&%ﬁm
glnr{ﬁfr}de Oﬂl’ﬁhn o ?g{% 'Ex%%ver %ﬂﬁpl&a g hgt%H u%ﬁvthgf *h%ﬁahfs ions and

firzati o r ri e out
oS el @@@Hugﬁgﬂaﬁa@ﬁs&“ °Th8 FRART doviain
R A e it O Mg

r?‘é@tS%eﬁrﬁghﬁ QaH £ efﬂldrFﬁQvuh n%zdéiﬁgtfcﬂ\eﬂ Lf%fl%%fw&\'\ﬁhﬁs and

CtI‘ICIt ereaeman nus Ions O

e S U 40 R Sl o

e o Rho R G BB A e Ao g o

el \%ﬁﬁéetdr%vg%eaé\gcgﬁigéﬁon. Further, since ions flow together with the air
flow along a surface of the subject to be neutralized 170, the electrification is
carried out entirely without deviation except both ends of the bar. As shown in
Fig. 6, the plus electrodes 20 and minus electrodes 30 are alternately disposed
and the gas injection ports 60 are disposed between the plus electrodes 20
and minus electrodes 30. Therefore, the plus ions and minus ions reach
without deviation entirely, neutralization can be carried out without reverse
electrification.

Concerning the ion balance in spaces outside of both ends of the

neutralization apparatus main body 10, there is a tendency that there are many

plus ions on the side of the plus electrode the subject to be neutralized is
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el ectrode 30 in the end plus electrode 40 and the end

m nus el ectrode 50, the discharge needle directed

outward of an end surface of the neutralization

apparatus main body 10 is elimnated, and the nunber

of discharge needle directed inward is one. As a

result, unnecessary ions are not generated toward the

out si de . of the e ubj ect to be.neutral
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%%ﬁﬁe gomer supply +VH to be applled to the plus
and end plus electrode 40 is nore

! S i ﬁi‘fﬁ@gfgﬁ PRIGSING B E A PEp oG YRl ie plained.
vo’ks s o W?Jig. 1u,|?|9 a state where the ion sensors 80 are disposed between
the plus electrodes 20 and minus electrodes 30, the ion sensors 80 are
suspended toward the subject to be neutralized 170, and the ion sensor 80
detect the ion balance state and output detection signals.
The central processing unit 150 adjusts the plus high voltage power
supply +V4 to be applied to the plus electrode 20 and end plus electrode 40,
and adjust the minus high voltage power supply -V} to be applied to the minus
electrode 30 and end minus electrode 50 so as to control the ion balance
based on the detection signals from the ion sensors 80.
When the central processing unit 150 determines that the subject to be

neutralized 170 is charged negatively in the deviation manner or determines
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-VH to be applied to the m nus el ectrode 30 and end

m nus el ectrode 50 is increased to positive high

vol tage (for exanple, increased from5 kV to 3 kV),

t hereby reducing the mnus ions. If one or both of the
above are carried out, it 1is possible to increase the
plus ions and to bal ance the plus and m nus, the ion

nette Bl Diah Yorde.posrsRnly o PoaRpiss 17 he mlus electrode 20
acei Endpts gRiarBol 0 8 R okRb8 AR sidee (Bl g bre. the
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neRt PLER 1 Bt G A ERImtR; oy e SiReEED P dirpized 170 can

enmpodi nment. he setting unit 160 can variously set in
tme n@@ﬁ?f’%ﬁ’&‘processi ng unit 150. This setting unit

190,21 IRl R s il BBl ipouatzed 170
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/2858 A 0 MRS R e L AR T

m

\r)gliaagcet Hé\}vgrgs&pgpﬁ? -Vy to be applied to the minus electrode 30 and end

minus electrode 50 is more reduced to low voltage of negative value (for
example, from 3 kV to 5 kV), and the minus ions are increased. [f one or both
of the above are carried out, it is possible to increase the plus ions and to
balance the plus and minus, the ion balance is adjusted to zero balance, and
the subject to be neutralized 170 can be neutralized.

