1 [ DOCUMENT NAME] DESCRI PTION [ TI TLE OF THE | NVENTI ON] PLASMA PROCESSI NG
APPARATUS AND METHOD FOR MANUFACTURI NG THEREOF [ TECHNI CAL FI ELD] [0001]
This invention relates to an apparatus for performng a surface processing
operation such as cleaning, filmdepositing, etching, surface nodification
and the |like by plasmatizing a processingnﬁgﬁ_and jetting the plasmatized
gas onto an object to be processBdECLARA kpi ece and nmore particularly
to a so-called renote type plasma processing apparatus in which a

wor kpi ece is arranged outside a plasmatizing space. [ BACKGROUND ART]

[ 0002] The plasma processing apparatus can be classified largely into two
types; a so-called direct control type in which a workpiece is arranged in
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connected to a high frequency power source and serves as a voltage

applying electrode and the other electrode is grounded and serves as a
grounded el ectrode. A ceram c-made | ower hol der is disposed at the
underside of the electrodes. The undersurface of this holder is faced with
t he wor kpi ece. By applying an electric field comng fromthe power source
to a space fornmed between the el ectrolles, the space is turned into a 2

pl asmati'zi ng space. The processing gas is introduced into this space and

pl asmati zed. The plasmatized gas is jetted downward and applied onto the
wor kpi ece[ DO UMY TsNANMEY PESGRIBTIOM e processing of the workpiece can
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processi nTBEHNICAIL FIBED)r ocessi ng gas reaches the workpi ece is increased

and the surface processing efficiency is not sufficient. Particularly, in
case the PP@tdssing is carried out under generally nornal pressure (under
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to the  modification and the like by plasmatizing a processing gas and jetting the
~ plasmatized gas onto an object to be processed, i.e., workpiece and more
particularly to a so-called remote type plasma processing apparatus in
which a workpiece is arranged outside a plasmatizing space.
[BACKGROUND ART]
[0002]
The plasma processing apparatus can be classified largely into two
types; a so-called direct control type in which a workpiece is arranged in a
plasmatizing space between electrodes and a so-called remote type in
which a workpiece is arranged outside a plasmatizing space.
[0003]
As one example of the remote type plasma processing apparatus,
Patent Document 1 discloses an apparatus having a vertical planar
configuration with a pair of electrodes arranged one on its right side and
the other on its left side in an opposing relation. One of the electrodes is
connected to a high frequency power source and serves as a voltage
applying electrode and the other electrode is grounded and serves as a
grounded electrode. A ceramic-made lower holder is disposed at the
underside of the electrodes. The undersurface of this holder is faced with
the workpiece.
By applying an electric field coming from the power source to a

space formed between the electrodes, the space is turned into a
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wor kpi ece, with a result that inferior processing and damage of the

wor kpi ece tend to occur. Particularly, under generally normal pressure, an
arc discharge is liable to drop. Modreover, there is such a fear that the
wor kpi ece i's adversely affected by the electric field comng fromthe

el ectrodes. [0005] That is, in this kind of renote type plasma processing
apparatus, in case the dlstance bet wegn t he el ectrodes and the workpi ece
is short, an arc discharge is |liable to drop onto the workpiece. In
contrast, in case the distance is long, the plasna gas hardly reaches the
morkplecephﬁduﬁuhegepmﬁe Thhewgmmwﬂs§gmgmehhmduem&yﬂnshdeqneagmd Thi s
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the power cawbecansedleut.hr ough an insul ating nenber. The netal plate is
el ectrical| Q‘fﬂrounded. This nmetal plate is faced with the workpiece. A
B%\Q/ connected to the downstream of a pl asmatizi ng space is
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at least a portion equal to the thickness of the ceramic-made lower holder.
Because of this reason, the ratio of deactivating the processing gas until

the processing gas reaches the workpiece is increased and the surface
processing efficiency is not sufficient. Particularly, in case the processing
is carried out under generally normal pressure (under pressure in the
vicinity of atmospheric pressure), the deactivating ratio is further
mcreased and the efficiency is further decreased. On the other hand, in
case the lower holder is excessively thin, an arc discharge is liable to drop
onto the workpiece when the electrodes are brought closer to the
workpiece, with a result that inferior processing and damage of the
workpiece tend to occur. Particularly, under generally normal pressure, an
arc discharge is liable to drop. Moreover, there is such a fear that the
workpiece is adversely affected by the electric field coming from the

- electrodes.
[0005]

That is, in this kind of remote type plasma processing apparatus, in
case the distance between the electrodes and the workpiece is short, an arc
discharge is liable to drop onto the workpiece. In contrast, in case the
distance is long, the plasma gas hardly reaches the workpiece and
therefore, the processing efficiency is decreased. This tendency is
significantly appeared to the plasma processing particularly under

generally normal pressure.



surface of the netal plate are flush with one another. The plasmati zi ng
space, the lead-out path and the jet port are straightly connected to each
other, and the flow path section area is entirely uniform The processing
gas plasmatized in the plasmati zing space is jetted out through the jet
port via the |ead-out path. By doing so, arc discharge can be prevented
from occurring to the workpi ece. Mrebver, since the plasnatizing space
can be brought closer to the workpiece, the processing efficiency can be
enhanced. Moreover, the electric field can be shi el ded between the

el ect rodef)08d6d t he workpi ece by the netal plate, the electric field can be
prevented from | eaking.to .the rkplece a.fﬂthe wor kpi ece can be prevented

from bei ng subifeCE¥HC @eaﬁ‘ﬁfé’tes e fpRYEtY of Rateat BlocpmentiZeisq. [ pat ent
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[0007] 4 In the apparatus of the Patént Docunment 2, if there is a
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' A jet port connected to the downstream of the lead-out path is formed in

the metal plate. A plasmatizing space forming surface of the electrode, a

lead-out path forming surface of the insulating member and a jet port edge

surface of the metal plate are flush with one another. The plasmatizing

space, the lead-out path and the jet port are straightly connected to each

other, and the flow path section area is entirely uniform. The processing

gas plasmatized in the plasmatizing space is jetted out through the jet port

via the lead-out path. By doing so, arc discharge can be prevented from

occurring to the workpiece. Moreover, since the plasmatizing space can

be brought closer to the workpiece, the processing efficiency can be

enhanced. Moreover, the electric field can be shielded between the

electrodes and the workpiece by the metal plate, the electric field can be

prevented from leaking to the workpiece and the workpiece can be

prevented from being subjected to adverse effect of the electric field.

[Patent Document 1] Japanese Patent Application Laid-Open No. H09-

92493

" [Patent Document 2] Japanese Patent Application Laid-Open No. 2003-

100646

[DISCLOSURE OF THE INVENTION]

[PROBLEM TO BE SOLVED BY THE INVENTION]

[0007]




are generated and the processing quality may be degraded. The pl asmati zi ng
space form ng surface of the electrode, the |ead- out path form ng surface
of the insulating nmenber and the jet port edge surface of the netal plate
are not necessarily flush with one another. Instead, those surfaces nmay be
mutual Iy protruded or withdrawn so that an electric discharge occurable
fromthe el ectrodes and the insulatingtd nmenber can be prevented from
occurring to the conductive nenber, etc. and the insulating nmenber can be
protected. In the alternative, sharpness of the processing gas flow can be
adj usted to a Hetierapparatmslofithe Patgntridociinent 2 pik thertehis semtoivisionroda. [ 0008]

The present invention has been nade in yiew of the abgve- tioned
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_ conduct i veunp rivang syrfake of the ifsuddting member and the jet port edge 1
surface of the metal plate are not necessarily flush with one another.,

Instead, those surfaces may be mutually protruded or withdrawn so that an
electric discharge occurable from the electrodes and the insulating

member can be prevented from occurring to the conductive member, etc.

and the insulating member can be protected. In the alternative, sharpness

of the processing gas flow can be adjusted to a desired level by varying

the flow path section area.

[0008] |

The present invention has been made in view of the above-
mentioned situation. It is, therefore, a main object of the present invention
to prevent damage of an msulating body and discharge from occurring and
‘to enhance the processing quality in a remote type plasma processing
apparatus m which a conductive member is provided on the side to be
directed to a workpiece of an electrode through an insulator.

[MEANS FOR SOLVING THE PROBLEM]
[0009]

The first feature of the present invention resides in an apparatus for
processing the surface of a workpiece, by jetting a plasmatized gas passed
through a plasmatizing space (plasma generating space) onto a workpiece
arranged outside the plasmatizing space, comprising an electrode for

forming the plasmatizing space; a conductive member having electric field



5 shielding and di scharge preventing properties and arranged in such a
manner as to shield the side of the electrode which is to be directed to
the workpiece in a state that said conductive nmenber is electrically
gounded; and an insul ati ng nmenber conposed of an insul ator interposed
between the electrode and the conductive nenber, the insulating nenber
having such a dielectric constant andda thickness that the voltage between
the insulating nmenber and the conductive nmenber does not reach the
sparking voltage level i.e., not subjected to dielectric breakdown (see
FIGS. 1 tsimeldjhg3nd dischdrgatpueecmimgppraeirtes and atiaaped igapch a f or med

b he insul ati mbe. h i ve. )
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such as an arc (sparki r;g% di scharge can be prevented from occurring
bet ween t Hie ¢lgstipde and the spaducitve membern the subatmgmemberthaying he
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dielectric, and the insulating nenber is on the si of said
wor kpi ecespdrkite velthgaldied i ectrdtaubgmtedtdGdielgctricrbreakddwndses t he
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between the insulating member and the conductive member, and the
dielectric constant and the thickness of the insulating member are
established such that a voltage applied to this gap becomes smaller than
the dielectric breakdown voltage so that the expression (2) as later
described is satisfied. Owing to this arrangement, an electric discharge
such as an arc (sparking) discharge can be prevented from occurring
between the insulating member and the conductive member. Thus, the .
processing quality can be enhanced.
[0010]

It is accepted that the electrode is provided at the plasmatizing
space forming surface and the surface on the side to be directed to the
plasmatizing space with a solid dielectric, and the insulating member is
laid on the side of said workpiece of the solid dielectric (see FIG. 1). In

- that case, the dielectric constant and the thickness of the insulating
member are determined by taking into consideration of the dielectric
constant and the thickness on the workpiece side portion of the solid
dielectric. The solid dielectric on the workpiece side and the insulating
member may be integrally constructed. The solid dielectric on the
workpiece side may be regarded as a part of the “insulating member”.
[0011]



menber are determ ned by taking into consideration of the dielectric
constant and the thickness on the workpiece side portion of the solid
dielectric. The solid dielectric on the workpi ece side and the insul ating
menber may be integrally constructed. The solid dielectric on the

wor kpi ece side may be regarded as a part of the "insulating nmenber”.
[0011] 6 It is desirous that the insubating nenber includes a surface
directed to the electrode, a surface for form ng a processing gas | ead-out
path connected to the plasmatizing space, and a surface directed to the
conduct i ve nenites desirows that theirfsolater: hetmesmincheles arfuabeedliredtedd to t he

el ectrode, and the surface . formng the | ead-out path nd a corner is forned
bet ween tWet%&fﬁ?%%éj@r,@rwrﬁ@cqﬁ)‘éqgé%l%atprﬁa@%%aa% radsRutbate di rected to
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el sewher egondiictivieembarbee! a cobaidrds ifotmed betwasieie fipfardlibaiteged thdre
surface directed to the el ectrode and the | ead-out path form ng surface of

t he i nsul elertrgdeangdhe surfage fprmingithsdendumt patthgndr premenys fomped and

ticl b ted fr ting., By ,the | atter,.chanfering,
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chanfered, it is desirous that the corner formed between the surface
di rect ed (inchidengreund obamdening hadlsqadrochampfirmg)dses EHGsOr saveli s nore

headi |y chanfered th t he .corner, forned between the | ead-out path
Y o gfsew%ere). aﬁy the former chamfering, tﬁe corner ormeg%etween EL)he

surface directed to the electrode and the lead-out path forming surface of
the insulating member can be prevented from being broken by plasma and
particles can be prevented from generating. By the latter chamfering, an
electric discharge can reliably be prevented from occurring between the
msulating member and the conductive member. In case two corners are to
be chamfered, it is desirous that the corner formed between the surface
directed to the electrode and the lead-out path forming surface is more
headily chamfered than the corner formed between the lead-out path
forming surface and the surface directed to the conductive member. The
Jet port edge surface of the conductive member is desirously located in the
generally same position as the boundary between the surface directed to
the conductive member and the lead-out path forming surface of the
msulating member or in a position withdrawn therefrom. Owing to this
arrangement, an electride discharge can reliably be prevented from
occurring between the insulating member and the conductive member.
[0012]

It 1s desirous that the dielectric constant and the thickness of the
insulating member are established such that the voltage applied between
the msulating member and the conductive member becomes smaller than

the sparking voltage irrespective of the separation distance, i.e., the




formng surface and the surface directed to the conductive nenber. The jet
port edge surface of the conductive nenber is desirously located in the
general ly sanme position as the boundary between the surface directed to

t he conductive nenber and the | ead-out path form ng surface of the

i nsul ating nmenber or in a position withdrawn therefrom OsMng to this
arrangenent, an electridc discharge cah reliably be prevented from
occurring between the insulating nmenber and the conductive nenber. [0012]
It is desirous that the dielectric constant and the thickness of the

i nsul at i nguckadssofar gapefiraidd bétedcesuthie inbatatingensmbeagad gl | ed bet ween

t he insulatufg menber _and t he con&actlve menber becones snﬁller than the
spar ki ng Yt ¢j ipepdsEc (Yo e agepgemenbnglseircdischarge the 7

thickness e conducti ve
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menber and the conductive menber even if the separation st ance,

t he thi ckdstmncef 1. f:héh@&pcbmsmeﬁﬂm@p betweanithg nnmdatgmg mmmbemmd,onduct i ve
nmenber is,varie
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desirous that even if the i1 nsulating and the conductive nmenber are
so tight| sepratohdistancesaeh thidleress béthagapapexpedted bele tdteuntedt ieen, the
A el oot & fQirous that cven 115he Msalating member and the condubtive member

are so tightly attached to each other that no gap is formed therebetween,

the dielectric constant and the thickness of the insulating member are

established such that the voltage applied between the insulating member

and the conductive member becomes smaller than the sparking voltage

irrespective of the thickness d of the imaginary gap which is imagined as

being formed between the insulating member and the conductive member.

In case a gap having the thickness d is formed between the insulating

- member and the conductive member, even if the thickness d is somewhat

increased or decreased, 1.e., irrespective of variation of the thickness d, the

dielectric constant and the thickness of the insulating member are

desirously established such that the voltage applied between the insulating

member and the conductive member becomes smaller than the sparking

voltage (see FIG. 3).

[0013]

- It is desirous that an experiment(s) for nieasuring the sparking
voltage is carried out and based on the measured data wherein a spark
occurs at a lower level than the average, a relation of the sparking voltage
1s obtained with respect to the separation distance between the insulating
member and the conductive member, i.e., the thickness of the gap formed

between those two members. By doing so, an electric discharge such as



established such that the voltage applied between the insul ating nenber
and the conductive nenber becones snmaller than the sparking voltage
irrespective of the thickness d of the imginary gap which is inmagi ned as
bei ng forned between the insulating nenber and the conductive nenber. In
case a gap having the thickness d is formed between the insulating nenber
and the conductive nenber, even if the8thickness d is sonmewhat increased
or decreased, i.e., irrespective of variation of the thickness d, the
dielectric constant and the thickness of the insulating nenber are _
desi r ous| ynest ddhahedcauniore raliablyebe preaemptedhfipin edelpeingeleetwicdea i nsul ati ng

menber and the conductive ne r beconmes smal |l er than the sparking voltage
(see FIG %ﬁmsfd&iw member %’gjsbﬁ}edi%“ﬁﬁélt‘fedﬁe Briment (s) for nmeasuring the
spar ki ng H@Mﬁge is carried out and based on the nmeasured data wherein a

spark cc[,urs t a lower level than the average, a relation of the sparking

vol tage is oblgisrdsh wtddptédanache idsli®rieRapadddbetdicehange between the
i nsul ating. nmenber and the conductive nenber, i.e., the thickness of the

gap for neéleatsdrean] thecmdugtivesnvaber iBgoposed b2 gas layact ri ¢ di schar ge

h 8 . di sch ) |iably be prevented.,fromoccurrin
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conductive nenber 1s’’conpose a gas rayer
~ gas layer is established such that the voltage applied between the electrode

and the conductive member becomes smaller than the sparking voltage.
Owing to this arrangement, an electric discharge such as an arc (sparking)
discharge can be prevented from occurring. |
[0015]

In the gas layer interposing construction, it is desirous that the solid
dielectric is provided to the plasmatizing space forming surface and the
surface on the side to be directed to the workpiece of the electrode (see
FIG. 7), the gas layer is defined by the workpiece side solid dielectric and
the conductive member, the thickness of the gas layer is established such
that the voltage applied between the workpiece side solid dielectric and
the conductive member becomes smaller than the sparking voltage.
[0016]

At the time of manufacturing/designing the gas layer interposing
construction, it is desirous that the thickness of the gas layer is established
such that the voltage applied between the workpiece side solid dielectric
and the conductive member becomes smaller than the sparking voltage
irrespective of the separation distance between the electrode and the
conductive member. Owing to this arrangement, an electric discharge
such as an arc discharge can reliably be prevented from occurring even if
the separation distance between the electrode and the conductive member

is varied. It is enough if the above-mentioned establishment is effective



(hereinafter referred to as the "gas |layer interposing construction" (see
FIGS. 7 and 8)) instead of the insulating nenber and the thickness of this
gas layer is established such that the voltage applied between the

el ectrode and the conductive nmenber becones smaller than the sparking
voltage. Oamng to this arrangenent, an electric discharge such as an arc
(sparking) discharge can be prevented9from occurring. [0015] In the gas

| ayer interposing construction, it is desirous that the solid dielectric
is provided to the plasmatizi ng space form ng surface and the surface on

t he side tothhe adiangetirdvliiohtthe vaniakiphedfahefscphratiehalittaade if sggectéd G 7) ,
the gas layer is defined by the workpi ece side solid dielectric and the
conductivg)ﬁ%ﬁﬁé??edhe t hi ckness of the gas. layer is established such that
the volta gﬁglied bet ween the workpi ece side solid dielectric and the
conductiv er beconmes snaller than the sparking voltage. [0016] At the

time of manufagk k¢ Natdles dedibhthd/itnadectlifi8the Rk TARY iRGrpSHRAST ruction, it
is desirous that the thickness of the gas |layer Is €stablished™ such that
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prevented from occurring between the electrode and the conductive

member.

[0018]

It 1s desirous that the conductive member includes a surface directed

to the insulator, an edge surface for forming the jet port connected to the

plasmatizing space and a surface to be directed to the workpiece, a corner

1s formed between the surface directed to the insulator and the jet port

edge surface and a corner is formed between the jet port edge surface and

the surface to be directed to the workpiece, and at least the former corner

1s chambered (including round chamfering and square chamfering). It is

more desirous that the jet port edge surface is rounded toward the surface

directed to the insulator and the surface to be directed to the workpiece

(see FIG. 9, as well as elsewhere). Owing to this arrangement, an electric

discharge can more reliably be prevented from occurring between the

electrode and the conductive member or between the insulating member

and the conductive member.

[0019]

The second feature of the present invention resides in an apparatus
for carrying out plasma processing by plasmatizing a processing gas and

jetting the plasmatized gas onto a workpiece, the plasma processing



9 wthin a range in which the variation of the separation distance is
expected to be occurred. [0017] At the time of designing/ manufacturing
the gas | ayer interposing construction, it is desirous that an
experinent(s) for neasuring the sparking voltage is carried out and based
on the measured data wherein a spark occurs at a |lower |evel than the
average, a relation of the sparking \d tage is obtained with respect to
the thickness of the gas layer. By doing so, an electric discharge such as
an arc discharge can nore reliably be prevented fromoccurring between the

el ect r odeapparatinec@aprivtly e elesnbds striORiStohdpossd d€aipagustt hat the
conductive nenber ingludes a surface directed to the insulator, an edge
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directed to the workpiece, and at |east the fornmer corner is chanbered
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that the jet r{ edge surface.is roupded toward the surface directed to
the. i noul Sremdady ot dnsen e insSmiosed Petveen PIREL"RRF KPHERES ddee FI G o,
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part (first insulator) for forming a processing gas lead-out path (jet path)
connected to the downstream of the plasmatizing space and a second
insulating part (second insulator) separately arranged on the reverse side
of the first insulating p'art lead-out path side (see FIG. 11, as well as
elsewhere).

[0020]

Owing to the above-mentioned arrangement, when the first
insulating part of the insulator is broken by plasma, only the damaged
insulating part may be replaced and the entire insulator is not required to
be replaced. Moreover, only the first insulating part may be composed of
a plasma resistance material and the entire insulator is not required to be
composed of a plasma resistance material. As a result, the material cost
can be reduced. The conductive member and the insulator (at least the
first insulating part) may be contacted with each other. By doing so,
electric charge can be prevented from being accumulated on the insulator.
[0021]

The first insulating part is desirously composed of an insulating
material having a plasma resistance property. The first insulating part is
desirously composed of an insulating material having a higher plasma
resistance property than the second insulating part. Owing to this
arrangement, the lead-out path forming surface of the insulator can be

prevented from being damaged by the plasmatized processing gas. Thus,




el ectrode and the conductive nenber or between the insulating nenber and

t he conductive nmenber. [0019] The second feature of the present invention
resides in an apparatus for carrying out plasna processing by plasmatizing
a processing gas and jetting the plasmatized gas onto a workpi ece, the

pl asma processing 10 apparatus conprising an el ectrode structure conposed
of a pair of electrodes for form ng dlpl asmati zi ng space; a conductive
menber (di scharge shielding plate, discharge shielding nmenber) arranged in
such a manner as to shield the side to be directed to the workpi ece of the
el ect r odepsttrcles carebé prevetted drdrh gienereingpmatdithd pecessihgrquatitecact ri cal |y

grounded;, and, an insyl.ator interposed between the, el ectrode structure and
the condubf F%a%ﬁj;ewlaf HeSPeRE R g%cj"raﬁéﬁnbediswmm H10E PAses j nsul ati ng
part (firgL:.l I I B ' -1e path (jet

pat h) coﬁ%lélgpg(g %%tsﬁgfug@\%{wsglégelg% @?%%;ég%%sq%@}dﬁggg%agﬁa and a second

i nsul ati ngesiaficd Fmpmql/ ané theatfurk, Aeparn edmpassdpdgdoaipdrhgvélgver se side
of the first insulating part |ead-out path side (see FIG 11, as well as

el sewher einexpeosoF raaferiglt d usethebingulateneanbe deduqednigatemateritlen the first
e S e S R R S 2220
be rep|aCﬁgﬁlﬁﬁ@ﬁﬁM@@Euﬁﬁkﬁn%%@ﬂ&[rSt i nsul ating part nmay be conposed of
As an insulating material having a high plasma resistance property,
there can be listed, for example, quartz, alumina, aluminum nitride and the
like.
[0022]
The second msulating part may be composed of a gas layer such as
air (see FIGS. 17 and 21). Since the gas such as air has a good dielectric
strength, the gap formed between the electrode structure and the
conductive member can reliably be insulated. Moreover, the material cost
of the insulator can further be reduced.
[0023]
It is desirous that the electrode structure comprises an electric field
applying electrode connected to an electric field applying means (power
source) and a grounding electrode electrically grounded, and the insulator
and the conductive member are arranged in such a manner as to
coirespond to at least the electric field applying electrode of all the
electrodes. Owing to this arrangement, an arc discharge and an electric
field can reliably be prevented from leaking to the workpiece.
[0024]
The lead-out path forming surface of the first insulating part is
desirously withdrawn from the plasmatizing space forming surface of the

electrode structure (see FIG. 11, as well as elsewhere). Owing to this



a plasma resistance material and the entire insulator is not required to be
conposed of a plasma resistance material. As a result, the material cost
can be reduced. The conductive nmenber and the insulator (at |east the

first insulating part) nmay be contacted with each other. By doi ng so,

el ectric charge can be prevented from being accunul ated on the insul ator.
[0021] The first insulating part is dd&irously conposed of an insulating
mat eri al having a plasna resistance property. The first insulating part is
desirously conposed of an insulating material having a higher plasma

r esi st ancarrpnggraenty thé fimstt ineu tmenaeintieunlcahimgrepadiablyObk pyetentedi s
arrangenment, the lead-out path form ng surface of the insulator can be

pr event edTOMHRPHE d8ffhged by the plasmati zed processing gas. Thus, 11
particles We prevented from generating and the processing quality can
be enhanced.”""Wth respect to such a part, i.e., second insulating part, as

bei ng not expoRddalsd lceprad that thé cHRdudiBREmRABeriAcIdRY hdaeP! asma
resi stance property and therefore, it can be conposed of a conparatively

i nexpensi swrfaes orifarmimp tlss jetiport counerted tethe dewnsueamdfitheilead-mat eri al
b ah prachit PE afa RS Jot Bptreres Suliks if NOUIIAMGIR G BRSRADFRE 2 hi gh
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msulating part of the electrode structure (see FIG. 11, as well as

elsewhere). Owing to this arrangement, an electric discharge can be

prevented from occurring between the electrode and the jet port edge

surface of the conductive member. |

[0026]

The jet port edge surface of the conductive member may be

protruded from the plasmatizing space forming surface of the electrode

structure (see FIG. 13, as well as elsewhere), or it may be protruded from

the lead-out path forming surface of the first insulating part (see FIG. 13,

as well as elsewhere). Owing to this arrangement, the processing gas flow

can be sharpened by being reduced at the jet port and the processing

efficiency can be enhanced. The outer surface (rear surface) on the

reverse side of the jet port of the conductive member may be flush with

the outer surface (rear surface) on the reverse side of the plasmatizing

“space in the electrode (see FIG. 13, as well as elsewhere), it may be
withdrawn inward (jet port side) from the outer surface of the electrode
(see FIG. 15), or it may be protruded outward from the outer surface of the
“electrode (see FIG. 11, as well as elsewhere).
[0027]
It is desirous that the corner formed between the surface directed to
the electrode structure and the lead-out path forming surface of the first
insulating part is chamfered (including round chamfering (FIG. 19) and



The second insulating part may be conposed of a gas |ayer such as air (see
FIGS. 17 and 21). Since the gas such as air has a good dielectric
strength, the gap forned between the el ectrode structure and the
conductive nmenber can reliably be insulated. Mreover, the material cost
of the insulator can further be reduced. [0023] It is desirous that the
el ectrode structure conprises an electldic field applying electrode
connected to an electric field applying neans (power source) and a
grounding el ectrode electrically grounded, and the insulator and the
conduct i vequaeeicbandesng FiGgé8),ithesbyhfoammag adirsashamfaedrpesped to at

| ectrode of all the electrodes. Ow ng

ltgats Li L“SFféﬁSL | Cédgg?ﬂd%fqu\%gﬁggﬁisjéwlﬁa)-aﬁ)wgé@rth@ A ARIINeRHn rel i ably
be pr eve“&l%chrBQ&Arﬁgégi E&&egén.tﬁ&% %W?f | e'ﬁfeect?ci ?ogﬁaﬂ de@&‘%ohggfyl—hgm{ﬁ[&%pat h

form ng surface o rrst i nsulating par esi'rous drawn from
t he pl asnahd ZHakadRaag iR TorMhSsuffaceopihd vt iIh A&l partianUsd ure (see
FIG 11, as well as elsewhere). OMng to this 12 arrangenent, the first

i nsul at i npraventask froanbenmgebnokkendiy plasmaparsl/ pantistes ¢arobe pesvemtethmaged.

