<SPECIFICATION> MULTIPLY DIVIDED ANODE WALL TYPE PLASMA GENERATION APPARATUS
AND PLASMA PROCESSING APPARATUS <FIELD OF THE INVENTION> [0001] The present
invention concerns a plasma generation apparatus in which the supply source of the plasma constituent is
made to be the cathode, a cylinder-like anode is set up at the front or perimeter of said cathode, and
plasma is generated from the surface of said cathode by doing a vacuum arc discharge between said
cathode and said anode under a vacuum erfiFSHAEH:A®YDlasma processing apparatus that does

plasma treatmenyisuchPEYi DT {QEBIANODEWAS. DYTYEE 1 A aspRIkedrpiema from said plasma

generation appak%ﬁi&m%%% Atrg rﬁ?ﬁ%@‘gﬁg@l%f’%&?g‘é@ multiply divided anode wall type

plasma generation appar plasma pr ppara uses the former. <BACKGROUND
ART> [0002] Normally, it is known that by forming a thin film or injecting ions in plasma onto the

surface of a solid pigtefahEngusolidvwiF¢sgaracteristics are improved. A film formed using plasma

including metal ions and nonmetal ions strengthens the abrasion and corrosion resistances of a solid
surface, and it isli&&l as a protective film, an optical thin film, and a transparent electroconductive film

among others. In particufag, esiat GREAADIT IR HBINOPRAIHO BRIRSIOA aPparkilikth weiug tsdigh as diamond
like carbon films (so-called DLfC films) comprising amor hoq;s nﬂixed cr(}/stals Ofddiaﬂl nd and graphite
to er—d €

structures. [00031'PPY SRYSE IS FEI S RETAITYG DA AREILGisY oGt T HESR A Sonmetal ions, there

is a vacuum arc pladena ssiethadhy/ &ronuen masnfaiglfwﬂmtd,bycapi@madiswmged)ﬁomring between a
cathode and an gnages [her Qﬁﬂ"&’ﬂﬁoﬁéar}?H@fn%VWa%%%%IEQ{ECﬂQ@l%%@\QQeﬁ%Hﬂ@Qﬁrﬁy‘a‘ét of the cathode

surface, and it is plasma formed by this vaporized cathode material. Also, when a reactive gas is
introduced as  and said anode under a vacuum environment, and a plasma processing apparatus that

does plasma treatment such as film formation by anode by means of the generated
plasma from said plasma generation apparatus. To be specific, the present invention
concerns a multiply divided anode wall type plasma generation apparatus, and a

plasma processing apparatus that uses the former.

<BACKGROUND ART>
[0002]

Normally, it is known that by forming a thin film or injecting ions in plasma
onto the surface of a solid material, the solid surface characteristics are improved. A
film formed using plasma including metal ions and nonmetal ions strengthens the
abrasion and corrosion resistances of a solid surface, and it is useful as a protective
film, an optical thin film, and a transparent electroconductive film among others. In
particular, as for carbon films using carbon plasma, the utility value is high as
diamond like carbon films (so-called DLC films) comprising amorphous mixed
crystals of diamond and graphite structures.

[0003]

As a method for generating plasma including metal ions and nonmetal ions,
there is a vacuum arc plasma method. Vacuum arc plasma is formed by an arc
discharge occurring between a cathode and an anode. The cathode material
evaporates from an existing cathode spot of the cathode surface, and it is plasma

formed by this vaporized cathode material. Also, when a reactive gas is introduced as



the environmental gas, the reactive gas is ionized simultaneously An inert gas (so-called noble gas) may
be introduced together with said reactive gas, and said inert gas can also be introduced instead of said
reactive gas. By means of such plasma, a surface treatment can be done by a thin film formation or an
ion injection onto a solid surface. [0004] Normally, in a vacuum arc discharge, at the same time as
vacuum arc plasma constituent particles such as cathode material ions, electrons, and cathode material
neutral atom grothSSTAHNHESRHY $hbIBETRISS M &%jiscatzey Aredtrgasthtn é2gFidde (Raterial particles

named droplets eiisidesBRYAG HOyHiassdhanSuRIGION DR saveiateRasethmigmns(@L1-1000 m) are
also ejected. When these drtoglgets dhtereqtc% th(é surface of a0 object t(g be};trqated, the uniformity of a film
formed on the sUffAée OF e o juecce {0 he Treatdd siffacest 105t a dérective thin fitmi'is produced, and the
surface treatmenturésaltreftihen fitem fordvatidny sthiffddtedoi@005] or an Moplagwtearmimashining apparatus
having a droplet ggfecting portion is disclosed in Japanese Patent Laid-Open No. 2002-8893 bulletin
(Patent Document 1). FIG. 21 is an outlined schematic diagram of a conventional plasma processing
apparatus conce[r(?%ﬂ Patent Document 1. At plasma generating portion 200, an electric spark is caused

between cathode 201 antrigggriclecitade 2R%idndrplasnaz 204dsiREdueetuly @eprEating a vacuum arc
between cathode 201 and anoc*e ZOSH Pow% fugglgr%?% for gi;eneratin an eI%ctric sleﬁrk and a vacuum

. . constituent rtickes such as cat © 1 ectrons, and cathode mate . .
arc discharge is connectedto plasma generating porﬁon 200, an plfasma stabilizing magnetic field

generators 206,_ Q@fir:ﬁba@m@dtzing(gﬂaam@@@lmelmsiﬂwﬂ@@hdﬁasm@@d spoguidaddto plasma .
processing portign, 208 Tom. Nasa JEREIAING po Pég{réiﬁg%o%‘i%s%t?iﬁﬁtsﬁi?ofﬂ?c%%%&es‘l\?e% placed in

plasma processing portion 208 is surface-treated by plasma 204. Also, a reactive gas is introduced as

necessary by gabupfredimetionssPien990 eorireeectierishotmsprense ssimdesadhsre 2081eand reactant
gases and the plasma. §ire 20 RIS SXRALIES BY GRATEXNP UL SYRaB Addtod 0OG) face SHlasma 204 ejected

from plasma generating portion 200 is bent to a T-shapetoward a direction away from plasma generating
portion 200 by tHeeARGAERC sk A nirfachdwathintrisem D probrdsRigJystdotd88 At the position facing

plasma generatiggfostian 220 #kaplef cellatinghattpn dfkectsgositioned, where cathode material
particles (drople@)'og 3 generated as a byproduct at cathode at the time of generation of plasma 204 are
collected. Therefore; droplets 213 not under an influence of the magnetic field advances to droplet
collecting portion 212 andpdascollectedhithegzelpyapresdnatimg adivikesiotedinrpoptets &13 into plasma

processing PO”i9&&9&&5@‘@3&&9‘ﬁa{{&%ﬁ!a}(l-éﬂ%ﬁfﬂﬁ?%ﬁél§§%-ﬁiﬂ'e@£%Jé‘ﬁ-1?&%&%%’{ bulletin
<DISCLOSURE OF THE INVENTION>

FIG. 21 is an outlined schematic diagram of a conventional plasma processing
apparatus concerning Patent Document 1. At plasma generating portion 200, an
electric spark is caused between cathode 201 and trigger electrode 202, and plasma
204 is produced by generating a vacuum arc between cathode 201 and anode 203.
Power supply 205 for generating an electric spark and a vacuum arc discharge is
connected to plasma generating portion 200, and plasma stabilizing magnetic field
generators 206, 207 for stabilizing plasma 204 are positioned. Plasma 204 is guided
to plasma processing portion 208 from plasma generating portion 200, and object to
be treated 209 placed in plasma processing portion 208 is surface-treated by plasma
204. Also, a reactive gas is introduced as necessary by gas introduction system 210
connected to plasma processing portion 208, and reactant gases and the plasma
stream are exhausted by gas exhaust system 211.
[0006]

Plasma 204 ejected from plasma generating portion 200 is bent to a T-shape

toward a direction away from plasma generating portion 200 by the magnetic field,



<PROBLEMS TO BE SOLVED BY THE INVENTION> [0007] The conventional plasma crafting
apparatus uses anode 203 comprising a cylinder-shaped electrode cylindrical body 214 extending toward
the front side of cathode 201. FIG 22 shows the inner wall surface of a conventional electrode
cylindrical body 214. When anode 203 is made to be the whole of the tube inside wall, because a vacuum
arc becomes hard to be generated between it and cathode 201, many ringlike protruding portions 216 are
set up by engraviig) imiyae BB BEeS PE DR R Thér {haIPoT drediens RigiMdrical body 214, so
that a vacuum aigis:genepaiadnsrooathlylbeivyreiinit podsiathodepdiliofRa08here catifaen the plasma
generated between cathode %Cs)d]ﬁ??gq eletﬁlrsode cl}élincf[dric bodX 214 of ncgde 03.is reljeased further

u

ateri rtic € enerated as.a uct at . cathode at time
forward than cathode an eés;) iffusing material ik mainly caroon (C) part(fcles among the

vacuum arc plasgnaewhmidzﬂgmsmarﬂté}e@ pedpymé.l[ﬁeseﬁnembdphs_rlll/éhh@ftmk@ctmde cylindrical body 214
mainly, to adhere,and, depasit- 11 HRMGHRT WAGEING dRPNIRNZAHRLRIGESHS A1 fhe surface of a

protruding portion 216, the deposited matter detaches in a flake-like configuration, and falls toward the
cathode 201 sid&°HfS{ReVEFrgRCEEE BREFOANTY TRIMPO HECRIES RAYENE iy Mk &'esTHfithdration, a problem
occurs as shownpifol3082, in that when carbon flake 220 deposited in an elongated shape detaches

from circular arc part 219 of a protruding portion 216 and falls |[de of cathode 201, one end of
carhon flake 220 S EAL LA g LG S GBS0 P B

ing mafner, the other end comes in
contact with anode 203, and cathode 201 and anode 203 are short-circuited. [0009] The object of the
present inventionidBE S ERE IERPRRVIARISONS to provide a multiply divided anode wall type
plasma generation apparatus that can prevent a short-circuit between cathode and anode by a detached
deposited matte<EROBAA AN ER BERPEYIAL R BABAN YOI MNer wall from the diffusion plasma, and
a plasma procesgjngrapparatus that uses this. <MEANS TO SOLVE THE PROBLEMS> [0010]

The conventional plasma crafting apparatus uses anode 203 comprising a
cylinder-shaped electrode cylindrical body 214 extending toward the front side of
cathode 201.

FIG. 22 shows the inner wall surface of a conventional electrode cylindrical
body 214. When anode 203 is made to be the whole of the tube inside wall, because a
vacuum arc becomes hard to be generated between it and cathode 201, many ring-
like protruding portions 216 are set up by engraving multiple circular grooves 215 in
the inner wall of electrode cylindrical body 214, so that a vacuum arc is generated
smoothly between it and cathode 201.

[0008]

When the plasma generated between cathode 201 and electrode cylindrical
body 214 of anode 203 is released further forward than cathode 201 and diffused,
diffusing material 218, mainly carbon (C) particles among the vacuum arc plasma
constituent particles, recrystallizes on the inner wall of electrode cylindrical body 214
mainly, to adhere and deposit. In particular, when the recrystallization proceeds on
the surface of a protruding portion 216, the deposited matter detaches in a flake-like
configuration, and falls toward the cathode 201 side. However, because protruding
portions 216 have a ring-like configuration, a problem occurs as shown in FIG. 22, in
that when carbon flake 220 deposited in an elongated shape detaches from circular

arc part 219 of a protruding portion 216 and falls toward the side of cathode 201, one



The present inventors, as a result of having studied intensively to solve the short-circuit problem that
occurs through the detachment phenomenon of large carbon flakes from ringed protruding portions, have
succeeded in a size reduction of carbon flakes by a multiple division of the anode inner wall, and have
thus solved the problem. [0011] The first form of the present invention is, in a plasma generation
apparatus in which a su?g&y source of a plasma constituent is made to be a cathode, a cylinder-shaped

anode is installe@"4t%4 FAERRIARECHAY by A sdfipHEmebridait éalifodwds dakiumbadeiBischarge is done

between said cathaderaid saig anbeendndesoaackiinnmemd mneate ansipEsnadsgrserated from said
cathode surface 63%%%93 rtgenelcat(@lon apparatus, characterized in that a large number of recesses and

protrusions is bu?l onacy hderinner wall that comprises said anode, so that when a part of said plasma

ejected from said0®@thode to a direction of said anode adheres and deposits to said recesses and

protrusions, said deposiigd malter, ARAGNES AN TR ANRES RS WQ%@J&W%; o2l The

second form of the present invention is the glasma generation apparatus of the first form, wherein the

longest length oPEBI¢ABIHE RIS B PEEL RSP RN H S BI RL PR HAAH RN S7fer than the width of a
gap between saigksyindensmnersvalband-an anéae cifeundtiereneaiaharid cathade @3] The third

form of the presept,nvention, s the plasma generation apparatys of the fist ar sepond form, wherein a
large number of said recesses and 6 otrusions 1S formed from any one of iatice ke, Giagonally crossing,
and island-like pattbandaJ®0 pdjcessing hepiournih tfotmses e present invention is the plasma generation
apparatus of the first, second, or third form, wherein within said cylinder inner wall comprising said anode,

the area near said cathode is made to be a formation area of said pattern for said recesses and
protrusions, and SHBRANS I QHUEEAHE PROBAREM S multiple annular grooves are engraved in a front

direction of said gathmde, is formed on a remaining area of said cylinder inner wall. [0015] The fifth
form o.f the present inve %(e)n isS thte_ l{)lgsma’ %eneera‘%io?p%g)\paratéu%i %I ar{%lon(i otf th(y‘értsgt to fqurth fqrms,
wherein an annular rece 6’6%|?fbﬁ CRIPREY A0 beR e?i}go? L3 CAGAE,YsS thattsafd minute piece
detached from sslidranodetisrobtem dchianduws Heotexdi ihesdicdnulgpheosss@ositiage

carbon flakes from ringed protruding portions, have succeeded in a size reduction of

carbon flakes by a multiple division of the anode inner wall, and have thus solved the

problem.

[0011]

The first form of the present invention is, in a plasma generation apparatus

in which a supply source of a plasma constituent is made to be a cathode, a cylinder-

shaped anode is installed at a front direction or a periphery of said cathode, a vacuum

arc discharge is done between said cathode and said anode under a vacuum

environment, and plasma is generated from said cathode surface, a plasma generation

apparatus, characterized in that a large number of recesses and protrusions is built on

a cylinder inner wall that comprises said anode, so that when a part of said plasma

ejected from said cathode to a direction of said anode adheres and deposits to said

recesses and protrusions, said deposited matter detaches from said anode as a minute

fragment.

[0012]

The second form of the present invention is the plasma generation apparatus
of the first form, wherein the longest length of a protruding portion of said recesses

and protrusions is made shorter than the width of a gap between said cylinder inner



[0016] The sixth form of the present invention is the plasma generation apparatus of any one of the
first to fifth forms, wherein a retention portion for said minute piece is installed beneath said cathode, and
at the same time, an exposing portion that communicates with said retention portion is formed at a
periphery of said cathode, so that said minute piece detached from said anode is retained and collected in
said retention portion through said exposing portion. [0017] The seventh form of the present invention
is a plasma proc¥alirtf Ap At GECeRESRtE R cait -includes the plasma generation apparatus
concerning any ¢o@ ®f the first to sixth forms, a plasma transport tube that transports said plasma
generated by said plas nerating aratus, and a plasma processing portion that processes an
object to be treated by s ALRESO AR Lo TSRS HAHEB SF M 682! The eighth form
of the present inverichdsstivenpldemavgroeessingappabatug ofidhrecseseentil fontmysignerein a starting end
side insulator is {iernEREH hRIWEERMARRS TR CHllEL MR exlindical bR elizeighanade and said plasma
transport tube, a finishing end’side insulator is interposed between said plasma transport tube and said
plasma processiﬂlﬂfﬂrtion, and said plasma generating portion, said plasma transport tube, and said
plasma processing portipReatamybtallyr seppratedisleatrisal e thahas: elestos ipfuence from said

plasma generating pofion and aid plaspa piaccsaing porlion o said plasme Uanspart ube is blocked.
[0019] The ninth form of the’present ventich 18 the plasma?'pro%essmg apparatus Ot the seventh or

eighth form, Wheirfémaae_tiht,p]am nmqspdnauhbéed@mpt@eéoaqafasmammiﬂghﬂwadpammg tube connected
to said plasma geperafing Qg aJiratiBIRSH AdYAREIRG IRe sanpRGiedinRARRMgnner to said

plasma straightly advancing tube, a second plasma advancing tube diagonally arranged and connected at
a finishing end oMYBIATHFAPRIsHLBVHSEIAG (I3 s bariraif sehodenipfedetd fhined bending angle

with respect to a-bubenads@h saidiirsyiplasmamadvancing tube, a third plasma advancing tube connected
in a bent manneL& finishing end of said second plasma advancing tube so that said plasma is
exhausted from §} ma outlet, and total length L for said plasma to arrive from said target surface to
said object to be treatedlised@tlidsatisiyhe @oevamLirh8b0mns. tfeGR2Hma gefcnaitentpptonmsafithe present

invention is the plaSMA PrAREFRING ARPATFIS O Hak REYENR SRR P 0RIR IOFRmMgrein said second

plasma advancingtube |sﬁgliaped eometrically at a position off a straight line of sight from a plasma outlet
of said third plasPRERAEDA ﬁ@ﬁag@% aophasniid suietesiire v dathefrBopladitharadeancing tube.

retained and collected in said annular recess position.
[0016]

The sixth form of the present invention is the plasma generation apparatus of
any one of the first to fifth forms, wherein a retention portion for said minute piece is
installed beneath said cathode, and at the same time, an exposing portion that
communicates with said retention portion is formed at a periphery of said cathode, so
that said minute piece detached from said anode is retained and collected in said
retention portion through said exposing portion.

[0017]

The seventh form of the present invention is a plasma processing apparatus,
characterized in that it includes the plasma generation apparatus concerning any one
of the first to sixth forms, a plasma transport tube that transports said plasma
generated by said plasma generating apparatus, and a plasma processing portion that
processes an object to be treated by said plasma supplied from said plasma transport
tube.

[0018]



[0021] The eleventh form of the present invention is the plasma processing apparatus of the ninth or
tenth form, wherein UO 0 is satisfied when an angle of elevation from a tube cross section top end of the
plasma entrance port side of said third plasma advancing tube to a tube cross section bottom end of the
plasma outlet side of said first plasma advancing tube is defined as 0 , and an angle of elevation from a
tube cross section bottom end of the plasma outlet side of said third plasma advancing tube to a tube
cross section top end of theptadnarBrfdbsriesedAIGEEEIR hpRISTHR AERFEHENSFRRBBYS defined as 0 0
[0022] The tyrelith Josnmabihe presanh iventiendsie plasma praegsssagaprasatus of any one of the
eighth to eleventh forms, wherein agnetic field generating means for plasma transportation that
generates a madl)glaesﬁ%af?eult;{i\é%? 6@@%@“&%@&? r(f%{ ion gllémscgetalﬂ% fﬁ“fl: 10 gﬁ?ﬂ%ﬂ%&#ﬁ% é)traightly advancing
tube, said first plasisiangdvdncingntubeorsaintsgrond elaseies advamomdgrubemrandesaid shidd plasma

advancing tube, ﬁﬂﬁﬁe&@‘a&ﬁﬁﬁ%ﬁ&ﬁgﬁq %@?f%@g&%ﬂ?ﬁﬁfoﬂﬁﬂ{?‘égﬂ%ﬁi@iﬂar{ﬁ%%ﬂc field for plasma

transportation is attached in said first plasma advancing tube and/or said second plasma advancing tube,

and a plasma sti@BfnIRIde bR MgURHT LB ERHE BRIEABY $SRBEHEE G HadMecER? generated by

said deflection magmnedicfigld @anaraingpagan serdrfinE ok So@nd bk INMERNTINz{R023]  According
to the first form of the rPreser&t invention, a Iar%c%a nug?&% f said recesses and protrusions are arranged in
f

the cylinder inneP WA PR AT A RBER L0 TRat I8 ™iltiply divided, and by the deposited matter

separation effec{@flthle large number of said recesses and protrusions, even if the diffusion plasma

adheres and deposits torggifariey 810 ALAANGAIRA Aeposteimatiss dnagplpr, and said

deposited matter detaches as a minute piece from said anode. Because of this, said deposited matter do

not bridge acros8f<hfcPextbde dabisEaEmanduectipok! akvaen iy sBegdHRT SABIRBTs Ad¥eEReuit between two
electrodes can barpravsniedhnand thsopsiheies 1 Ristahleneperstion anshan, imprawemeant of the operation

efficiency of the iEasma eneration a .aragus. The placement of the anade in the present invention
can be carried ot S0E 1S (GRS ML AR PR LA T S B S HY RSP W Suich it surrounds
a part or the thfseobmheg?laaﬂmbawdm_g, ttihe @@odald;ahbmgp&mm@@mhetaﬁbd@iggnmﬂl_imited to a
cylindrical form i, e ylgimL inside.diameist RURG REesertiny SRieR fanasapRied with a

frusto-conical internal wall structure. _ o ' _
angle with respect to a tube axis of said first plasma advancing tube, a third plasma

advancing tube connected in a bent manner to a finishing end of said second plasma
advancing tube so that said plasma is exhausted from a plasma outlet, and total length
L for said plasma to arrive from said target surface to said object to be treated is set to
satisfy 900mm =L = 1350mm.

[0020]

The tenth form of the present invention is the plasma processing apparatus
of the seventh, eighth, or ninth form, wherein said second plasma advancing tube is
placed geometrically at a position off a straight line of sight from a plasma outlet of
said third plasma advancing tube to a plasma outlet side of said first plasma
advancing tube.