In the present embodiment, the setting unit 160 can variously set in the
central processing unit 150. This setting unit 160 can employ various modes.
For example, the setting unit 160 can utilize a radio remote control sending,
and has a function to freely increase or reduce the plus high voltage power

supply +Vy to be applied to the plus electrode 20 and minus high voltage
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and accunul ated in the glass becones lager in
proportional to the area of the glass. Therefore,
according to the conventional neutralization
apparatus, it is difficult to neutralization to a
value close to Ov in a short tine. However, it is
known that the subject to be neutralized 170 such as a
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oUBBgE anthemgRant of siscl Pitoe ABRGRIRAINne R fing step

i ons,are ou i ncreasi ng.the

nettid BFuBiletie 1 bacaise pedHipss g i Plaaaptignal to the area of the
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e ke e B i eaB i alf 45 £=86ie Hprb e noutaiization
Seyeegric% of {haelgﬁé bsaurgsrhatpggtne%rt]ralization apparatus 200' is about several
seconds. Therefore, even if the ions of polarity opposite from the charged
value are increased after the charged value is detected by the ion sensor 204,
since ht moving speed of the subject to be neutralized is fast, and it is
impossible to neutralize the subject to be neutralized to a value close to 0V in
terms of time.
According to the neutralization apparatus 1 according to the present
invention, when it is previously known that the subject to be neutralized is
charged positively, more minus ions than plus ions are always output so that

the space is charged negatively, and when the positively charged subject to be
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appropriate ion anmount is obtained by previously
determ ning whether the charging anount of subject to
be neutralized 170 is large or small. Therefore, the
neutralization apparatus 1 can change the setting of
the central processing unit 150 by the setting unit
160 connected to the external input/output term na
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re}]xﬁgl € V\fh%%%ﬁgspofsftﬁrren modd b ddlectad k the dehtlal %lr'oec%ségintghuenit 150
further increases the positive voltage to be applied to the pius electrode 20 and
end plus electrode 40 (for example, increases the voltage from +3 kV to +5 kV)
to increase the plus ions. The negative voltage to be applied to the minus
electrode 30 and end minus electrode 50 is increased to the positive high
voltage (for example, increases the voltage from -5 kV to -3 kV) to reduce the
minus ions. If one or both of them are carried out, the plus ions are increased,
and the plus ions and minus ions are intentionally adjusted to an unbalance
value.

When the negative mode is selected, the central processing unit 150

reduces the positive voltage to be applied to the plus electrode 20 and end plus
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ions. If one or both of themare carried out, the plus
ions are increased, and the plus ions and m nus ions
are intentionally adjusted to an unbal ance val ue.

Next, the tendency of suppressing of reverse
electrification by the neutralization apparatus 1
according to the enbodinent will be explained with
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Sthrnt1 opelﬁbb%r'nz ?ﬁé 8Bh)iji\/gltt§gne08f eéc% 8$ihpwggtrﬁgasured and the ion
balance distribution was checked. This CPM has the size of the charged
plate of 15cm x 15cm and the capacitance is 20 pF.  This experiment
apparatus is the same as that shown in Fig. 13.

Fig. 9 shows the ion balance distribution of plus ions and minus ions in
the neutralization range of the neutralization apparatus 1. As apparent from
the ion balance distribution, there is a tendency that the CPM voltage when the
neutralization distance from the discharge needle to the subject to be
neutralized is long (L=1000 mm) and the CPM voltage when the neutralization

distance from the discharge needle to the subject to be neutralized is short

(L=300 mm) are substantially equal to each other, and the reverse
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Inthe AO, AL B, C D, E and EO, there is a tendency
that the CPM voltage is high at A and E which are
ends of the subject to be neutralized 170, but the
voltage is in a range of +10Vto -1 OV, and if this is
conpared with the CPM voltage of +800V to -800V of

t he conventional technique shown in Fig. 13, the
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the neutralization tinme can be reduced, and as shown
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i oM8PT@NB%i nus ions are nixed and they are sprayed to

s
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o Benfoliation Sente fnm B e dheo hesdf bitbe SRR T be
t hﬁeﬂﬁ'gﬁzre%; ig%g%gi,cme neutralization time is sufficiently short (about 9

seconds), and since the neutralization distance is shortened, the neutralization
time is further reduced, and desired neutralization can be achieved within a
short time (about 4 seconds).