[0025] It.is also accepted that the conductive nenber includes an edge
surface fﬁpn}gm@rﬂ- he jet port connected to the downstream of the |ead-
out path, [@m_q;]t his jet port edge surface is withdrawn fromthe plasmati zi ng

It 1s also accepted that the corner formed between the lead-out path
forming surface and the surface directed to the conductiife surface of the
first insulating part 1s chamfered (including round chamfering (FIG. 19)
and square chamfering (FIG. 18)), thereby forming a second chamfered
part (see FIGS. 18 through 20, as well as elsewhere). Owing to this

- arrangement, an electric discharge can be prevented from occurring
between the first insulating part and the conductive member.
[0029]

From a viewpoint that the prevention of breakage of the corner
formed between the surface directed to the electrode structure and the
lead-out path forming surface of the first insulating part should be carried
out prior to the prevention of an electric discharge occurred between the
first insulating part and the conductive member, the first chamfered part is
desirously more heavily chamfered than the second chamfered part (see
FIGS. 18 through 20, as well as elsewhere).

© [0030]

It 1s desirous that the jet port edge surface of the conductive
member is located in the generally same position as the boundary between
the surface directed to the conductive member and the second chamfered
part of the first insulating part or in a position withdrawn therefrom (see

FIGS. 18 and 19, as well as elsewhere). Owing to this arrangement, an




space formng surface or the | ead-out path form ng surface of the first

I nsulating part of the electrode structure (see FIG 11, as well as

el sewhere). OnMng to this arrangenent, an electric discharge can be
prevented from occurring between the el ectrode and the jet port edge
surface of the conductive nenber. [0026] The jet port edge surface of the
conductive nmenber may be protruded fridimthe plasmatizi ng space formng
surface of the electrode structure (see FIG 13, as well as el sewhere), or
it may be protruded from the |ead-out path form ng surface of the first

‘i nsul at i ngleuame disdhergs Gan be,preammdlﬂommcmhlmengbeea/eerodnmﬁrato this
arrangenent, .the proces fl ow c n be sharpened by being reduced at
the j et pé‘i‘StUI%%PﬁEt%}‘f) ngglcné’ﬁfm‘é fEy can be enhanced. The outer
surface (1 gggn:gurface) on the reverse side of the jet port of the
conductivé may be flush with the outer surface (rear surface) on

the reverse si deleqforh&eﬁﬁh@@méﬂvzddﬁgthegéﬁpmIedgte@arﬁbetahﬂqﬁe stisfeee Fl G 13,
as well as elsewhere), it may be w thdrawn inward (jet port side) fromthe

out er sur idinestask tor the esingwctardef thewemdmictive Taymber is desiwopshe pr ot r uded
o S A B 85 S b BB ARHS, SRE Rl 1 | °S
2ur1ace Cpisml | g LinstioniastemiaptioR sy dlilapd gt formi
chanf er i ngutfac&dntejedaradtht3workpiece and on the reverse side of the surface

directed to the insulator directed to the workpiece is chamfered (including

round chamfering and square chamfering). Also, the jet port edge surface

is more desirously rounded toward the surface directed to the insulator and

the surface directed to the workpiece (see FIG. 20). Owing to this

arrangement, an electric discharge can be prevented from occurring

between the electrode and the conductive member or between the first

msulating part and the conductive member.

[0032]

In the second feature, it is accepted that a hole part is opened in the
conductive member, the processing gas lead-out path of the first insulating
part 1s arranged inside the hole part, a suction path serving the hole part as
a suction port 1s defined by the conductive member and the first insulating
part, and this suction path is provided as a gas layer serving as the second
msulating part (see FIG. 21). This makes it possible not only to insulate
the electrode and the conductive member but also to suck and exhaust the
processed gas. It is also accepted that one of the electrodes of the
electrode structure is coaxially and annularly surrounded with the other

- electrode, thereby forming the plasmatizing space into an annular
configuration. The lead-out path of the first member may be connected to
the entire periphery of the annular plasmatizing space.

[0033]



square chanfering (FIG 18), thereby formng a first chanfered part (see
FIGS. 18 through 20, as well as el sewhere). Omng to this arrangenent, the
corner formed between the surface directed to the el ectrode structure and
the | ead-out path form ng surface of the first insulating part can be
prevented from bei ng broken by plasma and particles can be prevented from
generating. [0028] It is also accepted5that the corner fornmed between the

| ead-out path form ng surface and the surface directed to the conductive
surface of the first insulating part is chanfered (including round _
chanf ering (FlThe tird featdrs gfidicepndsant arviengiohfre§ided ) thattther eby fornming a

. wh .
O Gt o PISGIa TS AR IATIRG BT 366 AfhgltEadge danlsaBeomatbnt ed 1 om
P6000] Ry SRR peR bl ShsIRBHE Sl 3h SR e RO HE e o T ner
formed beihwesshdittiveunbater did aaitagily ?yrbﬁade&l of }‘»ﬁﬁﬂﬁa%r et wgsnd the

e

| ead- out path form ng surface of th irst insulating part should be
carried - dls 1pandrl4;, astviall ps elsemtlicos).of an el ectric di scharge occurred
.between t first insulating part and the conductive nenber, the first
chanf eredﬂgozgré]t Is desirously nore heavily chanfered than the second

chart o d B  ACEBRtnEGonc bt At Bkaegeslacd 00501 1
an apparatus for carrying out plasma processing by plasmatizing a
processing gas and jetting the plasmatized gas onto a workpiece, the
plasma processing apparatus comprising an electrode structure composed
of a pair of electrodes for forming a plasmatizing space; and a conductive
member arranged on the side to be directed to the workpiece (jet-out side)
of the electrode structure through an insulator in a state that the conductive

- member is electrically grounded, the conductive member including an
edge surface for forming a jet port connected to the downstream of the
plasmatizing space, the jet port edge surface being non-flush with the
plasmatizing space forming surface of the electrode. That is, the jet port
edge surface of the conductive member may be withdrawn from the
plasmatizing space forming surface of the electrode (see FIG. 11, as well
as elsewhere) or it may be protruded therefrom (see FIG. 13). In case the
jet port edge surface is withdrawn, an electric discharge from the electrode
to the jet port edge part of the conductive member can be prevented from
occurring. In case the jet port edge surface is protruded, the proéessing
-gas can be jetted out sharply and the processing efficiency can be

- enhanced.

[0035]
In some instance, the plasmatizing space forming surface of the
electrode is provided with a solid dielectric layer. In that instance, the jet

port edge surface of the conductive member may be protruded from the



menber is located in the generally sane position as the boundary between
the surface directed to the conductive nenber and the second chanfered

part of the first insulating part or in a position withdrawn therefrom (see
FIGS. 18 and 19, as well as elsewhere). Onng to this arrangenent, an 14
~electric discharge can be prevented from occurring between the first

i nsul ating part and the conductive nedPer. [0031] The corner forned between
the jet port edge surface and the surface directed to the conductor of the
conductive nenber is desirously chanfered (including round chanfering and
squar e chfrehgsurigye aehthasoled dplefteicanbteadtdidesne marefostaped battheen t he j et

port edge surface and th surface directed to the workpiece and on the
reverse spﬁéﬁﬁ‘?ﬁ%sﬁ%ﬁq jung;s E(i’fttﬁef"%@trioﬁ]@ul ator directed to the
wor kpi ece is chpatg&l inﬁ‘a?jlg i : T p=Tale § % nfering).
Al so, the jet gort élggtggsur ggggﬁll%ﬂ%gp(gf%g%g#sﬁ roun%e (\)/\%ag t he

surface dofasbhd ihsulatiagimembat,at néndbe thmpeisetada gy Reeeduéloas he
wor kpi ece (see, FIG _20). Oning to this arrangenment, an electric discharge
can be praiedt Bdnfy bgcosepeseidrf bothtthe ansulpting meemberiand e t he conducti ve
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insulating part is arranged inside the hole part, a suctio at h” serving

t he hol e pamnecied to the downstream of the plasmatizing space and connected to
the upstream of the jet port. The insulating material of the part forming
the lead-out path desirously has a plasma resistance property. If the
conductive member and the insulating member are contacted with each
other, electric charge can be prevented from being accumulated on the
msulator. The gas layer may be provided on the reverse side of the lead-
~out path side of the insulating member.

[0036]

According to another embodiment of the third feature, there is
provided an apparatus for carrying out plasma processing by plasmatizing
a processing gas and jetting the plasmatized gas onto a workpiece, the
plasma processing apparatus comprising an electrode structure composed
of a pair of electrodes for forming the plasmatizing space; and a
conductive member arranged on the side (jet side) to be directed to the
workpiece of the electrode structure through an insulator including a solid
msulating member in a state that the conductive member is electrically
grounded, the insulating member including a surface for forming a lead-
out path (jet path) connected to the downstream of the plasmatizing space,
the conductive member including an edge surface for forming a jet port
connected to the downstream of the lead-out path, and the jet port edge
surface being non-flush with the lead-out path forming surface of the

insulating member. That is, the jet port edge surface of the conductive




a suction port is defined by the conductive nenber and the first insulating
part, and this suction path is provided as a gas |ayer serving as the
second insulating part (see FIG 21). This nmakes it possible not only to
insulate the el ectrode and the conductive nmenber but also to suck and
exhaust the processed gas. It i's also accepted that one of the el ectrodes
of the electrode structure is coaxiallly and annularly surrounded with the
ot her electrode, thereby formng the plasmatizing space into an annul ar
configuration. The | ead-out path of the first menber may be connected to
t he enti rmepehdrphey peowithtieavam ficdmathe lestrant pithdosmang suffacssf thss  The
ntion.resides in. that the plasmatizing

third feature of the present. jn
space formSHgatg}%WE‘é&{f@?‘ﬁbg !it avdell anelsewhereduer BanaY beor mi ng surf ace

of the in e’lﬁh het 1R conductive
menber argwﬁﬁ%a ;gleéﬁg{nrﬁggflgi? T t %@?’g\%\% zgieéigfl];@fg% %faéfggand 14, as
wel | as ehsthdoewa) an 03t disdeirge g eho bR cavdeds 1B §etqfort BEtheni rd _
feature, there s provided an apparatus for carrying out plasma processing

by pl asmaePBdugE mendsssenrgoraEsliahly betnreventeddrpmaenningd Igas onto a
o KDL e\ B SRR PBRA Jhe SO SRR ) ST
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in a statbkeehhanedte Thedustiatoe may include not only the solid insulating
member but also a gas layer such as air.
[0037]
In the third feature, the lead-out path forming surface of the
insulating member is desirously withdrawn from the plasmatizing space
forming surface of the electrode (see FIGS. 11 and 13, as well as
elsewhere). Owing to this arrangement, the insulating member can be
prevented from being broken by plasma. At least the lead-out path
forming surface in the insulating member desirously has a plasma
resistance property. Owing to this arrangement, damage can more
‘effectively be prevented from occurring.
[0038]
In the third feature, the outer surface (rear surface) on the reverse
side of the jet port of the conductive member may be flush with the outer
surface (rear surface) on the reverse side of the plasmatizing space in the
electrode (see FIG. 13, as well as élsewhere), it may be located in a
position withdrawn inward (jet port side) of the outer surface of the
electrode (see FIG. 15), or it may be protruded outward of the outer
surface of the electrode (see FIG. 11).
[0039]
In the third feature, it is desirous that the corner formed between the

surface directed to the electrode structure and the lead-out path forming



menber is electrically grounded, the conductive nenber including an edge
surface for formng a jet port connected to the downstream of the

pl asmati zi ng space, the jet port edge surface being non-flush with the

pl asmati zi ng space formng surface of the electrode. That is, the jet port
edge surface of the conductive nmenber nmay be withdrawn fromthe

pl asmati zi ng space form ng surface of l8he el ectrode (see FIG 11, as well

as el sewhere) or it may be protruded therefrom (see FIG 13). In case the
jet port edge surface is withdrawn, an electric discharge fromthe

el ect r odesuriace pbtheemsplatingongmbears chamferedooncludingeourglrber can be
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t hat i nst amargembat,jthe copmrtfoemgd batweaaehobutfhee diadieditorthe menber may be
protruded fromthe 16 front surface of the solid dielectric instead of
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air, or ibepayvdited #rom efiftifot h the insulating menber and the
i nsul atingorrerrber (see GS. 16 and 17). It is preferable that the

i nsul ati nf0%Hhber includes a surface for fornming a | ead-out path (jet path)
In the third feature, it is also accepted that the corner formed
between the lead-out path forming surface and the surface directed to the
conductive member of the insulating member is chamfered (including -
round chamfering (FIG. 19) and square chamfering (FIGS. 19 and 20)),

thereby forming the second chamfered part (see FIGS. 18 through 20).
Owing to this arrangement, an electric discharge can be prevented from
occurring between the insulating member and the conductive member.
[0041]

In the third feature, from a viewpoint that the prevention of
breakage of the corner formed between the surface directed to the
electrode structure and the lead-out path forming surface of the insulating
member should be carried out prior to the prevention of an electric
discharge occurred between the insulating member and the conductive
member, the first chamfered part is desirously more heavily chamfered
than the second chamfered part (see FIGS. 18 through 20).

[0042]

In the third feature, it is desirous that the jet port edge surface of the
conductive member is located in the generally same position as the
boundary between the surface directed to the conductive member and the
second chamfered part of the insulating member or in a position

withdrawn therefrom (see FIGS. 18 and 19). Owing to this arrangement,



connected to the downstream of the plasmatizi ng space and connected to the
upstream of the jet port. The insulating naterial of the part formng the
| ead- out path desirously has a plasna resistance property. If the
conductive nmenber and the insulating nmenber are contacted with each other,
el ectric charge can be prevented from being accunulated on the insulator.
The gas | ayer may be provided on the rdéverse side of the | ead- out path
side of the insulating nenber. [0036] According to another enbodiment of
the third feature, there is provided an apparatus for carrying out plasma
processi ngn blccpha dischiargngan be provexed dpawcaming betwern thee pl asmat i zed

gas onto a workpi ece,, the | as proceSS| apparat us conprising an

el ectrodem§wf &W@%‘Eﬁ%@e © Gy é(Frm?)m% T-ectrodes for fornming the

pl asmatlz[) pace; and a- conductlve menber arranged on the side (jet
e

side) to I'rected to the workpiece of the electrode structure through

an insul ator ihcthedhig fpatiok] dhe cossraformgdriemresn ithe _fiatiiioﬁtt edgdat the
conductive nenber S electrlcally grounded, the insu atlng menber
i ncl udi ngsertae and the sirfacs diraeted tpdhe cosductenof th wen dugtiye connected to

an-edge < DIEERR % 45 PE R P (RS o EBRRYE Y SadaR e am of ¢ he
| oad- ot B, ey o e e T "t he ] et
port edgeedge fadacoand the sorfaceta be dirgctatbrothe wonkphecanindidnahe from t he
| ead-out Peax}err]sé Side 0 ofhe %{1; ace cl(l)recte(ia to the insulator is chamfered (including

round chamfering and square chamfering). Also, the jet port edge surface

is more desirously rounded toward the surface directed to the insulator and

the surface to be directed to the workpiece (see FIG. 20). Owing to this

arrangement, an clectric discharge can be prevented from occurring

between the electrode and the conductive member and between the

insulating member and the conductive member.

[0044]

In the third feature, it is accepted that the electrode structure
comprises an electric field applying electrode connected to the electric
- field applying means and an grounding electrode electrically grounded,

and the conductive member is provided in such a manner as to correspond

to at least the electric field applying electrode of all the electrodes. Owing

to this arrangement, an electric discharge and leakage of an electric field

can reliably be prevented from occurring to the workpiece.

[0045] '

In the present invention, it is accepted that the pair of electrodes of
the electrode structure has an elongate configuration extending in the
direction orthogonal to the mutually opposing direction, the insulator and

the conductive member are extended in the same direction as the

electrodes and thus, the lead-out path and a jet port formed in the




I nsul ating nenber (see FIG 11, as well as elsewhere), or it may be
protruded therefrom (see FIG 13). In case the jet port edge surface is

Wi thdrawn, an electric discharge fromthe electrode to the jet port of the
conductive nmenber can nore reliably be prevented fromoccurring. In case
the jet port edge surface is protruded, the jetting speed of the
processi ng gas can be increased and t 28 processing efficiency can further
be enhanced. The insulator nmay include not only the solid insulating
menber but al so a gas |ayer such as air. [0037] In the third feature, the
| ead- out pendudtoreningmixunhsuchef mahoer antubatcongestedivethé s desi rously
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desi rousl yo tesmatydlhs opposiagiditeation ardper étenddd dietidon (de RIGSINPenent ,
damage can nore effectively bhe prevented fromoccurring. [0038] In the
third feathfoughinasselbas sliewdsse). r bupthsuperds) it om alsecacceptadstbat si de of t he

{rear sur Pssb of Wfde 2 EB00K futefln thE AlelbibBidegBui e s o he™
el ectr Odeo_fth@%oﬁilﬁo_ th3. mafual®/ bpssiet daWeEbR)and! the 7BYaH8, hgcated in a
position withdrawn inward (jét port Side) of the olUter surface of the
el ect r odecoBdectRraGnens)er io ﬁxtantﬁdyinlihe paote didecticuaswrecdelettroties,out er

and the jetting direction of the processing gas is directed in the direction

geperally orthogonal to the mutually opposing direction and the extended

direction. Owing to this arrangement, the jet port can be elongated and the

surface processing equivalent to this length portion can be carried out at a

time. |

[0046]

In the elongated structure, it is desirous that a spacer composed of

an insulating material is sandwiched between the respective end parts on

the same side in the longitudinal direction of the pair of electrodes, and the

conductive member is formed in such a manner as to keep away from the

boundary between the spacer and the electrodes (see FIG. 12). Owing to

this arrangement, when a surface discharge occurs at the boundary

between the spacer and the electrode, the surface discharge can be

prevented from conducting to the conductive member.

[0047]

In the present invention, the electrode can be brought closer to the

workpiece while preventing an arc discharge from occurring to the

workpiece. Accordingly, processing inferiority and damage of the

workpiece can reliably be prevented from occurring, and the plasmatized

processing gas can reliably be applied to the workpiece before the

processing gas is deactivated. Thus, the plasma surface processing



surface of the electrode (see FIG 11). [0039] In the third feature, it is
desirous that the corner forned between the surface directed to the

el ectrode structure and the | ead-out path formng 18 surface of the

i nsul ating nenber is chanfered (including round- chanfering (FIG 19)) and
square chanfering (FIGS. 18 and 19)), thereby formng the first chanfered
part (see FIGS. 18 through 20). Om ng2do this arrangenent, the corner
formed between the surface directed to the electrode structure and the

| ead-out path form ng surface of the insulating nenber can be prevented

f r om bei nefflsneioyncdrybe keabamgedanBaprudarty ethicadvarbaggpisegrent adiehrthen
generating. ., 0040] In the thlrg feature, it i s also accepted that the
corner fo ¢ HOCReURE {1 ealT i tgFWI:lﬁﬁer@ﬂ]rW&‘éém&nd t he surface

directed M?)rfeg%r %B%q#}eikyiﬁeglg%gpgge ﬁ%vtegge dj gc%]uma ?eteah(gk%ﬁ%e%er I's chanfered

(i ncluding Tround cha ering (FIGS. 19 and
20)), theoekyictoantnbe WakpaeenshnChaREpr fde Pth adseseRRt oF8hé hr ough 20) .

OM ng to this_ arrangenment, an electric discharge can be prevented from

occurri ngelsetrigebald. hn ¢assuthaionduatmperemhber ané thromwgubatingsmeothsar . [ 0041]
the cor nel TSRt eDatIBEA ALHILPR AU HEP B SanEB RIRESMSREERFode. ot ot ur e
and the | ggdaoidcunfflBtedUW MMt AEEmmBde 1 nsul ating

The term “generally normal pressure (pressure in the vicinity of
atmospheric pressure)” used herein refers to a pressure ranging from 1.013
x 10° to 50.663 x 10" Pa, preferably from 1.333 x 10° to 10.664 x 10° Pa
-and more preferably from 9.331 x 10 to 10.397 x 10* Pa when taking into
consideration of easiness of pressure adjustment and simplification of
apparatus construction.

[BEST MODE FOR CARRYING OUT THE INVENTION]
[0048]

Embodiments of the present invention will be described hereinafter
with reference to the drawings.

A first embodiment will be described. FIG. 1 is a view
schematically showing the construction of a normal pressure plasma
processing apparatus. The normal pressure plasma processing apparatus
M includes a pair of mutually opposing electrodes 31, 32. The electrode
31 1s connected with a power source 3 as a voltage applying means and
the remaining electrode 32 is grounded. Formed between the electrodes
31, 32 is a plasma generating space 30a. An electric field is applied to the
plasma generating space 30a by the power source 3, thereby bccurring a
glow discharge. A processing gas fed from a processing gas source 2 is
mtroduced into the plasma generating space 30a and plasmatized. The
processing gas thus plasmatized is sprayed onto a workpiece W or an

object to be processed located thereunder, through a jet port 40b as later




menber should be carried out prior to the prevention of an electric

di scharge occurred between the insulating nenber and the conductive

menber, the first chanfered part is desirously nore heavily chanfered than
t he second chanfered part (see FIGS. 18 through 20). [0042] In the third
feature, it is desirous that the jet port edge surface of the conductive
‘nmenber is located in the generally sa@2 position as the boundary between
the surface directed to the conductive nmenber and the second chanfered
part of the insulating menber or in a position wthdrawn therefrom (see

FI GS. 18 destribe)l. Ewidogg so tthiesvarkpaegeend sulfjdctedrioaefzicei ¢ di scharge can
be prevented fr.om qQgcurring between the insulating nmenber and the
conduct i VRIYERHEE. Qlﬁg@gg]tj;p%ppp@slsmggp@r@gpgrlgpa{rppéi eeh wrdertsimAl bet ween
the jet pglretssﬁﬁe surface and the surface directed to the conductor of the
conducti v menber is desirously chanfered (including round chanfering and
square cfG0#9qring). Mre preferably, the corner fornmed between the jet
port edge surface and the surface to be directed to the workpiece and on
the reverse shdelefdielestyofonprewdintiog thd aro didehargesfrom occursinghiant er ed

I ncl udi hanf er i hant er,i ., Al'so, the jet t
Cdge sur f DEEPAE 0GP TGROPTaLARYNE SiRaa & BURUL A SRS r bot od Lo ¢ he
| nsul at or eoes! difY HNGREASHTabE O (HGLEH AR AIEHEILPS £0P ppee FI G 20).

OmMng to this arrangenent, an electric discharge can b€ prevented from

occur ri ngthermal spraying. The thickness of the solid dielectric 33 is shown in an

exaggerated manner.
[0050]

The electrodes 31, 32 are provided at the undersurface side
(workpiece side) with an insulating member 40 composed of a solid
msulator. A processing gas lead-out path 40a connected to the
downstream side of the plasma generating space 30a is formed at the
central part of the insulating member 40.

[0051]

The msulating member 40 is provided at the underside with a
conductive member 51 composed of a metal plate. A jet port 50a
connected to the downstream side of the lead-out path 40a is formed in the

- central part of the conductive member 51. The conductive member 51 is
electrically grounded through an earthing wire 5. The conductive member
51 1s arranged on the jetting-out side of the processing gas of the
electrodes 31, 32 in order to prevent an electrode structure 30 from being
directly faced with the workpiece W. The undersurface of the conductive
member 51 on the opposite side of the electrodes 31, 32 is directly faced
with the workpiece W to be processed.