[0021]

The eleventh form of the present invention is the plasma processing
apparatus of the ninth or tenth form, wherein 6 = 0  is satisfied when an angle of
elevation from a tube cross section top end of the plasma entrance port side of said
third plasma advancing tube to a tube cross section bottom end of the plasma outlet

side of said first plasma advancing tube is defined as 6 , and an angle of elevation



[0024] The deposited matter as a carbon flake grows in a way associated with the size of the
protruding portion surface of said recesses and protrusions. Therefore, according to the second form of
the present invention, because the longest length of the protruding portions of said recesses and
protrusions is made shorter than the width of the gap between said cylinder inner wall and the outer
circumference of said cathode, a deposited matter larger than said iagp does not detach, and a generation

of a short circuit BRRERRIREEFOGE BritPemend:bdees Rt Be PrisieitealwiAuf¢alasiy a bridge formation

by said depositegdmatiar (@R25] wbeArsordnpiadhenthitie pmehihampiesantinyvantion, because the
large number of said recesses and protrusions is formed from any one of lattice-like, diagonally crossing,

and island-like pSif8AILIE MR AR ARALS SIHEYARdBPinner wall forming said anode can be realized,

the size of said depogited matter is reduced by the deposited matter separation effect of each pattern,
and a generation of sho CiECUil%t gftweerflttlpe cath?de artld the Eno]de can be prevented without causing a
bridge formation by said 8pvovgl ed matter. fdﬁ%‘]n VREYSFhE aﬁg%lﬁtk}r%(feasenﬁ gﬁ%lﬁa%lﬁ diffusion
plasma, it showsraaendencithe érglrddselirythed pariphehewisaidagathiodelthadrisraiegsource of supply of
the plasma consfifugnt, T BetGiRIgR5RIAIRCY Redawih Bq%gae%fctﬁa@f&s@'agdﬁvent!on, by paying
attention to this deposition tendency, a size reduction of the deposited matter is realized, by making the
area near said cHTSBRITANRARM itPddIFigR PInARIAINR SHRHIngRans B8 deks; t8iddtformation area of

said pattern for saigdnecassasmndbeleiiusiRuad plsanbydrTing ast amaulan giveyefadtern, in which a
multiple annular d%{ooves ar engr?lvetd in the frton}.dliéectiontof said catthot?lgl, on the .r(iamaining area of said
cylinder inner wa VAN dred of the“anode Blrgclﬁrrlﬁ ?néepog%eﬁ% %ﬁ%{%@%yorsa? annalar groove pattern is
obtained, inducimgpthetgdrdddtioploha acspamagnn wittidvighl efficid ity Becamasd ahtivese, a generation of
short circuit betws@@aﬂm@5@&%@%&%@%&&@1&%&ra , ARG e, SAE: RGN improvement of

the plasma generation efficiency can be done. [002 According to the fifth form of the present
invention, becau$eVaid akHAISPHSESKS Poaiflerrrifarmrsasicdipldrasneidruaiai¢ demsed8o that said minute
piece detached fioighsaidianagadsiiabaimadsand collected in said annular recess position, said minute
piece fallen around said cathode periphery does not deposit and come into contact with said cathode, and
a generation of short circuit between the cathode and the anode can be prevented beforehand reliably.
[0028] <EFFECTS OF THE INVENTION>

[0023]

According to the first form of the present invention, a large number of said
recesses and protrusions are arranged in the cylinder inner wall forming said anode so
that it is multiply divided, and by the deposited matter separation effect of the large
number of said recesses and protrusions, even if the diffusion plasma adheres and
deposits to said anode, a large or elongated deposited matter do not form, and said
deposited matter detaches as a minute piece from said anode. Because of this, said
deposited matter do not bridge across said cathode and said anode upon detaching, a
generation of short circuit between two electrodes can be prevented, and it
contributes to a stable operation and an improvement of the operation efficiency of
the plasma generation apparatus.

The placement of the anode in the present invention can be carried out so
that it is located forward of the cathode, or in a placement form in which it surrounds
a part or the whole of the cathode. Also, the cylindrical body structure of the anode is
not limited to a cylindrical form with a uniform inside diameter, but the present

invention can be applied with a frusto-conical internal wall structure.



According to the sixth form of the present invention, a retention portion for said minute piece is installed
beneath said cathode, and at the same time, an exposing portion that communicates with said retention
portion is formed at a periphery of said cathode, so that said minute piece detached from said anode is
retained and collected in said retention portion through said exposing portion. Because of this, said
minute piece that have detached and fell in said cathode periphery does not deposit at all, and a
generation of sh8¥#cuit between the cathode and the anode can be prevented even more reliably

[0029] According toThe &eyari fotm: af theupmseiid axanipn whendbheplasma generated by the
plasma generation ag)iptﬁrgatu% o&.an one of staid fi{;st t(? sixth forms is trans o;itﬁzd tGhrough said plasma
transport tube and esupp idd 10"Sald (faéomnasluﬁr%cgeossslar‘llg f)eg? ioh 98 LA i formatior processing, for
example, is donecevrstatgéeodpesatiod 6frsaid hlaprragenerationtepparahess omebéughefwithout producing

a short circuit befyueen g CHBRRG A H6 0008, ARG ARITBRLQY GRENOF ER,RIGRESS efficiency of film

formation can be carried out. [0030] In plasma treatment, high purity plasma is used for doing film

formation amongd“étHE?E erprHsFYGens3id syl esleatiyes Mal i ithFovEmsHE bR S GPAcEIdreatment

precision. Amongathedtaatassdhiatehatey tlirdeg anaraio Bapldoighpuidiidplasina ctaeraith@ne caused by
droplets generatgdhfrom the target S(Ztggh%%(%)dgnl)éﬂﬁ% éNIth dthe I%s/ma. Am n%ﬁQIS{ (%E)e of droplets, there

exist electrically Sharged OIS Bearisg posifive ARdISH heyhtvR eharge Yhositva trdpets and negative

droplets) and nebtréddediopletoitatsdol dopdyaead aaharge. [0031] A plasma processing apparatus
concerning the RiRERNt invention has a plasma generation apparatus comprising an anode on which a
large number of said recesses and protrusions have been formed, and the operation efficiency can be
improved by preventing Aceidierehe 8T orgeatahp OFF fRAkENARNONt bréereadifdptBe plasma generation

efficiency. Moreevatba bighiprutlicatianditha genskatach plassaeankeoraalizediky applying removal
measures for eyl A eSSt RS YSing e SR, G e e 40032

wall forming said anode can be realized, the size of said deposited matter is reduced

by the deposited matter separation effect of each pattern, and a generation of short

circuit between the cathode and the anode can be prevented without causing a bridge

formation by said deposited matter.

[0026]

As for the quantity of deposition by diffusion plasma, it shows a tendency to
increase in the periphery of said cathode that is the source of supply of the plasma
constituent. Therefore, according to the fourth form of the present invention, by
paying attention to this deposition tendency, a size reduction of the deposited matter
is realized, by making the area near said cathode, within said cylinder inner wall
comprising said anode, to be a formation area of said pattern for said recesses and
protrusions. Also, by forming an annular groove pattern, in which a multiple annular
grooves are engraved in the front direction of said cathode, on the remaining area of
said cylinder inner wall, an area of the anode protruding portions formed by said
annular groove pattern is obtained, inducing the generation of a vacuum arc with high
efficiency. Because of these, a generation of short circuit between the cathode and the
anode is prevented, and at the same time, an improvement of the plasma generation
efficiency can be done.

[0027]



According to the eighth form of the present invention, by interposing a starting end side insulator between
said plasma generating portion and said plasma transport tube, and interposing a finishing end side
insulator between said plasma transport tube and said plasma processing portion, a complete electrical
independence is achieved by said plasma generating portion, said plasma transport tube, and said
plasma processing portion. As a result, an electric influence from said plasma generating portion and said
plasma processing portidAcSHAEI e SIEB At ah S et NEEE AT RAEIYSHRIEREY [#he plasma transport
tube that is usuallydoypeedifiofarmetal hpeapres cosstantthdderNmafiie alactsigipatential as a whole,
and an electric p&)tenltliacl gifferendce d&)es nct)t.exéts)t ié] thﬁz g)tl ma tﬁanSBPrt tube. Be.ct:ause there is no
electric potential (ﬁ’ltﬁ’cereencré)fnasr%l 'SIdcthical fofce, pased on eledtiit p%l}reln lal GiféFERce toward charged
particles is not genérateds Becaldkrelectridalld chtwgeddipptetsicaenondetype afdianged particles, an
electrical force dggs ngtactan SlRiigalY Ghatosddionless (e BIRSMAJRNSHAK iGN a constant
electric potential state, and therefore electrically charged droplets can be handled in the same manner as
neutral droplets. *MH&PefIlaRp e areveriaePgEthutficctEii¥val method of neutral droplets described
below, it becomegg@assible for electrically charged droplets to be removed together with neutral droplets
while advancing through the Iasrtna%ﬁransfg?rt tubtethBecaus{e of this, the pla%sma suggl'ed from the plasma
transport tube becomes'& RIGH Bufity praSha oM Whith el S B Rts dh LREEAfY charged droplets
have been remosed nynthe megtraindrdjsie beepatvali dtrabtule aadhalt e thimdrighe purieyplasga, a high purity
plasma treatmenis;Baf PRSSIRIeRNAIM AN ERIRGH IS HERIRfomR PIERABIGESING portion

[0033] According to the ninth form of the present invention, the plasma generating apparatus is
offered in which S#P{ashibptrassportitipieds dsraprsseanindduedaiantamad firbeclestds of a plasma
straightly advanging.iuke.600np6iechisaich RIAS P BNSFaHRY. BAtIRRe arfifss, Biasmmadvancing tube
connected in a bent manner to said plasma straightly advancing tube, a second.plasma advancing tube
Cingonaly anran At BB dote ANCHTTG SUPT SRS, B a BAUAbEIAY, e n a bent
manner with a pregieternmned shertdimgpargie awittheaspisetctanththd¢wbedaxisndk gaid dirstiplasma advancing
tube, and a thirdeg@jsmquﬁgﬁ?ng tube connected in a bent manner to the finishing end of said second
plasma advancing tube so that the plasma is exhausted from a plasma outlet, and total length L from the

target surface tolth8%Ybject to be treated is set to satisfy 900OmmL 1350mm Furthermore in details, said
length L is defined as thgdedalilpngtindRatdadhesuor ot Iprath Lk thadamepruriace to the outlet of

the plasma straightly adyancing tube, length Li of the first plasma advanging tupe, length L2 of the second
plasma advancirtg TS ABRGIA L S BF FR AT BESAE SR B Cbe o BT WF Bk effective
distancm_a L4 that ﬁamhmd@dnoegimsaid@plamnmmqpmamlbdmmsthwlﬁﬂamidtpiteshmf said third pl_a_sma _
advancing tube 16,40 ahlagh 0 e iR Aahis % edShO T bl iy andfigletail is shown in
FIG 7. As thus described; because it is set so that said total length L satisfies 900mmL 1350mm, as
shown in FIG 200RRE i fortihiiapaesiear ipe dnmsrve 4By Hertewity therpiasimarifEport distance of

the plasma advaneing patidarithenmneie thantbensaaveationalpfoldre Rlasmaexancing paths and curved
plasma advancing_paths. .reogler, not merely the gtraightly advancing pathway is shortened, but neutral

droplets are remBVSE G Ih SHicIERA{ By &ARF GUSIFEHE structure of three stages of bent pathway

Furthermore, as [$Riteéd above, electrically charged droplets are also removed highly efficiently by said
geometric structure, and high Ruty, AlasMANBLEALIRAIZE A% IBRrQYETRNY o akyiage reatment
precision of film formation among others can be generated. Said second plasma advancing tube is
inclined in said bEPRIAGEGIGTAMRSE BfdieRAALSRYY M Aroppesceag bl Bivekdearovhen the angle of

inclination is largesaytApprétnssarmatan datente thensushaca-oh e ohieatdonhs teated decreases because
the plasma density decreases. On contrary, when the angle of inclination is small, droplets intrude the

w
treatment chamb ?,SIBf'rtt{ﬁéeﬁfrﬂ%?ﬁ‘llé‘fﬂ)hyrg’ig%tstﬁg@ﬁarﬁ%god’? S BETEYBYE FUAIRY does not
decrease becausetthbeddeseasanmbizgehagpaaiténpitysistemaltist blerefiondy shideadgle@éinclination can be

chosen approprigiefLINE (alaen.betiesn e i (rmaten tate, a0 g

éiaertgpglgdfor droplets.
[0034] Said bent pathway of three Stages in present invention by said plasma straightly advancing
tube, said first pla&tial depdeieingt dibeotdsrs s6bwige plasma advancing tube, and said third plasma
advancing tube igygomprised by connecting each tube on a same plane, or comprised by positioning them
in three dimension spatially. [0035] According to the tenth form of the present invention, said second
plasma advancing tube is placed geometrically at the position away from the straight line of sight from the
plasma outlet of said third plasma advancing tube toghe plasma outlet side of said first plasma advancing
tube. Because the droplets led out from said first plasma advancing tube are not exhausted directly from
the plasma outlet of said third plasma advancing tube, but instead they collide with the pathway inner wall
and are adhered and removed in said bent pathway process of three stages, the droplets adhering to the

object to be treated can be largely reduced, and a plasma treatment becomes possible by high purity



The outlet of said third plasma advancing tube may be connected directly to the outer wall surface of the
plasma processing portion, or it may be positioned by inserting deeply in the inside of said outer wall
surface. Furthermore, while maintaining the positional relationship between the outlet of said third plasma
advancing tube and said outer wall surface, a rectifying tube and/or a deflection/oscillation tube could be
installed between the second plasma advancing tube and the third plasma advancing tube. [0036]
According to the eleventh REfROPIEDIRSEPRAHASRIBA IO DS BEHSHIANFHEM I8 Angle of elevation from

the tube cross seriiam ep&enbRLPparRlasHmaNTanaepont ssle BtsaitiirkhpipsBAsadvancing tube to the
tube cross section bottom end of the %Iasnga outlet scide 8f said first gl ma advanggng tube is defined as

0, and the anglerec%p SRV oM The b e CrosE SectiBi glgtf)grfﬁaélﬁ o lﬁﬁeenfffacsarrha outlet side of said
third plasma advanoingdblyetevthétgbearobsgectionagp embbofftie plabmadsattesisgithof said second
plasma adVa”C"iﬂakﬂﬁe%&gﬁﬂ&?Qfﬁ‘a&l&%%&&@frﬁj1‘i ﬁ’p%ﬁ‘ﬁcﬁﬁ&‘i’ﬂf’tﬂéa%%%%vﬂ%ﬁg tube can be

placed at the position off the straight line of sight from the plasma outlet of said third plasma advancing

tube to the plasrfigtgtietistad r pplyfesicpasthaeidvies dmg ean. anAstetvieborakgifple, in cases where

said bent pathwaypfdiregnstagesdsicwesaddnnsonnecting on a same plane, a tube passage
configuration caé] Bgzr]ealized in which droplets led out from said first plasma advancing tube are not
directly exhaust 8 ythe plasma outlet of said third plasma advancing tube, and a plasma treatment
using high purity plasmaAfrarmiinhictidreigletstrav eflibe preemiowechhigh lyy efficipriilyebecomes possible.

As explained abgye; nesdless in.5a,he uleLl said third Al ARAYRNGNg;Ae maY be connected

directly to the outer wall surface of the plasma processing portion, or it may be positioned by inserting
deeply in the inslERBPELIPO WL iRsIPStiFacdIIARBsed dlds intylary batweetifAitplatetand/or a
deflection/oscillagigiy juheuse uld ke dsisind RebieaNhE $6 et plas Mecadvancigg iubeand the third

plasma advancing tube. Lgr) 37&. According.to the twelfth form of the present invention, the magnetic
feld gonerating 1SR, DIASIA AHCBORATIR IREL Jortt-RUE e ALMET M e Lsma waneportation
is setupin eachmm¢mmmgmqigthsadvamciagetlc_cb‘ei,csiaﬂhéims@ ﬁtasmdadming tu_be, said se(_:ond
plasma advanci J&Qﬁngﬁ&ﬁ&{daﬁﬁ'@i@ 203 BE&‘&@&%&@%&P@&&’ﬂﬁagc?’fh%(ﬁi?{}ng‘émgﬁﬁ field generating

means for deflecting said magnetic field for plasma transportation is attached in said first plasma

advancing tube &He/6roaifieEbobladsrdsiha Rlavan it rob&betbaie pradnostiechiP Yeflected toward

the tube center sigeabycthedeflaction imagnste fieldanssatadihn saididallastian spagnetic field
generating means. Bec of this, the heterageneity of said magnetic field for plasma transportation at
e connonting SEUBI G L AL St A R e ARG St EEEE DGR Svanang b

that i to say, theltratibleinmidiidiftheradditiokalring metichfisld decomes strongl e inside of the
bending portion due 16 the. cafighatenof said-maonelie, el coib IR MARRAteJisld generation for

plasma transportation, is deflected and adjusted by said deflection magneétic field, the plasma stream is
guided to the tuBRHEESLY SEERRE P! plahsieeERditpTicc KeRt ARy RSN EPricsthactirgthent using high
density, high puriplasma PRE|IEemPRSSHAIR- in a constant electric potential state, and therefore

electrically charged droplets can be handled in the same manner as neutral droplets.

Therefore, by means of the geometric removal method of neutral droplets described

below, it becomes possible for electrically charged droplets to be removed together

with neutral droplets while advancing through the plasma transport tube. Because of

this, the plasma supplied from the plasma transport tube becomes a high purity

plasma from which neutral droplets and electrically charged droplets have been

removed by the neutral droplet removal structure, and by this high purity plasma, a

high purity plasma treatment is made possible toward an object to be treated in the

plasma processing portion.

[0033]
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<BRIEF DESCRIPTION OF THE DRAWINGS> [0038] FIG 1 is a cross section outlined schematic
diagram of a plasma processing apparatus in which plasma generation apparatus 1 of the present
invention has been installed. FIG 2 is a cross-section schematic diagram of the surroundings of
plasma generating portion 4 in plasma generation apparatus 1. FIG 3 is a longitudinal sectional
diagram showing the electrode cylindrical body of anode 3 for use in plasma generation apparatus 1.
FIG 4 is a longitudinal sécGeiArIadraHEhENMGTHS BEsesis B tRoaIcbeBEE frrfit#hody of anode 3.

FIG 5 is a patterapgiagiam shewing pattarmnexsmplesakpoultipe Wvisipos@manalectrode cylindrical body
of the present invention. FIG6is.a aninltudinal sle'(::%iénal .dia%ti)am showi%goa v?riation in which a part

. manner,in three stages of straight yancin € connegcte Sdl .
of an anode inner Wall has beer fiu |pel)P Mided MM RGP an dhtined schematic diagram of a plasma

processing appapitusageneaitnipgdiepre Sesitpérbodinening tubdG8:itsed mnoutinedawlkematic diagram of

2 plasma procesgjng @pRAIAR.AARCIAAA FilBLenmRgtimerL atiRg PiRveBLRIYon.  FIG 91s

an outlined schematic diagram of a plasma processing apparatus concerning another ditfferent
embodiment of tﬁ]ééﬁgggélﬁfl iFRESKEsH at the finishing end of said first plasma advancing tube in a

bent manner with a predetermined bending angle with respect to the tube axis of said
first plasma advancing tube, and a third plasma advancing tube connected in a bent
manner to the finishing end of said second plasma advancing tube so that the plasma
is exhausted from a plasma outlet, and total length L from the target surface to the
object to be treated is set to satisfy 900mm =L = 1350mm. Furthermore in details,
said length L is defined as the total length that is the sum of length LO from the target
surface to the outlet of the plasma straightly advancing tube, length L1 of the first
plasma advancing tube, length L2 of the second plasma advancing tube, length L3 of
the third plasma advancing tube, together with plasma effective distance L4 that is
the distance for the plasma to reach from the plasma outlet of said third plasma
advancing tube to the object to be treated. That is to say, L=LO+L1+L2+L3+L4, and
the detail is shown in FIG. 7. As thus described, because it is set so that said total
length L satisfies 900mm=L= 1350mm, as shown in FIG. 20, the film formation rate
can be improved by shortening the plasma transport distance of the plasma advancing
path furthermore than the conventional T-type plasma advancing paths and curved
plasma advancing paths. Moreover, not merely the straightly advancing pathway is
shortened, but neutral droplets are removed highly efficiently by said geometric
structure of three stages of bent pathway. Furthermore, as stated above, electrically
charged droplets are also removed highly efficiently by said geometric structure, and
high purity plasma that can realize an improvement of surface treatment precision of
film formation among others can be generated.

Said second plasma advancing tube is inclined in said bending angle (angle
of inclination), and droplets can be blocked when the angle of inclination is large, but
the film formation rate to the surface of the object to be treated decreases because the
plasma density decreases. On contrary, when the angle of inclination is small,

droplets intrude the treatment chamber, but the film formation rate to the surface of

11



FIG 10 is a schematic diagram of a bias power supply for use in the present invention. FIG 11 is an
outlined schematic diagram of a plasma processing apparatus concerning the fourth embodiment of the
present invention. FIG 12 is a placement diagram showing a placement state of movable yoke 129
concerning the fourth embodiment. FIG 13 is a schematic diagram showing a rotating adjustment
mechanism of movable yoke 129. FIG 14 is a schematic diagram showing slide and swing

adjustment mechibiRst 8t PRdFaEIe dpsraaisigerease peenyss thepqided dhemlatiuaisgtit of a magnetic

field coil for magi@%ﬂfaﬁﬂ%@mmaﬁ@@t&sﬂaﬂﬁmmm{mmwﬂm@ﬂw frurtinembodiment.
FIG16is a partlal enl%?_%éj crgg%lse tional dlaa%e f |n er C|rct&1 Batlal tube 161 concerning the

tion ormation r. and erance
fourth embodimént. plane view Of a Mdvable aper aré 7 concerning the fourth

embodiment, antb8srinstallation state diagram of aperture 170. FIG 18 is an outlined schematic

diagram of a plasma pragesing M?%ﬁ@é%g&hﬂﬁ@&%m%emm by said plasma

straightly advancing tube, said first plasma advancing tube, said second plasma
advancing tube, and said third plasma advancing tube is comprised by connecting
each tube on a same plane, or comprised by positioning them in three dimension
spatially.