The neutralization apparatus 1 according to the embodiment has been
explained above. In the present embodiment, the ion generating system of
the neutralization apparatus 1 having the bar-shaped neutralization apparatus
main body 10 is the DC system in which the probability of the ion reverse
electrification-coupling is low, the generated plus ions and minus ions are
mixed and they are sprayed to the subject to be neutralized 170 by the air flow,

and even if the distance between the subject to be neutralized 170 and the
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time and to cope with the increasing tendency of the
subject to be neutralized. Next, the present invention
will be explained based on a first exanple, which is
much simlar to an actual node. In the neutralization
apparatus 1 shown in Fig. 1, the el ectrode

di sposition distance a between the plus el ectrode 20
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is short as compared with the conventional DC bar-shaped neutralization
apparatus 200. In the conventional DC bar-shaped neutralization
apparatuses 200 and 200', the electrode distance a between the plus electrode
20 and the minus electrode 30 is longer than a predetermined distance to
prevent the re-coupling of the ions. However, in return for this, the attraction
force between the plus ions and minus ions is weak, the plus ions region and
the minus ions region are formed, and when the neutralization distance L from
the subject to be neutralized is about 300 mm, plus and minus reverse
electrification is locally generated, and this affects the subject to be neutralized
170.

On the other hand, in the present embodiment, the discharge needle
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ions are generated near the plus discharge needle 27,
and mnus ions are generated near the m nus discharge
needl e 37. The generated plus ions and mnus ions are
absorbed and collected to the internmedi ate region, the
plus ions and mnus ions in the internmedi ate region
are sinmultaneously transferred by the air flow and

L?‘iet tgluf Bleclfodl2o@irinfous 7 ¥Epls GluEHHGh ke Bdwer supply
etV dhaidsohares haofgs oie e BISEH0 35 RbdrUpysly apples
R A S St
FfamcS?Zmea'}sﬁﬁ? ol AR B8 B Tari e i ehofitha in the air pius

< P e BRNPrR S BREC IS Mg S Brk BB 27 apl Hinus fons are
SpaRhTeleh Fdng ibur e GEhYSR ST, s g S¥herp@RAIGE lons and
EZ%E@E% B0t 21 BBrivG e AL ORI o Bb PRl Yeqil dhg plus fons
ool BT 5 eiiE SR AT Bire Bl T fitanieoysiianstprsmd by the
bl Wk G A P SR e
S Sy BRSOl L ESAES romve
| Rl b 0 Mt o PP e
(B Sl g e b St
el Al AL
sond @ngﬁeeﬁ%&as& e Y ALl S ek orene
ol SR AL 15o0dse e eChE Bk R FoR e e Bl 101s

{ e, U B s BEREE on Bl o fuieh, InahiRh is

| Spggglglie%ereta |zeaH1teor§'éath'aQi%{ic¥n ngw\ﬁith wéﬁé& tbaé utsn’% place.

The neutralization apparatus 1 has the ion sensors 80 for automatically
controlling the variation of the ion balance. Each ion sensor 80 is disposed at
the intermediate point between the discharge needle 27 of the plus electrode
20 and the discharge needle 37 of the minus electrode 30. The ion sensor 80
is a metal rod having a diameter of 2 to 3 mm and a length of 40 to 50 mm, and
the mounting angle is parallel to the flow direction (vertical direction) of the air
flow of the injected gas. The number of the ion sensors 80 is three, i.e., one
ion sensor 80 at the center of the neutralization apparatus main body 10 and at

the intermediate point between the plus electrode 20 and the minus electrode
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inclination of the ion balance of the entire
neutralization apparatus main body 10 in the |ateral
direction in a substantially uniformy distributed
state. The ion sensor 80 is threadedly inserted into
the neutralization apparatus main body 10, and this
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t he short
apparatus main body 10 in the lateral direction has the same potential, the ion

balance is not partially influenced, and it is possible to uniformly control the ion
balance of the entire neutralization apparatus main body 10 in the lateral
direction.