[0052]
Owing to the above-mentioned arrangement, the arc discharge can

be prevented from dropping onto the workpiece W from the electrode 31




bet ween the el ectrode and the conductive nmenber and between the insulating
menber and the conductive nenber. [0044] |In the third feature; it is
accepted that the electrode structure conprises an electric field applying
el ectrode connected to the electric field applying nmeans and an groundi ng
- electrode electrically grounded, and the conductive nmenber is provided in
such a manner as to correspond to at2Beast the electric field applying

el ectrode of all the electrodes. Oming to this arrangenent, an electric

di scharge and | eakage of an electric field can reliably be prevented from
occur ri ngandthaplagorakgssewn rdlablpbe rnathesl torthsenorkipmeentV by, it is accepted
that the pair. of .el.ectr qﬁf f the,el ectrode ructure has an.el ongate °
conf i gur aPYBEINSHEI8 H%Ri atqargsercﬁortg@tw P3¢ Gh go:tgpssttg'etmgc?ﬁﬁ%l ly
opposi ng g | ' t [ ext ended
in the saﬁgﬂgg@%ggybhgggh?ﬁé&ﬁeﬁgg?pg%%gﬁgﬁgﬁpﬁﬂg%h¥ﬁgyﬁg§§?8%?%gath and a

jetport ffometbaking hetliOwoekmidue Wy so tieatithe warkpusie W canbekeps to be
connected to the ~downstream end of the |ead-out path are extended in the

sane di r efepdrpmadhe agduemseadtodadshe elastiiedighdr Thecionguspzn membae directi on
general | vsPELSBRER g LG LY BRREL RS LSS EE (e o ended
i1 L2 socamsantedt sy hechobiwelusingy o darpshqatiandng 1 (1o
j et axis,memaber for shielding the electric field from the electrode 31.
The conductive member 51 may be provided to the underside of at
least the voltage applying electrode 31 of all the electrodes 31, 32.
[0053]
A gap 40b 15 formed between the insulating member 40 and the
conductive member 51. Air is flowed into the gap 40b under normal
pressure. The gap 40b may be positively formed in order to enhance the
msulating property or the gap 40b may be accidentally formed by somie
reason. For example, even when the insulating member 40 and the
conductive member 51, which are separately made, are merely superposed
each other, a gap i1s formed in some instance.
[0054]
The voltage Vx applicable to the gap 40b can be expressed by the
following expression. |
Vx = gaegVyp d/ 2 (eate + epta + €4 epd) (1)
wherem
d: thickness of the gap 40b, 1.e., separation distance between the
msulating member 40 and the conductive member 51,
Vp: peak-to-peak voltage of the electrode 31
ga - relative dielectric constant of the solid dielectric 33

en : relative dielectric constant of the insulating member 40




conductive nenber is extended in the sane direction as the el ectrodes, and
the jetting direction of the processing gas is directed in the direction
general ly orthogonal to the nutually opposing direction and the extended
direction. Omng to this arrangenent, the jet port can be el ongated and the
surface processing equivalent to this Iength portion can be carried out at
a time. [0046] In the elongated stru@dure, it is desirous that a spacer
conposed of an insulating nmaterial is sandwi ched between the respective
end parts on the same side in the longitudinal direction of the pair of

el ectrodes, ang t tackaesstfCthevmdeeside parsof therddctrods uf theasatichner as to
keep avvay fromthe boundary between the spacer and the el ectrodes (see
FI G 12) Cﬁ{a}Ct this arrangenent, when a surface discharge occurs at

t he boundary betwaen, th the e ode, the surface discharge

can be pr evented 1?%'&?%0%8@% ?1@ ﬁBgtrﬂsmlcb 3 ctive menber. [0047] In the

~ present inventTRg apM@beh%ctth@Qslaﬁ% d161eRE2 8B stahOSLAIr i the workpiece
while preventing an arc discharge fromoccurring to the workpiece.

Accor di ngpsglimpmacdgsehtp i hif.eriority and damage of the workpiece can

reliably B(f evented fromoccurring, and the plasmatized processing gas
can relia Qﬁoﬂe applied to the workpi ece before the processing gas is

deact vaTeC TTHEpeb AT ANT I 9 BARRERSL 1ol g oon O
for example, several kV to several tens kV.

The thickness ta of the underside part of the electrode of the solid
dielectric 33 is equal to the thickness of the side part of the plasma
generating space 30a. The relative dielectric constant €4 (i.¢., material
quality) and the thickness t4 of the solid dielectric constant 33 are set such
that a favorable glow discharge can be maintained.

[0056]

The relative dielectric constant tz and the thickness tg of the
msulating member 40 of the plasma processing apparatus M is set so as
not to allow air in the gap 40b to cause insulation breakage by taking into
consideration of the above-mentioned V,, €4 and ta. That is, if the
sparking voltage (insulation breakage voltage) in the gap 40b is
represented by Vxo, the relative dielectric constant eg and the thickness tg
are set such that the following expression can be satisfied.

Vxo> Vx = exegVypd /2 (catp + epta + eagpd) (2)

Owing to the above-mentioned arrangement, arc discharge can be
prevented from being formed in the gap 40b. Hence, the insulating
member 40 can be prevented from being baked so as not to generate
particles and as a result, the processing quality can be-enhanced and the
yield of production can be enhanced, too.

[0057]




surface processing is carried out under generally normal pressure.
Moreover, an electric field can be prevented fromleaking to the workpiece
and the workpi ece can be kept free fromadverse effect of the electric
field. In case the conductive nenber and the insulating nmenber are :
contacted with each other, an electric field can be prevented from being
accunul ated on the insulating nenber.2%he term "generally normal pressure
(pressure in the vicinity of atnospheric pressure)” used herein refers to
a pressure ranging from1.013 x 104 to 50.663 x 104 Pa, preferably from

1.333 x 104 t dntdembally the4eRaiveatidlovarie cpnethat spby tHe prudtdyl x 104 to
10. 397 x 104 Pa when taking .into consjderation of easi ness of . pressure

adj ust merfearRer 4lns| deftqﬂ@amedrbmﬁs saahquehwonl%m tedatiee digletsle MODE FOR

CARRYlNG THE | 00,
w i be doubHEy HANHEN v pbO Tk BIREF LSS D5t O BORRe. AT irst
enbodl ”En(‘re@ls'tére&@rﬁ%ﬁi‘drk?%@ass':ﬂ%utlfl 5%0% §! &Mﬁrtﬁﬁﬁ%%ﬂ&ﬁ@ ytghow ng the

construction of a normal pressure plasma processing apparatus. The nor nal
pressur e $Sagnd ynpkddsiidg, alpmatr 1 e 3.8 respecitedy a Ipmi, thexeforet ual | y

e S
o oundet Rt PR IRRRONG SHSH SR Sedfceyldhaare Senerating
by the poj#s8&ource 3, t her eby occurring a

The sparking voltage Vxo in the gap 40b can be obtained by using
the following expression (3) of the known document.

Vxo =2.4058d (1+0.328 (8d /10 1?) (3)

[Document: DENKIGAKKAI DAIGAKUKOZA,
DENRIKITAIRON, pl16,

Issued by Ohmusha]

In the expression (3), the unit of sparking voltage Vxo is “kV”, and
the unit of the thickness d of the gap 40b is ”mm” (the same is applicable
to the expression (5)). 0 represents the relative air density. If the
temperature in the gap 40b is represented by T degrees C and the pressure,
by P (mmHg), respectively, the following expression (4) can be obtained.

& =0386P/(273+T) C3)

For example, under the conditions of 20 degrees C and 760 mmHg, &=
1.00122867 is obtained. If the expression (3) at that time, in other words,
if the sparking voltage Vxo (the document value) vs. the thickness d of the
gap 40d 1s shown m a graph, it becomes as indicated by the one-dot chain
line of FIG. 3.

[0059]

However, the above-méntioned document expression 3 shows an
average and actually, it can sometimes happen that the sparking occurs at

a lower voltage than that. Therefore, the inventors attempted to newly




gl ow di scharge. A processing gas fed froma processing gas source 2 is

I ntroduced into the plasna generating space 30a and pl asmati zed. The
processi ng gas thus plasmati zed is sprayed onto a workpi ece Wor an obj ect
to be processed | ocated thereunder, through a jet port 40b as l|later 22
descri bed. By doing so, the workpiece Wis subjected to surface

processing. This surface processing o@ération is carried out under nornal
pressure. [0049] A solid dielectric for preventing the arc discharge from
occurring in the space 30a is deposited, in the formof a thin film on

t he opposfmg;nu]aterﬂmcs;mrhim(g véleagendmosntd almespm‘ss'tolnethrmgtect i ve el ectrodes

, b h | h f h li.d | [ [
chown i n” SOUGRAGHST AT B ThaAR SROWPOOSOR Th @%@%935@@8%5 35081 ¢ provi ded
at the ung@ﬁﬁ% gcl?lcdc?oqs%\ﬁr&ag\ﬁ%g cﬁél@@%nc%&ﬁktﬁﬁeags@u t! dl?[i?%}gb er 40

conposed a so proceéssing gas

connect edthlekﬁé;ses g soii€eBNoiedaitathdd e teasiRragfetadf g eﬁd@a@@e%a i's
formed at the central part of the i nsul ating nmenber 40. [0051] The

i nsul at i nglateddé onghe §0bagma§pbﬂag S1deeccnmd@(m' w the electoddddt i ve menber
51 COMPO? o P Bl etk i Sy REbeci s BRUSSE ik ki lovnt ream
dlscharge occurred in the gap 40b between each glass 49 and the
grounding metal plate 51X corresponding to the conductive member
located under the glass 49. The thickness of the gap 40b was setto d =0.5
mm. The glass 49 herein used corresponds to the solid dielectm'c 33 and
the insulating member 40 of the plasma processing apparatus. Therefore,
the thickness of the glass 49 corresponds to ty +tg. Also, g4 = sp=4.4.
[0060]
As aresult, the largest irregularity in the minus direction with
respect to the above-mentioned document value of the expression (3)
occurred when the thickness (ta + tg) was 2.9 mm. At that time, the peak-
to-peak voltage was 11.4 kV (ie., V,, = 11.4kV). By substituting this
- result for the right side of the expression (1), the following expression of
the sparking voltage Vxo with respect to the thickness d of the gap 40b
was obtained.
Vox=8.65d/(1.52d+1) - (5)
This expression (5) shows the sparking voltage Vxo at the lowest level for
spark to occur with respect to the thickness d of the gap 40b. If the
expression (5) is shown in the form of a graph, it becomes as indicated ny
the broken line of FIG. 3. As a matter of course, this broken line is
“located lower than the one-dot chain line of the document expression (3).
[0061]
In manufacture of the plasma processing apparatus M, at the time of

establishing the relative dielectric constant eg and the thickness tg of the



central part of the conductive nmenber 51. The conductive nenber 51 is
electrically grounded through an earthing wire 5. The conductive nenber

is arrang

ed on the jetting-out side of the processing gas of the

51

el ectrodes 31, 32 in order to prevent an el ectrode structure 30 from being
directly faced with the workpi ece W The undersurface of the conductive

menber 51 on the opposite side of the2dl ectrodes 31, 32 is directly faced

with the
_arrangene

wor kpi eceindidatorg tieentedretl, thel expicsdion éndi.thehebpatingasltagn Vel atabl y be

reached t
wor kpi ece
t he el ect
t hat the

electric:
preventiv

wor kpi ece Wto be processed. [0052] Oning to the above-nentioned.

nt, the arc discharge can be prevented from dropping on

S o S S B b o b o e
[kt SO0 5, IR 0Slor M SRS V05 g

ihekiskr ofifotahe dupidsdeo IR satibfied OBt ddinbes, andlsaiiar ge

e nmenber for preventing the occurrence of discharge such as arc

to the

o the
reover,
e W so
’t he

di schar gedtschargeefusbtas an arcedigchmigesl ainngorereetiahly berpretentediingmt he el ectric

ided to
[l the

field fromthe. el ecthr odezf . The conductive nenber 51 may be prov

the under SFEREFTHE W the|8ap4UBhe vol t age applying el ectrode 31 of a

el ectrodefo(%z]], 32. [0053] A gap 40b is forned between the insul ating
~menber 40 and the conductive nmenber 51. Air is flowed into the gap 40b
under nor

mal  As shown in FIG. 3, the curved line (solid line of FIG. 3) indicating

the voltage Vx expressed by the expression (1) is entirely (or partly in the

range which d can take) lower than the broken line indicating the sparking

voltage at the lowest level of the expression (5) on the graph. The lowest
limit is preferably that the value of the voltage Vx with respect to the
thickness d becomes, for example, 0.8 to 0.9 times the value of the
sparking electrode Vxo in the same thickness d. Owing to this
arrangement, an electric discharge such as an arc discharge can be
prevented from occurring in the gap 40b irrespective of the thickness of
the gap 40b. This is particularly effective in such a case where the gap
40b 1s accidentally formed by one or other causes and the thickness d of
the gap 40b is difficult to anticipate.
[0063]
The solid line of FIG. 3 is subjected to the following conditions.
material of solid dielectric 33: alumina (e4 = 7.5), thickness: ty =

0.5 mm

material of insulating member 40: alkari glass (eg = 7.0), thickness:

tg=6.2 mm _
mterpeak voltage: V=13 kV
[0064]

Of course, in case the thickness d is known when the gap 40d is

positively formed, it is good enough if the expression (2) is satisfied in



pressure. The gap 40b may be positively fornmed in order to enhance the

I nsul ating property or the gap 40b may be accidentally fornmed by sone
.reason. For exanple, even when the insulating nenber 40 and the conductive
menber 51, which are separately made, are nerely superposed each other, a
gap is forned in sone instance. [0054] The vol tage Vx applicable to the gap
40b can be expressed by the follow n@2&xpression. Vx = EACBVPP d / 2 (
eAtB + EBtA + CA Bd) (1) wherein d: thickness of the gap 40b, i.e.,
separation di stance between the insulating nmenber 40 and t he conductive
menber 51 thivRRrtipeak thickpessd.vBlefagmgbadlhe dleeptapbdd HG.GAit isrel ati ve
dielectric cqonstant qf the solid dielectric 33 eB relative dielectric

const ant gpoawq%gu?am Heltaghear lme iplocates lower then dhe lgwestevelnder si de

msul at 1 ngoHRE Vol R e ap1tdbe o£UES FRkbcar ibhors  WERTBE teCnt ant o

air is predinffyparily set to "i". [0055] The peak-to-peak voltage pp is
established.to"a value in a range of, for exanple, several kV to several
tens W [0065]
It 1s desirous that a spreadsheet software with a graph preparing
function which can be executed by a calculating machine such as a
personal computer is preliminarily obtained and the above-mentioned
expressions (1) and (5) are preliminarily stored in this machine so that a
graph as in FIG. 3 can readily be drawn using &4, €g, ta, tg, ¢tc. as
parameters. Owing to this arrangement, the above-mentioned judgment
can easily be made. _
It is also accepted that instead of the lowest level sparking voltage
Vxo (expression (5)), the relative dielectric constant sg and the thickness
- tp of the insulating member 40 are obtained based on the average sparking
voltage Vx (document expression (3)).
[0066] |
FIGS. 4 through 6 show one embodiment of a specific structure of a
normal pressure plasma processing apparatus.
This plasma processing apparatus M1 comprises a workpiece feed
mechanism 4, a plasma nozzle head 1 supported on a mount table (not
shown) in such a manner as to be located above the feed mechanism 4,
and a processing gas source 2 and a power source 3 which are connected
to this nozzle head 1.
[0067]
Processing gases in accordance with requirements of various kinds
of processing are reserved in the processing gas source 2. For example, as
‘processing gases for plasma cleaning, a pure gas of N» or a mixed gas of

N, and a fine amount of O, is reserved there. Those gases may be



The thickness to of the underside part of the electrode of the solid
dielectric 33 is equal to the thickness of the side part of the plasna
generating space 30a. The relative dielectric constant EA (i.e., material
quality) and the thickness to of the solid dielectric constant 33 are set
such that a favorable gl ow di scharge can be naintained. [0056] The
relative dielectric constant tB and t2® thickness tB of the insulating
menber 40 of the plasma processing apparatus Mis set so as not to allow
air in the gap 40b to cause insul ation breakage by taking into

consi der atgservaf i the lapndestaenoi thaed sijtpbleEAnannt 6PgasTtat bés, if the
sparkinng voltage (insulation breakage voltage) in the gap 40b is

r epr esent %WHﬁfaWo‘?acilﬁémpel ative dielectric constant EB and the thickness
tB are s Qzﬁsg,jch that the foll owi ng expression can be satisfied. Vxo > Vx =
EAEBVppd (EAtB + EBtA + EAEBd) (2) OmM ng to the above-nentioned

arrangenent, aThe Posaotfcs 3duRputsPIingste! s pmReliRghigh med in the gap
40b. Hence, the insulating nenber 20 can be p_r?\ﬁ}lent_ed fr%{m bei ng baked so
as not tofiggneney woltpge.t licisalesands deatatheasung timdialiingdensiofighsual i ty can
be enhanced, and el d, of

| nci dent ap}llﬁe B4 hifse?‘{a/ S%seﬂ’&ieé&églgr ' ‘%:lhggF?g{asgmt eeéggg]f? Cﬁg@"tﬁg@.ﬁé%ﬁg?]@ﬁger
10 L3 SeLapmuodoa R alyanghibiy S1e s i tiehihe constan
- of the voltage may be a sine-form instead of the pulse-form. As
mentioned in the schematic construction, the peak-to-peak voltage V,, is
determined in the range of several kV to several-tens kV. Here, it is
established, for example, as V,, = 14 [kV]. |
[0069]
As shown m FIG. 5, the feed mechanism 4 includes a plurality of
- rollers 4a which are horizontally arranged side by side. A plate-like
workpiece W having a large area is loaded on those rollers and fed
leftward and rightward. A gas plasmatized by the nozzle head 1 is
sprayed onto this workpiece W and a plasma surface processing such as,
for example, cleaning is carried out. It is, of course, accepted that the
workpiece W 1s fixed and the nozzle head 1 is movable.
[0070]

The plasma nozzle head 1 of the plasma processing apparatus M1
will be described in detail.

The nozzle head 1 comprises an upper gas rectifier 10 and a lower
discharge processor 20. The nozzle head 1 is extended in the back and
forth direction orthogonal to the paper sheet surface of FIG. 5.

[0071]
The gas rectifier 10 includes a container-like main body 11 which is

elongated in the back and forth direction. A pipe unit 12 is received in

this main body 11. The pipe unit 12 includes a pair of left and right pipes




(registered trademark) glass, about 4.5 to 5.0; quartz glass, about 3.5 to

4.5; and vinyl chloride, about 3.0 to 3.5, respectively. It is, therefore,

desirable that after the material quality is determ ned, the thickness tB

is established in accordance with its relative dielectric constant eB.

[ 0058] The sparking voltage Vxo in the gap 40b can be obtained by using

the following expression (3) of the k@dfwn docunent.

Vx0=2. 405Sd( 1+0. 328(Sd/ 10- U2) (3) [Docunent: DENKI GAKKAI DAl GAKUKQOZA,

DENRI KI TAI RON, pl116, |ssued by Chnusha] In the expression (3), the unit of

spar ki ng V3J thged vqmii of tptr amdtowthpipertidldefs 1hel4 forcdandsdchingly t he gap
e to.the expressigon (5)). 6 represents

40b is "mM' (the sane is I ¢gbl
t he IrZI a-%n‘})]él &Qﬁ@rﬁpﬁyﬁfﬁgtﬁ@e Pigspnhi 2 isexiendsd m ke 39Bei s represent ed

expr esar oot eaho LB thdfgfh BOR . STRY sFishR Ao BERERAY B e gliRed 2 P ™
under t heingonediotuis aold [dveiadiagdtserS 1aad1 76 By thEpipSunit 12.08322867 is

obtained. |If the expression (3) at that tine, in other words, if the
spar ki ng $wagde F\I'ﬁipS-(“ltmEd Goawmlat portl Lis) of/the pipe 1BHjomlerdsbe pipds t he gap

402 | ShPun N B 4y bocpres oL ol bl e onegdo chain 1o
an rectifier 10 and an inlet port 13a of the other pipe 13 is disposed at the

other end part. End parts on the reverse side of the end parts on the ports

13a, 13a side of the respective pipes 13, 13 are choked with plugs,

respectively.

[0072]

The gas supply tube 2a extending from the processing gas source 2
1s branched into two. Those two branch tubes are connected to a front end
part of the pipe 13 and a rear end part of the other pipe 13, respectively.
The processing gas fed from the processing gas source 2 is introduced into
the two pipes 13, 13 via the tube 2a and flowed in the mutually reverse
directions within the pipes 13, 13. A hole 11e is formed in the upper part
of each pipe 13 and the upper pipe holder 14 in such a manner as to extend
m the back and forth longitudinal direction. A plurality of holes 11e may
be arranged at short intervals in the back and forth direction in a spotting
state and they may be extending in the back and forth direction in a slit-
like state. The processing gas in the pipes 13, 13 are leaked into the upper
chamber 11a through this hole 11e. Thereafter, the processing gas is
flowed into the lower chamber 11b through slit-like gaps 11c on the two
sides of the pipe unit 12. Owing to this arrangement, the processing gas

. can be made uniform in the longitudinal direction.
[0073]

The discharge processor 20 of the plasma nozzle head 1 will now be

described. |



average and actually, it can sonetines happen that the sparking occurs at

a lower voltage than that. Therefore, the inventors attenpted to newy 26
formul ate the sparking voltage Vxo into an expression through
experinent(s). That is, as shown in FIG 2, glasses 49 having the sanme
relative dielectric constant (relative dielectric constant = 4.4) but
different thicknesses were, one by oAd, attached to the undersurface of an
el ectrode plate 3 1X on the voltage applying side corresponding to the

el ectrode 31, and the peak-to-peak voltage VPP was checked at the tinme the
sparking di schashewacioul@bl § andife theadisthbrdreproeesscrdthinglhedess at0 and t he
‘groundi ng netal, plate 5 corresppnding.to e condyctive r |located
under theelgpgggegjgpcsmg ?Q}‘RH%%%PBga %%]:9%4@'5?% tg]ig:ptrpggggi,o_g, mm
The gl ass ' d ' gl ectric 33 and the

I nsul ati n%f’rre %?lb%éf?ﬁ ]fcﬁg{adﬁgﬁgﬂ%%e?é@ﬁn%%%%ﬁa@us. Therefore, the

t hi cknessf(if74flhe gl ass 49 corresponds to to + tB. Also, CA = EB = 4.4.
[0060] As a result, the largest irregularity in the mnus direction with
respect to theEagbelectedeiidndd iasompancdal ueonduative materid shoh ag3)

Cospeak vithsbifs, MEEECGebt A toled B g Sl Corimian in FEpidf e s
resul t foFa¢ieldcu@de 3,32 Riliddaelyexnehdsd o thelback fed F&¥th AcREoRXPr €SSi on
of the sparking voltage Vxo with respect to the thickness d of the gap 40b
was obt ai oghogaiead te the @aper slicetSadfaee f HIE). 5. The corners of each
electrode 31, 32 are rounded in order to prevent an arc discharge from
occurring. A plasma generating space 30a is formed between the
electrodes 31, 32 and extended in the back and forth direction in a slit-like
state. The thickness (distance between the electrodes 31, 32) of the
plasma generating space 30a is, for example, 2 mm. A solid dielectric 33
composed of alumina having, for example, a relative dielectric constant g,
~ =7.5 is deposited, in the form of a thin film, on the opposing surfaces and
upper and lower surfaces of each electrode 30 by thermal spraying after
“those surfaces are subjected to sand blast processing . The thickness t, of
the sohid dielectric 33 is, for example, t, = 1 mm.
[0075]
In FIG. 5, reference numeral 3a denotes a feeder wire leading from
the power source 3 to the voltage applying electrode 31, and reference
numeral 3b denotes an earthing wire leading from the grounding electrode
32. Reference numeral 30c denotes a refrigerant path for adjusting the
electrode temperature (not shown in FIG. 6).
[0076]
The holder 21 for the electrodes 30, 30 comprises an upper plate 22,
a pair of left and right side plates 23, a pair of left and right angle
members (angle holders) 24, and a lower part 50 (not shown in FIG. 4).

Each angle member 24 is composed of an insulating resin and formed in




Thi s expression (5) shows the sparking voltage Vxo at the | owest |evel for
spark to occur with respect to the thickness d of the gap 40b. If the
expression (5) is shown in the formof a graph, it beconmes as indicated by
the broken line of FIG 3. As a matter of course, this broken line is

| ocated | ower than the one-dot chain |ine of the docunent expression (3).
[0061] In manufacture of the plasma pBdcessing apparatus M at the time of
establishing the relative dielectric constant 6B and the thickness tB of
the 27 insulating nmenber 40, the expression (5), i.e., the sparking

vol t age Vamimterteadhb-shapesn sketven. Theusnde ascmberl4izacended mthd s j udged

% o e e e GO el L
d . | : ) - . H .
oo peowor BaaFeRe i PRIMARANE B BheP LGP SIRRER" 1°F o 5. 1

curved |isnefisobf dadli lec@bdEBO. B)gap LAl foreditReweeh tROapMer paiy essed by
the expression (1) is entirel éﬁ(or partly in the range which d can take)
c

| over t haof theetvie angle memberndfcddi dduet gap 2patskéonnectar tahe at t he | owest
| evel of the expr | 0 5) on the graph.,.The | owest imt is,preferably
that the Ugwp%ﬁ%p%h%gﬁnVQp%gt a %?8&@@“#8%% efFﬁE@Qﬁ%é%= d becones,
for exanpge, 0.8 to 0.9 tines the value of the sparking electrode Vxo in

the sane thickness d. Omng to this arrangenent, an electric discharge
such as a4 di scharge can be

An upper plate 22 made of a rigid steel material is put on the upper

surfaces of the two angle members 24, 24. A slit 22a extending in the

- back and forth direction is formed in the laterally central part of the upper
plate 22. The slit 22a is connected to the downstream of the lower
chamber 11b of the gas rectifier 10 and also connected to the upstream of
the gap 24a. Owing to this arrangement, the processing gas fed from the
gas rectifier 10 is introduced into the interelectrode space 30a via the slit
22a and the gap 24a.
[0078]

A side plate 23 made of a rigid steel material is abutted with a rear
surface (outer surface) of each angle member 24. The upper end part of
each side plate 23 1s rigidly bolted to the upper plate 22. An inverted U-
shaped frame is formed by the upper plate 22 and the left and right side
plates 23.