[0035]

According to the tenth form of the present invention, said second plasma
advancing tube is placed geometrically at the position away from the straight line of
sight from the plasma outlet of said third plasma advancing tube to the plasma outlet
side of said first plasma advancing tube. Because the droplets led out from said first
plasma advancing tube are not exhausted directly from the plasma outlet of said third
plasma advancing tube, but instead they collide with the pathway inner wall and are
adhered and removed in said bent pathway process of three stages, the droplets
adhering to the object to be treated can be largely reduced, and a plasma treatment
becomes possible by high purity plasma from which droplets have been removed
highly efficiently.

The outlet of said third plasma advancing tube may be connected directly to
the outer wall surface of the plasma processing portion, or it may be positioned by
inserting deeply in the inside of said outer wall surface. Furthermore, while
maintaining the positional relationship between the outlet of said third plasma
advancing tube and said outer wall surface, a rectifying tube and/or a
deflection/oscillation tube could be installed between the second plasma advancing
tube and the third plasma advancing tube.

[0036]

According to the eleventh form of the present invention, 6 = 0 ( is satisfied
when the angle of elevation from the tube cross section top end of the plasma
entrance port side of said third plasma advancing tube to the tube cross section

bottom end of the plasma outlet side of said first plasma advancing tube is defined as

12



FIG 19 is an explanatory diagram of a magnetic field for scanning formed inside frustoconical tube
(deflection/oscillation tube) 1108 concerning the fifth embodiment. FIG 20 is a relational diagram
showing the relation of plasma transport distance with respect to the film formation rate. FIG 21 is an
outlined schematic diagram of a conventional plasma processing apparatus. FIG 22 is a longitudinal
cross-section diagram of the inner wall surface of a conventional electrode cylindrical body 214.

<DENOTATION ORREFERER CERIRNINPE RAD e [0b39otPHesinm psnaratid afdppakais 2Cathode

3Anode 4Plasma gRASIRING RATHAR RAHLOSRIRHHBAE RS MBANACIBRPHP end of the
plasma outlet side of said second plasma advancing tube is defined as 6 (. Because
of this, said second plasma advancing tube can be placed at the position off the
straight line of sight from the plasma outlet of said third plasma advancing tube to the
plasma outlet side of said first plasma advancing tube. Therefore, for example, in
cases where said bent pathway of three stages is comprised by connecting on a same
plane, a tube passage configuration can be realized in which droplets led out from
said first plasma advancing tube are not directly exhausted by the plasma outlet of
said third plasma advancing tube, and a plasma treatment using high purity plasma
from which droplets have been removed highly efficiently becomes possible.

As explained above, needless to say, the outlet of said third plasma
advancing tube may be connected directly to the outer wall surface of the plasma
processing portion, or it may be positioned by inserting deeply in the inside of said
outer wall surface. Also, needless to say, a rectifying tube and/or a
deflection/oscillation tube could be installed between the second plasma advancing
tube and the third plasma advancing tube.

[0037]

According to the twelfth form of the present invention, the magnetic field
generating means for plasma transportation that generates a magnetic field for plasma
transportation is set up in each of said plasma straightly advancing tube, said first
plasma advancing tube, said second plasma advancing tube, and said third plasma
advancing tube, the deflection magnetic field generating means for deflecting said
magnetic field for plasma transportation is attached in said first plasma advancing
tube and/or said second plasma advancing tube, and the plasma stream is deflected
toward the tube center side by the deflection magnetic field generated by said
deflection magnetic field generating means. Because of this, the heterogeneity of said
magnetic field for plasma transportation at the connecting section of said first plasma
advancing tube and/or said second plasma advancing tube, that is to say, the trouble
in which the additional magnetic field becomes strong at the inside of the bending
portion due to the configuration of said magnetic field coil for magnetic field

generation for plasma transportation, is deflected and adjusted by said deflection
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7Bending portion 8Bending magnetic field generator 9Droplet advancing path 10Droplet collecting
portion 11Baffle 12Baffle 13Radially enlarged tube 14Magnetic field generator 15Plasma processing
portion 160bject to be treated

magnetic field, the plasma stream is guided to the tube passage center, the plasma
density is held high, and a plasma treatment using high density, high purity plasma

becomes possible.

<BRIEF DESCRIPTION OF THE DRAWINGS>
[0038]

FIG. 1 is a cross section outlined schematic diagram of a plasma processing
apparatus in which plasma generation apparatus 1 of the present invention has been
installed.

FIG. 2 is a cross-section schematic diagram of the surroundings of plasma
generating portion 4 in plasma generation apparatus 1.

FIG. 3 is a longitudinal sectional diagram showing the electrode cylindrical
body of anode 3 for use in plasma generation apparatus 1.

FIG. 4 is a longitudinal sectional diagram showing the details of the
electrode cylindrical body of anode 3.

FIG. 5 is a pattern diagram showing pattern examples of multiple divisions
on an electrode cylindrical body of the present invention.

FIG. 6 is a longitudinal sectional diagram showing a variation in which a
part of an anode inner wall has been multiply divided.

FIG. 7 is an outlined schematic diagram of a plasma processing apparatus
concerning the present embodiment.

FIG. 8 is an outlined schematic diagram of a plasma processing apparatus
concerning a different embodiment of the present invention.

FIG. 9 is an outlined schematic diagram of a plasma processing apparatus
concerning another different embodiment of the present invention.

FIG. 10 is a schematic diagram of a bias power supply for use in the present
invention.

FIG. 11 is an outlined schematic diagram of a plasma processing apparatus
concerning the fourth embodiment of the present invention.

FIG. 12 is a placement diagram showing a placement state of movable yoke
129 concerning the fourth embodiment.

FIG. 13 is a schematic diagram showing a rotating adjustment mechanism of
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17Baffle 18Magnetic field generator 19Baffle 20Magnetic field generator 21Target coil 22Filter coil
23Radially reduced tube 24Rotation shaft 25Power supply 26Electricity conduction line 27Electricity
conduction line

movable yoke 129.

FIG. 14 is a schematic diagram showing slide and swing adjustment
mechanisms of movable yoke 129.

FIG. 15 is a model schematic diagram of a magnetic field coil for magnetic
field generation for plasma transportation concerning the fourth embodiment.

FIG. 16 is a partially enlarged cross-sectional diagram of inner
circumferential tube 161 concerning the fourth embodiment.

FIG. 17 is a plane view of a movable aperture 170 concerning the fourth
embodiment, and an installation state diagram of aperture 170.

FIG. 18 is an outlined schematic diagram of a plasma processing apparatus
of the fifth embodiment.

FIG. 19 is an explanatory diagram of a magnetic field for scanning formed
inside frustoconical tube (deflection/oscillation tube) 1108 concerning the fifth
embodiment.

FIG. 20 is a relational diagram showing the relation of plasma transport
distance with respect to the film formation rate.

FIG. 21 is an outlined schematic diagram of a conventional plasma
processing apparatus.

FIG. 22 is a longitudinal cross-section diagram of the inner wall surface of a

conventional electrode cylindrical body 214.

<DENOTATION OF REFERENCE NUMERALS>
[0039]

Plasma generation apparatus
Cathode

Anode

Plasma generating portion

Trigger electrode

Plasma advancing path

Bending portion

Bending magnetic field generator

O 0 N O N B~ W =

Droplet advancing path
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28Anode inner wall 290uter wall 30Insulation member 31insulation member 32Electric discharge surface
33Tube passage end 34Gap 35Protruding portion 36Retention portion 37Groove 38Groove

10 Droplet collecting portion
11 Baffle

12 Baffle

13 Radially enlarged tube

14 Magnetic field generator
15 Plasma processing portion
16 Object to be treated

17 Baffle

18 Magnetic field generator
19 Baffle

20 Magnetic field generator

21 Target coil

22 Filter coil

23 Radially reduced tube
24 Rotation shaft

25 Power supply

26 Electricity conduction line
27 Electricity conduction line
28 Anode inner wall

29 Outer wall

30 Insulation member
31 Insulation member
32 Electric discharge surface

33 Tube passage end

34 Gap

35 Protruding portion

36 Retention portion

37 Groove

38 Groove

39 Protruding portion of small fragment

40 Carbon flake

41 Diffusing material
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39Protruding portion of small fragment 40Carbon flake 41Diffusing material 42Annular recess position
43Protruding portion 44Diagonal direction groove 45Lateral groove 46Hexagonal protruding portion
47Honeycomb groove 48Anode

42 Annular recess position

43 Protruding portion

44 Diagonal direction groove

45 Lateral groove

46 Hexagonal protruding portion
47 Honeycomb groove

48 Anode

49 Lattice-like recess-protrusion pattern
50 Annular groove pattern

101 Plasma processing portion
102 Plasma generating portion

103 Plasma straightly advancing tube

104 First plasma advancing tube

105 Second plasma advancing tube

106 Third plasma advancing tube

107 Plasma outlet

108 Arrow

108a  X-direction oscillating magnetic field generator
108b  Y-direction oscillating magnetic field generator
109 Arrow

110 Cathode

111 Trigger electrode

112 Anode

113 Arc power supply

114 Cathode protector

115 Plasma stabilizing magnetic field generator
116 Insulation plate

117 Magnetic field coil

118 Magnetic field coil

119 Magnetic field coil

121 Magnetic field coil

122 Deflection magnetic field generating means
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491 attice-like recess-protrusion pattern 50Annular groove pattern 101Plasma processing portion
102Plasma generating portion 103Plasma straightly advancing tube 104First plasma advancing tube
105Second plasma advancing tube 106Third plasma advancing tube 107Plasma outlet 108Arrow
108aX-direction oscillating magnetic field generator

123
124
125a
125b
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
160
161
162
163
170
171
172
173
174
175

Deflection magnetic field generating means
Deflection magnetic field generating means
Gas inflow port

Exhaust port

Magnetic pole

Magnetic pole

Movable yoke

Deflection magnetic field generating coil
Guiding body

Guiding groove

Pin

Fastening nut

Slide member

Spacer

Adjusting portion main body

Slide groove

Pin

Fastening nut

Droplet collecting plate (baffle)

Droplet collecting plate (baffle)

Droplet collecting plate (baffle)

Droplet collecting plate (baftle)

Droplet collecting plate (part of a baffle)
Inner circumferential tube

Opening

Bias power supply

Aperture

Opening

Stopper

Screw

Protrusion

Tube
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108bY-direction oscillating magnetic field generator 109Arrow 110Cathode 111Trigger electrode
112Anode 113Arc power supply 114Cathode protector 115Plasma stabilizing magnetic field generator
116Insulation plate 117Magnetic field coil 118Magnetic field coill

176 Engagement recess
177 Arrow
200 Plasma generating portion

201 Cathode

202 Trigger electrode

203 Anode

204 Plasma

205 Power supply

206 Plasma stabilizing magnetic field generator
207 Plasma stabilizing magnetic field generator
208 Plasma processing portion

209 Object to be treated

210 Gas introduction system

211 Gas exhaust system

212 Droplet collecting portion

213 Cathode material particle

214 Electrode cylindrical body

215 Circular groove

216 Protruding portion

217 The upper side

218 Diffusing material

219 Circular arc part

220 Carbon flake

1109  Outlet tube

1100  Plasma straightly advancing tube
1101  First plasma advancing tube
1102 Second plasma advancing tube
1103 Third plasma advancing tube
1104  Connecting port

1105  Plasma outlet

1106  Plasma outlet

1107  Rectifying tube
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119Magnetic field coil 121Magnetic field coil 122Deflection magnetic field generating means
123Deflection magnetic field generating means 124Deflection magnetic field generating means 125aGas
inflow port 125b Exhaust port 127Magnetic pole 128Magnetic pole 129Movable yoke 130Deflection
magnetic field generating coil

1108  Frustoconical tube

1110  Plasma outlet

1111 Arrow

1112 Arrow

1113 Magnetic field coil for scanning

1114  Rectifying magnetic field coil

A Plasma generating portion

Al Plasma generating portion container
A2 Target exchange portion

B Plasma transport tube

BO T-shaped transport tube
B2 Second transport tube
B23 Bending transport tube
B3 Third transport tube

C Plasma processing portion
C1 Installation position

C2 Target positon

C3 Processing portion container
CT Connection terminal
E Bias power supply

EA1  Bias power supply for container

EA2  Bias power supply for exchange portion container
EB Bias power supply for transport tube

EBOIT Bias power supply for transport tube

EB2  Bias power supply for second transport tube
EB23 Bias power supply for bending transport tube
EB3  Bias power supply for third transport tube
EC Bias power supply for processing portion
EwW Bias power supply for object to be treated
FT Floating terminal

GND  Ground

GNDT Grounding terminal
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131Guiding body 132Guiding groove 133Pin 134Fastening nut 135Slide member 136Spacer
137Adjusting portion main body 138Slide groove 139Pin 140Fastening nut 141Droplet collecting plate
(baffle)

IFA Finishing end side insulator
111 The first middle insulator
ISA Starting end side insulator
IA Inter-container insulator

12 The second middle insulator

NVT  Variable negative electric potential terminal

PO Plasma straightly advancing tube
P1 First plasma advancing tube
P2 Second plasma advancing tube

P3 Third plasma advancing tube
P4 Radially enlarged tube

PVT  Variable positive electric potential terminal

S1 Plasma outlet
S2 Plasma entrance port
S3 Plasma outlet

VT Variable terminal
\Y Work

<BEST MODE FOR CARRYING OUT THE INVENTION>
[0040]

In the following, a multiply divided anode wall type plasma generation
apparatus and plasma processing apparatus concerning an embodiment of the present
invention is explained in detail, based on the attached figures.

[0041]

FIG. 1 is a cross section outlined schematic diagram of a plasma processing
apparatus in which plasma generation apparatus 1 of the present invention has been
installed. In plasma generating portion 4, a supply source of the plasma constituent
material is made to be cathode 2 (a target), and cylinder-like anode 3 is arranged at
the front side of cathode 2. Trigger electrode 5 is installed so that it is free to rotate,
whereby it can approach toward and retreat from cathode 2. Anode 3 comprises an
electrode cylindrical body in which the cylinder inner wall is made to have a multiply

divided configuration. Plasma P is generated by causing an electric spark between
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cathode 2 and trigger electrode 5 under a vacuum environment, and generating a
vacuum arc between cathode 2 and anode 3. By the vacuum arc discharge in plasma
generating portion 4, vacuum arc plasma constituent particles such as target material
ions, electrons, and cathode material neutral particles (atoms and molecules) are
ejected, and at the same time, cathode material particles (subsequently referred to as
"droplets D") with size from less than submicron up to several hundred microns
(0.01-1000 1 m) are also ejected. The generated plasma P advances within plasma
advancing path 6, and it advances to the second advancing path by means of a
magnetic field formed by bending magnetic field generators 8, 8 in bending portion
7. At that instance, because droplets D are neutral electrically and therefore do not
become influenced by a magnetic field, they advance straightly through droplet
advancing path 9, and are collected at droplet collecting portion 10. A straightly
advancing tube passage connecting with the second advancing path is installed in
bending portion 7, and in the inner wall of each advancing path of plasma P in droplet
advancing path 9 among others, baffles 11, 12 and 17 are installed, on which droplets
D collide and adhere. As well, magnetic field generator 18 generating a plasma
advancing magnetic fieldis set up in said straightly advancing tube passage.

[0042]

The second advancing path comprises radially enlarged tube 13 in which
multiple baffles 12 have been installed in the inner wall, and magnetic field generator
20 that generates a plasma advancing magnetic field is set up in radially enlarged
tube 13. When plasma P advances through radially enlarged tube 13, the remaining
droplets D collide with and adhere to said baffle 12, and thus droplets D are removed
furthermore. Radially enlarged tube 13 is inclinedly arranged with respect to said
straightly advancing tube passage. The finishing end of radially enlarged tube 13 is
connected to plasma processing portion 15 through radially reduced tube 23. Plasma
P from which droplets D have been removed is supplied to plasma processing portion
15 by the magnetic field of magnetic field generator 14, 14, and it can plasma-treat
object to be treated 16. Baffle 19 is also set up in radially reduced tube 23.

[0043]
FIG. 2 is a cross-section schematic diagram of the surroundings of plasma

generating portion 4. As shown in (2A) of the same figure, trigger electrode 5
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comprises a striker that is axle-supported so that it is free to swing with rotation shaft
24 as the axis. By power supply 25, an electrical voltage is applied between anode
inner wall 28 / trigger electrode 5 of the striker and the target of cathode 2 through
electricity conduction lines 26, 27. Plasma generating portion outer wall 29 does not
come in contact with anode inner wall 28 because of insulation members 30, 31
mounted at the top and bottom ends of outer wall 29, and thus electrical neutrality is
maintained. Tube passage end 33 of plasma advancing path 6 is connected to the
plasma outlet side of plasma generating portion outer wall 29. The electrode
cylindrical body of anode 3 is kept open in the cathode 2 side, and gap 34 is formed.
Insulation member 30 corresponds to starting end side insulator IS that is explained
below.

[0044]

By separating the striker in the contact position as shown in solid line toward
the separation direction, a vacuum arc discharge is induced between electric
discharge surface 32 of cathode 2 and anode inner wall 28. The striker swings after
receiving a rotational drive force from a rotational drive source (not shown). When
the striker in the separated position is put into contact with electric discharge surface
32, the torque reaction force of the striker that has come in contact by the rotational
drive source is detected, and the contact condition is confirmed. Furthermore, filter
coil 22 is arranged at the plasma outlet side of plasma generating portion 4, and
plasma advancing magnetic field B2 is formed. Stabilizing magnetic field B1
generated by target coil 21 is formed in reversed-phase (cusp) in comparison with
plasma advancing magnetic field B2, so that a generation of stable plasma becomes
possible. As shown in (2B) of FIG. 2, it is known that when stabilizing magnetic field
B1 generated by target coil 21 is in-phase (mirror), the stability of the arc spot
decreases, but the generation efficiency of plasma improves.

[0045]

FIG. 3 is a longitudinal sectional diagram showing the electrode cylindrical
body of anode 3. FIG. 4 is a longitudinal sectional diagram showing the details of
said electrode cylindrical body.

In the inner wall of electrode cylindrical body of anode 3, recesses and

protrusions are engraved in shape of a matrix by longitudinal and lateral grooves 37,
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38, and thus many protruding portions 35 are formed. Protruding portions 35 have a
thin rectangular box-like configuration that is curved. Beneath gap 34 set up at the
lower part of the electrode cylindrical body, retention portion 36 larger that the
diameter of the cylinder is placed for collecting carbon flakes.

[0046]

As shown in FIG. 4, when plasma P generated between cathode 2 and anode
3 is ejected further forward than cathode 2 and diffused, diffusing material 41
recrystallizes on the electrode cylindrical body inner wall, adheres and deposits, and
it detaches as carbon flake 40. In the present embodiment, because the electrode
cylindrical body inner wall is multiply divided in shape of a matrix by means of
longitudinal and lateral grooves 37, 38, even if the diffusion plasma adheres and
deposits on anode 3, the size of the deposited matter is reduced by the deposited
matter separation effect of the large number of protruding portions 35, and a large or
long deposited matter is not produced at all. Therefore, for example, because only a
minute piece of carbon flake 40 detaches from a small protruding portion 39,
bridging of a detached deposited matter across cathode 2 and anode 3 does not occur,
and a generation of short circuit between both electrodes can be prevented,
contributing to a stable operation and an improvement of the operation efficiency of
the plasma generation apparatus. The minute carbon flake 40 falls from gap 34 at the
perimeter of cathode 2 toward beneath the arrow, and is collected in retention portion
36.

[0047]

FIG. 5 shows pattern examples of multiple divisions on an electrode
cylindrical body. (5A) of said figure is the lattice-like matrix pattern used for the
present embodiment. Carbon flakes grow according to the surface size of the
protruding portions, and to increase the deposited matter separation effect, it is
desirable that protruding portions 35 are as small as possible. Because the effective
electrode surface area decreases if the multiple divisions are done excessively, it is
sufficient to make the longest length L of protruding portions 35 at least shorter than
width R of the gap between the cylinder inner wall and the cathode outer
circumference (cf. FIG. 4). Even if a carbon flake corresponding to said length is

detached, it can reliably be dropped below the exposing portion of gap 34, so that it
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can be collected.
[0048]

A multiply divided pattern in the anode electrode cylindrical body is not
limited to a lattice-like matrix pattern. For example, it can be a diagonally crossing
pattern shown in (5B) of FIG. 5, or an island-like pattern shown in (5C) of the same
figure. An example of a diagonally crossing pattern can be obtained by engraving
diagonal direction grooves 44 against lateral grooves 45 in the cylinder inner wall,
and forming protruding portions 43 having a rectangular box-like configuration that
is curved. An example of an island-like pattern can be obtained by engraving
honeycomb grooves 47 in the cylinder inner wall, and forming hexagonal protruding
portions 46. Among the island-like patterns, water drop-like patterns with round-
shaped protruding portions are included.