According to the first example, if plus ions and minus ions are
generated in a state where the discharge needle 27 of the plus electrode 20
and the discharge needle 37 of the minus electrode 30 are opposed to each
other at a short distance from each other, although the plus ions and minus
ions approach each other by the suction effect, the plus ions and minus ions
are simultaneously transferred to the subject to be neutralized 170 by the high

speed gas injected from the hole having the diameter of 0.3 mm of the gas
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di stance from each other, the high voltage VH for
generating ions can be lowered to 3 kV. Since the
applied high voltage is lowered, it is possible to
reduce the wearing amount of the discharge needle
caused by the spatter phenonenon and to reduce the
anount of partlcles attached to the tip end of the
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angl es 8The p‘us io ls%Snderln%%tsngrQS which moved in between the electrodes
are simultaneously transferred to the subject to be neutralized by the high
speed gas flow injected from the port having the diameter of 0.3 mm.
Therefore, it is possible to supply the plus ions and minus ions with excellent
balance.

In the present invention, because the conductive plates made of SUS
having the thickness of 0.3 mm are pasted on both surfaces of the bar main
body, the induction charging value of the bar main body side surface by the
discharge electrode is uniformed, the ion balance is measured by the three ion
balance sensors located at the center and both ends of the bar, and the ion

balance is controlled by the ion balance control circuit. Accordingly, the

gradient of the ion balance in the longitudinal direction of the bar can be
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20, the mnus electrode 30, the end plus el ectrode 40,
and the end mnus electrode 50, i.e., 15, 300, 45,
and 60 are prepared, the neutralization apparatus 1
can be constituted by nmounting the plus el ectrode 20,
the mnus electrode 30, the end plus el ectrode 40,
and the end ninus electrode 50 having optinal
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”EES‘\'Nnﬁow, g\llp supply means for supplying the downflow can be disposed on the
neutralization apparatus 1 so that ions can reach the subject to be neutralized

170 more quickly.
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grounded, wherein the neutralization apparatus main

body is made of insulative resin material, and the

net al conductive plate covers outside of the
neutralization apparatus main body. 3. The

neutralization apparatus according to claim1l or 2,

further conprising ion sensors which are disposed
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eld'eé‘ﬁrodeﬁ according to the detection signals, and

adj usts t i on hal ance, t ero . bal ance. . 4. .The N
eut ral i3 BLrBHY 88 Rt BlecToBEr A Bt wroxidaidn e peyigpization
conprising a, setting,unit which is connected to th .

c eRPPARLYSY @@&E‘Pﬁgbga fe Whéﬁ%"\'ﬂﬂsc\fa@g? & ﬁpplf%’s{(’t g%e(?ate minus
node in@ﬁhi ch nore plus ions than mnus ions are

gﬁWé‘_ﬁaﬁ b Ior only plus ions are generated to bring

the ion balance into an unbal anced st at or. sets o
negat i ve? PBHAlLYPTQRS INERYR PATS M’i‘l%ﬂ'&e fgﬁaﬁd o) EEE ri'l%ﬂgallzatlon
are generated or only mnus ions_ar enerated .to . . .
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instead of a normal node in which the ion balance is
adi€t®B to zero bal ance, wherein the central

proc [ it.intenti | 1 ' h I [
Bnd m nul® Gmbiacion Rore Armetpded Pebvetrnlls sRfopgs and
the positive rméie or the negative

the minus electrodes

2. The neutralization apparatus according to claim 1, further comprising

a metal conductive plate which is made of metal and which is not

grounded, wherein
the neutralization apparatus main body is made of insulative resin

material, and the metal conductive plate covers outside of the neutralization

apparatus main body.