- [0079]

A plurality of push bolts 25 (electrode approaching means) and a

plurality of pull bolts 26 (electrode departing means) are spacedly
“arranged on each side plate 23 in the longitudinal direction. The push

bolts 25 are screwed into the side plate 23 and the tips of the push bolts 25

are abutted with the rear surface of the angle member 24. Thus, the push

bolts 25 push the electrode 30 toward the other electrode through the angle




prevented fromoccurring in the gap 40b irrespective of the thickness of
the gap 40b. This is particularly effective in such a case where the gap
40b is accidentally fornmed by one or other causes and the thickness d of
the gap 40b is difficult to anticipate. [0063] The solid line of FIG 3 is
subjected to the followng conditions. material of solid dielectric 33:
alumina (EA = 7.5), thickness: to = @3 mmmaterial of insulating nenber
40: alkari glass (aB = 7.0), thickness: tB=6.2mm i nterpeak voltage: Vpp =
13 kv [0064] O course, in case the thickness d is known when the gap 40d
i s posit imeshlerf 24.ndthe putll bsltg@6deenvadhniafbdlheoBapfbedsholdetP)7i s sati sfied

1 ts gonrdRhanin e e e ageTgeIrrs 30 odandbticmles ToRRA0 he | oest
enel P LG5 B el el Y SOBRBATHL RbE 155 S
with a grapibuptepfticie bdlty2s,i 28] diktostion aff thecRmaatd édctivdes 8al 80l ating
machi ne such as a personal conputer is prelimnarily obtained and the
above- nentiwbedormapedand mmﬁnmmf@p intezelecbileispacs BYa sanbed in this
machi ne S?na{d?aaéonastant over the entire length of the electrodes 30, 30. Moreover,
-the electrodes 31, 32 can be prevented from being distorted caused by the
Coulomb force or by thermal stress, etc. generated by difference in
thermal expansion between the metal main body and the dielectric layer
33 formed on the outer surface of the electrodes 31, 32 and difference in
temperature within the electrodes 31, 32, As a result, the processing gas
can reliably and uniformly be jetted downward (i.¢., along the jetting axis
orthogonal to the opposing direction of the electrodes 31, 32 and thus, the
workpiece W can reliably and evenly be plasma processed.
[0080]
The lower part 50 forming the bottom part of the holder 21 will now
be described. The lower part 50 comprises a plate-like insulating member
40 and a conductive member 51 composed of a metal plate. The lower
plate 50 is horizontally extended in the back and forth direction orthogonal
to the paper sheet surface of FIG. 5. The lower part 50 is astride the left
and right side plates 23, 23, the angle members 24, 24 and the lower
surface of the electrode structure 30 and supports the component elements
of the nozzle head 1 which are all located above the lower part 50 itself.
Therefore, the lower part 50 covers the under surface to be directed to the
workpiece W of the electrode structure 30 and shields the electrode
structure 30 so that the electrode structure 30 is not directly faced with the
workpiece W. In other words, the under surface to be directed to the
workpiece W of the electrode structure 30 is covered with the conductive

‘member 51 of the lower part 50 and an insulator 45 for insulating the



graph as in FIG 3 can readily be drawn using EA, B, tA tB, etc. as
paraneters. OnMng to this arrangenent, the above-nentioned judgnent can
easily be nade. It is also accepted that instead of the | owest |evel
sparking voltage Vxo (expression (5)), the relative dielectric constant EB
and the thickness tB of the insulating menber 40 are obtained based on the
average sparking voltage Vx (docunent3dexpression (3)). [0066] FIGS. 4
t hrough 6 show one enbodi nent of a specific structure of a nornal pressure
pl asma processi ng apparatus. This plasnma processi ng apparatus M conprises
a wor kpi eclecfredd stmetiraii(sfnom the pordudiveonzhbenéddisl supported on a nount
r as,to be | ocated above the feed

t abl t h [ h
ngchgni(2%%9%%%@@%@5%@%@%9@6%@%@6@%39 ¢ coBdpedveg which are

W th T equiairat of B 3R s inth gAY oK RE R B0 e plaBSFR he
processi ngrop@ehé Sideqilatds 23012 3e XElgelefiegnd ﬁ?ﬁﬁmmaﬁ@r pl asma

cl eaning, a pure gas of N2 or a mxed gas o a fine amount of Q2 is
reserved swppertedrhyseppadencansnolesizovnr dderlosdripart Heand g didet at e so t hat

a sultabl 8, a9 a9 beldbhne b d Sy boY AR bR kR fgch t! me- [0068]
[0081]

As a material of the insulating member 40, glass having a relative
dielectric constant of, for example, eg = 44 is used. A ridge 40c¢ is formed
on the upper surface of the insulating member 40 in such a manner as to
extend in the back and forth longitudinal direction orthogonal to the paper
sheet surface of FIG. 5. This ridge 40c is fitted into a concave groove 24b
formed in the lower end surface of the angle hole 24.

[0082]

A lead-out path 40a (jet path) is formed at the central part in the left
-and right width direction of the insulating member 40. The lead-out path
40a is in the form of a slit, extended long in the back and forth direction
orthogonal to the paper sheet surface of FIG. 3 and connected to the
downstream of the plasmatizing space 30a. The inner end surfaces, i.e.,
lead-out path forming surface, on the left and right sides of the lead-out
path 40a in the insulating member 40 are shightly withdrawn laterally
outward from the opposing surfaces of the electrodes 31, 32, i.e.,
plasmatizing space forming surface. Owing to this arrangement, the lead-
out path 40a is larger in a flow path section area than the plasmatizing
space 30a.

The both left and right end parts of the insulating member 40 are
protruded from the side plates 23, 23.

[0083]




The power source 3 outputs, for exanple, a pulse-like high frequency
voltage. It is desirous that the rising tinme/falling time of this pulse is
10 s or less, the electric field intensity between the el ectrodes 31, 32
is 10 to 1000 kV/ cm and the frequency is 0.5 kHz or nore. The form of the
voltage may be a sine-forminstead of the pulse-form As nentioned in the
schemati c construction, the peak-to-pé&&k voltage Vpp is determined in the
range of several kV to several-tens W Here, it is established, for
exanple, as Vpp = 14 [kV]. [0069] As shown in FIG 5, the feed nechanism4
i ncl udes a pl ulTheicondoétive oldeba Fhentiral caverdihie vanter atiHfacafahged si de by

side. A plate-like rkpi e Whaving a large_area is | oaded on those
rollers aH%fuf%tng W&gﬁr‘ﬁj-aﬁgeﬁpgaﬂﬁﬂif@lmﬂn 855 bineHmPrsed obyiof he nozzl e

head 1 is thi Kpie a Rl [f pr.ocessi ng
such as, e)f(%@bgéx/ g‘drrsﬁﬁfglflgscs I %%%i p\rql‘g‘g){e’r sAééfP%ﬁ/&m .fg{lﬁgﬁﬁ{l ﬁgef C%gtﬁ?lﬁgf accepted
that the invhiateaaHy\Wenfral byabrand condubgead nfediBads L %eglev}a@hes-od 0070] The
plasma nozzle head 1 of the plasnma processing apparatus M ~“will be

descri bedis i thetfarn ofthelihextinsleddadgindbeack anddorthdpegitgdmad ect i fi er 10
and a lo

RGN TR N e
[0071] Thendaswhfrbarhi ¥ tht Qed ot Bath 20£ 0Tk Nl b f6rtalisPody 11 which is

connected to the plasmatizing space 30a of the electrode structure 30

through the lead-out path 40a. (Owing to this arrangement, the lower part

50 allows the processing gas to be jetted out) The edge surface of the jet

port 50a 1s shightly withdrawn outwardly from the forming surface of the

lead-out path 40a of the insulating member 40. Owing to this arrangement,

~ the jet port 50a is larger in width, i.e., larger in flow path section area than

the lead-out path 40a.

[0084]

Instead of the integral unity, it is also accepted that the insulating
member 40 is composed of a pair of left and right plate members and the
lead-out path 40a is formed between those left and right plate members.
Likewise, instead of the integral unity, it 1s also accepted that the
conductive member 51 is composed of a pair of left and right plate
members and the Jet port 50a 1s formed between those left and right plate
members.

The'workpiece W 1s arranged under the conductive member 51.
Owing to this arrangement, the nozzle head 10 can be brought closer to
the workpiece W while preventing an arc discharge from occurring to the
workpiece W, and plasma can reliably be applied to the workpiece W even
under normal pressure.

[0085]




el ongated in the back and forth direction. A pipe unit 12 is received in
this main body 11. The pipe unit 12 includes a pair of left and right pipes
30 13, 13 and a pair of upper and | ower pipe holders 14, 14 for

sandwi chingly holding those pipes 13, 13. The pipe unit 12 is extended in
the sanme direction as the main body 11. The interior of the main body 11
is divided into two upper and |lower Sfambers | la, | |b by the pipe unit
12. As shown in FIGS. 4 and 6, an inlet port 13a of the pipe 13 (one of
the pipes 13, 13) is disposed at one end part in the |ongitudinal
direction of tNetyasarg éxtifbeweldinado dre uppet sipfades ifahebotlnkefot her pi pe

13 is disposed.at.the other end part. End parts on the reverse side of the
end partsg%‘ir‘tgl?és RS g gl,e cpuluctiyg rgemy é%rles%@g}f“? 9&1%' »13, 13 are
choked w I Vel 2] . t ext endi ng
fromthe {)%&ggéeéségfondgf(ggazﬂggﬁ c@eémt% gggrgalﬁc%gg@%@&%\%&m?#gg etﬁgv\o branch

t ubes ar eundnnagtee éf0the ihswlatingidemdar Y00 A gt RiseRick3héled 40craear end part
of the other pipe 13, respectively. The Brocessi ng gas fed fromthe

‘processi niprieed vothedaselatiag memben dddni swch a maanenes f petsnd3o therevi a t he
tube 2a apd flo En the nutually revegse I,rection i,.thin the pipes 13,
13. A hol ]éeqes§eeg% Jf:r(? PRPEHRT {55 %Wg@&f“‘@%ﬁog?\g 48 and t Iﬁepupper
pi pe hol défreddinfy EHERLR WRRNBE c%%résgoﬁdh@ﬁuts'ﬁ ﬂﬂsggﬁl% g th

| ongi tudi nal direction. A plurality of hol'es | le may- be arranged at short
i nt er val sholestdtle, besplectimelyt oDwhngito ¢hisi arrergensersptiict ¢oglucsivat e and t hey may

be extending jn e hack and forth.directiion in a slit-
member §1h15 Rxeclf to ame Insulatmg member 40. A terminal 5a of the

earthing lead wire 5 is engaged with the head part of the bolt 56. This lead

wire 5 is grounded. Owing to this arrangement, the conductive member |
51 is electrically grounded through the bolts 56 and the nuts 55.
[0086]

Recesses 40f are formed in the under surfaces of the lower parts 40x
of the electrodes 32, 32 in the insulating member 40. Owing to this
arrangément, the gap 40b is positively formed between the insulating
member 40 and the conductive member 51. The recess 40f and thus, the
gap 40b 1s connected to the lead-out path 40a and the jet port 50a. The
thickness d of the gap 40b is, for example, d = 1 mm.

[0087]

In the normal pressure plasma processing apparatus M1, the
thickness tp of the electrode underside part 40x (excluding the gap 40b) of
the insulating member 40 (eg = 4.4) is established in such a manner as to
satisfy the expression (2). For example, tg =5 mm. Owing to this
arrangement, an arc discharge can be prevented from occurring to the gap
40b and the processing quality can be obtained.

[0088]
One modified embodiment of the first embodiment will be

described next.




| i ke state. The processing gas in the pipes 13, 13 are | eaked into the
upper chanber | la through this hole 1 |e. Thereafter, the processing gas
is flowed into the | ower chanber | |Ib through slit-like gaps 1 Ic on the
two sides of the pipe unit 12. OnMng to this arrangenment, the processing
gas can be made uniformin the |ongitudinal direction. [0073] The

di scharge processor 20 of the plasma A@zzle head 1 will now be described.
31 As shown.in FIGS. 5 and 6, the discharge processor 20 includes an

el ectrode structure 30 conposed of a pair of left and right electrodes 31,
- 32, and a hol dés shawhon HEk.dT,thexchissiehead obapravisicat of theddsulab®igd] Each

i o “aPhibet A0 uRORR R A T e kR BB 0 cbct on.
o hocoral BeER, fe cl3ubles 31585 bl RHLRALRTAL hdtnPR6KaRRALOL LD o Tect! on

orthogonal to t aper sheet ‘su € corners of each

el ect r odem@inbe3d laby arpredeiemiine d diteindeod bRt g 4Gl & firgwddar ge from
occurring. A plasm %%nerati ng space 30a is formed between the el ectrodes
i

31, 32 anthesshastigen. ivpecHecalbtle sl dislediriaid3deaviog ai thicknesss tx phde st ate.
e KRR GBS DR BB ST T a Bl U B s
oL gmelmu et of i gejeqtiand L g BUATLCS < 7 1
: the undersurface of the solid dielectric 33 and the upper surface of the

conductive member 51. The gap 40b is filled with air. Air serves as an

msulator having a good dielectric strength. Owing to this arrangement,

the gap, 1.e., gas layer (air layer) 40b constitute the insulator for insulating

the electrode 31 from the conductive member 51. In FIG. 7, the solid

dielectric 33 is deposited on only the opposing surface and the

undersurface of the electric field applying electrode 31 and not on the

grounding ¢lectrode 32. However, the solid dielectric 33 may be

deposited on both the electrodes 31, 32 as in FIG. 1.

[0089]

The thickness d of the gas layer 40b is established in such a manner

as that no dielectric breakage occurs to the gas layer 40b. That is, the

voltage Vx applied between the solid dielectric 33 and the conductive

member 51 located on the lower side of the electrode 31 becomes smaller

than the sparking voltage Vxo. Specifically, the voltage Vx is established

in such a manner as to satisfy the following expression.

Vxo > Vx = g3 Vppd/2(ts + Ad) (6)

The above-mentioned expression (6) is obtained by replacing e5 = 1 and t;

= 0 1n the previously mentioned expression (2). The sparking voltage Vxo

serving as a standard desirously uses the lowest level experiment value

(indicated by the broken line of FIG. 3) of the expression (5) rather than

the document value (indicated by the one-dot chain line of FIG. 3) in the




upper and | ower surfaces of each electrode 30 by thermal spraying after
those surfaces are subjected to sand bl ast processing . The thickness to of
the solid dielectric 33 is, for exanple, to-=1 mm [0075] In FIG 5,
reference nuneral 3a denotes a feeder wire leading from the power source 3
to the voltage applying electrode 31, and reference nuneral 3b denotes an
earthing wire leading fromthe groundﬁﬁg el ectrode 32. Reference nuneral
30c denotes a refrigerant path for adjusting the electrode tenperature
(not shown in FIG 6). [0076] The holder 21 for the el ectrodes 30, 30
conpr i sesexpreappar(3pl Ahwimpto thas prangomentfan andlisdhginge sanlbepl ates 23, a

50 (not sRIRSTINH o g 1 ha s dayBrath. Mooy olongr
not s : : 2S72C

insul atin Wl ' i vert =shape.. i 1eR. The
;nzre rrenglgﬁl egzai@%gg%cg%ﬁgfﬁl{% %ﬁge% éticlEl tgﬁgggloéﬁl%ﬁ%%?%%ﬁ%g&%ﬁ%ﬁogonal to
t he paper thehadid Bne bdd8GoB3, BhCarbdiscHingearnal reliablybbe pévansedibistihed with the

upper surface and the rear,  surface of each electrode 30. A gap 24a is
formed bePSRERE YRS dhe shicknessod of Hee gomlayieyObrisvesied bysommg. The gap

betweon ¢ hESEPadt IabePendRa LPOMLc, v R A HER i RAFRALETERTCT 2T, i o
steel mat girgal inl Whivht d @icizles BRRelginal value.
[0090]

As shown 1n FIG. 8, it is also accepted that there is no provision of

the insulating member 40 between the electrodes 31, 32 and the
conductive member 51 and in addition, there is no provision of the solid
dielectric 33 on the electric field applying electrode 31. Owing to this
arrangement, the gas layer 40b is defined by the metal main body of the
electrode 31 and the conductive member 51. In that case, the grounding
electrode 32 is required to be provided at least at the confronting surface
with the other electrode 31 with the solid dielectric 33.

[0091]

In the embodiment of FIG. 8, the thickness d of the gas layer 40b is
established such that the voltage Vx (= Vpp) épplied between the
electrode 31 and the conductive member 51 becomes smaller than the
sparking voltage Vxo. As the sparking voltage Vxo, the lowest level
experiment value (indicated by the broken line of FIG. 3) is desirously
used rather than the document value (indicated by the one-dot chain line)
of the expression (3) as in the case with the above-mentioned
embodiment(s).

That is, based on the expression (5) showing the lowest level
experiment value, the thickness d of the gas layer 40b in accordance with
fhe applied voltage Vpp is established in such a manner as to satisfy the

following expression.




surfaces of the two angle nenbers 24, 24. A slit 22a extending in the back
and forth direction is forned in the laterally central part of the upper
plate 22. The slit 22a is connected to the downstream of the |ower chanber
1 1b of the gas rectifier 10 and al so connected to the upstream of the gap
24a. OMng to this arrangenent, the processing gas fed fromthe gas
rectifier 10 is introduced into the i Merel ectrode space 30a via the slit
22a and the gap 24a. [0078] A side plate 23 nade of a rigid steel materi al
.is abutted with a rear surface (outer surface) of each angl e nenber 24.
The upper end ¥@pt <03.65ddch.58dde Ipl ate 23 is rigidly bol{d to the upper
plate 22. ;An..inverted U shaped fra ILs forned by the er plate 22 and
the |eft H&“’u&ﬂﬁrﬁlssﬁ'la%ngwsﬁ%énﬁg@we ﬁa%gﬁrl%’FY?Veg&P%sh bol ts 25

(el ectrod ﬁ&?&ﬂ% d a plurality of pull bolts 26 (el ectrode
departinggﬁggﬁs) are@gﬁgggg?%4@§rranged on each side plate 23 in the

| ongi t udi P09 recti on. The push bolts 25 are screwed into the side plate
23 and the tips of the push bolts 25 are abutted with the rear surface of
the angl e menbBegaulingthe appaatysusnthegnbedmaen afiF ihe8, dhe sangse 30 towar d

h h h,th I 3 4..Th | I bol 26
£ egeiotlegr F%ﬂ%{ﬁ%%}?&%@%ﬂ%ﬁﬁg%k t ﬁgﬂb@' %“‘?}‘?Eﬁg%%c élfscpﬁrég%n‘%§§ e sgr Ea\?ved into
the el ect iAguAldl anderitk cohdfiol BE iHOARBkssid=thandiofekd bad1AwRY from the

other electrode. By adjusting the screw n?
b and by increasing/decreasing the supply voltage Vpp. The result was

Vpp > 3kV. From this, it was thoroughly confirmed that the expression
(7)1s in a sufficiently safe region.
[0093]

FIG. 9 shows a modified embodiment of the configuration of the
lead-out path forming part of the insulating member 40. In this modified
embodiment, the corner formed between the upper surface (surface
directed to the electrode structure 30) and the lead-out path 40a forming
surface of the insulating member 40 is round chamfered, thereby forming
a first chamfered part 40r. Also, the corner formed between the lead-out
path 40a formmg surface and the undersurface (surface directed to the
conductive member 30) of the insulating member 40 is round chamfered,
thereby forming a second chamfered part 40s.

[0094]

Owing to a provision of the first chamfered part 40r, the corner
formed between the upper surface and the lead-out path forming surface of
the insulating member 40 can be prevented from being broken by plasma
and particles can be prevented from generating. Thus, the processing
quality can be enhanced and the yield of production can be increased.

The first chamfered part 40r is larger than the second chamfered
part 40s. That is, the radius of curvature R of the first chambered part 40r
1s larger than that of the second chamfered part 40s. Owing to this



anounts of those bolts 25, 26, distortion of the elongate el ectrodes 30, 30
can be corrected and the thickness of the interel ectrode space 30a can be
made constant over the entire length of the el ectrodes 30, 30. Moreover,
the el ectrodes 31, 32 can be prevented from being distorted caused by the
Coul onb force or by thermal stress, etc. generated by difference in

t hermal expansi on between the nmetal netth body and the dielectric |ayer 33
formed on the outer surface of the electrodes 31, 32 and difference in
tenperature within the electrodes 31, 32. As a result, the processing gas
can rel i aBrangamenhi breakage pEthcecoradr dounedbdiwéerethe wipemgutfagej et ting axi s

th | tQ t ' directi f the.electrod 31, 32 d thus, th
vor kpt eco ia s PRERyRboiritE siitaeE of e i T e SERPe D0 The | over
part 50 1 gl BanbPRidLF QAMRA ol rdiBINBkIRLy ol || now be descri bed.
5 ap | Ke 1 rsu

The | ower par conprises at e- atrng nenmber 40 and a

conducti ve nmentestedd of doprmaad ciamaferglthefatteandie ondvediamfered e 50 is

horizontal ly extepnded in _the back and forth direction orthogonal to the
paper she®Rl§IREY g formed by suarp ghpsfgfngart 50 is astride the left and
right si dzw@%es 23, 23, the angle nenbers 24, 24 and the |ower surface
of the el éctrode structure 30 and supports the conponent elenents of the

‘nozzl e head 1 WMhilednydifiad lenRsdhrgt dPPIE. Whend @&gé sidhée 6Pthd rel -
Therefore, the | ower part 50 covers the undéer surface to be directed to the

wor kpi ece parioi0a nbths eandustiyesmendren®d Baoanded hikeladsemieirelact r ode _
TN R I S T NI G

the undersurface to be directed to the workpiece W. In other words, the
corner formed by the upper surface and the jet port 50a edge surface of the
conductive member 51 is round chamfered and the corner formed between
the jet port 50a edge surface and the undersurface are round chamfered.
Owing to this arrangement, an arch discharge can more reliably be
prevented from occurring between the insulating plate 41 and the
conductive member 51. It is also accepted that only the corner formed
between the upper surface and the jet port 50a edge surface of the
conductive member 51 is chamfered and the corner formed between the jet
port 50a edge surface and the undersurface are not chamfered. Instead of
round chamfering, square chamfering may be employed.
[0096] |

The second embodiment will be described with reference to FIGS.
10 through 12, next.

As shown in FIG. 10, a normal pressure plasma processing
apparatus M2 according to the second embodiment comprises a processing |
gas source 2, a pulse source 3, a workpiece feed mechanism 4, a portal
shaped frame 60 and a pair of left and right nozzle heads (processing
head) 1. The processing gas source 2, the power source 3 and the feed

mechanism 4 are same as in the apparatus M1 of FIGS. 4 through 6.



wor kpi ece Wof the el ectrode structure 30 is covered wth the conductive
menber 51 of the lower part 50 and an insulator 45 for insulating the 34
el ectrode structure 30 fromthe conductive nenber 51 is interposed/|oaded
bet ween the el ectrode structure 30 and the conductive nenber 51. The left
and right end parts of the |ower part 50 are protruded fromthe side

- plates 23, 23. Those left and right pAdtruded parts are supported by
support neans not shown. The | ower part 50 and the side plate 23 may be
connected by bolting or the like. [0081] As a material of the insulating
menber 40UNgidss having a relative dielectric constant of, for exanple

?ﬁiufitiﬁg“ﬁgﬁl;%? r&bt% rch b amechihancludls fot wid Bight Pdesien %gék and forth
| ongi t udi AgY ik geld \gcf&%%%&%eé}&nﬁé}ﬁ PAPEL posPShasUr fAGR @f FIG 5.