[0049]

Because carbon flakes merely detach by use of a multiply divided anode
concerning the present embodiment, annular recess position 42 surrounding cathode
2 in the lower part of gap 34 may be set up instead of retention portion 36, as shown
by broken lines of FIG. 3, so that size-reduced carbon flakes may be collected.
Although the frequency for flake collection increases in comparison with a large-
scale retention portion 36, it is advantageous in that the surrounding of cathode 2 can
be made compact.

[0050]

Deposited mass on an anode inner wall by diffusion plasma tends to increase
nearby cathode 2 that is the supply source of the plasma constituent material.
Therefore, it is not always necessary to make multiple divisions on the entire surface
of the anode inner wall, but it is sufficient to make multiple divisions in either the
entirety or a part of the inner wall, according to the size of the anode area or the
anode cylindrical body.

FIG. 6 shows a variation in which a part of an anode inner wall has been
multiply divided. In this variation, within the inner wall of the electrode cylindrical
body of anode 48, the half area near cathode 2 is made into a formation area of a
lattice-like recess-protrusion pattern 49 shown above, and in the remaining half of the

cylinder inner wall, annular groove pattern 50 is formed, in which multiple annular

25



1106Plasma outlet 1107Rectifying tube 1108Frustoconical tube 1110Plasma outlet 1111Arrow 1112
Arrow 1113Magnetic field coil for scanning 1114Rectifying magnetic field coil APlasma generating portion
AlPlasma generating portion container

grooves are engraved in the forward direction of cathode 2. Therefore, a size
reduction of deposited matter can be realized by recess-protrusion pattern 49 in the
half area near cathode 2, and in the remaining cylinder inner wall, a large surface area
is maintained for the anode protruding portions formed by annular groove patterns
50. Because of this, a generation of a vacuum arc can be induced highly efficiently, a
generation of short circuit between the cathode and the anode can be prevented, and
at the same time, an improvement of the plasma generation efficiency can be done.
[0051]

In a plasma processing apparatus concerning the present embodiment,
plasma generation apparatus 1 comprising a multiply divided anode is provided, and
an improvement of the operation efficiency is done by preventing a detachment of a
large carbon flake without decreasing the plasma generation efficiency. Furthermore,
it comprises a plasma high-purification configuration, in which neutral droplets and
electrically charged droplets can be removed with higher efficiency. In the following,
the plasma high-purification configuration in a plasma processing apparatus of the
present embodiment is explained. In FIGS. 7-9, the explanation is done while
focusing on the plasma transport pathway, and the configuration aside from that of
the plasma transport pathway is illustrated in a simplified mode.

[0052]

FIG. 7 shows an outlined scheme of the plasma transport pathway in a
plasma processing apparatus of the present embodiment. In the plasma processing
apparatus concerning the present embodiment, starting end side insulator IS is
interposed between the plasma outlet in the cylindrical body of anode 3 and the
plasma transport tube, finishing end side insulator IF is interposed between the
plasma transport tube and plasma processing portion 15, and thus plasma generating
portion 1, the plasma transport tube, and plasma processing portion 15 are mutually
separated electrically so that an electric influence from plasma generating portion 1
and plasma processing portion 15 on the plasma transport tube is blocked.

[0053]

It is composed of plasma generating portion A that generates the plasma

supplied to plasma processing portion C (a chamber), and plasma transport tube B.

Plasma generating portion A corresponds to plasma generating portion 4. In plasma
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processing portion C, work (object to be treated by plasma) W is set up, a reactive
gas is introduced as necessary by a gas introduction system connected into the
chamber from gas inflow port G1, and reactant gas and plasma stream are exhausted
from exhaust port G2 by a gas exhaust system. Plasma generating portion A has a
cathode (target) that generates plasma by vacuum arc discharge under a vacuum
environment. Plasma transport path B comprises a tube passage that mobilizes
plasma, and plasma transport path B also has a structure of a droplet removing
portion that removes droplets produced as a byproduct from the cathode by its
geometrical structure. This plasma transport path B is also a plasma stream
distribution tube passage, and comprises plasma straightly advancing tube PO
connected to plasma generating portion A, first plasma advancing tube P1 connected
in a bent manner to plasma straightly advancing tube PO, second plasma advancing
tube P2 inclinedly arranged and connected at the finishing end of first plasma
advancing tube P1 in a predetermined bending angle with respect to the tube axis,
and third plasma advancing tube P3 connected in a bent manner at the finishing end
of second plasma advancing tube P2 so that plasma is exhausted from the plasma
outlet. Second plasma advancing tube P2 corresponds to said second advancing path
of FIG. 1 comprising radially enlarged tube 13. Outlet S3 of said third plasma
advancing tube P3 is inserted deeply and extended inside the outer wall surface of
said plasma processing portion C, but as shown in FIG. 11 described below, said
outlet S3 may be directly connected to said outer wall surface through a flange (not
shown). The connection type can be adjusted freely.

[0054]

Plasma straightly advancing tube PO adheres and removes droplets
advancing straightly from plasma generating portion A by colliding them against
finishing end section E opposite plasma generating portion A, or against the tube
inner wall. The plasma advancing length from said target position C2 of plasma
generating portion A to the outlet of plasma straightly advancing tube PO, that is to
say, the connection point between plasma straightly advancing tube PO and first
plasma advancing tube P1, is defined as LO. First plasma advancing tube P1
communicates and connects toward the perpendicular direction at the side wall of the

finishing end side of plasma straightly advancing tube PO. The plasma advancing

27



Bias power supply EA 1Bias power supply for container EA2Bias power supply for exchange portion
container EBBias power supply for transport tube EBOIT Bias power supply for transport tube EB2Bias
power supply for second transport tube EB23 Bias power supply for bending transport tube EB3Bias
power supply for third transport tube ECBias power supply for processing portion EWBias power supply

for object to be treated FTFloating terminal . _ .
length of first plasma advancing tube P1 is defined as L1. Second plasma advancing

tube P2 is inclinedly arranged between first plasma advancing tube P1 and third
plasma advancing tube P3, and its plasma advancing length is defined as L2. Third
plasma advancing tube P3 is placed toward a parallel direction with respect to first
plasma advancing tube P1, and its plasma advancing length is defined as L3. The
plasma outlet of third plasma advancing tube P3 is extended inside the plasma
processing portion C. The plasma effective distance in which the plasma exhausted
from the plasma outlet of third plasma advancing tube P3 arrives at installation
position C1 of the object to be treated in plasma processing portion C is defined as
L4. A plasma advancing path formed in a bent manner in three stages is formed by
plasma straightly advancing tube PO, first plasma advancing tube P1, second plasma
advancing tube P2, and third plasma advancing tube P3.

[0055]

Around the outer circumference of each plasma advancing tube, a magnetic
field coil (not shown) for generating a magnetic field for plasma transportation is
wound with a purpose to transport plasma stream along the tube passage. By
magnetic field generating means for plasma transportation comprising of magnetic
field coil, a magnetic field for plasma transportation is generated in the whole three
stages of said bent pathway, and the plasma transport efficiency is improved. Also, a
baffle (not shown) for droplet removal is set up in the tube inner wall.

[0056]

In the plasma advancing path concerning the above configuration, total
length (plasma transport distance) L(=LO+L1+L2+L3+L4), which is the sum of
plasma advancing lengths LO-L3 respectively of the interval from the target surface
to the outlet of plasma straightly advancing tube PO, first plasma advancing tube P1,
second plasma advancing tube P2, and third plasma advancing tube P3, together with
plasma effective distance L4, is set to satisfy 900mm=L= 1350mm.

FIG.20 is a relational diagram showing the relation of the plasma transport
distance with respect to the film formation rate. In the present embodiment, L is set to
be 1190mm, as shown in A3 of FIG. 20. Under setting of this plasma transport
distance, when a plasma exposure was done on one piece of substrate in the same

manner as the above verification experiments for A1 and A2, and a film formation of
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thickness of 3nm was carried out, a film formation rate of about 1.5nm/sec was
obtained.
[0057]

According to the present embodiment, the plasma transport distance in the
above plasma advancing path is shortened further than a conventional T-shaped
plasma advancing path (A1 of FIG. 20) and a curved plasma advancing path (A2 of
FIG. 20), and thus the film formation rate can be improved. Moreover, not only the
straight advancing path is shortened, but also droplets are removed with higher
efficiency by said pathway bending in three stages, and thus high purity plasma that
can realize an improvement of the surface treatment precision of film formation and
such can be generated. That is to say, the plasma transport distance is shortened in
comparison to the cases in which a plasma advancing path bent in a T-shape (A1) and
a bent plasma advancing path (A2) were used, and moreover, a high film formation
rate (about 1.5nm /sec) can be obtained as a good film formation condition for use in
semiconductor substrates.

[0058]

In the present embodiment, the plasma advancing path consists of said bent
pathway of three stages, and furthermore, by the tube passage placement shown in
FIG. 7 or 11, an extremely good droplets removal effect is obtained. By this droplet
removal effect, when plasma was irradiated for 4 seconds against a substrate (work
W) with a size of 2.5in (inch) width d1, 2.5in (inch) length D2, and an arbitrary
thickness t, the deposited number of droplets became less than 10-100.

[0059]

Second plasma advancing tube P2 is placed geometrically at a position off
the straight line of sight from plasma outlet S3 of third plasma advancing tube P3 to
the plasma outlet S1 side of first plasma advancing tube P1. That is to say, when the
angle of elevation from the tube cross section top end of the plasma entrance port S2
side of third plasma advancing tube P3 to the tube cross section bottom end of the
plasma outlet S1 side of first plasma advancing tube P1 is defined as 6 , and when
the angle of elevation from the tube cross section bottom end of the plasma outlet S3
side of third plasma advancing tube P3 to the tube cross section top end of the plasma

outlet S2 side of second plasma advancing tube P2 is definedas 6, 6 = 0 ois
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satisfied.
[0060]

By the above geometric tube passage placement, straightly advancing
droplets led out from first plasma advancing tube P1 are prevented from directly
intruding third plasma advancing tube P3, so that they cannot be exhausted from
plasma outlet S3 of third plasma advancing tube P3. Therefore, it becomes possible
to adhere and remove the droplets by collision at the pathway inner wall during said
bent pathway process of three stages, the adhesion mass of the droplets on the object
to be treated can be reduced greatly as described above, and a plasma treatment by
high purity plasma from which droplets have been removed with high efficiency can
be done.

[0061]

In the present embodiment, said bent pathway of three stages is connected
and composed on a same plane, but even when the tube pathway is composed in a
spatially bent manner in three stages, by the same geometric arrangement as above, a
tube pathway arrangement can be realized in which the straightly advancing plasma
is not exhausted directly from the plasma outlet of the third plasma advancing tube.
[0062]

As shown by the broken lines, second plasma advancing tube P2 may be
built as radially enlarged tube P4 whose inner diameter is greater than first plasma
advancing tube P1 and third plasma advancing tube P3. That is to say, second plasma
advancing tube P2 is set up as radially enlarged tube P4, first plasma advancing tube
P1 is set up as an introduction side radially reduced tube connected to the plasma
introduction side starting end of radially enlarged tube P4, and third plasma
advancing tube P3 is set up as a discharge side radially reduced tube connected to the
plasma discharge side finishing end of radially enlarged tube P4. If radially enlarged
tube P4 is positioned midway, the plasma stream introduced from the introduction
side radially reduced tube into the radially enlarged tube is diffused by the diameter-
increasing effect of the plasma advancing path by radially enlarged tube P4. By the
diffusion of this plasma stream, the droplets mixed with the plasma diffuse inside the
radially enlarged tube P4, and are collided with, adhered to, and collected at the inner

side wall of radially enlarged tube P4. Also, when the plasma stream in radially
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In the following, a multiply divided anode wall type plasma generation apparatus and plasma processing
apparatus concerning an embodiment of the present invention is explained in detail, based on the
attached figures. [0041] FIG 1 is a cross section outlined schematic diagram of a plasma processing
apparatus in which plasma generation apparatus 1 of the present invention has been installed. In plasma
generating portion 4, a supply source of the plasma constituent material is made to be cathode 2 (a
target), and cylirfdb e Hpfod 18 G8hansish & dEepstirnitieiad Boatrdady Zrigfgdr®ectrode 5 is installed
so that it is free tadatatal wihRtekiié GarANpOacHh, tavmare anthdeisraléor grtheplpotidnode 3 comprises
an electrode cyligdﬂlca body in which theffcgtlipder [ e w lis Ta%eﬁ%thaaze g muItiB‘Iéy divided
configuration. Plasma airéleg%rn%arré é”d“%fcgusfﬁén an et r?cag%?ar&l etweel cathode 2 and trigger
electrode 5 underdialbogdneegrivirormmkthtrelndtigedrerdtingra nacejomedre ibetiwadmmathode 2 and anode 3.
By the vacuum ase.dischargeinplRsng 68 %@BQ&&%@%&%&%@%@'a%(g\@tscm'éuent particles

such as target material ions, electrons, and cathode material neutral particles (atoms and molecules) are

ejected, and at tRdhsEhE ibRdNEEHoURS akleridrdiabialergsaabe BAmny tBRsf&N% as "droplets D) with

size from less thalisetodniefRE dip . oBIeMBAb TR IR JTISKANS (O 2H30& B idiedsasgjected. The

generated plasma P advances withjn plasma advancing path 6, and it agvances to the second advancing
oot by means Fs HGLCTIAR: AR By SN LGN R HEPREGTE 808 e-bendin porion 7
At that instance, dndchud @ldsopledsaDcarg tneutial Adkectwibal thanehthé reforef dolndy bekogae influenced by a

magnetic field, they. 3vARGESHAIRRINHOHIDARPISHALENENH AR . A5e Gallected at droplet

collecting portion 10. A straightly advancing tube passage connecting with the Second advancing path is

installed in bendiAGPBHRSHCEIARRE ifFeret itthérsiead dftsihliasd drcibydseris6Pprash&2™in droplet
advancing path Qoagpangeatosrmdiailes ideake andild/apaiostalled: anpkichdrapletsda collide and
adhere. As well, magnetic field generator 18 generating a pla advancjng magnetic fieldis set up in
<aid straightly adURIG TIBE PHLLAGS RIBE AT SHErEeL i BAUNTEIRG DA KR HHses radially
enlarged tube 13athwhichpteukipte ibafilesdlchabve destitinstaliedy imthehaapbr wall, and magnetic field
generator 20 thatgegerates a plasma advancing magnetic field is set up in radially enlarged tube 13.

When plasma P advances through radially enlarged tube 13, the remaining droplets D collide with and
adhere to said baffle 12Saddenusdeopiets treprelaesnavantletrdionre! Rallialy evialyéd tube 13 is

inclinedly arranggd wiihJ §RPEChHI SAE-SHAI By I AAYARGIRE.H BRIPASTAAR I NS ARISRING end of radially

enlarged tube 13 is connected to plasma processing portion 15 through radially reduced tube 23. Plasma
P from which dropleRseslioalrss Bee rirn sveightdYssppliechey rbdivrlgitoBessirielssttiehlLs by the magnetic

field of magnetic field-geneirtofk4nfiderRbd vy erneplasinartraaihabinshéade dipatoch 1 Baffle 19 is also
set up in radially reduced t%]bg 23'a[)9843(]51t FICts 2 iﬁta Cf:ross-section sclhetmatic diag%arlg of the
surroundings of B?avér%ne{n ﬁ%nér‘?ﬁﬁlg poer iory Eoﬂlsséfﬁ%wnaﬁTE&?%?tth%agaerﬁ%rﬁ&al‘%l,efhgéeer electrode 5
comprises a strikerihst of thxldesuppicie drsidottihe migidcee felgwihgreditie rotatibn shaft@4 as the axis. By
power supply 25;anelectrigal ¥oliaga,is, RePHEd hebvesnAagds Inaes wialkafdrigaer electrode 5 of the

striker and the target of cathode 2 through electricity conduction lines 26, 27. Plasma generating portion
outer wall 29 dod¥ HELEFHETR VEHbRLiHGE FsoFiFe PAeIi2bibeaue b e RIfoRAMembers 30, 31

mounted at the tepngpshhatiomeends LhauiRtWEIERPd U RIB6H Bal0 /By 45 maintained. Tube
porion outar walk ke LA SR ALY GBS APt Pk R Eethode 2 e, and
gap 34 is formec:i¢nsislftion tvermiseh S8 aoireBpohagdd Staiing anbk sicecthshlatdrel S that is explained
below. electric potential difference is removed, in this case the electrically charged droplets
have a property of advancing straightly in the same manner as neutral droplets, and it
becomes possible to remove the electrically charged droplets too by the previously
described geometrical structure.

[0064]

The plasma processing apparatus of present embodiment has a structure for

31



[0044] By separating the striker in the contact position as shown in solid line toward the separation
direction, a vacuum arc discharge is induced between electric discharge surface 32 of cathode 2 and
anode inner wall 28. The striker swings after receiving a rotational drive force from a rotational drive
source (not shown). When the striker in the separated position is put into contact with electric discharge
surface 32, the torque reaction force of the striker that has come in contact by the rotational drive source
is detected, and iffB8hehclecHifaitivru s tnplel: Parhbesnsratingerdst 2214 BlsHYed at the plasma
outlet side of plagaspgrnesaingdartionid iand plesmadvapgingtnagaetitielcBRigdormed. Stabilizing
magnetic field B1 %enerated b}/é{{;%get coilrgl Ls fﬁ)rmc?dlin reversed.-IE)hasetz.éCltsgl) in co garison with
plasma advancir?é]] mr%(brﬁ%‘f%’ﬂ)eff iraélgpt?\a uaeger?élr |8Snm5‘fpsrf)acgfélp§ Sma becones lﬁ)ao sible. As shown
in (2B) of FIG. 2 jitidaleiheqttivatlybe Airgthbiizing sdagnetitoiiéftl /812 gendratethaytagettcoil 21 is in-phase
(mirron). the stabilfy gidfe fie spatdgerrases ke AERGALn SGiEnG aRRiastaRJmProves. [0045]

FIG 3 is a longitudinal sectional diagram showing the electrode cyfi cal body of anode 3. FIG. 4 is a
longitudinal sectRIAMMYRIGFETHENRAARY thet alktand IrEaienseadddeRitdses BBt In the inner wall

of electrode cylingical bo@yRi anodad BERSH6s ANIHFRivISIO NS AEepRRGavaskpashaRe of a matrix by
longitudinal and |ateral grooves 37, 38, and thus. ma truding portigns 35 are formed. Protruding
portions 35 have A TIRTE R oL B ke S P PR BB e 34 et up at the
lower part of the seteat ptisroyliddaicand odbg, Rbtentidmrd plirom 36viargeg thist Hieadidbeetescof the cylinder is
placed for collecfing o PPy 0AEL cons AONRIR TG houhen PIRSIG e ReRRrated between

cathode 2 and anode 3 is ejected further forward than cathode 2 and diffused, diffusing material 41
recrystallizes onﬁﬁ@@@&rﬁjﬁ@%ﬁlﬁ%‘éﬁ%é‘l Hbyiflerideswaliragpritdebat tbidsitiecHidibdetaches as
carbon flake 40. JpatbeiRiepet @nboitarpiahgcalgedthie Rieetirmecydisdricaloradinner wall is multiply
divided in shape of a matrix by means of longitudinal and Jateral grooyes 37, 38, even if the diffusion
olasma achores GG B0 AN B 5P 5o THE 6 SR AP FeTEER 6 e deposied
matter separatiomreffect\eltmsilzrpiesmambepoftprdtrbigithg pevionty bsaitddstargerey iong deposited
matter is not proguged,at.all, Therefore, for.sxample, because oniy,a minute pisce of garbon flake 40
detaches from a small protruding portion %l?,nbrld@ngo’mn a detached éleposne matter across cathode 2
and anode 3 dod80861 occur, and a generation of short circuit between both electrodes can be prevented,

contributing to a stable %?&%iﬁﬁﬂﬂ%@ﬁsﬂpﬁ Ve Rk AlitAgIRAGLANRR ﬁf@%ﬁ%%géﬁ@ﬁ pfasma

generation apparatus. The minute carbon flake 40 falls from gap 34 at the perimeter of cathode 2 toward
beneath the arroRicSALPIS R BIIEE TR SRMTRTS partilin 36811002 suPYES Ss\WRNB4Er examples of

multiple divisionssansanglacpasiaacydirerical odyn(bdnohaaid fighedsdhaupiticeslike matrix pattern used
for the present embodime[l}t. .Carbog flakes qgow accordingﬂgo ]rgh surface size of Ee protruding portions,
A S N

and to increase {8 é’f)tc}lsll &8 MaHsr sél%%r ARSI ,Olfti esirabid’tha rﬁlrlgf)rlg ing portions 35 are as

small as pos_sibI@r@m@{m@@ffgqimécmleontahhersfmfmaeiaadw@mg@ﬁ_pésrﬁetpmmwmgle divisions are
done excessivelyy i, ufiFiantio maje-das [anass! |enaih b, of AEQITHIpG RArGNS, a,af least shorter

than width R of the gap between the cylinder inner wall and the cathode outer circumference (cf. FIG. 4).
Even if a carbonftdke€8riradpusidaherts saill Wength is detached, it can reliably be dropped below the
exposing portiongdagap 34, so that it