3. The neutralization apparatus according to claim 1 or 2, further
comprising
ion sensors which are disposed between the plus electrodes and the

minus electrodes and which are provided in the neutralization apparatus main
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node. 5. The neutralization apparatus according to any
one of clains 1, 2, or 4, wherein the plus el ectrodes
and the m nus el ectrodes are respectively provided
wi t h di scharge needl es which are inclined toward the
gas injection ports, the gas flowis injected from
each of the gas injection ports in a 35 direction

oA Ang avnidh RgtER anagh bilansh S ot dfgeionsignats, and
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ot bdet o e Fordae it n ol 6L Ractoces o

or TR (T pPIEGe Far L OR SER R BN SIS TP RCY P, G Sensors,
tovvgrd,the gas injection ports, the gas flowis

i NYVBe1&Y from each of the gas injection ports in a
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dl f t I | ectrod t ion.of t
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S e B s ord o IS LA o blance

ion sensors is of a rod-like shape, a straight shaft

direction of the ion sensor is parallel to a gas

b B Sl R A g g

o E4H30 StOMTER 5 Grnatie P HedEirE PR SEHTL: and which sefs 2
neaiye mededR A e G eop dhg ninl okt Are SefiEERtgs pr only
g? glgﬁgq;@st g%aéé)ﬁed'gfegjzﬂ tgsflq'{gsthct)efioréx1 braPadn'cleiih% asrp GRbalafced state, or
sets a negative mode in which more minus ions than plus ions are generated
or only minus ions are generated to bring the ion balance into an unbalanced
state, instead of a normal mode in which the ion balance is adjusted to zero
balance, wherein
the central processing unit intentionally adjusts the plus ions and minus
ions into the unbalanced state according to the positive mode or the negative

mode.

5. The neutralization apparatus according to any one of claims 1, 2, or 4,
wherein

the plus electrodes and the minus electrodes are respectively provided
with discharge needles which are inclined toward the gas injection ports,

the gas flow is injected from each of the gas injection ports in a
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of the ion sensor is parallel to a gas injection
direction, and the straight shaft of the ion sensor
is mounted such that the extension of the discharge
needl e of the plus electrode and the extension of the
di scharge needle of the mnus 36 el ectrode intersect
with each other. 9. The neutralization apparatus
according to claim1

o Staction Rttt peEATCI G o1 SUPRE! G reirditzed, and an
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conductive portion disposed in the el ectrode hol der,
andPWt wo di scharge needles which are electrically

connected to the conductive portion, and wherein the

two di scharge needles are inclined in a formof a

a- shape. . The neutralization aratus gcc rd| ng

tobelai nl I1e agutzallqmgp@qpagq{ugﬁgc J&@@@WS & an
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mechani cthe ples glectipdes aB§ he Hf'“‘t‘?] Sfje@ﬁagﬁ?; gee @%@Fﬁ%ﬂ% provided
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t hextgasiongfde dischgega r n the plus electrode and an @xtension of the

discharge needle of the minus electrode intersect with each other on the gas

flow.

7. The neutralization apparatus according to claim 5, wherein

each of the ion sensors is of a rod-like shape, a straight shaft direction
of the ion sensor is parallel to a gas injection direction, and the straight shaft of
the ion sensor is mounted such that the extension of the discharge needle of
the plus electrode and the extension of the discharge needle of the minus

electrode intersect with each other.

8. The neutralization apparatus according to claim 6, wherein

each of the ion sensors is of a rod-like shape, a straight shaft direction
of the ion sensor is parallel to a gas injection direction, and the straight shaft of
the ion sensor is mounted such that the extension of the discharge needle of

the plus electrode and the extension of the discharge needle of the minus
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electrode intersect with each other.

9. The neutralization apparatus according to claim 1 or 2, wherein

both the plus electrode and minus electrode have the same
mechanical structures,

each of the plus electrode and the minus electrode includes

an electrode holder which is an electrical insulator and which is
mechanically connected to the neutralization apparatus main body,

a conductive portion disposed in the electrode holder, and

two discharge needles which are electrically connected to the
conductive portion, and wherein

the two discharge needles are inclined in a form of aa-shape.

10. The neutralization apparatus according to claim 1 or 2, wherein

an end plus electrode and an end minus electrode disposed on ends
have the same mechanical structures,

each of the end plus electrode and end minus electrode includes

an electrode holder which is an electrical insulator and which is
mechanically connected to the neutralization apparatus main body,

a conductive portion disposed in the electrode holder, and

one discharge needle which is electrically connected to the conductive
portion, and wherein

the one discharge needle is inclined toward the gas injection port.
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