Thi s rldge4c I'S fltt nto a concave groove e | ower end

surface ohag hhoHogl mtbdbewldch E0AS2MutA Aieadhaut dpat ForkBa b@éss@dt h) is
formed at the central part_ in the left and right width direction of the

i nsul at i nga%@ﬁﬁb&dlm&bywdwéﬁog@ma@dtby pawgssing).n Thaeis; (dnemmcrlar slit,
crLen . R BeddabE AR o b g L RARTRR bR S PO
P! 2o Saacatan e e, SR spe g pal AT Pt
t he i nsul Bmien @ndsmi@r Slﬂﬂlca'r poxts bghy g% vwhiudr znerconaeetedl toythe suction

chambers 62a, 62b, respectively, are formed in the bottom plate 63 of the

pedestral 62. The suction ports 63a, 63b are in the form of a slit extending

in the back and forth direction orthogonal to the paper sheet surface of

- FIG. 10. However, those ports 63a, 63b may be a plurality of slit-like
“holes arranged in the direction orthogonal to the paper sheet surface.
[0098]
The upper end parts of the inner and outer suction chambers 62a,

62b are connected to the hollow interior of an upper frame part 61 of the

portal shaped frame 60. A suction tube 6a is extended from a central part

of the upper frame part 61 and this suction tube 6a is connected to an

exhaust pump 6. By actuating the exhaust pump 6, the processed gas in

the nozzle head 1 is sucked into the inner suction chamber 62a from the

inner suction port 63a. The processed gas left unsucked and atmospheric

air are sucked into the outer suction chamber 62b from the outer suction

port 63b. Owing to this arrangement, the processed gas can reliably be

prevented from being unsucked. By preventing the atmospheric air from

being sucked through the inner suction port 63a, only the processed gas

can be sucked into the inner suction port 63a. The gas sucked into the

respective chambers 62a, 62b is converged in the interior of the upper

frame part 61 and then, exhausted by the exhaust pump 6 via the suction

tube 6a.




outward fromthe opposing surfaces of the electrodes 31, 32, i.e.,

pl asmati zi ng space formng surface. OMng to this arrangenent, the | ead-
~out path 40a is larger in a flow path section area than the plasmatizi ng
space 30a. The both left and right end parts of the insulating nmenber 40
are protruded fromthe side plates 23, 23. [0083] 35 The conductive
menber 51 entirely covers the under sd2face of the insulating nenber 40.
The conductive nenber 51 is conmposed of, for exanple, a stainless steel
plate. Ajet port 50a is fornmed in the central part in the laterally
central pHHI9%f the conductive nmenber 51. The jet port50a is in the form

f lit, ded | ' he back d I tudinal  di '

or t hogonal o [ HE PaBLARd RUET BEAREGaBR 3/5 63 38 connected to- the

d t - . ' ' ted
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to the plasmati zing space ruc ough the

| ead- out PathhAfiding Snonstd @ hei chadibed G2aE62h chii el AYREteADVItheS0 al | ows
the processing gas to be jetted out) The edge surface of thé jet port 50a

i s slight throttia platesds AubnB; tespettively, bodftbusithg suokingeamotntshd | ead- out
path 40a of fhe i | at i .ng nmenb 40.. OM ng to this arrangenen the jet
port 50a P& ﬁﬁPﬁ%ﬁiﬁ%Wt&‘?fﬁPOﬂ?Z{?’,& 83"@@? ;ﬁﬁ) BP@QJ‘E&?% rgggqq-qgfﬁi\%r ea than
the | ead- pptgggat h 40a. [0084] Instead of the integral unity, it is also
accepted that "the insul ating

The normal pressure processing apparatus M2 has a pair of left and
right nozzle heads 1 which are located above the roller 4a, i.e., above the
moving plane of the workpiece W and supported between the left and
right pedestrals 62 of the portal shaped frame 60. The left and right nozzle
heads 1 have the same construction.

As shown in FIG. 10, in the apparatus M2, one of the lower part 50

- 15 connected to the other lower part 50 of the adjacent nozzle head 1
through a connection plate 59. The connection plate 59 and the lower part
50 are connected to each other by bolts 56.

[0101]

As shown m FIG. 11, in the nozzle head 1 of the apparatus M2, the
construction of the lower part 50 is partly different from that of the
apparatus M1. Specifically, the lower part 50 of the apparatus M2
comprises an insulator 45 and a conductive member 51 and is horizontally
extended in the back and forth direction orthogonal to the paper sheet
surface of FIG. 11. The insulator 45 is composed of a first insulating plate
41 located on the inner side and a second insulating plate 42 located on the
outer side. That is, the insulator 45 is constituted by a first insulating part
41 composed of a plate-like solid insulator and a second insulating part 42
composed of a plate-like solid insulator separately made from the first
insulating part 41.

[0102]




menber 40 is conposed of a pair of left and right plate nenbers and the

| ead-out path 40a is forned between those |eft and right plate nenbers.

Li kewi se, instead of the integral unity, it is also accepted that the
conductive nmenber 51 is conposed of a pair of left and right plate nenbers
and the jet port 50a is fornmed between those left and right plate nenbers.
The workpi ece Wis arranged under the4donductive nmenber 51. Owing to this
arrangenent, the nozzle head 10 can be brOught closer to the workpiece W
whil e preventing an are di scharge fromoccurring to the workpiece W and
pl asma can reITh@lﬁystbasalaphlquatwi mesmvallkpiveickh Wnd\eatendedder nor mal
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hol es 40eAas"1ﬁ-hlte)opaﬁngrbxttmdm stltht ibagk madRkth dirédticiizhfoampdrifier as to
extend to there recesses 40d fromthe upier surfaces. The netal -nmade bolts

56 are ﬂweelatﬁrnljy)ee@h‘ghg@ﬁ aofithe seeend t platg43utEhesBrsthr ough t he

h h
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of the eﬁfetlhheﬂeagélen%é %o%h il aﬁaeeg%qg sfddof e ﬂﬁq&eo@ﬁémﬁ% dfftge bol t  56.

This lead wre 5 Ts grounded hi's arrangenent conductive
menber  second insulating plate 42 and the outer edge on the both left and right

sides of the first insulating plate 42. With those steps engaged with each
other, the first and second msulating plates 41, 42 are jointed together in
the manner of a half-lap joint.
' [0103] |

A lead-out path 40a (jet path) is formed at the central part in the
laterally widthwise direction of the first insulating plate 41. The lead-out
path 40a is in the form of a slit and extended long in the back and forth
direction orthogonal to the paper sheet surface of FIG. 11. The entire back
and forth length of the lead-out path 40a is connected to the lower end part,
1.e., downstream end, of the plasmatizing space 30a of the electrode
structure 30. The lead-out path 40a forming surface of the first insulating
plate 41 1s slightly withdrawn laterally outwardly from the confronting
surfaces, 1.e., plasmatizing space 30a forming surface, of the electrodes 31,
32 as in the case with the insulating member 40 of the apparatus M1,
Owing to this arrangement, the lead-out path 40a is larger in width, i.e.,
larger in flow path section area, than the plasmatizing space 30a.
[0104]

The second insulating plate 42 is arranged on the reverse side of the
lead-out path 40a of the first insulating plate 41. A ridge 40c is formed on
the upper surface of the second insulating plate 42. This ridge 40c is fitted

to the concave recess 24b of the angle member 24.




51 is electrically grounded through the bolts 56 and the nuts 55. [0086]
Recesses 40f are forned in the under surfaces of the |lower parts 40x of
the el ectrodes 32, 32 in the insulating nenber 40. OnMng to this
arrangenment, the gap 40b is positively formed between the insulating

menber 40 and the conductive nenber 51. The recess 40f and thus, the gap
40b is connected to the | ead-out path440a and the jet port 50a. The

t hickness d of the gap 40b is, for exanmple, d = 1 nm [0087] In the nornal
pressure plasnma processing apparatus ML, the thickness tB of the el ectrode
under si de[@HI§] 40x (excluding the gap 40b) of the insulating nenber 40 (EB

=4.4) is est I shed in such a nner as t satisfy the expression (2).
For exanpl e, ?%hé%gSWQWW wgu q{%%ﬁlla?%fg]er‘f’e?n@r,e Wﬁ?%ﬁ‘ﬁ‘i’gcharge can be
prevent ed 0 ' -Q - . and the processing quality can be
'~ obt ai ned.“{‘%@w 8@%“%‘3%?#‘?&‘&]@%@%%“&%‘%?“@ the first embodiment will be

descri bed next Thd firsPmsali@iMy phatdii Gis éoniptRed ofa rﬁ@tdiﬁ%a@in%a provi sion of
the insul ating nenber 40 between the el ectrodes 31, 32 and the conductive

menber 51plasmeatesiganeshprogiestt r bliwe patticdarlyy the Hrdteshlawag platorhlt he
conductive nenber,51 by a predetern ned distance.d, and the 40b i s
formod ¢ RrBBOSELAT 2 SRErp BAVING o iigior PIRYREF SXHARES B! FEa
thickness Osidfd insulating plate 42. For example, the first insulating plate 41 is

composed of quartz, while the second insulating plate 42 is composed of
vinyl chloride. In general, the material having a high plasma resistance
property like quartz is expensive when compared with vinyl chloride

- which does not have a high plasma resistance property.
[0106]

The conductive member 51 is tightly attached to the undersurfaces
of the first and second insulating plates 41, 42. No gap is formed between
the conductive member 51 and the insulator 45. However, by presuming
that a gap imaginarily having a thickness d is provided and by establishing
the dielectric constant and the thickness of the insulator 45 ( particularly
the first nsulting plate 41) in such a manner as to satisfy the expression
(2) irrespective of the size dimension of d, an arc discharge can be
prevented from occurring between the conductive member 51 and the
msulator 45.

As 1n the case with the above-mentioned apparatus M1, the edge
surface of the jet port 50a of the conductive member 51 is slightly |
withdrawn outwardly from the surface for forming the lead-out path 40a
of the first insulating plate 41. Owing to this arrangement, the jet port 50a
becomes larger in width, i.e., larger in flow path section area, than the
lead-out path 40a.

[0107]



a relative dielectric constant sBis deposited, in the formof a thin film
on the undersurface of the solid dielectric 33, and the gap 40b is defined
by the undersurface of the solid dielectric 33 and the upper surface of
the conductive nmenber 51. The gap 40b is filled with air. Air serves as an
I nsul ator having a good dielectric strength. OMng to this arrangenent,

the gap, i.e., gas layer (air layer) 46b constitute the insulator for
insulating the electrode 31 fromthe conductive nenber 51. In FIG 7, the
solid dielectric 33 is deposited on only the opposing surface and the
under sur f ace olnstéuel ef thetintexral ehdy aghel finishgnélsecond dsubitirmnpamod 1on t he

di I de 32. Ho , .th lid diel ' 3 d ited
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vol tage Vgondigpis micoahiany 1 wiay heotompesak of theepainioifileltend rightplate a manner
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tB = 0 i fhdpi§eRr €Vi ously nentioned expression (2). The sparking voltage

VX0 serving as a standard desirously uses the | owest |evel experinent

val ue. (i ndi cafsdhoyrt heFBGok2ran imsal aiing-tdSin-dpadd spdver 84doessi on (5)
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between the both end parts in the longitudinal direction of the electrodes
31, 32. Itis desirous that a rounded avoidance part 51a is formed on the
both end parts in the longitudinal direction of the jet port forming end
surface of the conductive member 51, so that the conductive member 51 is
kept away from the boundary between the electrodes 31, 32 and the spacer
34, |
[0108]

According to the normal pressure plasma processing apparatus M2
thus constructed, even if an electric charge is accumulated on the
insulating members 41, 42, the electric charge can be released to the earth
through the conductive member 51 and an electric discharge from the
insulating members 41, 42 to the workpiece W can be prevented from
occurring.
[0109]
The first msulating plate 41 forming the lead-out path 40a is

wmm%dﬁa@mmg%sByhmymaM%mn%mwwpmmmmmf
be obtained. On the other hand, the second insulating plate 42, which is
not exposed to plasma, 1s composed of an inexpensive vinyl chloride. By
doing so, the material cost can be reduced when compared with a case

wherein the entire insulator 45 is composed of quartz. Since the surface



38 expression (3). Owing to this arrangenent, an arc di scharge can be
prevented fromoccurring to the gas |ayer 40b. Al so, by making Vx | ower
than Vxo irrespective of the value of d in the same nmanner as indicated by
the solid line of FIG 3, the arc discharge can reliably be prevented from
occurring even if the thickness d of the gas |ayer 40b is varied by sone
reason. It is good enough if Vxo > Vx46s satisfied in a predet er m ned
range in which d includes an original value. [0090] As shown in FIG 8, it

Is al so accepted that there is no provision of the insulating nenber 40
bet ween t i@ %mmgdu%lﬁa:diqutazathﬁlﬂ)atﬁecfmﬁumﬂmgmmﬁlﬁ& and in

addi ti on, rovi si on. of. the soli dielectric he electric
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is define [ conductive
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provi ded pteventst fratn bbm gedarhaged by lssmﬁace with the ot her el ectrode 31

with the solid _dielectric 33. 0091] In the enbodi nent of FIG_ 8, the
‘thickness d of Thaedgasurtage of 4w jetporeSPawiiten eanductiva membared sl t age Vx
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the one- dleadeoti pathidfa)of the first insulating plate 41. Owing to this

arrangement, an electric discharge can reliably be prevented from

occurring between the electrode 31 and the jet port edge part of the

conductive member 51.

The both end parts in the longitudinal direction of the elongate
nozzle head 1 is such designed as to keep away from the boundary
between the spacer 34 and the electrodes 31, 32. Owing to this
arrangement, a surface discharge occurable at the boundary between the
spacer 34 and the electrodes 31, 32 can be prevented from conducting to
the conductive member 51.

[0110]

A modified embodiment of the second embodimeﬁt will be
described next.

As mentioned above, in the apparatus M2 of FIG. 11, the jet port
edge surface of the conductive member 51 is withdrawn from the
plasmatizing space forming surface of the electrode structure 30, thereby

preventing an electric discharge from occurring to the conductive member
51 from the electrode 31. However, the positional relation of those
surfaces may be reversed in accordance with necessity.

That is, as shown in FIG. 13, the edge surface of the jet port 50a of
the conductive member 51 may be protruded from the surface for forming

‘the lead-out path 40a of the insulating member 41 and also protruded from



of the expression (3) as in the case with the above-nenti oned

enbodi nent (s). That is, based on the expression (5) show ng the | owest

~ level experinment value, the thickness d of the gas |ayer 40b in accordance
with the applied voltage Vpp is established in such a manner as to satisfy
the follow ng expression. 39 Vpp 5 8.65d / (1.52d + 1) (7) Osing to this
arrangenent, an arc di scharge can be ﬂr7event ed from occurring to the gas

| ayer 40b. [0092] Regarding the apparatus in the enbodinent of FIG 8, the
range capable of confirmn | east a small amount of arc di scharge was
measur ed s fageet mdﬁMg)gmplasmtmg kpacs3@h ef ﬂlla’rqrﬂleofmdt&%a& layer

40b and by |ncre |n§rrdecrea5| lﬁ? g%#vol ta%f‘ﬁ-'ﬁé? It was
Vb o sV BRI ATRERE A it SEb et Pined Sl in fon (7)
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upper surfac (surfa e directed to the electrode structure 30) and the
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plasmatizing space 30a can be sprayed onto the workpiece W in its

temperature-increased state,
[0111]

In the alternative, as shown in FIG. 14, the edge surface of the jet
port 50a of the conductive member 51 may be protruded from the surface
for forming the lead-out path 40a of the insulating member 41 and flush
with the surface for forming the plasmatizing space 30a of the electrodes
31, 32. Owing to this arrangement, the jetting speed of the processing gas
can be prevented from becoming slow and the processing efficiency can
be enhanced.

[0112]

In the apparatus M2 of FIG. 11, the outer end surface of the
conductive member 51, i.e., the rear surface on the reverse side of the jet
port 50a in the respective left and right parts with the jet port 50a of the
conductive member 51 sandwiched therebetween is protruded outwardly
from the outer surfaces of the electrodes 31, 32, i.e., the rear surface on the
reverse side of the plasmatizing space 30a. As shown in FIGS. 13 and 14,
however, those surfaces may be flush with each other.

Moreover, as shown in FIG. 15, the outer end surface of the
conductive member 51 may be located inside the outer surfaces of the
clectrodes 31, 32 and near the jet port 50a. |
[0113] | '




path 40a form ng surface and the undersurface (surface directed to the
conductive nenber 30) of the insulating nmenber 40 is round chanfered,
thereby form ng a second chanfered part 40s. [0094] Oni ng to a provision of
the first chanfered part 40r, the corner fornmed between the upper surface
and the lead-out path form ng surface of the insulating nenber 40 can be
prevented from bei ng broken by pl asma48and particles can be prevented from
generating. Thus, the processing quality can be enhanced and the yield of
production can _be_ increased. The first chanfered part 40r is larger than
the second chahiemsalatgrdd mayg incinde not onfhthe Bt@sdsecondvat ure R of the

first chambered rt 40r .4 s larger than that of th econd chanfered part
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be fornmed by, square chanfering. [009 In the nodified epbodi pent of FIG
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the jet port 50a edge surface of _ )
1.., gas layer (air layer) 40b constitutes the insulator 45 which co-acts
with the solid insulating plates 41, 42 to insulate the electrode from the
conductive member 51. The thickness of the gas layer 40b, i.e., distance d

- between the insulating plates 41, 42 and the conductive member 51

established such that the voltage applied to the gas layer 40b becomes
smaller than the sparking voltage.
[0114]

The second insulating part of the insulating means 45 may be
composed of a gas layer instead of the insulating plate 42. Specifically, as
shown in FIG. 17, a gap, i.e., a gas layer 428 (insulating air layer) is
defined between the electrode structure 30 and the conductive member 51
and outside (on the reverse side of the lead-out path 40a) the first
mnsulating plate 41. The second insulating part is composed of this gas
layer 425. According to this modified embodiment, since there is no need |
of a provision of the second insulating plate 42, the material cost can
further be reduced.

In FIGS. 13 through 17, the solid dielectric layer 33 of the
electrodes 31, 32 is not shown.

[0115]

FIG. 18 is a view in which the same modification as in FIG. 9 is

applied to the configuration of the lead-out path forming part of the first

insulating plate 41. That is, the corner formed between the upper surface




conductive nenber 51 is round chanfered and the corner fornmed between the

jet port 50a edge surface and the undersurface are round chanfered. Ow ng

to this arrangenent, an arch discharge can nore reliably be prevented from
occurring between the insulating plate 41 and the conductive nmenber 51. It
I's al so accepted that only the corner formed between the upper surface and
the jet port 50a edge surface of the 4®nductive nenber 51 is chanfered and
the corner formed between the jet port 50a edge surface and the

under surface are not chanfered. Instead of round chanfering, square
chanf eri ntf ishresied &3 the: eleotiode stmsture 6 widhe Sustasulaming plete descri bed

€
i th f FIGS., 10 th h,12 t h i n, Fl 0, @ I
o essur o b A0 g Bk g Torpld R JeiobERuy 7§ Wi Evamlied enbod ment
COMPI | SEStEAPRIIEEPrideteBRIaPHAEIE (%or ExAMPRE 4S%g?§e§);e ggr%%kp' ece feed

mechani sm 4, a portal shaped frane 60 and a’pair -0 ri ght nozzle
heads (prtwesisgrihe fhsachamfereédgapr 4tes dilsy thasosmerrfoem2d Botwepntes source 3

and the fee chanism 4 are sanme as in the apparatus, M of FIGS. 4

t hr ough 6SUIAgce Qio%ﬂnm&é% a@u@ﬂiﬁé@af&%@leem ensyiaes (usfaceand ri ght

pedestral §; i e I . e_portal

shaped f rgﬁg&&} t@ﬁgg anhgﬁﬁ{égvﬁ}eﬁﬁggf%éﬂ\%{h&g@ gﬁ%@?&ﬁ‘? é]g fa&%-ﬁgxlﬁaust duct

fl_ﬁr t t he IOtE _ %{hdm&ﬂﬁi {0 prowide Aprbdetei@ied sngleTesB&ampPIe, AFOCESSI NQ) .
at is, e interior

degrees), thereby forming the second chamfered part 41b.

{0116]

Owing to a provision of the first chamfered part 41a, the corner

formed between the upper surface and the lead-out path forming surface of
the first insulating plate 41 can be prevented from being broken by plasma
and particles can be prevented from generating. Thus, the processing
quality can be enhanced and the yield of production can be enhanced, too.
The first chamfered part 41a is larger than the second chamfered part 41b.
Owing to this arrangement, the corner formed between the upper surface
and the lead-out path forming surface of the first insulating plate 41 can
reliably be prevented from occurring and thus, particles can reliably be
prevented from generating.

[0117]

Moreover, in the modified embodiment of FIG.18, the edge surface
of the jet port 50a of the conductive member 51 is located in the same
position in the left and right direction with respect to the boundary
between the second chamfered part 41v and the undersurface of the first

- insulating plate 41. Owing to this arrangement, an arc discharge can
reliably be prevented from occurring between the electrode 51 and the
conductive member 51. Moreo.ver, since the jet port 50a becomes larger

than the lead-out path 40a, the processing gas can smoothly be jetted out.



of each pedestral 62 of the portal shaped franme 60 is partitioned into two
I nner and outer suction chanbers 62a, 62b by a partition wall 64. Two

i nner and outer suction ports 63 a, 63b, which are connected to the suction
chanbers 62a, 62b, respectively, are formed in the bottomplate 63 of the
pedestral 62. The suction ports 63a, 63b are in the formof a slit
extending in the back and forth direct on orthogonal to the paper sheet
surface of FIG 10. However, those ports 63a, 63b may be a plurality of
slit-like holes arranged in the direction orthogonal to the paper sheet
surface. [0098heTeegesyptaces{dhp aettporsfSOared thewendacidve uteanb i on

chanbers 62a 62 re nnegted to the.hollow interior of an upper franme
part 61 of 143, Re “‘{%@‘ﬁ&?""gﬁ&?{éﬁyf%ﬁ@f% fr@@s@@ﬂ?%ﬁ@b CHRCIINEXt ended from
a central gpaditd clRdmb r ' | ais
connect edsto anc erghéa}ﬁcs1 gﬁ%ﬁ@H%?Q?glpgg%qrﬁég%t%ﬁgh%x%ﬁgﬁ%%@bgﬁt he
processed[Qhb8jin the nozzle head 1 is sucked into the inner suction

chanber 62a fr th i nner suction_ port 63a. The processed gas | eft
unsucked and a %séﬁéhpavs afiqther m ﬁféémhﬂdmen‘éogmeaeh@n&rmgw Bharmber 62b

fromthe i 6 .80t O | Sarr.an nt .t processed
gas can r%%?@ﬂﬁe a{épgglgﬁ{:%td er%%*%@‘%r‘%@,g Sﬁ@ﬂ%@gﬁ.mﬁggﬁﬁ%\ﬂﬁﬁ g the
at mospher iicraind ianferal HBteadLhPeh e ehahbchmg ycifibglly GReport 63a, only

the processed gas can be sucked into the inner suction port 63a. The gas
sucked i ncerngidormed hstweor thtupper surdace, agbthe alrémwﬁ]rggﬂnmg thee i nterior

o1 e UPREla- ol SR AR r b ARY A RRking SEAL Y15 rolind thamibie! PP O via
thereby forming the first chamfered part 41¢, while the corner formed
between the surface for forming the lead-out path 40a and the
undersurface is round chamfered, thereby foﬁning the second chamfered
part 41d. The radius of curvature of the first chamfered part 41cis larger
than that of the second chamfered part 41d.

[0119]

FIG. 20 1s a view in which the same modification as in FIG. 9 is
applied to the configuration of the jet port forming part of the conductive
member 51. That is, the edge surface of the jet port 50a of the conductive
member 31 is semicircularly rounded toward the upper surface directed to
the first insulating plate 41 and toward the undersurface to be directed to
the workpiece W, respectively. In other words, the corner formed
between the upper surface and the edge surface of the jet port 50a of the
conductive member 51 is round chambered, while the corner formed
between the edge surface of the jet port 50a and the undersurface is round
chamfered. Owing to this arrangement, an arc discharge can more reliably
be prevented from occurring between the electrode 31 and the conductive
member 51 or between the insulating plate 41 and the conductive member
51. Tt is also accepted that only the corner formed between the upper

surface and the edge surface of the jet port 50a of the conductive member



42 [0099] Two inner and outer throttle plates 65A, 65B are

advanceabl y/retractably provided to the upper part of each pedestral 62.
The throttling amounts in the chanbers 62a, 62b can be adjusted by the
throttle plates 65A, 65B, respectively, and thus, the sucking anounts of
gas through the suction ports 63a, 63b can al so be adjusted, respectively.
[0100] The normal pressure processi ngShpparatus M2 has a pair of left and
right nozzle heads 1 which are | ocated above the roller 4a, i.e., above the
novi ng pl ane of the workpi ece Wand supported between the left and right
pedestral 3l @chﬂmfdned podithe cohagpedriedrizté@en The etdgé surtace of did jenozzl e

heads 1 have constr ctlon own in FI I n the apparatus.
M2, one d?orttﬁ@ aGests dwi F& redy W@ﬂgq‘é‘?’elr@%@d part 50 of

t he adja | ate 59. The connection
pl ate J59 cgdr%n{ég@ %v%r%apar]?aﬁlg%f%agﬂl@oﬁ gﬁ)gég'?&c} gach ot her by bolts 56.
[0101] As[tHl?on in FIG 11, in the nozzle head 1 of the apparatus M2, the

constructlon of the lower part 50 is partly different fromthat of t he
apparatus M . Asmmwl <pa¢3ssare pla@ma)pmcepang appavitus M3 apparding o M2

conpri ses sul con i ve nmenber. 51 and ?%i; I zontal |y
ext bnded o Ui dnBatimet SR he dEPaRedhSs B arened oG ~ sheet
surface 11 The i nsul ator 45 is conposed of a first insulating
stpthe indh %

As shown in FIG. 21, the normal pressure plasma processing

apparatus M3 is an apparatus for performing, for example, a plasma

etching as a plasma surface processing. A processing gas source 2X of the

apparatus M3 reserves, for example, CF, or the like as a processing gas for
~ plasma etching.

[0121]

The apparatus M3 comprises a cylindrical nozzle head 70 instead of
the elongate nozzle head 1. This cylindrical nozzle head 70 is supported
on a mount table (not shown) with its axis directed upward and downward.
A workpiece W’ to be etched is arranged under this nozzle head 70.

[0122]
" The cylindrical nozzle head 70 will be described in detail.