Each bias power supply EA1, EB, EC, and EW has a same structure, and this
structure is explained by using FIG. 10. FIG. 10 is the structural diagram of a bias
power supply used in the present invention. Connection terminal CT is a terminal
connected to each component. Variable terminal VT attached to connection terminal
CT can be varied in four stages. The receiving side terminal of four stages comprises
floating terminal FT, variable positive voltage terminal PVT, variable negative
voltage terminal NVT, and grounding terminal GNDT. When variable terminal VT is

connected to floating terminal FT, floating terminal FT is in an electrically floating
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can be collected. [0048] A multiply divided pattern in the anode electrode cylindrical body is not
limited to a lattice-like matrix pattern. For example, it can be a diagonally crossing pattern shown in (5B)
of FIG. 5, or an island-like pattern shown in (5C) of the same figure. An example of a diagonally crossing
pattern can be obtained by engraving diagonal direction grooves 44 against lateral grooves 45 in the
cylinder inner wall, and forming protruding portions 43 having a rectangular box-like configuration that is
curved. An exantHtE-onant SRR FAtE AR B BRSNS EHBIAING Rone)edridYrooves 47 in the
cylinder inner walkrabR fRIIRgVIRXEORAAI RICUG ngoRERIONSAR: fvang thaisiandtlike patterns, water
drop-like patterna%lztﬁ%und-shaﬁed. rotru%irtlgtgortions are inctluded. 00499B Cit Because carbon flakes
merely detach by use'o rr%‘fﬂf}ﬁ yedi{/lﬁg%hgnode COne ?H?ﬁg%ﬁes pl)r}eas%n EMBodiment, annular recess
position 42 surroundihg catodel(fhtohed (3{xEW partvofigzp Bd4mnal \bRiseoupdirstéathofbltention portion
36, as shown by pioliep Ji1es Ol FGnPrearak sl eueRACRIRANIRKES Soaxdeeslaried. Although the
frequency for flake collection’increases in comparison with a large-scale retention portion 36, it is
advantageous inSfRER4ESLITARRIHH N Gf BARBHE2 IESHDE HiHEd 1BoMpRiEtdsd850150V) - Deposited mass on
an anode inner walehy giffusienpiagna tepsimbobaatcaseriaal iy satiaser2ithal is the supply source of
the plasma constituent material. Thergfgre, it is not always necessary to make multiple divisions on the
entire surface of tAEFARGde ThnaSivA “But it is sufficient to make multiple divisions in either the entirety or
a part of the inndPéll, according to the size of the anode area or the anode cylindrical body. FIG 6
shows a variation in whigha-ngi.af z?ghf?ﬁﬁg%@Gﬁ%‘@!f@ﬂt&ﬁ%ﬁ@e‘?ﬁkﬂ%@l}{adé‘élﬁ?&idg this variation, within
the inner wall of the electrode cylindrical body of anode 48, the half area near cathode 2 is made into a
formation area oPYYARIERIMEEFECSSH A f3if) MO IR BRIV AhtPTfREIPSHYaining half of the
cylinder inner wajlaghiislak gieove paeeniRAnsteimetodinybich pyutiRlgaALippEregves are engraved
in the forward direction of cathode 2. Therefore, a size reduc 'g)n of de ostiﬁﬁﬁr?n tter can be realized by
recess-protrusioﬁobgﬁésﬁ]oﬁéul PREHAN e Hear Eta?ﬁ%tﬁg‘ai, hd i teerhain P%“@f/linder inner wall, a
large surface argavenmsappiaiREd dopiitve amgdemppotrerdiagdpeetio M6 ifonadubylemna Beagirgove patterns 50.
Because of this, &,aaneFation oL AYASYUP A SR Peiacused highly sfficisitly ,gepgration of short
circuit between the cathode and the anode can be prevented, and at the same time, an improvement of
the plasma geneteitfsr BFRMEHNY a1 donia Ifedstef fromhe J5tamar sHeEEs KRB &iFaratus concerning
the present embgglippainin Rlasms aaner alighappalaing defarmpisiogienpettiphedivided anode is provided,
and an improvementgﬁf} he ation sziciency is done b C%fven#l%g ahdetachment of a large carbon
flake without decteas é‘% SiPA FET ATB AR GENET Fo SPhSTe O BFEES  Plasma
high-purification configharationtainenfitlvoeugrabciapbet SHNY iele stficaligncharged araphets can be removed
with higher efficigngy,in.thefollouing thaRIrsmagRp fietion cenfigurriiondn AL lasma processing

apparatus of the present embodiment is explained. In FIGS. 7-9, the explanation is done while focusing
on the plasma triSsPertisAPIRMI Srrpipatsnfigihaiiohesiia st iapYeital gidsHmactransport pathway is

illustrated in a sigphfigsldRR0@ansport tube B as described above, and electrically charged droplets

too can be surely removed in the same manner as neutral droplets by the geometrical
structure for droplets removal. Work W set to an electric floating state also has a
constant electric potential as a whole, therefore the electric effect on the plasma is not
unbalanced, and the plasma can be received evenly throughout the entire surface.
[0068]

FIG. 8 is an outlined schematic diagram of a plasma processing apparatus
concerning a different embodiment of the present invention. The first difference with
the embodiment in FIG. 7 is that target exchange portion container A2 has been set up
at the bottom of plasma generating portion container Al through inter-container

insulator IA, and bias power supply EA2 for exchange portion container has been
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[0052] FIG 7 shows an outlined scheme of the plasma transport pathway in a plasma processing
apparatus of the present embodiment. In the plasma processing apparatus concerning the present
embodiment, starting end side insulator IS is interposed between the plasma outlet in the cylindrical body
of anode 3 and the plasma transport tube, finishing end side insulator IF is interposed between the
plasma transport tube and plasma processing portion 15, and thus plasma generating portion 1, the
plasma transporf tapeedH sl e BRRIAY PBHIBAT 15 i HRAUAIR Sepeh &HBlectrically so that an
electric influence:fipmmplasnargepes ating pRItovnARGPIRSNE Pregessinatnatinmhd mevtthe plasma
transport tube is.blolckecro.%OOS?% Itt is %%msposed otf El rpt%eqenerzt:\tingforti n A that generates the
plasma supplieleop ﬁ%%la rber%‘cegé)l%rgl%nor ioh 80(3 eham ear), aﬁanﬁﬁagnrﬁa flrg)ﬁcs&r)l “tube B. Plasma
generating portionesheosrespants wo)pkasmibigerierstiogdobftimende intpdashranprogessing portion C, work
(object to be treid RYRIANTIN Wi 3k i ol PRAS9TRIBIRALEEA,BR IBEGRSARY by @ gas

introduction system connected into the chamber from gas inflow port Gl, and reactant gas and plasma
stream are exhall&tediflgmirskioist bdhesRopg s Rdyexh a0 dPshetding PrageRE B®Rétating portion A has a

cathode (target) fhatiganenatRenplasmpoRNIRABRETAIGL NS EHREY SudPIEE B (A UNsHapaironment. Plasma
transport path B com ritste1s3 atuge asse _ehthalczirtnobilizrcta§ Iagmaoahnd “plaspna tranf,epqrt path B also has
a structure of a dFOPIRY FEROVIAG BOFISH that e EVER G OBlete prodticed ad § 6YPRodict from the cathode
by its geometricahsteusttiv@. 7T hisl ghasmekingresisorbp tith B fisalsoi adekasina sineativwdistaibution tube
passage, and complises plasma straightly advancing tube PO connected to plasma generating portion A,
first plasma advancing tube P1 connected in a bent manner to plasma straightly advancing tube PO,
second plasma 4 cing tube P2 inclinedly arranged and connected at the finishing end of first plasma
advancing tube P1 in a piedgterningplpending sngimydiporespesidontiestubamikisaeorird plasma
advancing tube P3 conngcted in.a bent manner at the finishing end of second plasma advancing tube P2
<o that plasma i SHAL R T SIA B A8t SEEBH P R AP WibeBB Lorresponds to
said second advBAGdirfgr gathoofdil G of desmprisimgatagialytionlangeck take ddctOuftlett®3 of said third plasma
advancing tube B3 i inseite dRenly and quiendat inaide De.uerel sfagrghsald plasma

processing portion C, but as shown in FIG. 11 described below, said outlet S3'may be directly connected
to said outer walEXiHRIER ihRSOHREHBiRgP NSt sHINHOTheheRssERserrtye sssppredesusted freely [0054]
Plasma straightly,adyapringeihie Rif.adherasanoresreves1drapletssashaancingsiraightly from plasma
generating portion A by colliding them agajnst finishing end section E opposite plasma generating portion
A o1 againet et lIbi HHBPHAT-PREBHAH 5 A USIEITY Tt OTA 2T BBl bSO 2 of plasia
generating portianmb‘taltéfﬁmndetaffemagimmimgaﬂwam@nhicngetwkiewll?@,tﬂi\mdgw@say, _the cc_)nnection
point between plgsma. siralghtxadyancing s BO.ARG first plasinaadyaneing iHike:Rhis defined as LO.
First plasma advancing tube P1 communicates and connects toward the perpendiCular direction at the
side wall of the fiSisPRRgjhidrarerblbraisFR B o AR dh drythabecmd fae Hldma advancing length
of first plasma a‘#&&%&?@f%@%iﬁ’#@»@? ' $ HriReGeRcEplasma adyasncipg te P2 is inclinedly

arranged between first plasma advancing tube P1 and third plasma advancing tube P3, and its plasma
advancing lengti¢lgsdistineentaa PO fhikdng| sonkay aidisdineim GNIDe Paimprided toward @parallel direction
with respect to firs ma, advancing tube Pi, and its plasma adyancing length js.defined as L3. The
piasma outiet of T T B e B e oorton C. The
plasma effectiveididiaclectinalvbittntheipldtria exrausted frdrldtie plasohargutidoplethirthplasma
advancing tube R3 affives,atinstaliationRrsitivnichiof Dk-phiecida e ugatediinplasma processing
portion C is defined as L4. A plasma advancing path formed in a bent manner in three stages is formed
by plasma straigbtl{FREanesatuplecro phietiths b AdvesHbip dramespresdsemddlasma advancing tube
P i aAANERTHD MRS BP BORRe i AR INE UG RURIEIRARC of cach plasma
advancing tube, a mégngicil%?d coﬁp rﬁott sﬁéwne%rrs generatlltlngaa magenét?%(jzgfli’elléi I%r plasma transportation
is wound with a papgsentd negaspodtpisnaze stteahebébretyidad tiyehsassapet Byenagetic field generating
means for plaS%%ﬁ%@&%@%ﬂ@&r&oﬁgﬂﬁ@ﬂ@@ifl\fﬂac%ﬁ%& field coil, a magnetic field for plasma
transportation is generated in the whole three stages of said bent pathway, and the plasma transport
efficiency is impl&0édl Also, a baffle (not shown) for droplet removal is set up in the tube inner wall. [0056]

FIG. 9 is an outlined schematic diagram of a plasma processing apparatus
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In the plasma advancing path concerning the above configuration, total length (plasma transport distance)
L(=LO+L1+L2+L3+L4), which is the sum of plasma advancing lengths LO-L3 respectively of the interval
from the target surface to the outlet of plasma straightly advancing tube PO, first plasma advancing tube
PI, second plasma advancing tube P2, and third plasma advancing tube P3, together with plasma
effective distance L4, is set to satisfy 900mmL 1350mm. FIG20 is a relational diagram showing the
relation of the pl4SAIEHARapofeardtziea Wit FaadinestAktmmfsrr Aisitiate THS the present

embodiment, L igisetdacbe il BAmBs asshanin inrdd nfrFibe 323 Wndeseaapingnef thisiasma transport
distance, when a plasma Xpl?f'g@&%ag done on réeBgi ce ofns[#:bstrate in the same {Eagner as the above
n , ¢

e transport fube rd_trapspert t sec mfermedia sulator | S .
verification experlme%(fs %OI’ Al'a ananapﬁfm ormal |3n 0] ICKNEessS Otf)éllllm was carried out, a film

formation rate ofaat?su]t, bisﬁml@e@ummﬂﬂaiﬁzede[@mﬁ'li_ampoﬂ\od_mdmg)ctmthr@fdre@ensteemldodiment, _the
plasma transporf distance i ﬁ}?a%?%‘{% %M@fg%mﬂm S n0psteRsd fHeher than a conventional
h

T-shaped plasma advancing path (Al of FIG. 20) and a curved plasma advanci?{?é)dath (A2 of FIG. 20),
and thus the filmaEvedioiradereareé whp RV SdhmBiso iidr, Bt IRMAETS A GHE Sd98thcing path is

shortened, but alse wsaplatsasea temevatkwitk highesaificiapatiby said feagwyay bending in three stages,
and thus high pﬁré%aasma that can realize an improvement of the surface treatment precision of film
formation and s can be generated. That is to say, the plasma transport distance is shortened in
comparison to the casednirlhitiviasplasenavpgizahlBihtppattvibé sparT tdiraip erpaidedda bent plasma

advancing path @ghneieyineshand maraystor NI BN tale. (ehayt dsagm /sec) can be

obtained as a good film formation condition for use in semiconductor substrates. [0058] In the present
embodiment, the'pfadsa elénesrieiminpatihy dorfdidts bt xatbebint fratnway st isrelecsisges, and furthermore,
by the tube passggenplacemanéishiueip et 0K HardrnexsrasnelygandidmplRiaiemoval effect is

(nork ) with 2 L5651 ISR ch o S, Gy CHGU b BTy ODkbess & the
deposited numbenrofgrojlets-bE¢dmeiedsrthanb@uhod, §0@EApcatioselibndviptgsmearadvancing tube P2 is
placed geometrically, at a position.qff the straight line.gf sight fram plasma outlet S3 of third plasma
advancing tube Py éy tﬁzg‘gfa%%“;k c?t\}tletlgésllt sigeg (t%)]f fi%:sg%lasmég1 vegencghc ?8 neh?il(.)éhsat Is to say, when the
angle of elevationbiognitié tubesdross@ebtiofidamendiofthé plaBiNa-enikhcagarivB?2 side of third plasma
advancing tube PI% tto. thettut{_).elc:f[cLzﬁ)ss section hottom endt of thenplals aou ett 1 tstilde of first plasma
advancing tube PT5E a8REd%s U And W aernrﬂ%necélﬁrﬁfle OHSIEVENGN T ONT the e tross section bottom
end of the plasmadeouttet @3 sidiaoh thindspitisrtiacddvameing! kflsdeR8 ddlthéhaudsd drogstsection top end of
the plasma outlet 52 sids, of 53208 BIRIAANAENSHPEIRR is-defingd 250 OR. Q8

from GND—negative electric potential—GND—negative electric potential, positive
droplets are adsorbed electrically by the transport tube in the first GND—negative
electric potential change, negative droplets are adsorbed electrically by the transport
tube in the next negative electric potential>GND change, and furthermore, the
remaining positive droplets are adsorbed electrically by the transport tube in the next
GND—negative electric potential change.
[0072]

As explained above, the variable positive electric potential of each bias
power supply EW, EC, EB3, EB2, EA1, EA2, and EBOI can be adjusted within a
range of 0 to +50V, and the variable negative electric potential is adjusted within a
range of 0 to -50V. The electric potential of each bias power supply is varied and
adjusted so that the droplet removal efficiency of the apparatus as whole is

maximized within these electric potential ranges.
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satisfied. [0060] By the above geometric tube passage placement, straightly advancing droplets led
out from first plasma advancing tube P1 are prevented from directly intruding third plasma advancing tube
P3, so that they cannot be exhausted from plasma outlet S3 of third plasma advancing tube P3.
Therefore, it becomes possible to adhere and remove the droplets by collision at the pathway inner wall
during said bent pathway process of three stages, the adhesion mass of the droplets on the object to be
treated can be réfic8d greatly as described above, and a plasma treatment by high purity plasma from

which droplets have beeqckemeuathwithhighngificignescan brideses (RGN suitatR fBeapresent

embodiment, said bent pathway of thr(%e stat es is cc%nnectted and Cﬁmg)&)sed op.a same plane, but even

when the tube pg Wlﬁﬁgcgg?hnéo%@ Tha lgpaﬁgﬁf/s Jent manner in three sfla%g%%, ?)Syafhe same geometric

arrangement as abeletientetrenpkthiayi s Grodjertieg pbaes berdalpteiddamavhich the straightly advancing

plasma is not expaysted gif 8&1&5@@%&&%5@%&% ahhe ﬁb&é&s@lﬂ%ﬁ}%ﬁ%@”c'”g tube. [0062] AS
ui

shown by the broken lines, second plasma advancing tube P2 may be as radially enlarged tube P4

whose inner diaffAETRNgrostOn LT e AR RIS IR el P 1B ABRHRY PASH A Hdvancing tube P3.

That is to say, seconrdflasmadduangingiuhe.Raiis sethepvas adialyanlrigac biae P4, first plasma
advancing tube P1 is StEtfuéP as an introtduction side rﬁw(}/ r?ducetd tubencgnneg ed .tto the plasma
introduction side"SaPHG ‘SH4 SF F SENSTR MhiaR 80 b4 LR YR BIRSTA 9BV tube P3 is set up
as a discharge sitiewadiplilyme gusessiubeppannesdtedioiiibefflasmmaldigehangevsidecfigishing end of radially
enlarged tube P4, If,ragially gplarger R Réols RORIURRELIIdWAY Jhe P IRRMAS §amyjntroduced from

the introduction side radially reduced tube into the radially enlarged tube is diffused by the
diameter-increasfifgPBHict sherlindl akaniap advantensg st Byccaianynerird fethemerualBy the diffusion of
this plasma streamfihieot ppiatspodesyipadiish nlasma diffiesanside thesradially @nl@rged tube P4, and
are collided with, adl;uere to, and col ecéed at the é&n%r side \é\iall of adi?illy enil%r%ed tube P4. Also, when
the plasma streaM i 14 iéilf}%ﬂ%&% ki %Wlﬁgf h ﬁ%ﬂg& ﬁénﬁf‘g%% s&ate Scﬁ"i'illgthe radially
enlarged tube inpet viddliswifacelEide plechlidbdayitionguierbetolcamd tollecteddbyhthe step portion by the
diameter-narrowing cifect Irom, Eadially, sRlatRGh & Ra R 10 HiSERALI. SrSRAal Isdkced tube, and

thereby the drople?s are not rejoined with the plasma stream, and a re-mixture of droplets can be
prevented. Theréf@fé?tﬂ%lﬂﬂﬂée‘isb@aﬁl%@@ah@r@éerwmfﬁa@wéwa%fllﬂ&tﬁaﬂ enlarged tube P4,

and thus can be gpligatedisuficientiyoReeauss Ridbis, shetsherletsreandeearpared efficiently inside the
tube path of first plasma advancing tube PJ, second plasma advancing tube P2, and third plasma
cvenaing tuv ABAE (VKL IS CARGA SHoedh RIS LBl BRI o P 16 nhtrometion side
radially reduced babmantitontizdischerge tbidemddiglbffeetarcatidahedaseibet offilist&atieof being lined up,
the droplets becope, easy, i SRRaAIG R TLa Piasma fireemy 2Rt he capiute. ifeGLRf droplets

increases even more. Moreover, just by forming radially enlarged tube P4 in the plasma advancing path,
a droplet removifigPpistion! dapplsereBryataterr s pyrAHBcERsEPly [0063] Said bent structure in three
stages and anglexglation UO 0 are mainly for providing the geometric structure of plasma transport path B
installed in order to remqgye droplets advancing strajghtly, such as neutral droplets. Because electrically
charged droplets are infﬁlﬁﬂ% "By NS BB Bt h)él magheid gé%‘r?’f%%sfﬂ%pé)ﬁ@%nment, they may
deviate from straightddvalidemenpid aitlepastrginagoeti2fie khib exiausepoftheselegitistfield and/or the
magnetic field. Thgtelors, I ardiet B mave ihe slachicatl, disiard ¢ aplers,ilipingregpary o equip

with a mechanism to intentionally remove 1 particufar the efectric potential difference from the plasma

transport path. BEcaiipécs ARGrevEIer forplasion anosemas Harpssa s aniiabits At is difficult to

remove a magnglissfigleiRspoplasspadigiices Baeatsaithaelratibipagdaardsdhe electrically charged
droplets can be erased when the electric potential diffet%ence is removed, in this case the electrically

charged droplet$ HRVE K BPSHERPBICAdIR ANy L& ATGRES il BR8 Saned M andt BEn&dfdi%roplets, and it
becomes possibleliowamdxesilse dlegitcally ehdnged dropletstibo Byntheerevigusitysdescribed geometrical

structure. [0064]droplet removing portion, "droplet removing portion" signifies plasma transport tube
B that has a droplet removal structure. The droplet removing portion of the present

fourth embodiment comprises plasma straightly advancing tube 103 connected to
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The plasma processing apparatus of present embodiment has a structure for removal of electrically
charged droplets. Plasma generating portion A and plasma transport tube B are mutually insulated
electrically by starting end side insulator IS, and moreover, plasma transport tube B and plasma
processing portion C are mutually insulated electrically by finishing end side insulator IF. As a result,
plasma transport tube B does not receive an electric influence from plasma generating portion A and
plasma processiAg sy EerF@REeAP HrR [Fadiig RIAp Y 10t8eE YResEHP ISt B ettt c potential is
constant throughastiné&sdpentianedighovealasiadsanspoitdulepB senarisesnplasmacstraightly
advancing tube PO, firalig)lasma(iidv ncin? ttu e tl?ll, se Otntd ﬁ' ma agdvancin %:]bFofz’ and third plasma
advancing tube Igff,gglﬁa 8Calise the efed rclcepg%eneti%ﬁ ecomes condtant’ nr%uug Jout the'tube
arrangement, nopetdetgiopoteEprialidiffepnegmxists abalixnsid tladplastrandportingie®, and the
electrically charof diaplefs,de DOLIARERE YAl AIRFUE RIGRJap AR eIRRHIRRQtERYal difference
inside plasma transport tube B. Therefore, electrically charged droplets too are removed inside plasma
transport tube by eIt GERFHesElpBa Stdtlarex iprtifed stages and the angle relation 00 0, in the
same manner agggygiral droplets. [0065] Also, a bias power supply can be additionally installed in
each component of presgnt plasma processing apparatus, In FIG. 7, hias power s Al for container
is installed at plasma g:ﬁlgleer R POt Orctcglﬁ‘?gi%%I?l&fflﬂ%gl?)sglﬁes%lﬁggﬁ/aﬂ%1?81rn tgréltl:\l%%g()r%tube is provided
near plasma trarfspoptauneaBy dnicisgrobe BupplynE Glismr odidedisg precEysingl portion container C3 that is

a housing of plasing,profesRing RBEIRR & FORIPRESHING RATHAN, A RONGIiRURRLY EW for portion
for object to be treated is provided near work W. [0066] Each bias power supply EA1, EB, EC, and

EW has a same Bigtieturansantt this striiiéiutehis enpraitied B dsing plemeedmesingi®ehe structural
diagram of a biag(powesisdpplyopedin thedrREeRHEYeNPRImE protestianpatmindICT is a terminal

connected to eacchom onent. Variable termi akVT. atiac ed to connection terminal fCT can be varied in
four stages. The M0N0 SRIL B A AICR LT s e LA RSN G R RSREPE R WSiriable positive
volt_age termi_nal lﬁﬁdbf v@tiabmnwgaﬂwewbnagédé_ﬂnirmmaNMTe{cbmnbg@mbdih@ﬁ_mehﬁN D_T. When _
variable terminal M.iS;60RPREEA Q. IoaNng ieIminah fal + I oRMWG LSHTIRA! £ Fig. 18 g glgctrically floating

state, and it is not connected to any part. When variable terminal VT is connected to variable positive

voltage terminal PV, ¥isosidtachicporeMianiomsiatapacitbed NS (g esueic StioRs applied to the

component partsishacreamnes thatdtcantdasmariad in pragnitude: (91i4S0MhiM/prBenvariable terminal VT is
connected to variable negativ (yﬂta%et rminal NVT, a negﬁtiv eleﬁtric pot ntiaé%v{qi}h respect to GND
(the ground side] 1B R & AP BR PR A7 U Vahiel iR MRS gt 5 %0). When variable
terminal VT is coroecigthtmgndunding teveninsliGINhEd the égrapgaentieatiigdunded. [0067] FIG 7
shows a suitable l$Iect|gc Eoten%i@ ;%Iacet ent,oplasmalggneracfnp lPoniion conttainer Altis%et up at GND by
said bias power %uop%lfy EATHOr con é)lrﬁelrls,eﬁf %Srﬁeacflr%nsoﬁoerlf PO BRELEE L EEAE Oating state by
bias power suppty Bdfpratransportdingeyprdoessithg cbmposertcantainen ©8lisf skt up at GND by bias
power supply EG,for prageasing Gampanents and etk V1S setin an.elgetis faaing. sigle by bias power
supply for portiorq for object to be treaté)oflm. ecauSe plasma generatlngpoor'tlo container Al is
insulated from theearcpowede papple drpimsmasgdiebaticimeet safesyodesigruightpradvencplasma generating
portion containelyd gueynese AR 1ot SRIE0 YR HRPTA FRAKARL Bl KGR Figcause processing

component container C3 too is grounded by GND, it iS safe even if a worker comes in contact with it.