The cylindrical nozzle head 70 comprises a body with its axis
directed upward and downward, an insulating holder 80 loaded within
this body 71, and an electrode structure 30X. The body 71 has a three-

- stage cylindrical configuration formed by vertically connecting three body
component members 72, 73, 74 which are made of conductive metal. The
insulating holder 80 has a cylindrical configuration formed by vertically
connecting three holder component members 81, 82, 83 which are made of
msulating resin. |
[0123]




41 | ocated on the inner side and a second insulating plate 42 | ocated on
the outer side. That is, the insulator 45 is constituted by a first

i nsulating part 41 conposed of a plate-like solid insulator and a second

i nsul ating part 42 conposed of a plate-like solid insulator separately
made fromthe first insulating part 41. [0102] 43 The first insulating
plate 41 is small in width and extend&d forwardly and backwardly. The
second insulating plate 42 is large in wdth and its left and right end
parts are protruded fromthe side plate 23. A slit-1ike opening extending
in the back anrinfebrattodti stanttion30X dfatheegpamtus b3 hat eradakyalcent ral part of

the second i.nsul atjn l.ate 42. e first insulating plate 41 |s fitted to
this sli t‘?(P‘?tﬂE aBBBlﬂf%g’. 40y Elh%iﬁhéﬂ detrieHEe ey Begediodhe bot h
left and £4 ' i foat L asul ating

pl ate 42 jaln%q% szlgﬁ?%r%he ggmgéri\éli%éeﬂlég?ﬁﬁelk ﬁﬁjggg 3r(§}gﬁ%esﬁ)§?%gs§5§$ the first

- i nsul at i MghpkkRcerid fieldapplying etecsirizs3 EXdagechbyndiicasfindgicher, the first
and second insulating plates 41, 42 are jointed together in the nmanner of

a hal f - | agpfigurationgoegial avitle e bady pak rolid dicbeetrisalapr 83 i or med at t he
tral t in.the, |aterally wdihwise, difecti f the fi i nsul at |
ol at e 41" Ppinstid i the SEE SurtledlbPlng HRERE Rt o B pREuar 3R ended | ong

In the bagKoars charpdit oﬁhrc%ﬁgh@ﬁvehi%}ﬁgﬁ%e oéiﬁeﬁﬁ?lwﬂﬁ{?ﬁfis eb&gh] sur face of

FIG 11. The entire bac and forth |l ength the 'l ead-out path 40a is

connect edwith thhdodywer insadedan tthe electric field applying electrode 31X. The
conductive pipe 35 is conducted at its intermediate part with the electrode
31X through a conductive ring 36. An upper end part of the conductive
pipe 35 is projected upward of the holder 81 and connected to a pulse
source 3 (electric field applying means).
[0124]

A grounding electrode 32X is mounted on the inner periphery of the
body component member 74 on the lower stage. The grounding electrode
32X 1s grounded through the conductive body 71 and an earthing lead
wire 5 extending from the body 71. The grounding electrode 32X has a
cylindrical configuration which is coaxial with the body 71 and which is
larger in diameter and smaller in length than the electric field applying
electrode 31X. The electric field applying electrode 31X is inserted and
arranged in this grounding electrode 32X. That is, the grounding electrode
32X surrounds the electric field applying electrode 31X. Owing to this .
arrangement, an annular plasmatizing space 30b is formed between those
electrodes 31X, 32X. The solid dielectric layer 33 is deposited on the
inner peripheral surface of the grounding electrode 32X.

[0125]

A refrigerant for temperature adjustment is sent into the open upper
end of the pipe 35. After passing through the pipe 35, this refrigerant
passes between the mner periphery of the electric field applying electrode




I .e., downstream end, of the plasmatizing space 30a of the el ectrode
structure 30. The |ead-out path 40a form ng surface of the first insulating
plate 41 is slightly withdrawn laterally outwardly fromthe confronting
surfaces, i.e., plasmatizing space 30a form ng surface, of the el ectrodes
31, 32 as in the case with the insulating nenber 40 of the apparatus M.
OM ng to this arrangement, the | ead-od8 path 40a is larger in width, i.e.,

| arger in flow path section area, than the plasmatizi ng space 30a. [0104]
The second insulating plate 42 is arranged on the reverse side of the

| ead- out phXrandtheafutehperiphey ofthel ppe 3§ gidadjudts. tha tenpgeatdteof s f or ned

on the upper, surfa f.fhe second insulatin | ate 42. This ridge 40c is
fitted t eﬁl@ﬁ%%&&ﬁﬁ@%mw%m%%w ofre s (oot Squl 0105] The
first an ﬁfe@&ﬁil ' ﬁﬁnp ual ly -

di fferen?fozo | |%§#§?§fng&1#§b§%ﬁ?§hbﬁ%§%ﬁ [ n‘%ﬁlﬁg?l?l émp gte 41 is
conposed mientbartitdthakrefiperag passps davhgh esi Aiodaesuce YOt fornddr e
particularly, the first insulating plate 41 is corrgosed of a materi al

having a Deigrsn hesrier padpkerardehgrapending desirodnd? Xewuhthd bedy at i ng
R LTSI R R
o o ThRtar sl A At e ot g s
does not shorenhextiegding tenagh ¢bé bodycenpapet nyember 74, the holder

component members 83, 82, and the body component member 72 in

sequence.

[0126]

The processing gas fed from the processing gas source 2X is
mtroduced into the annular plasmatized space 30b via a processing gas
supply path 70b formed in the body component member 72, the holder
component members 82, 83, etc. of the nozzle head 71 and then, via a
swirl forming path 84a of a ring (swirl forming member) 84. On the other
hand, the pulse voltage fed from the pulse source 3 is applied to the
electrode 31X via the conductive pipe 35 and the conductive ring 36.

Owing to this arrangement, an electric field is formed in the plasmatizing
space 30b and the processing gas is plasmatized.
[0127]

The swirl forming ring 84 is mounted on the holder component
member 83 in such a manner as to surround the electric field applying
electrode 31X on the upper side of the grounding electrode 32X. The
swirl forming path 84a includes an annular.path 84b extending along the

- outer periphery of the ring 84 and a plurality of swirl guide holes 84¢
penetrating through the inner peripheral surface of the ring 84 from a
plurality of positions in the peripheral direction of the annular path 84b.

- The annular path 84b delivers the processing gas over the entire periphery



[0106] The conductive nmenber 51 is tightly attached to the undersurfaces

of the first and second insulating plates 41, 42. No gap is fornmed between
t he conductive nenber 51 and the insulator 45. However, by presum ng that
a gap imaginarily having a thickness d is provided and by establishing the
dielectric constant and the thickness of the insulator 45 ( particularly
the first insulting plate 41) in such34 manner as to satisfy the expression
(2) irrespective of the size dinension of d, an arc di scharge can be
prevented from occurring between the conductive nenber 51 and the

i nsul at orindthe pasipheralndirecsm frionh thepraiessiag reantsuppbdpathpditat lhe ML, t he

edge- surface of, the jet port. 50a of the conductiye nber 51 is slightly
mthdrawﬁ%ﬁf%mlgpel?# St we fugrnaths exisnding &?waﬁm&q&é&@%ut path 40a of

RUEETE 5t & HED Bout | 0
becomes | SrEeRist AR RAPL el mnphpBAphtry Df BN ERICHR s Bl L ™ Fon e

| ead- out @awhwhdad towBiditle thimer bosiphachl dlirfabe. Mheqeoatssié s the first and
second insulating parts 41, 42 ngzlbbe conposed of the parr of |eft and

ri ght pl at@mingfens thmannuler ppdudibis paesed thowghethetsavifbgwidd hedesween t he

ir of t nb f the first insul at t.41. Likew se, instead
b the i nBo P SRR e b biEbes ST Hlar s b BeribitEtsod of 'the
pair of | gftctasilof i inilial BlasiRARSRS spACk 806, IRLind thpda may be formed

" between those plate

arrangement, the flow distance in the plasmatizing space 30b of the
processing gas can be elongated, the plasma density can be increased and
the processing gas can be vigorously jetted out and reliably applied to the
workpiece W’. Thus, the etching rate can be enhanced.

[0128]

A lower part 90 (nozzle component part) is arranged under the body
component member 74 on the lower stage of the cylindrical nozzle head
70. The lower part 90 includes an outer nozzle piece 91 and an inner
nozzle piece 92.

[0129]

The inner nozzle piece 92 is composed of an insulating resin such as,
for example, polytetrafuluoroethylene and constitutes the “first insulating
part”. The inner nozzle piece 92 has a disc-like configuration smaller in
diameter than the outer nozzle piece 91 but slightly more enlarged in
diameter than the grounded electrode 32X. A lead-out path 92a is formed
at the central part of the inner nozzle piece 92. The lead-out path 92a has
a funnel-shaped conﬁguratioh coaxial with the electrode 31X and its upper
tapered part is connected to the plasmatizing space 30b. A lower end part
of the electrode 31X is faced with the upper tapered part of the lead-out
path 92a. As shown in Fig. 13, a lower straight part of the funnel-shaped

lead-out path 92a has an elliptical configuration in a bottom view. A




menbers. As shown in FIG 12, an insulating resin-made spacer 34 for

mai ntai ning the thickness of the plasmatizing space 30a is sandw ched

bet ween the both end parts in the |ongitudinal direction of the el ectrodes
31, 32. It is desirous that a rounded avoi dance part 51 a is fornmed on the
both end parts in the longitudinal direction of the jet port form ng end
surface of the conductive nmenber 51, $6 that the conductive nenber 51 is
kept away fromthe boundary between the el ectrodes 31, 32 and the spacer
34. [0108] According to the normal pressure plasma processing apparatus M
t hus constowert ] pated the lead-etiepathi R xisasmmeidsdeenward ahgd on t he

insul ating nenbers 41, 42, the electric charge can be released to the earth
t hrough t heOBRFS &I @O enber 51 and an el ectric di scharge fromthe
insulating) ers 41, 42 to the workpi ece Wcan be prevented from
occurring. [0X09] The first insulating plate 41 form ng the | ead-out path

40a is conposad shbwa GUBRIGZ2 Il @bfveReddfiofdtim 9Zb Phformingshst ance
property can be obtained. On the other 'hand, the second insulating plate
42, whi chlawer storighkpad ed the lgsdatmpathi R srprovededofo the demgarpafithieve vi nyl
o Case  PBRSESHPHE CLARE (T TR Do 2 s RDADOL G oA Aooinee the
surface 4fhe inverted projection 92b is progressively reduced in diameter
downwardly. This outer peripheral surface is intersected with the inner
peripheral surface of the lower straight part of the lead-in path 92a,
thereby forming the lower end (tip end) of the inverted projection 92b into
a knife edge configuration.
[0131]
The outer nozzle piece 91 is composed of a conductive metal such
as, for example, stainless steel and constitutes a “conductive member”.
The outer nozzle piece 91 has a disc-like configuration having the same
- diameter as the body component member 74. The outer nozzle piece 91 is
fixed to the lower end surface of the body component member 74 by bolts
(not shown). The outer nozzle piece 91 is clectrically grounded through
the body 71 and the earthing lead wire 5. |
[0132]
A recess 91a 1s formed in the upper surface of the outer nozzle
piece 91. The inner nozzle piece 92 is received in this recess 91a. A
spacer (not shown) for raising the inner nozzle piece 92 is integrally
provided to the inner bottom of the recess 91a of the outer nozzle piece 91
or the undersurface of the inner nozzle piece 92. Owing to this
arrangement, a gap 90s is formed between the outer nozzle piece 91 and
the inner nozzle piece 92. The gap 90s constitutes a “second insulating
part composed of a gas layer”. The gap 90s serving as the second

msulating part and the inner nozzle piece 92 serving as the first insulating




for formng the | ead-out path 40a of the first insulating plate 41 is

W thdrawn fromthe surface for form ng the plasmatizing space 30a of the
el ectrode structure 30, the first insulating plate 41 can nore reliably be
prevented from bei ng damaged by plasnma. The edge surface of the jet port
50a of the conductive nenber 51 is wthdrawn fromthe surface for formng
the plasmatizi ng space 30a of the el&6trode structure 30 and al so

wi t hdrawn fromthe surface for formng the |ead-out path 40a of the first
insulating plate 41. OMng to this arrangenent, an electric discharge can
reliably pertmoastnttednfinsmtataciounnsulgtingtthe ekectivde strecturedd) 8 fraand t he | et
port edge part of the .cong ctive nmenber 51. The both end parts in the

| ongi-t udi OWieF BOEFISPIEES. el-%bgliﬁﬁ? uﬁb‘?z’l“@“ﬁé’éd 1 is such designed as
to keep a y33‘]r omthe boundary between the spacer 34 and the el ectrodes
31, 32. ng-to this arrangenent, a surface discharge occurable at the

boundary bet we®hetupper eRdGREt SPthanehy H6s & RCdomaRBiIGkion3%ithan be prevent ed
fromconducting to the conductive nmenber 51. [0110] A nodified enbodi nent

of the seguefipepdthd? dentheisurtioe patedBeiiy m thesbadsneompedenbove, in
e P B Sk R Slrs 306 BB Bely e onvet v
ot e SRRl PP e o Gl i i oo o

path 70c is connected to the exhaust pump 6 through the suction tube 6a.

[0134] |

A hole part 91b, which is open to the under surface of the outer

nozzle piece 91, is formed in the central part of the recess 91a of the outer

nozzle piece 91. As shown in FIG. 22, the opening to the undersurface of

the piece 91 of the hole part 91b has an elliptical configuration slightly

larger than the lower end edge of the inverted projection 92b. As shown

in FIG. 21, the inverted projection 92b of the inner nozzle piece 92 is

mnserted in and arranged at the hole part 91b. (That is, the hole part 91b

having the jet path 92a of the inner nozzle piece 92 at its inner side is

formed in the outer nozzle piece 91.) The gap 90s is open to the

undersurface of the outer nozzle piece 91 through a space formed between

the inner peripheral surface of the hole part 91b and the outer peripheral

surface of the inverted projection 92b. Owing to this arrangement, the gap

~ 90s serving as the second insulating part constitutes a “suction path”

having the hole part 91b serving as its suction port. As mentioned above,

the tip of the inverted projection 92b is sharpened like a knife edge,

thereby the mner peripheral edge of the opening of the gap 90s and the

outer peripheral edge of the opening of the lead-in path 92a are contacted

with each other.

[0135]



51 fromthe el ectrode 31. However, the positional relation of those
surfaces may be reversed in accordance with necessity. That is, as shown in
FIG 13, the edge surface of the jet port 50a of the conductive nmenber 51
may be protruded fromthe surface for formng the |ead-out path 40a of the
I nsul ati ng nenber 41 and al so protruded from47 the surface for formng
the plasmatizing space 30a of the el edfrodes 31, 32. Owing to this
arrangenent, the jet port 50b becones smaller in width than the

pl asmati zi ng sFace,BOa. This makes it possible to throttle the processing
gas in the jetlphetapematys MAasinchshe sonducti venmpalinade tootetwozaldr kpi ece W

be. enancBiroe i Bostingetf BER e RaTHERT ¥t Retween fidsmat | 2i ng space
30a can b@le%?ﬁ%%ﬁu%ﬂh@ 307 ke %@g%gﬁ%ﬁ&w,ﬁﬁipgﬁ?@%eﬁpﬁé@%%g%eased

state. [0111] I'n the alternative, e surface of
the jet broughi@osel to ke eanlipiiceWs’ neitheut inferigyplaeepsingauded from the

surface for forogn g the |ead-qut path 40a of the insulating menber 41 and
flush wi fiamage of the searkpicer By iwhightweulsl etheawise hrycansed dybs Bt t he

| des. i - : he jetii d of th
b ocessr ngisgidrec; N plfnbd bFo ARl e v A i B v oceasi ng

ef fi ci-encynkaitedberlenbrReg@de shibhdl 0K bhd RERAMA MzAL pRiceM 1Ganl 1, the
outer end surface of the

reliably be insulated one from the other by an insulating means composed
of the nner nozzle piece 92 and the gap 90s.
[0136]

The gap 90s formed between the outer nozzle piece 91 and the inner
nozzle piece 92 1s provided as a second insulating part capable of
mnsulating the electrode 31X from the outer nozzle piece 91. In addition,
the gap 90s is also provided as a suction part which is caused to suck the
processed gas (including by-products generated by etching) upon
actuation of the exhaust pump 6. The processed gas can be discharged
through the exhaust pump 6 from the gap 90s serving as the suction path
via the suction path 70c and suction tube 6a in sequence. A flow rate
control valve 6b (suction flow rate adjusting means) is inserted in the
suction tube 6a so that the sucking flow rate can be adjusted.

[0137] |

The present invention 1s not limited to the above embodiments but
other various embodiments can be employed without departing from the
spirit of the mvention.

For example, the conductive member may be provided to at least
the voltage applying electrode and it is not required to be provided to the

grounding electrode.



conductive nmenber 51, i.e., the rear surface on the reverse side of the jet
port 50a in the respective left and right parts with the jet port 50a of
the conductive nmenber 51 sandw ched therebetween is protruded outwardly
fromthe outer surfaces of the. electrodes 31, 32, i.e., the rear surface
on the reverse side of the plasmatizing space 30a. As shown in FIGS. 13
and 14, however, those surfaces may B& flush with each other. Mreover, as
shown in FIG 15, - the outer end surface of the conductive nmenber 51 nay be
| ocated inside the outer surfaces of the electrodes 31, 32 and near the
jet port 50a. [beinjulawr e bepsavuledratdgastbetwaen thievolbagoapplying fir st

2T T ayor Sl G Rofufe e mainbet 18 ifBalol rediivdle Plofpudono, o o
exanpl e, BsrwdhiaWhe %ﬁuﬁﬂﬁﬁg dectrblle 'aﬁd%é%giﬂﬂﬁ@ﬁ%@ﬁlé‘ﬂﬁ%nt he insul ating
e ara

plates 41, 42 and t onduct1 ve nenber are sep ed from each ot her
by a predet er nThedolididielentric 83 qrdvaledap thokonsronvingesdirfdves epdttheen. The

27t et i 1. Fva by ol e
e 2 SRR g o MR DO AERSR 2.S

gas Iayer3§Qﬁstehd@f,ﬂ1§lﬂ§grﬁ{mgf ﬂ_)ra?@&\ﬂﬁﬁﬂ the insulating plates 41, 42 and
t he conductive nenber 51 established such that the voltage applied to the

gas |ayer 40b hbepresentsmegritim eamhe wpplisddo plagma procegeing not only
under normal pressure but also under reduced-i)ressure. The present
invention can be applied not only to plasma processing utilizing a glow
discharge but also to plasma processing utilizing other electric discharges
Such as a corona discharge. Moreover, it can be universally applied to
various plasma processing such as cleaning, etching, film depositing,
surface modification, ashing and the like.
[INDUSTRIAL APPLICABILITY]
[0138]

The present mvention can be utilized to surface processing such as
cleaning, etching, film depositing and the like with respect to a substrate,
for example, in the semiconductor manufacturing process.

[BRIEF DESCRIPTION OF DRAWINGS]
[0139]

FIG. 1 1s a front sectional view showing a schematic construction of
a plasma processing apparatus according to the first embodiment of the
present invention.

FIG. 2 is a schematic view of an experiment equipment for
obtaining a sparking voltage expression at the lowest level.

FIG. 3 is a graph showing the voltage with respect to the thickness
of a gap formed between an insulating member and a metal plate

(conductive member).




[0114] The second insulating part of the insulating nmeans 45 may be
conposed of a gas layer instead of the insulating plate 42. Specifically,
as shown in FIG 17, a gap, i.e., a gas layer 42S (insulating air |ayer)
is defined between the el ectrode structure 30 and the conductive nenber 51
and outside (on the reverse side of the | ead-out path 40a) the first

insul ating plate 41. The second insul &% ng part is conposed of this gas

| ayer 42S. According to this nodified enbodi nent, since there is no need

of a provision_of the second jnsulating plate 42, the material cost can
further be redliled4 is a PRrasctivg wipwoolynnozzletheadsdid gonmal pressure | ayer 33

of the electrodes 31 32 is not shown. [0115] F.G 18 i iewin which

the sane 14 Bg{qegﬁhgsagpﬁrqu%acgoq%ﬂg é‘éﬁflpéhe?'@ctlﬁ@%%ﬁftﬁ%%?%i on of the
| ead- out pafHbdigent ng part of the first insulating plate 41. That is, the
corner forned between the upper surface 49 (surface directed to the

el ectrode struElWr & i8a)frait sebtohal siew of thaspprganisaiceordihgaodhé he surface

for formng the | ead-oqut path 40a is square chanfered to provide a

pr edet er nARQ¥C ARRIONEdoPes agBIQde. 45 degrees), thereby forming the first

Form ng the | cEioate aare ORiR e FHE RelFlfE tketFpndlie B e 1o

t he conduefiFI&. senber 30) of the first insulating plate 41 is square
chanfered to provide a predeterm ned angle (for exanple, 45
FIG. 7 1s a sectional view showing a modified embodiment of the

first embodiment.

FIG. 8 is a sectional view showing another modified embodiment of
the first embodiment.

FIG. 9 is a sectional view showing a further modified embodiment
of the first embodiment.

FIG. 10 is a front view of a normal pressure plasma processing
apparatus according to the second embodiment of the present invention.

FIG. 11 1s a sectional view of a nozzle head of the second
embodiment.

FIG. 12 1s an enlarged bottom view of an end part in the
longitudinal direction of the nozzle head of the second embodiment.

FIG. 13 1s a sectional view showing a modified embodiment of the
second embodiment.

FIG. 14 is a sectional view showing another modified embodiment
of the second embodiment. |

FIG. 15 1s a sectional view showing a further modified embodiment
of the second embodiment. '

FIG. 16 1s a sectional view showing a still further modified
embodiment of the second embodiment.

FIG. 17 1s a sectional view showing a yet further modified

embodiment of the second embodiment.



degrees), thereby form ng the second chanfered part 4l b. [0116] OMng to a
provision of the first chanfered part 41 a, the corner fornmed between the
upper surface and the | ead-out path form ng surface of the first
insulating plate 41 can be prevented from bei ng broken by plasnma and
particles can be prevented fromgenerating. Thus, the processing quality
can be enhanced and the yield of prod®kion can be enhanced, too. The
first chanfered part 4l1a is |larger than the second chanfered part 4lb.
OMng to this arrangenent, the corner fornmed between the upper surface and
the I ead-out phkiG. 1gﬁﬁwﬂﬁgctgwala‘aeWoﬁ‘hOthfarr@ddltlnaal wodagel ate 41 can
reliably be,prevented,fromoccurring and thus, particles can reliably be
pr event edgﬂbﬁﬂ}ﬁgﬂéﬁ)gﬁ%ﬁco % Oﬂ}gﬁl er, in the nodified enbodi nent of
FIG 18, the e : t j rtqlﬁwc?ﬁe : =& lyve menber 51
is located in Itj%g gg?rgéagg%téﬁ?lo‘ﬂg}ﬂnﬁior@%lge t anIO éqlgﬁ?&%?@gc "li:dc/)n W th
respect tembloditenndfithe sdvendsanbodenascond chanfered part 41v and the

under surf ace Oélaéhi first .insulating plate 41. OnMng to this_arrangenent,
an arc di schar GETcaf1s RSPFaensl Hewpy furthan asidatienalgodifisteen t he

el eCtr°dee§$0@ﬂgleh{18¥ﬁ§eﬂ%@d:%ﬁg@@fjﬁ?@ﬂt 51. Moreover, since the jet port

50a becones larger path 40a, the processing gas can
snoot hl'y be j eFI@d2 0w a vesticalnecadas] i 8f & cQlintifieal #2410 head@E a0f t he

conductive nmenber 51 may be withdrawn | ateralTy outwardly fromthe boundary
bet ween t Bermal pressure plasma processing apparatus according to the third
' embodiment of the present invention.
FIG. 22 1s an enlarged bottom view of the cylindrical nozzle head.

[DESCRIPTION OF THE REFERENCE NUMERALS]

M, M1, M2, M3... . normal pressure plasma processing apparatus

.W, W’.....workpiece (object to be processed)

1.....elongate nozzle head

5.....earthing lead wire

3.....pulse source (electric ficld applying means)

30, 30X... ..electrode structure

30a, 30b.... plasmatizing space

31, 31X.....voltage applying electrode

32, 32X grounding electrode

33.....solid dielectric

34... spacer |

40a... . lead-out path

40b.....gap, gas layer

40....1nsulating member

40r, 40s.....chamfered part

41.....first insulating plate (first insulating part)

42.....second insulating plate (second insulating part)

425.....gap (second insulating part)



second chanfered part 41b and the undersurface of the first insulating
part. [0118] FIG 19 shows another nodified enbodi nent of the chanfering.
In this nodified enbodi nent, the chanfering of the first insulating plate
41 is round chanfering instead of square chanbering. Specifically, the
corner forned between the upper surface and the surface for formng the

| ead-out path 40a of the first insul atilng plate 41 is round chanfered,
thereby formng the first chanfered part 41c, while the corner forned

bet ween the surface for form ng the | ead-out path 40a and the wundersurface
i s round #fanfi@sulaton her eby form ng the second chanfered part4ld. The

radi us of .¢urvatuye of the.first chanfered part 41c is larger than that of
the secondlchat GVEAPEMPET g [0119] FIG 20 is a view in which the same
nodi fi cati as;. is applied to the configuration of the jet port
form ng pg??“b'?a‘{dﬂrllgﬁé:c?n%%éti ve nenber 51. That is, the edge surface of the
jet port 50a.ofjet hertconductive nmenber 51 is semicircularly rounded toward
t he upper _surface directed, to the first insulating plate 41 and toward the
under surfaée--t-‘%yl gl dozegle hepd t he wor kpi ece W respectivel y. In other

words, th or ner . en_1.h r surface and the edge surface of
the jet pgpg.,s%po(zsg{:ﬁ%&mcs%%tﬁg P@-‘Eat a%é#%@:?mglpa[té?r ound chanbered, while the
corner fopmed obel weesletpisce fishduetiveaiebetNe j et port 50a and the
undersurface is round chanfered. OMng to this arrangenent, an arc

di schar ge9dbn. dole past i ably  be prevented from occurring between the

el ect r ode 51 and the c nductlfze . )
_ 927.. ‘inner nozzle piece (first insulating part)

92a.....lead-out path




menber 51 or between the insulating plate 41 and the conductive nenber 5
1. It is also accepted that only the corner fornmed between the upper
surface and the edge surface of the jet port 50a of the conductive nenber
51 51 is chanfered and the corner fornmed between the edge surface of the
jet port 50a and the undersurface is not chanfered. Instead of the round
chanfering, a square chanfering may bé&Zenpl oyed. [0120] A nornal pressure
pl asma processi ng apparatus M3 according to the third enbodinent will be
described next, with reference to FIGS. 21 and 22. As shown in FIG 21,
t he nor mIDPHIIMEN ToNLMEE]p€dchBYSng  apparatus MB is an apparatus for

A br ocesst AT TR Dpsfads ?ﬁﬂﬁr%%%%?tﬂs%@?apéﬁ%@eﬁéﬁi%?éh bl e.CL4
> N : by .

v compr | Saung apIRRARSE Bds PASscdhrobe R e E R soalt Bhlg A e rousl o

head 1. Thicskpiectmaranpeld ownzideahb edakniftiziagspaperdeetpridinga nount table (not

;
shown) with its axis directed upward and downward. A workpiece W to be
etched is arratg&ectiglerfor fpenme said playmationg[spaee] The cylindrical nozzle

Egﬁgr rge\é\j ;l b gg ﬁﬂﬁmaﬁéﬁﬁ gle;mxnl?%re eiirllged i-lr-lhseuc Ell imna%rnie% %ls tc? gﬁlzellc? tﬁ]eead 70
side of said electrode which is to be directed to said workpiece in a state
that said conductive member is electrically gounded; and

an msulating member composed of an insulator interposed between
said electrode and said conductive member,

said msulating member having such a dielectric constant and a
thickness that the voltage between said insulating member and said
conductive member does not reach the sparking voltage level.
[CLAIM 2] A plasma processing apparatus according to claim 1, wherein
a sohid dielectric 1s disposed at a plasmatizing space forming surface and
said surface to be directed to said workpiece of said electrode, and said
insulating member is laid on the side of said workpiece of said solid
dielectric.
[CLAIM 3] A plasma processing apparatus according to claim 1, wherein
said conductive member includes a surface directed to said insulating
member, an edge surface for forming a jet port connected to said
plasmatizing space and a surface to be directed to said workpiece, a corner
is formed between said surface directed to said insulating member and an
edge surface of said jet port and a corner is formed between said edge
surface of said jet port and said surface to be directed to said workpiece,
and at least the former corner is chamfered.
[CLAIM 4] A plasma processing apparatus according to claim 1, wherein
said conductive member includes a surface directed to said insulating

member, an edge surface for forming a jet port connected to said



directed upward and downward, an insulating holder 80 |oaded within this
body 71, and an el ectrode structure 30X. The body 71 has a three- stage
cylindrical configuration forned by vertically connecting three body
conponent nenbers 72, 73, 74 which are made of conductive netal. The

I nsul ating holder 80 has a cylindrical configuration fornmed by vertically
connecting three hol der conponent mentfsr s 81, 82, 83 which are nade of
insulating resin. [0123] 52 An electrode structure 30X of the apparatus M
has a coaxial double annular configuration. That is, an electric field

appl yi ng Blaseagtizang spase prd aountase torbe diseetod de sarbowpokpiace,madoaid 83 on t he

I t ~ndhpe electric fiel | yi,ng. el ectrode 31X has..a bottoned -
cg}lvie:ldfi 2 po&ﬁ&%@ﬁ\"%f%ﬁ @ﬁﬂggﬁg%#ﬂ Sg'ﬁﬁs"ﬂ : ’A‘_’%tﬁgmlsﬁﬁdel ectric layer
33 i de ' ' : yi ng

el el:f r odeﬁ)lg’iiﬁi%%.%gl a%\ﬂlstg&lé?&ggé %)0;]?% Hg%%g&fc%)tn%gﬁ %b#ecf%éiésﬁggté prpe 35, which
i's coaxi a[CL4IM 5]hd iethod for masefdceding thdplashecprocesdinglagpappbyi ng

el ectrode 3 1X. The _congductive pipe.35 is conducted at its Internmediate
part wit h2FFIMNgE Flum ﬂB‘Yi@’E"rW&F@ﬁl ectisstans andiige geicknassypber end

R T e A
gr oundi ngbetweedn ol idaMatiagmembes afd shitEcondigstiRankaRE hebmcle body
conponent nenber 74 on the | ower stage. The grounding el ectrode

smaller than the sparking voltage irrespective of the separation distance,

Le., the thickness of a gap formed between said insulating member and

said conductive member.

[CLAIM 6] A method for manufacturing the plasma processing apparatus

according to claim 1, wherein an experiment for measuring said sparking

voltage is carried out and a relation of said sparking voltage with respect

to the separation distance, i.e., the thickness of a gap formed between said

insulating member and said conductive member is obtained based on the

measured data in which a spark occurs at a lower level than the average.

[CLAIM 7] An apparatus for processing the surface of a workpiece by

jetting a processing gas passed through a plasmatizing space onto a

workpiece which is arranged outside said plasmatizing space, said plasma

| processing apparatus comprising:

an electrode for forming said plasmatizing space;

a conductive member provided in such a manner as to shield the
side to be directed to said workpiece of said electrode in a state that said
conductive member is electrically grounded; and

an insulating member composed of an insulator and interposed
between said electrode and said conductive member,

a gap being formed between said insulating member and said

conductive member, the dielectric constant and the thickness of said |



32X is grounded through the conductive body 71 and an earthing lead wre 5
extending fromthe body 71. The grounding el ectrode 32X has a cylindrical
configuration which is coaxial with the body 71 and which is larger in
dianeter and smaller in length than the electric field applying electrode
3l X. The electric field applying electrode 31X is inserted and arranged in
this grounding el ectrode 32X. That isf4the grounding el ectrode 32X
surrounds the electric field applying electrode 31X. Onng to this
arrangenment, an annul ar plasmati zi ng space 30b is formed between those

el ect r odemsslaing3@embiiresng iestablished sucle thaiypevolBe appligosi daédl on t he

I nner peri hgral surface |ct)]f%atg}e_gro ndi ng el ectrode 32X. [0125] A -
refriger aftP 8?0198%@3;]@5 ThH}USRATBHIE Yeltaget into the open upper end of

t he pi pe . ' i [ l.gerant passes
bet ween tﬁééLfA?fr\\/iergj p@%@h%ﬁg?%égpgg rtﬁg Sﬁlﬁgfséggéﬁﬁ §I|fkrr%gce€i &trode 53
31X and t jetieg bgiropedsipd eny passddn@reige a IFaanskiAdpiphse bty henperature of
the el ectrode 31X. Then, via a comunication water path (not shown) forned
in the howgekpigeapdnehts amanged 88tsudel saideplosumticoimspraset saidgibsma74, the
refrigerant JRasses through an_annul ar space 70d fornmed between the outer
per i pher yPRCEHEEFPHARUYPRGOBIEN P Sde 32X and the body conponent nember 74

and adj usts t hg, ERERIRUYE Sothirld&ig! él‘iiﬁné%éa e; Wiy eafter, the
refrigerant is discharged throu a di scharge™p tﬁ ‘(not  shown) extending

t hrough t he boalgondugtorentemtesriaovided inhaidhod demnee asposkiwdd tenber s 83, 82,
.and the bgi % tg%répcfi?gc%dr{gggﬁlrwglgkgigce of said electrode in a state that said
conductive member is electrically grounded,

a gas layer as an insulator being formed between said electrode and
said conductive member, and the thickness of said gas layer being
established such that a voltage applied between said electrode and said
conductive member becomes smaller than the sparking voltage.

[CLAIM 9] A plasma processing apparatus according to claim 8, wherein
a sohd dielectric is provided to a plasmatizing space forming surface and a
surface on the side to be directed to said workpiece of said electrode, said
gas layer is defined by said solid dielectric on the side of said workpiece
and said conductive member, and the thickness of said gas layer is
established such that a voltage between said solid dielectric on the side of
said work piece and said conductive member becomes smaller than the
sparking voltage.

[CLAIM 10] A plasma processing apparatus according to claim 8,
wherein said conductive member includes a surface directed to said
electrode, an edge surface for forming a jet port connected to said
plasmatizing space, and a surface to be directed to said workpiece, a
corner is formed between said surface directed to said electrode and said

Jet port edge surface and a corner is formed between said jet port edge




sequence. [0126] The processing gas fed fromthe processing gas source 2X
Is introduced into the annular plasnatized space 30b via a processing gas
supply path 70b forned in the body conponent nenber 72, the hol der

conponent nenbers 82, 83, etc. of the nozzle head 71 and then,

viaa swrl

 forni ng path 84a of a ring (swrl formng nenber) 84. On the other hand,
the pulse voltage fed fromthe pulse $8urce 3 is applied to the electrode
Owing to this

31X via the conductive pipe 35 and the conductive ring 36.

arrangenment, an electric field is forned in the plasmatizing

the proceSuifaee gnd saidl srfacectol beedire¢tedan]sakhwoskpiece f andanlgasi thg 84 i s

mount ed'o? t he hol der or}ﬁ nept nmenber 83 in such a nanner as to surround
? A

TS €T 8Chhp

the el ect

groundi ngreLagiiqdg 32X. Aﬁﬁaho%)'?o&'méﬂﬁﬂzhﬁgpg% @%ﬁﬂhﬂﬁblﬂ

pat h 84b extending al ong the outer perip e ring

el vers Hindlr ROERIAA.ARS cPUEla LICILERL I S RELAIRLH B

direction om the processi ng gas

space 30b and |

re@.| ectrode 31X on the upper side of the

%‘%ﬁlﬁg gnnul ar

pl ural i t yapparswis dcaguines footlesn &4 swwhareiretn akpagnichi ﬁ@t}gﬂme‘ah_ﬁrh@lg\s@iﬂ_ )

peri pheral suyrface of the ring 84 froma  plurality of positions_in the
per i pher afPkiRE ¥pBAZSLs eargledrimtiand prelptigniot sarhepatkmg weltags wituph

I n the peripheral

rl

gui de hol es

84c are fimspaiddataxhanicht gerRratcys &l @Itﬂ?véxgl%vel ahgahbiAkrsid ection of

t he inner of the ring 84 and incline

eri pher
[ELAI 12 A method for manufacturing the plasma processing

apparatus according to claim 9, wherein the thickness of said gas layer is

established such that the voltage between said solid dielectric on the side

of said workpiece and said conductive member becomes smaller than the

‘sparking voltage irrespective of the separation distance between said

electrode and said conductive member.

[CLAIM 13] An apparatus for carrying out plasma processing by

plasmatizing a processing gas and jetting the plasmatized gas onto a

workpiece, said plasma processing apparatus comprising:

an electrode structure composed of a pair of electrodes for forming

a plasmatizing space;

a conductive member arranged in such a manner as to shield the

side to be directed to said workpiece of said electrode structure in a state

that said conductive member is electrically grounded; and

an insulator interposed between said electrode structure and said

conductive member,

said insulator being divided into a first insulating part for forming a

processing gas lead-out path connected to the downstream of said

plasmatizing space and a second insulating part separately arranged on the

reverse side of said first insulating part lead-out path side.

[CLAIM 14] A plasma processing apparatus according to claim 13,

wherein said first insulating part is composed of an insulating material



downward toward the inner peripheral surface. The processing gas com ng
fromthe annular path 84b is passed through the swirl guide holes 84c and
turned out to be a high-speed swirl flow along the peripheral direction of
the annul ar plasmati zi ng space 30b. Oning to this arrangenent, the flow

di stance in the plasmati zi ng space 30b of the processing gas can be

el ongated, the plasma density can be ifficreased and the processing gas can
be vigorously jetted out and reliably applied to the workpiece W. Thus,
the etching rate can be enhanced. [0128] A |ower part 90 (nozzl e conponent
part) is haviaggebighedplashe résstunce pngmerenthamesdié sedehdbmsubaingwer st age of
the cylindrical nozzle head 70. The lower part 90 includes an outer nozzle
pi ece 91 BAd an inner nozzle pi ece 92. [0129] The inner nozzle piece 92

IS conpos f knsul aji ' r I .
- pol yt et rafﬁ?%}"gg? :Lyl eneAﬂ%%gigﬁ?%éﬁggﬁ%aemB% a_rcgé?‘lﬁglgﬁtpactl?% 13par t". The
i nner nozwulleréinened $@sthiasuktih t ikeomposedUf ah ifdlatiBg n@itetinl di anet er
than the outer nozzle piece 91 but slightly nore enlarged in dianeter than
the gr ounhaviing &plasotfereistanck prepdriyut path 92a is formed at the central
at h,92

B SR S, SRR i e upper
P < Paerh SAISECIRP G pheRbhgL0 s i A over, e0d o
path 92a. [BEAIMMT]i n Fi 4.pliSnaprbosmsing apparghis paordief tohdafrd3el - shaped
wherein a lead-out path forming surface of said first insulating part is
withdrawn from a plasmatizing space forming surface of said electrode
structure.
[CLAIM 18] A plasma processing apparatus according to claim 13,
wherein said first insulating part has a corner formed between said surface
directed to said electrode structure and said lead-out path forming surface
of said first insulating part and a corner formed between said lead-out path
forming surface and said surface directed to said conductive member, and
at least the former corner is chamfered.
[CLAIM 19] A plasma processing apparatus according to claim 13,
wherein said corner formed between said surface directed to said electrode
structure and said lead-out path forming surface of said first insulating part
and said corner formed between said lead-out path forming surface and
said surface direéted to said conductive member are both chamfered, and
the former corner is more heavily chambered than the latter corner.
| [CLAIM 20] A plasma processing apparatus according to claim 13,
wheremn said comer formed between said lead-out path forming surface
and said surface directed to said conductive member of said first insulating
part 1s chamfered,

said conductive member including an edge surface for forming a jet

port connected to the downstream of said lead-out path, said jet port edge




| ead- out path-92a has an elliptical configuration in a bottomview A 55

| ower end part of the |ead-out path 92a is opened downward and constitutes
ajet port. [0130] As shown in FIG 21, an inverted projection 92b for
formng the lower straight part of the lead-in path 92a is provided to the
center of the undersurface of the inner nozzle piece 92. The outer

peri pheral surface of the inverted pridjection 92b is progressively reduced
in diameter downwardly. This outer peripheral surface is intersected with
the-inner peripheral surface of the |ower straight part of the |ead-in
path 92a, sutfhee gbsng‘ lcatadgint hgeherally samak posipoans)thetboundaiynvert ed
projection 92b int. a.kni f.e edge configuration. [0131] The outer nozzle

pi ece 91 i?)gt\@%%egaéugfacg Eﬁﬁﬁ‘i‘fgfq %‘H ucgye megser apd sgidanpl e, stai nl ess

Stgel and:RORRLLANL RS o RO RE TR oo TSRV S RGERHE, PLoce o1 hes

a disc-like con uration having ody conponent
menber 74thekefromt er nozzle piece 91 is fixed to the | ower end surface of
t he body caonponent nenber 74 by bolts_ (not shown). The outer nozzle piece
91 is el edCHAIRNI2L 1gr oundeplasmaqughessimg apparatimiacosdingetoeclatrhildy | ead wire

o L0130 A eren et b IR 1R BT "o e
insulating part, an edge surface for forming a jet port connected to the |
downstream of said lead-out path and a surface to be directed to said
workpiece, a corner is formed between said surface directed to said first
msulating part and said jet port edge surface and a corner 1s formed
between said jet port edge surface and said surface to be directed to said
workpiece, and at least the former corner is chamfered.

[CLAIM 22] A plasma processing apparatus according to claim 13,
wherein said conductive member includes an edge surface for forming a
Jet port connected to the downstream of said lead-out path, and said jet
port edge surface is withdrawn from said plasmatizing space forming
surface of said electrode structure or said lead-out path forming surface of
said first insulating member.
[CLAIM 23] A plasma processing apparatus according to claim 13,
wherein said conductive member includes an edge surface for forming a
jet port connected to the downstream of said lead-out path, and said jet

- port edge surface 1s protruded from said plasmatizing space forming
surface of said electrode structure or said lead-out path forming surface of
said first insulating part.
[CLAIM 24] A plasma processing apparatus according to claim 13,
wherein said pair of electrodes of said electrode structure has an elongate
configuration extending in the direction orthogonal to the mutually
opposing direction, said insulator and said conductive member are

extended in the same direction as said electrodes and thus, said lead-out



spacer (not shown) for raising the inner nozzle piece 92 is integrally
provided to the inner bottomof the recess 91a of the outer nozzle piece 91
or the undersurface of the inner nozzle piece 92. OnMng to this
arrangenent, a gap 90s is formed between the outer nozzle piece 91 and the
I nner nozzle piece 92. The gap 90s constitutes a "second insulating part

- conposed of a gas layer". The gap 90s6Serving as the second insulating
part. and the inner nozzle piece 92 serving as the first insulating 56 part
constitute an insulator for insulating the electrode structure 30X from

t he out er pathzanda pitquet farmed e saidhordmetive hembeeitbsuch § MARier e upper

d t of,th ' [ icati.on..wth a suyction path, 70c. The
Suct on piit he Soafeded 5 sh dpmeRaaBoHA ob Apiohet-odk oAb Aok ERfiel ol der
conmponent 'r{‘ﬁfébs%r : nhe - i@ _sequence. The
upggr end1 part c‘ﬁetaﬁgc‘gé?:?llggﬁfd]%lg?ﬁg%%%%g&)g%?rﬁ%g%%@et élﬂgfhagst punp 6

t hr ough t Berestich igonetallyeoifogordl 18 4hidntiahsllpapposihe, divdvtion akd open to the
under surface of the outer nozzle piece 91, is forned in the central part.
of the res@dsxtandestdireeiiqiut er nozzle piece 91. As shown in FIG 22, the

opent 19 B A A e ch %R PRl LSS ol glE o, o
e LS, et 038 tondgsshomy sl Aherls, LG APT o cct| o o2
91b. ( Thabeivegen the mespectpar endparts on the same side in the longitudinal
direction of said pair of electrodes, and said conductive member is formed
in such a manner as to keep away from the boundary between said spacer
and said electrodes.
[CLAIM 26] A plasma processing apparatus according to claim 16,
wherein a hole part is opened in said conductive member, said lead-out
path of said first insulating part is arranged inside said hole part, a suction
path including said hole part as a suction port is defined by said
conductive member and said first insulating part, and said suction path is
provided as a gas layer serving as said second insulating part.
[CLAIM 27] A plasma processing apparatus according to claim 26,
wherein one of said pair of electrodes of said electrode structure is
coaxially annularly surrounded by the other electrode, thereby forming
said plasmatizing space into an annular configuration.
[CLAIM 28] An apparatus for carrying out plasma processing by
plasmatizing a processing gas and jetting said plasmatized gas onto an
object to be processed, said plasma processing apparatus comprising:
an electrode structure composed of a pair of electrodes for forming
a plasmatizing space; and
a conductive member arranged on the side to be directed to said
object of said electrode structure through an insulator in a state that said

conductive member is electrically grounded,



having the jet path 92a of the inner nozzle piecé 92 at its inner side is

fornmed in
under sur f
t he i nner

having th

with eachP8ttifgnne _ _ gzin (
Ctate, berSEnnEi0obene REHfRvwif A BOSRRNRTk MifsSoRRlik SRl

head 70 cafishid elbépodhit cl oser to the workpiece W w t hout

processin

reliably B e’fr?\@tﬁaé

of the in
bet ween t

the outer nozzle piece 91.) The gap 90s is open to the

ace of the outer nozzle piece 91 through a space forned between
peri pheral surface of the hole part 91b and the outer peripheral

surface of the inverted projection 92b. Onng to this arrangenent,
90s serving as the second insulating gt constitutes a "suction path"

e hole part 9 | b serving as its suction port. As nentioned above,

the tip of the inverted projection 92b is sharpened |ike a knife edge,

t hereby t he i nserd pendysrcaneatdge inthidneg apedgoguofact fier famigga mnd t he

outer peripheral edge of the opening_of.the |lead-in path 92a are contacted

st the

owpstrgn 9 58

t he gap

lasmpizing space; paidgdshBedt i ve

gr ounded
he nozzl e

i nferior

and damage of the workpiece W which would otherw se be caused

by the ar ECLAIMARIge. TAudasmh@rpiessing ppparasss angoedingdioariaymn @8n rel i ably

be enhancegd. .The $I.ectrode St r,uct ur.e 0%( and tBe ouiifr no zl e piece 91 can
Ry

WFUlRtor dnclndes an Jaswlatipg membge sa
RRMBOZ #lcudisef SudZc ARt b A e}@Q&muE Bééﬁ&orm%t&ﬁfb fifs f

he outer nozzle piece 91 and I nner
downstream of said plasmatizing space and connected to the upstream of

said jet port, and said lead-out path forming surface is withdrawn from
said plasmatizing space forming surface of said electrode structure.
[CLAIM 30] A plasma processing apparatus according to claim 29,
wherein said insulating member includes a surface directed to said
electrode structure, said lead-out path forming surface and a surface
directed to a conductive member, a corner 1s formed between said surface
directed to said electrode structure and said lead-out path forming surface
and a corner is formed between said surface lead-out path forming surface
and said surface directed to said conductive member, and at least the
former corner 1s chamfered.

[CLAIM 31] A plasma processing apparatus according to claim 28,
wherein said insulator includes a gas layer.

[CLAIM 32] A plasma processing apparatus according to claim 28,
wherein said conductive member includes a surface directed to said |
insulator, said jet port edge surface and said surface to be directed to said
object, a corner is formed between said surface directed to said insulator

and said jet port edge surface and a corner is formed between said jet port

S conposed

or ned

edge surface and said surface to be directed to said object, and at least the

former corner is chamfered.



nozzl e piece 92 is provided as a second insulating part capable of

i nsulating the electrode 31X fromthe outer nozzle piece 91. In addition,
the gap 90s is also provided as a suction part which is caused to suck the
processed gas (including by-products generated by etching) upon actuation
of the exhaust punp 6. The processed gas can be discharged through the
exhaust punp 6 fromthe gap 90s servinf as the suction path via the
suction path 70c and suction tube 6a in sequence. A flowrate control

val ve 6b (suction flow rate adjusting nmeans) is inserted in the suction
tube 6a sKCLAMM BBk suckdmgppimams firecargyingenadilashagrodedildigl byThe present
invention is not.limted to the abpve .enbodi pents _but other various
enbodi nmenPESRARZRE %%?W@W%@%@WEJ%HSFﬁF@ S S QP of the

i nventi on.m; - A r Vi . to at |east

t he vol ta%@%g%%ﬁeﬁgéﬁsgé@’%gggﬂg&n%&% iﬂlecl)dgg%g arpggﬁﬁltgggghgj rbsgﬁ Tovided to the
groundi ng el ecdr eldetrod8 striiceurensuhpésyd by phe dfredvdteedbsafor ifeaminget ween the
vol t age appl.ying el ectrode and the conductive nmenber and it is not required

to be provdidddasnetizisgspane; apdundi ng el ectrode and the conductive nenber.
The solid dielegtric 33 prowi ded to the conf.ronting,.surfaces gnd the
under sur f aces %?6?‘%%“51%&'(3?%%3@53@@%0%&? yde &g éEE%Ft%Cf%%S%@a ectric

thin pl at ghjeepaf stiddt1s@adsdd g@ﬁ&ﬁ@@gﬁf%}lgtr}] PInQubReYirs stape el 85id odes 31,

32 instead 'of the thermally spraye

conductive member is electrically grounded,

said conductive member includes an edge surface for forming a jet
port connected to the downstream of said plasmatizing space, and said jet
port edge surface is withdrawn from said plasmatizing space forming
surface of said electrode.
[CLAIM 34j ‘An apparatus for carrying out plasma processing by
plasmatizing a processing gas and jetting the plasmatized gas onto an
object to be processed, said plasma processing apparatus comprising:

an electrode structure composed of a pair of electrodes for forming
said plasmatizing space; and

a conductive member arranged on the side to be directed to said

- object of said electrode structure through an insulator in a state that said

conductive member is clectrically grounded,

said conductive member including an edge surface for forming a jet
port connected to the downstream of said plasmatizing space and said jet
port edge surface being protruded from said plasmatizing space forming
surface of said electrode. |

- [CLAIM 35] An apparatus for carrying out plasma processing by

plasmatizing a processing gas and jetting the plasmatized gas onto an
object to be processed, said plasma processing apparatus comprising:

an electrode structure composed of a pair of electrodes for forming

said plasmatizing space; and




The present invention can be applied to plasma processing not only under
normal pressure but al so under reduced-pressure. The present invention can
be applied not only to plasna processing utilizing a glow discharge but
also to plasnma processing utilizing other electric discharges such as a
corona di scharge. Moreover, it can be universally applied to various

pl asma processing such as cleaning, et/dhing, filmdepositing, surface
nodi fication, ashing and the like. [INDUSTRI AL APPLI CABI LI TY] [0138] The
present invention can be utilized to surface processing such as cl eaning,
etching, fil maepoductiveymembartasrdriges o the sidspede diccced Ghsaidate, for
exanpl e, ip.the.sen gondugt or manuf.acturi ng. process. Rl EF CRI PTI ON OF
DRAW NGS] Ogrﬁgggfa‘g} eSO Stxugiing rough Ahimsulten 8¢ Pl hemat i ¢
const r uct ipfilelne MNBRTR PLAEEESE MARRRARRING ASHBEAINDELAILAS 1 1t
enbodi nent of the present invention. G 'S a schemat1 ¢ view of an
experi mengraagudedrent for  obtai ning a sparking voltage expression at the

| owest level. FI.G. 3.is a graph showing the voltage with respect to the

t hi ckness of %ﬂlgﬁsulatz%@@@g%mha@migr@ sach fpmionmeng adeadrottbt al pl at e

(oonare  BEnERcled Bt ddtmstrddn DREIPPRRIAIG S S sfid'027! © head of 2

conductive member including an edge surface for forming a jet port

- connected to the downstream of said lead-out path, and said jet port edge
surface being non-flush with said lead-out path forming surface of said
insulating member.