Because plasmatPari&8drtrisnensdsshth Biettirnbathtgharaied divrplesele crtepbténtial is constant as a
whole, there is ngigigatim patenitahdilfesainee within plasma transport tube B as described above, and
electrically chargﬁ)g % oplets too can be surely removed in the same manner as neutral droplets by the
geometrical structure for droplets removal. Work W set to an electric floating state also has a constant
electric potential as a wiktlenthereiormgherieciic efieption ththalasmaoedaidi Ortbalenced, and the plasma
can be received GuaRbiiUBRALL G RNGER HVTAGPI08Ehoac) F1E fisA0PYipRM Fshematic diagram
of a plasma processing apparatus concerning a different embodiment of the present invention. The first
difference with tiféteeApoeteraot Ih-pad rlasraatabityétenesasisdipbhaene eéitéher A2 has been set up at
the bottom of plagea@eparaingipertign.seniaineclibdeuohiinies sepplaiaardnseiator 1A, and bias power

supply EA2 for eﬁchan%e portion container has been . . . . .
plasma Constituent, and 1ts formation material is not limited particularly as long as it
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attached at target exchange portion container A2. In target interchange portion container A2, a reserve
target (not shown) is built in as a replacement when the target in plasma generating portion A has worn
out, and at the same time, an exchange mechanism (not shown) is built in. The second difference is that
plasma transport tube B is split into T-shaped transport tube BO1 and bending transport tube B23 by first
middle insulator Ill, bias power supply EB 23 for bending transport tube is attached at bending transport
tube B23, and bisp UgolP e oRdesiFishAptariame porituaYsaifapldBostarishaped transport
tube BO1. Otherwiserdhis, compigtaly samas fiketdlliansithe werkingnaffech eiite ditierence is described
in particular as follguw.ﬁ. 069 Bitas power sul%%l’g EIQZt for e%qf%@e P%tipn lcl%ntainer is grounded at
GNU, and it is dé%l(jvﬁeu or’sd e?fymé)\(/élﬁei% a cade ot eShtadt %e;?'a worker @lacsopr)ower supply EA1 for the

container of plamtgenmmmgamm ﬁhgmgvapoaiéug@ﬂpdﬁmg@de@thmmhe electric effect
toward the plasmg is,eraset. 300 ¢ SiaRle RASMaGRRGaTLRHISR P AtRdmBiRS POWRE supply for

T-shaped transport tube is connected to variable negative voltage terminal NVT of FIG. 10, and T-shaped

transport tube BEATRAHPBRRE I of ARl dldetlipisbpriErukiagTirnrekploahidhtally that the removal

efficiency of electtigaliehangesldreplets rairased whennthimnegat veaeleatitaaoteaial was adjusted
within a range ofh-5.to -J[OV. Biag powerﬁﬁpe% EB23 for.ben mg)c}gaﬁ port tybe. is.connected to GND. In

this the second 3T &S FAERSESHEN S¥hE Bias SOWRY ALY it d a9 EASSEAL-)EB-)EB 23, the

electric potentialpaﬁiheletdbiaglwrgrksvadm fr@mbS;NDf)ﬂ@dvmgis_moéa)(G@lmr@@V)t V}GNED .and it bgcame
clear from the cygent experimenaleyAmRes dakibischangsdn e flesiical Rarantis! is effective for

removal of electrically charged droplets. The reason is not clear, but it can be thought that when the
electric potentialG§VaHEE 60196 RANDAgrag{vE RIERHd PottitidsiNEss Hessrivedropists are adsorbed
electrically by thertyanspRikbiRdpthe fisst @NBatnenativeelesticmot@stiphsb@ngenand negative

droplets are adsqrbed electrically. by the trapsport tube in.the next negative electric potential-)GND

change. [0070] RIS RAOMT ot ERBHHLR SRR ST SR B S A paratus concerming
another differe ntsthllhidzedm&neid;tcomm presehtlinventiongnehe fiéfﬁtege_m@atwiﬂh FiGl®¢d that bending
transport tube B§§tﬁ@tsﬂ%ea%@?ef&ﬂ'Bl'&g}?eﬁ‘é?féﬂpo'i{%&%%‘R%ﬁﬁlﬁ%ﬂl;‘&@e(ﬁlér@i?&l‘?ﬁﬁ {foP3 by second

intermediate insulator 112." As a result, bias power supply EB2 for second transport tube has been

attached to secolfiathsplsprotiten e Andhpiplaspsvran 8e PRI Fyrthsitdiamssit tube has been
attached to third deanspagt Jolpe BRI QHIRWISElalina cOPIEial: sREMGaByHHuI&eaBd ngnvorking effect of

the difference is described in particular as ]‘olloyvs. gg%& In FIG..9, bias power su '{y EB2 for
second transporEHIBR TR REIRAE by e SRR E S A1 TR 184 P ISR ar tube s
conne(_:ted to varziaii)@ nelgakie a_ppﬂiageotmmirgagd\d&miog pt@iob0l 82 Fhapdris)sea:ttmama&ggﬂive elen_:tric _
potential. It was BB’%%E%&Q%Q&%&RRT imenially 1709?&9{’3{?%1@}4%881‘?1&%% fggatyg,glectric potential of bias

power supply EB3 for thirdtrahsport tube Is adjusted within a range of 0 to -15V. In this third embodiment,

as the location oP fHEBRESHRRIETCS LIS Py SleriEerinh Ense Insidg the BRINERYEBS Pk electric potential of

its Also, a processing component side insulation plate (finishing end side insulator IF) is
placed between third plasma advancing tube 106 and plasma processing portion 101,
the whole of the duct portion for plasma transportation from plasma straightly
advancing tube 103 to third plasma advancing tube 106 is set to an electrically
floating state, and constructed so that the transported plasma is not influenced by an
external power supply (high voltage source and/or GND).
[0077]

In plasma generating portion 102, an electric spark is triggered between

cathode 110 and trigger electrode 111, a vacuum arc is generated between cathode
110 and anode 112, and plasma is generated. Constituent particles of this plasma

includes vaporized material from cathode 110, and charged particles originating from
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tubing work varies from GND-)floating state-)(-5 to -10V)-)GND-*negative electric potential. It became
clear from current experimental examples that this electric potential variation is effective for removal of
electrically charged droplets. The reason is not clear, but it can be thought that when the electric potential
changes from GND-*negative electric potential-)GND-*negative electric potential, positive droplets are
adsorbed electrically by the transport tube in the first GND-*negative electric potential change, negative
droplets are adsHtbEdPeTEet RalRyphAMEhrdRsHH bR fHeeheR: Reghwe Bergiecpistaitial-) GND
change, and furthermeia thademairingpastives duoplalstang adserbedalgaaticalyiy the transport tube in
the next GND-*nelgative elt%(%trictpot%eqtial chagfae [807% .. As ez%lairfedt bove, the variable positive
electric potentialpo “each bias' epnoﬁ%rrlgﬁﬁﬁff/ BWS % B ,‘i‘é‘&‘f "ERD ARG "8an be adjusted
within a range oft@sover5Mindred thiervaridble 1060 ative abegicie paibakialripkd;fistad withid a range of 0 to
-50V. The electrict aE)otetti of ea{:h biaﬁ power sugplg.{ \ir{;;\ri d and dllusted S thgt th]etdroplet removal
efficiency of the Sapﬁ’avgé LR BEWhoiE s makimized wi i ¢ o8& eledné ﬁé?éﬁﬁa ?fsinfgoé)se. [0073] Next,
an installation exairiple psnagnetic field coils that are suitable for a plasma processing apparatus in the
present inventiorﬂd’éﬁg plained, as well as an installation example of baffles (collecting plates) for droplet
removal. FIG. 11 is an outlined schematic diagram of a plasma processing apparatus concerning the
fourth embodiment of the{IReREMMAVERIRNM! WRcHOFHAIRE BT STisiinaLispeiratidef FIG. 8 with
installation at thel gaJterstpe G aumiRienad ol amaghrtigdield crigeneisinms magmedic field for plasma
transportation. Also, it s ows.%ﬁl%srq processitngtaéfgaratust.in which afflles for droplet removal are set
up in the tube inRer wall” [A'tHIS embodiment the connection %ﬁ%é’ée?élsa&r)B &d'th which the outlet of the
third plasma advancingtttloe ¢sdinestly copmattédidoctile bidterlgall Sulfdceocohpkasnmd prdressing portion
L. In the same manner as:FIE:8. 0tRLisRmae ISR S SLARting SN Sife insilatasy S, first middle

insulator Ill, and finishing end side insulator IF are placed, and they comprise the electric insulation of the
apparatus as a \WRBFENRRH NAEFHE e fPE R ERE & HITANERIRNARESBBOM, S HIbtsdBEtcal characters in
FIG. 8, but the mepheairraiannepsmmerals are shown as numerical characters in FIG. 11. However, this
is not a substant] § g'fference. Also, an alphabetical reference numeral shows a same member in FIG. 8
asin FIG 11, an use the configuration and the working effect are already described in FIG. 8, the
explanation of the equivBleatpahts pkomittdduaikd@ath iy Amo¢hérefbeel tivasiructired geometry of droplet

removal is mainly, J%@%ﬁeﬁ@@é’fﬁ R4l éeneﬁm%«g{&ﬁg%ﬁ%

: : eAPRRIHR QL Gioh 1 comprise plasma
processing portion (chamber) 101 equipped with gas inflow port 125a and exhaust port 125b, a plasma

processing appafeis do Hfiisrg pasis e néraind palsdnttbe ieheratisgiaasriatstbe supplied to
plasma processifgastigg ddhntageihrr withjalasmaithanRaRadikiness Anlassaddansport tube comprises
a plasma distribytion tube passage in which a drgplet removing portion. for removing.droplets is

P tomed. puot 25T B T R LR e B SHORED b7 E st R e B i tsel
constitutes a droplediremogingiOelid rgridropletver evimdy po thiopdmsignifig seplammaftransport tube B that

has a droplet rempval, strusiure, The GPRIALIEMAvINg.RCLION. ah e asentLigudtamRediment

comprises plasma straightly advancing tube 103 connected to plasma generating portion 102, first plasma
advancing tube ranesigeetiddis 29evtehEnmbichohalsading magiis AalhbraPuBEnD3, second plasma

advancing tube 1Qbadiagenabynarianertbant eannactadi atibe-enshafdirstiplasmaeagy@ancing tube 104 in a
predetermined bendin% ?;[nq(lge alg[)airtlst its tubelsfré;i? %nd third(%ligmfa ad\{ancin%tube 106 connected in a
bent matter at thE IS SIS AR RE Prasinial advsEnd fobey 168 RO WWAFT'aRRE8sts plasma from
plasma outlet 10ibe 104 and second plasma advancing tube 105.

[0080]

Deflection magnetic field generating means 122, 124 consist of deflection

magnetic field generating coil 130 and movable yoke 129. FIG. 12 shows a state in

which movable yoke 129 is arranged around the outer circumference of the second

plasma advancing tube 105. Around movable yoke 129, deflection magnetic field

generating coil 130 is wound, and it has a pair of magnetic poles 127, 128. A
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[0075] The plasma transport tube comprising plasma straightly advancing tube 103, first plasma
advancing tube 104, second plasma advancing tube 105, and third plasma advancing tube 106 is formed
in a bent manner in three stages, just like the plasma transport tube of FIG. 8. Plasma outlet 107 of third
plasma advancing tube 106 is connected to plasma introduction port of plasma processing portion 101.
Also, second plasma advancing tube 105 is placed geometrically at a position off the line of sight from
plasma outlet 109 B¢tHARPrEERHS GelddhergrilasePe0w D MMeashYCD Ltbt 2Bt APstipfasma advancing
tube 104, in the samgimapNemASIH&oft Jiahisate SR NRN] @S shown by arrow 109 depicted by a
dashed line, thev@lagﬁ of elevation from the tube cross section bottom end of plasma outlet 107 side of
third plasma advancing tube 106 to the tube cross section top end of the plasma outlet side of second
plasma advancing tube De8egidefimedetis O] aengieofmieratdA’, ) 2assholwanndpmtownt 09, from tube
cross section top,egl G PIASERH RIADCEIRANSIE ALY A PLASMA ASNARE NBIYER 106 o the tube

cross section bottom end of the plasma ouflet side of first plasma advancing tube 104, satisfies 00 0. By
the same geometiiectiifepaéaggiopraibesismmdermi! dirscHfectnid ttidignoratrddheyativancing droplets
led out from first plasmeashyancing tube 104 into third plasma advancing tube 106 is prevented, so that
they do not get exhaust%iiﬁj;r |gnlg)lasma %)Ltltlet %ﬁ)? of tfgird lasma dvangiln%t&ib? 06. [0076] Plasma
generating portion 102 comprises tathode tEAHBEES 118 WiIGEr &leREEEE 121° inner wall multiply divided
anode (anode) 1d®jtaneepewend tppiytdriSrcoatfocte podtestplabind, adnahpilas mbe Stebilthing magnetic field
generator (an elegaMARNRGGRheLAMAREN,ALR FAI0HR 130 i5 Uit RURPIKEQUERL! the plasma

constituent, and its formation material is not limited particularly as long as it is a solid having
electroconductivEiRoReSimplE #hERE e hiIagivst Wﬁl@qﬁ%@dgﬁ:l§%§m&n&ﬁli%‘?@‘&ﬂc compound
(metallic oxide / pitrideachstish sRtebePrsadindivifdath abasyaimikiureohts@@ibore substances.
Cathode protector 114 electricglly insulates_ parts other.than evaporating cathode surface, and prevents a
packward o8 BREETHS S B AT RS S e SHSE HA R Rrmation materal o
anode 112 is noilisnitee yeidic2deriy, lrsdanigasi it dipescd otidva pogriedaishslptasgaa ddmperature, and it is
a nonmagnetic rTateﬂal that is ts%gl having ?Iecgoc .ndtucti\{it . Alcfo Ehe (%onfi%uratign of anode 112 is
not limited partictiany h 16HE 48 it (585 Hot G55 AR RIS AR B S HEN S4E whole.
Furthermore, plasmastabiiyinghrmagpeiic fiéktgendragdrod$ 3 3$.placed around the circumference of
plasma generati rtion 102, and it stabilizes the plasma. When arc stabilization magnetic field
generator 115 is placed so that the applied magnetic field on the plasma is in mutually reverse direction
(cusp form), the plasmalitGstebifieed #arARBIRFSS MEHeRisFC bt atRyRMsagketétield generator 115 is
placed so that the,appliedoragnetinfialy aodhe lasma dgdinituadysamadpgstian (mirror form), the
deposition rate by.the plasma . be improved. Furthermore, plasma generating portion 102 and each
plasma tube pat d&?élce?éctflrfaﬁ%?ﬁsaﬁ]ﬂél e%dp t])°;>/’ %‘fézlsnrﬁéoévélﬁé;tr%etiﬁlaepaé‘rl |§hres.clt %niﬁlgu Ation plate 116, and the
construction is seemgiet teved iha thighwicltiigetisnappliddgtbqulashia sgeppoatiddypoition 102, the portions
at forward of plagmasiraighitadyansing iR, 401 inan siacticallv/nfingSialfeRo that plasma does
not receive an electrical influence inside the plasma advancing path. Also, a processing component side

insulation plate (ffiEHihdPentidsimsstbionns pigishicddesarmeehthiansdsnizdbad¥ancing tube 106 and
plasma processingep@stin £dadhtavinoiaahtne dus mrtion for plasma transperateriipm plasma

straightly advancing tub .third plasma advancing t 106 is set to an elecyrically floating state,
i sonructed BB A B Bt T T by ST BRI b A P ouppty (gt
voltage source amilm:d@llhﬂma ja0aWfing tutie Klashha sj*sln@tatimgspmpm fi6R pasnsledivinspark is triggered
between cathode, 419and %}Q%Vh%lg{otﬁ?a% dbhe %X%gﬂﬂémi%%éﬁigs?BE\'&%EQ&%@B\@ﬁﬁg@uggthOde 110 and

anode 112, and plasma is generated. Constituent particles of this plasma includes'vaporized material
from cathode 1160%bhdnch¥ErepdpartRissnghghatihlifriggsrted into guiding groove 138, and by

sliding pin 139 along the tube axis direction, movable yoke 129 of guiding body 131
can be slide-adjusted throughout almost the entire tube length of the second plasma
advancing tube. After the adjustment, its adjusted position can be maintained by

tightening pin 139 to slide member 135 with fastening nut 140. Also, guiding body
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the vaporized material and the reactant gas (ion, electron), together with molecules in pre-plasma state,
and neutral particles such as atoms. Also, at the same time that plasma constituent particles are ejected,
droplets with size from less than submicron to several hundred micron (0.01-1000 m) are ejected. These
droplets form a mixed state with plasma stream 126, and move inside the plasma advancing path as
droplet mixture plasma. [0078 At the plasma transport tube comprising plasma straightly advancing
tube 103, first pldshia Svares ) s membseédnerphasinis Efa%‘hﬁ?ﬁéetﬂﬂ%nfgh? aH8 i plasma

advancing tube 186, ia nageaticfieldiganerating rRIASIAbRIasKea IRNSPBRIIKEOMPriSing magnetic

field coils 117, 118, l:)L19, 120 Oltmddt rlounill eg\chttub(ﬁ %ircu {ﬁretzrbce IS iﬂstaltled.bThe plasma transport
efficiency can becgllrlﬁperg\‘}vel%gb%ﬂéléreler(al |nagr11 erﬁa]élrS]e ¢ flela o p %sl%n%le?fgnslﬁegr{%?ioﬁ throughout the entire

three stages of saidtingntpathihayx[©078 139. Béeatsathe plashiheadyastoiery platmidformed in a bent
manner in three giagas, MagpetcielteYllb %ﬂﬁ@ﬁ%&@ep?@m%&ﬂﬁ}@ﬂ?'ﬂ&”ﬂ@eﬂeC“O”

magnetic field generating means 123 are installed at the tube connecting portion of first plasma
advancing tube 2dinsiriieddeargleadmatamvdribimii tupasrsidyper bl b Hf aitd. goibid0the plasma stream
by the bending W@t@gefﬁjgoslﬁggﬁgse a coil for bending magnetic field cannot be wound evenly at the
connecting section of first plasma advancing tube 104 and second plasma advancing tube 105,
heterogeneity of[f?‘}@%agnetic field is produced in which the bending magnetic field becomes strong

inward of the bending p@giansel@ ebiminata thisitnever wagneticfield2deflectiarerpagnsatic field
generating means 122, 124 e %Evipze?drpx Sfilrgitnglasma advgnci[gegatxulsbgilm and second plasma
efleC

advancing tube 1% .J[ﬁbgbﬁva ection nmagn ticfierd léletn%tr%l g meé%cst“llﬁf,rf?ﬂ%nsist of deflection

magnetic field gemenating thoitit@Mnérentwd vableigioked 29y EB1gIiRashows tstate drisvhich movable yoke
129 is arranged é‘ﬁ%l:‘t’ﬁ%,”&‘%e%@eﬁ%f%%@é%ﬁ%ﬁe%t%ﬁé&%%%ﬁlaﬁm aliing tube 105. Around

movable yoke 129, deflection magnetic field generating coil 130 is wound, and it has a pair of magnetic
poles 127, 128. Kap@REation sHabhetiE serdiBxeHasaeusetivdursHthsileaH Paraenes?, 128, and applied

toward the plasnirinsesendHlasnarparungtubadds ofdAskble yokefBLiaa magnetic field generating
means 122, 124 include algseégju§tment mechanism,. in which mov?l;l)le l){oke 129.is %qjusted by sliding

along the tube aSfe HIPEERGR T Fotat Y Bfori TR PR R RS RS P AHARE AR Uit ding thward the tube
axis direction. pathway in three stages can be realized.
[0084]

(15A) of FIG. 15 schematically shows state 119A in which a magnetic field
coil for magnetic field generation for plasma transportation is wound in a circle M 1-
like configuration around an inclinedly arranged second plasma advancing tube 105
along its inclination axis. In this case, as shown by the hatched lines in the figure,
gaps are formed near the connecting portions with other tubes (104 or 106) in which
the coil is not wound, producing a heterogeneity in the magnetic field, and reducing
the plasma transport efficiency.

In the present embodiment, magnetic field coil 119 wound around the outer
tube circumference of second plasma advancing tube 105 comprises a magnetic field
coil wound elliptically along the inclination axis outside its outer tube circumference.
(15B) of FIG. 15 schematically shows state 119B in which magnetic field coil 119 for
magnetic field generation for plasma transportation is wound in an oval M2-like
configuration around an inclinedly arranged second plasma advancing tube 105 along

its inclination axis. Because a gap such as the hatched areas in (15A) is prevented by

setting up magnetic field coil 119 wound in an oval M2-like configuration on second
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FIG 13 shows a rotating adjustment mechanism of movable yoke 129 positioned around the outer
circumference of first plasma advancing tube 104. The rotating adjustment mechanism comprises guide
body 131 in which arc-like guiding grooves 132 that rotationally adjust movable yoke 129 in
circumferential direction are installed in four places. Pins 133 set up at movable yoke 129 are inserted
into guiding groove 132, and by sliding pins 133 in the tube circumferential direction, movable yoke 129
can be rotationaﬂ%%ﬁﬁié@%?ﬁbﬁﬂgééﬂ]%ﬁﬁféqﬁﬁﬁbu@&g&fh%‘sdﬂ?éﬁyd}né(ﬁ%ﬁl P80 degrees. After
the adjustment, fesadjusimentanplesasn iedsmsnainadnRy ighieningdinsol 33t gididisg body 131.
[0082] FIG 14 shows an a%listmen mecha?igml& whjch movab{(geyclke 129 positioned
circumferentiallysgfoaﬁﬁ the Quterairédimferente of seadn lﬁgrsorﬁlg va?n%:slrﬁlﬁ 5105 is adjusted by
sliding toward theffubaaxigtirectimaraimg: by sveivigimpgovartidde tube axis direction. Guiding body 131 is
supported by slicﬂgolg‘sqmber 135 in the state in which movable yoke 129 is fastened and held through
spacer 136. Slide member 135 has straight slide groove 138 along the tube axis direction of second
plasma advancing tube To8eatier R FASRONEH NS QA)DEHAY Platier e Bodysirestkfe groove 138 is
formed parallel togheiischnatiansentaidingof secensiPlasing adviaceingbeheslQhd THie slide groove set
up on first plasma advancing .tube 104 js formed horizontall ?lg) the center |j f first plasma
vancing tube 10 B TS5 SEAUS O1CGURINE B T QBHEE e oGS 38, and by
sliding pin 139 alowiptie turbenelxisspiractianpenonvablaly olkigai@ S ofguidivigbbdy1ltigan be slide-adjusted
throughout almoﬁattlggs%ggfjfﬁl}&p& '@é?ﬁﬁ}n%éf}%ﬁ%ﬂgd plasma advancing tube. After the adjustment, its
adjusted position can be maintained by tightening pin 139 to slide member 135 with fastening nut 140.
Also, guiding boé‘ngﬁsl is supported on slide member 135 so that it is free to rotate around the axis of pin

139, in a state in which itfiastens.anganids mevablesyakeibra WaovatlamyokeliR eandre swing-adjusted
(tilt angle adjustment ard the tybe axis directio otating arqund the axis of pjn 139. After the
cistment the STLLAEAT R SRGIE CATEEA Bl ol e ) I GATREE I 196 0 DG lember 15 with
fastening nut 140_15Td¢e_;:a11ﬁpktabzheliﬁt am@léllBB%Wanq MeWimmw&adwlaiqglﬁMdM side, and 300
toward the oppogiie, iy Q083N ne, @ﬁf%&g‘éﬂ%ﬁ%é&ﬁ%ﬁﬁgeﬁﬁg EONSTRINGJMeARS 122, 124 make

possible to adjust movable yoke 129 in a slidlng manner in the tube axis direction, a rotating manner in

the circumferentfNEFEEHEPRIRT e SiinglnG MEnhes RirtAe Hibe axiscirdstimeanshed®a of the
heterogeneity ofigrenagngpticeldiampipsima renspaitationaanads car@dmtbyiadine adjustment by

said deflection magnetic field through adjustin%g%he position or the angle of movable yoke 129, and an

optimum plasmaP$tk ARt geH RIS RpHGHGL hedtheththf At AngdniBiatlt atardiBaiDathway in three
stages can be realizedn{008it is sdlaA-66FGr i schsmaticalls shawsmsiats kiBMipyvhich a magnetic

field coil for magnetic field generation for plasma transportation is wound in a circle Ml-like configuration
around an inclindefyroRsHgsaEued HePIGSHR IRR HfEMg it el ass! AroRY iy Hiamsh axis. In this case,

as shown by thedaatehad piaes IBohafigw edgaps aeorped Raasithe connecting portions with other
tubes (104 or 106) .in which the coil is not wound, producing a heterogeneity in the magnetic field, and
reducing the plasma transport efficiency In the present embodiment, magnetic field coil 119 wound
around the outer tube ciltdenifepknedhefisesoria-plasmd advacncingfebetidDagompiises a magnetic field

coil wound elliptigally, algRg Hflﬁtiﬁf&'i&l%ﬂi%‘t‘&ﬁéc&f&sﬂﬂ?e'ﬁéb‘ﬂﬁd%@%&%%@ﬁ?ﬁiﬁ?&ﬁﬁ@) of FIG. 15

schematically shows state’119B in which magnetic field coil 119 for maﬁénetlc leld generation for plasma

transportation is 4BEiRt IR MBS BT iFraiiHAPRrIRATA%R IRAIPISHRR AitamgEd®scond plasma
advancing tube 195 alangits nchpatiani@ypis: BLratse R.g30 suphasitheihstahachareamin (15A) is
prevented by setling Up MAPNGUe IeldSRladal WRH e AN Qva) Madlke genfigration on second

area, it is preferable to do a rough surface processing on the surface of droplet

collecting plates 160, and thus form rough surfaces having innumerable unevenness.

That is to say, by roughening the surface of droplet collecting plates 160, the capture

area of droplet collecting plates 160 is increased, and the collection efficiency can be

improved. Also, the droplets collided in the recesses are adhered reliably in the
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plasma advancing tube 105, a plasma treatment using a high density and high purity plasma can be
made possible by densely winding a magnetic field coil to the inclined surface of second plasma
advancing tube 105 and improving the plasma transport efficiency without generating an uneven
magnetic field. [0085] To the plasma transport tube comprising plasma straightly advancing tube 103,
first plasma advancing tube 104, second plasma advancing tube 105, and third plasma advancing tube
106, droplet coll&e4fiitf blatd ShpHmrls) collgctiopetiigignavincipasihBIakesly oHAERAESPective tube inner
wall surface. Stryesuessiabeashaotastncplate isaexplaibebinideiailit hadalowing. [0086]  FIG 16 is
a partially enlarged cross-slgctional vievt\{ of inner cjrcumlzlﬁr nttial tube l161 h@vlq droplet collecting plate
160. Inner circurfférentia tube' 11§ia|rsp BuitiRsige Selré%ﬁl% a{)smé)rt%aemﬁaet’ha(ﬁ 3 ), and a few droplet
collecting plates ti@0nane iniplamtddimte pepénmersadloP kempl strearegiskul atimessipening 162 is formed in

the center of droplgf, GolleGHNGRIANGHGQ J&ﬁiﬁé‘?‘ﬁ%&{%‘}ﬁé NOp e, HPRRRE[k Q] the figure, and

passes through opening 162. Angle of inclination a of droplet collecting plate 160 is set within the range of
15-90 , but 30-6(F18SiAtAbTHEIBAth B RS Experidduch Ay ticle st HIBE RIS embodiment. By this

angle of inclinatigeclbeaoplet® sepapatpd famaigyplasmacsireamiapialeatacd rapeatedly by droplet
collecting plates 16Q, and are ?ghe edcgulrlwd collected réadiably [0087] The droplet adhesion surface

area of inner circUiiferenttar tivé tet 8 %tr%%géa&eﬁ)} multiple droplet collecting plates 160, and the

scattered droplet9@&h be adhered and collected in large quantities reliably Because, in a plasma

transport tube, the instaﬁgqﬁﬁﬁ]&mgg51%(3@91)%5&%%%@%{%136@(}'Si Ijéqzé%qg,egggye;he limit of the tube

length of inner circumferential tube 161, in order to increase the dro&ﬁe removal area, it is preferable to
do a rough surfateprbeaediity’ 8 widhs iae etaralb Y BeRaEthdrpRasdsa 60FEnd ths form rough
surfaces having ippumgiakie.unanapRess aThALITAQ Sty tiverpueheRing he-suefaaaof droplet collecting

plates 160, the capture area of droplet collecting plates 160.js increased, and the collection efficiency can
be improved. AlSORRE HrORES OB AR FOL e A B ALt TGS Pisesses, and the
droplet collectionneffigsenf yhindreydsesimsideedisfatdnearipade fire prbe éssimgpéasth pedwskimprocessing can
be used for the Sﬂéﬁﬁ%‘ﬁar%gQ%ﬁ‘éﬂ%&ﬁ%gﬁ&f@glaﬁﬂa alnear gg}ggmerg{ocessing method, for example, a

polishing treatment with an abrasive paper is used. For example, in a pearskin processing method, a blast
treatment by alufiff#&] shots, grids, glass beads and such is used. Especially, a microblast processing, in

which particles of a few plgsRPSAR BECAIREAEND aRd NOREIERRAAYAN, F3Mh arPiyba Wildte unevening

processing on theeacshr%?alllsrsnle{r;g\ggnscgfgqﬂggl%E) ?grllleercctljrnc%rg%g}eelﬁia 6tgb4£01%§,8inner circumferential
tube bias power supply 163 is connected as bias voltage application means, and inner
circumferential tube 161 can be set to positive electric potential, set to negative
electric potential, or grounded to GND. In a case where the bias electric potential of
inner circumferential tube 161 is a positive electric potential, it has an effect of
pushing the positive ions of the plasma in the transportation direction, and in a case
of a negative electric potential, it has an effect of pushing the electrons of the plasma
in the transportation direction. The choice of either the positive or the negative is
chosen toward the way in which the plasma transportation efficiency is not
decreased, and it is decided from the state of the plasma. The electric potential
strength is variable too, and it is usually chosen to set inner circumferential tube 161
to +15V from the standpoint of the transportation efficiency. By applying a bias
voltage to each droplet collecting plate, its bias electric potential is adjusted, and
attenuation of the plasma can be thus suppressed, thereby increasing the plasma

transportation efficiency.
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The implanting area of droplet collecting plates 160 is preferably greater than or equal to 70% of the tube
inner wall surface area. In the case of FIG. 8, the implanting area is made to be about 90% of the tube
inner wall surface area. The scattering droplets can be adhered and collected reliably in a large quantity
by the increase of the droplet adhesion surface area inside the tube for the plasma advancing path, and
thus a high purity of the plasma flow can be realized. [0089] Droplet collecting plates 160 are
shielded electricﬁ?fgfg%m the tube wall of each plasma advancing tube. To inner circumferential tube 161,

inner circumferential tubg kiasna@nensUpPRH OISO eGE6: ashiageyeiiageapplication means, and
inner circumferential tlt.hbet %61 ca .betset to }p@)sitive el(écéricdpotetntiaﬁ,ﬂ t to ne ative.electric potential, or
grounded to GN fF B'eh8% fheid the bR ers A sotential o ihner circtimirerential libe 161 is a positive
electric potentialpitinashameffbai of pushingdhbepositidel imgshefitthe plastnaciothe seansportation direction,
and in a case of g nggative eleetisLReniditiasrn effect ab Rustingrpg.clestions of the plasma in the

transportation direction. The choice of either the positive or the negative is chosen toward the way in

which the plasmB3FandrtatrsR @t cidity JEUEHESTEREd, MR s WAL RISHFRTOME state of the
plasma. The eleglkis oetpntal. Steengthiissvasiable, v iandliisnysialbh chaseiptanselciings circumferential

tube 161 to +15V from the standpoint of the transportation efficiency B lying a bias vpltage to each
droplet colecting UIRE 0 BInE SIS M A A PR A o HEDILE S can be thus
suppressed, therabydeereasidgithepllasrmat¢ransigbetdtigheefficiendide@@80dapturdd @ebend plasma
advancing tube 305, Q18 QaIMQLeEPGIMICSLARTRKAP ARG NG LIRe 3 itarion may be arranged.
Said aperture 170 has a structure in which the installation position can be varied along the tube axis
direction in secofieFplagadyaaavaneiAGREMBLIDSY AesEUB I dMher¢ein B! MY Ee BbYR fdAlard and

backward is accepiakle: phdiaSiuciure daabeaniPemavadameniyreaereiceatianiprliso acceptable.
Because it is movable, the7 'bnstalla'ggln c€05iti§T of the aﬁe{ture c%n be adtilﬁstﬁg a§d it also can be
removed and Waaéci%tﬂ.remis a%%}]fﬁ 7oA, gﬁnosﬁgﬁ 6 S?IEapar detE ine ?et Gt the center, and the
droplets are collidetardiCapure df oir thepes piveradoaalih  drégies oh thus ypenipgimphilecthe plasma
passing through saidl eRRRIAG AdVANSRS. SAILIAPENING MRVRE S5t HBAtHhe FeRiet or it may be set up at
an eccentric position. It can be designed in various manners. Therefore, if multiple apertures 170 are
installed movably'#"econd plasma advancing tube 105, the removal efficiency of the droplets increases,
and the plasma poity| can be improved. In the following, an aperture movable in one direction and using
flat springs is shown. [0 7 A).of F]G. 17 is a plane view of a abl ture 170, and (17B)
of said figure shows an %Ezléﬁgﬁg%sﬁtés 6‘fpi?5]§r¥lﬂ?g %%_m'&& ?1?8%%%3%’ﬁl}gn@%§5rﬂ¥having opening
171 of a predetesmnirfephi@rgat tharcenitaioene, dhepstiapd 6. Sgdrope hitgcanrbe dasigned in a circular
or an oval Shap%mgﬁ%ﬁvﬁ‘épﬂ%ﬁ&&ﬁéﬁ 81&08%%Q%ﬁf%@fﬁ&é?ﬂ%rk@é”oios%?&'0”5 of the surface

of aperture 170, stoppers 172 comprising outward-protruding elastic pieces (aor example, flat springs) are
fastened by scredP§MTRCHLRHESFERTE ArbCHIARDEN GAP e habpiaty heelbers fapesd e ming. Protrusions

174 of the elasti¢grpipeesnaig b AemBMaAItE Assawst thd drBobFiferdife INthadphes175 inner wall of
second plasma jg?anci%? tube 105, zqr%%a ment recesses 176 for r taﬁ:aihn aEeEtjure 170 are engraved
beforehand in fordt SPRRIFERE ©He4g 1R ELSEE H9E B S TIRTR tﬁgﬁﬂ Sthbers along the
Iongitudinal direcft_aismnedi mtmﬂ:%.l\?\zmm qmmeeiﬂgﬁléﬁubmmeﬁ miaptertb&et RS smcthes direction of arrow
177 while protrusions, |74, 6f 106 &ISHERIRCERALS REN! SOWNAT SIRBPRIS A TQYg N the tuber

inner circumference surface while they push and bend. The direction of the plasma stream is the opposite

direction of arroWfFi®. 1Zuiatibeibeel Wt apelolece 7ol Rlyushdy 1o0iag hsel Brection of arrow 177,

protrusions 174 ef steppalsidcédspreadatenaagementsagessdeb hythe-plastiarirastianal force, fit into
engagement recefss 176, and are locked. Stopper 172 cannot pe moved in reverse in this locked state,

and aperture 170'AH & JASHEENS1bEREN DSBS WRHEBATHE L HRLRSEiE 8% ¥ Changed, the lock on
stoppers 172 is fengitveothalpireqpioghifigtapErfuMehts fenthe nhoieiteweaxtlithetadxetiom dfearrow 177, so

that protrusions &%@cﬁgﬁ &%@W%@t%ly\%@gﬂ&ﬁﬁeﬁf& & Qe %&9%@%@5{ 85659 4:46- [0092]
Because aperture 170 has a structure in' which it is movable to an arbitrary set position inside second
plasma advanciriPapse 105menspisredhn tieee slse Wit By ensesreacehith &eamererdf second plasma

advancing tube $0aibyrRREAUBILIACGhAPRAIMATERYET ifAe SehirtatnR-ean Henrbanged appropriately so that
the quantity of collection can be adjusted optimally, which contributes to an improvement in the
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droplet removal efficiency The set number of apertures 170 is 1, 2 or more. In addition, opening 171 can
be set up not only in the center of aperture 170, but it is possible to place it eccentrically in order to add a
function to make the plasma flow inside the tube meander. [0093] A ring shaped aperture may be
arranged in a connecting section in the plasma advancing path comprising plasma straightly advancing
tube 103, first plasma advancing tube 104, second plasma advancing tube 105, and third plasma
advancing tube ToBhfERAE <HheB Rsitier AQ i parhsrbtava dibe bR G HATE XpEure for connecting
section, the drophedeiseder ibr thepplasma sprearnatcapbencoliected iNgmatrrenuantity, and the droplet
removal efficiency can be jmproved, by reducing, making eccentric, or path redycing and making
cotontic the sy AR BF 1 IS S UANEIRG bk 1008 <Xt 1Bl S B ratng
apparatuses of FGSovedmdvershirdipkenkaddsanoidgriedte<l U8) chithe kasirstaigdoikélilt with an even

tube diameter, byt is PrRiRiaRIe e ieRse feber e densibeebiNGpBiRtMa siteampassed through the
bent pathway and exhausted from second Elasma advancing tube 105, at third plasma advancing tube

106. Shown beldtR9R RiHEASHRETHEN R Yo FEET G dHEH R CAREIR YuhCtioh 1&provided in third

plasma advancingoieoh9674QA8%kain bdtiged Snshviscthe autlinacksehemamehagasnasprocessing
apparatus of theéét&z mbodiment. The plasma processing apparatus of FIG 18, in the same manner as
FIG. 11, has a plasma generating apparatus comprising a plasma generating portion (not shown) for
generating plasma to beBsupplegdatuptalsihbaprogessimg ipovtich Llmandk plasmditrarysport tube. The

droplet removmgsé%?jy’&k%ﬁ%éi‘@ei&&@ﬁd%ﬁ%ﬁfe@aﬁ%l%%%}%\i@?@&?c%%l%%%W%Eéﬁ fyG 8, comprises

plasma straightly advancing tube 1100 connected to the plasma generating portion, first plasma

advancing tube 1hdeeisardetdy tirpieished weangtlysamadvensy eibeePodyreeHBist M&nner at connecting
port 1104, secongplasmaadianeingctidon 0 nclinedbppispnges snthaanrpgeiadpbihe finishing end of

first plasma advanci in a predet%rmir]ﬁ] bend‘jéﬁ angle against its tube axis, and third
: R RATSHTR

ng tube 1101 .
plasma advancir?ﬁﬁﬁ??bo’iiﬂé & h“é&%%&ﬂﬂ“&a S HIANHEr Als 503?1'8681‘ gbt(t}Snd plasma
advancing tube ié2escethatap Bmenty.itivasastachfromf plasmasoiliifet 11061 moaddition, although not

et oG8 S Gl el et o
possible to place it eccentrically in order to add a function to make the plasma flow
inside the tube meander.

[0093]

A ring shaped aperture may be arranged in a connecting section in the
plasma advancing path comprising plasma straightly advancing tube 103, first plasma
advancing tube 104, second plasma advancing tube 105, and third plasma advancing
tube 106. In the same manner as aperture 170, by arranging this aperture for
connecting section, the droplets included in the plasma stream can be collected in
greater quantity, and the droplet removal efficiency can be improved, by reducing,
making eccentric, or both reducing and making eccentric the tube diameter of the
plasma advancing path.