[CLAIM 36] A plasma processing apparatus according to claim 35,
wherein said lead-out path forming surface of said insulating member is
withdrawn from said plasmatizing space forming surface of said electrode
structure. _
[CLAIM 37] A plasma processing apparatus according to claim 35,
wherein said insulating member including a surface directed to said
electrode structure, said lead-out path forming surface and a surface
directed to said conductive member, a corer is formed between said
surface directed to said electrode structure and said lead-out path forming
surface and a corner is formed between said lead-out path forming surface
and said surface directed to said conductive member, and at least the
former corner is chamfered. |

[CLAIM 38] A plasma processing apparatus according to claim 35,
wherein said insulator includes a gas layer.

[CLAIM 39] A plasma processing apparatus according to claim 36,
wherein said conductive member includes a surface directed to said
msulator, said jet port edge surface and said surface to be directed to said
object, a corner is formed between said surface directed to said insulator

and said jet port edge surface and a corner is formed between said jet port




pl asma processi ng apparatus according to one specific node of the first
enbodiment. FIG 5 is a front sectional view of the apparatus according to
the above-nentioned specific node. FIG 6 is a side sectional view of the
apparatus, taken on line VI-VI of FIG 5. FIG 7 is a sectional view

showi ng a nodi fi ed enbodi nent of the first enbodinent. FIG 8 is a
sectional view showi ng another nodifi &2 enbodi ment of the first

enbodinment. FIG 9 is a sectional view showing a further nodified

enbodi nent of the first enbodinment. FIG 10 is a front view of a nornal
pressur e pligs smrfpcoard sangsur&pratodhaidiraciedrtdisagl objecheanslestdegstehdodi ment  of
the present invention. . Fl 1 is a sectional view of a nozzle head of the
second e TRAENeT S| ghamiered. an enl arged bottom view of an end part in

cne L orolepRRol! e ARl SRR MhubiBRERRRIE B0
oo ol cse ol ety e ot wlapaon g, o b o, oo mn
nodi fi ed ehisstitorbatproedssedesad plasina phockissimg apparatus comprising:
~ an electrode structure composed of a pair of electrodes for forming
said plasmatizing space; and
a conductive member arranged on the side to be directed to said
object of said electrode structure through an insulator including a solid
msulating member in a state that said conductive member is electrically
grounded. '
said msulating member including a surface for fdrming a lead-out
path connected to the downstream of said plasmatizing space, said
conductive member including an edge surface for forming a jet port
connected to the downstream of said lead-out path, and said jet port edge
surface being withdrawn from said lead-out path forming surface of said
insulating member. '
[CLAIM 41] A plasma processing apparatus according to claim 40,
wherein a corner formed between said lead-out path forming surface and
said surface directed to said conductive member of said msulating member
1s chambered, and said jet port edge surface of said conductive member is
located in the generally same position as the boundary between said
surface directed to said conductive member and said chamfered part of
said insulating member or in a position withdrawn therefrom.
[CLAIM 42] An apparatus for carrying out plasma processing by
plasmatizing a processing gas and jetting the plasmatized gas onto an
object to be processed, said plasma processing apparatus comprising:
an electrode structure composed of a pair of electrodes for forming

a plasmatizing space; and



FIG 16 is a sectional view showing a still further nodified enbodi nent of
the second enbodinent. FIG 17 is a sectional view showing a yet further
nodi fied enbodi ment of the second enmbodinment. 60 FIG 18 is a sectional
vi ew showi ng an additional nodified enbodi nent of the second enbodi nent.
FIG 19 is a sectional view show ng another additional nodified enbodinent
of the second enbodinent. FIG 20 is &3sectional view showing a further
additional nodified enbodinent of the second enbodinent. FIG 21 is a
vertical sectional view of a cylindrical nozzle head of a normal pressure
pl asma processa ngndtmlﬂreamstmlmrmraﬁg%@ d¢grothhadt ho be disscheditorenitd of the
present i entlg IG 22 is an enlarged bottomvjew of the cylindrical

nozzI e he@ ect[J gruqiHES REPBRENCENSNERASIudiNg i soly )
(obj eci ”?J*‘E Sissdaaty h%?&?‘t%%ﬁﬁ%icﬁ&@ Pl ooy ' e,

wre 3. dﬂ.ﬂd‘ég source (electric field applying nmeans) 30,
30X.....eTectrode structure 30a, 30b..... pl asmati zi ng space 31,
31X .. .. vol t ageaidppdulatige eﬂlﬂubcndmludmg a surface for forming a lead-out

path connected to the downstream of said plasmatizing space, said
conductive member including an edge surface for forming a jet port

~ comnected to the downstream of said lead-out path, and said jet port edge
surface being protruded from said lead-out path forming surface of said

msulating member.




32, 32X grounding electrode 33..... solid dielectric 34..... spacer

40a. . ... | ead-out path 40b..... gap, gas layer 40..... i nsul ati ng nmenber
40r, 40s..... chanfered part 41..... first insulating plate (first insulating
part) 42..... second insulating plate (second insulating part) 42S..... gap
(second insulating part) 61 4 5... ..insulator 51..... conductive nenber
5l1a.....avoidance part 50a..... jet p@dat 70..... cylindrical nozzle head
90s..... gap (second insulating part and suction path) 91..... outer nozzle
pi ece (conductive nenber) 91b.....hole part 92..... i nner nozzl e piece

(first i nEDOG@UNENINAMB2aABSTReAFout path 62 [ DOCUVENT NAME| CLAI VB
A A A Drocassiig apparanss is provided on the side fo be- - o'
directed to a workpiece W of electrodes 31, 32 with a conductive member
51 through an insulating member 41. The insulating member 41 is
sandwiched between the electrodes 31, 32 and the conductive member 51.
The dielectric constant and the thickness of the insulating member 41 are
established such that the voltage applied to a gap 40b formed between the
insulating member 41 and the conductive member 51 becomes smaller
than the sparking voltage. Owing to this arrangement, electrical discharge
can be prevented from occurring in the gap 40b and thus, the processing

quality can be enhanced.




jetting a plasmati zed gas passed through a plasmatizi ng space onto a

wor kpi ece arranged outside the plasmatizing space, conprising: an el ectrode
for form ng said plasnmatizing space; a conductive nenber arranged in such a
manner as to shield the side of said electrode which is to be directed to
said workpiece in a state that said conductive nenber is electrically
gounded; and an insul ati ng nenber conposed of an insul ator interposed

bet ween . said el ectrode and said conductive nenber, said insulating nmenber
having such a dielectric constant and a thickness that the voltage between
sai d i nsu[ROCIGMIENTeN AVE s BIRIAWBYGSct i ve menber does not reach the

spar ki ng mgéﬁﬂge | evel . [CLAIM 2] A plasma processi ng apparatus accordi ng
to claimii'8herein- a solid dielectric is disposed at a plasmatizi ng space
“form ng surface and said surface to be directed to said workpiece of said
el ectrode, and said _insulating nenber is laid on the side of said

wor kpi ece of said sdlid dielectric. [ CLAIM 3] A plasma processing
apparatus according to claim1l, wherein sard conductive nenber includes a
surface directed to qaid in Btln ,-an edge surface for formng a
jet port connected to said ASITRt pace and a surface to be directed
to said workpi ece, a corner |s forned bet ween said surface directed to
said insul ating nmenber agg an _edg s§¢gace of §a|d jet port and a corner
is formed between said e surfade of said je port and said surface to
be directed to said workpilece, an /92 | east the fornmer corngr is

chanferedh : . ::;//f /iEEE::i///
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~said plasmatizing spac

[ CLAIM 4] A plasma processing apparatus according to claim1, wherein

conducti ve nenber

sai d

i ncludes a surface directed to said insulating nenber,

an edge surface for formng a jet port connected to said 63 plasmatizing

space and a surface to be directed to said workpi ece,
edge surface is rounded toward said surface directed to said
said surface to be directed to said workpi ece, respectively.
manuf acturi ng the plasna processi ng appar at us
claim1l, wherein the dielectric constant and the thickness of

met hod f or

i nsul at i npFigediber are established such that the vol
sai d insulating nenber and said conductive nenber

conductive nmenber. [CLAIM 6] A nmethod for manufacty
processi ng apparatus according to claim1, whereif
measuring said sparking voltage is carried out anc
sparking voltage with respecg to the geparation di

t hi ckness of a gap forned @eﬁmeen sai df insulating
Reg based onst he

i

conductive nenber is obta
occurs at a |ower |evel thghtthe aver
processing the surfac§ of @;@ork i ece
through a plasmatizi ng, spage_ontg a

e\\sH§YTW&L? ma

w
\

nmeasur €
e. [CLAIM 7
y jetting 4
rkpi ece whi g
rocessi ng af

{Document Value)

Sparking Voltage Vxo

becones
sparking voltage irrespective of the separation distance,
t hi ckness of a gap fornmed between said insulating nesber and

and said jet port

i nsul at or and
[CLAIM 5] A
according to

sai d

tage applied between
smal l er than the
i.e., the

v sai d

Ir™ng the plasm

1 an experinment for

1l a relation of said
stance, i.e., the

menber and said

>d data in which a spark
'] ©An appar at us for
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an electrode for formng said plasmatizing space; a conductive nenber
provided in such a manner as to shield the side to be directed to said
wor kpi ece of said electrode in a state that said conductive nenber is

el ectrically grounded; and an insul ati ng nenber conposed of an insul ator
and interposed -between said electrode and said conductive nenber, a gap
being formed between said insulating nenber and said conductive nenber,
the dielectric constant and the thickness of said 64 insulating nmenber
bei ng established such that a voltage applied to said gap becones snaller
than the BpgMi ng voltage. [CLAIM 8] An apparatus for processing the
surface of a workpiece by jetting a processing gas passed through a

pl asmati zi ng space onto a workpiece which is arranged outside said

pl asmati zi ng space, said plasna processing apparatus conprising: an

el ectrode for fornm ng said plasmatizing space; and a conductive nenber
provided in such a nner as to he side to be directed to said
&é' at said conductive nenber is

wor kpi ece of said ele®tro

el ectrically grounded, a gas i nsul ator being fornmed between
said el ectrodglant, said copducti and the thickness of said gas
| ayer being estxapy i
and said cond

[CLAIM 9] A pl Asy \ " ordifg_to claims, wherein
© |

Refrigerant —in
Refrgerant —out

22Jnog
ser) SuIssa00.d

Refrigerant —in
-Refrgerant —out




a-solid dielectric is provided to a plasmatizing space form ng surface and
a surface on the side to be directed to said workpiece of said el ectrode,
said gas layer is defined by said solid dielectric on the side of said
wor kpi ece and said conductive nmenber, and the thickness of said gas |ayer
is established such that a voltage between said solid dielectric on the
side of said work piece and said conductive nenber becones snaller than
the sparking voltage. [CLAIM 10] A plasma processi ng apparatus accordi ng
to claim8, wherein said conductive nenber includes a surface directed to
sai d eIeEF%mﬁb, an edge surface for formng a jet port connected to said
pl asmati zi ng space,  and a surface to be directed to said workpiece, a
corner is forned between said surface directed to said el ectrode and said
jet port edge surface and a corner is formed between said jet port edge 65
surface and said surf to be dijrected to said workpiece, and at |east the
former corner is chanfeéred. [CLArWﬂll] A et hold f or; manuf acturing the

pl asma processing apparatus according to claim8,/wherein an experi ment
for measuring said sparking voltage is carrieg odt and a relation of said

sparking voltage with respeg 0 e~ R skjegssaf said gas layer is
obt ai ned based on the neasu ta RNV p loccurs at a | ower

| evel than the average. [CL D nuf acturing the plasma
ergin {e thickness of said
et ween said solid

12

processi ng apparatus accordfn i
gas layer is establisheq sug dqethe vble
dielectric on the side '

56 .24b:;/é'\3oa§ Al & Z J
WAL a =
s NN e N\

4
, —
I/A![ 7 . Z

W W P R

; i i S—
/ / \ ‘
e (T T
o) 3340% | 406292405 33 40x '
|51 o

4 —_—
VI




of said workpi ece and said conductive nenber becones smaller than the
sparking voltage irrespective of the separation distance between said
el ectrode and said conductive nenber. [CLAIM 13] An apparatus for carrying
out plasma processing by plasmatizing a processing gas and jetting the
pl asmati zed gas onto a workpiece, said plasnma processi ng apparatus
conprising: an el ectrode structure conposed of a pair of electrodes for
formng a plasmatizing space; a conductive nmenber arranged in such a
manner as to shield the side to be directed to said workpiece of said
el ectrode[Hgrédcture in a state that said conductive nenber is electrically
grounded; and an insulator interposed between said electrode structure and
said conductive nenber, said insulator behng divided into a first
insulating part for formng a processing a@s | ead- out path connected to
t he downstream of said plasmatiZing space qu a second insulating part

i f

separately arranged on the revé&sé}srdg 0 abd first insulating part
| ead-out path side. [CLAIM 14] A plasna p g apparatus according to
claim 13, wherein said first insul atihgpvfar conposed of an insulating
material 66 having a higher s\ B¥Rnsefipll operty than sai d second
insulating part. [CLAIM15]"'A plas B 1p ;fs k\g apparatus according to
claim13, wherein said firsg |n51ﬂ t&4&hﬁﬁlt‘\ﬁ conposed of an insul ating
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having a plasma resistance property. [CLAIM 16] A plasnma processing
apparatus according to claim 13, wherein said second insulating part is
conposed of a gas layer. [CLAIM 17] A plasnma processing apparatus accordi ng
to claim13, wherein a lead-out path form ng surface of said first
insulating part is wthdrawn froma plasmatizi ng space form ng surface of
said electrode structure. [CLAIM 18] A plasma processi ng apparatus
according to claim13, wherein said first insulating part has a coner
formed between said surface directed to said electrode structure and said
| ead- out PEgV]formng surface of said first insulating part and a corner
formed between said | ead-out path form ng surface and said surface
directed to said conductive nmenber, and at |east the former corner is
chanfered. [CLAIM 19] A plasma processing ?Fparatus according to claim13,
wherein said corner fornmed between said surface directed to said el ectrode
structure and said | ead-outg PBDedfl; rggggfurface of said first insulating
part and said corner for bet weer sald | ead- out path form ng surface and
said surface directed to said conductive nenber are both chanfered, and

the former corner is nogg heavily {chgghered thgn the latter corner. [CLAIM
20] A pl asnma processing ipparatus acgording tok;lain113, wherein said
corner formed between saild | ead-o0 bath form ng surface arfd said surface

directed to said c9ﬁdu (R ber /( ijnsul ating,/ part is
chanfered, said cqnductiye penber 1
jet .
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port connected to the downstream of said | ead-out path, said jet port edge
.67 surface being located in a generally sane position as the boundary

bet ween said surface directed to said conductive nenber and said chanfered
part of said first insulating part or in a position withdrawmm therefrom

[ CLAIM 21] A plasma processing apparatus according to claim13, wherein
sai d conductive nmenber includes a surface directed to said first

insulating part, an edge surface for formng a jet port connected to the
downstream of said | ead-out path and a surface to be directed to said

wor kpi ecefFig.Yorner is formed between said surface directed to said first
insul ating part and said jet port edge surface and a corner is forned

bet ween said jet port edge surface and said surface to be directed to said
wor kpi ece, and at least the forner corner is chanfered. [CLAIM 22] A plasm
processi ng apparatus accordi 8§ to 80ai m333, Wflerein said conductive nember
i ncludes -an edge surface for fformng a jjet port connected to the

downst ream of sai d | ead- out th, an 7 port edge surface is

wi thdrawn from said pl as iz sdac i urface of said el ectrode
structure or said | ead-gdt payh f ning- said first insulating

menber. [ CLAIM 23] A pVasma frocesfi fus a cording to claim 13,
wherein said conductjte er jphc : gurfage for formng a jet
port connected to

e dowhstream o \ gut path, and said jet port
edge surface is protrugéd frgm saj it iz orm ng
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surface of said electrode structure or said | ead-out path form ng surface
of 'said first insulating part. [CLAIM 241 A plasna processing apparat us
according to claim 13, wherein said pair of electrodes of said el ectrode
structure has an elongate configuration extending in the direction
orthogonal to the mutually opposing direction, said insulator and said
conductive nmenber are extended in the sane direction as said el ectrodes
and thus, said |lead-out 68 path and a jet port formed in said conductive
menber in such a manner as to be connected to the downstream end of said

| ead-out pEmghlHre extended in the sane direction as said el ectrodes, said
jet port being open in the direction generally orthogonal to said nutually
opposing direction and said extended direction. [CLAIM25] A plasma
processi ng apparatus according to claim?24, wherein a spacer conposed of
an insulating material is sandwi ched between the respective end parts on
the sane side in the longitudinal direction of said pair of electrodes,
and said conductive nmenber is formed &# such a nanner as to keep away from
t he boundary between said spacer and $aid el gettodes. [CLAIM 26] A plasm
processi ng apparatus according to claim16 ein a hole part is opened
in said conductive nenber, said |eadtout pat\h of/said first insulating
part is arranged inshﬁz:yncihole part,ji a suctron path including said hole
part as a suction po s defined{by said conductive nenber and said first

insulating part, and ﬁ?id suction/paLQ\is
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provided as a gas |ayer serving as said second insulating part. [CLAI M 27]
A plasma processing apparatus according to claim26, wherein one of said
pair of electrodes of said electrode structure is coaxially annularly
surrounded by the other electrode, thereby form ng said plasmatizing space
i nto an annul ar configuration. [CLAIM 28] An apparatus for carrying out
pl asma processing by plasmatizing a processing gas and jetting said
plasmatized gas onto an object to be processed, said plasma processing
apparatus conprising: an electrode structure conposed of a pair of
el ectrodefFigorl]form ng a plasmati zi ng space; and a conductive menber
arranged on the side to be directed to said object of said el ectrode
structure through an insulator in a state that said conductive nenber is
el ectrically grounded, 69 said conductive nenber incliﬁlng an edge surface
for formng a jet port connected to the downstreamo d plasmati zi ng
space, said jet. pqrt edge surface belng non- flugg/Mf/h said plasmati zi ng

: 9] A plasna processing

space form ng surface of g HE '
apparatus according to claln S deqick iqsul at or i ncl udes an
i nsul ating nenbers sai d insy-w;y- M’rggz;bihifes a surface for formng a
| ead- out path conifect ed to;y¥ d S g pl asmati zi ng space and
connected to the upstream 13 -ﬂ%jet pO{ ‘%é;g;/AFH | ead- out path formng
surface is w thdrawn fron1/$5 d plasmati z L% ¥2i ng surface of said
el ectrode structure. /// ;Zf 14
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‘[CLAIM 30] A plasm pfocessing appar atus accordi ng to claim 29,
i ncludes a surface directed to said

sai d insulating nmenber
structure, said | ead-out path form
conductive menber, a corner

cor ner
is chanfered.

cor ner [CLAIM31] Ap

cl ai m 28, [FighléXlei n said insulator includes a gas |ayer.
processi ng apparatus according to claim 28,

i ncludes a surface directed to said

~and said surface to be directdd tg1sa{ggl shj ect

said surface directed to saidyinsul
a corner is fornmed betwe
be directed to said object, and at
70 [CLAIM 33] An apparatus for car
pl asmati zi ng a processing gas and |
obj ect to be processed, said plas

el ectrode structure conposed of a p
and a conducti VH

pl asmati zi ng space;
directed to said

is formed between said surface
. said electrode structure and said | ead-out path form ng surface
is formed between said surface | ead-out path form ng surface
said surface directed to said conductive nmenber,

wherein

el ectrode
directed to a
directed to

and a
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and at |east the forner

| asma processi ng apparatus according to
[ CLAIM 32] A plasm
wher ei n. said conductive nenber
insulator, said jet port edge surface
a corner is fornmed between
nd sald jet port edge surface and
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obj ect of said electrode structure through an insulator in a state that
said conductive nenber is electrically grounded, said conductive nenber
i ncl udes an edge surface for formng a jet port connected to the
downstream of said plasmatizing space, and said jet port edge surface is
wi thdrawn from said plasmatizing space formng surface of said el ectrode.
[ CLAIM 34] An apparatus for carrying out plasnma processing by plasmatizing
a processing gas and jetting the plasmatized gas onto an object to be
processed, said plasnma processing apparatus conprising: an el ectrode
structure[EQpbﬁbed of a pair of electrodes for forming said plasmatizing
space; and a conductive nenber arranged on the side to be directed to said
obj ect of said electrode structure through an insulator in a state that
said conductive nmenber is electrically grounded, said conductive nenber
i ncl udi ng an edge surface for fo?ﬁ?ng a jet port connected to the
downstream of said plasmatizing space and said jet port edge surface being
protruded from said plasmatizing pace formng sughace of said electrode.
[CLAIM 35] An apparatus f asma _processing by plasmatizing
a processing gas and jett 1,ga§pgnto an object to be
conprising: an el ectrode

processed, said plasma pr
structure conposed of_a/g i or formng said plasmatizing
L —32

space; and 71
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a conductive nenber arranged on the side to be directed to said object of
said el ectrode structure through an insulator including a solid insulating
menber in a state that said conductive nenber is electrically grounded,
said insulating nmenber including a surface for formng a | ead-out path
connected to the downstream of said plasmatizing space, said conductive
menber including an edge surface for formng a jet port connected to the
downstream of said | ead-out. path, and said jet port edge surface being
non-flush with said | ead-out path form ng surface of said insulating
mermber. [ OfiglIM]36] A pl asna processing apparatus according to claim 35,
wherein said | ead-out path form ng surface of said insulating nenber is

wi t hdrawn from said plasmatizing space form ng surface of said el ectrode
structure. [CLAIM 37] A pl asma3®aocessi ng apparatus according to clai m 35,
wherein said insulating nenber iincluding a surface directed to said

el ectrode structure, said | ead-out path form ng g rface and a surface
directed to said conducjpiyve ne er i rmed between said

i nd said | ead-out path formng
| ead- out path form ng surface
five nmenber, and at |east the

)| aspp processi ng appar at us

ator includes a gas |ayer.

surface directed to sai
surface and a corner is
and said surface direct
former corner is ghawte
according to claim 35;
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[ CLAIM 39] A plasma processing apparatus according to claim 36,

sai d conductive menber includes a surface
jet port edge surface and said surface to
cor ner

f or mer porner is chanfered. [CLAIM 40] An

is formed between said surface directed to said insulator
jet port edge surface and a corner is fornmed between said jet port 72
surface and said surface to be directed to said object,

wher ei n
directed to said insulator, said
be directed to said object, a

and said
edge
and at | east the

apparatus for carrying out plasma

y plasmatizing a processing gas and jetting the plasnatized

processin
gas onto %ﬁg Ibhj ect to be processed,
conpri sing:

sai d

formng said plasmatizing space;
side to be directed to said obj of sai
insulator including a solid ins

conductive nmenber is electrical
including a surface for fornming a Iead out
downst ream of said pl asnpgr ;
edge surface for formng
| ead- out pat-h, and said

| ead- out path forng g suf
pl asma processi ng para

pl asma processi ng appar at us

an el ectrode structure conposed of a pair of electrodes for
and a conductive nmenber arranged on the
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wherein a corner forned between said | ead-out path form ng surface and

said surface directed to said conductive nenber of said insulating nenber
is chanbered, and said jet port edge surface of said conductive nenber is

| ocated in the generally sanme position as the boundary between said

surface directed to said conductive nenber and said chanfered part of said
i nsul ati ng nmenber or in a position withdrawn therefrom [CLAI M 42] An
apparatus for carrying out plasma processing by plasmatizing a processing
gas and jetting the plasmatized gas onto an object to be processed, said
pl asma pr Pogsid %ng apparatus conprising: an el ectrode structure conposed of
a pair of electrodes for forming a plasmatizing space; and 73 a
conductive nmenber arranged on the side to be directed to said object of
sai d el ectrode structure through an insulator including a solid insulating
menber in a state that said condud0ive nenber is electrically grounded,
sai d insulating nmenber inclu ce for formng a | ead-out path
connected to the downstream smatizing space, said conductive
menber including an edge surflac rmng a jet port connected to the

' i jet port edge surface being
surface of said insulating

.

|d p
@or f

2]

protruded from said | ead-
menber . [ DOCUVENT NAME]




A plasma processing apparatus is provided on the side to be directed to a
wor kpi-ece Wof electrodes 31, 32 with a conductive nenber 51through an

i nsul ati ng nmenber 41. The insulating nenber 41 is sandw ched between the
el ectrodes 31, 32 and the conductive nmenber 51. The dielectric constant
and the thickness of the insulating nenber 41 are established such that
the voltage applied to a gap 40b fornmed between the insulating nenber 41
and the conductive nenber 51 becones snaller than the sparking voltage.
Owning to this arrangenent, electrical discharge can be prevented from
occurri ng[Fig.2(He gap 40b and thus, the processing quality can be enhanced.
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