[0094]

In the plasma generating apparatuses of FIGS. 7 and 11, third plasma
advancing tube 106 of the last stage is built with an even tube diameter, but it is
preferable to increase further the density of the plasma stream passed through the
bent pathway and exhausted from second plasma advancing tube 105, at third plasma

advancing tube 106. Shown below is an embodiment in which a further high
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The plasma transport tube comprising plasma straightly advancing tube 1100, first plasma advancing
tube 1101, second plasma advancing tube 1102, and third plasma advancing tube 1103 is formed in a
bent manner in three stages, in the same manner as the plasma advancing paths of Figs. 7 and 11. Third
plasma advancing tube 1103 comprises rectifying tube 1107 connected at the finishing end of second
plasma advancing tube 1102, frustoconical tube 1108 that becomes a deflection/oscillation tube
connected to rectfyiiéiine Preionisdroviiet tngbirdies ey advsreRE RINBE (deflection/oscillation tube)
1108 has its diametey]increased toward the outlet tube 1109 side. Plasma outlet 1110 of outlet tube 1109
is connected to the plasgigtili\éroﬁjuctit n o[t o(fipI%sma rocessing portion 101. Ct)utk?ftl#:be 1109 has a
constant diameter. In the p asrrslaotvrvgns%o% U eS%oer%%rni%B %ﬁrgapgrescgﬁstlré%nagga imart, the respective
plasma advancirdgteegtidintit3Toe st plasorasachgappirgtisbeF1G018, sSe donduptasamaadvancing tube
1102, and third plafea aoNAEAR KD A i SELIR BeRHTAAR SRGRRIARAAMEANENG tube of FIC 7

Also, at the position off the line of sight from plasma outlet 1110 of outlet tube 1109 to the plasma outlet
1105 side of firstPashRy RdORALIRE HIBS110A (SR BHE N SP R0 ARGAY i1 02 ¥ placed

geometrically in g samanaMgoRbICEe dRpREmbhiakisdeisayewpantieragle of elevation from the
tube cross section bottom end of the plasma outl {F} 10 side of Of.ltlet tube % 09 to the tube cross section
plas

top end of the plA&RSBOGUHBE 110K S SFUBELA: A BRUER AR RIS 48D &8KA% as 00 as shown
by arrow 1112, thibahifle ahekevatiorhep)dfmongdinreatingepoross, $estigas tapadnchohghetplasma entrance

port side of reC“foBQé&%&é@%ﬁaﬁﬁaté&?gﬁ[gﬁéd%&q{? RPIHARY BLING plAsMA outlet 1105 side of

first plasma advancing tube 1101 as shown by arrow 1111 satisfies UUO in the same manner as FIG. 7.
By the same tub&°paREHGPofé dHéiriecpicRaiBntadyapris e k7 inchnediyransiefigdne straightly
advancing dropletsirei@uifnentifirst plasmar aduansing iubamdih@lueiecty intrprlingetaitdplasma
advancing tube 1103, they are prevented from bej xhausted from plasmg outlet 1110 of third plasma
ivancing tube TTOS KGR SEmh s Al LA P DG S CATRAG Lube 1105 of the
finishing e_nd of siecadndtpnlmsmaeaduaﬁ_niiﬂgngjbmi b[@@wuiphmabemmﬁﬁedlmrsaﬂgmd, to prevent a
decrease in the plasmaragiessisfISNRRmiClR itk AR AT vARCING lReIhiPRde through

meandering and diffusion of the plasma flow, rectifying r_natgnetlc field coil 1114 is installed in rectifying
tube 1107 connetifl§irhicsBeppliptashaaeeindipld tobe Yo irraativehnEation MgRtiktc field that

rectifies while forgily¥Ganverdingdathe glasmadflaw shpaligshframesecond plasma advancing tube 1102 to
rectifying tube is g&&grated in the tube. By this rectification magnetic field, the plasma flowing to second
u

plasma advancir{ e 1102 can be drawn in a converged manner at the third plasma advancing tube
1103 sic_ie, and a generaﬂw_rpbt(smlasmpmithuhiagctvqi@rising ahdrﬂmi_ghqﬁghity mm@qﬂmsiblg. [0098]
FIG 19 is an explapatagy 91@&5%%9&&15@%@?'fd‘igL%J&ﬁfﬁﬁElﬂ%@ﬁ@?ﬁQdﬂ%"??oﬁ,uﬁ{é?con'ca' tube

(deflection/oscillation tube) 1108 (shown'in FIG 18) concerning the fifth embodiment. As shown in FIGS.
18 and 19, to scithelprazaiy et ird QTRPHSHHRHPBIRAAGHT [GFEfigREn Ui-down the plasma

stream convergedmoaigstifindleipthenafiectQitbesactication maanetigifiefthsmagnetic field coil 1113 for
scanning is provided neartfrusf%gnical tube (de Iectio%{osf%iliation tube t1th C nnectgd o rectifying tube
1107. Magnetic fIRIASREI 1% for SCANAING ESTHCY o Seb of KBS B?ffg’[‘i%e agnetic field
generators 108aset08duntha sbhofivedirtectitl? dsaitiatong thadnetlioFidid beoerators 108b, 108b.

deflection/oscillation tube connected to rectifying tube 1107, and outlet tube 1109.

Frustoconical tube (deflection/oscillation tube) 1108 has its diameter increased

toward the outlet tube 1109 side. Plasma outlet 1110 of outlet tube 1109 is connected

to the plasma introduction port of plasma processing portion 101. Outlet tube 1109

has a constant diameter. In the plasma transport tube concerning the present

embodiment, the respective plasma advancing lengths L.1-L.3 of first plasma

advancing tube 1101, second plasma advancing tube 1102, and third plasma

advancing tube 1103 are set to be same as each plasma advancing tube of FIG. 7.

46



[0099] The relations of X-direction oscillating magnetic field B(t) at time t by X-direction oscillating
magnetic field generators 108a, 108a, Y-direction oscillating magnetic field By(t) at time t by Y-direction
oscillating magnetic field generators 108b, 108b, and scanning magnetic field 13x(t) at time t are shown.
Scanning magnetic field 13x(t) is a synthetic magnetic field of X-direction oscillating magnetic field Bx(t)
and Y-direction oscillating magnetic field .By(tg. To explain in detail, while the plasma stream is oscillated
left-right by the X RetiBh ResEieaRiG hed et igBidramer praeny&erd At & setririele dp%own by
Y-direction oscillating pragineti¢dtelthandehy repgading thisaridrgepanaaplasona gxpesure to plasma
processing portion 1 is. made ible. When the crgss.section area of the pl a stream is smaller than
the oross section SR U QL U6 B R A G AP TS, S er 1, he plasma
stream is scannddiop-tottprm adhefinglihof sk thatraf plastraexpussiecigionddgpossibié on the entire
surface of the ohjectita,be draateeh ARl AENGIRIG i Reflatniaexanpls: WheRitheglectron beam of

a CRT display oscillates left-right while moving up-down, and by repeating this movement, the entire

surface of the dighlaipasertein! [9erridecotsesaiid mirpd@ane e hdRdfidABRODYorscanning is

synthesized frongﬁ%%g:ﬂ iQ&%ﬁQPﬁiﬁJiﬁi&ﬁﬁéﬂ@%‘é\féf%&%‘éﬁ@%ﬁ?eﬂcr@&dsxxﬁﬂﬁ QIQIetic field BROD

for scanning osclillates left-right, magneti 13x or'scanning Is formed at time t=t2 by oscillating
magnetic fields BX{®)parhBy(t2neomthinsitee biegmansttelbar Citbhdefe ctess andioscillated on almost

the entire surfacg Al ie BEHOMIGha oundNG PSR NEPUORISAALIREGHLO e gmbodiments

described above. Various modifications, desg alterations, and others that do not involve a departure
from the technical@BRGEFEMHE P resisHesnfertionardeaizpareaedd ke tdthHieat®€ope of the present

invention. <INDNGIRUALARBHUASIRITY 004, 7 oAEFPinae NG AresROLmNERGon. & multly

divided anode wall type plasma generation apparatus can be provided that can improve the operation

efficiency withoud DERFERSHPLFE fh%?ﬁfa“@j%rﬁ%?‘aﬂé??@fﬁ@é‘ﬂ%‘}%ﬁ}lb‘fé\llghﬁﬁﬁcgﬁ igliagon of a large

carbon flake. Alsairagrasidingiianaipiasneal PISCEsSingG prpafelilsaaneainigdtpresant invention, an

improvement of t gsglg%qlahti?qﬁgi%%%%\{é done DY havinlgqinﬁt led a multiply divided anode wall type
a

8 dasima a nCll‘lgH[ [ .
plasma generation apparatus, an same time, a*high purification of the generated plasma can be

realized by carryif@Palt an elimination measure of neutral droplets and electrically charged droplets.

Because of this, it becomesPQRRHIRIEHO LU i Rlasmand lighl-RYTGEdIN dinpphose defects and

impurities on the surface of the solid material are markedly few, and to reform uniformly the surface
characteristics of 3118 b stading auradvanging ithsutie it iy & B ma, and a plasma

processing appaiatiigenohecpeavidedfasfoinminglfoigxaiecditiainsiane and pR-AsION-resistant
reinforced film, a protective filqlroegnsicaggc]:_al thin film, and a Hgﬂﬁparen Iec}rolcl:l%t}fitd&:tive film among

others in high qu% ﬁ?/nglrlmlé %P&lsmn. < rmﬁ}fégeaffi?ﬁn SPasma gsglglﬁé)ra{ ok %SppargtLrs in which

rectifying magnetic field coil 1114 is installed in rectifying tube 1107 connecting
with second plasma advancing tube, so that a rectification magnetic field that rectifies
while forcibly converging the plasma flow supplied from second plasma advancing
tube 1102 to rectifying tube is generated in the tube. By this rectification magnetic
field, the plasma flowing to second plasma advancing tube 1102 can be drawn in a
converged manner at the third plasma advancing tube 1103 side, and a generation of
plasma with high density and high purity becomes possible.
[0098]

FIG. 19 is an explanatory diagram of a magnetic field for scanning formed
inside frustoconical tube (deflection/oscillation tube) 1108 (shown in FIG. 18)
concerning the fifth embodiment. As shown in FIGS. 18 and 19, to scan the plasma

stream like a CRT display by oscillating left-right and up-down the plasma stream

converged and rectified by the effect of the rectification magnetic field, magnetic

47



a supply source of a plasma constituent is made to be a cathode, a cylinder-shaped anode is installed
at a front direction or a periphery of said cathode, a vacuum arc discharge is done between said
cathode and said anode under a vacuum environment, and plasma is generated from said cathode
surface, a plasma generation apparatus, characterized in that a large number of recesses and protrusions
is built on a cylinder inner wall that comprises said anode, so that when a part of said plasma ejected from
said cathode to Alelft&etldr loriearsumbe smzids A Hupostaity &g (Heéssdeyosqblittrusions, said

deposited mattefdriagesdimeisaid aradensdainteMaasietel@cdinel plasmr gangration apparatus
of claim 1, wherein the Iongsest tlb%?—%th of a r(C)itlriudianPortionf?fﬁaid recessFo% aqggprotausions is made

COl I1SES a5et O 1rection 111 agnetic enerators a aand a .
shorter than the Width ot 4 gap between Said cylndo’erl &F wall and ai Suter Gircumférehice of said

cathode. 3. Thespladntaligatierationlsppparags o Giigehant@rswhgpei®@blarge number of said recesses
and protrusions i[@(jgy]‘ned from any one of lattice-like, diagonally crossing, and island-like patterns. 4. The
plasma generation apparatus of claim 1, 2, or 3, wherein within said cylinder inner wall comprising said
anode, the area near safd'¢Etlgaes i%ﬂ%a‘ﬁ@%%@%?‘ﬁé%%‘éﬂﬂ?ﬁ%‘?%%féﬁlgg\'&‘ﬁé&‘éﬁlﬁ fdtys¥id recesses and
protrusions, and @rapWaigeoy e RAerTida whisharmnwipleodnnulargmavssiriggngraved in a front

generation appal HHLCUY 1Y 0 B QLA R AH S ISt B orme ot &

periphery of saidl 6abhdoih, sodketnsaid miputacdietERicteahiea:frorm gadmSodmisgretained and collected in

said annular rec‘ﬁq?a%@é{’ﬁ!ﬁ‘f%ih Br(t) is a synthetic magnetic field of X-direction oscillating magnetic
field Bx(t) and Y-direction oscillating magnetic field By(t). To explain in detail, while
the plasma stream is oscillated left-right by the X-direction oscillating magnetic field,
the plasma stream is scanned up-down by Y-direction oscillating magnetic field, and
by repeating this, a large-area plasma exposure to plasma processing portion 1 is
made possible. When the cross section area of the plasma stream is smaller than the
cross section area of the object to be treated placed inside plasma treatment chamber
1, the plasma stream is scanned top-bottom and left-right, so that a plasma exposure
is made possible on the entire surface of the object to be treated. A similar principle is
used as, for example, when the electron beam of a CRT display oscillates left-right
while moving up-down, and by repeating this movement, the entire surface of the
display screen is made to emit light. In FIG. 19, magnetic field Bg(t;) for scanning is
synthesized from oscillating magnetic fields Bx(t;) and By(t;) at time t=t;, and while
magnetic field Br(t;) for scanning oscillates left-right, magnetic field Br(t,) for
scanning is formed at time t=t, by oscillating magnetic fields Bx(t,) and By(t;), so
that the plasma stream can be deflected and oscillated on almost the entire surface of
the tube.
[0100]

The present invention is not limited to the embodiments described above.

Various modifications, design alterations, and others that do not involve a departure
from the technical concept of the present invention are also included in the technical

scope of the present invention.
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6. The plasma generation apparatus of any one of claims 1-5, wherein a retention portion for said minute
piece is installed beneath said cathode, and at the same time, an exposing portion that communicates
with said retention portion is formed at a periphery of said cathode, so that said minute piece detached
from said anode is retained and collected in said retention portion through said exposing portion. 7. A
plasma processing apparatus, characterized in that it includes the plasma generation apparatus of any
one of said clai Igg%TﬁééﬁﬂéﬂPah%ﬁ%Ythat transports said plasma generated by said plasma
generating apparatus] and a plasma processing portion that processes an object to be treated by said
plasma supplied from saz'{déplzasm? t{ nsport {[ube. 8. The Ellta m ‘paogessiipgwaﬂearatus of claim 7,
wherein a starting end sid8'nsaidtori Fr?f’élrﬁrtl)\éeen& %néte\‘/vrgenl%yp asma outtet Il a &}‘ﬁndrical body of said
anode and said plasmeactrengportpphefusadintshing idnd bideansulator ihénipeposed between said plasma
transport tube angkSAIALPIASMARIRTESSRYRGTION, 208k ARRAG eenecaling paftion, said plasma

transport tube, and said plasma processing portion are mutually separated electrically so that an electric

influence from s&PIARLIGREIREHEPAabN ARG S55AHIAE L PHYBSBIREEPOREGARIFERId plasma

transport tube is dJQekedg e PhedlasmaniQcassipe ApRafasEmhObetaims ¢acnyyheminsaid plasma
transport tube c%mgrises .a &%%ma sﬁrai th : dvan%'%%ﬁbe conimected to said plasma generating

portion, a first plagma Advanciing UBE GONSECtsd A bEAL MRRRES TS SST BILEHARPA ity advancing
tube, a second pidshbeadwvantirgatiyh diegoaady citengadrated plormectadataliirishing end of said first

plasma advancing 1yhe [, &ReRHMARNEHMIPRIRIRLTIRGA LEAM AR ANBIA WIHA LeGPEct to a tube axis of
said first plasma advancing tube,
droplets. Because of this, it becomes possible to form in the plasma a highly pure thin

film whose defects and impurities on the surface of the solid material are markedly
few, and to reform uniformly the surface characteristics of a solid without adding
defects and impurities by irradiating the plasma, and a plasma processing apparatus
can be provided for forming, for example, an abrasion- and corrosion-resistant
reinforced film, a protective film, an optical thin film, and a transparent

electroconductive film among others in high quality and precision.
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a third plasma advancing tube connected in a bent manner to a finishing end of said second plasma
advancing tube so that said plasma is exhausted from a plasma outlet, and total length L for said plasma
to arrive from said target surface to said object to be treated is set to satisfy 900mm1350mm 10. The
plasma processing apparatus of claim 7, 8, or 9, wherein said second plasma advancing tube is placed
geometrically at a position off a straight line of sight from a plasma outlet of said third plasma advancing
tube to a pIasma%ﬁﬂﬂl‘é[i% of said first plasma advancing tube. 11. The plasma processing apparatus of

claim 9 or 10, whergin jud:Raigsetigliechydaenuain angle of elevation from a tube cross section top end of

the plasma entranceJ)ort ﬁide of sai[d thlirdnplasma advancin(% tube to ahtu e cross section bottom end of
. Su. . Source of a plasma,constituent 1s ma tq.be a,cat c, .
the plasma outlet side of&aid ﬁlrsfp asma advancing ubE' s getined 358 and an angle of elevation

from a tube cross seetighridettampeddnofithe iphdadaoatfensidiecoisaid diedplasmbsadvancing tube to a
tube cross section tgp gad of the plasma outlet side of said second plasma advancing tube is defined as 0
0. 12. The plasma processing apparatus of any one of claims 8-11, wherein a magnetic field generating
means for plasma tran&s8HELHh T ajenisrdars ke sghuit fdiador sl agihanednepditation is set up in
each of said plasmaaitaighiiradvancing tube, said first plasma advancing tube, said second plasma
advancing tube, and aSn%id third plasma advancing tube,
plasma is generated from said cathode surface,
a plasma generation apparatus, characterized in that
a large number of recesses and protrusions is built on a cylinder inner wall that
comprises said anode, so that when a part of said plasma ejected from said cathode

to a direction of said anode adheres and deposits to said recesses and protrusions,

said deposited matter detaches from said anode as a minute fragment.

2. The plasma generation apparatus of claim 1, wherein the longest length of a
protruding portion of said recesses and protrusions is made shorter than the width of

a gap between said cylinder inner wall and an outer circumference of said cathode.

3. The plasma generation apparatus of claim 1 or 2, wherein a large number of said
recesses and protrusions is formed from any one of lattice-like, diagonally crossing,

and island-like patterns.

4. The plasma generation apparatus of claim 1, 2, or 3, wherein within said cylinder
inner wall comprising said anode, the area near said cathode is made to be a
formation area of said pattern for said recesses and protrusions, and an annular
groove pattern, in which a multiple annular grooves are engraved in a front direction

of said cathode, is formed on a remaining area of said cylinder inner wall.
5. The plasma generation apparatus of any one of claims 1-4, wherein an annular

recess position is formed at a periphery of said cathode, so that said minute piece

detached from said anode is retained and collected in said annular recess position.
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a deflection magnetic field generating means for deflecting said magnetic field for plasma transportation is
attached in said first plasma advancing tube and/or said second plasma advancing tube, and a plasma
stream is deflected toward a tube center side by a deflection magnetic field generated by said deflection
magnetic field generating means.

6. The plasma generation apparatus of any one of claims 1-5, wherein a retention
portion for said minute piece is installed beneath said cathode, and at the same time,
an exposing portion that communicates with said retention portion is formed at a
periphery of said cathode, so that said minute piece detached from said anode is

retained and collected in said retention portion through said exposing portion.

7. A plasma processing apparatus, characterized in that it includes the plasma
generation apparatus of any one of said claims 1-6, a plasma transport tube that
transports said plasma generated by said plasma generating apparatus, and a plasma
processing portion that processes an object to be treated by said plasma supplied from

said plasma transport tube.

8. The plasma processing apparatus of claim 7, wherein

a starting end side insulator is interposed between a plasma outlet in a
cylindrical body of said anode and said plasma transport tube,

a finishing end side insulator is interposed between said plasma transport tube
and said plasma processing portion,

and

said plasma generating portion, said plasma transport tube, and said plasma
processing portion are mutually separated electrically so that an electric influence
from said plasma generating portion and said plasma processing portion on said

plasma transport tube is blocked.

9. The plasma processing apparatus of claims 7 or 8, wherein said plasma transport
tube comprises
a plasma straightly advancing tube connected to said plasma generating portion,
a first plasma advancing tube connected in a bent manner to said plasma
straightly advancing tube,
a second plasma advancing tube diagonally arranged and connected at a
finishing end of said first plasma advancing tube in a bent manner with
predetermined bending angle with respect to a tube axis of said first plasma

advancing tube,
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a third plasma advancing tube connected in a bent manner to a finishing end of
said second plasma advancing tube so that said plasma is exhausted from a plasma
outlet,

and

total length L for said plasma to arrive from said target surface to said object to

be treated is set to satisfy 900mm =L= 1350mm.

10. The plasma processing apparatus of claim 7, 8, or 9, wherein said second plasma
advancing tube is placed geometrically at a position off a straight line of sight from a
plasma outlet of said third plasma advancing tube to a plasma outlet side of said first

plasma advancing tube.

11. The plasma processing apparatus of claim 9 or 10, wherein 6 = 6 ¢ is satisfied
when
an angle of elevation from a tube cross section top end of the plasma entrance
port side of said third plasma advancing tube to a tube cross section bottom end of
the plasma outlet side of said first plasma advancing tube is defined as 6,
and an angle of elevation from a tube cross section bottom end of the plasma
outlet side of said third plasma advancing tube to a tube cross section top end of

the plasma outlet side of said second plasma advancing tube is defined as 0 .

12. The plasma processing apparatus of any one of claims 8-11, wherein

a magnetic field generating means for plasma transportation that generates a
magnetic field for plasma transportation is set up in each of said plasma straightly
advancing tube, said first plasma advancing tube, said second plasma advancing
tube, and said third plasma advancing tube,

a deflection magnetic field generating means for deflecting said magnetic field
for plasma transportation is attached in said first plasma advancing tube and/or
said second plasma advancing tube,

and

a plasma stream is deflected toward a tube center side by a deflection magnetic

field generated by said deflection magnetic field generating means.
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